SAFETY, RELIABILITY AND RISK OF STRUCTURES, INFRASTRUCTURES AND
ENGINEERING SYSTEMS






PROCEEDINGS OF THE TENTH INTERNATIONAL CONFERENCE ON STRUCTURAL SAFETY
AND RELIABILITY (ICOSSAR2009), OSAKA, JAPAN, 13-17 SEPTEMBER 2009

Safety, Reliability and Risk of
Structures, Infrastructures and
Engineering Systems

Editors

Hitoshi Furuta
Kansai University, Osaka, Japan

Dan M. Frangopol
Lehigh University, Bethlehem, PA, USA

Masanobu Shinozuka
University of California, Irvine, CA, USA

With the Assistance of Michiyuki Hirokane, Kansai University

CRC Press
Taylor & Francis Group

Boca Raton London New York Leiden

CRC Press is an imprint of the
Taylor & Francis Group, an informa business

A BALKEMA BOOK



Taylor & Francis is an imprint of the Taylor & Francis Group, an informa business
© 2010 Taylor & Francis Group, London, UK

Typeset by Charon Tec Ltd (A Macmillan Company), Chennai, India
Printed and bound in Great Britain by Antony Rowe (A CPI Group Company), Chippenham, Wiltshire

All rights reserved. No part of this publication or the information contained herein may be reproduced,
stored in a retrieval system, or transmitted in any form or by any means, electronic, mechanical, by
photocopying, recording or otherwise, without written prior permission from the publisher.

Although all care is taken to ensure integrity and the quality of this publication and the information herein,
no responsibility is assumed by the publishers nor the author for any damage to the property or
persons as a result of operation or use of this publication and/or the information contained herein.

Published by: CRC Press/Balkema
P.O. Box 447, 2300 AK Leiden, The Netherlands
e-mail: Pub.NL@taylorandfrancis.com
www.crcpress.com — www.taylorandfrancis.co.uk — www.balkema.nl

ISBN: 978-0-415-47557-0 (Hbk+CD-ROM)


http://www.crcpress.com
http://www.taylorandfrancis.co.uk
http://www.balkema.nl
mailto: Pub.NL@taylorandfrancis.com

Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

Table of Contents

Preface

Conference Organization

List of Organized Sessions and Mini-Symposia
Conference Sponsors

PLENARY LECTURES

Freudenthal Lecture

On risk and reliability — contributions to engineering and future challenges
A.H.-S. Ang

Special Lecture

Increasingly catastrophic disasters due to global warming
Y Kawata

Keynote Lectures

Seismic risk assessment and management of infrastructure systems: Review and new perspectives
A. Der Kiureghian

Life-cycle performance, management, and optimization of structural systems under uncertainty:
Accomplishments and challenges
D.M. Frangopol

The audacity of change: A transition to the non-stationary and non-linear era
A. Kareem

Probability density evolution equations: History, development and applications
J Li

Experiments, science and probability theory in building new models for long-term pitting corrosion
in marine environments
R.E. Melchers

Reliability-based life cycle assessment of cracks in ocean structures
T Moan

Performance reliability of port facilities
M. Shinozuka

Characterizing geotechnical model uncertainty
WH. Tang, J. Zhang & L.M. Zhang

XLV
XLVII
LI
LI

11

13

15

16

18

20

21



TECHNICAL CONTRIBUTIONS

Monday Morning (MOM) Sessions

Mini-Symposia (MS01) Uncertainty Modeling of Rare/Imprecise Data
[Session Organized on Behalf of IASSAR s CSMSE Umbrella]

A fuzzy-based approach to comprehensive modeling and analysis of systems with
epistemic uncertainties
M. Hanss & S. Turrin

Dynamic reliability of structures using adapted process
S.K. Au

Comparison of uncertainty models in the analysis of offshore structures
M.Q. Zhang, M. Beer, S.T. Quek & Y.S. Choo

Copulas and -norms: Mathematical tools for modeling propagation of errors and interactions
W. Ndither

Multivariate models for random sets generated by non-parametric methods
T. Fetz & M. Oberguggenberger

Uncertainty in building and the effect of human intervention
E Knoll

Mini-Symposia (MS13) Smart Structural Health Monitoring and Safety Assessments

[Session Organized on Behalf of [ASSAR Subcommittee SC4]

Wireless impedance sensor nodes for structural health monitoring
S. Park, H. Shin, H.-J. Kim & C.B. Yun

Development of a wireless piezoelectric transducer excitation technique using laser and
optoelectronic devices
H.J. Park, H. Sohn, C.B. Yun, J. Chung & 1.B. Kwon

Landslide detection using microwave
H.C. Rhim, S.W. Kim & J.Y. Song

FRP-concrete debonding detection using distributed brillouin fiber optic strain sensor
M. Imai & M.Q. Feng

Measurement and diagnosis of concrete cracks using image processing and fuzzy theory
B.Y. Lee, JK. Kim & H. Myung

Mini-Symposia (MS12) Monte Carlo Simulations Applied to Civil Engineering

Hot spot stress and stress distribution at web-to-flange welded joints of corrugated web girder
Z.Y. Wang, Y.Y. Chen & Q.Y. Wang

FE analysis of the influence of column axial load on the cyclic behavior of bolted endplate joint
Z.Y. Wang, W. Tizani & Q.Y. Wang

VI

27

28

29

30

31

32

35

36

37

38

39

43

44



Estimation of failure probabilities by Markov chain simulation-based approximate method
H. Dai & W. Wang

A study on design traffic live load for a cable-stayed bridge based on the vehicle axle load survey
T Nishioka, Y. Horie, M. Shinohara & O. Aketa

An efficient Bayesian method for taking into account the modeling uncertainties in the evaluation
of structural reliability
E Jalayer, L. Elefante, I. lervolino & G. Manfredi

An alternative to Monte Carlo simulations for dynamic problems
J. Huh & A. Haldar

Mini-Symposia (MS04) Structural Reliability and Optimization

Integration of reliability methods into a commercial finite element software package
1. Papaioannou, A. Diister, E. Rank, H. Heidkamp & C. Katz

Reliability-based topology optimization of frame structure using SLSV approach
Y. Hirano, N. Kogiso, S. Nishiwaki, K. Izui & M. Yoshimura

Updating fragility estimates for reinforced concrete bridges using nondestructive testing
Q. Huang, P Gardoni & S. Hurlebaus

Reliability-based vulnerability requirements in the design of ship panels for blast loads
S.J. Pahos & PK. Das

Reliability-based optimization of flexible pavements accounting for deterioration and the effects
of rehabilitation actions
VP Deshpande, I.D. Damnjanovic & P Gardoni

Reliability-based optimized rating equation of deteriorating bridges using loading and corrosion data

B. Bhattacharya, D. Li & M.J. Chajes
Mini-Symposia (MS11) Current Status and Future Applications
of Probabilistic Seismic Hazard Assessment

Probabilistic seismic risk analysis for building portfolio
M. Wang, K. Tanaka & T. Takada

Is PSHA an option for earthquake early warning?
1. Iervolino

Prediction of inelastic structural response using an average of spectral accelerations
M. Bianchini, PP Diotallevi & J W Baker

Efficient approach to vector-valued probabilistic seismic hazard analysis of multiple correlated
ground motion parameters
P, Bazzurro, P. Tothong & J. Park

Construction of live management system for highway networks in a seismic disaster emergency
A. Kawamoto, W, Shiraki, K. Yasuda, N. Ito & M. Dogaki

Vil

45

46

47

48

51

52

53

54

55

56

59

60

61

62

63



Evaluation of seismic performance rate of each structural element of highway bridge system
using multi state system approach
H. Morisaki, S. Okawa, W. Shiraki , N. Ito & M. Dogaki

Organized Session (0S02) Probabilistic Design of Wind Turbines

Extrapolation of extreme response for wind turbines based on field measurements
H.S. Toft & J.D. Sorensen

Generation of synthetic turbulence in arbitrary domains
L. Gilling, S.R.K. Nielsen & N.N. Sorensen

Risk-based inspection and maintenance planning optimization of offshore wind turbines
J.G. Rangel-Ramirez & J.D. Sorensen

Setting the frame for up-scaled off-shore wind turbines
J.D. Sorensen, T. Chaviaropoulos, P Jamieson, B.H. Bulder & S. Frandsen

Numerical estimation of fatigue life of wind turbines due to shadow effect
P, Thoft-Christensen, R.R. Pedersen & S.R.K. Nielsen

Modeling the joint wind-surge hazard due to hurricanes in the gulf of Mexico
Y. Wang, D.V. Rosowsky & W. Pang

Organized Session (OS03) Construction Risk and Safety Management

Research on safety management system in construction work
T Hojo & K. Ohdo

Target reliability index determination in risk share consensus making
R. Katade & S. Katsuki

Difference between the stated purpose and actual practice of safety education at construction sites
M. Hirokane, K. Ohdo, S. Hanayasu & Y. Kamada

Study on mitigation of fall risk from scaffolds in construction industry
K. Ohdo, Y. Toyosawa, S. Takanashi, Y. Hino & H. Takahashi

Risk assessment for scaffolding work in strong winds
S. Charuvisit, K. Ohdo, Y. Hino & S. Takanashi

General Session (Damage Analysis and Assessment)

Effects of climate change on cyclone damage estimation
Y Li & M.G. Stewart

Evaluation of buildings quality and soil condition in Boumerdes city using damage data
following the 2003 Algeria earthquake
A. Meslem, F Yamazaki & Y. Maruyama

Low-cycle fatigue effects on steel moment frames
J.C. Anderson, N. Nastar & F Rojas

VIII

64

67

68

69

70

71

72

75

76

77

78

79

83

84

85



A comparative study on equivalent linear models to assess occurrence of building damage
Y. Nitkawa & M. Kohiyama

Impact dynamic behavior on CFTA girder and reliability assessment
TT Trung, M.C. Jeong, S.A. Yi & J.S. Kong

Effect of error measurement of chloride profiles on reliability assessment
S. Bonnet, E Schoefs, J. Ricardo & M. Salta

General Session (Risk Analysis in Decision Making)

Seismic risk curve in infinity time period
Y. Kawakami, T. Nakamura & M. Hoshiya

“SRA into SRA” — Structural reliability analyses into system risk assessment: Activities of
an ESReDA project group
E. Ardillon, D. Proske, A. Chateauneuf & A. Lannoy

Risk informed management of road infrastructure
D. Zonta, R. Zandonini & E Bortot

Study on risk-informed in-service inspection for nuclear power plant piping
T. Koriyama, M. Yamashita, S. Miura & H. Fujimoto

Study on seismic performance of wooden houses in snowy region by seismic response
analysis — In 2-stories wooden houses built in Sapporo —
T. Chiba, M. Munakata, T. Tomabechi, T. Takahashi & T. Uematsu

Evaluation on accumulation shape and variability of snow-slide from roof for human safety
in snowy country
T. Takahashi, M. Suzuki, T. Chiba & T. Tomabechi

General Session (Bridges and Buildings)

Model tests and simulation analysis on steel-concrete joint part of hybrid cable-stayed bridge
J. He, R. Liu, JM. Wu, X. Kong, Y.Q. Liu, A.R. Chen, M.Y. Hu & T. Yoda

Influence of shear rigidity in vertical and horizontal frames on strength of prefabricated scaffolds
H. Takahashi, K. Ohdo & S. Takanashi

A proposal of hybrid structure with carbon steel and non-magnetic steel for MAGLEV
M. Hirohata & Y.-C. Kim

Reduction of residual displacements of concrete columns by high strength rebars
A.R. Khaloo, M. Tazarv & Y. Javid

Random fluctuation of internal forces in rough beams under moving oscillators
G. Muscolino, A. Palmeri & A. Sofi

Estimating extreme highway bridge traffic load effects
C.C. Caprani & E.J. OBrien

IX

86

87

88

91

92

93

94

95

96

99

100

101

102

103

104



Monday Afternoon (MOA) Sessions

Mini-Symposia (MS01) Uncertainty Modeling of Rare/Imprecise Data
[Session Organized on Behalf of IASSAR s CSMSE Umbrella]

On new cautious structural reliability models in the framework of imprecise probabilities
L.V, Utkin & I. Kozine

Fuzzy extensions in state-space filtering — Some applications in geodesy
H. Kutterer & I. Neumann

A comparison of distribution-free entropy quantile functions using probability weighted moments
from complete or censored samples
J. Deng & M.D. Pandey

Hierarchical Fuzzy Inference System (HFIS) modeling for environmental issues
M. Elektorowicz & A. Amid

Robustness assessment of structures incorporating generalized uncertainty models
J.-U. Sickert, S. Pannier, W. Graf & C. Jenkel

Uncertainty modelling and sensitivity analysis of tunnel face stability
W. Fellin, A. Kirsch, J. King & M. Oberguggenberger

Mini-Symposia (MS13) Smart Structural Health Monitoring and Safety Assessments
[Session Organized on Behalf of IASSAR Subcommittee SC4]

Hybrid health monitoring of PSC girder bridges using MEMs-based smart sensors
J.H. Park, D.S. Hong, J.T. Kim & C.B. Yun

Modal identification of short and medium span bridges under moving loads
C.-W Kim, M. Kawatani, R. Ozaki & J. Hao

Modal analysis of the Yeondae Bridge using a reconfigurable wireless monitoring system
J. Kim, J.P. Lynch, D. Zonta, C.B. Yun & J.J. Lee

Structural health monitoring system development and full-scale bridge vibration
measurement using smart sensors

1. Nagayama, M. Ushita, H.M. Dinh, Y. Fujino, B.F. Spencer, Jr., J.A. Rice, S.A. Jang,
K.A. Mechitov & G.A. Agha

Fiber optic smart monitoring of railway structures
K.S. Kim, S.G. Cho & M.S. Kim

Mini-Symposia (MS12) Monte Carlo Simulations Applied to Civil Engineering

Stochastic simulation of local elasto-plastic properties of composite materials
L. Graham-Brady & K. Acton

Analysis of the value of information in the design of resilient water distribution networks
M. Comboul & R. Ghanem

107

108

109

110

111

112

115

116

117

118

119

123

124



Integrated approach to assess the impact of tsunami disaster
S. Koshimura, S. Kayaba & M. Matsuoka

An evaluation method of tsunami vulnerability in metropolitan area considering the functionality
of coastal facilities
S. Suzuki, Y. Kawata & S. Koshimura

Seismic performance simulation of water systems considering uncertainties in ground motions
and pipeline damages
G.-Y Liu & H.-Y. Hung

Enhancement of sustainability of nonstructural systems in critical facilities
S. Ray Chaudhuri & M. Shinozuka

Mini-Symposia (MS04) Structural Reliability and Optimization

Discrete-continuous variable optimization of stochastic dynamical systems
H.A. Jensen & D.S. Kusanovic

Bayesian network as a framework for structural reliability analysis in infrastructure systems
D. Straub & A. Der Kiureghian

Application of advanced simulation methods for the reliability and redundancy analysis of bridge
structures
F Miao & M. Ghosn

Reliability analysis of fracture in piezoelectric components with a random microstructure
C.V Verhoosel & M.A. Gutiérrez

Approximate optimization of general systems with high dimensional uncertainties and multiple
reliability constraints
J.Y. Ching & W.-C. Hsu

Mini-Symposia (MS11) Current Status and Future Applications of Probabilistic
Seismic Hazard Assessment

Development of conditional probabilistic seismic hazard map
S. Fukushima & T. Hayashi

About efficient estimation of the seismic reliability of complex structural systems
O. Diaz-Lopez & L. Esteva

Sensitivity of probabilistic seismic hazard results to background seismic activity models
N. Yilmaz & M.S. Yucemen

Comparison of vulnerability of new high-rise concrete moment frame structures using HAZUS
and nonlinear dynamic analysis
N. Shome & P. Bazzurro

Statistical analysis of corrosion process along French coasts
FE Schoefs, J. Boéro, B. Capra & R. Melchers

XI

125

126

127

128

131

132

133

134

135

139

140

141

142

143



Probabilistic assessment of small earthfill dams subject to adverse climate effects
M-C. Preziosi & T. Micic

General Session (Materials & Probabilistic Materials Analysis)

Fire-induced damage in prestressing steels after fire
JM. Atienza & M. Elices

Effect of micro structure on mechanical properties of woven fabric composite
Y. Fujita, T. Kurashiki & M. Zako

Macroscopic mechanical behavior of metal foam influenced by mesoscopic randomness
D. Schwarzer & C. Proppe

Spatial variability modelling of GFRP panels
S. Srirvamula & M.K. Chryssanthopoulos

Prediction of service life for concrete structures with crack: Probabilistic approach for carbonation
H.-W. Song, U.-J. Na & S.-J. Kwon

Estimation of fatigue life of textile composites based on damage propagation analysis and
fatigue test of UD composites
S. Hanaki, M. Yamashita, H. Uchida, M. Zako, S.V. Lomov & I. Verpoest

General Session (Deterioration Modeling)

Solar radiation effect on long-term performance of rubber bearings
Paramashanti, Y. Itoh & Y. Kitane

A comparison of statistical models for visual inspection data
M.J. Kallen

Reliability analysis for pipe failure due to corrosion
H. Lin

Stochastic assessment of chloride ingress into concrete matrix
E. Bastidas-Arteaga, M. Sanchez-Silva, A. Chateauneuf, P Bressolette & F. Schoefs

An efficient computational framework for probabilistic deterioration modeling and reliability
updating
D. Straub

Climate change, time-dependent corrosion damage and safety of deteriorating RC structures
J. Peng & M.G. Stewart

Organized Session (OS13) Novel Approaches for Reliability Analysis and
Statistical Structural Health Monitoring

Application of support vector machine for reliability assessment and structural health monitoring
M.N. Noori, Y. Cao, Z. Hou & S. Sharma

Vulnerability curve for a timber house considering the maximum bearing force variation
K. Yamada

XII

144

147

148

149

150

151

152

155

156

157

158

159

160

163

164



Earthquake response analysis for traditional wooden buildings using semi-rigid frame model
S. Matsumoto & Y. Suzuki

Structural identification of existing building using variable pendulum sensor
Y. Kobayashi & T. Furukawa

A risk-based maintenance optimization methodology for pipelines with corrosion defects
Y-T.J Wu, C.P. Hsiao & A. van Roodselaar

Numerical evaluation for shaking-table test results of full-scale wooden frames supported by
unanchored foundation
Y. Mukai & Y. Suzuki

General Session (Bridges and Buildings)

Assessment and characteristic analysis of safety for shear failure on deteriorated RC bridges due to
chloride attack based on field testing
H. Kano & H. Morikawa

System reliability analysis of existing RC slab bridges incorporating spatial variation of damages
X M. Wang, X.F. Shi, X. Ruan, Z.S. Tian & S.B. Geng

Safety assessment of RC bridges strengthened by using CFRP sheet related to chloride-induced
deterioration
F Peng & H. Morikawa

Comparative seismic performance of the steel building systems
H.Y. Chang, H.Y. Yeh, J.Y. Chen & C.C.J. Lin

Simulation of the loads induced by running
C. Sahnaci & M. Kasperski

Dynamic response analysis of Shinkansen train-bridge interaction system under moderate
earthquakes
X. He, M. Kawatani, T. Hayashikawa & S. Nishiyama

Monday Evening (MOE) Sessions

Mini-Symposia (MS01) Uncertainty Modeling of Rare/Imprecise Data
[Session Organized on Behalf of IASSARs CSMSE Umbrella]

On the impact of robust statistics on imprecise probability models: A review
T Augustin & R. Hable

Random Set analysis for tunnel excavation — Application to real project
H.FE Schweiger, A. Nasekhian & R. Péttler

Estimation of design impact forces of debris flows
D. Proske, J. Suda & J. Hiibl

Generalized reliability theory of structures simultaneously considering random, fuzzy and
incomplete information
D.G. Lu, G.Y. Wang, Y.B. Liu & P Zhang

XIII

165

166

167

168

171

172

173

174

175

176

179

180

181

182



Correlations between uncertainty theories and their applications in uncertainty propagation
K. Zhang & G. Achari

Dynamic analysis of a cable-stayed bridge with uncertain structural parameters
M.V, Rama Rao, S. Vandewalle, M. De Munck & D. Moens

Mini-Symposia (MS13) Smart Structural Health Monitoring and Safety Assessments
[Session Organized on Behalf of [ASSAR Subcommittee SC4]

Experimental verification of the adaptive extended Kalman filter with unknown inputs for damage
identification of structures
H. Huang, JN. Yang & L. Zhou

Reliability analysis of an existing RC structure updated by inspection data
I Yoshida, M. Akiyama & S. Suzuki

Adaptive Monte Carlo filter for identification of abrupt changes in structural parameters
M. Chung, C.B. Yun & T. Sato

Identification of nonlinear behavior of RC bridge piers using extended Kalman filter
K.-J. Lee & C.B. Yun

Mini-Symposia (MS12) Monte Carlo Simulations Applied to Civil Engineering

Cost-benefit analysis of bridge seismic retrofit in a highway transportation network
S. Banerjee, M. Shinozuka & M. Sgaravato

Probabilistic evaluation of seismic performance for Vincent Thomas Bridge
D. Karmakar, S. Ray Chaudhuri, H. Lee & M. Shinozuka

Service life prediction for cracked RC structures using probability approach: Chloride attack through
field investigations
S.-J. Kwon, U.-J. Na, H.-W. Song & M.Q. Feng

Accounting for system complexities in reliability estimates of light frame wood roofs using
Monte Carlo simulation
A.V. Gleason, B.G. Nielson, B. Shanmugam & Y. Li

Tracking uncertainties from component level to system level fragility analysis through simulation
B.G. Nielson & K.R. Mackie

Mini-Symposia (MS04) Structural Reliability and Optimization

Single-loop system Reliability Based Design Optimization (RBDO) using Matrix-based System
Reliability (MSR) method
T H. Nguyen, J. Song & G.H. Paulino

Quasi Monte Carlo simulation for structural reliability sensitivity estimation
W. Wang & H. Dai

XIV

183

184

187

188

189

190

193

194

195

196

197

201

202



Life cycle cost analysis for retrofit of critical infrastructure subject to multiple hazards
E Jalayer, D. Asprone, A. Prota & G. Manfredi

FE-based reliability analysis of the buckling of shells with random shape, material and thickness
imperfections
V. Dubourg, C. Noirfalise, J.-M. Bourinet & M. Fogli

A review of recent features and improvements added to FERUM software
J.-M. Bourinet, C. Mattrand & V. Dubourg

Reliability-based integrity assessment of structural systems subject to heterogeneous deterioration
and large-scale inspection uncertainty
M.A. Maes, M.R. Dann & K. W. Breitung

Organized Session (OS18) Seismic Risk Assessment and Information

Virtual building inspection for open risk assessment software
J. Mitrani-Reiser, N.P. Jones, H. Ryu & N. Luco

Seismic risk communication with owners in structural design
K. Hirata & T. Ishikawa

Reduction of seismic risk of overflow of refugees by upgrading existing non-conforming school
buildings and wooden houses
Y. Mori, T. Yamaguchi, H. ldota & K. Ibuki

Decision making based on mitigation effectiveness of deterioration risk of RC buildings damaged
by chloride ingress
C.-K. Chiu & T. Noguchi

General Session (Probabilistic Materials Analysis)

Evaluation method of S—N data of composite materials based on probabilistic fatigue model
of UD composites
K. Mukoyama, S. Hanaki, H. Uchida, M. Zako, S.V. Lomov & 1. Verpoest

Stochastic modeling of architectural glass strengths
S.G. Reid

Statistical analysis towards the identification of accurate probability distribution models for the
compressive strength of concrete
G. Gasparini, S. Silvestri, T. Trombetti & C. Ceccoli

Probabilistic assessment of masonry compressive strength
N. Mojsilovi¢ & M.H. Faber

Probabilistic fracture mechanics guidelines and templates
D.S. Riha, R.C. McClung, JM. McFarland & S.S. Pai

Decision support simulator for post-earthquake emergency management based on Bayesian
updating theory
N. Nojima

XV

203

204

205

206

209

210

211

212

215

216

217

218

219

220



General Session (Monitoring and Maintenance Systems & Structural Health
Monitoring)

Research on introduction of Mahalanobis distance into bridge asset management as index of total

integrity 223
K. Aso & Y. Chikata

A method to detect bolt loosening for a simple structure by Hilbert spectrum 224
H. Morikawa & T. Murakami

Evaluation of surface roughness of a corroded steel angle exposed in oceanic environment
for 19.5 years 225
N. Watanabe & Y. Itoh

On the use of wavelet coefficient energy for structural damage diagnosis 226
H. Noh & A.S. Kiremidjian

Health monitoring of water distribution systems 227
J. Liang, D. Xiao, X. Zhao & H. Zhang

Damage assessment of reinforced concrete bridge decks using fuzzy ensemble system 228
H. Furuta, K. Nakatsu, H. Hattori, W Adachi & Y. Nomura

General Session (Bridges and Buildings)

Highway bridge assessment for dynamic interaction with critical vehicles 231
D. Cantero, E.J. OBrien, A. Gonzdlez, B. Enright & C. Rowley

Expansion joints and bridge structural reliability 232
P, Bradford, JE. Padgett & R. DesRoches

Analytical and experimental studies on seismic behavior of buildings with mid-story isolation 233
K.C. Chang, B.H. Lee, M.H. Lin, C.C. Chiang, J.S. Hwang & S.J. Wang

Live load for long span 234
A.S. Nowak & M. Lutomirska

Reliability models for bridges with light-weight SCC 235
P, Paczkowski, M. Kaszynska & A.S. Nowak

Probabilistic condition assessment of PC box girder bridge based on field test data 236
X. Ruan, X.F Shi & D.M. Frangopol

Tuesday Morning (TUM) Sessions

Mini-Symposia (MS01) Uncertainty Modeling of Rare/Imprecise Data
[Session Organized on Behalf of IASSAR s CSMSE Umbrella]

Interval estimates of structural reliability 239
H. Zhang & R.L. Muhanna

Calibrating resistance factors of single bored piles based on incomplete test results 240
J.Y. Ching, H.-D. Lin & M.-T. Yen

XVI



Fuzzy finite element analysis based on reanalysis technique
L. Farkas, D. Moens, D. Vandepitte & W. Desmet

Probabilistic study of the strength of steel scaffold systems
H. Zhang, T. Chandrangs & K.J.R. Rasmussen

Study on modeling error in strong nonlinear area of RC shear walls in fragility evaluation of nuclear
power plant buildings
N. Nakamura, T. Suzuki, M. Fushimi, S. Miyazaki, Y. Hino, Y. Fujita, H. Sugita & K. Moriyama

Mini-Symposia (MS13) Smart Structural Health Monitoring and Safety Assessments

[Session Organized on Behalf of IASSAR Subcommittee SC4]

US-Korea collaborative research for bridge monitoring testbeds
C.B. Yun, H. Sohn, K.Y. Koo, M.L. Wang, Y.F. Zhang & J.P. Lynch

Development and application of a low-cost automated wireless tension estimation system for
cable structures
S. Cho, J.P Lynch & C.B. Yun

Application of reference-free crack detection techniques to in-situ bridge monitoring
C.G. Lee, S. Park, H. Sohn & S.B. Kim

The strategic planning of safety management network for infrastructure
Y.S. Kim, S.S. An, S.R. Ahn & D.S. Yang

Bridge displacement monitoring techniques using strain measurement
K.T. Park, B.C. Joo, C. Lee & Y.K. Hwang

Organized Session (0S21) Developing Performance-Based Concrete Design Code

Probabilistic models for mechanical properties of concrete in Korea
J.S. Kim, JH. Shin, JH. Moon & K.M. Lee

Moment redistribution for earthquake design of reinforced concrete moment-resisting frames
T-S. Eom, H.-G. Park, S.-G. Hong & J.Y. Kim

Implementation of performance in a concrete design code
S. Shin, 1. Paik & Y.-S. Chung

Perfomance-based shear design for structural concrete
S.-G. Hong, S.-G. Jang & W.-Y. Lim

Service life assessment of RC structures exposed to carbonation by determining the safety factors
H.-W. Song, S.-W. Pack, K.Y. Ann & C.-H. Lee

Mini-Symposia (MS04) Structural Reliability and Optimization

Optimal design of corroded reinforced concrete structures by using time-variant reliability analysis
Y. Aoues, E. Bastidas-Arteaga & A. Chateauneuf

Optimal evacuation and shut-down decisions in the face of emerging natural hazards
K. Nishijima, M. Graf & M.H. Faber

XVII

241

242

243

247

248

249

250

251

255

256

257

258

259

263

264



Fragility of conventional woodframe structures built in regions of low-to-moderate seismicity
D.V. Rosowsky, W.C. Pang, Y. Wang & B.R. Ellingwood

Formulation of stress-strain relations of structural aluminum alloys
1. Okura, T. Ishikawa & T. Nagao

Reliability analysis method based on sample weight for slope stability
Z.-G. Yang, T-C. Li, M.-L. Dai & C. Li

Organized Session (0OS18) Seismic Risk Assessment and Information

An interactive web tool for quantitative seismic risk assessment of woodframe houses (“ResRisk”™):

A progress report
N. Luco, E.M. Martinez, E.H. Field, K.A. Porter, H. Ryu & J. Mitrani-Reiser

Seismic performance evaluation for groups of historic wooden houses
Y. Hayashi, S. Higa, Y. Hasebe, M. Matsuda & M. Koshihara

Probabilistic assessment of human casualties due to earthquake-induced building damage in Japan
P, Towashiraporn, T. Lai, J. Guin, E. lkuta & K. Fujimura

Minimum prediction capability of ground motion
M. Ohbuchi & T. Takada

Earthquake countermeasures for wood houses to mitigate seismic loss and total cost
Y. Hasebe, A. Saratani, T. Morii & Y. Hayashi

Organized Session (0OS05) Vulnerability and Robustness of Structures

Risk-informed approaches for achieving robustness and for mitigating disproportionate collapse
of buildings
B.R. Ellingwood

Robustness of structures as a design criterion
M. Beer & M. Liebscher

Performance of earthquake resistant buildings against progressive collapse
L. Lin, N. Naumoski, S. Foo & M. Saatcioglu

A novel optimization method under limited uncertainty
S. Bhattacharjya, S. Chakraborty, A. Haldar & A. Reyes-Salazar

Robustness of structures, EU COST action TU0601
T. Vrouwenvelder & J.D. Sorensen

Probabilistic failure model for progressive collapse analysis
S.M. Marjanishvili & L. Leininger

Mini-Symposia (MS02) NDT Reliability and Its Use for Maintenance Applications

Uncertainty analysis of the local flexibility method for damage identification
E. Reynders & G. De Roeck

XVIII

265

266

267

271

272

273

274

275

279

280

281

282

283

284

287



Determination of POD curves for T-joints
C. Cremona, M. Grasset, R. Leconte & A. Nussbaumer

Inspection intervals for bridge welded joints: Guidelines for the Eurocode 3 applications
J. Duchereau & C. Cremona

Structural reassessment of prestressed concrete beams by Bayesian updating
C. Cremona, G. Byrne & C. Marcotte

Organized Session (0S24) Mechanics of Random Media

Measurement and modeling of spatially varying strength in Parallel Strand Lumber
S. Arwade, R. Winans & PL. Clouston

Multiscale modeling of random heterogeneous materials
XFE Xu

A multi-resolution Bayesian framework for the identification of spatial variability of material
properties
PS. Koutsourelakis

Strength variability in brittle materials with randomly occurring flaws
L. Graham-Brady & C. Zingale

Reliability analysis for fracture modelled by the partition of unity method
E.C. Schimmel, M.A. Gutiérrez, JJ.C. Remmers & C.V. Verhoosel

Organized Session (0OS26) Safety Assessment of Offshore and Marine Structures

Reliability-based calibration of design code for bulk carriers with combined loading
T Moan & H. Amlashi

Probabilistic assessment of collision-induced ship hull failure
H. Jia & T. Moan

Development of quantitative coating condition monitoring procedure
N. Yamamoto, K. Terai, A. Nakayama & K. Amaya

Change in safety level against collapse of ship’s hull girder in longitudinal bending according to
change in design criteria
K. lijima, M. Fujikubo, Y. Fujii & T. Yao

Load combination factors suitable for probabilistic and semi-probabilistic design of ocean-going ships
W. Huang & T. Moan

Study on prediction model for deterioration of RC structure received chloride induced damage
based on reliability theory
M. Matsushima, H. Nakagawa & M. Yokota

General Session (Fatigue Reliability)

Fatigue properties of corroded parallel wire cable
C.M. Lan, H. Li & JP Ou
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Performance-based engineering framework for buckling-restrained braced frames
B.M. Andrews, J. Song & L.A. Fahnestock

A simulation on fatigue crack propagation in welded joints
T Hanji, K. Tateishi & K. Tsuchiya

A study on the equivalent initial flaw size of Al 2024-T3 riveted specimens under variable load
J.-H. Kim, G.-S. Zi, J.-S. Kong & M.-S. Kim

Fatigue design, evaluation and inspection for steel bridges on the Honshu-Shikoku expressways
1. Yamada, A. Moriyama & K. Fumoto

Tuesday Afternoon (TUA) Sessions

Mini-Symposia (MS12) Monte Carlo Simulations Applied to Civil Engineering

Stochastic modeling and simulation of transient processes
L. Wang & A. Kareem

Stochastic interpolation of the underground contamination by Monte Carlo filter
O. Maruyama, M. Shinozuka & S.R. Chaudhuri

Processing acceleration simulations
A. Zerva & S. Liao

Reliability analysis of offshore structures by reduced order models
B.J. Leira & M.D. Grigoriu

Stochastic forecast analysis of the service life of reinforced concrete structures subjected to chloride

penetration
K.G. Papakonstantinou, S.J. Kwon & M. Shinozuka

Statistical, sensitivity and reliability analysis using software FReET
D. Novik, M. Vorechovsky & R. Rusina

Mini-Symposia (MS13) Smart Structural Health Monitoring and Safety Assessments

[Session Organized on Behalf of IASSAR Subcommittee SC4]

Development of an advanced robot system for automated bridge inspection and monitoring
J.S. Lee, I. Hwang, H.S. Lee & S.H. Hong

Application of robot navigation technology for civil robot development
H. Myung, S. Lee, H. Jeon & B.-J. Lee

Structural health monitoring system for reliable seismic performance evaluation of infrastructures

J-H.Yi, D. Kim, S.H. Ko & M.Q. Feng

Probability-based structural assessment of Tsing Ma Bridge deck sections using in-service
monitoring data
Y.Q. Ni, HW, Xia, JM. Ko & K.Y. Wong
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Organized Session (0S25) Monitoring Performance under Uncertainty

Reliability assessment of reinforced concrete slab bridges strengthening
D. Novak, W. Lawanwisut, W. Kijawatworawet, S. Sirinaranun & S.I.N. Ayuthaya

Monitoring with FBG to control cracking of r.c. structures before retrofitting
F Daghia, A. Giammarruto, R. Carli & G. Pascale

Fatigue reliability assessment of steel bridges based on monitoring and FE modeling
K. Kwon & D.M. Frangopol

Assessment of structural performance considering spatial variability of material properties
R. Pukl, M. Vorechovsky & D. Novik

Structural reliability assessment using sensors and Bayesian updating
D.M. Frangopol, A. Strauss & S. Kim

Monitoring of road traffic load as basis for the development of traffic models for weight restricted

bridges based on the Eurocode 1
D. Proske & S. Loos

Mini-Symposia (MS10) Structural Safety and Reliability by Means of
Structural Health Monitoring

Quantitative deployment of long-term force monitoring devices in cable-stayed bridges.
A Life Cycle Cost (LCC) approach
A. Ladysz & JR. Casas

Service life prediction of masonry under high loading: Modelling and probabilistic evaluation
E. Verstrynge, L. Schueremans & D. Van Gemert

Updating future reliability of nonlinear systems with low dimensional monitoring data using
short-cut simulation
J.Y. Ching & Y.-H. Hsieh

Damage identification on a shear story structure using multivariate autoregressive time series
modeling
A. Cheung & A.S. Kiremidjian

Substructure identification for shear structures: Power spectral density method
D. Zhang & E.A. Johnson

Comparison of reliability of two on pile-supported wharves from structural monitoring data
H. Yasiez-Godoy, F Schoefs, A. Nouy & M. Chevreuil

Organized Session (0S27) Hoshiya Memorial

Seismic reinforcing design for an existing bridge pier
T. Koike, Y. Watanabe & T. Imai

Settlement prediction by spatial-temporal random process
P Rungbanaphan, Y. Honjo & I. Yoshida
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Frequency and damage analysis of industrial accidents
S. Hanayasu, K. Sekine & WH. Tang

Effect of traffic loads to seismic responses of highway viaducts under functional evaluation
earthquakes
M. Kawatani, C.-W. Kim & R. Kitaura

Organized Session (0S05) Vulnerability and Robustness of Structures

Estimation of robustness about structures based on contaminated distribution
X. Kou, C. Zhou & J. Song

Vulnerability assessment of structural systems
J. Agarwal & G.N. Liu

Evaluation of robustness from building failures
S. Thelandersson & E. Friihwald

Mini-Symposia (MS02) NDT Reliability and Its Use for Maintenance Applications

Development of posterior probability models using the Metropolis-Hastings algorithm and Laplace

approximations
PN. Thodi, EI. Khan & M.R. Haddara

Effect of the shape of ROC on risk based inspection: A parametric study
FE Schoefs & J. Boéro

Holistic statistical analysis of structural defects inspection results
S.A. Timashev & A.V. Bushinskaya

Organized Session (0OS14) Non-Destructive Testing of Concrete Structures

Accurate crack inspection on concrete structure surface images
T. Yamaguchi & S. Hashimoto

Impact elastic wave method for detecting voids under steel plate in steel concrete composite
T. Watanabe, C. Hashimoto, K. Nishioka & Y. Ito

Characterization of damage status for concrete structures by means of stress wave techniques
T. Shiotani, H. Ohtsu, D.G. Aggelis & S. Momoki

Eigenfrequency estimation of RC slab based on impact sound recorded by moving vehicle
Y. Oshima, K. Sugiura & H. Kawano

Evaluation method of mechanical performance of RC beams with corroded reinforcing bars by
FEM utilizing results from nondestructive test
H. Minezawa, T. Kamada, S. Uchida, S. Miyazato & I. Kuroda

Influence of conformity control on the strength distribution of concrete and the safety level of
concrete columns
R. Caspeele & L. Taerwe

XXII

349

350

353

354

355

359

360

361

365

366

367

368

369

370



General Session (Geotechnical Engineering)

Bayesian statistical framework for the estimation of soil properties and deformations during
supported excavations
J.-K. Park, P Gardoni & G. Biscontin

Effect of defects on structural safety of jet grouted umbrellas in tunneling
G.P. Lignola, G. Manfredi & A. Flora

Evaluation of the seismic reliability for the stability of cantilever retaining wall
FEK. Huang & G.S. Wang

Modelling the structural reliability of buried networks in a heterogeneous and
aleatory environment
S.M. Elachachi & D. Breysse

Probabilistic optimization methodology for secant pile wall watertightness
T Micic

Computer simulation of cyclic-load triaxial testing with respect to uncertainties in
input parameters
A. Florian, J. Pencik & S. Karaskova

General Session (Offshore and Marine Structures)

Maintenance planning for the decks of bulk carriers and tankers
Y. Garbatov & C. Guedes Soares

Uncertainty effects of dynamic response of offshore platform with wind energy production
K. Kawano, Y. Kimura, K. Ito & N. Tanaka

Ultimate strength of ship hull girder under random initial imperfections
S.C. Vhanmane & B. Bhattacharya

Aspects of reliability assessment of tidal stream turbines
D.V Val

A level-1 reliability-based design method for caisson-type breakwaters in view of sliding
displacement
T. Yoshioka, Y. Moriya & T. Nagao

A comparison of safety levels of sheet pile quay wall based on minimization of life cycle cost
and expected total cost
T Nagao & R. Ozaki

General Session (Reliability-Based Design and Regulations & Reliability-Based

Optimization and Control & Reliability Theory)

Reliability-based code calibration: Case study of Brazilian structural design codes
A.T. Beck & A.C. Souza Junior

Reliability-based design specifications for simply supported steel beams exposed to fire
S. Igbal & R.S. Harichandran
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A simulation-based framework for robust stochastic design of base isolation systems
A.A. Taflanidis

CAE-based sequential topology optimization and reliability analysis
K.W. Liao

The study on reliability with an improved truncated normal distribution
Z. Li, J. Song & X. Kou

A Monte Carlo based method for system reliability
A. Naess, B.J. Leira & O. Batsevych

Tuesday Evening (TUE) Sessions

Mini-Symposia (MS06) Uncertainties in Civil Structures & Infrastructure
Engineering

Role of modeling uncertainties in assessing vulnerability and risk of civil infrastructure from
rare events
B.R. Ellingwood

Probabilistic fragility assessment method for structural intervention schemes
S.H. Jeong & A.S. Elnashai

Story-specific demand models and seismic fragility estimates for low-rise buildings
J. Bai, P Gardoni & M. Hueste

Seismic fragility of a bridge on liquefaction susceptible soil
O.-S. Kwon, A. Sextos & A.S. Elnashai

Seismic vulnerability assessment of embankments
Y. Tsompanakis & N.D. Lagaros

Mini-Symposia (MS13) Smart Structural Health Monitoring and Safety Assessments

[Session Organized on Behalf of IASSAR Subcommittee SC4]

Evaluation of the applicability of surface wave method on the sloping surface
J.T. Kim, HJ. Park, D.S. Kim & S.W Kim

Monitoring techniques for lab-scaled underwater landslides
Q.H. Truong, H.-K. Yoon & J.-S. Lee

Wireless sensor network based slope monitoring system considering variability of matric suction
S.R. Lee, J.C. Choi, Y.H. Song, H. Myoung & Y.K. Kim

Measurement of load transfer between anchor and grout using optical FBG sensors embedded
smart anchor
Y.S. Kim, JM. Kim, D.N. Suh, H.J. Sung & S.R. Lee

Organized Session (0S25) Monitoring Performance under Uncertainty

Assessment methods for highway bridges
D.L. Allaix, G. Mancini & A.C.W.M. Vrouwenvelder
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Measurement and identification of constructional tolerances in connections between steel and
concrete
P, Spyridis, K. Bergmeister, A. Strauss & D.M. Frangopol

Automated speed detection of moving vehicles from remote sensing images
W, Liu, E Yamazaki & T.T. Vu

Multifunctional materials: From manufacturing to application, planning for the integration of
reliability and risk concepts
T.B. Messervey, D. Zangani & D.M. Frangopol

Structural vulnerability analysis for capacity assessment and enhancement of truss bridge
G. Yu, Z. Sun & L.M. Sun

Seismic performance of new Friction Damper Device under near field earthquake excitation
M. Kohrangi, T. Taghikhany & M. Tehranizadeh

Mini-Symposia (MS10) Structural Safety and Reliability by Means of
Structural Health Monitoring

GPS based structural health monitoring: Uncertainty of the measurements
F Casciati & C. Fuggini

Autonomous smart sensor nodes for hybrid health monitoring of steel plate-girder railroad bridges
J.T Kim, D.D. Ho, D.S. Hong, JH. Park & S.Y. Lee

Laboratory studies to explore uncertainty quantification for systems-based structural health
monitoring
EN. Catbas, H.B. Gokce & D.M. Frangopol

Modeling and boundary parameter estimation of a bridge-like structural steel frame
Y. Dere & ENN. Catbas

Performance-based design of structural health monitoring systems
Y'Y Qian, Y.O. Ni & K.Y. Wong

Active and semiactive control of a distributed mass damper system that integrates structural and
environmental controls in buildings
TS. Fu & E.A. Johnson

Organized Session (0S27) Hoshiya Memorial

Partial factors for the earthquake resistant design on pile-supported wharves against the
serviceability limit state
T Nagao, Y. Sakai, M. Fujita, M. Suzuki, T. Sanuki & Y. Yoshinami

Evaluation of outage time for a system consisting of distributed facilities considering seismic
damage correlation
T. Shizuma, T. Nakamura & H. Yoshikawa

An identification of correlation between demand performances to damage of tunnel lining using AHP
A. Sutoh, T. Sato & H. Nishi
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General Session (Design Concepts)

Reliability of water tank reinforced concrete elements under direct tension and flexure
D. Menon & D.N. Kumar

Analysis of the probability distribution of snow load effects for gable roofs
M. Kasperski

Detailed analysis of the safety of design buckling curves for steel members
J. Szalai & F Papp

A comparative method for improving the resistance of designs to failure initiated by flaws
M.T Todinov

Calculation of load factors for reliability-based bridge evaluation
E.-S. Hwang & N.T. Nguyen

Organized Session (0S12) Inspection and Analysis of Concrete Bridges
in Coastal Environments
Properties of concrete and reinforcing steel in PC bridge girders severely damaged in

coastal environment
1 Iwaki

Static loading test of a PC bridge damaged in a coastal environment
H. Naito & M. Suzuki

Aerosol chlorides condition and chloride penetration into concrete in seashore area
T Saeki

Prediction for structural performance of PC bridge girders damaged by salt attack
A. Kamiharako

Inspection of PC bridge girders severely damaged in coastal environment
H. Minagawa, Y. Koda & M. Hisada

Prediction of deterioration in PC bridge girders severely damaged in coastal environment
H. Tsuruta

General Session (Reliability-Based Design and Regulations & Reliability-Based
Optimization and Control & Reliability Theory)

Safety assessment of composite sinusoidal-web beams
S.M.C. Diniz, R.J. Pimenta, G. Queiroz, R.H. Fakury, A. Galvao & E.C. Rodrigues

Optimal probabilistic design of friction-based seismic isolation devices
C. Bucher

An efficient algorithm for reliability-based design optimization with the system reliability constraint
H.M. Koh, S.C. Kang, J.E Choo & J.O. Kim

Reliability model and calibration of current provisions for shear in R/C beams
P, Paczkowski & A.S. Nowak
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Reliability-based analysis and criteria for aerodynamic instability of cable-supported bridges
with the SOSM method
YJ Ge & Z. Zhou

Wednesday Morning (WEM) Sessions

Mini-Symposia (MS06) Uncertainties in Civil Structures & Infrastructure
Engineering

Optimal restoration scheduling considering multiple group work under uncertain environments
K. Nakatsu, H. Furuta, Y. Nomura, K. Ishibashi & H. Hattori

Nonlinear global seismic reliability analysis of buildings
PY. Song, D.G. Lu, XH. Yu & G.Y. Wang

Probabilistic seismic assessment of concrete dams
A. Lupoi & C. Callari

Structural reliability analysis using subset simulation and neural networks
D.G. Giovanis, V. Papadopoulos, N. Lagaros & M. Papadrakakis

Reliability analysis of idealized dam and power intake structure
M.C. Westberg

Mini-Symposia (MS07) Vulnerability Assessment and Risk-Based Life-Cycle
Analysis and Design

Vulnerability curves to compare retrofit solutions of a medieval civic tower
S. Casciati & L. Faravelli

Probabilistic modeling of deteriorating systems subject to extreme events
M. Sanchez-Silva, G.-A. Klutke & D.V. Rosowsky

Life-cycle cost optimal design of passive dissipative devices for seismic risk mitigation
A.A. Taflanidis & J.L. Beck

Vulnerability assessment for cable-stayed bridges under blast loads
D. Yan & C.C. Chang

Simplified fragility analysis methods for minimum life-cycle cost seismic design of generic structures
D.G. Lu, XH. Yu, M.M. Jia & G.Y. Wang

A procedure for performance-based wind engineering
M. Ciampoli, F Petrini & G. Augusti

Mini-Symposia (MS15) System Identification and Structural Health Monitoring
[Session Organized on Behalf of IASSAR Subcommittee SC5]

Probability logic, model uncertainty and robust predictive system analysis
J.L. Beck & S.H. Cheung

Comparison of different model classes for Bayesian updating and robust predictions using stochastic
state-space system models
S.H. Cheung & J.L. Beck
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Robust ground vibration predictions based on SASW tests
M. Schevenels, S.A. Badsar, G. Lombaert & G. Degrande

Stochastic model of tunnel concrete degrading process
O. Maruyama, A. Sutoh, T. Sato & H. Nishi

Stochastic analysis of vehicle trajectories in bend: Toward a risk indicator construction
A. Koita & D. Daucher

Mini-Symposia (MS16) Risk Assessment of Lifeline Networks and Decision Support

Seismic topology optimization of lifeline systems
J Li & W Liu

Methodology for identifying near-optimal interdiction strategies for a power transmission system
V.M. Bier, N. Haphuriwat, W. Magua, E.R. Gratz & K.R. Wierzbicki

Efficient sampling techniques for seismic risk assessment of lifelines
N. Jayaram & J.W. Baker

Empirical evidence from Hurricane Katrina on the failure potential of bridges under storm
surge loading
J.E. Padgett & A. Spiller

Systems modeling of large transportation networks exposed to multiple hazards
M. Sanchez-Silva, R. Castro & D.V. Rosowsky

Mini-Symposia (MS17) Earthquake Engineering and Engineering Seismology

Study on dynamic response of slightly compressible fluid-solid coupling system by ALE finite
element method
J. Zhang, L. Zhang & S. Wei

Sensitivity study on the seismic performance of container cranes
B.D. Kosbab, L. Schleiffarth, R. DesRoches & R.T. Leon

Nonlinear analysis of reinforced concrete frames, utilizing new joint element
S.SH. Hashemi, A.A. Tasnimi & M. Soltani

Study on probabilistic earthquake hazard analysis applying the fault rupture model
T Kagawa

Shallow S-wave seismic reflection survey around the K-NET Anamizu site
N. Kobayashi, H. Goto, S. Sawada & K. Yamada

Stochastic sensitivity of ground motion parameters to structural response
A. Yazdani & T. Takada

Mini-Symposia (MS08) Time-Dependent Reliability Methods and Their Applications

Seismic reliability analysis of corrosive pipelines
W Liu & J. Li
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Decision of the optimal interval check time of deterioration structure system
C. Jia, X. Liu & Y. Li

Time-dependent reliability analysis using finite difference method in the framework of
directional simulation
M.R. Moarefzadeh

Time variant analysis of structural reliability — Numerical comparison of various approaches
M. Sykora

Stochastic fatigue lifetime computation: Evaluation by polynomial chaos and resampling
A. Notin, N. Gayton, M. Lemaire & J.L. Dulong

Reliability analysis of structures considering resistance deterioration over time

W.-Q. Zhong, Z.-W. Zhang & L.-Y. Xie

Organized Session (0OS07) Performance-Based Design for Steel Structures
An investigation on dynamics of large scale induced draft fan installation system using finite

element method
K.K. Rathore, S. Srivastava & R.L. Deshmukh

Characteristics of performance-based design specifications of JSCE for steel and composite structures
T Yoda

Assessment of vibration serviceability for bridge using artificial wheel load
S.-H. Kim, K.-I. Cho, M.-S. Choi & J.-Y. Lim

Estimation of load combination factors based on Monte Carlo simulations
T Sugiyama

Reduction of design live load for bridges by controlling the heavy traffics
S.-H. Kim, K.-1. Cho, M.-S. Choi, W-S. Hwang, I.-T. Kim

General Session (Random Vibration)

Approximate calculation method for integral of mean square value of nonstationary random response
S. Aoki & A. Fukano

A spectral approach for the analysis of pedestrian-induced vibrations of footbridges
F Tubino & G. Piccardo

PDF solution to hardening hysteretic systems excited by Gaussian white noise
GK. Er, HT Zhu, VP Iu & K.P. Kou

Evaluation of the dynamic characteristics of the coupled system structure and occupants by simulation
E. Agu & M. Kasperski

Application of the tail-equivalent linearization method for stochastic dynamic analysis
with asymmetric hysteresis
S. Sessa & A. Der Kiureghian
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Modeling nonlinear systems by Volterra series
L. Carassale & A. Kareem

Organized Session (0S16) Safety Prediction and Evaluation of
Wind-Induced Phenomena

Typhoon hazard analysis in southeast China coastal region with the CE wind field model
Y.F Xiao, Z.D. Duan & Y.Q. Xiao

Wind-induced lateral-torsional buckling analysis of long-span suspension bridge
H. Yamada, H. Katsuchi, E. Sasaki & D. Ishihara

The problem of uncertainty in the measurement of aerodynamic derivatives
C. Mannini & G. Bartoli

Simulation of wind speeds using a hidden Markov chain model
R.H. Cherng, S.C. Kao & J.Y. Ching

Specification of the design wind load considering long term trends in the wind climate
M. Kasperski & N. Aylanc

Improved spectral analysis of turbulent wind response
S. Krenk

Organized Session (0OS08) Machine Learning in Structural Reliability and
Probabilistic Mechanics

Life cycle monitoring for urban public infrastructure based on classification techniques
G.M. Atanasiu, M.H. Zaharia & F Leon

Response surface reliability analysis of steel plates with random fields of corrosion
A.P. Teixeira & C.G. Soares

Patchwork approximation scheme for reliability assessment and optimization of structures
S. Pannier, J.-U. Sickert & W, Graf

Sampling-based Fast Probability Analyzer (FPA) for reliability-based maintenance optimization
Y-T. Wu & M. Shiao

Safety evaluation of thermal radiation from tank fire in petrochemical plants based on
Monte Carlo method
Y. Yamanoi, T. Kurashiki, H. Ueda & M. Zako

Development of simulation system for hazardous area caused by disaster in petrochemical plants
H. Ueda, T. Kurashiki & M. Zako

Wednesday Afternoon (WEA) Sessions

Mini-Symposia (MS06) Uncertainties in Civil Structures & Infrastructure
Engineering

Gaussian process emulators for dynamical systems with random parameters
FA. DiazDelaO & S. Adhikari
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Stage critical strength branch and bound algorithm based bridge failure mode identification strategy
X Gao & J. Ou

Depth to bedrock randomness effect on the design spectra
M. Badaoui, A. Mébarkis & M.K. Berrah

Analytical solution of structural response under stochastic excitation with phase uncertainty
LY Lu, T Sato & Y. Murono

Mini-Symposia (MS07) Vulnerability Assessment and Risk-Based
Life-Cycle Analysis and Design

A conceptual model for time varying risk assessment for extreme events
A.S. Kiremidjian

Risk, vulnerability and cost functions for electrical substation and power transmission towers under
strong winds in Mexico
D. De Leon & A. Lopez Lopez

System effects on the fatigue reliability of deteriorating riveted railway bridges
B.M. Imam, M K. Chryssanthopoulos & D.M. Frangopol

Lifetime functions for multi-criteria optimization of life-cycle maintenance programs considering
availability, redundancy and cost
N.M. Okasha & D.M. Frangopol

Mini-Symposia (MS15) System Identification and Structural Health Monitoring
[Session Organized on Behalf of IASSAR Subcommittee SC5]
Structural model updating using measured dynamic responses with the consideration of optimal

sensor placement
HM. Chow, SK. Au, HF Lam & T Yin

Damage classification by probabilistic neural networks based on latent components for a
time-varying system
J Yuan, Y. Zhou & X. Lu

A novel structural health assessment technique using noise-contaminated limited response information
H. Katkhuda, R. Martinez-Flores & A. Haldar

Probabilistic damage assessment based on measured vibration data from a progressively damaged beam
G. Lombaert, E. Reynders, M. Schevenels, G. De Roeck, B. Moaveni & J.P. Conte

Identification of progressive damage in structures using wavelet multi-resolution approximation
YFE Shi & C.C. Chang
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Preface

In recent years, safety, reliability, risk and life-cycle management of structures, infrastructures and engineering
systems have become emergent and key issues due to the frequent occurrence of natural and man-made disasters
(such as earthquakes, hurricanes, tsunamis, terrorist attacks, and airplane, offshore platform, and nuclear power
plantaccidents), the infrastructure crisis, sustainability issues and global warming. In dealing with these problems
uncertainties are unavoidable. The society can no longer afford to ignore congested roads, deficient bridges, aging
dams, broken levees and water mains, among others. The importance of costs associated with managing existing
structures, infrastructures and engineering systems is increasingly recognized. Decisions regarding requirements
for design, continued service, rehabilitation or replacement should be based on multi-objective optimization
under uncertainty, in order to balance conflicting requirements such as cost and performance.

In the past four decades, the International Conference on Structural Safety and Reliability (ICOSSAR) orga-
nized by the International Association for Structural Safety and Reliability (IASSAR) has provided a valuable
opportunity to share the knowledge, experience and information on structural safety and reliability among sci-
entists and engineers. The first ICOSSAR was held in 1969 in Washington, D.C., USA. Since 1977, it has been
successfully held every four years at several cities in Europe, USA and Japan, and gathered many engineers in
academia, industry, government and private practice. Previous ICOSSARs have been held in Washington, D.C.,
USA (1969), Munich, Germany (1977), Trondheim, Norway (1981), Kobe, Japan (1985), San Francisco, USA
(1989), Innsbruck, Austria (1993), Kyoto, Japan (1997), Newport Beach, USA (2001) and Rome, Italy (2005).
Following the past two ICOSSARs in Japan, Kobe in 1985 and Kyoto in 1997, the ICOSSAR2009 is held in
Osaka, which is the second biggest city in Japan and the center of commerce and industry.

Safety, Reliability and Risk of Structures, Infrastructures and Engineering Systems consists of a book of
abstracts and a CD-ROM containing the full texts of the lectures and papers presented at the Tenth International
Conference on Structural Safety and Reliability (ICOSSAR2009) held in Osaka, Japan, September 13—17,
2009. It includes the Freudenthal lecture, the special lecture, the eight keynote lectures and 540 technical papers
from 43 countries. This set presents an up-to-date overview and significant novel contributions to the safety,
reliability and risk issues of all types of engineering systems. The topics cover major aspects of safety, reliability
and risk of structures, infrastructures and engineering systems, with special focus on advanced technologies,
analytical and computational methods of risk analysis, probability based design and regulations, smart systems
and materials, life cycle cost analysis, damage assessment, social aspects, urban planning, and commercial
applications. Emerging concepts as well as state of the art and novel applications of reliability principles in all
types of structural systems and mechanical components are included. Civil, marine, mechanical, transportation,
nuclear and aerospace applications are discussed.

On behalf of IASSAR and ICOSSAR2009, the Editors would like to thank the authors, organizers of sessions
and mini-symposia, and participants for their contributions, the members of the Conference Scientific Committee
for their dedicated work, and the members of the International Advisory Committee, IASSAR Award Committee,
and Local Organizing Committee for their continuous teamwork. Finally, we would like to thank all the sponsors
of ICOSSAR2009, and in particular Osaka Convention & Tourism Bureau, the Maeda Engineering Foundation,
the Obayashi Foundation, the Kajima Foundation, and Kansai University

Hitoshi Furuta, Dan M. Frangopol, and Masanobu Shinozuka
July 2009
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Conference Organization

Organizing Association

IASSAR

International Association for Structural Safety and Reliability (http://www.civil.columbia.edu/iassar). The pri-
mary objective of JASSAR is to sponsor and oversee the organization of the International Conferences on
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A fuzzy-based approach to comprehensive modeling and analysis of systems

with epistemic uncertainties

M. Hanss & S. Turrin

Institut fiir Angewandte und Experimentelle Mechanik, Universitdt Stuttgart,

Stuttgart, Germany

ABSTRACT

A common problem in the numerical simulation of
real-world systems is the fact that exact values for
the parameters of the models can exhibit a high
level of uncertainty. This non-determinism in numer-
ical models may arise as a consequence of different
sources, motivating some categorization of uncertain-
ties. Although other classifications are possible in
almost the same manner (e.g. (Moller 2004)), the fol-
lowing categorization (Oberkampf 2007) proves to
be well-suited in this context: aleatory uncertainties,
such as natural variability or scatter, on the one side,
and on the other side, epistemic uncertainties, which
arise from an absence of information, rare data, vague-
ness in parameter definition, subjectivity in numerical
implementation, or simplification and idealization
processes employed in the modeling procedure.

While aleatory uncertainties have successfully been
taken into account by the use of probability theory,
the modeling of epistemic uncertainties still remains
a challenging topic. As a practical approach to solve
this limitation, an interdisciplinary methodology to
comprehensive modeling and analysis of systems is
presented which allows for the inclusion of uncer-
tainties — in particular of those of epistemic type —
from the very beginning of the modeling procedure.
This approach is based on fuzzy arithmetic, a special
field of fuzzy set theory, which has gained practical
relevance after the introduction of the Transforma-
tion Method (Hanss 2002). By this technique, the
uncertainties can be assessed in a well-defined way
and included in the mathematical model, and one
can demonstrate how the uncertainties are propagated
through the calculation procedure. The Transformation
Method avoids the possibly serious drawbacks of con-
ventional fuzzy arithmetic (Hanss 2002) and allows
the determination of the degrees of influence of each
fuzzy parameter, quantifying the proportion to which
the uncertainty of each model parameter contributes
to the overall uncertainty of the model output.

As practical and illustrative examples of two differ-
ent areas of the engineering sciences, the fuzzy-based
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approach to comprehensive modeling and analysis
of uncertain systems is applied to the simulation of
automotive crash in structural dynamics as well as
to the simulation of landslide failure in geotechnical
science and engineering (Musso 2002). In both appli-
cations, epistemic uncertainties are considered which
arise from some lack of knowledge, from simplifi-
cation in modeling as well as from subjectivity in
implementation.

The main achievement of comprehensive modeling
can be seen in the fact that the intentional inclusion
of uncertainties in the modeling procedure from the
very beginning leads to a somehow more sincere and
honest numerical simulation which reflects both the
benefits and the limitations of the available informa-
tion about the system model. This also offers a new
perspective on the comparison of numerical simula-
tion and experimental results and evokes the authors’
proposal to reconsider the current modus operandi in
modeling of dynamical systems for the future by redi-
recting the increasing computer power to the inclusion
of uncertainties, rather than to a further refinement of
the often already very complex models.
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Dynamic reliability of structures using adapted process

S.K. Au

Department of Building and Construction, City University of Hong Kong, HKSAR, China

ABSTRACT

Importance sampling is a variance reduction technique
that can be used for estimating failure probabilities
of engineering systems. Its successful implementation
relies critically on a good choice of an importance
sampling density that is intended to generate failure
samples more frequently. For linear structures sub-
jected to stochastic excitations, very efficient impor-
tant sampling densities have been constructed using
design point excitations (Au & Beck 2001; Yuen &
Katafygiotis 2005; Jensen & Valdebenito 2007). The
picture is quite different for nonlinear hysteretic struc-
tures, however. Importance sampling has not been
successful with hysteretic systems, even in the SDOF
case. The determination of design point excitations
was thought to be the major hurdle for hysteretic
systems. An efficient algorithm has been recently
developed for determining the design point excita-
tions of SDOF elasto-plastic systems (Au 2006a; Au
2006b). A follow-up numerical study (Au et al 2007),
however, showed that simply using an importance sam-
pling density as a weighted sum of Gaussian PDFs
among the design points only leads to a limited gain in
efficiency. Essentially, the random occurrence of plas-
tic excursions de-synchronizes the critical excitation
from the response and undermining its effectiveness
in producing failure samples. This motivates research
into developing a change of distribution with a mean
shift that can ‘adapt’ to the response so that its future
action can be more effective. This idea may appear
subtle or even illegitimate at first glance, because the
mean shift in the importance sampling density is by
definition fixed. However, in the context of stochastic
simulation problems where there is an embedded tem-
poral structure in the random variables, it is legitimate
when the mean shift as a stochastic process has the
property that its next future value depends on informa-
tion only up to the present. In the theory of stochastic
process this is called an ‘adapted process’.
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This paper presents an importance sampling method
using adapted process for estimating the first pas-
sage probability of both linear and hysteretic structures
subjected to stochastic excitations. The importance
sampling distribution corresponds to shifting the mean
of the excitation to an ‘adapted’ stochastic process
whose future is determined based on information only
up to the present. Previous work ignored the effect of
white noise in the design of the adapted process. In
this paper we adopt a stochastic control approach that
explicitly address the issue. The optimal control law
is determined by a control potential, which satisfies
the Bellman’s equation, a nonlinear partial differen-
tial equation on the response state-space. Numerical
results for a single-degree-of freedom elasto-plastic
structure shows that the proposed method leads to
significant improvement in variance reduction over
importance sampling using design points reported
recently.
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Comparison of uncertainty models in the analysis of

offshore structures

M.Q. Zhang, M. Beer, S.T. Quek & Y.S. Choo

Department of Civil Engineering, Center for Offshore Research & Engineering,

National University of Singapore, Singapore

ABSTRACT

In this paper selected uncertainty models are compared
with one another in view of their capabilities in deal-
ing with rare and imprecise information. The effects
of the different models on the results of a reliability
assessment are investigated with focus on corrosion
of offshore structures.

Variations of structural parameters due to uncer-
tainty can be modeled and processed appropriately
with the aid of probabilistic methods; these are well-
established and widely applicable in engineering prac-
tice (Schenk & Schuéller 2005, Spanos & Deodatis
2007). A problematic issue, however, can be the prob-
abilistic modeling of the available information if this
appears in the form of rare and imprecise data. Exam-
ples are uncertain quantities for which mere bounds or
linguistic expressions are known. A traditional prob-
abilistic modeling then requires subjective assump-
tions, which may introduce unwarranted information
if they cannot be justified sufficiently. This may lead
to biased computational results and to wrong decisions
with potential for serious consequences.

It is, thus, advisable to take account of the entire
uncertainty according to its nature to obtain realis-
tic results (Helton & Oberkampf 2004). A variety of
non-traditional mathematical models and approaches
have been formulated for this purpose; see Fellin et
al. (2005) and Klir (2006). The usefulness and capa-
bilities of these models and approaches have already
been demonstrated in the solution of practical prob-
lems in civil and mechanical engineering (Helton &
Oberkampf 2004, Moller & Beer 2008).

In the present study, the probabilistic model for
marine corrosion of steel provided in Melchers (2003)
is investigated in the context of limited information.
This model contains several uncertain parameters. Due
to rare and imprecise information, the bias factor in
the model cannot be specified precisely and is merely
known in the form of bounds. The solutions obtained
with respect to pure probabilistics, interval model-
ing, fuzzy modeling, and imprecise probabilities are
comparatively scrutinized.
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The various uncertain forms of the corrosion model
are applied to a simple numerical example of a steel
plate according to Melchers (2003). The upper bound
of the failure probability is computed with the different
uncertainty models via sampling methods. All prob-
abilistic quantities are processed with direct Monte
Carlo simulation. For calculations with interval and
fuzzy quantities the algorithm of a-level optimization
according to Moéller & Beer (2004) is adopted. Compu-
tations with imprecise probabilities are realized with a
combination of both methods. The effects of the differ-
ent uncertainty models are investigated by comparing
the information contents in the results and the numeri-
cal efficiency. Practical applicability is demonstrated.
A reliability analysis is performed for a jacket-type off-
shore platform with a limit state defined by a push-over
analysis.
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Copulas and 7-norms: Mathematical tools for modelling propagation of

errors and interactions

W. Néther
TU Bergakademie Freiberg, Germany

ABSTRACT

In this presentation, we will demonstrate that such
similar tools like T-norms and copulas are useful for
different kinds of error propagation as well as for
interaction models.

Traditionally there are at least three approaches
for propagation of errors. Firstly there is the clas-
sical error propagation using calculus and a linear
Taylor series approximation. Secondly we know prop-
agation of absolute errors by interval mathematics.
Thirdly the Gaussian error propagation is known which
presents approximately the standard deviation of the
output if the standard deviations of the inputs and the
input-output transfer function are given.

Firstly, we point out that the well known extensional
principle from Fuzzy Set Theory is nothing more than a
soft variant of error propagation by interval mathemat-
ics. This typical worst case scenario of error propaga-
tion can be dampened by use of modified extensional
principles where the strong min —7 —norm is changed
by a weaker T—norm. Some examples are discussed
in the presentation. Of special interest in this context
are parametric families of 7-norms. Some of which
are discussed in this paper.

Error propagation is deeply influenced by depen-
dencies or interactions between the input variables.
But only the general Gaussian error propagation takes
into account these dependencies by considering cor-
relations between the variables. As a simple example
consider two random (input-) variables X and Y with
VarX = 1 and VarY = 1, correlation p(X, Y) and the
sum X + Y as output. Obviously, since Var(X +Y) =
2 4+ 2p(X,Y), the variance of the sum can taken any
value between zero and four depending on the value
of p(X, 7).
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Only linear dependencies can be identified by
correlations. A more general tool for describing depen-
dencies between random variables are copulas, well
known since 1960 (Schweizer and Sklar) but applied
just in the last years, for example in finance mathe-
matics. In this presentation, we will introduce copulas
and discuss some special cases. Consider, for example,
two random variables X and Y where ¥ = g(X) with
a monotonically increasing g. This dependency leads
to the strongest possible copula, nevertheless p(X, ¥)
may be nearly zero.

The classical approach for identifying interactions
uses a parametric stochastic model for input and out-
put variables. Some efforts are done in the last years to
integrate interactions directly in the measure of eval-
uation. Obviously, if the measure of evaluation is a
probability measure for disjoint events 4 and B we
always have P(4 U B) = P(A4) + P(B), i.e. interac-
tion between 4 and B does not change this relation.
However, non-additive set functions Q (so called fuzzy
measures) with Q(4 U B) < Q(4) + O(B) (negative
synergy) or O(4 U B) > Q(4) + O(B) (positive syn-
ergy) are suitable for modelling interactions. For some
kind of fuzzy measures the deviation from additivity
can be described by 7—conorms. We point out that
modelling interactions by fuzzy measures (especially
by ordered weighted averages) needs a smaller number
of parameters than traditional modelling.
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Multivariate models for random sets generated by non-parametric methods
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Unit of Engineering Mathematics, University of Innsbruck, Austria

ABSTRACT

Letg(xy,...,x,)be alimit state function of a structure
depending on n variables x,, . . . , x, which are assumed
to be uncertain. The uncertainty for each variable is
modelled from measurement data by a non-parametric
method using Tchebycheff’s inequality

5=

The inequality shows that I, = [ —

P (IX —nl> ()

%, n+ %] isa
confidence interval of level 1 — «. Denoting by 77 its
complement, we get

P(I§) < a = P(I) )
where P(IS) is the upper probability of the values
outside the confidence interval, cf. Oberguggenberger
et al. (2007); Oberguggenberger et al. (2008); Ober-
guggenberger & Fellin (2008). Since confidence inter-
vals I, parameterized by « € (0, 1] are nested, a fuzzy
set or a random set can be constructed from these
intervals. The goal is to compute upper bounds for
the probability P(g(xi,...,x,) < 0) of failure. For
this we have to model the joint uncertainty of all vari-
ables involved. There are two generic ways to do that
depending on which uncertainty model is used:

Fuzzy sets: The advantage is the low computational
effort, but from a probabilistic point of view there
is no non-parametric way of taking independence or
interactions into account.

Random sets: Here we would have the possibil-
ity to model different types of independence and
unknown interaction Fetz (2004); Fetz & Oberguggen-
berger (2004), but the main disadvantage is the high
computational effort.

Our new approach here is somewhere between the
above two approaches. We only combine intervals of
the same confidence level «, which also reduces the
computational effort, but then we use random sets in
the following way: For a variable x; a local random
set based on level o consists of two focal sets /i o, I,
and weights m(If ) = P(I{ ) =a and m(l o) =1 — .
To obtain the joint uncertainty of several variables
we construct the joint random set assuming random
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set independence or using Fréchet’s bounds for the
weights. The result for a joint confidence set [ o, X 1> 4
for two variables is then an inequality of the same style
as the above inequality (2), but with different right
hand sides f(«) dependening on the method used to
combine the random sets:

P((Il,a X 12,a)c) ff(ﬂl) with

o lower bound,
20—« random set independence,
min(2e, 1) upper bound.

3)

2

@)=

The sets /1, x I, are nested again, but the level
is now f(«). That means the joint confidence set is
written as Jy (o) = 11 o X I2 o Which leads to the following
formula for the upper probability of failure:

P(g(x1,72) = 0) = inf{f(@): g(Jr) N (—00,0] =7}

An example similar to Melchers (1999) is presented
where we model the uncertainty of the variables by
Tchebycheff’s inequality and compute the probability
of failure for the different approaches.
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Uncertainty in building and the effect of human intervention

F. Knoll
Nicolet, Chartrand, Knoll, Montreal, Quebec, Canada

ABSTRACT

The paper attempts to find a relationship between the
theoretical concept of uncertainty with respect to the
parameters of the building process and the practice
which recognizes the main source of significant devi-
ations from he correct value of those parameters to be
human intervention. Human action is the main con-
taminating agent in the building process but at the
same time also the filtering agent which usually suc-
ceeds in achieving acceptable performance. This fact
must therefore be reflected prominently in any assess-
ment of uncertainty and if that uncertainty shall be
minimized, this is where we must begin.

Attempts have been made in the past to find mod-
eling parameters which would permit a mathematical
treatment of human intervention in the building pro-
cess. To this author’s knowledge, none of these endeav-
ours was pursued to an useful end, in other words, a
model permitting research on the basis of forensic data
from real life situations.

The enormous complexity and variety of reality may
be cited as the main reason for this as it surpasses what
a single researcher or even a small team seems to be
able to handle. In this paper the author tries to lay out
the rudiments of a new attempt to “come to grips” with
the problem, identifying some characteristics of error
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generation as well as their correction, both of which are
rooted entirely in the individual behaviour of humans.

Experience shows that real life data often comes
incomplete, contradictory and very often contentious
since in many cases attempts to find the truth are
stopped short—judges tend to favour settlements out of
court rather than drawn-out battles clogging the courts’
agenda.

The uncertainty coming of the fact that most data
is less than unequivocal and clear must not necessar-
ily prevent the gathering of insight through concerted
research which ought to include cases where errors
were caught in time and corrected, albeit at extra
costs

The paper focusses on the filtering which occurs
simultaneously with the generation of errors during the
construction process. It is effective to the point of cre-
ating a socially acceptable general degree of reliability
in building construction. Better knowledge about how,
when and where it works, or the circumstances which
hinder it will eventually permit to develop rationally
founded strategies to improve the filtering. At this time
these strategies are entirely based on the personal expe-
rience and judgment of the participants which may at
the same time answer to incentives or interests foreign
to the task which is to reduce the effect of Murphy’s
law: “If something can go wrong it will”.
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Wireless impedance sensor nodes for structural health monitoring

S. Park
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H. Shin, H.-J. Kim & C.B. Yun
KAIST, Daejeon, Korea

ABSTRACT

Cost-effective and reliable structural health moni-
toring (SHM) of critical members is very essential
for safe operation of civil infrastructures such as
bridges, buildings, power plants, and pipeline sys-
tems. In recent years, a large amount of research
has been focused on utilizing the impedance-based
SHM techniques (Linag et al., 1996; Park et al.,
2003). Particularly, with a current trend of SHM head-
ing towards ubiquitous self-contained sensor envi-
ronments, a wireless impedance sensor node was
developed (Mascarenas et al., 2007). The wireless
impedance sensor node incorporates a low-cost minia-
turized impedance circuit chip that can measure and
record the electrical impedance of a piezoelectric sen-
sor, an on-board microcontroller that performs local
computing for signal processing, and a radio frequency
(RF) telemetry module that transmits the structural
health diagnostic results to a base station. In this con-
text, the main goal of this study is to develop an
improved wireless impedance sensor node shown in
Figure 1 with a multiplexer and an external temper-
ature sensor for simultaneous achievement of both
functions of structural damage detection and sensor-
self diagnosis (Park etal., 2008). Three main objectives
are as follows: (1) to develop reliable and adjustable
wireless impedance sensor nodes in terms of both
hardware and software, (2) to verify the feasibility of
the wireless impedance sensor node for both functions
of structural damage identification and sensor self-
diagnosis, and (3) to propose a temperature effects-free
sensor self-diagnosis algorithm. The block diagram of
the sensor node is displayed in Figure 2.

Micre-controller
(ATmegal2BL)

Impedance Chip (ADS933)

Temperature
Sensor (ADTT5)
RF module
(KBee pro}
Multipbexer
(ADG0B) External Memony |
(5D card)
Figure 1. New prototype of wireless impedance node.
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Wireless Impedance Sensor Node
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il senso [T (MCU)
/
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Memory) (Impedance Chip}
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Figure 2. Block diagram of the impedance sensor node.

The performances of the new wireless impedance
sensor node have been demonstrated in an experimen-
tal study to detect cut damage in an aluminum plate and
to diagnosis PZT sensor and/or bonding defects at the
sensor node by itself. Finally, this paper summarizes
several issues and future works that deal with energy
harvesting and power delivery/management issues of
the sensor nodes.
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Development of a wireless piezoelectric transducer excitation
technique using laser and optoelectronic devices

H.J. Park, H. Sohn & C.B. Yun
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J. Chung
CyTroniq Co., Ltd, Asan, Korea

I.B. Kwon

Korea Research Institute of Standards and Science, Deajeon, Korea

ABSTRACT

In recent years, nondestructive testing (NDT) has seen
increasingly wider use for structural health monitoring
and damage detection applications. Among the NDT
methods, guided wave based NDT techniques have
attracted much attention from re-searchers, because
they are not only sensitive to small defects, but also
can propagate over a long dis-tance in a plate-like
structure.

These guided waves in a structure can be gener-
ated and sensed by a variety of techniques (Su et al.
2006). Our study proposes a new scheme for PZT
excitation and sensing based on laser and optoelec-
tronic technologies where power as well as data can be
transmitted via laser. This paper mainly focuses on the
excitation aspect of the ultimate goal (Fig. 1). First,
a laser is used as the power source and an arbitrary
waveform such as a toneburst signal is generated using
an electro-optic modulator (EOM) (Smith et al. 1995,
Wilson et al. 1998). This modulated laser is ampli-
fied by an erbium-doped fiber amplifier (EDFA) and
emitted to a photodiode (Kasap et al. 2001). The pho-
todiode converts the light into an electrical power and
a transformer increase the voltage level of the con-
verted electrical power. Finally, this electrical power
can excite a PZT transducer and the guided waves are
generated in a structure. In particular, the feasibility of
the power transmission aspect of the proposed wire-
less scheme has been experimentally demonstrated in
a laboratory setup (Fig. 2).

The results confirm that the laser-based guided
wave generation technique exhibits the reasonable
performance by comparing the conventional wiring
guided wave generation method. Utilizing the pro-
posed technology, a PZT transducer can be perma-
nently attached to a structure with no needs of power
supply and thus a self-sufficient PZT transducer unit
with little additional electronic components can be
envisioned. Although the technology to sense the
generated guided waves is not be described in this
paper, some potential techniques for sensing can be

| - Excitation|
same | B woiteoe B e |

ouo||hmnl‘ Photadiode -
Wireless Data i
T 0 { Response

Figure 1. Overall Schematics of the optic-based wireless
power and data transmission system.
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Figure 2. The guided waves generated by an arbitrary
waveform generator and laser.

developed by utilizing other optoelectronic devices
such as light-emitting diodes (LEDs) or laser vibrom-
eters. These are also being investigated by the authors.
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Landslide detection using microwave

H.C. Rhim, S.W. Kim & 1.Y. Song

Yonsei University, Seoul, Korea

ABSTRACT

In this paper, the measurements of the dielectric prop-
erties of soil are made using both a dielectric probe kit
and ground penetrating radar. Soil samples are oven-
dried until there is no change in weight, we make soil
samples with moisture content varying from 5 to 35
%. The dielectric constants are first measured using
a dielectric probe kit including an open ended coaxial
probe and network analyzer from 600 MHz to 2.0 GHz
as shown in Figure 1.

And two different antennas with 900 MHz and
1.0 GHz are connected to the GPR system, we obtained
GPR data from soil samples (Fig. 2).

Figure 1. Network analyzer and dielectric probe kit.

Figure 2. GPR system for moisture measurements.

37

Data obtained from the measurements can be used
to establish relationship between the dielectric con-
stants and moisture content of soil. This information
can be further utilized in predicting the possibility of
landslide by relating the variation of water movement
inside soil to the initiation of soil movement prior
to the landslide. The measurement setup is described
and sample results are provided.and has important
implications for upland water quality.
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FRP-concrete debonding detection using distributed brillouin

fiber optic strain sensor
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ABSTRACT

For retrofitting concrete beams or slabs with fiber
reinforced polymer (FRP) composites, debonding of
FRP sheets is an issue of great concern. One of
the most preferable methods to inspect debonding is
to measure strain, because strain on FRP is almost
constant at debonded areas. Unlike discrete sensors,
Brillouin-based fiber optic sensor is promising for
debonding detection because of its capability of mea-
suring strain distribution along the entire length of
the sensing fiber. Using two encountered lightwaves,
recent progress has been made to increase the spatial
resolution of Brillouin-based senor. If the lightwave
interaction length is sufficient, only the steady state of
the induced acoustic wave needs to be considered. If
the length is shorter than the phonon lifetime, the influ-
ence of the transient state cannot be ignored. Thus, an
analysis is necessary to be developed to extract mean-
ingful information from measured Brillouin spectrum
in the case of the narrow pulse lightwave which enables
high spatial resolution.

This paper proposes a model that takes into consid-
eration of both the steady and the transient Brillouin
interaction state. Assuming that the transient term has
an analogous effect to the steady state term, new two
parameters are introduced. A simple test is conducted
for phenomenological determination of the coeffi-
cients. The proposed model indicates that the signal
intensity distribution at the specific frequency, which
corresponds to strain at debonded region, is sensitive to
occurrence of debonding. For evaluation of the model,
an experiment is carried out on a reinforced con-
crete beam specimen retrofitted with glass FRP sheets
which sensing fibers are mounted on. The specimen is
subjected to bending, and strain on the FRP sheets is
determined by stimulated Brillouin-based fiber optic
sensor. Simultaneously, measured Brillouin spectrum
is analyzed by the proposed model and the debonding
location and length is estimated. The results agree well
with test observation, thus its analytical and exper-
imental study demonstrates the effectiveness of the
proposed model that incorporates not only the steady
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Brillouin Loss [a.u.]

Figure 1.
spectrum.

Analytical result of distributed Brillouin loss

Brillouin interaction state. Using the model, the study
provides a simple method for detecting FRP-concrete
debonding without baseline.
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Measurement and diagnosis of concrete cracks using image

processing and fuzzy theory
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ABSTRACT

A structure is required to be sustained during the tar-
get service life without any severe problems in safety,
serviceability and durability. Most of reinforced con-
crete structures, however, degraded serviceability and
durability due to a very low tensile strength of concrete
material even though it has quite high strength on com-
pression. Especially, concrete structures with cracks
due to tensile stresses show very fast degradation
on serviceability and durability. Therefore, measuring
and diagnosing cracks are essential to decrease direct
or indirect effect of cracks on the safety, durability, and
serviceability of concrete structures. In this regard, it
is necessary to accurately measure the width, length,
and direction of the cracks and deduce the causes
of cracking based on the measuring data. However,
because inspectors generally measure cracks manu-
ally, a great deal of time and energy is required to take
measurements and to compile relevant data.

This paper presents the crack measurement tech-
nique for detection and analysis of cracks in digital
image of concrete surface. This technique composes
of an automatic measurement process of crack charac-
teristics such as width, length, and orientation based on
image processing and inference and recognition pro-
cess of crack patterns, which includes horizontal, ver-
tical, diagonal(—45°), diagonal(4+45°), and random
cracks, based on artificial neural network. Diagnosis
technique based on fuzzy theory also is presented.

Figure 1. Developed measurement and diagnosis program.
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To verify the applicability of proposed technique,
measurement and diagnosis program have been devel-
oped and a series of experimental investigations was
carried out. A comparison of the original crack images
with the results obtained by the proposed technique
shows that the proposed technique can accurately
detect and measure crack images. Presented crack pat-
tern classifier based on ANNs can effectively classify
cracks into 5 categories. Presented crack diagnosis
program based on fuzzy theory presented same results
with those by human and the possibility of each crack
causes which is quantitative result.
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ABSTRACT

Girders with corrugated steel web have been of
increasing interest in bridge design and construction
since its web is supposed to own adequate out-of-
plane stiffness and negligible bending capacity. Also,
corrugated steel web plates have been suggested as a
substitute to traditional concrete or plane steel plate
webs with stiffeners and a better way of weight sav-
ing to meet requirements for bridge girders. Currently,
increasing concerns regarding the fatigue behavior of
the joint between corrugated web and flange plate
have been reported in several experimental studies.
However, due to rather difficulty in weld profile mod-
eling and complexity of the stress field in the vicinity
of the welds, the web-to-flange welded joints have
not been sufficiently considered by the majority of
recent studies regarding fatigue behavior of corrugated
web girder.

This study investigated the stress distribution along
weld throat plane and at the hot spot region for web-to-
flange welded joints of corrugated web girder. As the
stress distribution along the weld is very important for
the prediction of the fatigue life of welded structural
components, the analysis with sufficient consideration
of weld profile can be of great benefit to further study
the fatigue behavior of corrugated web girder. A three
dimensional finite element model has been developed.
Based on the numerical results, the effect of the geo-
metrical parameters on the stress distribution on weld
throat plane along external & internal ridge were ana-
lyzed and compared. In this study, the hot spot stresses
were defined at the intersection points of parallel
and inclined weld. Three different stress extrapola-
tion techniques for predicting hot-spot stresses at the
weld toes were investigated and compared with Dong’s
method. Thereafter, a parametric study has been car-
ried out to study the effect of four popularly used geo-
metrical parameters on stress gradient in the vicinity
of'the intersection points of parallel and inclined weld.
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It is found that the weld joints at intersection points
of parallel and inclined fold may become plastic much
earlier than that in other parts of the web-to-flange
welded joints working in low stress state, which sug-
gest much attention need to be paid to the stress
distribution at these intersection points in fatigue pro-
cess. Besides, the significant influence of corrugated
angle not only on stress ratio of the end and middle of
the inclined weld along external weld ridge, but on the
hot spot stress of welded joints has been revealed.
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ABSTRACT

Recent design methods of steel-framed structure
assume beam-to-column connection as one of the most
important structural elements since the reliability and
efficiency of the joint have great influences not only
on the structural components but also on the behavior
of the whole structure. Since the end of 20th cen-
tury, bolted endplate joint has been paid increasing
attention as a type of improved beam-to-column con-
nection in seismic area by both industry and academia.
As an important point to study the ductility the joint
possesses, many experimental and numerical studies
have been carried out to study cyclic behavior of iso-
lated bolted endplate joint configuration. However,
few researches were reported on the cyclic behavior
of bolted endplate joint with sufficient consideration
of the simultaneous presence of column axial load.

The aim of the present study is to obtain insights
into the influence of column axial load on the behav-
ior of bolted endplate joint under cyclic loading. The
application of finite element modeling will explore
related variables and potential failure modes, which
could complement the experimental studies. A series
of ANSYS elastic-plastic large deflection finite ele-
ment analyses (FEA) have been carried out in the
present paper. The monotonic behavior of the column
flange plate analytical model subjected to combined
bending and axial loading was examined at first to pro-
vide related evidence for following numerical analysis
model of joint, and the findings were compared with
the relevant equations. Then the analytical model of
bolted endplate joint was investigated and tests were
carried out to study the cyclic behavior of this com-
ponent of bolted endplate joints subjected to column
axial loading. The verification of the numerical results
with experiment results is also reported.

Based on the numerical analysis results, this paper
demonstrates how the column axial load affect the
moment—rotation hysteresis loops, energy dissipation
capacity and failure modes of the joint subjected to
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cyclic loading. It shows that the cyclic behavior of
bolted endplate joint seems to be significantly influ-
enced especially under high column axial load levels.
An explanation for this phenomenon is also made
with the comparison of the corresponding theory and
experiment.
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ABSTRACT

In order to predict the failure probability of a compli-
cated structure, the structural responses usually need
to be estimated by a numerical procedure, such as
finite element analysis. When the performance func-
tions are implicit, such calculations require additional
efforts and might be time-consuming. To reduce the
computational effort required for reliability analysis,
the support vector machine (SVM) method has been
developed recently to cope with the issues with implicit
performance functions. The main role of the SVM is
simply a classifier though it has been applied in struc-
tural reliability community successfully, on the other
hand, the training samples for the SVM, as published
so far, are mostly generated randomly around the basic
random variables. This is not appropriate for many
cases, especially for the problems of small failure prob-
ability. Because only with the enough large number of
samples, can the results achieve the satisfied accuracy.
Therefore, the method is computationally expensive.
To overcome the above issues in the present meth-
ods, this paper develops an approximate method comb-
ing the Markov chain simulation (Metropolis 1953,
Au & Beck 1999) and the support vector regression
algorithm (Hurtado 2004). In the proposed method, the
training samples are firstly simulated as the states of
a Markov chain, an approximate limit state function
(LSF) is then re-constructed from these samples via
support vector regression machine, the Monte Carlo
simulation method is finally adopted to compute the
failure probability for the above approximate LSF.
The purpose of the Markov chain is to generate the
training samples for SVM which can adaptively dis-
tributed these sample points in the region of higher
probability density in the failure domain, while the
SVM is to produce a surrogate of the finite element
solver that provides the value of the LSF. The com-
putational cost of the proposed method comes mainly
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from the simulation of the Markov chain samples to
re-construct the approximate LSF and this is propor-
tional to the number of function calls of the indicator
function /;(x). In order to decrease the Markov chain
samples needed to construct the LSF and thus increase
the computational efficiency of the proposed method,
this paper introduces an adaptive Metropolis algorithm
(Haario et al 2001) to generate the Markov chain. This
adaptive Markov chain simulation method is based
on the concept that the adaptive Metropolis algorithm
can effectively increase the rate of convergence of the
classical Metropolis-Hasting algorithm and thus can
greatly decrease the number of function calls of the
indicator function /;(x).

The numerical examples show that the re-
constructed LSF using the above Markov chain sam-
ples can well approximate the true LSF around the
design point and thereby can be used as an alterna-
tive as the real one. In addition, the proposed method
can achieve comparable accuracy when compared
with traditional method with much fewer samples,
indicating that it can provide accurate and compu-
tationally efficient estimates of failure probability.
Therefore, the proposed Markov chain-based approx-
imate method qualifies as a comprehensive tool in
structural reliability analysis.
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ABSTRACT

A new design traffic live load for a cable-stayed bridge
is proposed in this study. A probabilistic model of the
traffic live load is developed by the vehicle axle load
survey. Monte Carlo simulation is conducted to get
the expected values of the annual peak response forces
and their traffic live load. It turns out that the range
of the safety indices among structural members by the
proposed load is narrower than that by the conventional
one, that means the proposed load is more reasonable
than the conventional one from the viewpoint of the
reliability design.
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START

Develop probabilistic model of the traffic live
load (vehicle type, vehicle axle load, vehicle
length, distance between vehicles)

Build model of the target structure
(a cable stayed bridge, influence line to get
response force)

4

Execute Monte Carlo simulation
(the expected values of the annual peak
response forces, their traffic live load )

B

Propose a new traffic live load
(traffic live load intensity, how to load the
traffic live load)

&
Compair safty index between the proposed
and the conventional traffic live load

END

Figure 1. The flow chart of this approach.
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Figure 3. Comparison of the safety indices between the
conventional and the proposed design load.
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ABSTRACT

A significant portion of the total seismic risk in Italy,
evaluated in economic terms, comes from the dam-
ages endured by the existing buildings. As a result,
more recent Italian seismic guidelines (e.g., OPCM,
NTC) pay particular attention to seismic assessment
of existing structures, which is distinguished from
that of the new construction by lack of informa-
tion about both the original features and the current
state of building. These modeling uncertainties can
be classified into two groups; the uncertainty in the
mechanical properties of the construction materials
and the uncertainty in the structural detailing (a.k.a.
the defects). This work employs the Bayesian proba-
bility framework in order to make robust estimation
of the structural reliability and its dispersion (mean
and standard deviation) based on a limited number of
structural analyses. The resulting probabilistic assess-
ments of the structural performance are compared to
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the corresponding assessments based on simulation-
based reliability methods and extensive structural
analyses. In order to evaluate the overall effect of mod-
eling uncertainties on reliability assessment of existing
buildings, the structural modeling uncertainties are
taken into account together with the uncertainties in
the ground motion representation.
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ABSTRACT

A time domain nonlinear reliability analysis technique
is presented to estimate reliability of dynamic systems
as an alternative to the classical Monte Carlo simula-
tions (MCS) technique. Variance-reduction techniques
(VRTs) are generally used to improve efficiency in
MCS by altering the sampling methods, correlation
methods, and special methods. By utilizing a special
input scheme or sampling method, a new simulation-
based reliability evaluation method is proposed. It is
ideally suitable for the reliability analysis of nonlinear
dynamic systems represented by finite elements. In
this class of problems, the limit state or performance
functions are implicit in nature and also function of
time. To approximately generate the implicit perfor-
mance function in the failure region, the response
surface method (RSM), the stochastic finite element
method (SFEM) proposed by the authors, and the
first-order reliability method (FORM) are integrated.

The damage to steel structures caused by the
Northridge earthquake of 1994 is a major motiva-
tion behind this study. To mitigate the problem, in
post-Northridge steel connections, flexibility is being
introduced in many different forms. It introduces a
major source of energy dissipation but it is also a major
source of nonlinearity. To improve efficiency in the
deterministic finite element method to consider flexi-
bility of connections, the stress-based finite element is
used in the mathematical formulation. In the assumed
stress-based finite element method, the tangent stiff-
ness can be expressed in explicit form, the stresses of
an element can be obtained directly, fewer elements
are required to describe a large deformation config-
uration, and integration is not required to obtain the
tangent stiffness.

Moment rotation (M-6) curves are generally used
to consider flexibility in the connections. In this study,
the Richard four-parameter moment-rotation model is
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used to represent loading behavior. The unloading and
reloading parts of the M-6 curves are theoretically
constructed using the Masing rule.

Two types of second order polynomial are used
for the response surface. Saturated design and central
composite design (CCD) are used for the experimen-
tal sampling points. To generate the response surface
in the failure region, it is linked with FORM. The ini-
tial center point is assumed to be the mean values of
the random variables for the first iteration. By con-
ducting nonlinear FEM, the responses are calculated
using saturated design for a second order polyno-
mial without cross terms; and a limit state function is
generated. Using the explicit expression for the limit
state function and FORM, the reliability index g, the
corresponding coordinates of the checking point are
obtained for each random variable. The coordinate of
the new center point is obtained by applying the linear
interpolation scheme. The updating of the center point
continues until it converges to a predetermined toler-
ance level. In the final iteration, the information on the
most recent center point is used to formulate the final
response surface using CCD with a full second order
polynomial. The FORM method is then used to cal-
culate 8 and the corresponding most probable failure
point (MPFP).

To demonstrate the desirability and application
potential of the method, the reliability is estimated for
both serviceability and strength limit states. All the
design parameters including the four parameters of the
Richard model are considered to be random variables.
Two steel frames with different flexibilities of connec-
tions are then excited by actual recorded earthquake
time histories and the corresponding reliabilities are
estimated. The accuracy of the method was estimated
by calculating the corresponding risk using MCS of
100,000 cycles. It was shown that the proposed method
can estimate reliability with similar accuracy with only
about 100 to 200 cycles of simulation.
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ABSTRACT

In order to motivate the incorporation of the reliability
concept in the structural design and analysis proce-
dure, the engineering community is in need of finite
element (FE) software with capabilities of including
the stochastic nature of input parameters.

In this paper, a reliability tool that is being devel-
oped as part of the SOFiSTiK FE software package
is presented. SOFiSTiK is a FE program with par-
ticular emphasis on civil and structural engineering
(SOFiSTiK AG 2008). The program is made up of
a modular structure and provides communication by
a very efficient database. The reliability tool is pro-
grammed in a stand-alone fashion. The tool controls
the deterministic analyses by running the correspond-
ing SOFiSTiK modules, while the data-exchange is
achieved by interaction with the database (Fig. 1).

The reliability analysis may be assessed either by
the first order reliability method (FORM) or by a
variety of simulation techniques. In the FORM, an
optimization problem is solved in order to find the
minimum distance of the limit state function to the ori-
gin of the equivalent standard normal space (Liu & Der
Kiureghian 1991). For the solution of this program,
a series of optimization algorithms have been imple-
mented. These include the standard HLRF method and
its improved version, the sequential quadratic pro-
gramming method and an improved version of the
gradient projection method.

Reliability
module

N

Figure 1. Communication between the reliability module
and the SOFiSTiK program.
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The implemented simulation methods may be
divided into two categories. In the first, the sampling
is done directly, i.e. without previous information.
Such methods are the direct Monte Carlo method with
Latin hypercube sampling (LHS) for a better variance
reduction rate (Olsson et al. 2003), and the direc-
tional simulation (DS) (Bjerager 1990). The DS is
further combined with smart techniques that select
an optimum directional sample distribution (Nie &
Ellingwood 2000). In the second category, initial cal-
culations are used in order to reduce the variance of
the produced samples. These include importance sam-
pling (IS) based on the design point (Bjerager 1990),
such as standard IS, axis orthogonal IS, radial IS and
directional IS, and two adaptive techniques.

The reliability methods may also be combined with
an approximation of the response surface, utilizing a
polynomial meta-model (Faravelli 1989).

The paper gives a pair of geotechnical FE reliability
analysis examples, to demonstrate the applicability of
the tool to industrial problems.
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ABSTRACT

This research applies SLSV (Single-Loop-Single-
Variable) method (Chen and Neill 1997) to reliability-
based topology optimization (RBTO) problem for
frame structure to improve computational efficiency.
The design problem is formulated to minimize the
structural volume of frame structure in terms of
cross-sectional area of each frame element under the
two reliability constraints. The two mode reliability
criteria consist of the mean compliance and mean
eigenfrequency under variations on applied loads and
nonstructural mass.

The SLSV method is known as an efficient
technique for decoupling the nested iteration loops
consisting of the reliability analysis loop inside of
the optimization loop by onverting the reliability
constraint into equivalent deterministic one.

Through numerical example, the computational
efficiency and the accuracy of the reliability approx-
imation by SLSV method are demonstrated in com-
parison with those by the conventional double-loop
method (Mogami and Kogiso 2006). The ground struc-
ture is shown in Figure 1, where the applied load
and the nonstructural mass with normal distributed
variations are applied at the center of the right-hand
side. The reliability-based optimum configurations
obtained by SLSV method under target reliability of
B, =3.0 for the mean compliance criterion B; and
the mean eigenrequency criterion S, is illustrated in
Figure 2, that has almost the same volume with identi-
fied configuration as one obtained by the conventional
double-loop method. The computational performance
of the SLSV method is compared with the conven-
tional double-loop method in Table 1. It is indicated
that SLSV method has sufficient reliability approxi-
mation accuracy, regardless that the method evaluate
the reliability only by approximation. Note that the
reliability indices for the optimum design in Table 1
are evaluated by th first-order reliability method. It
is also found that SLSV method significantly reduces
the number of limit state function evaluations (NFE)
and CPU time in comparison with the conventional
double-loop method.

This result indicates that SLSV method has suffi-
cient ability for practical RBTO problems.

Fixed Random variables
boundary =

Nonstructural mass

s (1= lkg, o = 0.2kg)

Vertical load
(n=10N,g=1IN)

Horizontal load
(L=0N,g=2N)

Vol
1
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Figure 1. Ground structure of 3D frame.

Figure 2. Reliability-based optimum configuration

(B =3.0)

Table 1. Comparison of computational performance.
SLSV Double-loop

Bi 3.024 3.000

Ba 2.988 2.997

Volume (mm?) 63581 63791

NFE (g1) 616 6358

NFE (g,) 616 10075

CPU time (sec.)* 1262 8424

* Pentium 4, 3.4 GHz
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Updating fragility estimates for reinforced concrete bridges using

nondestructive testing

Q. Huang, P. Gardoni & S. Hurlebaus
Texas A&M University, College Station, TX, USA

ABSTRACT

Existing bridges in the US are suffering from aging
and deterioration due to harsh environmental exposure
conditions and/or are damaged by natural (earth-
quakes, hydrologic forces, etc.) or man-made (colli-
sions, fire, road salt, etc.) hazards. With limited funds
available for the maintenance of aging and degrading
bridges, it is critical to evaluate the performance of
existing bridges in the field such that the bridge owners
can optimize the allocation of the resources for mainte-
nance, repair, and/or rehabilitation of bridge systems.
Accurately estimating the up-to-date in-place struc-
tural properties is a critical part to evaluate the bridge
performance.

Compared with the widely used visual inspection,
which gives a subjective assessment and is unable to
detect hidden damages in a structure, vibration-based
nondestructive testing (NDT) can be used to identify
damage at an earlier stage in an objective manner.
In this paper, we propose a methodology to iden-
tify the structural properties of a reinforced concrete
(RC) bridge with modal data obtained from vibra-
tion responses using NDT. The structural properties
are then used to update the shear and deformation
fragility estimates of the bridge. Modal data can be
easily extracted from a vibration testing, making the
proposed approach of practical value.

Finite element model (FEM) updating is a straight-
forward method to determine the changes in the phys-
ical properties of a structure by calibrating or updating
the structural parameters using vibration measure-
ments. However, due to the computational cost and the
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inverse ill-conditioning problem, FEM updating is not
practical for identifying damages at the element level.
On the other hand, investigating the changes of struc-
tural vibration characteristics before and after damage
can provide the needed information about the changes
in the physical properties of a structure at the element
level. In this case, a reliable baseline is critical for the
successful performance.

In this study, a Bayesian model updating approach is
used to develop the baseline structure using eigenfre-
quencies, and the damage index method (DIM), which
is based on mode shape curvature changes, is used to
identify the local damages. The proposed framework
makes use of the advantages of these two techniques
and compensates for their drawbacks. Additionally,
two types of uncertainties can be easily accounted
for: modeling error due to the inexactness in the
computer-simulated model and the uncertainties in the
structural properties of the real structure, and measure-
ment error reflecting the uncertainties in the response
measurement.

The proposed framework is illustrated using a sim-
ulated FEM of the Lavic Road Overcrossing Bridge,
a typical box-girder RC highway bridge in Califor-
nia. Through this case study, we found that a Bayesian
approach can effectively be used to update a pre-
liminary FEM based on the frequencies of the first
four bending modes of the bridge, providing a more
accurate baseline for the DIM. With this baseline, the
DIM successfully detects the change in the local stift-
ness. Finally, the shear and deformation fragility of the
Lavic Road Overcrossing Bridge is computed using
the updated structural properties.
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ABSTRACT

A computational methodology for defining Reliability-
Based Vulnerability Requirements (RBVRs) using
probabilistic Finite Element (FE) analysis is described
in this paper. Previous reliability-based work on the
response of typical stiffened panels from blast loads
of a 4 kg explosive charge highlighted the most influ-
ential design parameters against the arisen stresses.
The reliability index was found to be negative as an
indication that typical ship panels found in merchant
vessels are vulnerable against blast loads. The next
step forward is to prudently increase these contribu-
tive strength variables, pointed out by the sensitivity
analysis, in order to raise the reliability index, and
subsequently reduce vulnerability. The challenge lies
in finding the golden means of this increase so that
the proposed methodology is cost-effective and oper-
ationally realisable. The geometric variation of the
most contributive design strength variables is based
on a rational increase from the inventory of mod-
ern shipyards. Manufacturing-induced distortions are
also accounted in the probabilistic design. All the
above are incorporated in a parametrically-defined
macro file subjected to the probabilistic characteristics
of strength and load variables. ANSYS probabilis-
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tic design analysis (PDA) is used as a basis for
determining the response surface of the accounted
designs. The blast effect from the detonation of 4 kg
PETN Improvised Explosive Device was realised in
LS-DYNA solver, while the PDA was realised with
ANSYS implicit. Reliability assessment is performed
with CALREL software and more precisely First Order
Reliability Method. The reliability index of the stiff-
ened panel, loaded by the impulse of4 kg PETN charge
at a selective range of standoff distances, was found
to gradually increase as the panel is reinforced. The
resulting response surface of the reliability index as a
function of the most contributive variables was found
in this work. The generated response surface allows for
quick, yet reliable, estimates during the design stage
regarding the vulnerability of stiffened panels against
blast loads. It is aspired that the proposed methodology
is to have a significant impact on establishing RBVRs
for ship panels at an early stage of the design. This work
is putting forward a methodology that can be used for
developing future rules and requirements for asym-
metric threats in the marine environment. Ultimately,
this work gives a better appraisal of the vulnerability
of typical ship panels as a step forward in enhancing
safety at sea and fighting the global war on terror.
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ABSTRACT

Flexible pavements represent the major part of the U.S.
transportation infrastructure. It is estimated that flex-
ible pavements comprise approximately 60 percent of
the total paved public roads in the U.S., or approxi-
mately 500,000 miles (Highway Statistics 2005). With
utilization and aging, the condition of pavements
deteriorates. As a result, periodic rehabilitation and
preventive maintenance actions are needed to sustain
pavement functionality and safety.

In pavement engineering, preventive maintenance
is a planned strategy of treatments. Examples of treat-
ments are fog sealing, microsurfacing, crack sealing
and other treatments designed to slow down the deteri-
oration process and improve the functionality without
increasing the pavement structural capacity. On the
other hand, rehabilitation actions such as pavement
overlays represent activities that increase pavement
structural capacity.

One of the most important considerations in pave-
ment design is the life-cycle cost. Life-cycle cost
includes all the costs incurred during pavement life
such as: initial construction cost, preventive main-
tenance costs, rehabilitation costs, as well as users’
costs (e.g., time related, vehicle operating, safety, and
environmental costs) (Abaza 2002).

Timely planned application of rehabilitation and
maintenance actions is essentially a cost effective
means for obtaining desired performance and service
life for the pavement structures. Delaying the appli-
cation of these actions beyond serviceability level
requires more extensive, time consuming and costly
actions, and makes the pavement section unusable for
an extended time, thus causing inconvenience to public
by disrupting the traffic. On the other hand, very early
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application of maintenance and rehabilitation actions
adds little or no benefits.

The performance of pavement structures is gener-
ally associated with large uncertainties that arise from
two different sources: uncertainty in the pavement uti-
lization and uncertainty in the pavement response.
Hence, it is important to explicitly account for
these uncertainties while developing optimal design
strategies.

The concept of reliability has been used in pavement
engineering applications to account for the probabilis-
tic nature of the pavement performance. However,
current models do not explicitly consider the effect
of rehabilitation actions on the pavement reliability,
which is an important shortcoming for their effective
implementation in determining optimal rehabilitation
strategies.

This paper develops a reliability-based optimiza-
tion model that can be used for determining optimal
rehabilitation strategies (time and design) for flexi-
ble pavements. Pavement fragility curves, defined as
the conditional probability of failure given a specified
level of demand, are used in the reliability analysis. To
facilitate the use of the fragility curves in the opti-
mization problem, a closed-from fragility model is
developed to expresses the fragility estimates in terms
of decision variables.

In this paper, a multi-objective reliability-based
optimization model is developed. Since the devel-
oped model is nonlinear and non-convex, a multi-
objective genetic algorithm (MOGA) is used for the
optimization.

The results from a numerical example show that the
developed optimization model can be efficiently used
in determining the optimal rehabilitation strategies and
cost-reliability tradeoffs.
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ABSTRACT

When bridges are designed, the future service condi-
tions and loads on it can only be estimated. Once put
into service, a bridge is subjected to loading and dete-
rioration processes, some of which may be out of the
envelope considered in the design process. An accu-
rate estimate for the remaining life and load carrying
capacity of an inservice bridge is needed so that pub-
lic safety is not compromised, and, at the same time,
scarce resources are not unnecessarily spent in bridge
repair.

Once built, the best model of the bridge is the
bridge itself and inservice data should be used as
much as possible. This paper presents a probability-
based methodology for load rating bridges that can
accommodate detailed site-specific in-service struc-
tural deterioration and response data in an LRFR (load
and resistance factor rating) format.

A new model of gross section loss, C, due to
corrosion occurring with an exponentiated Ornstein-
Uhlenbeck type stochastic noise (1) is considered:

JE<T,

dc |0
=Ty ", t>T,

- ()
dt

where B, y are random parameters of the model, 77 is
the random corrosion initiation time, and the evolution
of the Ornstein-Uhlenbeck process is given by:

dn() _

" —kn+D (@)

@

¢ is the Gaussian white noise, and k, D are drift and
diffusion coefficients.
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The proposed methodology also allows a stationary,
dependent live load-effect sequence; the dependence
is of a weakened mixing type that asymptotically
decreases to zero with increasing separation. In addi-
tion, uncertainties in field measurement, modeling
uncertainties and Bayesian updating of the empir-
ical distribution function are considered to obtain
an extreme value distribution of the time-dependent
maximum live load.

An illustrative example utilizes in-service peak
strain data from ambient traffic collected on a high-
volume steel girder bridge. The limit state considered
is plastic collapse of the critical girder cross-section
during a specified service life. In-service load and
aging resistance factors, optimized for an inventory
of bridges, are developed for different service lives.
The rating factors thus obtained can aid bridge own-
ers to schedule the time and extent of future repairs
more efficiently than allowed by the current standard
practices.
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ABSTRACT

Seismic risk management becomes more and more
important in the disaster prevention and mitigation for
local government. There are two kinds of risk, individ-
ual and aggregate. The former is basically applied to a
critical facility at a specific site such as nuclear power
plant, while the latter could be aggregate risk of mul-
tiple buildings either located at a single site or widely
distributed at the different sites. This study focuses on
the aggregate risk assessment for the building portfolio
at a single location instead of for spatially distributed
portfolio.

The site-specific risk analysis cannot directly be
applied to the aggregate risk analysis for certain tech-
nical problems such as the correlation of the ground
motion. The estimation of the probability of simultane-
ous failure, Py, is of much concern in the building port-
folio. The analytical expression of Py for two building
is formulated. Suppose that the limit state function,
G, for a single building can simply be defined as
G =InR—InS, where R is the resistance of the building
and S, is the response spectral acceleration. Assuming
both R and S, are independent log-normal variables,
G follows normal distribution with parameter pg and
o%. As far as two buildings are concerned, the prob-
ability of simultaneous failure is equal to probability
that both G| and G, are smaller than 0, that is
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Equation 1 can easily be extended to more than two
buildings. Given the loss definition, the total risk can
be obtained in a straightforward manner.

As can be seen, the accuracy in the estimate of Py
depends on the appropriate estimate of the ground
motion (upss and o), correlation of the ground
motion (pj,s4) between the two different buildings, and
the correlation of the resistance (o) between the two
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Figure 1. Comparison of Py for 7-story and 11-story build-
ings with the ground motions predicted by SSAR and
UMAR.

buildings. In this paper, the site-specific attenuation
relationship (SSAR) for S, is developed within the
Bayesian framework in light of the new observations
at the specific site. Based on the high-density observa-
tions from recent earthquakes, the correlation model of
S4 between the different periods is developed as well.

A numerical example of a building portfolio is illus-
trated for three steel buildings under an earthquake
scenario by incorporating the ground motion predicted
by SSAR, the correlation of ground motion (oj,s4) and
the correlation of resistance (pg) Figure 1 shows the
Py estimated for 7-story and 11-story buildings. The
fragility curves for moderate damage are adopted from
Nakamura & Nakamura (2001).

The following observations are notable: 1)
the P; using SSAR ground motion is larger
than that using ground motion obtained from
the Uchiyama-Midorikawa attenuation relationship
(UMAR, Uchiyama & Midorikawa 2006); 2) the
Py with consideration of the correlation of ground
motion lies between those using perfectly correlated
and independent ground motion; 3) the Py increases
with increasing pg, however, the effect of pp is
slight because the uncertainty is predominated by the
uncertainty of the ground motion.
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ABSTRACT

Due to a large development of regional networks in
recent years worldwide, and because of the current
advances of real-time seismology, the question of
using earthquake early warning systems (EEWSs) for
site-specific applications (Figure 1) is rising. Hybrid
EEWS’ are of current interest as cost-effective solu-
tions for seismic risk mitigation, although efficiency
evaluation and feasibility analysis for earthquake engi-
neering applications is still debated.

Seismologists have recently developed several
methods to estimate the magnitude (M) of an event
given limited information of the P-waves for real-
time applications. Similarly, the source-to-site dis-
tance (R) may be rapidly determined by analyz-
ing the time and order of the seismic stations
detect the developing earthquake. Consequently, given
a vector of measures informative for the mag-
nitude, {7),72,...,7,}, and the sequence of sta-
tions triggered by the event, {s,s2,...,s,}, the
probability density functions (PDFs) of M and
R, f(m|ty, 12, ..., Ty)andf (r|sy, s2, ..., S,) respectively,
may be available. Thus, it is possible to compute in real-
time the probabilistic distribution (or hazard curve) of
a ground motion intensity measure at a site of interest
(Iervolinoetal.,2006) asin Eq. (1), which also requires
an attenuation relationship, f'(im|m,r), available for
the chosen IM.

S, (im)= “f(fmlm,r') f(mlr,. 7y, )%
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Figure 1. Hybrid EEWS sketch (Iervolino et al., 2006).
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Nevertheless, such prediction involves significant
uncertainty and therefore effectiveness of EEW for
engineering applications requires proper assessment.

This paper presents a review of the work of the
author and co-workers about the real-time adaption of
probabilistic seismic hazard analysis or PSHA (Cor-
nell, 1968) and of the performance-based earthquake
engineering framework.

The procedure for early warning predictions of engi-
neering ground motion parameters is presented first,
then some issues related to the involved uncertainty
and its influence on the alarm issuance decision (e.g.,
false/missed alarm occurrences) are discussed. Sec-
ondly, a prototypal terminal based on real-time PSHA
and able to issue the alarm for the EEWS under devel-
opment in the Campania region (southern Italy) is
shown. Finally, it is discussed how to set EEW alarm
thresholds, for structures/infrastructures, based on the
expected loss conditional to the information provided
in real-time by the seismic network.
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ABSTRACT

Performance-Based Earthquake Engineering (Cornell
& Krawinkler 2000) aims to quantify the seismic reli-
ability of a structure at a site. For that purpose, Proba-
bilistic Seismic Demand Analysis (PSDA, Shome et
al. 1998) quantifies the mean annual frequency of
exceeding a specified value of the significant seismic
response of a building, known as engineering demand
parameter, EDP. Usually, PSDA is decoupled in the
ground motion hazard and nonlinear dynamic analyses
(such as incremental) through an intermediate variable
known as the ground motion intensity measure, IM,
which quantifies the characteristics of a record that are
important to predict the inelastic structural response.
Conventional scalar IMs are the peak ground accelera-
tion, PGA, and the pseudo-spectral acceleration at the
first-mode period, S,(T"), or simply S,.

Some desirable properties are needed to define
an optimal IM in PSDA of inelastic systems, such
as hazard computability, efficiency, sufficiency and
scaling robustness. Since IM defines also the seis-
mic hazard curve at a given site, the availability of
ground motion prediction model and the simplicity in
performing the analysis for a given IM leads to the haz-
ard computability property. However, one of the most
important desirable properties consists in the effi-
ciency of IM, i.e., in reducing the standard deviation
of the In(IM,, |[EDP), which, in turn, reduces the num-
ber of nonlinear dynamic analyses preserving the same
accuracy in seismic performance estimation (Fig. 1).

Other desirable properties of an optimal IM are
the sufficiency and the scaling robustness. The first
property requires that the probability distribution of
the EDP given an IM is conditionally independent of
the other ground motion parameters (e.g., magnitude,
distance, ¢, etc.), whereas the latter implies there is
no statistically strong relationship between the EDPs
and the scale factors used in scaling the amplitude of
records.

Since structural response of inelastic multi-degree-
of-freedom systems is sensitive to multiple period 77,
then an IM which averages elastic spectral acceleration
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Figure 1. Comparison between the standard deviation
of In(IM.,,|EDP) for several median ductility capaci-
ties assuming PGA, S, and S,q, as IM. The inelastic
multi-degree-of-freedom system has an elastic fundamental
period equal to 1.8 s and a number of storeys of 18.

values over a certain range of periods might be a use-
ful and convenient predictor of structural response of
inelastic systems. The present work shows the desir-
able IM properties of S;ae(T1,...,T,), or briefly
Sa.avg» to be used in PSDA (Bianchini et al., in prep.).
Sa,avg 1s defined as the geometric mean of a certain
number of S,(7;) and it is applied to demand assess-
ment of inelastic multi-degree-of-freedom systems. It
was found that S, 4,, can be used as a useful and prac-
tical predictor of structural response compared with
other scalar-based IMs.
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ABSTRACT

In recent years, the site-specific seismic hazard anal-
ysis has become a common tool in the engineering
community to determine the likelihood that ground
motions of different amplitude may be observed at
a designated site. Conventionally this computation
is only done for a scalar ground motion intensity
measure—such as peak ground acceleration or spectral
acceleration—although the methodology for computing
the joint (i.e., vector-valued) hazard has been proposed
almost 10 years ago. The knowledge of joint hazard at
asite is valuable in many applications where more than
one ground motion parameters is needed for predicting
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a structure’s response. However, the joint hazard anal-
ysis has not yet been adopted in the engineering
seismology community mainly due to the lack of a
computational tool to perform the vector-valued seis-
mic hazard analysis (VPSHA). This article presents a
VPSHA methodology that requires only the manipu-
lation of results from the scalar PSHA as opposed to
performing a direct integration of the jointly normal
distribution, as originally proposed. This alternative
VPSHA approach is not only appealing because by-
passes the need of writing a VPSHA code but also
because it can be used to compute the hazard of a pool
of ground motion parameters larger than that allowed
by the original method.
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ABSTRACT

In Japan, with the sudden occurrence of the natural dis-
aster such as the earthquake, heavy rain fall, sediment
disaster, etc., social infrastructure facilities frequently
catastrophic damaged, so that much of human life and
huge fortune were lost. It is fear that the disastrous
earthquake named Toukai, Tounankai, and Nankai will
occur more than 50% of high probabilities within 30
years in the future. Therefore, each local government
that will be damaged already proceeded to consider
the emergency response plan mainly in the urban area
which is a densely populated region.

In general, the emergency response plan is com-
posed of the three steps such as emergency response,
emergency compatible and the restoration and revival,
and then the contents in each step are organized in time
series. Among these, the emergency response which
makes a hit within 1 day from the earthquake occurring
is the most important phase which does the activity
of the reduction and the prevention of the lifesav-
ing, the after damage. Immediately after earthquake
occurring, an epicenter, the depth of the epicenter,
the scale of the earthquake and earthquake intensity
distribution at each place are released from the Mete-
orological Agency. If the reliability assessment of the
highway network in the target area is quickly done
at this point, the response at the initial stage can be
done for reduction of the damage. In such plans, how-
ever, it is not treated various damage scenario patterns
with considering the lost of performance of the social
infrastructure facilities such as bridges and roads.

In early studies, based on the live design concept,
we proposed a new strategic maintenance approach for
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protection against disasters management of existing
social infrastructure stock as well as for long-range
management at normal service time.

In this paper, based on this live management"~3,
the safety evaluation of road-networks for feasible
routes from a fire station to two hospitals and one har-
bor in Akashi City which is a typical satellite town
near Kobe City is examined immediately after earth-
quake using a simulation method. As the result, three
safety road-network routes are selected as important
routes at an emergency, and the effective emergency
countermeasures are considered. The effectiveness of
the live management approach is demonstrated by the
example.
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ABSTRACT Table 1. Performance rate table.
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the bridge, and to evaluate the influence degree that the
state of performance demonstrating of an individual struc-

tural element that composes the bridge and the performance Case 0 0.81 0.43 0.01
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The entire analysis model is shown in Fig. 1. Superstruc-
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ABSTRACT

The characteristic loads on wind turbines during oper-
ation are among others dependent on the mean wind
speed, the turbulence intensity and the type and set-
tings of the control system. These parameters must be
taken into account in the assessment of the character-
istic load.

The characteristic load is normally determined by
statistical extrapolation of the simulated response dur-
ing operation according to (IEC 61400-1 2005). How-
ever, this method assumes that the individual 10 min.
time series are independent and that peaks extracted
by the Peak Over Threshold method are indepen-
dent. In the present paper two new methods for loads
extrapolation are presented.

The first method (method 1) is based on the same
assumptions about independence of the individual
extremes and the 10 min. time series as the exist-
ing method. However, for this method the statistical
extrapolation is only performed for a limited number
of mean wind speeds where the extreme load is likely
to occur. The wind speed for which the response can
start to become critical is denoted the storm wind speed
and determined from the nominal wind speed for the
wind turbine and the turbulence intensity.

The second method (method 2) for load extrap-
olation divides the 10 min. mean wind speeds into
storms which are assumed independent. The assump-
tion about independence is secured by adding a time
separation between the storms and combined two
storms into one if the mean wind speed between the
storms is not below 80% of the storm wind speed.
The characteristic load is determined by statistical
extrapolation of the extreme load in each storm.

RESULTS

In order to compare the existing method in (IEC
61400-1 2005) with the two new methods proposed in
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Table 1. Characteristic loads for the three methods.

Method Characteristic load with stat. unc.
without stat. unc.

IEC 61400-1 1.000 1.037

Method 1 1.025 1.162

Method 2 1.106 1.348

this paper the characteristic load is calculated for the
same wind turbine using the three different methods.
The calculated characteristic loads are given in table 1
where the loads are normalized with the characteris-
tic load calculated for IEC 61400-1 without statistical
uncertainty.

For the first method (method 1) the calculated char-
acteristic load without statistical uncertainty is approx-
imate 3% higher than using (IEC 61400-1 2005).
For the second method (method 2) the characteris-
tic load without statistical uncertainty is approximate
11% higher. The significant increase in the character-
istic load by using this method can be due to that the
assumptions of independence of the extremes and the
10 min. time series in the (IEC 61400-1 2005) method
are not satisfied.

Based on the present study it is recommended that
load extrapolation for wind turbines during operation
is performed by the second method where the charac-
teristic load is determined based on the extreme loads
in each storm. The advantage of this method is that
the load extrapolation is performed based on indepen-
dent extremes leading to a statistically more accurate
determination of the characteristic load. The drawback
of the method is the large amount of measurement
or simulations required in order to perform the load
extrapolation.
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ABSTRACT

A new method for generating synthetic turbulence is
presented. The method is intended for generating a
turbulent velocity field with a fine spatial resolution
in a domain covering a small moving part of the rotor
area of a wind turbine. An example of such a domain
is shown in Figure 1.

To generate the synthetic turbulence field shown in
the figure by the methods of Mann (1994, 1998) or
Veers (1984) the domain should cover the entire rotor
area. To obtain a fine resolution in the area of interest a
fine resolution should be used in the entire rotor plane.
This would require an unfeasible number of points in
the resolved domain.

In the method of this paper the synthetic turbulence
is generated in a number of points that are allowed to
move in time. Thereby, the domain in Figure 1 only
consists of 16 points moving in time. This approach
gives a large saving in required computer memory,
which allows generating turbulence fields with fine
resolution.

The proposed method can generate synthetic tur-
bulence with the correct correlation in space and the
correct auto-spectrum. Like the Sandia method by
Veers it is based on one-dimensional Fourier trans-
form of correlated auto-spectra for each point in the
resolved domain. The main difference from the San-
dia method is that here the points in the domain are
allowed to move in time.

The three-dimensional cross-correlation tensor of
the frozen turbulence field is determined from an
analytical or empirical expression. By the Wiener-
Khinchin relation the cross- and auto-spectra are
determined for all points in the resolved domain. The
spectral information is factored and multiplied by
Gaussian complex random numbers before it is Fourier
transformed to give the time dependent velocity field.

The presented method reduces to the Sandia method
with an alternative coherence function for applications
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Figure 1. Inflow turbulence for a large eddy simulation of
a section of a rotating blade. Each of the cones represents a
velocity vector in the frozen turbulence field. The resolution
here is only 4 x 4 in the x, — x3-plane.

where the full turbulence field covering the entire rotor
area is needed.
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Risk-based inspection and maintenance planning optimization

of offshore wind turbines

J.G. Rangel-Ramirez & J.D. Sgrensen
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ABSTRACT

Wind power installations have become the second
largest contributor to installation of electricity capac-
ity in the European Union during the last decade. With
this increase in production capability and size, tech-
nical and economical efforts should be intended for
an optimal and suitable life-cycle planning of their
components, assuring an acceptable risk state. The
deterioration processes such as fatigue and corrosion
are typically affecting offshore structural systems. The
damage decreases the system performance, thus not
fulfilling the established safety criteria. To control
this deterioration, the inspection/maintenance activi-
ties are developed, representing the most relevant and
effective means of control. The Risk-based inspection
planning (RBI) methodology, based on Bayesian deci-
sion theory, represent an important tool to identify the
suitable strategy to inspect and control the deteriora-
tion in structures such as wind turbines. During the last
decades (Madsen et al. 1987 and Thoft-Christensen
and Serensen 1987) RBI approach has been applied
to the oil and gas industry, giving a theoretical back-
ground that can also be applied for offshore wind
turbines (OWT). Unlike other structures, OWTs rep-
resent low risk of human injury allowing allocation of
a lower reliability level.

In water depths of about 20 m to 50 m, the use of
jacket and tripod structures represents a feasible option
that improves technical aspects concerning struc-
tural redundancy, damage distribution and dynamical
behavior. An important OWT part is the transition node
between the jacket or tripod and the tubular tower. The
transition node is a critical design element, needing
special careful design concerning the fatigue perfor-
mance. Offshore Wind farms need additional technical
efforts. Wake effects, coming from the decrease of
wind velocity behind OWT, increase the turbulence
resulting in decrease in OWT fatigue life. The tur-
bulence intensity represents an important aspect to
consider because of its effect on OWT’s fatigue life.
In this work, a code-based model (Frandsen, S. 2005

69

and Serensen et al. 2007) is used for the efficient
standard deviation of wake turbulence. A framework
for optimal inspection and maintenance planning is
applied for OWT, addressing the analysis of fatigue
prone details in cast iron and welded steel at the jacket
or tripod steel support structures. In wind park loca-
tion and single/alone OWT are taken into account by
using a turbulence model. For RBI planning the frac-
ture mechanics model is usually calibrated to result in
the same reliability level as the code-based SN model
and inspection plan obtained with a maximum accept-
able annual probability of failure. The results show
earlier inspections times coming out in-wind farm sites
due to the increase of fatigue coming from wake turbu-
lence. It is noted that in all cases the design parameters
are determined by deterministic design such that the
design criteria is exactly satisfied. This inspection
optimization approach represents a viable method to
outline inspection plans aimed at OWT, regarding its
application to large structural systems.
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ABSTRACT

Wind turbines with a rated power of 5-6 MW are now
being designed and produced. Within the EU sup-
ported UpWind research project (UpWind 2008) a cost
model is being developed for up-scaling of wind tur-
bines up to 20 MW. These wind turbines are expected
to have a rotor diameter of approx. 250 m and a hub
height of approx. 150 m. The optimal design of wind
turbines can be obtained using a life-cycle approach
where all relevant benefits and costs are included. Fur-
ther, a constraint on a maximum acceptable probability
of failure is in general added. Offshore wind turbines
are characterized by a low risk of human injury in
case of failure when compared to onshore wind tur-
bines, and to civil engineering structures in general.
It is therefore relevant to assess the optimal design
on the basis of minimizing the total life-cycle costs
of the turbine (farm) without a reliability constraint.
Especially for offshore wind turbines costs related to
operation and maintenance can be significant and have
to be included. One reason is that maintenance can only
be performed under certain weather conditions, which
affects the availability of the system strongly.

A theoretical framework for risk-based optimal
design of large wind turbines is developed. Three levels
of formulations are considered: 1) a risk/reliability-
based formulation, 2) a deterministic, code-based
formulation and 3) a crude deterministic formulation.
These formulations are described in the paper.

In the crude, deterministic formulation generic
models for the costs are formulated directly as function
of the design parameters and using basic up-scaling
laws adjusted for technology improvement effects.
The optimal design is obtained as the design which
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minimises the total expected costs per MWh (lev-
elised production costs). The main design parameters
are selected as the rotor diameter, the hub height, the
tip speed and the wind turbine separation (in wind
farms). In a more detailed modelling the following
parameters could be added to the list of design parame-
ters: cross-sectional dimensions defining geometry of
blades, tower, . . .), operation & maintenance (O&M)
strategy, etc. Further, the following design conditions
are fixed for a given site: wind farm size (in terms
of MW and / or geographic area of wind farm), wind
climate and terrain: mean wind speed & turbulence,
wave and current climate (offshore), water depth,
soil conditions and distance from land and nearest
harbour.

The costs model is formulated on the basis of a life-
cycle approach including capitalised costs to planning,
fabrication, installation, operations & maintenance,
inspection & repair and demolition. The main up-
scaling parameter is typically the rotor diameter. The
costmodels are basically formulated as function of this
design parameter using an up-scaling factor with an
up-scaling exponent (3. for example) and a technology
improvement factor.

An important overall design decision is to find the
optimal balance between a relatively expensive initial
design with low failure rates of the main components
(blades, gearbox etc.) and therefore low O&M costs,
and a relatively inexpensive initial design with higher
failure rates and thus high O&M costs. Further, there
is also a decision to find the optimal ratio of corrective
and preventive maintenance.

The paper presents the overall framework for cost-
optimal up-scaling of offshore wind turbines, and
illustrative examples are given.
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ABSTRACT

Due to the stagnation of the wind field upwind of
tower, the blades will meet a smaller lift during the
tower passage, which gives rise to periodic stress
variations. Along with the turbulent and aeroelastic
oscillations this is a major reason for fatigue of the
blades. The width of the stagnation zone depends on
the diameter of the tower. Hence, if the diameter can
be reduced the accumulated damage (crack growth,
debonding, delamination, etc.) will decrease accord-
ingly. In this paper the impact on damage accumulation
is sought reduced with an alternative tower design, see
Figure 1.

The tower is designed as a tripod structure with sev-
eral tubes of smaller radii R; = R, = R; and a mutual
distance 2/ = 8 m, compared to the mono tower with
aradius R;. The mean damage evolution of a blade is
determined and compared to the case, where a standard
tubular mono tower is used. The expected damage at
the blade hub is estimated, where a lifetime of 20 years
is assumed. Figure 2 shows the geometry of a single
rotating blade of a horizontal axis up-wind turbine with
a rotational velocity = 1.26rad/s. The structural
model of blade and tower is based on low-dimensional
modal analysis, where the blade characteristics are
taken from a 5 MW reference wind turbine, where
L=65mand H = 88 m. The applied turbulence model
is based on a frozen turbulence model translated into
the rotor area by the mean wind.

The expected damage value for the blade is lower for
the tripod system compared to the same analysis using
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Figure 1. Principal sketch of the two tower configurations.
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a mono-tower. In this analysis, the structural design of
the tripod tower is not considered. Furthermore, only
one wind direction is included. However, the analy-
sis suggests that the alternative tower design shows
promise for improving the fatigue life of the blade.

g

—

Figure 2. Tower and rotating blade with the wind velocity
components U, and U,,.

Table 1. Expected damage values.

Tower system Expected Damage E(D)
Mono tower 0.251

Tripod tower 0.014
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ABSTRACT

This paper reports on a study to statistically describe
the joint wind-surge hurricane hazard along a section
of the Gulf Coast of the United States comprising
Texas and Louisiana. The analysis is conducted using
information on ground-level wind speeds obtained
either from surface monitoring station measurements
or wind field simulation models, and information on
storm surge levels obtained by near shore monitoring
stations. Numerical models for storm surge prediction
(such as the SLOSH model) are computationally very
intensive and are therefore not suitable for real-time
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emergency management purposes. With the increasing
availability of accurate surge measurements, however,
a joint wind-surge model can be defined (e.g. piece-
wise along the coastline) using regression analysis.
The joint wind-surge hazard is considered herein as it
varies from the point of landfall of the hurricane and
by location along the section of Gulf Coast consid-
ered. Good comparison is observed between the storm
surge predictions based on the SLOSH model and the
wind-surge model developed herein. Finally, possible
applications of joint hazard model for infrastructure
design and assessment are discussed.
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Research on safety management system in construction work
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ABSTRACT

This paper analyzes an example of a construction
accident, examines the background which results in
an accident, and adds consideration to a safety man-
agement system. It is the Westgate Bridge collapse
accident in Australia which was taken up as an exam-
ple of a construction accident in this paper. At the time
of 1970 bridge construction, a box girder carried out
compression buckling, and then collapsed, and many
casualties came out.

The accident investigating committee was estab-
lished in the state government immediately after the
accident, and investigation about the burden sharing of
cause investigation of a technical side and each orga-
nization which result in the accident was conducted.
Firstly, the outline of an accident was introduced, the
technical factor was analyzed from the contents of the
investigation report. Subsequently, the measure cir-
cumstances to construction of each organization were
considered.

As a result, it is being argued that it is the leading
cause of an accident that the shortage of examination of
the structural design of the consultant who took charge
of bridge designing, and the directions to the construc-
tion contractor about the construction method was not
enough. When these causes are analyzed, it should be
considered a factor with more major indirect factors,
such as problem of a system and each organization,
which generated the technical problem.

There are many points which should be learned
from this accident investigation or subsequent cor-
respondence. The direct cause of this accident is
buckling collapse by the shortage of girder rigidity
when installing, but lack of cooperation between an
authority and a designer, and a constructor is con-
sidered as the potential factor actually. As a result of
analyzing the factor, it was shown rather than the tech-
nical factor which is a direct cause of an accident in
case of this accident that the indirect human factor by
the contract, an organization, governing structure, etc.
has had serious influence. Even if the indirect human
factor is hidden under the direct human factor which
is actually in sight, it is rather big and often important
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problem. This relation is shown in Fig. 4. In case of this
accident, it can be said that an indirect human factor
becomes clearer than a direct human factor.

Finally, it is shown the collapsed girders are saved
and exhibited within the campus in the Monash Uni-
versity, and it is considering as an aid of the educational
activities to the student and engineer who study civil
engineering. About such an accident example, analysis
is performed from a viewpoint of not only a technical
side but management, and it is thought that it is a useful
method to try the device efficiently employed in future
education in order to improve safety in the engineering
field, and it will be needed increasingly from now on.
It is considered to be an effective method to analyze
the past accident and disaster example, and to use for
safety education as the example.
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Target reliability index determination in risk share consensus making
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ABSTRACT

Recently, the structural design codes in Japan are
changing drastically to the performance based design
system. There are some interpretations for “perfor-
mance based design” among the civil engineers. Most
of engineers interpret the performance based design
as the design harmonizing some requirement perfor-
mance, e.g. safety, initial cost, life cycle cost, envi-
ronmental performance and so on. Some of engineers
consider that the performance based design system
states clearly the hold performance of the structure
supplied by the public organizations from the view
point of their accountability. In this sense, one of
the typical backgrounds is given by the performance
matrix proposed by SEAOC Vision2000. The others
interpret the performance based design as an appli-
cation of design and/or supply system of the globally
standardized structural design concept represented by
1S02394, i.e. the reliability based design system.

In the reliability based design especially level I or
1L, the target reliability index plays an important part of
design and/or design manual. There are some methods
to determine the target reliability index. Most popular
and easy method to apply for developing new design
code is the code calibration method in which the tar-
get reliability index should be adjusted the equivalent
safety level of existent structures designed by conven-
tional design codes. The fact that the safety level of
new design manual is equivalent to the conventional
one may be strongly accountable to the citizen, but not
necessarily convenient for giving the citizen a safety
or reliability level selection opportunity correspond-
ing to the significance of the structure as shown in
1S02394 or Vision2000.

This paper presents a new idea to determine the
target reliability index from the risk share concept
between user, e.g. tax payer, and the engineer, e.g.
in-house engineer of national or local government as
a code writer. The total risk of structural failure can
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be divided into two parts. First one, which relates the
fact that structure will fail against the particular load
exceeding the contracted or defined level of design
process, is shared by user. Second one, which relates
the fact that the structure will fail against smaller load
which is defined in design code, should be respon-
sible to engineer. The proposed method to determine
the reliability index is strongly corresponding to the
second risk.

Based on this concept, the following inverse func-
tion to determine the target reliability index from the
shared risk and optimal shared risk corresponding to
total cost are presented in this paper.
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where, Br: target reliability index, Py : warranty liabil-
ity occurrence probability, Py : contractual probability,
0: angle of limit state line, PX_ =,/—InPy.

The decision making process of the target reliability
index of a check dam is discussed by using proposed
method.
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ABSTRACT

Recently, safety education has become more impor-
tant. Though the attitude towards, and measures for,
safety education depend on the individual company,
many workers feel that their safety education is super-
ficial at best. We analyzed the results of a questionnaire
survey, “Safety Education at Construction Sites,” that
asked workers who are in charge of safety at their
company about their safety education. The answer
for Question 6, a question that asks workers about
the degree of difference between the practice and
stated purpose of safety education at their company,
let one applicable item choose from 4 items, “Yes”,
“Yes, relatively”, “No, I don’t feel the difference so
much”, “No”. Ten questions in Section 2 of this survey
ask workers about their practice of safety education.
We extracted the relationship between the degree of
difference they feel and the practice.

This survey contains a multi-response type question
that let workers select multiple answers items from
six items. To deal with the background information
of multi-response data with fewer variables in C4.5,
we used a Boolean approach and simplified all the 38
combinations of answers into 7 terms.

We applied C4.5 in two ways. One used six variables
standing for whether each item in the multi-response
typed question was selected or not, and seven vari-
ables, stand for whether each term in the simplified
expression applied to the answer pattern or not.

In the former method, 13 rules are extracted, and
three rules resulted in “Yes” and 8 rules resulted in
“Yes, relatively.” For example, an extracted rule shows
the reflection of qualifications to their salary and
allowance while they must pay their expanse to par-
ticipate third party seminar. The rule results in “Yes”.
Another rule also has reflection of qualifications to
their salary and allowance, but resulted in “Yes, rela-
tively.” This rule shows that their company has their
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own safety educational program and pays their expense
to participate third party training. Therefore, it is pos-
sible for companies to make the perceived difference
smaller by providing proper support to their workers.

In the latter method, 10 rules are extracted, but most
rules resulted in “No.” For example, a rule that resulted
in “No.” shows that the company includes acquirement
of qualification in their educational training, but do not
promote it as a company and do not order their workers
participate third party seminar. In short, there is a ten-
dency that workers do not feel a difference if they have
high motivation to acquire third party training even if
the company was not supportive.

Overall, t here is a tendency that promoting safety
educations makes workers feel difference between
their stated purpose and actual practice. On the other
hand, there are some cases wherein the degree of dif-
ference workers feel would change if answer patterns
included the same factor into themselves. It is impor-
tant to select their contents of safety education that suit
for their construction sites.

It appears that there are also some cases that make
workers feel a difference when their practice is not
solid enough; there are also some cases where workers
do not feel a difference if they have high motivation.
These cases suggest that it is important for safety edu-
cation to keep worker motivation high and support
them as well as enrichment of their action.
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ABSTRACT

Fall accidents are a serious problem in the construction
industry in Japan, and approximately 40% of fatal acci-
dents during construction are caused by workers’ falls.
Therefore, the Japanese Ministry of Health, Labour
and Welfare established a committee in our institute
for considering the countermeasures.

The committee’s work experimentally confirmed
the effectiveness of using plastic sheets as a cover-
ing around scaffolds to protect against falls (a method
widely used in Japan) by the human dummy. In all
of the experimental cases, the human dummy did not
fall from the scaffolds, and it was found that the plas-
tic sheets were effective for fall protection, given a
perfectly installed sheet.

However, in some cases, the dummy almost fell
from the scaffolds. Then, the space between the plastic
sheet and the work platform of the scaffolds was spread
widely, and the dummy had a possibility of falling from
the space.

The ideal sheet installation method is difficult to
apply at all construction sites. The falling space in
the case of typical installations is larger than that in
the case of an ideal installation. Therefore, the risk of
falling into the space is not small, when the typical
installation method of the sheet is used.

The plastic sheets are usually bound to the pipes of
the scaffolds by fiber ropes. However, the ropes often
loosen, creating a space that tends to be spread open
by the worker’s weight. Alternatively, the plastic sheets
are occasionally bound to the scaffold pipes by a spe-
cial coupler. This method appears to make it possible
easily to reduce the opening of the space, but the effect
has not yet been fully explored.

Therefore, the effectiveness of the special coupler
was confirmed experimentally in preventing the space
from spreading open easily. In the experiment, the
strengthening effect of the plastic sheets was also con-
firmed, and a small piece of sheeting was piled with
the plastic sheets to add strength. Table 1 shows the
experimental cases in this study.

Figure 1 shows the results of the experiment. The
results were compared with the statistical data for the
hip depth of Japanese males from the ages of 18 to 59
from Japanese body size data 1992-1994 (Research
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Table 1. Experimental cases.

Experimental

cases Condition

Case 1 The plastic sheets bound to the scaffolds by
fiber ropes.

Case 2 The plastic sheets bound to the scaffolds by
special couplers.

Case 3 The plastic sheets bound to the scaffolds by
special couplers with strengthening from a
small piece of sheeting.
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Figure 1. Experimental results.

Institute ... 1997)). From Figure 1, more than 95%
of persons might be protected from falling using these
installation methods by Case 2 and 3. Therefore, it was
found that these installation methods are effective in
preventing the spread of the space between the work
platform and the plastic sheets, and it is possible to
easily reduce the risk of falling from the space with
this method.
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ABSTRACT

Construction accidents caused by wind are one type
of serious accident that has a high ratio of accidents,
more than 10%, compared to other kinds of serious
accident, both in Japan and overseas. For accidents
caused by wind, accidents related to scaffolding-based
work are important and need to be seriously concerned
as they include many types of accidents such as scaf-
fold collapse, worker falls, etc. Based on the data of
“the disaster investigation report”, “the construction
industry safety health and sanitation year book™” and
the previous study of Phongkumsing et al. 2002, many
workers are injured or die every year from accidents
related to strong winds acting on scaffolds.

To prevent these accidents, this study aims to eval-
uate the risk of scaffolding-based work under strong
wind conditions by reviewing the experimental results
of wind acting on the scaffolds both from wind tunnel
and field measurement, and conducting a reliabil-
ity analysis to examine the transferred loads on the
scaffold support ties to a building. Wind tunnel exper-
iments were conducted on the scaffold scale models to
study the wind pressures acting on the scaffolds, and
on the actual scaffolds to study the fall risk of work
conducted on the scaffolds. Field measurement was
conducted on actual scaffolds to measure wind forces
on the scaffolds surface and transferred loads to the
support ties.

The experimental results of the scale models show
that the pressure acting on the interior surface of the
scaffolds (the side of the scaffolds that faces the build-
ing) caused either by wind entering the gap between
the scaffolds and building, or passing through wall
openings, is a significant factor in scaffolds stabil-
ity. Moreover, the wind direction that caused the most
severe case of wind pressures acting on the scaffolds
is found to be other direction that is not normal to the
scaffolds surface due to shape, size and openings of
the scaffolds and the building.

From the field measurement, the transferred loads
at the scaffolds support ties to the building were com-
pared with the computational results from the FEM
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analysis, and the system probability of failure was
analyzed for each wind direction. It is found that the
surface loads acting on the scaffolds by wind were not
properly and entirely transferred to the scaffold sup-
port ties due to some scaffold assembly errors, and
these errors reduce the system reliability by increas-
ing the probability of failure more than 10 times. Thus,
the wall opening and the construction errors should
be considered in the design code for wind loads and
overall safety analysis of scaffolds.

Finally, the wind tunnel experiments to study the
fall risk of assembling and dismantling works on the
actual scaffolds show the wind speed limits of such
works exposed to uniform and gust flow. Those wind
speed limits were evaluated by grading experienced
Japanese workers’ perception of risks. From the results
of wind speed limits, they were compared to the results
of previous study from Murakami et al. (1982) on the
limits of other works exposed to uniform flow. As the
wind speed limits obtained from this study are lower
as about 8 m/s, it can be implied that the scaffold-
ing works have a higher risk than other works such as
walking and carrying load, changing of posture.
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ABSTRACT

Numerous global warming and climate change stud-
ies warn that the built environment will be affected by
climate change through rising sea levels and altered
patterns of natural hazards. This has led to a growing
interest in the potential impact of climate change on
building damage from predicted changes in climatol-
ogy of tropical cyclones over the next 100 years. The
Intergovernmental Panel on Climate Change (IPCC
2007) predicts a warming of the climate with asso-
ciated increases in the severity and or frequency of
wind hazards, namely, tropical cyclones (hurricanes).
Recent studies also suggest that tropical cyclone inten-
sities are likely to increase in the next 50-100 years as
aresult of warmer ocean temperatures. Cyclone inten-
sity can be described by the maximum wind speed
closes to the surface, which can be directly related to
design wind speed and damage estimation.

The paper proposes a risk-based framework for
assessment of economic damage caused by tropical
cyclones due to the increases in wind speeds result-
ing from climate change. In addition to the direct
losses, cyclones cause tremendous social disruption
for extended periods of time. The framework con-
tains the following key ingredients — probabilistic
modeling of the occurrence and intensity of cyclone,
time-dependent increase in annual maximum wind
speed from global warming, and vulnerability function
to represent the economic risks and losses conditioned
in wind speed. Regional dynamics including increas-
ing house numbers built with different building codes
is integrated into the framework.

Residential construction in North Queensland in
Australia is chosen to demonstrate the potential impact
of climate change on wind damage estimation from
a regional perspective. The worst-case scenario of
a 25% increase in cyclone intensity by 2050 will
result in almost triple the total insured damage for
North Queensland which will comprise approximately
250,000 houses by 2050. In comparison, an increase

/25%

Cumulative regional damage Le(0,t) (S million)
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Figure 1. Regional cumulative damage losses in North

Queensland with different time references.

in wind speed of 10% will cause 56% addition damage
losses for the same region (Figure 1)

The proposed framework provides an effective tool
for the insurance industry, policy makers and emer-
gency planners for risk-based decision making on
strategies need for climate change adaptation. The
decisions include whether to adopt high wind stan-
dard building codes or mandatory retrofit during house
transactions to minimize the potential impacts of cli-
mate change. This framework can form the basis for
improvements in construction practices and building
codes to adapt to potential impacts of climate change,
appropriate underwriting by the insurance industry,
and sociopolitical response of the community to wind
hazards.
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ABSTRACT

To assess the observed damage distribution in
Boumerdes city following the 2003 Algeria earth-
quake, a detailed analysis on the characteristics of
construction and the damage status was conducted.
From this analysis and by considering the typicality
of Algerian buildings related to the regional culture of
the country, a number of major factors based on the
real conditions of buildings before the earthquake.

Using the collected data on the characteristics
of construction we introduced the following factors:
period of construction, which is related to the seis-
mic code version that has been used; and building use
category: public or private for residential or general
activities use, which are related to the quality during
the construction phase. The both factors are combined
to evaluate the first judgment about the quality of
building. The damage data collected by the Ministry
of Housing, Algeria, were also used for analyzing the
different causes of damage observed after the earth-
quake. The observed damage categories of buildings
have been taken into account as a factor to correlate
the first judgment on the quality of building, based on
expert opinion. The influence of described factors has
been observed from the experience of the past earth-
quakes. The building quality was defined in the similar
manner as the damage grade. This study has been con-
ducted for a total of 2794 buildings existed in the city
of Boumerdes.

Five classes were used to determine the building
quality as follows: Good, Acceptable, Medium, Poor,
and Very Poor). The distribution of building quality
in the city of Boumerdes is shown in Figure 1. The
results from this analysis show that the buildings asso-
ciated with poor and very poor qualities are mostly
private buildings. The constructions with good and
acceptable qualities are mostly for public buildings.
The examination on the relationship between the build-
ing damage and building quality (Figure 2) showed
some variation at several locations, which is consid-
ered due to soil condition. Microtremor observation

Figure 1. Distribution of buildings with respect to the
quality classification in Boumerdes city.
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Figure 2. Relationship between of building quality and
observed damage grade.

was conducted at several locations in the city. The
measured H/V ratios showed flat shape at most of the
locations with small amplitude, having small peaks
corresponding to period ranging from 0.4 to 0.9s. In
the area with heavy damage, the peak is around 0.7 to
0.9 s. Detailed geotechnical information is needed to
better analysis of the soil response characteristics and
explain the damage distribution.
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Low-cycle fatigue effects on steel moment frames
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ABSTRACT

Following the Northridge Earthquake (1994), the SAC
steel project was initiated to investigate the causes
of widespread damage to the connections of steel
moment frame buildings that were discovered follow-
ing the earthquake. The published results of these stud-
ies were concentrated on local connection defects that
could potentially have initiated the observed cracks. It
was also considered that much of the observed connec-
tion damage was the result of yielding of the material
in the connection region and the formation of plastic
hinges. However, damage to some buildings could not
be reconciled by the use of these failure mechanisms.
This has led to a renewed interest in the effects of low-
cycle fatigue on the members and connections in steel
buildings that are either elastic or have been driven
into the weakly nonlinear range.

Several factors have been identified that can con-
tribute to potential low-cycle fatigue failure in steel
buildings. Fatigue is primarily a function of stress level
and number of stress cycles. Conditions that could
cause a stress level that is at or just below yield include
moderate to strong earthquake ground motions, local-
ized stress concentrations and low structural damp-
ing. Factors increasing the number of stress cycles
experienced in the building include the frequency of
occurrence of moderate to strong earthquakes and
the contribution of higher modes of vibration which
increase the number of stress cycles. The contribution
of higher modes can also be increased by structural
framing that incorporates vertical setbacks.
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The current study uses a comprehensive analy-
sis procedure for low-cycle fatigue that is based on
the Palmgren-Miner method. Although fatigue curves
relating cyclic stress to number of cycles to failure (S-
N) are readily available for conditions of high-cycle
fatigue there is only a limited amount of experimental
data available for low-cycle fatigue. Using this lim-
ited experimental data, the authors have extended the
S-N curves for the high-cycle fatigue range into the
low-cycle range for use in this study.

Several instrumented high rise buildings in Los
Angeles have recorded dynamic response to earth-
quakes beginning with the San Fernando earthquake
(1971) and extending through the Northridge earth-
quake (1994). Also included in this time frame are
smaller earthquakes such as the Whittier Narrows
earthquake (1987). A linear time history analyses is
conducted on a 16 story building that was instrumented
during this time period and has a lateral force system
consisting of steel moment frames in both directions.
The current paper presents the procedure used for the
low cycle fatigue evaluation. The method of rainflow
cycle counting, developed by Prof. T. Endo, is used
to evaluate the highly irregular variations of load with
time and permit the use of the Palmgren-Miner Method
for estimating the fatigue life that has been expended
during the seismic event. Finally, the pattern of cumu-
lative fatigue at critical locations in the building will
be evaluated.
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ABSTRACT

In estimating probability of seismic damage of a build-
ing, the maximum value of building response to input
earthquake motion is often evaluated to assess exis-
tence of damage. In order to calculate the maximum
response value, the nonlinear time history analysis or
the modal analysis is employed. However the former
method has a problem that it requires longer calcula-
tion time. On the other hand, the latter analysis employs
an equivalent linear model and it can reduce calcula-
tion time. Most of equivalent linear models in past
studies were proposed to obtain the reliable maximum
response value. But this study investigates equivalent
linear models which can assess occurrence of build-
ing damages with high accuracy for several threshold
values.

In this study, 3- and 10-story buildings were ana-
lyzed. The stiffness of each story was given by the
A; distribution of the Building Standard Law of Japan.
Examined threshold values are 1/200, 1/150 and 1/100
rad for story drift angle. The number of input earth-
quake motions is 900. The accuracy of each model is
compared based on receiver operating characteristics
(ROC) (Van Trees, 1968).
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Figure 1. Equivalent stiffness based on the story shear force.
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Figure 2. Equivalent stiffness based on the earthquake input
energy.
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This study considers a response of a model with
bilinear force-displacement as a true response, and
accuracy of three equivalent linear models are exam-
ined. These models use the equivalent stiffness and
the equivalent damping factor. The nonlinear time his-
tory analysis was conducted to assess which story is
damaged. As a result, the response exceeds the thresh-
old value most frequently in the first story. Hence an
equivalent model with the equivalent stiffness at the
first story and the initial stiffness at the second and
above is examined.

The equivalent stiffness £’ is calculated in two ways.
The first method for calculating &’ assumes that the
maximum story drift depends on earthquake story
shear force and &’ is given to have equal story shear
force at threshold story driftD to that of the nonlin-
ear model as shown in Figure 1. The second method
assumes that the maximum story drift depends on
earthquake input energy and &’ is given to have equal
earthquake input energy at D as shown in Figure 2.

Regarding examined three equivalent linear mod-
els, Model A uses equivalent stiffness of Figure 1 for
all stories, Model B uses the stiffness of Figure 1 at
the first story and Model C uses the stiffness of Figure
2 at the first story.

In this study, the equivalent damping factor of the
first story is obtained by expanding the energy bal-
ance method (Minami & Midorikawa, 1992) to a
multi-degree-of-freedom system. Modal analysis is
conducted by using the evaluated equivalent damping.

The findings are described below:

1. Model B, a linear model with equivalent stiffness
based on a story shear force at the first story had
the highest accuracy.

. The accuracy decreased when a threshold value
became larger because the nonlinear behavior of
the second story and above was not considered in
the equivalent linear model.
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ABSTRACT

One of the principle aims of engineering design is
the assurance of the system performance within the
constraint of economy. Indeed, the assurance of perfor-
mance, including safety, is the primarily the responsi-
bility of engineers. In this study, the impact dynamic
behavior of an innovative girder named Concrete-
Filled and Tied steel Tubular Arch or CFTA girder was
studied. The girder consists of steel plate frame, arch
concrete and outside tendons. CFTA girder has sev-
eral advantages compare to the conventional types of
girders such as bucking prevention by concrete fill-
ing, increase the stiffness and durability of concrete
due to confinement effect and aesthetics and econom-
ical matter due to arch concrete. In this study, impact
dynamic simulation and analysis were performed to
investigate the dynamic responses of the girder. Fur-
thermore, the reliability assessment developed for
CFTA girder will facilitate the intuitive sense in the
design, and the evaluation of the bridges’ performance

Figure 1. Finite Element Model of CFTA and truck.
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Effect of error measurement of chloride profiles on reliability assessment

S. Bonnet & F. Schoefs

Research Institute in Civil Engineering and Mechanics, GeM, UMR CNRS 6183, University of Nantes, France

J. Ricardo & M. Salta

Laboratorio Nacional de Engenharia Civil, Lisbon, Portugal

ABSTRACT

Under the marine environment, the main cause of
degradation of reinforced concrete structure is the cor-
rosion of steel bars. It is due to the presence of chloride
ions in the concrete porosity. When the chloride ions
concentration reaches a critical value, steel bars are
not protected and corrosion begins. The determina-
tion of chloride content and corrosion rate is one of
the main goals for the structure service life predic-
tion. Non destructive monitoring techniques are under
development to detect and quantify corrosion rate and
chloride content with good accuracy [1]. Silver/silver
chloride electrodes are used to monitor chloride in
situ but these sensors are affected by environmental
exposure [2, 3].

The deterministic or probabilistic models for ser-
vice life predictions of structures used total chloride
profiles determining by destructive techniques to cali-
brate the models. This study focused on the uncertainty
in measured chloride ingress profiles by destructive
techniques.

This work was done in the frame of an European
Interreg 111 B project called Medachs which deals with
the durability and maintenance of coasting concrete
structures.

In situ measurements of chloride profiles are gen-
erally determined by a destructive method using the
titration of chloride solution. The determination of
these chloride profiles is a manual procedure: the
experimenter plays an important rule. So to analyze
these profiles, the confidence to the measured values
must be discussed and quantified to give a rational
decision aid-tool for repair or inspection planning.

As the bound chloride are participating to the corro-
sion process this study focused only on the uncertainty
in measuring total chloride content.

Repetitive tests have to be done on laboratory spec-
imens. These tests were done on concrete casted in lab
and stored in the same chloride solution. Four different
researchers from two different laboratories have estab-
lished the total chloride profiles which were analyzed
by a statistical approach. A probabilistic modeling of
errors (human and protocol) were suggested. After
the description of the material and the experimental
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Figure 1. Evolution of Preal and Pmeas with time

(x=3cm).

procedure, the study provides the statistical analysis,
the probabilistic modeling and the discussion on the
effect of error in measurements for reliability and life-
cycle assessment. Two applications are then selected.
The first concerns the estimation of the probability of
detection of corrosion initiation, from on site destruc-
tive tests. The second compares the evolution of the
probability of corrosion initiation with (Pe,s) and
without taking into account the error of measurement

(Prear) (figure 1).
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Seismic risk curve in infinity time period

Y. Kawakami & T. Nakamura
Shinozuka Research Institute, Tokyo, Japan

M. Hoshiya

Advanced Research Laboratories, Musashi Institute of Technology, Tokyo, Japan

ABSTRACT

Seismic risk information has been employed for
assessment of seismic performance, decision-making
of seismic reinforcement, securitization of real estates,
etc. Seismic risk information is, for instance, probable
maximum loss, seismic life cycle cost, etc. Expected
value of seismic loss, which is frequently utilized for
seismic life cycle cost, and probable maximum loss
indicate only one point in a probability distribution of
seismic loss. Therefore, it is difficult to explain whole
aspect of seismic risk from only these indices.

Hence, we have focused on seismic risk curve
defined by exceedance probability function of seismic
loss, and proposed a method to extend the evaluation
period of seismic risk curve to multiple-year. However,
evaluation period is generally unspecified, uncertain
and there is no clear rule to determine. Thus, to set the
evaluation period on the basis of well-founded reason
is difficult.

The present work is intended to propose an eval-
uation method of seismic risk curve in infinity time
period. The procedure is as follows: 1) Probability
density function of earthquake occurrence is set on
the basis of Poisson process and renewal process; 2)
Seismic risk curve in multiple-year is formulated; 3)
Discount rate is applied to the variable of probabil-
ity density function of seismic loss, and discounted
seismic risk curve in multiple-year is formulated; 4)
Seismic risk curve in infinity time period is finally
formulated. After examining characteristics of seismic
risk curve in infinity time period, cost-effectiveness of
seismic retrofit for a building located in Tokyo, Japan,
is discussed as an examination of applicability.

The major results of this paper are summarized
as follows: 1) Seismic risk curve in infinity time
period is not so different from that in service life
assumed by engineers. Against the evaluation period
without clear rule to determine, infinity time period
taking discount rate into consideration may provide
one criterion which is relatively consistent with ser-
vice life assumed by engineers; 2) Seismic loss greatly
decreases when discount rate is taken into consider-
ation. Therefore, decision-making is greatly affected
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by whether discount rate is considered or not; 3) Seis-
mic risk curve of current state intersects with that of
retrofitted state at one point. The seismic retrofit is
unexplainable in the range of exceedance probabil-
ity higher than the intersection; 4) Seismic retrofit
is relatively difficult to explain in case of large dis-
count rate compared with small one; 5) Seismic risk
curve in infinity time period enables decision-making
based on economic rationality and decision-maker’s
risk tolerance level.
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“SRA into SRA” — Structural reliability analyses into system risk
assessment: Activities of an ESReDA project group

E. Ardillon

EDF-R&D, Industrial Risk Management Department, Chatou, France

D. Proske

University of Natural Resources and Applied Life Sciences, Vienna, Austria

A. Chateauneuf

Blaise Pascal University, Clermont-Ferrand, France

A. Lannoy

IMdR — French Institute of Risk Management, Gentilly, France

ABSTRACT

This paper gives an overview of the integration of
structural reliability analyses into system risk assess-
ment, by looking for the difficulties faced in practical
applications of these methods, and discussing the
valuability of possible solutions.

In the last decades structural reliability analyses
(SRA) have been increasingly applied in many indus-
trial branches. Although they constitute a helpful tool
for safety and reliability assessments, some questions
arise when using them in an industrial context:

e Are they the only probabilistic framework for
degradation modeling? Can they be applied to all
degradation phenomena?

In most cases industrial companies have to ensure
the safety of both their facilities (considered as
systems) and the components constituting these
facilities, especially the structures; how to make
sure that these two requirements can be met consis-
tently? That target reliability levels for structures are
acceptable considering the failure consequences on
the facility and its environment? And that reliability
assessment for complex structures and systems is
performed adequately?

These two distinct issues have been investigated
in the framework of the ESReDA Project Group:
“SRA into SRA” (i.e. “Structural Reliability Analyses
into System Risk Assessment”). ESReDA (European
Safety & Reliability Data Association) is a European
excellence network, whose objective is to promote and
harmonize European research, application and train-
ing in the fields of dependability of industrial facilities.
In particular, ESReDA has an everlasting activity in
Structural Reliability through some of its Working
Groups.

Regarding the first issue, alternative solutions
are available for the modeling of degradation or
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degradation kinetics, if only a poor physical model
exists. In this case, stochastic processes like the (gen-
eralized) gamma process possibly including covariates
may provide a possible solution to model the degra-
dation evolution, although difficulties may arise when
calibrating the process parameters. For kinetics model-
ing, the use of the Cox statistical model may be relevant
and has been performed in industrial applications. In
any case, it is necessary to get a sufficient amount of
data.

Regarding the second issue, the links between struc-
tural reliability assessments, reliability target values,
risk assessments of passive components and of the
industrial systems in which they are integrated, social
acceptance of risks, have been investigated. In par-
ticular, the definition of risk measures by quality
of life measures is proposed and may have advan-
tages for engineers, but the existence of an optimal
safety (an implicit assumption of these approaches)
is questionable since it does not account sufficiently
for subjective risk perception. Finally, it appears that
risk assessments are not sufficient to manage risks:
the global management of risks includes risk assess-
ments, but also relies on mitigation measures, disaster
management and post disaster management.

Finally, the three practical methods applied to spec-
ify reliability target values for structures are presented:
: implicit method, expert judgment and cost-benefit
balancing. The first one is based on either the compar-
ison with existing codes of practice or the analysis of
existing acceptable structures. It is globally accepted
by all the decision-makers. These three approaches are
complementary as the obtained reliability levels reflect
a certain confidence in the way to deal with system
safety (qualitative information, imprecise quantitative
data, etc.). It could be proposed to combine these three
approaches, and to introduce some Bayesian tools for
setting an expert system for decision making relative
to safety targets for engineering systems.
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Risk informed management of road infrastructure

D. Zonta, R. Zandonini & F. Bortot

Department of Mechanical and Structural Engineering, University of Trento, Italy

ABSTRACT

This contribution introduces a risk-based approach to
bridge management as implemented by the Depart-
ment of Transportation of the Autonomous Province of
Trento (APT). The APT Bridge Management System
(BMS) has been operative since 2004, and inspections
are currently being carried out on the whole bridge
stock. The trained inspectors have allocated the col-
lected data on two different levels. The first-level data
describe the bridge location and geometry, and give a
general characterization of the structure; second-level
data point out in detail the Condition State CS of all
the elements of the bridge. CS is evaluated on the basis
of a procedure that acknowledges the general rules of
the AASHTO Commonly Recognized (CoRe) Stan-
dard Element System (AASHTO 1997), in order to
conserve compatibility with PONTIS (Thompson et
al. 1998) evaluation and deterioration models

All data are gathered in a Data Base where they
are automatically analyzed. The probabilistic models
adopted aim to calculate reliability and risk associ-
ated with each bridge; to assess the evolution of the
condition state in time; to simulate long-term scenar-
ios for facilities development by critically comparing
alternative Maintenance, Repair and Reconstruction
(MR&R) strategies; to prioritize MR&R actions for
the whole stock.

The ranking criterion adopted is based on a prin-
ciple highlighting those plans which, given a certain
budget, will minimize in the future the risk of facing
unacceptable events within the whole stock during a
given time span. Risk is defined as a function of the
damage caused by the given unacceptable event (Adey
& Bruhwiler 2003). The definition of unacceptable
event and damage is an owner-involving act related to
the management policy, which includes technical, eco-
nomical, social and ethical issues. The effectiveness of
an intervention scenario is ranked by a prioritization
index, which takes into account both future social risk
and economic demand for MR&R. Several unaccept-
able events are alleged to affect the overall risk level of
abridge: failure of a principal element; failure of a sec-
ondary element; pile collapse due to scour; accidents
due to sub-standard guardrails; earthquake.
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Distribution of risk associated with structural

Figure 1.
failure.

The analysis of the statistical relationships between
bridge age and condition allows us to articulate pre-
diction models and to identify the causes leading more
frequently to abnormal degradation and their after-
math. The results of the analyses are part of the Data
Base, which becomes the main information source
used by APT to plan the future development of the
regional road network. The system is accessed by a web
interface, and the user can interact with it, for exam-
ple to visualize inventory data and inspection results,
to request an analysis as well as to visualize its results.

By referring to some practical cases, this paper aims
to illustrate both how the APT’s BMS is currently used,
and how it is applied to budget programming.
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Study on risk-informed in-service inspection for nuclear

power plant piping

T. Koriyama, M. Yamashita, S. Miura & H. Fujimoto
Japan Nuclear Energy Safety Organization (JNES), Tokyo, Japan

ABSTRACT: Risk-informed in-service inspection for piping in consideration of both internal and seismic

events was studied for a typical BWRS plant in Japan.

1 INTRODUCTION

This article identifies significant piping segments
(segments mean portions of piping, each of which has
the same effect on safety when a rupture occurs) in
terms of risk by utilizing Level 1 PSA for internal and
seismic events during power operation for a typical
BWRS plant in Japan. It also considers the classifica-
tions of piping segments in terms of risk and inspection
methods corresponding to those classifications.

2 EVALUATION OF PIPING RUPTURE
PROBABILITY

Piping segment rupture probabilities were determined
from the database of the OECD-NEA Piping Fail-
ure Data Exchange project for internal events. Since
seismic initiating event frequencies are provided as
functions of peak ground acceleration (PGA) levels,
earthquake-caused piping segment rupture probabili-
ties are given at PGA levels by fragility analyses. The
seismic piping segment rupture probabilities are added
to the existing random rupture probabilities induced by
the internal events.

3 EVALUATION OF EFFECTS ON ACCIDENT
SEQUENCES

Ina similar way to the methodology for internal events,
the level 1 PSA model adopted at JNES for seis-
mic events during power operation was utilized as a
basis for evaluating the effects of ruptures in piping
segments on accident sequences, based on the West-
inghouse Owners Group (WOG) methodology. Core
Damage Frequency (CDF) induced by each segment
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rupture was determined by the use of a surrogate
component which had the equivalent level of effect
on accident sequences to that of the rupture in the
segment.

4 RISK SIGNIFICANCE INDICATORS,
RUPTURE IMPORTANCE, AND
CORRESPONDED INSPECTION METHODS

Referring the WOG methodology, the risk significance
indicator given by CDF and the rupture importance
that depends on a degradation mechanism were used
for the classifications of piping segments. It is because
the risk significance indicator can be used to review the
priority levels of inspection activities, and the rupture
importance can determine the effectiveness and neces-
sity of inspections. Inspection methods corresponding
to the classification were investigated.

Non-destructive examinations were added to leak
examinations for segments of the resultant high safety
significance determined by the categorization crite-
ria composed with both the risk significance indicator
and rupture importance. The performed engineer-
ing evaluation showed that the changes from current
examinations gave around 19% reduction of segments
subject to both leak and non-destructive examina-
tions within the total segments. Deterministic insights
and engineering judgments on top of risk significance
should be applied to get the final decision of inspec-
tion methods. In that process, an expert panel, which
has yet to be established in this study, will take the
important roles.

Aimed at the contribution to enhancing the scien-
tific rationality of piping inspections, technical knowl-
edge for utilizing risk information in piping inspection
was accumulated.
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Study on seismic performance of wooden houses in snowy region by seismic
response analysis — In 2-stories wooden houses built in Sapporo
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Graduate School of Engineering, Chiba University, Chiba, Japan

Takeyoshi Uematsu
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ABSTRACT

To examine relationship between snow load and seis-
mic performance of wooden houses, the authors car-
ried out seismic response analysis. 62 wooden houses
built in Sapporo were analyzed. Snow depth of 0.0m,
1.0m 1.5m, 2.0m used for seismic design were set
in the analysis. Based on the past study, the hystere-
sis characteristics that put the bilinear element on the
slip element were used by the analysis (Araki et al.
2005). In the analysis, to examine snow load depen-
dence of relationship between scale of strong motion
and the seismic performance of the houses, maximum
response displacement of the houses were calculated.

Figure 1 shows the relationship between the maxi-
mum velocity of ground motion and the ratio of object
houses’ response exceeds safety limit displacement.
In addition, the fragility curve (total collapse) of the
past study was installed in the figure (Murao et al.
2002). In most cases, calculated ratio was smaller than
the Murao’s fragility curve. When snow depth was
thicker than 1.0m, the influence of snow depth was
small. The correlation between the maximum velocity
and the ratio exceeds safety limit displacement was
high. In 2F on the wooden houses, the ratio exceeds
safety limit displacement increased with snow depth
increase. However, the ratio more than the safety limit
displacement was smaller than in each snow depth.

As stated above, 2F floor area of many wooden
houses in the analysis was smaller than 1F, and the
wooden houses were analyzed that collapsed in 1F due
to snow load on 1F roof. The damage increment of the
wooden houses with a snow depth increase was clari-
fied. The influence of snow load contribution to ratio
that exceeds damage limit displacement was large in
2F. Even if the seismic reinforcement would be done
only in 1F, it might be collapsed in 2F. Therefore, in
the seismic reinforcement of wooden houses in snowy
region, it is necessary to consider not only IF but
also 2F.
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Figure 1. Relationship between the maximum velocity and
the ratio that exceeds safety limit.
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Evaluation on accumulation shape and variability of snow-slide from roof

for human safety in snowy country

T. Takahashi & M. Suzuki
Chiba University, Chiba, Japan

T. Chiba & T. Tomabechi
Hoklkaido Institute of Technology, Sapporo, Japan

ABSTRACT

In 2005-2006 winter season, 152 people were killed
by snow mainly due to accidents during snow removal,
for example, snow-slide from roof, fall from roof, etc.
That was the second largest number during recent 60
years, in Japan. Reliable evaluation of snow-slide from
the roof'is very important for reduce the number of loss
of human. Nakamura (1978a), Abe (1996), Takita and
Watanabe (1998) studied the shape of snow mound
by snow-slide from the roof, but the estimation error
was not negligible. Therefore, the authors assumed not
only friction between snow and roof material, but also
air resistance and ground to roof snow density ratio
caused by impact of snow block on the ground snow.
To measure the air resistance for snow-slide, the
authors performed experiments of snow-slide on
February 18 and February 20, 2008 at Hokkaido Insti-
tute of Technology. Totally 37 pairs of snow density and
snow weight were chosen and slid 3 times each. There-
fore, totally 111 times of slide were performed. Each
slide was recorded by two digital video cameras, those
located on the roof and on the ground. Sometimes the
snow block was divided into some fragments. There-
fore, developed muzzle velocity and falling velocity
of totally 196 fragments were calculated based on
video frame numbers. Probabilistic distributions of air
resistance coefficient were calculated in 3 categories
(around 3 kg fragments, around 1 kg fragments, and
smaller than 1 kg fragments). The authors assumed
friction between snow and roof material based on
Takakura et al. (1998). The difference of snow density
before and after the slide was evaluated based on the
survey of Nakamura (1978b). The authors examined
the assurance of these coefficients using 11 cases of
field surveys performed by Abe (1996) and Takakura
(2005). The value of relative error for the shape of
snow accumulation bank was around 11 to 21 percent.
That is around half of the errors by Nakamura, Takita
or Abe. Therefore, the importance of air resistance for
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Figure 1. Estimated snow mound (red line) and observed
data (circle). Relative error: 20.2%.

evaluation of the shape of snow accumulation bank by
snow slide was clarified in this paper.
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Model tests and simulation analysis on steel-concrete joint part of hybrid

cable-stayed bridge
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ABSTRACT

The innovative concept of using steel girders as main
spans and concrete girders as side spans has been
applied and developed world-widely in continuous
girder bridges, cable-stayed bridges, and suspension
bridges. Jointing two different kinds of girders at their
appropriate places in a reasonable way will greatly
improve the performance of bridges and will easily
realize long-span bridges. The structural types and
features of the joint part were introduced. In view
of the existing steel-concrete joint parts of hybrid
cable-stayed bridges, there are two kinds of structural
form: with or without steel cells. As to the positions
of bearing plate, three types of steel-concrete transi-
tion section within steel cells, which are front bearing
plates, back bearing plates, both front and back bear-
ing plates; while there are two types without steel cells,
such as back bearing plates and back bearing plates
combined with bottom plates. The shear connectors
such as studs and PBL on the bearing plates connect
the concrete and steel in the transition section.

Finite element analysis and model tests on key parts
of'the bridge are essential for design and construction.
The model test with the scale of 1:2 for the joint part of
the hybrid girder of the cable-stayed bridge is carried
out on site. In the experiments, distributions of normal
stresses, crack resistance ability, slip between concrete
and steel, and deflection were carefully measured to
investigate the mechanical performance, force trans-
mission, stiffness matching and failure mechanism of
the joint part of the hybrid girder. A 3D finite element
model with material and geometrical nonlinear prop-
erty was built to analyze the joint part. The test data
were investigated comparing with the FEA results to
evaluate the load carrying capacity and reliability of
the joint part. From the comparisons of the test and
FEA, it is found that the concentrated stress at the
loading section can be reduced and transfer uniformly
to the concrete through the transition region and joint
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part, the distribution and values of the FEA basically
agree well with the test results. In addition, the bear-
ing plate carries about half of the axial load, and the
other half is transferred to the concrete girder through
studs and PBL connectors. This leads to the conclu-
sion that the ratio is rational and the structure shows
good performance and reliability under the design
load. Relatively small slip between concrete and steel
denotes the connection soundness between two dif-
ferent materials. The findings from the tests and FEA
were considered to be of special significance to design
the bridge.
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Influence of shear rigidity in vertical and horizontal frames on strength of

prefabricated scaffolds

H. Takahashi, K. Ohdo & S. Takanashi

National Institute of Occupational Safety and Health, Tokyo, Japan

The vertical load on prefabricated scaffolds holds
‘live weight’, i.e. the people and materials on them.
Expressly, standard prefabricated scaffolds might be
used as the concrete support. Therefore, excessive ver-
tical load is also likely to act on prefabricated scaffolds.
The buckling modes of scaffolds are illustrated in Fig-
ure 1. They include member buckling, when each story
of the scaffold curves, and total buckling, when the
entire side of the scaffold curves (Mori, Y., Mae I. and
Kunimori M. 1962). The buckling load for total buck-
ling is smaller than that for member buckling because
the buckling length in total buckling is greater than that
in member buckling. Therefore, the member buckling
is stronger than the total buckling.

Recent studies (Mori, Y., Mae 1. and Kunimori M.
1962) confirm that buckling comes about mainly when
the stiffening member in the vertical frame is short-
ing. Therefore, total buckling happens when the shear
rigidity in the vertical frame is deficient.

On the other hand, the horizontal frame spans the
vertical frame. Shear rigidity of the vertical frame is
the influencing factor when scaffolds are buckling.
Therefore, it is thought that the shear rigidity of the
horizontal frame also influences the strength of scaf-
folds. However, a design method based on this new
knowledge was not examined.

In this study a buckling analysis of standard pre-
fabricated scaffolds was executed, using the shear
rigidity of the vertical and the horizontal frames as
parameters, to investigate the strength performance of
prefabricated scaffolds.
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The results of this study can be summarized as
follows:

1. When the junction between the scaffold and the
ground is pinned, as for a highest risk situation and
the scaffold is between 2 and 10 stories, we con-
clude that that the strength of the scaffold is decided
by the shear rigidity of the vertical and horizontal
frames of the lowest story of the scaffold, regardless
of the number of stories.

2. When the shear rigidity of the vertical frame £
is greater than k. of the following equation, i.e.
k.r < ks, the prefabricated scaffolds will experience
member buckling in spite of the shear rigidity of the
horizontal frame £j,.
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Member buckling will also occur in the case of
ker > ks, when the value of k;, is k., — ks(=ken)
or more.
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A proposal of hybrid structure with carbon steel and non-magnetic

steel for MAGLEV
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Recently, research and development of magneti-
cally levitated vehicle (MAGLEV) as a new high-
speed transportation system have been advanced. The
MAGLEV runs by repulsion between superconduc-
tive magnets on the vehicle and coils on the railway.
However, when ordinary steels are used for the girder
as the guide way, it is known that loss of energy
occurs by magnetically resistance force. Although the
non-magnetic steels need to be used, they are more
expensive than ordinary steels. Therefore, it was pro-
posed that the non-magnetic steels were used only
in the area where magnetism was generated and the
ordinary steels were used in the other area where
magnetism was not generated.

Assuming the hybrid structure assembled by the
non-magnetic steel (High manganese non-magnetic
steel: Hi-Mn steel) and the ordinary steel (SM490Y
steel: SM steel), a series of research has been carried
out. Young’s modulus of Hi-Mn steel is about 80% of
that of ordinary steel. Yield stress and tensile strength
of Hi-Mn steel are higher than those of SM steel. At
present, the mechanical behavior of the hybrid steel
structure assembled by dissimilar steels with different
Young’s moduli is not elucidated. Therefore, it is nec-
essary that the safety and reliability of the hybrid steel
structure is evaluated.

In this paper, in order to propose the hybrid struc-
tures assembled by Hi-Mn and SM steels for the guide
way of MAGLEYV, the structural characteristics and
mechanical behavior of hybrid steel I-girder assem-
bled by Hi-Mn and SM steels were elucidated based
on the results of the elastic-plastic large deformation
analysis. Moreover, the method for ensuring the struc-
tural performance of the hybrid girder the same as that
of the girder assembled by SM steel was investigated
from the viewpoint of the safety and reliability of the
girder.

The analysis was carried out on the following three
models, the girder with only SM steel (SM model),
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the girder with only Hi-Mn steel (Hi-Mn model) and
the hybrid girder with Hi-Mn and SM steels (Hybrid
model). Although the shapes of these girders were the
same, in the case of Hybrid model, the lower flange
and the lower side of web were SM steel, and the upper
flange, upper side of web and stiffeners were Hi-Mn
steel.

From the results of analysis, the yielding load and
ultimate load of Hybrid model were larger than those
of SM model because the yield stress and the tensile
strength of Hi-Mn steel were larger than those of SM
steel. It could be said that the high strength of Hi-
Mn steel was exploited in Hybrid model. However,
the bending stiffness of Hybrid model was lower than
that of SM model because Young’s modulus of Hi-Mn
steel was about 80% of that of SM steel.

In designing a hybrid structure assembled by dis-
similar steels, whose Young’s moduli and yield stress
were different from each other, to make the most of
merits of each material and to compensate their demer-
its with each other were natural demands. In order to
increase the bending stiffness of Hybrid model the
same as that of SM model, enlarging the length of
part with SM steel in the web of Hybrid model was
proposed. It would be more economical than enlarg-
ing the part with Hi-Mn steel because SM steel was
cheaper than Hi-Mn steel. And it would be effective
in increasing the stiffness of Hybrid model because
Young’s modulus of SM steel was larger than that of
Hi-Mn steel.

By enlarging 6% of the height of girder to the length
of part with SM steel in web, the bending stiffness
of Hybrid model was almost the same as that of SM
model. Moreover, the yielding load of Hybrid model
was 10% increased and the ultimate load of Hybrid
model was 21 % increased compared with those of
Hi-Mn model.
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Reduction of residual displacements of concrete columns by high strength

rebars
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1 ABSTRACT

Displacements and drifts are major concerns in the
seismic-performance design methodology. Moreover,
residual displacements are gradually getting higher
attention in performance based design. There are sev-
eral examples of damaged bridges that have lost their
serviceability and safety due to large residual displace-
ments of their piers (columns) after severe earthquake.
After 1995 Hyogo-ken Nanbu earthquake (Japan),
more than 100 reinforced concrete bridge columns
experienced a tilt angle of more than 1 degree (1.75%
drift). These columns had to be removed and new
columns built because of the difficulty of setting the
superstructure back to the original alignments and
levels (Kawashima, 2000). So, controlling the resid-
ual displacement of bridges would keep fundamental
infrastructures safe and functional. Even though seis-
mic codes ensure life safety for bridges, large residual
displacement after severe earthquake may make the
bridge useless. Reduction of residual displacement is
also necessary for minimizing the rehabilitation cost
and also maximizing the serviceability of bridges.
In this research, a new method will be proposed in
order to reduce the residual displacements of con-
crete columns as well as bridge’s piers. Several new
structures have been developed to reduce residual
displacements in which post-tensioning technique as
well as unbonded strands and rebars were essence of
these methods. Last innovative method for reduction
of residual displacements of concrete columns has
been developed by Mahin & Sakai (2004a, 2004b and
2006). They replaced some mild rebars of concrete
columns with a longitudinal post-tensioning tendon
at the center of columns section.In this paper, a new
method will be proposed to reduce residual displace-
ments by the use of High Strength Rebars (HSR).
This method is different from the most researched
method for reduction of residual displacement, i.e.,
post-tensioning technique. Some HSR will be replaced
or added to the column’s section as closed as possible to
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the center of columns. The optimized position and per-
centage of high strength rebar will also be determined
to minimize residual displacements. Result of analyses
revealed that this method can effectively reduce resid-
ual displacements. High strength rebars distributed
near the core of column section will give the column a
self-centering tendency. Simultaneously consideration
of cyclic and dynamic analyses indicates that the best
position for HSR is the center of the column section.
But, due to construction difficulties, radial distribution
of HSR in the radius of 25% radius of column section
was selected. Adding 40% area of mild reinforce-
ments as HSR to the concrete column will dissipate
adequate energy to restrict residual displacements in
acceptable range. Dynamic analyses indicated that
proposed method can reduce residual displacements
of RC column more than 50% that is comparable to
the previous innovative method in this field. Experi-
mental study on this method may enhance the gained
results and undoubtedly will show the real efficiency
of'this method for reduction of residual displacements.
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1 ABSTRACT

Surface roughness plays a fundamental role in the
analysis of bridge-vehicle dynamic interaction since it
represents one of the most important vibration sources
during the passage of vehicles over a bridge. In the
literature, the bridge structure is often treated as an
Euler-Bernoulli beam, while vehicles are modelled
as SDoF oscillators, moving with constant or vari-
able speed along the beam. Moreover, the roughness
is effectively represented as a zero-mean stationary
Gaussian random field, fully characterized by the
Power Spectral Density (PSD) function. As a result, the
dynamic response of the supporting beam in terms of
transverse deflections and internal forces turns out to
be described by time-dependent random fields, which
have to be characterized in a probabilistic sense. For
this purpose, Monte Carlo simulations are generally
resorted to, while just in a handful of papers alterna-
tive stochastic approaches have been investigated (see
e.g. Schenk & Bergman 2003; Muscolino et al. 2007).

The dynamic response of the oscillator-beam sys-
tem is usually obtained by applying the classical modal
analysis, based on a Conventional Series Expansion
(CSE) of the solution in terms of the eigenfunctions of
the undamped and unloaded supporting structure (see
e.g. Muscolino et al. 2008). The rate of convergence
of this technique is quite good as far as the beam’s
transverse displacements are of interest. On the con-
trary, when the evaluation of bending moment and
shear force is performed, the CSE converges poorly,
since higher order derivatives of the eigenfunctions
are required (Fryba 1999). To overcome this drawback,
correction methods have been recently proposed in a
deterministic setting (e.g. Pesterev & Bergman 2000;
Biondi & Muscolino 2005; Bilello et al. 2008).

In this paper, the problem of evaluating the second-
order statistics of internal forces in a simply supported
beam with random surface roughness crossed by a lin-
ear oscillator is tackled. In the context of the CSE,
the set of first-order ordinary differential equations,
with time-dependent coefficients, governing the
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second-order statistics of the oscillator-beam response
is derived and solved with an efficient step-by-step
procedure. In a second stage, a Quasi-Static (QS) cor-
rection term, consisting of a time-dependent random
field, is proposed in order to improve the convergence
of the CSE. This novel contribution is formulated by
extending the Mode Acceleration Method (MAM),
originally introduced by Williams (1945) for deter-
ministic problems. It is shown that the QS correction
term so obtained can be probabilistically characterized
starting from the second-order statistics of the CSE,
which makes the proposed technique computationally
very efficient. The accuracy is proved by the numerical
results presented and discussed in the paper.
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ABSTRACT

In the reliability analysis of a bridge structure, traf-
fic induced load effects are some of the most variable
parameters. Because of this, more accurate estima-
tion of the distributions of traffic load effect can
result in improvement in the accuracy of calculated
safety levels. Traditionally, an extreme value analysis
is performed using either the block maxima approach,
through the Generalized Extreme Value (GEV) dis-
tribution, or the peaks-over threshold approach, using
the Generalized Pareto Distribution (GPD). A recently
proposed model, the Box-Cox-GEV distribution (Bali
2003), which nests both the GEV and GPD models,
is used in this study. In this way, the data itself deter-
mines its domain of attraction, be it GEV or GPD.
In addition, the framework of composite distribution
statistics (CDS), recently presented by Caprani et al.
(2008) is used in conjunction with the Box-Cox-GEV
model. This framework allows for the different distri-
butions that result from different loading event types.
This combination of novel approaches is applied to
real traffic data for a range of bridge lengths and load
effects.

Weigh-in-motion data obtained from the A6 motor-
way, France, is used as the basis of a Monte Carlo
simulation of 1000 days of truck traffic. Daily max-
imum load effect data for different bridge lengths,
load effects, and loading event types is calculated.
Based on this data set, a conventional approach (syn-
thesized from the literature), a GEV-CDS model, and
a Box-Cox-GEV-CDS model are used to estimate
characteristic traffic load effect.

Application of the Box-Cox-GEV model shows that
the data lies strongly in the domain of attraction of the
GEV model for a large range of the thresholds consid-
ered. An optimum threshold and model parameter set
are identified. It is also shown that the Box-Cox-GEV
model provides stable estimates of characteristic load
effect for thresholds up to the sample mean. Through
likelihood ratio testing, it is shown that the GEV and
GPD models are strongly rejected in favor of the
Box-Cox-GEV model for almost all cases considered.

Value: 2266.29 Distance: 45.12 Time: 3145230
—

Figure 1. An example 4-truck loading event on a 2-span
40 m long bridge.

Comparison of the lifetime load effect predictions
from each of the stated methods is performed. It is
shown that, on average, the GEV-CDS model estimates
slightly lower load effect (-2.3%) than the conventional
method. Conversely, the Box-Cox-GEV model, within
the CDS framework, on average, estimates higher load
effect (+4.9%) than the conventional method.

An interesting critical combination of bridge length
and influence line shape was found for one considered
load effect. It was found that the lifetime value for
this load effect is sensitive to the tail behavior of the
distribution of load effect for 4-truck loading events;
an example is shown in Figure 1.

In summary, the combination of two recently pro-
posed methods, the Box-Cox-GEV and composite
distribution statistics approach, is shown to provide
further statistical information about bridge traffic
load eftect. In doing so, the influence that subjective
decision-making can have on the results is minimized.
The output from this proposed approach is readily
applicable to a full reliability analysis.
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ABSTRACT

Uncertainty of parameters in engineering design has
been modeled in different frameworks such as interval
analysis, fuzzy set and possibility theories, random set
theory and imprecise probability theory. The authors
of'this paper for many years have been developing new
imprecise reliability models and generalizing conven-
tional ones to imprecise probabilities. The theoretical
setup employed for this purpose is imprecise statistical
reasoning (Walley 1991), whose general framework is
provided by upper and lower previsions (expectations).
The appeal of this theory is its ability to capture both
aleatory (stochastic) and epistemic uncertainty and the
flexibility with which information can be represented.

The previous research of the authors related to
generalizing structural reliability models to imprecise
statistical measures is summarized in Utkin & Kozine
(2002) and Utkin (2004). The presupposed input
for the imprecise structural reliability models was
some probabilistic measures (precise or imprecise) of
strength and stress. While the accepted premises are
meaningful and practical in some applications, they
do not cover many other cases the reliability analyst
faces in practice. Often the above mentioned inputs do
not exist and the analyst has only some judgments or
measurements (observations) of values of stress and
strength. How to utilize this available information for
computing the structural reliability and what to do if
the number of judgments or measurements is very
small? Developing models enabling to answer these
two questions has been in the focus of the new research
the results of which are described in the paper.

In this paper we describe new models for com-
puting structural reliability based on measurements
of values of stress and strength and taking account
of the fact that the number of observations may be
rather small. The approach to developing the models is

based on using the imprecise Bayesian inference mod-
els (Walley 1996). These models provide a rich supply
of coherent imprecise inferences that are expressed
in terms of posterior upper and lower probabilities.
The probabilities are initially vacuous, reflecting prior
ignorance, become more precise as the number of
observations increase.

The new imprecise structural reliability models are
based on imprecise Bayesian inference and are impre-
cise Dirichlet, imprecise negative binomial, gamma-
exponential and normal models. The models are
applied to computing cautious structural reliability
measures when the number of events of interest or
observations is very small. The main feature of the
models is that prior ignorance is not modeled by a
fixed single prior distribution, but by a class of priors
which is defined by upper and lower probabilities that
can converge as statistical data accumulate. Numeri-
cal examples illustrate some features of the proposed
approach.
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Fuzzy extensions in state-space filtering — Some applications in geodesy
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ABSTRACT

State-space filtering is an important task in many
engineering disciplines. A typical example of a state-
space filter is the recursive Kalman filter (KF). As it
is widely used in the applications, it will be mainly
considered in this paper. The KF combines in an opti-
mal way intrinsic information on a system which is
described by a set of linear differential equations and
additional information based on measurements of the
system state. It allows to predict future or unobserv-
able system states and to estimate system parameters
which are not or only weakly determined (adaptive
filtering). Conventionally, the related uncertainty is
assessed in a stochastic framework: measurement and
system errors are modeled using random variables
or stochastic processes, respectively. However, as this
approach neglects all components of the uncertainty
budget which are due to non-stochastic effects the
reported uncertainty measures are too optimistic. For
a more adequate representation and quantification a
more general formulation is required.

In this study, the KF is extended with respect to
imprecision which is due to insufficient knowledge
about model and measurements. It is based on a pre-
vious study where imprecise quantities are modeled
as fuzzy intervals with a random mean point which
reflect the epistemic type of uncertainty. The respec-
tive fuzzy extension of the KF is rigorously based
on Zadeh'’s extension principle. This previous work is
now extended with respect to mainly two items: (i)
the extension to adaptive filtering in order to estimate
unobservable system parameters within the filtering
process, and (ii) studies on the improvement of the
efficiency of the numerical computations. Item (i)
addresses in particular the uncertainty of the esti-
mated system parameters in the frame of an extended
uncertainty budget taking the uncertainty of the prior
information on such parameters into account. Item (ii)
is concerned with the fact that recursive operations on
fuzzy intervals are tending to significantly overesti-
mate the spread of the actual fuzzy results. In order to
prevent this effect, the recursive formulation of the KF
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Figure 1. Standard deviations (left) and imprecision (inter-
val radii) of the parameters determined by adaptive filtering.

has been resolved in the previous work; this yields a
time-consuming algorithm.

Two relevant applications in geodesy are presented
and discussed with respect to the extended methodol-
ogy for the first time. In both cases the respective mod-
eling of uncertainty and the use of the KF technique
are shown. The first application is concerned with
the geodetic monitoring of control processes based on
positioning devices. The focus is put on the numerical
efficiency of the extended filter algorithms. Structural
monitoring with geodetic techniques is considered in
a simplified scenario as a second application. In this
case material constants are introduced as uncertain
system parameters which are estimated adaptively (see
Figure 1).
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ABSTRACT

This paper presents a distribution-free procedure for
estimating the quantile function (QF) of a non-negative
random variable using the principle of entropy sub-
ject to constraints specified in terms of integer or
fractional probability weighted moments estimated
from complete or censored sample data. When the
prior distribution is uniform, principle of minimum
cross-entropy (CrossEnt) reduces to the principle of
maximum entropy (MaxEnt).

The estimation of extreme quantiles corresponding
to small probabilities of exceedance (POE) is com-
monly encountered in the risk analysis of engineering
systems. Although the entropy approach leads to the
most unbiased distribution, the main problem remains
the accurate estimation of moments from limited data.
The estimates of higher order moments (order > 2)
from small samples (size less than 50) tend to be highly
biased. The entropy distribution derived from poor
moment estimates would lead to inaccurate quantile
values. This difficulty can be circumvented by using
the probability weightd moments (PWM) in place of
ordinary moments.

We would compare the performances of the quan-
tile function estimation procedure based on fractional
PWMs (FPWM) with those based on classical integer
PWMs (IPWM). Meanwhile, we compare the perfor-
mances of the principle of maximum entropy and the
principle of minimum cross entropy.

Two example distributions are considered to evalu-
ate the performance of the proposed method: Gener-
alized Pareto distribution and Weibull distribution. A
practical example was presented to estimate a quan-
tile corresponding to 99.9% probability. The results
show that PPWM based CrossEnt quantile function
results considerable accurate estimates under different
censoring thresholds.

Examples are presented for illustration. Conclu-
sions can be made from Figure 1 that the accuracy
of the FPWMs based quantile function is superior to
that estimated from the use of conventional [IPWMs.

30 T
.......... ME-I3
25 ME-I5
— Exact

3

=
]
5
=

- === CE5

E 15 ME-F1

& ME-F3
10}

Probability of Exceedence

Figure 1. Approximation of Pareto distribution tail region
by IPWM/FPWM based MaxEnt/CrossEnt QFs.

[Note: Symbols CE-lk (or CE-Fk) (k=1,2, ...) represent
the k™ order IPWM (or FPWM) solution of CrossEnt QF.
ME-Ik (or CE-Fk) means IPWM/FPWM based MaxEnt QF.
eg, CE-I3 is the tail function using the first three [PWMs.]

A properly-selected prior distribution in the entropy
principle would play a positive role in estimation of
quantile function.
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ABSTRACT

In science, engineering and many other areas of study,
quantitative problems are solved using mathematical
models, which are cast in deterministic form, yielding
closed form solutions or at least numerical solutions.
In many real cases uncertainty may be due to the
complex nature of the problem, such as the stress dis-
tribution in a component of complex geometry or the
flow pattern around a bluff body in a fluid with com-
plex rheological properties. These are not uncertainties
of a statistical nature and the corresponding concept
is of possibility rather than probability. In some cases
the uncertainty raises because of having lack of knowl-
edge and information. Then, Fuzzy System, generating
data and dealing with vague information, has been in
the attention of many researchers. This concept can be
successfully applied to various environmental issues,
e.g. health risk assessment, flood control, soil ero-
sion, water resource management, aquifer pollution,
wetland design, soil pollution, biogas generation and
transport in landfill.

This paper focus on uncertainty problems observed
during soil remediation processes, particularly when
soil is contaminated with heavy metals having an
important impact on health of inhabitants. Assessing
the mobility (fate) of heavy metals within contami-
nated sites is a key constituent of prioritizing contami-
nant sites for remediation (or other purposes). For this
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reason, characteristics of the soil, specifically those
related to sorption of heavy metals ought to be well
studied; therefore, every individual function involved
in the fate of heavy metals in soil has to be selected.
The effect of all of these parameters can be aggre-
gated together. The major objective of this research was
introducing a new methodology for designing models
suitable for decision-making in environmental man-
agement. Subsequently, the hierarchical fuzzy model
approach was applied in this study. For the assessment
and identification of soils vulnerable to heavy metals,
fate of metals, attenuation of metals, or mobility of
metals a hierarchical fuzzy inference system (HFIS)
was developed.

In this tool, soil parameters involved in natural
attenuation (sorption) of heavy metals were selected
(pH, CEC, SSA, Clay content, OM, and Moisture). The
selected parameters were introduced to a hierarchical
fuzzy inference system in order to rank the vulner-
able area in the topsoil. An investigation for finding
a solution technique to predict the sorption potential
in the soil was performed, and subsequently, a fuzzy
inference engine HFIS was designed. The developed
model was validated by studying different case studies

The designed model is suitable for decision-making
in environmental management, particularly where the
development of brownfields presents a common chal-
lenge for municipal and provincial (states) authorities.
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ABSTRACT

Actually, structural engineers are increasingly con-
fronted with the task to design structures, which ensure
beside high reliability and safety levels during their
life-cycle also a robust performance. This evolves due
to the occurrence of unforeseen impacts, e.g., haz-
ardous environmental conditions or terrorism. While
the terms reliability and safety level are well-defined,
an overall mathematical definition of the linguistic
well-known term of “robust structures” is missing so
far. The proposed approach based on (Beer & Lieb-
scher 2008) contributes to the discussion how to quan-
tify robustness in order to compare different structural
designs. Thereby, robustness is assessed according to
the definition offered by (Taguchi et al. 2004) which is
enhanced to consider generalized uncertainty models
and different uncertain structural processes.

The proposed robustness assessment approach
bases on a time-dependent reliability analysis of
structures under consideration of stochastic and non-
stochastic uncertainty. In order to incorporate both
stochastic and non-stochastic uncertainty the general-
ized uncertainty model fuzzy randomness is adopted.
Consequently, the reliability analysis results in a time-
dependent fuzzy failure probability, see (Sickert et
al. 2005). This fuzzy function may be discretized in
a set of fuzzy quantities associated with crisp time
points. For selected time points the robustness is com-
puted. Therefore a robustness measure is introduced,
which considers different approaches of robustness as
a unity. Thus, the robustness measure evaluates con-
sequences of uncertainty as well as variations in the
load and alteration process on the structural responses.
Thereby, the robustness assessment requires measur-
ing the uncertainty of quantities. Measures for uncer-
tainty of random and fuzzy quantities are known, e.g.
in (Wu & Mendel 2007). They are introduced for the
application in robustness assessment and evaluated by
way of examples. Additionally, advanced measures to
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specify fuzzy random quantities are proposed and also
introduced in robustness assessment.

Beside measuring robustness by itself here the inter-
est is focused implicit on designing robust structures
under consideration of the generalized uncertainty
model fuzzy randomness. The aim is to reduce the
uncertainty of result quantities and extend the safety
margins in order to become independent to the uncer-
tainty of input quantities to a large extent as well as
to capture extreme events. Thereby, reliability analy-
sis is repeatedly performed considering selected stress
processes in order to determine a robust structure in
the sense that the structure will resist a high num-
ber of different — also extreme — load and alteration
processes. The introduced measure is applied by way
of examples. Thereby the focus is set on engineer-
ing applications such as RC folded plate structures
under consideration of the governing nonlinearities
and uncertainties. The robustness measure may be also
utilized to compare different designs in the framework
of a robustness-based optimization.

REFERENCES

Beer, M. & Liebscher, M. (2008). Designing robust
structures — a nonlinear simulation based approach. Com-
puters & Structures 86, 1102—1122.

Sickert, J.-U., Graf, W. & Reuter, U. (2005). Application
of fuzzy randomness to time-dependent reliability. In
G. Augusti, G. Schuéller & M. Ciampoli (Eds.), Safety
and Reliability of Engineering Systems and Structures
Proceedings of the 9th Int. Conference on Structural
Safety and Reliability, ICOSSAR’05, Rome, Rotterdam,
pp. 1709-1716. Millpress. CD-ROM, Doc. MS0702.

Taguchi, G., Chowdhury, S. & Wu, Y. (2004). Taguchi’s
Quality Engineering Handbook. New York: Wiley.

Wu, D. & Mendel, J. M. (2007). Uncertainty measures
for interval type-2 fuzzy sets. Information Science 177,
5378-5393.



Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

Uncertainty modelling and sensitivity analysis of tunnel face stability

W. Fellin & A. Kirsch

University of Innsbruck, Unit of Geotechnical and Tunnel Engineering, Innsbruck, Austria

J. King

Austrian Academy of Sciences, Breath Research Unit, Dornbirn, Austria

M. Oberguggenberger

University of Innsbruck, Unit of Engineering Mathematics, Innsbruck, Austria

An important issue in the construction of shallow
tunnels, especially in weak ground conditions, is the
tunnel face stability. It has been a topic of research
until the present day to predict the necessary support
pressures for shield tunnelling. A variety of theoret-
ical and numerical models have been proposed. In
this paper, we use laboratory experiments performed
at the University of Innsbruck combined with mod-
ern methods of uncertainty and sensitivity analysis for
assessing adequacy, predictive power and robustness
of the models.

The laboratory experiments were performed with
various types of sand in a box with a piston moving ina
horizontal cylinder. The experimental record consisted
in a sample of force-displacement curves, the onset
of a nearly horizontal plateau defining the necessary
support pressure.

The principal aim of this research was to validate
and compare the predictions of theoretical and numer-
ical models with the experimental results, among
them variations of the Horn model, the Ruse-Vermeer
model, the Kolymbas model, and a Finite Element
model based on the Mohr-Coulomb law.

Robustness and adequacy of the models can be best
understood by means of sensitivity analysis. When
combining experimental data and theoretical models,
sampling based sensitivity analysis — with its recently
developed powerful statistical indicators — suggests
itself as a suitable approach.

In the models under scrutiny, the output parame-
ter was the necessary support pressure py. The input
(soil) parameters possessing the largest degree of ran-
dom variability were identified as the actual void ratio
e and the loose and dense state void ratios ¢ and eq,
respectively. All these parameters were estimated in
small-scale laboratory experiments. Another impor-
tant model parameter is the friction angle ¢ of the
soil. This parameter is estimated by means of a lin-
ear model ¢ = By + P11, with the relative density I,
(which in turn is a function of e, ¢; and eq4). In order
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to assess the influence of the regression coefficients
Bo, B1 on the output py, we needed to determine their
statistical distribution. We achieved this by means of
the so-called resampling technique, producing a large
bootstrap sample of the experimental data and thereby
simulating the joint distribution of By and B;. We
believe that this is a novel method for obtaining joint
distributions —including correlations — of geotechnical
data.

As an application of the statistical data model, we
could assess the ranges of the output parameter py
by means of the First-Order-Second-Moment-Method
and compare them with the experimental results. The
model with the best fit was then scrutinized fur-
ther: we calculated the sensitivities of the output p,
with respect to the five input parameters described
above. Here we used Monte Carlo simulation based on
the input distributions obtained before. Going beyond
the rather crude picture obtained by scatterplots, we
computed stronger statistical measures of sensitivity,
such as partial correlation coefficients. These indica-
tors are designed so as to remove hidden influences
of co-variates. This method lends itself to a further
application of resampling, allowing to determine the
statistical significance of the resulting sensitivities.

Further, we demonstrate that this approach is appli-
cable even in computationally expensive Finite Ele-
ment calculations.

The basis for this presentation is formed by the
investigations of (Kirsch 2008), and the methods
developed in (Oberguggenberger et al. 2009).

REFERENCES

Kirsch, A. 2008. On the face stability of shallow tunnels.
Ph.D. thesis, University of Innsbruck.

Oberguggenberger, M., King, J. & Schmelzer, B. 2009.
Classical and imprecise probability methods for sensitiv-
ity analysis in engineering: A case study. International
Journal of Approximate Reasoning, 50: 680—693.



Mini-Symposia (MS13) Smart Structural Health Monitoring

and Safety Assessments
[Session Organized on Behalf of IASSAR Subcommittee SC4]






Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

Hybrid health monitoring of PSC girder bridges using

MEMs-based smart sensors

J.H. Park, D.S. Hong & J.T. Kim
Pukyong National University, Busan, Korea

C.B. Yun

Korea Advanced Institute of Science and Technology, Daejeon, Korea

ABSTRACT

In PSC girder bridges, the compressive prestress
makes more economical use of the concrete by allow-
ing all of the concrete section to play some part
in supporting external loadings. For the PSC girder
bridge, the prestress force of tendon and the flexural
stiffness of concrete girder are two important parame-
ters that should be secured for its serviceability and
safety against external loadings and environmental
conditions.

However, although a proper monitoring system is
installed in a PSC bridge, the following problems still
remain to be solved: (1) the costs associated with
installation and upkeep of monitoring systems, which
employ wires for the transfer of measurements to
a centralized data server, can be high and (2) data
repositories with high capacity is needed for future
engineering analysis. In order to overcome these prob-
lems, many wireless monitoring systems have been
developed.

In this study, a MEMs-based smart sensor is devel-
oped for autonomous SHM of PSC girder bridges.
Figure 2 shows the schematic of the serial opera-
tion scheme for the hybrid SHM in structures. The
basic idea of the serial operating scheme is that the
global SHM methods using acceleration-based smart
sensor node (Acc-SSN) are used for monitoring dam-
age occurrence in global structure level and, as a
subsequent operation, the local SHM methods using
impedance-based smart sensor node (Imp-SSN) are
used for classifying damage types in local member
level. Finally, the performance of the developed sys-
tem and commercial systems is evaluated using a PSC
girder model as shown in Figure 1 and Figure 3.
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Figure 1. Experimental setup for PSC girder.
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ABSTRACT

This study intends to investigate the feasibility of
modal identification of a short span bridge by means
of a multivariate autoregressive model that provides
information relating to natural frequencies, damping
constants.

Modal identification of bridge structures based on
the system output such as vibration data of bridges
is one of the important methods for model updat-
ing and bridge health monitoring (Doebling et al,
1996). Ambient vibrations induced by traffic and wind
thus have been adopted as dynamic data for long
span bridges. For short and medium span bridges,
which are insensitive (or sometimes impassive) to
the wind-induced vibration, normal traffic excitations
are important dynamic sources (Kim and Kawatani,
2009). However, the traffic-induced vibration is a kind
of nonstationary process (Kim and Kawatani, 2008)
that becomes stronger with decreasing span length.
Field experiments report that the dominant frequency
of the wheel load of heavy vehicle, which is a major
dynamic source for the short and medium span bridges
and affects dynamic responses of the bridges, scat-
ters near the first bending frequency of those short
and medium span bridges. This is one of the reasons
why limit amount of study on the modal identifica-
tion of short and medium bridges using traffic-induced
ambient vibration is reported.

An experiment is performed at a steel plate girder
bridge before and after repairing to investigate feasibil-
ity of this method in case of traffic-induced vibration
of the bridge which is repaired. Examples of pattern
change of identified frequencies and damping con-
stants according to repairing by the AR model are
shown in Figure 1. Observations demonstrate that the
dominant frequency is well identified by the AR model
in comparing with those from Fast Fourier Transform
which gives dominant frequencies of 4.09Hz, 12.54Hz
and 21.48 Hzrespectively for the first, second and third
modes. On the other hand, estimated damping con-
stants have large variance. After repairing, dominant
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Figure 1. Estimated frequencies and damping constants by
the AR model.

frequencies are dropped in comparison with before
repairing. Comparing the identification results, for
example, between before repairing and after repair-
ing such as pattern change of identified parameters
encourages the use of the method for long term health
monitoring even for short span bridges.
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ABSTRACT

Wireless sensors have evolved into a viable alterna-
tive to traditional tethered sensors. The advantages
offered by wireless sensors are their low costs and
easy installation. Especially for large structures, such
as long-span bridges, elimination of wiring represents
a significant cost-savings. Another advantage wireless
sensors enjoy over tethered sensors is their ability to be
easily reconfigured. In particular, system reconfigura-
tion is attractive for short-term dynamic testing where
a small set of sensors can be repeatedly employed in
different installation locations.

In this study, a rapid-to-deploy wireless monitoring
system is utilized to monitor the vibration response of
the 180 meter long Yeondae Bridge. The bridge con-
sists of a steel box girder section that continuously

spans across five supports. Using 20 wireless sensors
with MEMS accelerometers interfaced, the wireless
monitoring system is installed to measure the bridge
response to truck traffic. The elimination of wiring
allows the wireless monitoring system to be recon-
figured at will. The monitoring system sensors are
installed using three different spatial configurations so
that the acceleration response of the bridge can be mea-
sured at 50 sensor locations evenly distributed across
the bridge length. Using traditional off-line output-
only modal identification techniques, i.e. frequency
domain decomposition (FDD), mode shapes were suc-
cessfully obtained by combining acceleration data
collected from the three system topologies. Mode
shapes are compared to those predicted by a finite
element model of the Yeondae Bridge with excellent
agreement found.

Figure 1.
and 3.337Hz.
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Yeondae Bridge: (a) perspective view, (b) forced vibration testing, and (c) extracted modes at 2.246 Hz, 2.637 Hz,
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ABSTRACT 220 \
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their computational and wireless communication & 20 l
capabilities. Though smart sensor technology has seen < 9

substantial advances during recent years, fundamental Time (s)
functionalities for structural monitoring such as syn-
chronized sensing and reliable communication have
just begun to be provided as middleware services 1 8

(Nagayama et al 2009). o a Egra ;rﬂgl:;e |

Utilizing these middleware services, two struc-

Figure 2. Vertical acceleration response.

tural monitoring systems are proposed. Both sys- o

tems employ distributed processing of synchronously

obtained vibration data. The size of data collected in o

dense smart sensor networks is substantial and there- . B 8

fore central data processing systems are not scalable to Pier1 Pier2f

a large number of sensors. The systems are designed to
handle structural vibration data in a decentralized man- ~ Figure 3. 2nd vertical modeshape.
ner. Information from sensors in the neighborhood is
utilized in data processing while sensors far away from
each other do not need to communicate. In the first
system, smart sensors form sensor clusters to mon-
itor structural vibration. Each cluster autonomously
measures and analyzes random vibration to detect
damage in a distributed and collaborative manner.
(Gao & Spencer 2008; Nagayama & Spencer 2007).
In the second system, smart sensors measure rail-
way bridge vibrations based on train schedule. Smart ~ REFERENCES
sensors then extract vibration responses correspond-
ing to train passages and apply data processing. The

directions (Figure 2). Offline analyses of the collected
data reveal modal properties of the vibration includ-
ing modeshapes (Figure 3). To advance the capability
to capture dynamic behaviors, efforts are being made
to improve software stability and integrate multihop
communication into some of command transfer tasks
and time synchronization.
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ABSTRACT

For monitoring of railway structures, optical fiber sen-
sors are very convenient. The fiber sensors are very
small and do not disturb the structural properties.
They also have several merits such as electro-magnetic
immunity, long signal transmission, good accuracy
and multiplicity of one sensor line. Strain measure-
ment technologies with fiber optic sensors have been
investigated as a part of smart structure. In this paper,
we investigated the possibilities of fiber optic sensor
application to the monitoring of railway structures.
Fiber optic sensors showed good durability and long
term stability for continuous monitoring of the railway
structures as well as good response to the structural
behaviors during construction.

In Won-hyo Tunnel KTX 13-4 construction site, the
automatic measurement was enforced with the FBG
sensors at total 13 sections. Figure 1 showed the instal-
lation areas of FBG sensors on the ending point of
the tunnel. Basically, it was designed to be installed
on each 30 m distance. However, 15m distance on
the entrance area which could be weak of safety, and
observed the changes of diameter of the tunnel.

During two months after the installation of sensors,
the displacement change relatively showed a lot; how-
ever, after that during about six month, the change was
almost not shown. After 14 February 2007, it showed a
sharp displacement change. Therefore, we can conjec-
ture that after section 378 km 310 lower part digging
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Figure 1. Installation Area of FBG Sensor at KTX 13-4
Construction Site.

Figure 2. Section 378km 310 Upper Part Displacement
Change Measurement Data.

was started at 14 February 2007, the displacement
change was occurred on the upper part of the tunnel.

The point of sharp displacement change occur time
shows different between the locations of the measure-
ment, such as Figure 2. This could be explained as the
result of the construction, which was processed sepa-
rately as two pieces from the middle point of the tunnel.
After the digging of the lower part, and after the stabi-
lization of the tunnel, sharp displacement change was
no longer shown.

This measurement process was continued as a very
difficult situation which was performed during con-
struction; however, many sensors are showing good
data from the beginning to the end. Compare with
the measured data of originally installed electronic
sensors in the tunnel or subway construction, this mea-
sured data from fiber optic sensors have a remarkable
reliability.
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Stochastic simulation of local elasto-plastic properties

of composite materials

L. Graham-Brady & K. Acton
Johns Hopkins University, MD, USA

ABSTRACT

Homogenization methods are often a useful tool for
addressing random composite materials, as they pro-
vide a simplified yet physically relevant representa-
tion of the material microstructure. Homogenization
methods applied at the macro-scale provide average
constitutive properties, thereby obscuring effects that
appear locally in the materials, including stress con-
centrations. These local effects may be especially
important when analyzing nonlinear material behavior
such as plasticity, in which local yielding may pro-
vide the mechanism for initiation of material failure.
Meso-scale homogenization provides an intermediate
solution by allowing for local variations in constitutive
properties. Using this technique, some local effects are
retained, while taking advantage of the simplifications
provided by homogenization. This work examines
plastic behavior in composites using meso-scale mod-
eling, specifically, the moving window Generalized
Method of Cells (GMC).

Former research by the co-authors has investi-
gated the optimal level of smoothing (i.e., the optimal
window size) to be applied to pixelized two-phase
microstructures with a range of contrast ratios of elas-
tic constants and yield stresses. This model was based
on a comparison with an analytical model of a single
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fiber in an infinite matrix under hydrostatic loading.
Having chosen the optimal level of smoothing for a
given material, the model is expanded here from a sin-
gle inclusion model to a 2D plane strain model which
includes a random scattering of circular inclusions;
this can be considered to model a transverse section of
a fibrous composite. In the current work, a comparison
is made between a two-phase finite element model of
the material with an irregular mesh, and a windowed
finite element model of the material with a regular,
pixelized mesh.

The elastoplastic properties obtained using the
moving-window approach described above provides
samples that serve as the basis of stochastic simu-
lation. By calculating the statistics that describe the
randomly varying elastoplastic properties, it is then
straightforward to apply stochastic simulation tech-
niques to generate further samples of these properties.
The simulated properties are used as input to finite
element analyses to measure variability in such quan-
tities as the global stress that leads to initiation of
plastic strains and the area fraction of yielded material
at given global stress levels. These quantities can be
viewed as some measure of material reliability, since
they are a reflection of the damage levels that vary
between different samples of a nominally identical
material.
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Analysis of the value of information in the design of resilient water

distribution networks

M. Comboul & R. Ghanem
University of Southern California, Los Angeles, CA, USA

ABSTRACT

Water distribution networks are centralized around
urban areas, which are major consumption sites. Unno-
ticed, the pollution of a municipal drinking system
with harmful chemicals could have a catastrophic
impact on public health. It is crucial to anticipate the
potential contamination of a water system whether
in the form of an accidental infiltration of pollution
due to an aging/damaged system or an intentional
release of chemical or biological agent. Water net-
works should be monitored accordingly to prevent a
contaminant from spreading undetected. However, in
a large water distribution network, the system scale
and budget constraints usually prohibit the monitoring
of the entire structure so where should it be observed
to guarantee rapid threat detection? The optimal sen-
sor placement problem in water distribution networks
constrained on the budget or the number of sensors
has been abundantly undertaken in the past. Primarily,
the difficulty comes from the absence of information
about the potential contamination events. The nature
of the pollution we want to apprehend can take many
forms in terms of source of injection, type of con-
taminant, and instance of occurrence, the impact of
which is closely correlated with the flow pattern and
the water demands. In fact, two identical chemicals
injected at the same source but at different times or
dates will likely generate distinct impacts given that
the flow patterns driving the pollution spread and the
water demands will change. The water demands, which
drive the flow pattern, fluctuate in time depending
on the time of the day, the day of the week and the
season; they reflect the spatial distribution of the popu-
lation. Small perturbations in the nodal demand values
can extensively modify the flow pattern, thus it may
be unfeasible to identify all possible flow patterns.

Yet, current literature on the subject for the most
part ignores those effects and assumes deterministic
demands.

The objective of this study is to find an optimal
sensor layout that is robust to unforeseen fluctua-
tions in the nodal demands as well as the possible
sensor failures. The EPANET object library allowed
us to build an efficient Monte Carlo simulation tool
for the study of water network responses to uncer-
tainty in the demand parameters and contamination
scenarios. For each demand realization, we perform a
hydraulic simulation and for each contamination sce-
nario we perform a water quality simulation. Finally,
the expected damage reduction over all demand pat-
terns and all scenarios is maximized over all possible
sensor placements. For our optimization formula-
tion, we built on the paper by (1) and introduced
uncertainty in the demands and an imperfect sensor
probability of detection that is proportional to the
contaminant concentration at the time it reaches the
sensor. The fast greedy algorithm developed in (1)
allowed us to find a near-optimal solution in a rea-
sonable amount of time. The comparison of the differ-
ent outcomes obtained using deterministic/stochastic
demands and perfect/imperfect sensors demonstrate
the high affectibility of the resulting sensor placement
in relationship to those initial assumptions.
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Integrated approach to assess the impact of tsunami disaster
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Disaster Control Research Center, Graduate School of Engineering, Tohoku University, Japan

Masashi Matsuoka

National Institute of Advanced Industrial Science and Technology, Japan

ABSTRACT

A research project is underway by the support of
Industrial Technology Research Grant Program of
New Energy and Industrial Technology Development
Organization (NEDO), to assess the impact of major
tsunami disaster in the aftermath of the event. The
authors propose a research framework in developing a
method to search and detect the impact of tsunami
disaster by integrating numerical modeling, remote
sensing and GIS technologies, which consist of four
damage mapping efforts, i) Regional hazard/damage
mapping effort to search the potential impacted region,
ii) Damage estimation effort using the numerical mod-
eling of tsunami inundation and fragility function
for structural damage, iii) Regional damage detec-
tion effort using SAR imagery, iv) Local damage
mapping effort using the analysis of high-resolution

optical satellite imagery to detect the extent of tsunami
inundation zone and the structural damage.

The method is implemented to the recent tsunami
event, the 2007 Solomon Islands earthquake tsunami,
to identify the structural damage probabilities within
the inundation zone, combined with the post-tsunami
survey data.

The development of the present method is now
underway in developing automatic damage detection
algorithms, the real-time tsunami inundation mod-
eling, building house/structure inventory database,
and high-resolution merged bathymetry-topography
data. Especially, the global deployment of develop-
ing fragility functions including damage mapping with
satellite imagery is one of the most significant issues.
Also, another significant barrier to overcome is devel-
oping the database of high-resolution bathymetry and
topography grid in world-wide scale.
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Figure 1. Structure of the present study.
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An evaluation method of tsunami vulnerability in metropolitan area
considering the functionality of coastal facilities
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ABSTRACT

Pacific coast of southwest Japan is under the threat
of extensive disaster due to the great earthquake and
tsunami that are supposed to occur along the Nankai
Trough within next 30 years. As tsunami disaster pre-
paredness and mitigation effort, local governments
are maintaining coastal facilities, such as seawalls
and land locks. And they are also preparing emer-
gency response systems to operate and utilize these
facilities. Especially in Osaka, more than 400 gates
in 60 km-length of seawall are in operation and are
supposed to be closed prior to the tsunami arrival
(within 90 minutes). The maintenance and operation
of these facilities are important requisites to reduce
damage and loss. However, the problems are how to
manage a large number of facilities in advance under
the limited budget, and how to control them at emer-
gency. To protect coastal communities from tsunami,
the integrations of ‘hardware’ and ‘software’ aspects
of tsunami countermeasures are required as a tsunami
disaster reduction system. Because of the unexpected
damage on the facilities, the feasibility of these coun-
termeasures has great uncertainty. And it makes the
establishment of tsunami disaster mitigation strategy
difficult. Failure of countermeasures will occur if there
are physical damages in facilities due to earthquake,
or there are malfunction of emergency operation due
to the difficulties to assemble operators.

Focusing on the uncertainties in operation of clos-
ing large number of gates, we developed a method to
evaluate the vulnerability of the waterfront of Osaka
and to evaluate the effect of improvement of facilities.
The uncertainty in the failure of gate-closing operation
consists of the probabilities if the gates are physically
damaged by strong ground motion and if emergency
personnel are able to operate the gate. Using these
probabilities, we carry out Monte Carlo simulation to
generate possible status of all the gates as a result of
emergency gate closing operation. Then we executed
the analysis of tsunami inundation flow from open
gates. Through this procedure, we calculated the prob-
ability distribution and probability of non-exceedance
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Figure 2. The expected loss reduction ratio by improving
each gate facility shows the priority of investment.

curve regarding to the total water volume of tsunami
inundation flow as shown in Figure 1. By setting the
acceptable total water volume, we can know the current
condition from the probability of non-exceedance. If
we define the result of investment in improving coastal
facilities as the change of the uncertainties, we can
evaluate the effect of the improvement.

Furthermore, as an application of this method, we
discussed how to prioritize the improvement of gates
using the sensitivity analysis of expected extent of
inundation area and expected loss (e.g. Figure 2).
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Seismic performance simulation of water systems considering
uncertainties in ground motions and pipeline damages

G.-Y. Liu & H.-Y. Hung

National Center for Research on Earthquake Engineering, Taipei, Taiwan

ABSTRACT

Water systems are one of the most essential infrastruc-
tures in modern societies. The disruption of water sup-
ply following earthquakes may cause serious incon-
venience to the daily life of people in the disastrous
areas. Medical caring, sanitation, fire-fighting and so
forth may be seriously affected, too. In this study,
a technology for the assessment of seismic perfor-
mance of water pipe networks has been developed
based on earthquake scenario simulation and pipe flow
hydraulic analysis. Figure 1 depicts the flow chart of
the proposed assessment procedure. The pipe damage
model summarized by Shi and Wang (Shi 2006, Wang
2006) was adopted. This model includes pipe break
and various types of pipe leaks, and the probability that
each will occur in various pipe materials, and also the
hydraulic models and parameters for each type of pipe
damage (Figure 2). The software EPANET (Rossman
2000) was employed the water network hydraulic anal-
ysis. The proposed assessment technology is capable
of dealing with uncertainties raised from either the
strong motion attenuation or the pipe repair rate.

The water system of Taipei metropolitan area (Fig-
ure 3) has been employed as a test bed for case study.
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Figure 1.
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Figure 2. Pipe damage
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Figure 3. Taipei water
system.

Figure 4. Assessment
results.

The system serviceability following earthquakes has
been quantified (Figure 4, of an M7.5 event related
to the Hsincheng fault). It seems that the network
characteristics rather than other factors have a pre-
dominant effect on a system’s seismic performance.
The influence of uncertainties in strong motion atten-
uation and pipe repair rate has been investigated. They
were preliminarily found of little or no influence to
the assessment results. Also, there is no clear tendency
that these uncertainties will affect the speed of conver-
gence. Further investigations to bridge the behavior of
system performance and network complexity for water
and other lifeline systems are highly recommended.
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Enhancement of sustainability of nonstructural systems

in critical facilities

S. Ray Chaudhuri & M. Shinozuka

Department of Civil and Environmental Engineering, University of California, Irvine, CA, USA

ABSTRACT

In a severe earthquake event, critical facilities are
expected to remain operational. This is because facili-
ties such as acute care hospital must assist the seismi-
cally injured and otherwise traumatized people with
immediate medical attention and necessary care. For
these facilities to remain operational, not only their
building structures must remain safe for continued
occupancy, but also their non-structural components
including elevators, stairs, HVAC systems, sprinklers
and other fire suppression systems, communications
and utility systems, as well as a variety of equip-
ment, must remain functional. Significant studies have
been made to seismically upgrade and retrofit the
non-structural components in these critical facilities.
However, there are no definitive codes, regulations
and guidelines developed as yet that take into con-
sideration their design, manufacturing, qualification
test, installment, operation and maintenance from the
system performance point of view. A number of stud-
ies separately dealt with some of these issues without
significantly recognizing the systems aspect.

The present study explores the system aspect and
demonstrates systems analysis for the ultimate pur-
pose of the development of a framework for design
codes and guidelines for non-structural components
in order to enhance sustainability of nonstructural
systems in critical facilities. Without such recogni-
tion, codes and guidelines may be developed for each
type of non-structural components, as often observed
so far, implicitly allowing them to be designed at
a specific risk level of seismically induced failure
or malfunction. The probabilistic systems analysis
involves development of component fragility (devel-
oped based on observed and experimental data or
analytical simulations coupled with engineering judg-
ments) and in principle utilizes event and fault tree
procedures to evaluate the system fragility defined
by the probability that the system will not perform
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Figure 1. Fragility of hospital before and after retrofit.

its intended purpose (Shinozuka et al. 2000). Finally,
enhancement of sustainability by improving perfor-
mance of nonstructural components is demonstrated
by using numerical model of a representative hospital
building, a suit of ground motions of different hazard
levels, and utilizing the concept of average sensitiv-
ity index. Figure 1 shows the over fragility curve for
the hospital before and after retrofit. Here, in order to
enhance sustainability of hospital, it is assumed that
the median values of few critical components of water
and electric power systems identified through sensitiv-
ity analysis and HVAC are increased by 100% using
innovative retrofit methods. One can observe that by
retrofitting only few components, significant overall
fragility reduction is achieved.
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Discrete-continuous variable optimization of stochastic

dynamical systems
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Department of Civil Engineering, Santa Maria University, Valparaiso, Chile

For many structural optimization problems the design
variables must be selected from a list of discrete values.
For example, cross-sectional areas for truss mem-
bers, in practice, have to be chosen from a list of
commercially available member sizes. In addition, the
growing use of composite materials also underlines the
importance of being able to treat structural optimiza-
tion problems where some or even all of the design
variables are discrete.

In this work attention is directed to the structural
synthesis of stochastic dynamical systems. In partic-
ular, the reliability-based optimization of linear and
non-linear systems involving discrete sizing type of
design variables and subject to stochastic excitation is
considered. The reliability-based optimization prob-
lem is formulated as the minimization of an objective
function for a specified reliability. The probability
that design conditions are satisfied within a given
time interval is used as measure of system reliabil-
ity. The basic mathematical programming statement
of the structural optimization problem is converted
into a sequence of explicit approximate primal prob-
lems of separable form. For this purpose, the objective
function and the reliability constraints are approxi-
mated by using a hybrid form of linear and reciprocal
approximations. Specifically, a conservative approxi-
mation is considered in the present formulation. The
approximations are combined with an efficient simula-
tion technique to generate explicit expressions of the
reliability constraints in terms of the discrete design
variables.

131

The explicit approximate primal problems are
solved by constructing continuous explicit dual func-
tions, which are maximized subject to simple non-
negativity constraints on the dual variables. The evalu-
ation of the dual function is direct since it requires the
minimization of a series of one-dimensional minimiza-
tion problems. A gradient projection type of algorithm
is used to find the solution of each dual problem. The
efficiency of the method is demonstrated by present-
ing a numerical example of a non-linear system subject
to stochastic ground acceleration. The number of reli-
ability estimations required during the optimization
process is very small. In fact, that number represents a
small fraction of the total number of reliability estima-
tions to be performed in discrete variable algorithms
that treat the problem directly in the primal space (i.e.
branch and bound techniques).

The proposed method represents a structural syn-
thesis capability for discrete sizing problems which
exhibits a computational efficiency approaching those
achievable in pure continuous variable problems. Thus,
this technique is expected to be useful in discrete
variable structural synthesis of stochastic dynamical
systems
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Bayesian network as a framework for structural reliability

analysis in infrastructure systems
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Armen Der Kiureghian
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ABSTRACT

The authors have investigated the combination of
Bayesian networks (BN) with structural reliabil-
ity methods (SRM) elsewhere (Straub and Der
Kiureghian, Proc. IFIP WG 7.5 conference, Toluca,
Mexico, 2008). Structural reliability methods allow
computation of failure probabilities for structural com-
ponents or systems defined by continuous random
variables. The BN methodology facilitates updating of
the model with evidence, such as results of inspections
or observations of hazards and system performances.
The resulting combination of the SRM and BN is
termed enhanced Bayesian network (eBN). The eBN
facilitates the integration of the detailed modeling of
a structure through SRM into the wider context of risk
and decision analysis in complex civil systems, in par-
ticular for systems with evolving information, where
the capabilities of the BN for Bayesian updating can
be exploited. For this reason, the eBN concept is well
suited for multi-scale probabilistic analysis of large
infrastructure systems and, ultimately, for decision
optimization, at the planning stage and in near-real-
time during the operational phase. This paper outlines
a generic framework for infrastructure risk analysis
based on the eBN framework and demonstrates its
application.

Figures 1 and 2 illustrate the eBN modeling of an
exemplarily infrastructure system. The model includes
both the temporal dimension and the spatial dimen-
sion, and is able to update the full probabilistic model
with any information in an integral manner. Such
information includes measurements of material prop-
erties, observations of structural performances and
monitoring of environmental loads. The eBN, like any
other model, has its computational limitations that
are related to the complexity of the network struc-
ture, which can be analyzed through a novel concept,
the Markov envelopes. Overall, it is concluded that
the eBN provides a powerful tool and framework for
decision support in large infrastructure systems in
near-real-time.
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Figure 1. eBN model of the jth structure within the full
model of the infrastructure system (temporal dimension).
R;(¢) is the capacity at time ¢, M}, is the measurements of
structural element 4, H; is the hazard at location j, D; is the
deterioration of structure j and E; is the performance of the
structure.
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Figure 2. eBN model of the infrastructure at an instance
of time (spatial dimension). The model includes dependence
among the hazard at different locations (through H) and
between different hazard events (through o).
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Application of advanced simulation methods for the reliability and
redundancy analysis of bridge structures
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ABSTRACT

Following several recent failures and catastrophic col-
lapses due to man-made and natural hazards such as
the collapse of the World Trade Center towers in 2001
and the recent [-35W Mississippi River bridge in Min-
nesota, there has been increased interest in upgrading
the bridge design philosophy from a member-oriented
approach to a system-oriented approach in order to
ensure that bridge structures possess adequate levels
of structural safety, redundancy and robustness. To
account for the high levels of uncertainty associated
with the quantification of the levels of redundancy of
complex structures while remaining consistent with
the reliability basis of recent bridge design code
developments, system reliability methods must be
applied.

Several recent studies have focused on the progres-
sive collapse mechanisms of existing buildings and
on developing guidelines for designing buildings with
high levels of redundancy (Marjanishvili 2004). Exist-
ing criteria to reduce the risk of progressive collapse
have been developed for buildings using traditional
deterministic methods. More recently, Ellingwood
(2006) proposed an outline describing how to account
for member and load uncertainties in developing pro-
gressive collapse guidelines. These probability-based
guidelines are similar to those proposed earlier by
Ghosn & Moses for evaluating the redundancy and
system safety of bridge systems.

The reliability procedures followed by Ghosn &
Moses (1998) used simplified models because of the
difficulty of obtaining accurate estimates of the reli-
ability of complex structural systems using existing
techniques. However, recent research has led to the
development of efficient reliability analysis methods
capable of obtaining accurate estimates of the reliabil-
ity of complex systems with large numbers of random
variables and low probabilities of failures.
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In this paper, an advanced Markov-Chain-based
simulation method proposed by Au & Beck (2001) and
known as “Subset Simulation” is used to evaluate the
reliability of bridge systems under overloads. System
reliability is evaluated for different limit states includ-
ing overloading and the risk of collapse of bridges
that sustained local failure following the occurrence
of fatigue or collision type hazards. The application
of system factors following the approach proposed by
Ghosn & Moses (1998) would serve to improve overall
system safety to meet pre-set target reliability levels.

The analysis of a prestressed concrete bridge and
a truss bridge example illustrate the reliability anal-
ysis process. The results of these reliability analyses
can then be used to penalize non-redundant bridges by
requiring that their members be more conservatively
designed than equivalent redundant systems. Alter-
natively, members of bridges having adequate levels
of redundancy and overall system safety would be
allowed to use lower safety factors.
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ABSTRACT

Piezoelectric ceramics are materials that exhibit rel-
atively large deformations through application of an
electric field and vice versa. This electromechani-
cal coupling makes piezoelectrics suitable for many
applications, such as MEMS (micro electromechani-
cal systems). The pronounced piezoelectric effect on
small scales is one of the driving forces of miniaturi-
sation of piezoelectric components. Since the control
of the production processes of piezoelectric compo-
nents on this small scale is more difficult than on
larger scales, the structural properties of piezoelectric
MEMS are subject to relatively large uncertainties.
These uncertainties can have a significant influence
on both the performance and reliability of the com-
ponents. Numerical tools for assesing these issues are
important for the further development of piezoelectric
microsystems.

In this contribution the fracture process of a thin
PZT (Lead Zirconate Titanate) specimen is studied.
For the considered specimen, a significant spatial vari-
ation in properties is experimentally observed. The
idea of the proposed model is to simulate crack nucle-
ation and propagation in a homogenised specimen with
random fields for the bulk and cohesive properties.
These random fields are generated by simulation of
the random microstructure.

From SEM images it is observed that voids are
present in the granular microstructure. The microstruc-
tural geometry is described using random fields for
the porosity and average grain size. In order to derive
the homogenised properties of the microstructure, the
granular structure needs to be simulated. The grains
are modelled using a Poisson Voronoi diagram (Okabe
et al. 1992), with periodic boundary conditions. The
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voids are modelled by assuming that some of the
Voronoi cells represent voids instead of grains. The
parameters used for the simulation of the microstruc-
ture are determined on the basis of real statistical
data obtained from SEM images. Three-dimensional
finite element simulations are used to obtain the
homogenised properties of the microstructure at spe-
cific points on the specimen (Verhoosel and Gutiérrez
2008). Random fields for these properties are created
on the basis of the homogenisation results.

Fracture of piezoelectric ceramics such as PZT has
been studied both experimentally and numerically.
In this contribution, crack nucleation and growth is
modelled by means of the partition of unity method
(Babuska and Melenk 1997) in combination with
cohesive zone models. The probability of occurrence
of failure below a specified critical load is determined
using reliability analysis (Gutiérrez and Krenk 2004).
The design point is computed using semi-analytical
expressions for the sensitivities. The proposed model
is demonstrated by means of numerical simulations.
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ABSTRACT

A novel approach is proposed to solve reliability-based
optimization (RBO) problems where the uncertainty
dimension can be large and where there may be many
reliability constraints. The basic idea is to transform
all reliability constraints in the target RBO problem
into non-probabilistic ordinary ones by a theorem of
equivalence between safety factor (n*) and reliability
(1-P}).

Three numerical examples are investigated to ver-
ify the proposed novel approach, including a retaining
wall subjected to earthquake excitation and system
uncertainties. Eight limit states such as lateral sliding,
rotation, bearing capacity failure, etc. are considered
as the reliability constraints. The design parameters
considered in this example include the height of the
retaining wall 6; and the weight of the wall 6,. The
objective of this example is to minimize the volume
of the concrete used to construct the wall subject to
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Figure 1. The estimated n* — P} relationships (solid line)
for the eight limit states.

the eight reliability constraints that the probabilities of
failure of the first four limit states should not exceed
1073 and that the probabilities of failure of the last
four limit states should not exceed 1072.

With a single run of subset simulation, the estimated
n* — P}, relationships are shown in Figure 1. In Figure
2, the resulting safety-factor feasible sets are shown,
where the thick lines are the feasibility boundaries.
The reliability feasible sets obtained by the brute-force
analysis for the eight limit states are shown in Figure
2, where the regions with label O indicate the feasible
region, while the label x regions are infeasible. The
comparison shows that the safety-factor feasible sets
are close to the actual reliability feasible sets. These
results show that the proposed approach is effective
in converting reliability constraints into safety-factor
constraints for this example.
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Figure 2. The safety-factor feasible sets versus the relia-
bility feasible sets, where the thick lines are the feasibility
boundaries for the safety factors, and its comparison with the
actual reliability feasible regions (the region with label O).
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Figure 1. Conditional seismic hazard map for Kanto region. Figure 2. Conditional seismic hazard map for Kansai
region.
ABSTRACT

Probabilistic seismic hazard technique developed by
Cornell (1968) has been sophisticated in step with the
advances in elemental technology such as empirical
attenuation relations. Recently, the probabilistic haz-
ard maps estimated by this technique have been widely
used for the setting of earthquake loads for structures
or for the calculation of earthquake insurance rate. It
must be noted that, in drawing up these hazard maps,
the each points on the maps are calculated indepen-
dently, since the dominant earthquake for each points
may be different so that it is not adequate for the study
of facilities distributed in wide area. For example, the
estimation of seismic risk of the infrastructure such as
electricity, gas and water supply needs to consider the
events that multiple facilities are damaged simultane-
ously. On the other hand, the hazard map of scenario
earthquake is also employed for such purposes. How-
ever, the damage by unidentified faults in recent years

emphasizes the need for probabilistic hazard analysis
for wide areas.

This paper proposes the conditional seismic hazard
map which is the expectation of the ground motion
intensity at the secondary site on the condition that
the given ground motion intensity at the primary site
occurs. This hazard map enables to consider proba-
bilistically the correlation of ground motion for mul-
tiple sites. As application, the two areas in Kanto and
Kansai regions of Japan are employed, followed by
the conditional seismic hazard maps corresponding to
some ground motion intensities at the primary site as
shown in Figures 1 and 2.
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About efficient estimation of the seismic reliability of

complex structural systems
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ABSTRACT

In spite of the merit of the concept of deformation
capacity as an indicator of the variable that determines
the collapse condition of a complex structural system
subjected to earthquake ground motion, its practical
use in quantitative terms shows severe limitations,
which arise from the sensitivity of the deformation
at the instant of impending collapse to variables such
as the lateral deformation pattern of the system at
that instant and the strength and stiffness reductions
associated with the damage produced by the previ-
ous response cycles, by previous seismic events or
by other damage-generating agents, such as differen-
tial settlements. The approach proposed here aims at
both, avoiding these limitations and reducing substan-
tially the sizes of the samples of ground motion time
histories required for the application of incremental
dynamic analysis (IDA) methods.

According to this study, the seismic reliability of a
complex nonlinear system with respect to collapse is
expressed in terms of a damage indicator (D) equal
to the reduction of the secant lateral stiffness of the
system, where the latter is measured by the ratio of
the base shear to the peak roof displacement relative
to the ground at the instant when that displacement is
reached:

D= (K() - K)/Ko

Here, Ky is the tangent initial lateral stiffness, as
determined with the aid of a pushover analysis and
K is the secant value of that stiffness at the instant
when the peak value of the roof lateral displacement
is reached. Collapse occurs when K = 0, which corre-
sponds to a stiffness-reduction index equal to unity. For
a given intensity, the safety level of the system can be
expressed in terms of Cornell’s safety index = Z /o7,
where Z = —In D is the safety margin.

In practical applications it may be convenient to
measure the seismic capacity of the system of interest
by Y¢, the minimum value of the seismic intensity

required to produce collapse; the safety margin is then
expressed as the natural logarithm of the ratio of the
minimum intensity causing collapse to that acting on
the system. In order to estimate the value of g for a
given intensity it is necessary to estimate the mean
value and the dispersion of a new safety margin, now
defined as Z =In (Y /), where Y was defined above
and y is the acting intensity. The mean value and the
dispersion of Z have to be estimated from a sample of
pairs of values of the acting intensity and the stiffness-
reduction index (D).

In order to obtain accurate estimates of the prob-
abilistic parameters of the collapse intensity, with a
reasonably small sample of dynamic response time
histories, it is necessary to select the interval of the
ground motion intensities included in the sample in
such a manner that a large proportion of the result-
ing values of the stiffness-reduction index D will be
slightly smaller than unity. This is achieved with the aid
of the Montecarlo algorithm presented in this study.
According to it, a first estimate of the median value
and the dispersion of the intensity producing collapse
is obtained with a small sample of earthquake exci-
tations. A second sample is then generated, based
on these statistical parameters. The efficiency of the
approach is measured by two main indicators: a) the
ratio of the number of cases where collapse does not
occur to the total number of dynamic response simu-
lations, and b) the ratio of the number of cases where
the value of the secant-stiffness reduction index lies
within a specified interval of values slightly smaller
than unity to the total number of dynamic response
simulations. For the cases studied here, maximum val-
ues of those indicators were respectively equal to 0.7
and 0.48; the latter value corresponds to an acceptance
interval 0.8 <d < 1.0. They were obtained with sam-
ple sizes equal to 20 and 60, for the initial estimate and
the final Montecarlo simulation process, respectively.
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ABSTRACT

In the probabilistic seismic hazard procedures, the past
earthquake records that can not be associated with any
one of the specific faults are treated as background
seismic activity. Contribution of background seismic
activity to seismic hazard is generally calculated by
using two different models, namely: background area
source with uniform seismicity and spatially smoothed
seismicity model.

The spatially smoothed seismicity model developed
by Frankel (1995) assumes that future earthquakes
will occur in the vicinity of past earthquakes. In this
model, earthquakes that are not assigned to major
seismic sources are assumed to be potential seismic
sources and are spatially distributed to cells of a grid.
In the alternative model, background area sources are
delineated and over these background area sources
seismic characteristics are assumed to be spatially
homogeneous.

In this study, sensitivity of seismic hazard results to
the models used to describe background seismic activ-
ity is investigated. For this purpose, two case studies
are carried out for a large (a country) and a small region
(aprovince). These two case studies involve Jordan and
the Bursa province, which is located in Turkey. Seis-
mic databases are compiled for these two regions. In
compiling these databases the raw data in the earth-
quake catalogs are processed as follows: Magnitudes
reported in different scales are converted to a common
magnitude scale. Earthquake clusters are identified
and dependent events (fore and after shocks) are elimi-
nated by defining appropriate space and time windows.
So an alternative database containing only main shocks
is obtained to ensure statistical independence.

Using the resulting seismic databases, seismicity
parameters are determined for background seismic
activity and seismic hazard analyses are carried out
by using both spatially smoothed seismicity model
and background area source with uniform seismicity.
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Spatial variation of the differences between the seis-
mic hazard values obtained from these two models is
examined. For this purpose maps displaying the spa-
tial variation of the differences in PGA values obtained
from the spatially smoothed seismicity model and the
background area source with uniform seismicity are
plotted for return periods of 475 and 2475 years. In
order to construct these maps differences between the
PGA values obtained from these two models are cal-
culated at each grid point covering the whole region
under consideration. In the case of Bursa province the
influence of the assumptions with respect to catalog
completeness and dependence are also reflected to the
difference maps.

Based on the results of these two case studies,
it is observed that for background seismic activity,
the use of spatially smoothed seismicity model or
the alternative background area source with uniform
seismicity affects the results. Spatially smoothed seis-
micity model gives higher seismic hazard values at
the regions where the epicenters of earthquakes clus-
ter. On the other hand, nearly a spatially uniform
seismic hazard distribution is obtained in the case
of background area source with uniform seismicity.
Therefore, background area source model with uni-
form seismicity is expected to give higher seismic
hazard values compared to the spatially smoothed seis-
micity model for sites located far away from clustering
regions of past earthquake epicenters; i.e. where the
epicenters of earthquakes are scarce or no earthquakes
have occurred in the past.
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ABSTRACT

The HAZUS Loss Model (FEMA 2003) has been
developed to estimate losses for earthquake risk mit-
igation of federal, state, and local governments in
the United States. The HAZUS methodology uses
the Capacity Spectrum Method which is a nonlinear
static analysis procedure to calculate the peak build-
ing response for damage prediction. The structures in
the HAZUS methodology are represented by nonlinear
SDOF systems and the building response characteris-
tics are defined by the building capacity curves. The
capacity curve provides the pushover displacement of
structures for laterally applied earthquake loads. The
capacity curves of the buildings in HAZUS are based
on a considerable degree of engineering judgment and
expert opinion. Recently researchers and practitioners
have started using the results of nonlinear time-history
analysis to estimate losses from earthquakes since non-
linear time-history analysis provides the most accurate
results of seismic demand of structures. In this paper
we are using the nonlinear time-history analysis of
realistic 2-D representations of structures to estimate
the damage. The structure considered in this paper
is a 12-story concrete moment-resisting-frame (MRF)
structure designed according to the ASCE 7-02 (ASCE
2002) design requirements. This building has been
designed as part of the Applied Technology Coun-
cil ATC-63 Project (ATC 2007). The details of the
model and design of the structure can be found in
Haselton and Deierlein (2007). The structure was
designed for general high seismic sites in California
for NEHRP-D soil class (Vy =~ 400 m/s). The nonlin-
ear time history analysis of the structure has been
carried out using the OpenSEES open source soft-
ware package (OpenSEES 2008). The story-drift and
peak-floor acceleration results from nonlinear time-
history analysis for a suite of ground-motion records
have been used to estimate the vulnerability of the
structure. The methodology that we have developed
in this paper is similar to the methodology proposed
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by Ellingwood et al. [2007]. Although Ellingwood
et al. have considered the maximum inter-story drift
(which is the maximum drift among all the stories in
the analysis), we have considered the inter-story drift
distribution along the height. This approach helps to
take into account the non-uniform damage distribu-
tion along the height, especially for tall buildings. The
collapse (complete damage) of structure in the pro-
posed approach, unlike HAZUS, is estimated from
the non-converging results or presumed collapse at
10% maximum inter-story drifts. The fragility curves
as well as the mean damage functions developed in this
study are compared with the HAZUS high-code con-
crete frame structures to demonstrate the improvement
of the results from the proposed approach.
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ABSTRACT

Steel structures in sea or estuary area are subjected to
corrosion process. The phenomenon is very complex
due to the nature of the environment and material, and
the type of the structure. This phenomenon needs to
be characterized and modeled for structural analysis
which accounts for the loss of thickness. Moreover,
due to the randomness of the corrosion process, prob-
abilistic models are needed for structural reliability.
Ultrasonic residual measurements allow determining
profiles of loss of thickness, identifying the areas
which are the most affected by corrosion and stating
the assumptions for modeling the random corrosion
process. Several inspection campaigns have been per-
formed during the three last decades in some French
harbours. Thus a great number of ultrasonic resid-
ual measurements are now available for structures in
various environments. The protocol is recommended
by the CETMEF (French Center for Maritime and
Fluvial Technical Studies :Engineering centre of the
French Ministry of Public Works): at a given level,
this protocol suggest to perform three geometrical
measurements at a given location to assess the loss
of thickness as the average of these three readings.
Generally, the amount of data is more than 1000 per
structure and allows performing a statistical analysis of
the spatial distribution of the loss of thickness accord-
ing to the different areas (mainly tidal and immersion
areas). Moreover environmental parameters (tempera-
ture, PH, oxygen, salinity, conductivity, nutrients) have
been measured since a decade and are available.

This study began within the MEDACHS framework
(Marine Environment Damage to Atlantic Coast His-
torical and transport works or Structures-Interreg I11B
Project funded by EC 2005-2007) and is performed
now in the GEROM framework (Risk management of
French harbor structures: stakes, current practices and
needs — Experience feedback of owners). The steel
structures are sheet-piles, on-pile and on-sheet-pile
wharves. This paper focuses on sheet-piles seawalls
and coffer-dams. More than 30 000 data are available:
they correspond to measurements in 4 harbours and
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concern more than 20 quays. This paper focuses on
the spatial dependence of the corrosion process and
we present only results of three of them where the dis-
tance between data is small (0.20 m horizontally and
0.10 m vertically) — see Figure 1).

In the first part, the paper presents the data available
to study the spatio(-temporal) fields of corrosion for
steel sheet-piles.

The second part presents the geo-statistical mod-
eling of the spatial variability of the steel sheet piles
corrosion; and more particularly the study of the sta-
tionarity of the process of corrosion according to
the length and the depth along three marine struc-
tures. Finally, a first level of stochastic modeling is
suggested.
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to adverse climate effects
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ABSTRACT

In recent years, it has been recognized in the UK
that dam failure events are more likely due to climate
change and associated risks will need to be evaluated.
For small earthfill dams that are not subject to regu-
lar inspections carrying out a deterministic assessment
to assess safety will not be adequate. Therefore, more
sophisticated models that reflect uncertain conditions
and obtain a clearer understanding of the risks asso-
ciated with various environmental threats are needed.
Thus, a simple model for the probabilistic assessment
of small dam performance is established, a precip-
itation model for a small dam is defined, notional
reliability for a small dam that is subject to diverse
precipitation scenarios is derived.

The physical model is based on a generic, small,
homogenous earthfill embankment, as illustrated in
Figure 1.

The behaviour of the embankment is predicted in
terms of its failure modes. Here, it is assumed that
embankment failure is due to the overall saturation of
the embankment and the instability of the embank-
ment fill as a result of low shear strength. The stability
of a given slope is evaluated using limit equilibrium
method, namely, the sliding block method or wedge
method. Thus, the associated linear limit state func-
tions are established as functions of the total active
pressures acting on the upstream/downstream sec-
tions, pore water pressure from the reservoir acting on
the upstream section, passive earth pressure and the
shear strength. A long established FOSM (First Order
Second Moment) is used to evaluate the likelihood of
failure. Height of the embankment, crest width, head-
water height, internal friction for the soil, cohesion and
the moisture content of the soil are treated as uncertain.

Upstream Slope (Wet) Downstream Slope (Dry)

Crest {CIN)
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Figure 1. Cross section of the embankment.
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To ascertain how climate change affects different
failure modes associated with small dams the effect of
precipitation on the slope stability of the embankment
is evaluated. To take the rainfall into account, it was
assumed that it had been raining continuously for 3
hrs at a specific rate. Table 1 shows the sample relia-
bility indices obtained for the upstream slope failure
for a particular London clay embankment. Effects of
the rainfall infiltration through embankment fill are
evident.

Table 2. Reliability indices for London clay
embankment after 3hr rainfall for 1:3 upstream and
1:3 downstream slope gradients, when the soil degree
of saturation is varied

B Upstream slope failure

Sr 25% 50% 90%
Initially 6.0783 5.3153  4.7502
3hrrainfall 4.3784 3.5188 2.5987

Sensitivity factors associated with the London clay
embankment show that, with climate effects repre-
sented as the 3hr rainfall, soil properties remain the
most important variables. The methodology can be
expanded for consideration of alternative profile of
the dam, soil properties for the embankment fill and
rainfall rates. Results are a useful tool as they can
provide site-specific information for decision-making
regarding necessary remedial or maintenance work
required to counteract climate change effects and, ulti-
mately, will enable better management and improved
risk assessments in respect to climate effects for these
structures.
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Fire-induced damage in prestressing steels after fire

J.M. Atienza & M. Elices

Department of Materials Science. Universidad Politécnica de Madrid (UPM), Madrid, Spain

ABSTRACT

Following a fire, if no collapse happens, there is a
possibility of fire-induced damage. Then, the ques-
tion which unavoidably arises is if the structure is still
safe; what the load bearing capacity of the structure is
and how it has been affected by the fire. Appropriate
knowledge of the behavior of construction materials
after a fire is of major importance for answering these
questions; For this end, the behavior of prestressing
steel wires after a fire is the subject of this work.

Measurements on loaded steel wires used for pre-
stressed concrete during and after several simulated
fires have been performed. A detailed study of the pre-
stressing steel behavior was performed, examining the
two principal aspects that could affect the performance
of the structure after fire:

— The residual mechanical properties of the wires
after fire: Extensive literature is available on the
mechanical properties of structural steel at high
temperatures. However no attention has been paid
to the mechanical residual properties after fire. In
this work, wires were subjected to a complete cycle
ofheating and cooling while loaded. Figure 1 shows
the variation of tensile strength at room temperature
after fire, for the different maximum temperatures
reached during the fire simulations.

The stress relaxation losses produced during fire:
Temperature has a great influence on the stress
relaxation; an increment of temperature produces a
large increase in stress relaxation losses and, conse-
quently, the prestressed compressive load provided
to concrete will be significantly reduced after fire.
In this work, stress relaxation tests at different tem-
peratures and at different initial loads were carried
out. In Figure 2, an example of the time-stress relax-
ation losses curves obtained in this work is depicted
as a function of temperature for a fire of 4 hours.

Fire safety should consider not only the perfor-
mance of the structure during the fire but also the
behavior of the structure after cooling. Even if a fire
does not give rise to apparent damage in the prestressed
structure, mechanical properties of materials as well
as load distribution can be affected.
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Figure 1. Relative residual strength and yield stress at room

temperature, after heating at different temperatures.
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Figure2. Stress-relaxation losses (lost load/maximum load)
as a function of temperature, for an initial stress of 70% of
the wire strength.

After fire, a verification of residual load-bearing
capacity is necessary to determine if the structure
can be maintained in use. This paper seeks to give a
simplified estimation of the non-visible fire-induced
damages produced in steel wires, with the hope that
this information can be useful for engineers in the
structural evaluation after a fire.
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Effect of micro structure on mechanical properties of

woven fabric composite

Y. Fujita, T. Kurashiki & M. Zako
Osaka University, Osaka, Japan

ABSTRACT

Thought a fiber reinforced plastic (FRP) has high per-
formance properties such as the specific strength and
stiffness, a variation in the mechanical properties is
unavoidable due to some uncertainties like a random
array of mono-filament, heat, pressure and curing time
and so on. It is very important for the design of struc-
ture with composites to consider the variation. In this
paper, the uncertainty has been described and an evalu-
ation procedure of the mechanical properties of woven
fabric has been proposed.

Many of the fabric composites are consist of fiber
bundles and the fiber bundles are also consisting of
continuous filaments. The microstructure of fiber bun-
dles are treated as unidirectional FRP. In the FE models
of woven fabric composites, equivalent mechanical
properties of unidirectional FRP are applied in the ele-
ment in the fiber bundles to prevent huge number of
elements and a lot of computational time. The mechan-
ical properties of unidirectional FRP are calculated by
theoretical method but they can’t evaluate the disper-
sion of the mechanical properties. Filaments in the
fiber bundles array randomly and the micro structure
becomes uncertain. The mechanical behavior should
vary because of it. To characterize the dispersion of
mechanical properties of woven fabric composites, it
is important to consider the micro scale behaviors.
Based on these backgrounds, the purpose of this study
is to characterize the mechanical properties of unidi-
rectional FRP in woven fabric composites considering
random fiber arrangement.

In this study, FEM has been used to estimate the
effect of random fiber arrangement. As a proposal
method, firstly several FE models with randomly
arrayed fibers have been generated and carried out
damage development analysis for each models. The
mechanical behaviors for these models have been sim-
ulated and the effects of the array on the stiffness,
the strength and Poisson’s ratio have been evaluated.
In addition, the residual thermal stress of manufac-
turing process has also been considered to estimate
strength correctly. As the temperature difference, —50
degree C and —80 degree C are provided to consider
strain release and investigate the effect on mechani-
cal behaviors. FE model of hexagonal model has also
been generated to compare with random model. Figure
1 shows typical example of FE models.
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Figure 2. Numerical result of transverse strength.

As the result, it is recognized that the stiffness for
longitudinal direction increases along with the vol-
ume fraction of fibers (V) and the dispersions of the
stiffness and Poisson’s ratio for longitudinal direction
are small. On the other hand, the transversal strength
has been dispersed. Figure 2 shows the numerical
result of transverse strength. From this figure, it is
recognized that the fiber arrangement and residual
thermal stresses have a great influence on the transver-
sal strength. Therefore, it is important for estimation
of the dispersion of the strength on woven fabric com-
posites to consider the fiber arrangement and residual
thermal stresses.

However, corresponding AT to each volume frac-
tion of fiber should be provided because transverse
strength decreases generally when volume fraction of
fiber increases. When volume fraction of fiber is large,
AT will be large.
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Macroscopic mechanical behavior of metal foam influenced by

mesoscopic randomness

D. Schwarzer & C. Proppe

Institut fiir Technische Mechanik, Universitdit Karlsruhe (TH), Germany

1 ABSTRACT

Due to their useful properties in lightweight construc-
tion and due to their excellent behavior in energy
absorption for example in crash mechanics, metal
foams became an interesting, often utilized and inves-
tigated material. For the determination of the mechan-
ical properties of foams without the help of expensive
experiments, a way for computing these properties and
their distributions is searched. With the help of these
distributions, computations can be done in order to pre-
dict, for example with the help of stochastic FEM, the
failure probabilities of mechanical components made
of foam. This work concentrates on the description of
the elastic properties by distribution functions.

In order to get information on the macroscopic
behavior of a mechanical structure consisting of metal
foam, mesoscopic three dimensional volume elements
of a foam are randomly sampled including the effects
of inhomogenities like varying thickness along a lig-
ament, pre-deformed ligaments, imperfections, par-
tially closed cell faces or non-planar cell faces. These
volume elements are analyzed via the finite element
method. Because of their irregular structure, the size
of the volume elements is smaller than the so called
representative volume elements (RVE) and therefore
only bounds for the mechanical properties can be com-
puted by introducing kinematic uniform (KUBC) and
static uniform boundary conditions (SUBC), respec-
tively (Kanit et al. 2003, Ostoja-Starzewski 2006).
The elastic properties of these volume elements and
the influences of the introduced inhomogenities are
estimated and evaluated. The mesoscopic model is val-
idated by comparing with results of the computations
to results found in literature and in experiments.

In order to perform the step from the mesoscale
to the macroscale, the distributions of the mechanical
properties of the volume element are computed and
compared to different analytic distribution functions,
which were fit to the calculated distribution by an opti-
mization. Also the Kolmogorov-Smirnov test is done.
The result is that the Young’s modulus is normal dis-
tributed. In a next step the autocorrelation function is
also determined by cutting out cubes of a macroscopic
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sample moving through the complete volume of the
sample. For each cube the mechanical properties are
computed and therefore the autocorrelation functions
can be approximated by an analytical function of the
following type:

o (6) =€ (ucos(ufx]) + vsin(ufx)) - ¢))

With the help of this function, the Karhunen-Loeve
expansion can be calculated in order to precede to
the next step in describing the scatter of the mate-
rial parameters (Ghanem 1991). This expansion can
be used in methods like the stochastic finite element
method, which will be done in future work.

In this work the step to the macroscale will be done
via numerical simulations with the help of these results
and the statistical quantities of the mechanical prop-
erties. A local varying stiffness can be computed and
inserted into the macromechanical model. In this way
the propagation of uncertainties from the mesoscale
to the macroscale can be assessed. This procedure is
used to predict the scatter of the eigenfrequencies for
aluminum foam beams.
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Spatial variability modelling of GFRP panels

S. Sriramula & M.K. Chryssanthopoulos

Faculty of Engineering and Physical Sciences, University of Surrey, Guildford, Surrey, UK

Keywords:

ABSTRACT

In the light of both experimental and analytical results,
it is being suggested that considering the spatial vari-
ability of mechanical properties in FRP structures
could improve performance estimates, as compared
to a traditional random variable based probabilistic
approach. However, the analytical and computational
complexity associated with such models, coupled with
the lack of experimentally based random field descrip-
tions, has hitherto restricted the scope of such studies.
This paper is a contribution towards filling the gap
in experimentally based characterization of the spa-
tial variability of FRP composites; it describes the
experimental approach, and the associated modeling
technique, adopted for probabilistic spatial charac-
terisation of a set of GFRP panels. These panels
are obtained from Mondial House, a state-of-the-art
45m building constructed at London in 1974 that
was demolished after 32 years of service for prop-
erty development reasons. Coupons from these panels
are obtained in a pattern suitable for spatial variabil-
ity modelling as per two cutting plans attempting to
capture spatial correlations over a range of coupon
spacings. A spatial plot of compression strength (X¢)
for a typical panel is shown in Figure 1, where it
can be seen that the variability over a ~1 m? area is
substantial.

Statistical analysis of the two sets of data support
the hypothesis that these two sets can be considered as
one group. The characteristics of random fields asso-
ciated with the tensile and compressive properties and
thickness of the composite panels are considered in
the paper. The random fields are assumed to be spa-
tially statistically homogeneous so that the primary
and higher-order moments are independent of coupon
location. Typical results of the auto and cross correla-
tion patterns for a number of mechanical properties
in tension and compression are presented and dis-
cussed. Alternative auto correlation functional forms
are evaluated and correlation lengths are estimated,
e.g. a typical auto correlation plot for compression
strength is shown in Figure 2. The correlation lengths
for the experimentally obtained variables suggest that
the higher the variability, the smaller is the correlation
length. These aged and weathered panels are expected
to provide an indication of the upper bound on the
variability of FRP composites. Further studies are

Uncertainly; Composite materials; Stochastic fields; Correlation length; Experimentation
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currently undertaken on alternative factory made com-
posite material systems in a pristine condition. It is
hoped that such studies can aid in formulating appro-
priate SFEA and multi-scale methods for composite
structures.
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Prediction of service life for concrete structures with crack: Probabilistic

approach for carbonation

H.-W. Song

Yonsi University, Seoul, Korea

U.-J. Na

Ministry of Land, Transport, and Maritime Affairs, Busan, Korea

S.-J. Kwon
University of California Irvine, Irvine, CA, USA

ABSTRACT

Deterioration of reinforced concrete (RC) structures
is attributed to the adverse environmental conditions
that the structures undergo during their lifetimes. In
general, carbonation and chloride penetration are con-
sidered as two major deterioration processes. Concrete
structures in urban areas or in underground sites such
as subways are generally exposed to carbonation due
to acid rain or high concentration of carbon dioxide
(COy). Once corrosion of reinforcement is initiated in
a concrete structure, it progresses almost at a steady
rate. This corrosion of reinforcement shortens the ser-
vice life of the structure by causing surface cracking
and subsequent spalling of the cover concrete. Since
the rate of corrosion directly affects the service life of
RC structures, service life prediction and evaluation
has been considered as one of very important issues
related to durability design for both new and existing
structures.

A lot of researches have been conducted to develop
reliable prediction models for carbonation. For the
evaluation of service life, the so-called limit state
design concept for durability has been introduced
in the concrete specifications of many countries.
Related to probabilistic analysis, various approaches
have been attempted to consider the uncertainties of
input variables in the analysis is. For the carbonation
behavior, various parameters such as carbon dioxide
diffusion coefficient, cover depth, and skin effect of
cover concrete have been considered as random vari-
ables through statistical distributions. However, these
applications using probabilistic approaches have been
generally limited to the sound concrete without con-
sidering crack effect. This is due to the difficulty to
evaluate the crack effect on the carbon dioxide diffu-
sion characteristics. However, early-aged cracks may
occur in concrete structures so that the crack effect
on carbon dioxide diffusion behavior should be con-
sidered for accurate prediction of service life in RC
structures.
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In this study, the early-aged crack is defined as
cracking due to material characteristics such as hydra-
tion heat and drying shrinkage. This crack is neither
progressive nor critical to the structural safety but gen-
erally becomes a main route of deteriorating agent,
which may lead to the more rapid steel corrosion.
To consider the crack effects on carbonation behav-
ior, field investigations for twenty seven RC columns,
which had been exposed to carbonation in urban city
area for 18 years, were conducted. Through the field
investigation, diffusion coefficients of concrete with
different crack width are obtained. Using the rela-
tionship between diffusion coefficients of cracked
concrete and crack widths, the service life is predicted
and discussed. For the probabilistic analysis, carbon
dioxide diffusion coefficient, cover depth, binding
capacity and concentration of carbon dioxide at the
surface of cover concrete are considered as statistical
variables. To decide the criterion of durability failure, it
is assumed that corrosion process begins when the car-
bonation front reaches reinforcement steel bar. Based
on the results of the field investigations, the service
life of cracked concrete is predicted through the prob-
abilistic methodology framework using Monte Carlo
Simulation.
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Estimation of fatigue life of textile composites based on
damage propagation analysis and fatigue test of UD composites
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Graduate School of Engineering, Osaka University, Osaka, Japan

S.V. Lomov & I. Verpoest

Department of Materials Engineering, Katholieke Universiteit Leuven, Leuven, Belgium

ABSTRACT

A conventional method to estimate the fatigue life of
textile composite based on damage propagation anal-
ysis has been proposed. In the proposed method, the
stress distribution under cyclic loading is evaluated by
FEM. On the other hand, each element of fiber bundle
is considered as unidirectional material and its mate-
rial properties are estimated by fatigue test results for
unidirectional composites.

The stress distribution in the textile structure is esti-
mated by FEM and SACOM software (Zako, M.et
al.1995) is used in this study. SACOM has a function
for damage development analysis. The damage mode,
which affects strongly the mechanical behavior, is clas-
sified into mode L, T&LT, Z&ZL and TZ. The mode L
represents the fibre breaking; the others represent the
transverse and shear cracking. The cumulative dam-
age in each element is evaluated by Minor’s damage
rule. At each stress cycle, the cumulative damage is
calculated according to the results of stress analysis
and S — N property of unidirectional material.

The proposed method is applied to the fatigue test
for plain woven fabric. To validate obtained results,
the fatigue test results obtained by Nishikawa et al
(Nishikawa, Y. et al. 2006) is selected. In this cal-
culation, meso-model of textile structure is prepared.
For the geometric modeling of internal textile struc-
ture, the Wise Tex software package (Lomov, SV. et al.
2001)is applied. Fig.1 shows estimated S — N curve for
plain woven CFRP. Experimental results obtained by
Nishikawa et al (Nishikawa, Y. et al. 2006) are also
plotted in this graph. It is confirmed that the esti-
mated S — N curve shows good agreement in high
cycle fatigue region. To consider the effect of scat-
ter of input data on estimated fatigue life of textile
composite, Monte Carlo simulation is carried out. In
this analysis, the stress level of fatigue limit is treated
as random valuable. Fig.2 shows log-normal plots of
obtained fatigue life. It is also confirmed that fatigue
life distribution is well approximated by log normal
distribution.
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Figure 2. Log-normal plots of fatigue life distribution.
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Solar radiation effect on long-term performance of rubber bearings

Paramashanti, Y. Itoh & Y. Kitane

Department of Civil Engineering, Nagoya University, Japan

ABSTRACT

Previous studies by Itoh (2006) have revealed that
heat oxidation is one of the major deterioration fac-
tors for rubber and that temperature has a significant
influence on the deterioration process of rubber. The
equivalent shear stiffness of a rubber bridge bearing
increases over time due to the deterioration of rubber,
and the higher the temperature, the faster it increases.
A yearly average ambient temperature is currently used
to predict aging of rubber bearings. It is assumed in
the aging estimation that rubber in the bearing and at
the surface has the same temperature as its surround-
ing ambient temperature because rubber bearings are
thought to be usually in the shadow as they are installed
between superstructure and substructure. However, in
the actual environment, there are many bearings that
are exposed to solar radiation that causes bearing tem-
perature to increase. To evaluate the effect of solar
radiation on the bearing temperature, bearing surface
temperatures were measured for a bearing installed in
an elevated highway in Nagoya, Japan. To understand
a temperature variation in a bearing, a bearing model
was manufactured, and a temperature measurement
was carried out.

The long-term shear stiffness changes based on
the yearly average ambient temperature and bearing’s
internal temperature are calculated, and the difference
is discussed.

The measurement results show that bearing surface
temperatures are significantly higher than the ambi-
ent temperature when the surface is exposed to solar
radiation. The maximum difference can be more than
20°C.
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From the measurement of bearing’s internal temper-
ature, it is resulted that bearing internal temperature
is always greater than the ambient temperature when
bearing is exposed to solar radiation.

Solar radiation results in the increase of bearing
internal temperature. By using the bearing internal
temperature variation in the long-term performance
prediction, it will result in a greater aging effect than
the case using the yearly average ambient temperature,
implying that the long-term performance prediction
of a bearing exposed to solar radiation is not accurate
when the yearly average ambient temperature is used
to predict the aging effect.
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A comparison of statistical models for visual inspection data

M.J. Kallen
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ABSTRACT

Large groups of structures like bridges, pavements
and sewer systems, are often inspected visually and
their condition is quantified based on a discrete scale.
Markov chains have traditionally been used to model
the uncertain rate at which these structures progress
through a condition scale. In order to determine opti-
mal strategies for inspections and maintenance activ-
ities, these Markov chains must be fitted to the data
obtained in the field. For this purpose, quite a few
models and methods have been proposed in the past.
These are reviewed here and references to applications
in the field of civil engineering are given. Such mod-
els are typically applied to inspection data of bridges,
pavements, sewer systems and water distribution net-
works. Three model categories are distinguished in the
paper:

1. regression-based models which are represented by
some objective function which provides a measure
for the difference between the data and the model;
the model parameters are estimated by minimiz-
ing this objective function subject to the relevant
constraints.

2. models based on the principle of maximum like-
lihood estimation which are represented by a like-
lihood function which provides the probability of
the parameters given the data; the model param-
eters are estimated by maximizing the likelihood
function subject to the relevant constraints.

3. other models, like non-parametric models and
Bayesian models; these are only briefly mentioned.

Models based on the principle of maximum likeli-
hood estimation are generally more flexible in terms

of model building when compared to regression-based
models. However, well-defined regression models are
no less suitable for the purpose of parameter estimation
in Markov chains. A choice for either type will there-
fore largely be a matter of personal preference. On the
other hand, the choice for a specific model within one
of the categories above mostly depends on the type of
data available to the modeller. Three types of data may
be distinguished:

Type I: observations of the state itself and represented
by realizations x(#) of the process X(?),

Type II: aggregated data in the form of relative frac-
tions of proportions represented by y(¢), and

Type III: count data in the form of the number of
transitions represented by realizations n(¢) of some
counting process N(?).

Each of these models will perform differently under
different situations. However, some models will per-
form poorly under all conditions. Most notably, these
are the models which ignore the dependence between
successively observed states and the (ordered) probit
or logit models. The latter models are well suited for
categorical data, but not the type of categorical data
which arrises from a Markov chain.

Note that this paper does not include a review of
all models which are theoretically possible. Rather,
it provides an overview of those models which have
been applied in the field of civil engineering. The
intended audience are decision makers looking for
models to analyse data which they obtained through
visual inspections.

156



Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

Reliability analysis for pipe failure due to corrosion

Hongan Lin
ReliaSoft Asia, Singapore

ABSTRACT

Corrosion in Pipes is inevitable especially in process
industries. The cost of pipe failure can be expensive,
and knowing when to perform preventive mainte-
nance is desirable to the company. In this presenta-
tion, a method to perform reliability analysis using
degradation data obtained during inspection will be
presented.

Degradation analysis involves the measurement and
extrapolation of degradation or performance data that
can be directly related to the presumed failure of the
product in question. Many failure mechanisms can be
directly linked to the degradation of part of the product,
and degradation analysis allows the user to extrapolate
to an assumed failure time based on the measurements
of degradation or performance over time.

First of all, it is necessary to be able to define a
level of degradation or performance at which a fail-
ure is said to have occurred. With this failure level
of performance defined, it is a relatively simple mat-
ter to use basic mathematical models to extrapolate
the performance measurements over time to the point
where the failure is said to occur. In addition, multi-
level degradation can be defined and estimated. For
example, engineers can set design limit and destructive
limit to assess different level of risk.

Secondly, after the level of failure (or the degrada-
tion level that would constitute a failure) is defined,
the degradation for multiple units over time needs to
be measured. Once this information has been recorded,
the next task is to extrapolate the performance mea-
surements to the defined failure level in order to
estimate the failure time.

With this TTF data set, this presentation will attempt
to answer the following questions:

1. The time by which 1% of the pipe corrosion will
degrade beyond critical point;

2. Given the cost of corrective maintenance and pre-
ventive maintenance, when is the optimum time to
replace the pipe.

—
Degradation vs Time

Dagradation, mm

Time, (days)

Figure 1. Extrapolating degradation data to expected
Time-to-Failure (TTF).

This method can also be used in other situations
where the equipment/component failure is due to a
characteristic that degrade with usage time.
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ABSTRACT

Although durability is one of the main properties of
reinforced concrete structures, experience has shown
that in chloride-contaminated environments, corrosion
induced by chloride ingress affects significantly their
operational life. Chloride ingress is treated as a diffu-
sion problem governed by Fick’s second law where the
chloride concentration inside the concrete is estimated
as a function of an error function complement (Tuuti,
1982). This classical approach evaluates the apparent
diffusion coefficient as constant in time and space,
and assumes that the chloride concentration in the sur-
rounding environment remains constant and that the
concrete is saturated.

This paper presents a stochastic approach to assess
chloride ingress accounting mainly for: (1) the chlo-
ride binding capacity; (2) the random nature of tem-
perature, humidity and chloride concentration in the
surrounding environment; (3) concrete aging; and (4)
convection. Chloride-ingress is described by a system
of three partial differential equations (PDEs) repre-
senting: chloride transport, moisture transport, and
heat transfer (Saetta et al., 1993). The flow of chlo-
rides into concrete is estimated by solving the system
of PDEs simultaneously. The solution methodology
combines a finite element formulation with finite
difference and considers Robin boundary conditions.

The time to corrosion initiation is defined as the
time at which the chloride concentration at the cover
thickness reaches a threshold value and corrosion
begins. The probability of corrosion initiation is deter-
mined based on this definition. Given the complexity
of the procedure used to estimate the chloride ingress,
the proposed model uses Monte Carlo simulation with
Latin hypercube sampling. The proposed probabilistic
approach distinguishes between two types of random
variables “time-invariant” and “time-variant”. The lat-
ter are treated as stochastic processes which are mod-
eled by Karhunen-Loéve expansion and log-normal
noises.

The proposed approach is illustrated by a numeri-
cal example where the factors controlling the chloride
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Figure 1. Impact of type of weather model.

ingress were studied. For instance, Figure 1 illustrates
about the effect of the type of weather model on the
probability of corrosion initiation. Overall behavior
indicates that the probability of corrosion initiation
increases when the randomness and the seasonal vari-
ations of humidity and temperature and convection
are considered; and decreases when chloride binding
is taken into account. These results stress the impor-
tance of including the effects and the random nature of
temperature, humidity, surface chloride concentration,
chloride binding and convection for a comprehensive
lifetime assessment.
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An efficient computational framework for probabilistic deterioration

modeling and reliability updating
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ABSTRACT

The modeling of deterioration is subject to significant
uncertainty, which arises from a simplistic representa-
tion of the actual physical processes (typically through
empirical or semi-empirical models) and from limited
information of material, environmental and loading
characteristics. This uncertainty has been addressed
in stochastic models of the deterioration processes.
Through Bayesian updating these models can also
account for the effect of additional information on
the uncertainty, with information arising, e.g., from
inspection and monitoring. In the past, stochastic dete-
rioration models have been applied in the context of
life-cycle optimization and inspection planning, but
the application in practice has been relatively limited.
A main reason for this is that the evaluation of the
stochastic deterioration and inspection models through
structural reliability methods or simulation techniques
either requires expert knowledge or is too computa-
tionally demanding (when applying robust simulation
methods).

Based on recent work of the author (Straub, in
press), this paper presents a computational frame-
work for evaluating stochastic deterioration models,
which can accommodate most common stochastic
deterioration models. The framework is based on the
dynamic Bayesian network (DBN) methodology that
can be interpreted as a generalization of the Markov
chain. However, unlike the Markov chain model, the
proposed framework allows to efficiently include non-
ergodic random variables, which are the dominant
source of uncertainty in most engineering models of
deterioration.

The intention of this paper is to summarize the
framework and demonstrate its application to relia-
bility analysis and updating for pipelines and process
equipment subject to localized corrosion. It is demon-
strated that the framework enables the evaluation of
time-variant reliability problems conditional on any
type of information. Exemplarily, Figure 1 shows the
reliability of a pipe conditional on inspection and
monitoring results. In addition, the framework allows
updating any of the uncertain model parameters. This
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Figure 1. The reliability index of a pipe subject to CO2 cor-
rosion, conditional on monitoring of the process conditions
and inspections of the pipe.

facilitates learning about the model parameters from
information obtained in-service. Finally, the DBN
model can be readily expanded to model jointly the
performance of a large number of components, by
introduction of common parameters as parent nodes
in the DBN.

The presented application demonstrates that the
DBN framework allows including inspection results
and monitoring data through Bayesian updating in
a robust manner, i.e., the computations can be per-
formed automatically. Such robust computations have
a strong potential for applications in the asset integrity
management of engineering systems.
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ABSTRACT

The durability of RC structures is adversely affected
by environmental stressors. A common and serious
stressor is carbon dioxide (CO,) which can cause
depassivation of the protective film of steel rein-
forcement (known as carbonation). Carbon dioxide is
always present in the atmosphere and its concentration
is higher in the vicinity of its sources — in industrial
and densely populated regions which tend to have the
highest proportion of built infrastructure. The present
concentration of atmospheric CO, is about 380 ppm.
However, climate change and global warming stud-
ies predict that the level of CO, may increase to over
1000 ppm by the year 2100. The paper will assess
how increases in atmospheric CO, levels will affect
carbonation-induced corrosion damage and safety loss
to reinforced concrete structures. The 2007 Intergov-
ernmental Panel on Climate Change (IPCC) reported
future CO, concentrations for six emission scenar-
ios. The two emission scenarios considered herein
are A1FI and B1 emission scenarios. Both these sce-
narios assume that there are no controls/regulations
to mitigate CO, emissions. The annual CO, concen-
tration growth-rate is 1.9 ppm per year since 2000,
and so the best case scenario after 2010 would be
that the CO, concentration is kept stable at 2010
levels (386 ppm) due to reduction and stabilisation
of CO, emissions. This scenario is called the ‘best
mitigation’ scenario. The carbonation depth (x. in
cm) is predicted from Yoon et al. (2007), but cor-
rected to allow for modelling uncertainties. The mean
corrosion current density (ico) is assumed equal to
0.25 uA/cm? with a COV of 1.0 as typical for moder-
ate deterioration induced by carbonation. Probabilistic
methods are used as there is significant uncertainty
and variability of atmospheric CO; levels, deterio-
ration mechanisms, material properties, dimensions,
strength and loading. The time-dependent structural
reliability analysis will predict the probability of cor-
rosion initiation, mean proportion of corrosion (cover)
damage and the probability of failure (collapse) of
typical reinforced concrete beams over the next 100
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years when the CO, concentration increases with
time over the next 100 years for a typical RC beam.
The nominal resistance in RC beam is obtained from
design condition ¢ Ryom = 1.2G;, 4+ 1.60,,, in which
¢ =0.9. It follows that nominal flexural capacity is
Mpom = (1.2G,, + 1.60,)/0.9. The nominal capacity
depends on the live-to-dead load ratio p = 0,/G,
where G, and @, are design dead and live loads
respectively. The ultimate to nominal flexural resis-
tance (M,/Myom) for a RC beam is modeled as nor-
mal distribution with mean of 1.135 and COV of
0.085.These statistics include the random variabil-
ity of ME, f/ , d , f, , and Ag. The reduction in
bond between concrete and steel is ignored. Statis-
tic parameters for a stochastic office floor load form
these uniformly distributed loads produce a bending
moment (S). The time period is taken as 100 years,
with extraordinary live load effects updated annually
and sustained live load effects updated every 8 years
resulting in £ = 100 load events. The bottom main lon-
gitudinal and transverse reinforcement is 16-mm or
27-mm diameter bars. The specified concrete com-
pressive strength is 30 MPa and water-cement ratio is
0.5. Concrete design cover is 30 mm. The live-to-dead
load ratio (p = 0.5—1.5) did not affect the overall trend
of the results presented herein, hence results to follow
are for p = 1.0. The likelihood and extent of corrosion
damage and strength failure of RC beam will be evalu-
ated at annual time increments for a design life of 100
years. A reliability analysis of a RC beam including
various emission and mitigation scenarios found that
for the worst case scenario the probability of corro-
sion initiation is 720% higher than a scenario based
on maximum mitigation of CO2 emissions. It is found
that for the worst case scenario the mean proportion of
corrosion damage is 540% higher than the best mitiga-
tion scenario. It was also found that the worst emission
scenario increased the probability of strength failure
by only 6% when compared to the structural reliability
for the best mitigation scenario. If the worst emissions
scenario is viewed as the most likely scenario then
increasing design cover by approximately 3—18 mm
may be needed to ameliorate corrosion damage.
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ABSTRACT

The paper presents two applications of the support
vector machine (SVM): one for structural reliability
assessment and the other for structural health mon-
itoring. Applying the SVM technique to a structural
system for which training data are available, the data
can be classified into two classes and a hyper plane that
separates the two classes can be determined. If needed,
a nonlinear boundary surface can be constructed by a
kernel mapping.

In reliability analysis, the training data are gener-
ated by the Monte Carlo simulation (MCS) based on
the given probabilistic distribution of uncertainties and
the hyper plane found can be viewed as an approximate
limit state function that defines the safe and failure
regions. The trained hyper plane is tested by the test
data also generated by MCS. The classification error
rate, defined as a ratio of the unsuccessful testing cases
to the total size of the test data, is used to evaluate the
performance of the SVM classifier. The approximate
limit state function can be used by some established
approaches for reliability analysis. In this study, MCS
isused to generate samples and each sample represents
apoint in the space of random variables that may fall in
either the safe region or the failure region. For a large
number of such points, the ratio of number of the points
in the safe region to the total number of points gives
the estimated structural reliability. Two cases studies
are provided: one for a linear state function and the
other for a nonlinear state function. The results are
compared with the exact solution and those by other
approaches such as FORM and SORM. Effects of the
kernel function on the classification error rate and the
accuracy of the failure probability are investigated.

In structural health monitoring, the SVM classi-
fier is used to classify the structure into two classes:
damaged and undamaged. The training data are the
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vibration measurements for the undamaged class sup-
plemented by data for the damaged class artificially
created by shifting the first two natural frequencies
of the healthy class. A cepstrum-like technique is uti-
lized to improve performance of the SVM classifier
in the presence of noises. The trained SVM hyper
plane can later be used for structural health monitor-
ing when new vibration data become available. The
SVM trained hyper plane can be adapted by including
the new measurement data in the training set and the
evolving hyper plane may indicate the current status
of the structural health condition. The methodology is
illustrated for health monitoring of a linear four-DOF
building model. Effects of the percentage shift of the
natural frequencies in generation of data in the dam-
aged class, the noise level, and the kernel function on
the classification error rate are studied.

Good results are obtained for all the test examples.
The results demonstrate great promises of SVM for
reliability analysis and structural health monitoring.
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Vulnerability curve for a timber house considering

the maximum bearing force variation

K. Yamada
Toyota National College of Technology, Toyota, Japan

A vulnerability curve is made from a given seismic
hazard. This vulnerability curve means the macro-
scopic damage function. Nowadays, we need the vul-
nerability curve for a given building to estimate its
read-estate value. This means that we have to consider
the structural strength variation of a given building and
the variation of estimated ground motions. There is no
attempt to author’s knowledge. In this paper, I propose
the generation method of the vulnerability curve for a
Japanese traditional timber house in consideration of
the maximum shear force variation.

The seismic damage of a house occurs in the bal-
ance of the earthquake motion at the house’s site and
the seismic performance of the house. The earthquake
motion is affected by an earthquake fault, and the sur-
face ground vibration property at the site. Both the
seismic performance of the house and maximum and
the transient behavior of the earthquake motion have
an effect on the maximum displacement response of
the house. Nowadays, we know the variation of seismic
performance and the variation of the surface ground
vibration property. So this report deals with these vari-
ations to calculate the vulnerability curve. The damage
probability of a house is calculated by the next 4 steps.

First, the earthquake motion at the engineering
bedrock with its event probability is defined by a
theoretical method.

Second, anumber of surface earthquake motions are
calculated by SHAKE in consideration of the variation
of the surface ground vibration property.

Third, the response analyses of a house are executed
against each surface earthquake motion in considera-
tion of the variation of seismic performance. These
calculations are executed by Monte Carlo simulation.

Forth, the distribution of the maximum displace-
ment responses gives the damage probability. In this
report, | discuss the minimum total number of sim-
ulation instances for one house against one surface
ground motion.

A Japanese traditional wooden house has bearing
walls and non-structural walls that cause 1/3 of its
horizontal resistance force. Analysis model consists of
both wall elements and rigid floor elements. Aseismic
elements of this analysis model are bearing walls and
non-structural walls. Their analysis model is supposed
as equivalent spring, which is proportional to both their
wall length. The variation coefficient of the maximum
resisting force is supposed as 0.3. Non-structural wall
is fixed on the both side of inner wall, and fixed on
the inner side of outside wall. A height of storey is
2,700 mm. Mass matrix consists of consistent mass
matrix.

Five surface ground motions are adopted to check
the influence of the transient behavior of earthquake
motions. Their peak ground velocities of earthquakes
are modified into 50cm/s. The mid-acceleration
method is applied with 0.005 s time subtraction.

The maximum displacement response is defined as
the largest relative storey displacement between 1st
floor and 2nd floor, which is almost approximately
larger than the relative storey displacement between
2nd floor and roof.

The results may be summarized as follows: the min-
imum number of instances for one house is 20 for the
average and standard variation of a vulnerability curve.
A simplified vulnerability curve generation method
with one instance is also proposed. The 50 percentile
of'this simplified method is 10 cm/s greater than the 50
percentile of the proposed method with 20 instances.
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ABSTRACT

It has not been clarified that the structure-mechanical
characteristics for the traditional wooden buildings
because of the horizontal plane of structure such as
roof or floor construction, the foundation stone of col-
umn base which does not hold the waist tie beam,
Orthogonal vertical plane of structure, and compli-
cated joints such as the connected beam to column
and so on. The vibration test was carried out at the
E-defense (Hyogo Earthquake Engineering Research
Center) to clear the effect of seismic response charac-
teristic and earthquake resisting performance for tra-
ditional wooden buildings. These traditional wooden
buildings have soil walls for earthquake resisting ele-
ment. In this study, we remarked the particularity for
tradition construction method on the column base and
floor plane of structure.

In this paper, we illustrate the modeling for soil
walls and the beam-column joints using on the semi-
rigid frame analysis. The soil wall element is for-
mulated by the composite elements consist of one
horizontal nonlinear spring element and three rigid
beams pined other elements (See Fig.1). The nonlin-
ear characteristics of walls and beam-column joints are
evaluated by slip-bilinear relationship model obtained
from previous experimental studies. We compare the
present earthquake response analysis with full-scale
vibration test on E-defense. And we investigate the
validity of this modeling and characteristics of the
solution on earthquake response for Japanese tradi-
tional wooden buildings. The numerical example is
shown in Figure 2. The nonlinear characteristic of
column-beam joint is formulated by the semi-rigid
beam element and the relationships between bending
moment and relative rotation angle of the column-
beam joint are evaluated by slip bilinear restoring force
characteristics based on previous experimental tests.
The story deformation angle of X13 plane of structure
inputted BCJ-L2 wave 300 gal is shown in Figures 3.

As the result, it was confirmed that the effectiveness
of modeling for the wooden building by the rotation
spring element at the element ends and shear spring
element for soil wall. These results can be applied

Modeling =3
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Figure 1. The wall model (rocking rigid body model).
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Figure 2. Numerical example.

— Analysis

—— Experiment

Figure 3. The story deformation angle of X13 plane of
structure.

to the research of the structure health monitoring in
future.
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Structural identification of existing building using variable pendulum sensor
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ABSTRACT

This paper reports the result of experimental veri-
fication on performance and accuracy of structural
identification using Variable Pendulum Sensor (VPS).
A SDOF shear model is used as structural model.
A prototype of VPS, which can change the swing-
ing cycle of the pendulum by changing springs, was
installed on the upper surface of the model. Forced
vibration test was carried out, and responses of both
the structure and the VPS were measured before and
after changing the springs of the VPS. As the physical
dynamical parameters, the mass, the shear stiffness,
and the damping coefficient of the model are directly
identified from the observed response data, by predic-
tion error method and using reduplicated state-space
model derived from the equations of motion before
and after the shifting of the swinging cycle of the
pendulum.

The experimental structural model consists of the
VPS, the structural model, viscous dampers, and an
excitation device. To estimate the dynamical charac-
teristics of the structural model, system identification
are carried out using the observed data. Six cases of
identification are carried out based on the selection of
the column of the structural model and the selection of
the spring of VPS. 300 times of different identification
trials are carried out using the same experimental data
with 300 random sets of initial value factors. Accuracy
of the identification is evaluated stochastically.

Result of the structural system identification using
the response data of the structural model with VPS
shows that the proposed VPS can successfully esti-
mate the physical dynamical parameters, e.g. mass,
stiffness, and damping coefficient of single degree of

Figure 1.
structural model.

Variable Pendulum Sensor and Experimental
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Table 1. The case classification for the system
identification.

Model’s columns VPS springs
Case 1 Slender (1.95Hz) Soft (2.92Hz) Middle (4.90Hz)
Case 2 Slender (1.95Hz) Soft (2.92Hz) Hard (6.68Hz)
Case 3 Slender (1.95Hz) Middle (4.90Hz) Hard (6.68Hz)
Case4 Thick (3.54Hz)  Soft 2.92Hz)  Middle (4.90Hz)
Case 5 Thick (3.54Hz)  Soft (2.92Hz)  Hard (6.68Hz)
Case 6 Thick (3.54Hz)  Middle (4.90Hz) Hard (6.68Hz)
Table 2. Identification results about median and conver-

gence probability.

Median / true value Convergence probability

% %

m ki cl Error +-10% +—15%
Casel 943 86.2 943 8.4 0.0 99.7
Case2 948 86.5 1046 7.8 0.3 86.0
Case3 94.7 86.1 90.8 9.5 0.0 94.7
Case4 925 922 965 6.3 100 100
Case5 925 89.8 882 9.8 21.7 97.0
Case 6 924 912 942 7.4 99.3 99.3

freedom structural model to an accuracy of 15 % of
relative error. The accuracy of the estimation depends
on the selection of the springs of the VPS. It indicate
that to improve the accuracy of the estimation, fur-
ther study about the methodology of tuning the sifting
swinging cycle of the pendulum should be needed.
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ABSTRACT

Pipelines, especially oil transmission pipelines, are
subject to environment-induced corrosion mecha-
nisms. The growing of corrosion defects can poten-
tially lead to burst and leak failures if without proper
monitoring and maintenance programs. The conse-
quences of the failures range from simple local repairs
to major replacements that cause interruptions of oil
production. In addition, certain failures may create
significant safety and environmental issues. To man-
age the risks, in-line inspection (ILI) tools such as
the magnetic flux leakage device are increasingly
being used to detect the locations of the metal-loss
with defect size estimates to provide information for
pipeline operators to make decisions on maintenance.
This paper presents a risk-based maintenance opti-
mization (RBMO) methodology based on ILI data.
A RBMO framework is summarized in Figure 1. The
objective of RBMO is to optimize the life-cycle risk by
including ILI inspections, repair/replacement time and
decision thresholds, and other mitigation strategies.

Opt. Maintenance
* DégiNo Dig
+ Rupairie Repsit

« Rupalr Mathods
+ Future
Schedules

Figure 1. A RBMO Methodology Framework.

The sampling-based simulation approach has been
implemented in a PipeRisk software with the follow-
ing features: (1) Capable of handling thousands of
defects each with 10 random variables. (2) Builds on
a system PRA framework that integrates data, fail-
ure predictive models, and cost model for maintenance
optimization. (3) Builds on a flexible segment-based
analysis framework that analyzes multiple segments
with different pipe properties, allowable risks, fail-
ure consequences, and corrosion rates. (4) Based on
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computationally robust random simulations to model
complex maintenance scenarios. (5) Implements sev-
eral importance-sampling methods including a two-
stage RBMO approach, a failure sample generator
using Markov-Chain Monte Carlo, and an Adaptive
Stratified Importance Sampling (ASIS) method for
accurately and efficiently computing probability-of-
failure. Figs. 2—3 shows sample results.
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Figure 2. Expected Costs for Six Strategies.
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Figure 3. ILI Time Optimization.
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Numerical evaluation for shaking-table test results of full-scale
wooden frames supported by unanchored foundation

Y. Mukai

Nara Wemen's University, Nara, Japan

Y. Suzuki

Ritsumeikan University, Kusatsu, Japan

ABSTRACT

To investigate for non-linear seismic behaviors of
wooden frame structures constructed by traditional
jointing and built-up way, shaking-table tests were
carried out at “E-defence” in Hyogo, Japan in 2007.
Emphases are put on evaluating interactions of multi-
spans frames which are connected to each neighboring
other with comparatively flexible floor diaphragm
at eaves level, and put on comparing difference of
seismic responses whether foundation girders at bot-
tom of columns are anchored to basement or not. 3
kinds of single-story and three spans full-scale test-
ing frames which have different stiffness of horizontal
floor diaphragm; rigid, semi-rigid and flexible, were
used for this experimental tests. 2 kinds of variation at
their foundations, anchored type and unanchored type,
are also designed by every those 3 kinds of testing
frames.

In this paper, simplified lumped-mass system
is considered to numerically reproduce seismic
responses of examining wooden frames (such as seen
in Photograph 1). Parametric surveys are executed
to find out adequate value of structural parameters
of numerical model and sensitivity of those identi-
fied parameters are estimated. At the touching plane
between column and foundation, virtual small mass
in numerical model are supposed to represent slid-
ing behaviors of unanchored foundation. Restoration
characteristics of spring elements are configured as tri-
linear slip type for upper structure and normal bi-linear
type for unanchored foundation.

At first, experimental results for anchored-type
frames are surveyed and numerical parameters of ana-
lytical model are identified as to accurately simulate
non-liner behaviors of upper structures by every vari-
ation of different stiffness of floor diaphragm. Each
set of shaking table tests for those 3-kind frames with
different floor stiffness were operated for 3 kinds of
wall-arrangements under several input motion levels.
By considering extent of plastic deformation at every
anti-seismic element, parameters of restoration models
of columns, walls, diaphragms could be properly esti-
mated. After those calibrating procedures, friction
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Photograph 1.

Testing frame (Unanchored type).

and slipping behaviors between bottom of wooden
columns and flat supporting plates made of stone are
numerically investigated for the unanchored cases.
Thorough those studies, following features are
assured. 1) To trace accurately out time-history of
non-linear behaviors of testing frames, it is significant
to identify not only parameters beyond elastic-limit
of spring elements, but also elastic-domain stiffness.
2) While sliding behaviors of the unanchored model
can be fairly simulated by using simply-modeled
restoration element, slipping gap between column and
basement is quite sensitively affected by assumption
of sliding (yielding) point of restoration model. 3)
Equivalent friction force ratio is estimated to com-
paratively small value, and sliding behavior of the
unanchored model is considered as depending on
interaction related to upper structures stiffness.
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Assessment and characteristic analysis of safety for shear failure on
deteriorated RC bridges due to chloride attack based on field testing

H. Kano
Japan Bridge Engineering Center, Osaka, Japan

H. Morikawa
Kobe University, Kobe, Japan

ABSTRACT

The safety evaluation of RC bridge is executed for the
bending moment mainly. However, there is concern
that the shear failure may become predominant on con-
sidering the uncertainties of rebar corrosion, execution
management, material strength and so on. Therefore,
in this paper, the deterioration prediction on three tar-
get bridges was carried out newly by the previous
method (Yuasa & Morikawa, 2006) in consideration of
the uncertainties included in the deterioration factors,
and the shear safety based on various indices was eval-
uated. In addition, various safety evaluation indices
were also examined by comparing with the flexural
safety evaluation result.

The principal findings obtained in this paper are as
follows.

(1) The comparison of time dependent degradation in
safety by three indices which are factor of safety
F'S, safety margin M, and safety index 8, was car-
ried out in the three target bridges. For “Bridge S”,
the safety index 8 fell below the limit value of tar-
get reliability index 2.08 in 75 years old because
of the progress of degradation, though the other
indices still stayed over the threshold in 100 years
old. It is the case where the importance of the
safety evaluation in consideration of uncertainty
of deterioration factor is suggested on evaluating
safety (Figure 1).

(2) The conversion ofthe load carrying capacity R and
stress resultant S into the safety value where the
reliability of 95% was secured was attempted. For
“Bridge S”, the converted FS in consideration of
uncertainties fell below the limit value in almost
the same age as the safety index g (Figure 1).

(3) When the concrete strength is high and the cor-
rosion of rebar progresses early at the bottom of
girder like “Bridge 17, there are a lot of possibili-
ties that the flexural failure becomes predominant
like a normal girder. However, there are also
possibilities that the shear failure becomes pre-
dominant when it is expected that the concrete
strength is low level, or that the uncertainties of
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concrete strength is large and the stirrup on the
side of girder corrodes earlier than the bottom
rebar like “Bridge S” or “Bridge M”. In this case,
it is considered that the shear safety evaluation is
available (Figure 2).
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System reliability analysis of existing RC slab bridges incorporating spatial

variation of damages

X.M. Wang, X.F. Shi, X. Ruan, Z.S. Tian & S.B. Geng
Department of Bridge Engineering, Tongji University, Shanghai, China

ABSTRACT

In accordance with notion of system identification,
the paper divides bridge assessment method into
two categories: Inverse-problem class Method and
Forward-problem class Method. A bridge probabil-
ity assessment model considering the brittle fracture
of the corner corroded reinforcements is proposed to
solve the phenomenon that the diseases are mainly
concentrated in the outer corner of the exterior slabs in
assembly RC Slab Bridges, using the Forward-problem
class Method, By introduction of the spatial variability,
the model considers the inconsistent disease distribu-
tion along the longitudinal direction of bridges. The
correlation formula is established, which is fit for the
Monte Carlo sampling. A simple supported slab bridge
is evaluated using the proposed model.

By the appearance observation and nondestructive
inspection, it is often observed that some reinforce-
ments corrode severely because of protective layers
peeling, while other reinforcements have lower cor-
rosion ratio owing to their protective layers sound.
The reinforcements with high corrosion ratio are often
in the corner of the section. A specialized resistance
model is established to consider the brittle fracture
caused by high corrosion ratio.

With the changes of damage degree, geometric and
mechanical parameters of slabs along bridge span,
structural resistance changes also. So the whole struc-
ture can’t only be assessed by the mid-span section
since the spatial variability in resistance and effects.
In order to get the flexural failure probability of
the structure, the paper establishes a series model of
multi-sections.

Monte-Carlo simulation is used herein to calculate
the failure probability of the slab. PSAS1£ Probability
Structural Analysis Software Version 1£©is employed
to calculate the reliability index and the failure proba-
bility of each sections.

By using the adaptive importance sampling method,
the program PSASI1 can not only solve the failure
probability of small probability event which can not
be solved by the direct Monte-Carlos method, but also

take the correlation of the multi limit state into account
accurately.

Based on the proposed assessment process and
results presented the following conclusions are made:

1. It maybe seriously underestimate the failure proba-
bility if the assessment of simply supported slab
is based on mid-span section, especially for the
structure in the presence of disease. The system
assessment method consisting of several sections
in mid-span region can solve the problem.

2. Bridge assessment method belonging to Forward-
Problem Class can obtain the evaluation parameters
directly and identify credible system model based
on inspection data. Consequently, it would improve
accuracy of the assessment and predication effec-
tively. With development of the detection technol-
ogy, this kind of method would solve more practical
problems.

3. The model proposed in the paper is suitable for
the RC slab or beam. Its further application for
PRC structure needs the development of the detec-
tion technology for some key parameters such as
the degree of prestress loss resulted form pipeline
friction and long-term effects.
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Safety assessment of RC bridges strengthened by using CFRP sheet related

to chloride-induced deterioration

F. Peng & H. Morikawa
Kobe University, Kobe, Japan

ABSTRACT

Due to the large volume of existing RC structures, in
which such damage occurred by various cause, dura-
bility concerns have grasped considerable attention
worldwide. And now, it is obviously the issue of how
to maintain in service existing concrete infrastructure
has been important for society. In recent years, the use
of Fiber Reinforced Polymers (FRP) sheet has been
established as one of the most promising methodolo-
gies in the field of structural rehabilitation of concrete
structures.

In this study, the effect of deteriorated reinforced
concrete bridge strengthened with Carbon Fiber Rein-
forced Polymer (CFRP) sheet was evaluated by reli-
ability analysis. And this paper addressed a way of
managing bridge before and after strengthened with
CFRP sheet by safety assessment.

The actual existing RC Bridge F located in Awaji
Island, Japan, damaged by chloride-induced deteri-
oration, was assessed in this study. It is composed
of three main girders (from ocean-side, A-girder, B-
girder, C-girder). In this paper, firstly the systematic
and detailed inspection was carried out by both the
Non-Destructive Inspection and the truck loading test
at the age of 46. From the results of the material phys-
ical and chemical tests (were conducted for the core
test specimen sampled from girders), it was clarified
that the ingress of chloride ions into concrete plays a
crucial role in reinforcing bar corrosion and, hence, for
the durability of A-girder, B-girder. And then the dete-
rioration prediction of girders was evaluated based on
the methodology proposed by the authors [1].

When the Monte Carlo simulations for evaluation
of the probability model of the stress resultant and
the probability model of the load carrying capacity,
were proceeded, it is necessary to evaluate and to
model the peeling property of CFRP sheet bonded on
girders, and finally to verify the applicability of the
proposed method to smeared crack type FEM analy-
sis. This paper shows that the sheet bond constitutive
law has been studied by two ways. One is getting
it from RC beam test (different dimension from the
girder) [2]. And the other is from the database which
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was constructed by collecting experimental results of
many research institutions. This database stores large
amounts of information of RC members in considera-
tion of strengthening by FRP sheet, and were studied
by multiple linear regression analysis.

Finally, the safety index “B” was calculated based
on the probability model of safety margin evaluated
from the stress resultant and the load carrying capacity.
When the “B” of the analysis result after strengthening
with CFRP sheet was compared with the before, the
following remarks were derived:

1. The method, which was proposed in this study as
managing bridge before and after strengthening
with CFRP sheet by reliability analysis of safety
assessment, was demonstrated to be effective.

. In spite of different sheet bond constitutive law, the
results of analysis presents that the load carrying
capacity and safety index of each girder increased
with strengthening.

. By the reliability analysis, the difference of two
sheet bond constitutive laws was clarified. The
evaluation based on “RC beam test” is relative con-
servative in comparison with the evaluation from
database.
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Comparative seismic performance of the steel building systems

H.Y. Chang, H.Y. Yeh & J.Y. Chen
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ABSTRACT

The text in this paper is for visual purpose only. No
rights can be taken from this.

The seismic performance of steel buildings can vary
significantly depending on the adopted lateral load
resisting systems (e.g. Wei 2006; Mayes et al 2005).
This paper presents the result of a reliability-based
seismic performance assessment for steel building sys-
tems. The analyzed 6- and 20-story steel office build-
ings have three kinds of different bracing systems,
including moment-resisting frames (MRFs), eccentri-
cally braced frames (EBFs) and buck-ling-restrained
braced frames (BRBFs) (Wei 2006). The buildings had
the same floor plans (5 x 3 bays) with 9-m bay spacing
while the height was 4.5 m at the first story and 4.0 m at
the remaining floors. The buildings were designed for
the peak ground acceleration (PGA) of 0.428 g (value
from seismic hazard curve that has a 10% chance of
exceedance in 50 years) in accordance with Taiwan’s
building codes. All the beam-column connections were
moment-resisting. Lateral loads were also resisted by
a total of four braced frames, two in each direction.

The performance of the buildings was assessed
using three-dimension nonlinear time history analy-
ses with a suite of earthquake ground motions scaled
to increasingly higher intensity (Curadelli and Rieba
2004; Lin and Tsai 2004) Following that, the fragilities
(i.e. failure probabilities, Pr) for immediate occupancy
(I0) and life safety (LS) were evaluated using the drift
limits of 0.7% and 2.5%, respectively (FEMA2000).
It was found that for the IO limit states, the lateral
load resisting systems can only make a small differ-
ence to the failure probability of the 6-story buildings.
For the LS limit states, the difference in the probability
of failure using MRFs, EBFs and BRBFs becomes sig-
nificantly large. Compared to the 6-story building, the
20-story buildings are not easily affected by the lateral
load resisting systems. For the IO limit states, the lat-
eral load resisting systems cannot make any marked
distinction to the failure probability of the 20-story
buildings using MRFs, EBFs and BRBFs. At more
severe limit states (i.e. the LS limit states), the dis-
tinction in the probability of failure reduces to a small
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Table 1. Limit-state PGAs for 6- and 20-story buildings.
(a)

6-story building MRF EBF BRBF
0>07%  PGA(g) 0.171 0.300 0318
Pr=10% Normalization 1.000 1.754 1.860
0 >2.5% PGA (g) 0.625 1.191 1.390
Pr=50%  Normalization ~ 1.000  1.906  2.224
(b)

20-story building MRF EBF BRBF
0 >0.7% PGA (g) 0.310 0365 0410
Pr=10%  Normalization ~ 1.000  1.177  1.322
6 >2.5% PGA (g) 1.343  1.700  1.610
Pr=50%  Normalization 1.000 1.265 1.191

extent. The added EBFs and BRBFs have shown dif-
ferent effects in enhancing the seismic performance of
low-rise and high-rise steel buildings.
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Simulation of the loads induced by running

C. Sahnaci & M. Kasperski

Department of Civil and Environmental Engineering Sciences, Research Team EKIB,

Ruhr-University Bochum, Bochum, Germany

ABSTRACT

The modern architecture tends to design lightweight
and slender structures which is leading to an increased
susceptibility to vibrations. Accordingly, the evalua-
tion of serviceability against vibrations due to human
excitation has gained more and more importance.
More then ever it is important to determine and
describe action effects on a structure to avoid vibration
levels affecting the serviceability or even the safety.
Men-induced dynamic loads can be subdivided into
two major groups of activities addressing basically two
groups of structures. Rhythmic activities on the spot
like foot stamping, bobbing and jumping have to be
considered for the design of grandstands or assem-
bly halls. The basic locomotion forms walking and
running have to be considered for the design of pedes-
trian bridges. The basic definition of the locomotion
‘walking’ is that at least one foot has contact to the
ground; if between two contact phases a flight phase
occurs, the corresponding locomotion form is called
‘running’. While in recent years the loads induced
by walking have been intensively studied sound and
reliable data for the loads induced by a running per-
son are scarce. A major reason for the absence of
good data probably is that tests for running require
a large experimental effort. Recent studies make use
of data acquired from treadmill device tests. However,
treadmill devices are an inappropriate test arrangement
leading to an underestimation of the load amplitudes.

As optimum method for monitoring the loads for con-
secutive steps for natural running a longer walkway
is required which is mounted on force-sensors. Such
an experimental setup has been realized worldwide
for the first time at the Ruhr-University Bochum by
the Research Team EKIB. A 16 m measuring platform
has been constructed which is completely mounted on
force-sensors. To allow an almost natural running a4 m
lead-in section and a 8 m lead-out section was added
at both ends of the platform leading to a total walkway
length of 28 m. The width of the walkway has been cho-
sen with 1.5 m. The basic aim of the experiments at the
Ruhr-University Bochum is to identify the randomness
and imperfections in the load process running. Two dif-
ferent subsets or scenarios have to be distinguished.
The first scenario comprises ‘short distance running
with a specific purpose’, e.g. catching a train. To study
this subset of running, almost any volunteer can be
analysed. The second scenario summarizes all running
forms as they occur in sport and leisure, e.g. jogging,
sprinting or even running a marathon. For the respec-
tive experiments, only practicing runners should be
investigated. The paper presents the extended tests per-
formed at the Ruhr-University Bochum and discusses
in detail the randomness in the running parameters and
their interdependencies. The randomness in the load
amplitudes in regard to the basic frequency content is
analysed. The paper finally gives some recommenda-
tions for a load model which can be implemented in a
simulation.
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Dynamic response analysis of Shinkansen train-bridge interaction

system under moderate earthquakes
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S. Nishiyama

Technical Division, Nikken Sekkei Civil Engineering, Ltd., Tokyo, Japan

ABSTRACT

Japan is located in an earthquake-prone region, and
the earthquake-proof capacity of the Shinkansen bridge-
train interaction system is always a concern considering
the extremely high-speed of the bullet trains. However,
the dynamic response of the bridge-train interaction
system under earthquakes is an extremely complicated
phenomenon and is not adequately elucidated.

In this study, assuming that the structural behavior
remains elastic during a moderate earthquake, an ana-
lytical approach to simulate the seismic response of the
Shinkansen bridge-train interaction system is established.
A bullet train car model idealized as three-dimensional
sprung-mass dynamic system, which can express the
motions of the car in both vertical and horizontal direc-
tions, is developed. The depiction of the car model is
shown in Figure 1. A typical high-speed railway rein-
forced concrete viaduct in the form of rigid portal frame
is adopted for the seismic response analysis. The viaduct
with track structures is modeled with three-dimensional
finite elements as shown in Figure 2. The dynamic dif-
ferential equations of the bridge are derived using modal
analysis technique. To discuss the seismic response of
the bridge-train interaction system, three actual recorded
moderate ground motions with different frequency com-
ponents downloaded from Kyoshin Network of National
Research Institute for Earth Science and Disaster Pre-
vention are adopted as the seismic loads. Newmark’s S
step-by-stet numerical integration method is employed to
solve the coupled differential equations of the bridge-train
interaction system subjected to seismic loads.

Employing the seismic analytical procedure of the
bridge-train interaction system established in this study,
the seismic responses of the bridge and the train are simu-
lated and evaluated. The dynamic effect of the train on the
seismic response of the bridge is examined. The influence
of the input ground motion on the response of the train is
investigated.

The main conclusions can be summarized as follows.
The seismic response of the bridge-train interaction sys-
tem is rather complicated and dependent on both the
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Figure 1. 15-DOF bullet train car model.
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Figure 2. Finite element bridge model.

characteristics of the bridge and the ground motions. The
phenomenon that the train can act as a damper to the
bridge during the earthquake is confirmed by the analyt-
ical results. According to the discussion of the seismic
responses of the bridge-train interaction system, the fact
can be recognized that it is not completely rational to
consider the train merely as additional mass to the bridge
structure, which is the case in the seismic design code
in Japan, because in some cases the bridge responses
may even be underestimated. In the design practice based
on performance-based design, effort should be paid to
achieve safer but more economic bridge structures by
considering the train load as appropriate dynamic system.
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On the impact of robust statistics on imprecise probability

models: A review
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Department of Statistics, Ludwig-Maximilians University, Munich, Germany

R. Hable

Department of Mathematics, University of Bayreuth, Bayreuth, Germany

ABSTRACT

Especially in the engineering sciences, credibility of
statistical statements is crucial because wrong conclu-
sions can be very expensive or even life-threatening,
and, therefore, careful and cautious modeling of all
kinds of uncertainty is inevitable (e.g. Mdller & Beer
(2008), Oberguggenberger et al (2008)). The raise of
robust statistics originates in the discovery that even
small deviations of the real world from the assumed
statistical model (called ideal model) can make the
optimal statistical method break down. Therefore,
robust statistics is concerned with statistical meth-
ods which may be less perfect in the ideal model but
still lead to reliable conclusions if the ideal model
is only approximately true. More recently, the the-
ory of imprecise probabilities was developed as a
general method to cope with the multi-dimensional
nature of uncertainty and to handle also non-stochastic
uncertainty (ambiguity) in an adequate manner. Math-
ematically, imprecise probability can be interpreted
as providing upper and lower bounds on the involved
probabilities, also providing a powerful framework for
sensitivity analysis.

The strong connections between robust statistics
and the theory of imprecise probabilities go far beyond
their similar purposes — a fact which is frequently
neglected. In robust statistics, small deviations of the
ideal model are modeled by certain neighborhoods
around the ideal model. As a matter of fact, nearly all
commonly used neighborhoods are imprecise proba-
bilities. That is, a considerably large part of robust
statistics can be seen as a special case of imprecise
probabilities. Therefore, it seems quite promising to
address problems in the theory of imprecise probabil-
ities by trying to generalize results of robust statistics.
In this review paper, we present some cases where this
has already been done successfully and highlight some
cases where the connections between robust statistics
and imprecise probabilities are most striking. This is
done for the two main parts of frequentist statistics —
namely hypothesis testing and estimation.

One of the main difficulties in the application of
imprecise probabilities is that many problems are
computationally expensive. However, quite often, the
hypothesis testing problem can be solved by consid-
ering a simple testing problem between certain least
favorable distributions which drastically reduces the
computational effort (Huber-Strassen theory). This
proceeding can also be extended to more general
decision problems.

While ideas originating from robust statistics had
a strong impact on hypothesis testing under impre-
cise probabilities, the theory of robust estimation has
hardly been investigated in that context. Though only
very few estimation problems have been analytically
solved for finite sample size in the frequentist the-
ory of robust estimation, these results are particularly
interesting for the theory of imprecise probability as
it seems to be promising to retransmit these results
into the theory of imprecise probabilities in order to
extend them within this new setup. Since many estima-
tion problems have been solved in robust asymptotic
statistics, it seems to be promising to resort to asymp-
totics also in the theory of imprecise probabilities
whenever exact finite sample optimality results are
not attainable. This also provides a strong motiva-
tion for developing an asymptotic theory of imprecise
probability since such a theory is still at an early stage.
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ABSTRACT

In order to carry out a full probabilistic design in
practical geotechnics subjective assumptions about
probability density function of parameters are often
made while in many cases the results of geotech-
nical investigations are set valued rather than being
precise and point valued. Peschl (2004) has extended
Random Set Theory to be combined with the finite
element method, called Random Set Finite Element
Method (RS-FEM) to deal with this kind of uncertainty
in geotechnics doing semi probabilistic analysis (e.g.
reliability analysis). They illustrated the applicability
of the developed framework to practical geotechni-
cal problems and showed that RS-FEM is an efficient
tool conducting reliability analysis in geotechnics in
early design phases being highly complementary to the
so-called observational method.

To demonstrate the applicability and efficiency of
RS-FEM in geotechnical practice, a real case study has
been chosen, namely a tunnel excavation located in the
south of Germany. Application of a reliability analy-
sis based on the Random-Set-Finite-Element-Method
(RS-FEM) is presented for a real project. The nov-
elty in this paper lies in the fact that a) the analysis is
done before the start of the project, i.e. no updated
information on material properties is available (the
data provided by the geotechnical report for different
sections of the tunnel are the only source of informa-
tion) and b) that the proposed method is compared to
a conventional design analysis.

The basic variables were obtained from two sources,
first, from the geotechnical report which is based on
a number of laboratory and in situ tests and second,
from expert knowledge that is derived from previous
experiences.

The resulting range of results is shown in Figure 1.
They clearly indicate that conventional design anal-
ysis based on particular parameters sets defined at
the design process cannot reflect the behaviour in
situ, which can be expected. One of the important
features of this kind of analysis is that once in situ
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Figure 1. Some of the Results of RS-FEM analysis in terms
of cumulative distribution functions.

measurements are available the quality of the numeri-
cal model can be judged. If measurements fall outside
the range of calculated displacements than either the
model itself was not appropriate or the range of param-
eters did not reflect the in situ behaviour. This result
may have important consequences in cases where e.g.
the ground investigation programme was insufficient
and therefore design and construction has been based
on incorrect assumptions. Unfortunately the start of
the project has been delayed so that comparison with
in situ measurements cannot be presented at this stage
but this will be done once measurements become
available.
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ABSTRACT

Mountain regions are exposed to a number of natural
hazards such as avalanches, debris flows, rock falls
and rock avalanches, flash floods and landslides. Mit-
igation measures are often employed to reduce the
risks of hazards to humans and human settlements
to an acceptable level. The design of structural mit-
igation measures are often not regulated and chosen
arbitrary. Despite this situation, the design should at
least comply with current rules for the design of struc-
tures. This measure has not yet been put in place.
Currently in Austria a new code of practice for the
design of structural mitigation (concrete) measures
against debris flow, is under development. This code
deals with the design of debris flow barriers in terms
of load cases, such as reinforcement details, static
and dynamic loads. One of the major tasks to estab-
lish this new code is the preparation of flow impact
forces for the design process. In this background doc-
ument all known techniques for the estimation of
such debris flow impacts are investigated in terms of
prediction quality. Furthermore, also included are the-
oretical works, miniaturized testing (including tests
conducted by the authors) and known real world mea-
surements. The formulas are further compared (based
on sensitivity) against unknown input variables. This
investigation has been extended to include weight-
ing factors according to the First Order Reliability
Method.

Despite the Institute of Mountain Risk Engineer-
ing having one of the greatest data files on natural
hazard events (starting around 500 A.C.), the knowl-
edge of debris flow in certain regions, very often lacks
a sufficient amount of data for statistical analysis.
Furthermore data sets are heavily corrupted due to
climate change, changing geomorphologic conditions
and changing flora. Besides this the reporting quality
of early events is extremely low. Therefore further tech-
niques have been used, such as Fuzzy sets, Rough sets
and Grey numbers. Awareness of the uncertainty and
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indeterminism of the data heavily influences the choice
of the design impact force and can not be neglected.
Furthermore partial safety factors for this event have
also been chosen.
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ABSTRACT

We classify uncertain information into three cate-
gories: randomness of future events, fuzziness of
objective cognition, and incompleteness of subjective
cognition. It has been found by us that incompleteness
is a kind of weak uncertainty in nature compared with
randomness and fuzziness, since it can be incorporated
in the random or fuzzy variables in the form of param-
eters by using “subjective probability” or “subjective
membership degree”, respectively.

As we all know, in classical structural reliability
theory, the uncertainty can be generally broken down
into another three types, that is, physical uncertainty,
statistical uncertainty and modeling uncertainty. The
former is aleatory, while the latter two are epistemic.
In this paper, the statistical and modeling uncertainties
are viewed as two specific kinds of incompleteness,
since they can be described by means of subjective
probability or Bayesian statistics.

When incomplete parameters in random variables
are treated as subjective probability, we call this
phenomenon as “dual randomness”. Likewise, when
incomplete parameters in fuzzy variables are treated
as subjective membership degree, we call this phe-
nomenon as “dual fuzziness”. Meanwhile, random
information and fuzzy information are often coupled
or mixed in many fields, which result in “random
fuzziness” or “fuzzy randomness” situations.

The classical reliability theory of structures only
deals with the physical uncertainty in nature. In this
paper, we introduce four kinds of generalized reliabil-
ity theories of structures. The first is named as “dual
random reliability theory”, which considers both ran-
domness and incompleteness. This kind of reliability
problems has been well solved by many researchers
using the methodologies of Bayesian statistics. The
second is called as “dual fuzzy reliability theory”. To
solve this kind of reliability problems, a new defi-
nition of cumulative distribution function for fuzzy
variables is introduced, and then, the incompleteness
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in the satisfaction degree is dealt with by using fuzzy
expectation operation. The third kind of generalized
reliability problems is named “random-fuzzy reliabil-
ity theory”, in which random factors are presented
in the membership function as parameters. We have
utilized fuzzy probability theory to arrive at the reli-
ability probability. The fourth kind of generalized
reliability problems is called “fuzzy-random reliabil-
ity theory”, in which there still exist two cases, one
case is that fuzzy factors are presented in the distri-
bution functions of random variables as parameters;
the other is that fuzzy-random information lies in the
fuzzy membership functions. For these two different
cases, we introduce two different kinds of fuzzy-
random variables to derive at the fuzzy reliability index
respectively.
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ABSTRACT

Different types and multisource uncertain information
occur in characterization of contaminated sites. Three
kinds of uncertainty are identified, i.e. random uncer-
tainty which is inherently random in nature, informal
uncertainty which is caused by a lack of informa-
tion such as when the number of observations is not
sufficient, and lexical uncertainty which occurs when
linguistic variables such as “high” “medium”, “low”,
“near” and “far” are used. Traditionally, stochastic
methods were widely used to represent all types of
uncertainties. With the advent of new uncertainty
theories such as fuzzy set theory, possibility theory,
evidence theory, and random sets, the proper represen-
tations of different kinds of uncertainties are revisited.
Informal and lexical uncertainties can be better rep-
resented using fuzzy set theory and its extension,
possibility theory, evidence theory, and random sets.
When one theory best represents one parameter
whereas another theory may be more suitable for
another, the hybrid propagation of these uncertain-
ties will occur. In this paper, the correlations amongst
different uncertainty theories are investigated. A prob-
ability density function (pdf) can be discretized into a
set of random sets by dividing an approximate sup-
port of a pdf into » intervals and a basic probability
assignment is defined as the integral of the pdf in
the corresponding interval. A fuzzy number can also
be divided into a set of consonant intervals by using
level-cuts. A possibility distribution (the membership
function of a fuzzy set can be used as a possibility
distribution) can be transformed into a family of proba-
bility distributions with the upper and lower bounds. A
possibility measure and its dual, necessity measure can
be used to construct a family of probability measures.
A unimodal probability density function with bounded
support can be transformed into a less specific pos-
sibility distribution which has the same support and
a possibility distribution with upper semi-continuous,
unimodal, support bounded can also be transformed
to a pdf. Basic probability assignment function (),
Belief function (Bel), and plausibility function (P/)
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are three fundamental definitions of evidence the-
ory. When the sets are nested, the belief measure and
plausibility measures become necessity measure and
possibility measure, respectively. Random sets are sets
defined on some probability space where values are
represented as sets rather than points. The distribution
function of a random finite set is a belief function and
the distribution functional of a random closed set is a
plausibility function.

Three methods were proposed to propagate hybrid
uncertainty (i.e., the random and non-random uncer-
tainty): (1) use a probability-possibility transformation
to convert the probability distributions to the corre-
sponding possibility distributions, (2) transform the
possibility distributions into probability distributions,
and (3) hybrid method. The results obtained from (1)
and (3) are similar though (1) provides the outer bound
of the results of (3), and the results of method (2) are
contained in the results of method (1).

The effects of dependencies amongst uncertain
parameters on the simulation results were also inves-
tigated and quantified by evaluating the belief and
plausibility measures and then using them to approx-
imate the probability measure based on evidence
theory. A simple case study was used to explain
this methodology. The correlations amongst uncer-
tainty theories facilitate the propagation of hybrid
uncertainty through different models.
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ABSTRACT

This paper focuses on the transient dynamic analysis of
a cable-stayed bridge with uncertain structural param-
eters, subjected to an impact load. The uncertainty
is located in the Young’s modulus and mass density
of concrete and steel. These parametric uncertainties
are quantified by triangular membership functions.
The bridge is analyzed using the a-sublevel technique.
In order to analyze the time-domain response of the
bridge under impact loading, an interval extension
of Wilson’s theta method is developed and applied
for the direct evaluation of the uncertain dynamic
response of the structure. The interval problem is based
on the global optimization strategy. A Kriging-based
response surface methodology adapted to multiple
output analysis of FE models is introduced for this pur-
pose. This method is applied and compared to a clas-
sical direct optimization approach. The work demon-
strates the effectiveness of the Kriging-approach based
fuzzy finite element method in evaluating the dynamic
response of the cable-stayed bridge with multiple
uncertainties.

The multiple-output response surface based method-
ology is as follows. In the first step of the procedure, a
small space filling design (for example a Latin hyper-
cube design) is generated and all objective functions
are calculated at these response points by the FE solver.
Using this information, initial response surfaces are
created. Additional points are best selected by the
adaptive procedure in step two instead of being ran-
domly selected in this step. In the second step, a large
space filling design is calculated. These points are
not yet response points; only the few most promising
points from this set will become real response points
for which a finite element analysis will be performed at
the end of this step. For each of these points, the func-
tion value and the expected error on the function value
are estimated using the calculated response surfaces.

For each of these candidate response points, the aver-
age maximum improvement or AMI is calculated. The
sum of squares selects the average maximum improve-
ment over all output quantities. The candidate response
points with the highest AMI are then selected and
added to the response point set. Only in these points, an
FE analysis is performed. Finally, all response surfaces
are recalculated or updated with the new information.

In the numerical example, Wilson’s theta method
is applied to perform a transient structural analysis of
a cable-stayed bridge subjected to dynamic loading.
Uncertainty is introduced into the mass and stiffness
properties of the structural system. The analysis is
performed by optimizing the displacement response
at each time step. It is observed that compared to
the global and local optimisation routines, the Krig-
ing response surface approach yields equally accurate
results at only a small fraction of the computational
cost.
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ABSTRACT

Time domain analysis methodologies based on mea-
sured vibration data, such as the least square estimation
and the extended Kalman filter, have been studied and
shown to be useful for the on-line tracking of struc-
tural damages. The traditional extended Kalman filter
(EKF) method requires that all the external excitation
data (input data) be measured or available, which may
not be the case for many structures. Recently, an adap-
tive extended Kalman filter approach with unknown
inputs (excitations), referred to as AEKF-UI, has been
proposed to identify the structural parameters as well
as the unmeasured excitations [ Yang et al (2007b)].
In the AEKF-UI approach, the recursive solutions
for the estimations of the extended state vector Z and
the unknown input £*, namely Zj 41 and

F1k+1
(fork=1,2, ...), are given in the following.
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in which hk+l\k» KZ,k+17 Sk+1, Hk+1|k and Di-%—l\k are
the intermediate matrices to be computed recursively.

In this paper, the AEKF-UI approach will be veri-
fied using the experimental data obtained in [Wu et al
(2006), Zhou et al (2008)]. A series of experimental

tests using a scaled 3-story building model have been
conducted recently. In the experimental tests, white
noise excitations were applied to the top floor of the
model, and different damage scenarios were simulated
and tested. These experimental data will be used to ver-
ify the capability of the AEKF-UI approach in tracking
the structural damage. The tracking results for the stiff-
ness of all stories, based on the AEKF-UI approach,
are compared with the stiffness predicted by the finite-
element method. Experimental results demonstrate
that the AEKF-UI approach is capable of tracking
the structural damage and unknown excitations with
reasonable accuracy.
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ABSTRACT

The uncertainties of model parameters for deterio-
ration should be updated depending on the quantity
and quality of the inspection data. Consequently more
credible information can be obtained for decision-
making of reasonable maintenance. Reliability esti-
mation of existing structures is however more difficult
than that of newly constructed structures because the
uncertainties related to limit states should be updated
by inspection or measurement data. Probability den-
sity function (PDF) of the updated model parameters
are not expressed in simple form when a nonlinear
equation or non-Gaussian variable is involved. MC
based methods for non-linear filtering or Bayesian
updating technique have been developed since 1990’s
(Gordon et al., 1993, Kitagawa, 1996, Ristic et al.,
2004). This line of methods are referred by many
terms, such as MC filter, Bootstrap filter, recur-
sive MCS, sequential MCS, the Sampling Importance
Resampling (SIR) method or the Sequential Impor-
tance Sampling with Resampling (SISR). In this paper,
the term Sequential MCS (SMCS) is used to refer the
MCS based updating method.

The reliability estimation of existing structure
requires updating process. When performing a prob-
abilistic assessment of the reliability of deteriorating
structures, we often need to integrate the results of
different inspections in time and/or methods. A new
framework is described based on the above mentioned
SMCS in this study. Figure 1 shows the outline of
the method. The proposed method is demonstrated
through a numerical example of reliability analysis
as to deteriorating RC structures. Corrosion of rebar
due to chloride attack is a major mechanism for the
deterioration of RC structures. Several models are
proposed to estimate the limit states for the chlo-
ride attack. Limit state exceeding probabilities of a
RC structure are calculated using one of the deterio-
ration model (Akiyama et al., 2006), in which many
uncertainties such as wind speed, diffusion coefficient,
corrosion speed and so on, are involved. Several sce-
narios of inspection and observed data are assumed,
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F=k+1 Xy, K0 : Limit state functionand |
T - : its exceeding probability 1
1
! 1
Time Updating _L Gua=Lx,) :
Xy =FX g W) : P P83 0) :
! 1
Observation ' i

]
Ty :H(-\TA_.;',, v, ) I :
! 1

1
Observation Updating ! 2=l |
1
Xk : Prn=Pgu0) |y
] | :
! 1

End

188

Figure 1. Flowchart of the proposed method.

including the visual inspection and detailed inspection.
The visual inspection gives rank of deterioration level,
from 1 to 4, whereas detailed inspection gives pro-
filing of chloride concentrations through depth. The
limit state exceeding probabilities are estimated for
each scenario case.
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ABSTRACT

Structural health monitoring (SHM) of the existing
civil infra-structures becomes an important subject,
because bridges and buildings are often subjected to
gradual damage or sudden collapse caused by fatigue
loads or unexpected large loads such as earthquakes.
To prevent the severe damage on structures due to
these unexpected events, health monitoring has been
facilitated to large civil structures using new technolo-
gies developed in the field of sensor, measurement,
signal processing, and system identification. System
identification techniques have been used to estimate
the system characteristics of large structures based on
the measured data. In time domain identification, the
stochastic filter methods have been used to identify
the time-varying and invariant parameters a dynamic
structural system. Commonly, the unknown parame-
ters of a system are recursively predicted and estimated
by the measured information with noise. And the
uncertainties of initial values and system modeling
as well as observation noise were evaluated based on
Gaussian probability function.

The Kalman filter (KF) (Kalman 1960) has been
most widely used for the identification of time-varying
systems in various engineering field. Since then, to
overcome the limitations of the KF, many techniques
have been developed such as the extended Kalman filer
(Yun & Shinozuka 1980, Hoshiya & Saito 1984) and
Sequential Monte Carlo (or Particle filter) (Gordon et
al. 1993). Recently, Monte Carlo filter (MCF), one of
particle filter, developed by Kitagawa (1996) is used to
identify the significant parameters for a nonlinear non-
Gaussian system. This method has a great potential
and versatile filtering approach to estimate the system
parameters.

In this study, a new algorithm for adaptive MCF is
proposed by introducing the variable forgetting fac-
tors on the process and observation noises, because
the conventional MCF does not have a sufficient time
tracking ability for abrupt changes in structural param-
eters. The proposed method improves the likelihood of
the state vector by increasing the uncertainties of the

concurrent noise distributions using the weight gains
which are the first order function of the forgetting
factor less than the one. The gains are expressed as
the ratios of the covariance matrices of the concurrent
noise distributions to their initially assumed distribu-
tions and each forgetting factor is applied to the noise
distributions at each time step when the changes of
unknown parameters are larger than a threshold value.
Thus better estimates can be obtained for the abrupt
changing parameters that do not depend on the past
data. In the adaptive MCEF, three cases are consid-
ered. In the first case, the forgetting factor is applied
only to the process noise, while it is applied only to
the observation noise in the second case. In the last
case, however, the forgetting factors are applied to both
noises. Validations of the proposed method have been
performed on the identification of abrupt changes in
the stiffness and damping parameters of a shear build-
ing model under a strong earthquake excitation. The
results indicate that the identified parameters show
more rapid tracking ability for the abrupt changes and
better convergence to the true values than those by the
ordinary MCF.
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ABSTRACT

For the health monitoring of civil infrastructures, it is
important to identify the nonlinear behavior related to
structural damage. The extended Kalman filter (EKF)
has been widely used for the parameter estimation of
a nonlinear structural dynamic system. Nonetheless,
when the EKF is applied to a complex system or a prac-
tically large structural system, a few implementation
and numerical problems may arise. To overcome the
numerical difficulties in obtaining the state transition
matrix and improve the divergence of conventional
EKF the sequential modified extended Kalman filter
(SMEKF) is proposed in which the EKF with finite
difference scheme is used for the state estimation and
the nonlinear sequential prediction error method is for
the parameter identification.

The forces induced on a bridge structure with rein-
forced concrete (RC) piers during major earthquakes
may exceed the yield capacity of some piers and
cause large inelastic deformations and damages in
the piers. It is, important to recognize that a highly
versatile model is required to closely reproduce the
hysteretic behavior, in which several important aspects
of hysteretic loops can be included, viz., stiffness
degradation, strength deterioration, pinching behavior,
and variability of hysteretic areas at different deforma-
tion levels under repeated load reversals. However, the
model should also be simple to implement.

In this study, identification of the nonlinear hysteric
behavior of a RC bridge pier subjected to earthquake
loads is carried out. Only the acceleration measure-
ments of the input earthquake motion and bridge
responses are utilized, which are the easiest quanti-
ties in dynamic measurements, particularly for bridges
with long-spans. The modified Takeda model is used
to describe the hysteretic behavior of the RC member
with a small number of parameters, in which nonlin-
ear behavior is described by various rules of loading
and reloading rules rather than an analytical expres-
sion. Then a two-step approach so called the sequential
modified extended Kalman filter (SMEKF) algorithm

Extended Kalman Filter for State Es- v
timation k41

X :R“ +Ka-|[Ys-|_§!~-|{é.w)]

1 x.§¢|
Nonlinear Sequential Prediction Error Method

for Nonlinear Parameters
eA-I = eﬂ. + Bﬂ.-l‘{’ri[y.\'—] - ‘r'A—I tX-’c«l J.-I’B.\' }]

k+10k+1

[

Figure 1. Sequential Modified Extended Kalman Filter
(SMEKF) Algorithm.

is proposed to identify the unknown parameters and
the state vector separately in two steps, so that the
size of the problem for each identification procedure
may be reduced and possible numerical problems may
be avoided. Mode superposition with a modal sorting
technique is also proposed to reduce the size of the
identification problem for the nonlinear dynamic sys-
tem. Example analyses are carried out for a continuous
bridge model with a RC pier subjected to earthquake
loads in the longitudinal and transverse directions.
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ABSTRACT

This research studied socio-economic effect of the
seismic retrofit implemented on bridges in the Los
Angeles area highway transportation network. The
study is performed in two parts; in the first part,
an integrated analytical framework is developed to
evaluate the network performance under 47 scenario
earth-quakes which represent the regional seismic
hazard consistent with USGS seismic hazard maps.
This frame-work used realistic models to represent
the post-earthquake change in origin-destination (OD)
characteristics of network traffic flow and bridge
repair/restoration process. Monte Carlo simulations
are performed to predict the post-event damage of
highway bridges, and eventually, of the entire net-
work. In this predictive simulation, two sets of fragility
curves of bridges with and without seismic retrofit are
used. Analysis evaluated post-earthquake network per-
formance in the form of social cost arising from driver
delay and loss of opportunity in the degraded network.
This social cost is the expected loss in the system due to
future seismic events. Result showed that the expected
loss is much less if all bridges in the network are
retrofitted. The second part of the paper focused on the
evaluation of benefit from seismic retrofitting which
is expressed as the summa-tion of loss avoidance from
social cost and bridge repair/restoration cost. Thus
estimated benefit is compared with bridge retrofit cost
to investigate the benefit-cost ratio. The study showed
that taking Caltrans as the stakeholder, bridge seis-
mic retrofit is cost-effective when loss avoidance from
social cost is considered.
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ABSTRACT

Throughout the history of suspension bridges, their
tendency to vibrate under different dynamic loadings
such as wind, earthquake, and traffic loads has been a
matter of concern. In particular, after the disastrous
failure of Tacoma Narrows Bridge in 1940, wind-
induced vibrations of suspension bridges have mostly
been studied. However, due to damage of this type of
bridge in recent years including that occurred to the
under-construction Akashi Kaikyo Bridge during the
1995 Kobe (Hyogo-ken Nanbu) earthquake, concerns
regarding seismic safety of suspension bridges have
gained significant attention.

The Vincent Thomas Bridge which connects Ter-
minal Island with San Pedro and thus serves both Los
Angeles and Long Beach ports, two of the busiest ports
in the west coast of USA. The seismic performance of
the Vincent Thomas Bridge is under scrutiny in recent
years following the finding that the main span of the
bridge crosses directly over the Palos Verdes Fault.
It is believed that this fault has the capacity to pro-
duce an earthquake of magnitude (Mw) of 7.25 when
a return period of 1000 years is considered. Consider-
ing the importance of this bridge in terms of carrying
cargo from Long beach and Los Angeles ports, in
spring 2000, the bridge underwent a major retrofit
using visco-clastic dampers. Before the retrofit, an
evaluation of the anticipated improvement of seismic
performance of the bridge was conducted with the goal
that the retrofit will eliminate the risk of collapse of
the structure while allowing the bridge to be closed for
repair when subjected to postulated ‘safety evaluation
earthquake’ (i.e. an earthquake with a return period
of 950 years). This study highlighted the collapse of
tower-shaft as one of the major concerns under many
other possible effects (Ingham et al. 1997).

Previous studies dealing with the Vincent Thomas
Bridge have so far shown that the after retrofit
vibrational characteristics obtained analytically using
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commercial software ADINA are more than 10% off
the frequencies identified on the basis of the mea-
surement data obtained by on-site instrumentation
under ambient loading conditions (e.g. He et al. 2008).
Therefore, there is a need for further investigation
to accurately predict the vibrational characteristics of
this bridge. In addition, estimating seismic vulnerabil-
ity of this retrofitted bridge under expected scenario
earthquakes is also very important.

In this paper, a member-based detailed three dimen-
sional Finite Element (FE) as well as panel-based
simplified models of the bridge are developed. In
order to show the appropriateness of these models,
eigenproperties of the bridge models are evaluated
and compared with the system identification results
obtained using ambient vibration. In addition, model
validation is also performed by simulating the dynamic
response during the 1994 Northridge earthquake and
comparing with the measured response. Finally, con-
sidering a set of strong ground motions in the Los
Angeles area, nonlinear time history analyses are per-
formed and the ductility demands of critical sections
are presented in terms of fragility curves. The study
shows that a ground motion with PGA of 0.9g or
greater will result in plastic hinge formation at one or
more tower locations with a probability of exceedance
of 50%. Also, it is found that the effect of damper is
minimal for low to moderate earthquakes and high for
strong earthquakes.
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ABSTRACT

Reinforced Concrete (RC) structures are generally
exposed to various environmental conditions during
their lifetimes so that the service life of them is greatly
reduced by the deteriorations. Chloride attack has been
identified as one of the major deteriorations of RC
structures. Since chloride ion rapidly penetrates into
the concrete and breaks the passive film of reinforce-
ment, it directly causes steel corrosion which results
in cracking, delamination, and spalling of concrete
cover. For the chloride behavior in sound concrete,
various models and analysis techniques have been pro-
posed. Advanced techniques for modeling chloride
behavior were also introduced using the characteris-
tics in early-aged concrete like porosity and saturation.
The increased diffusion and permeation in chloride
behavior due to occurred crack are considered in these
researches. Even though these previous models can
estimate the behavior of chloride diffusion reasonably,
these techniques still require further studies to examine
their limitations due to the uncertainties of variables.
A probabilistic durability design method was
attempted to consider the uncertainties of input vari-
ables such as material properties and geometry.
Related with the chloride attack, several parameters
such as surface chloride content, cover depth, and
diffusion coefficient were considered as random vari-
ables through statistical distributions applying Monte
Carlo Simulation. Recently, probabilistic methods
using spatial variability are introduced to the evalu-
ation of service life considering steel corrosion and
the limit state of probability for durability safety are
considered in Concrete Specification. However, these
applications using probabilistic approaches have been
generally limited to the sound concrete structures with-
out considering crack effect which occurred at early
age. This is because it is difficult to evaluate the crack
effect on the chloride diffusion characteristics.
Cracks due to hydration and shrinkage occur
unavoidably in concrete structures. These cracks can
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be the main routes for steel corrosion. Through the
cracks, deteriorating agents like chloride ion may pen-
etrate into the concrete and also can be one of the
major reasons of service life reduction in RC structures
exposed to chloride attack.

In this paper, the service life in cracked con-
crete exposed to the marine environment conditions is
predicted considering the crack effect on chloride dif-
fusion. Carbonation behavior in cracked RC columns
is also studied from another field investigation. For
chloride attack, apparent diffusion coefficients in
sound and cracked concrete with 0.1~0.3 mm crack
width are obtained in port structures through field
investigation. The diffusion coefficients are greatly
changed with occurred crack width. The relation-
ship between crack width and diffusion coefficient is
obtained through regression analysis. Design param-
eters such as cover depth, surface chloride content,
and exposed period are also considered for proba-
bility of durability failure-P(durability). Utilizing the
intended P(durability) for design and Monte Carlo
Simulation, the service life is calculated and the results
are compared with those from deterministic method.
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ABSTRACT

The growing concern of the structural capability of
light frame wood residential structures exposed to high
wind events has increased interest in evaluating their
reliability as a step towards performance based engi-
neering. Special aspects of a roof system that need
proper attention in such studies include the distri-
bution of the load applied to the sheathing panels,
redistribution of the load after connection failure and
inclusion of the spatial variation of wind pressures —
i.e. stochastic field. Performing the reliability analysis,
considering the complexity of the system and load dis-
tribution, becomes a very difficult—if not impossible —
task using classical reliability approaches.

The present study illustrates the role of Monte
Carlo simulation in dealing with such complexities.
This method involves running thousands of tests with
key parameter values treated as probabilistic values.
Because this method addresses the random nature of
load and structural behavior instead of simply taking
the extreme or average values, more reliable data is
provided for decision making relative to wind exposed
structures.

In this study, a simulation based finite element anal-
ysis of a simple 12-truss wood roof system is given.
The model roof system utilizes an analytical model for
the roof-to-wall connection developed in a past study
(Shanmugam et al. 2009) to capture the behavior of the
critical link in the uplift load path. This model includes
rigid support in the downward direction but nonlinear
behavior in the uplift direction.
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Wind loads are assumed to follow a lognormal dis-
tribution (Rosowsky & Cheng 1999a). To account for
spatial variation, a correlation matrix is developed
from database wind pressures. This matrix is based on
a cubic equation relating the correlation in pressures
at two given points relative to the distance between
points. In conjunction with the statistical distribution,
this matrix was used to generate pressures over discrete
regions of the roof.

Simulations for wind speeds of 161 km/h (100 mph)
and 210km/h (130 mph) are run as a demonstration
of this method. Failure estimates recognizing the spa-
tial variation of both wind pressures and roof-to-wall
connections have been achieved using a crude Monte
Carlo simulation. These simulation techniques used
in conjunction with finite element modeling packages
may be effectively used to capture system behaviors
and complexities.
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1 INTRODUCTION

Seismic fragility curves of highway bridges can be an
effective tool for communicating the seismic vulnera-
bility that a bridge or bridge portfolio may possess. As
such, many approaches for generating these fragility
curves have been developed; however, the analytical
approaches have gained significant popularity because
of their notable versatility. One overwhelming need is
shared by all analytical methods - the need to track,
and if possible, minimize uncertainties throughout the
process. As the structural systems and failure domains
considered become more complex and computational
power has become more accessible, simulation tools
have proven useful. The objective of this paper is to
illustrate the versatility and power of a simulation-
based approach in quantifying the varying sources of
uncertainty in seismic bridge fragility modeling.

The bridge model considered in this paper is
based on a commonly occurring configuration of
multi-span simply-supported (MSSS) bridges in the
central and southeastern parts of the United States.
Analytical damage fragility curves are developed
using probabilistic seismic demand models coupled
with discrete damage states through the use of sim-
ulation techniques. Two general classes of uncer-
tainty exist, namely aleatory (inherent randomness
— non-reducible) and epistemic (knowledge based
— reducible). Using a number of simulation stud-
ies, this paper looks to quantify uncertainties arising
from ground motion randomness and epistemic uncer-
tainty from as-built conditions (i.e., bridge component
modeling parameters). The dispersion of the seismic
demand conditioned on the ground motion intensity
measure (IM) is analyzed to determine the relative con-
tributions from randomness in the ground motion suite
and bridge modeling uncertainties. Five simulation
cases are performed to achieve this end.

The first case evaluates the subject bridge by vary-
ing the ground motions while including uncertainties
in the bridge modeling parameters. The second case

assumes median values for all modeling parame-
ters while varying the ground motions only. This
directly assesses the aleatory uncertainty in the seismic
demand. The third case incorporates modeling uncer-
tainty while considering only a single ground motion.
This analysis is used to directly quantify the epis-
temic uncertainty due to modeling parameters. This
treatment is actually carried out using four different
ground motions having varying characteristics — each
ground motion is used for the full set of simulations.
Cases four and five repeat cases one and two, respec-
tively, only the incidence angle for all ground motions
is taken to be constant. For the sake of complet-
ing a fragility analysis without introducing additional
sources of uncertainty, an assumed value of dispersion
in capacity is maintained as constant throughout.

Actotal of 11 modeling parameters are identified that
are seen as having an appreciable impact on the seismic
response of this type of bridge. Each bridge parameter
has been assigned an appropriate probability distribu-
tion to model the epistemic uncertainty. The simulation
procedure adopted for generating probabilistic seis-
mic demand models incorporates the combination of
the Latin hypercube sampling and the cloud method of
analysis. For case one, 80 bridge realizations are gener-
ated using the Latin hypercube technique. Each bridge
realization is then paired with one of the 80 California
ground motions in the suite. The ground motion is then
applied to the bridge at some randomly selected inci-
dent angle. The fragility curve for the bridge system
is found by integrating the component joint demand
models over all possible failure domains using crude
Monte Carlo simulation may be performed for this
task.

Results indicate that the inclusion of aleatory ran-
domness from the larger portfolio of motions domi-
nates. Incident angle of ground motions does not play
as significant of a role as originally believed.
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ABSTRACT

This paper proposes a single-loop system reliability
based design optimization (SRBDO) approach using
the recently developed matrix-based system reliabil-
ity (MSR) method. A single-loop method (Liang et al.
2007) was employed to eliminate the inner loop of
SRBDO that evaluates probabilistic constraints. The
MSR method (Song & Kang 2008; 2009) computes
the system failure probability and its parameter sen-
sitivities efficiently and accurately through efficient
matrix calculations. The SRBDO/MSR approach pro-
posed in this paper is uniformly applicable to general
systems including series, parallel, cut-set and link-set
system events. The sensitivity of the system fail-
ure probability with respect to design variables or
constraints provided by the MSR method facilitates
the use of gradient-based optimization algorithms.
Two numerical examples demonstrate the proposed
approach.

In the first example, the cross-sectional areas of
the six members of a statistically indeterminate truss
structure are determined for minimum total weight
with a constraint on the system failure probability sat-
isfied (MacDonald & Mahadevan 2008). The system
fails if two members fail; therefore, the system event is
described by 15 minimal cut sets each of which consist
of two component events. The results are compared
with those in the previous study in order to demon-
strate the merits of the SRBDO/MSR approach. In
particular, it is observed that the accurate system reli-
ability estimates during the SRBDO/MSR reflect the
symmetric conditions between diagonal members and
between non-diagonal members in the optimal design
(i.e. area) and the component failure probability (i.e.
reliability index)

The second example demonstrates the application
of the proposed approach to topology optimization
(TO). Topology optimization seeks for optimal dis-
tribution of material in the predefined domain (Wang
etal. 2007). In this study, the uncertainties of loads are
considered in component based RBTO (CRBTO), and
system reliability based TO (SRBTO). The influences
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Figure 1.
CRBTO; and (d-f) SRBTO/MSR.

Optimal topologies by (a) deterministic TO; (b-c)

of the statistical correlation and the types of con-
straints, i.e. deterministic, probabilistic (component)
and probabilistic (system) on the optimal topology are
investigated as well as shown in Figure 1.
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ABSTRACT

An important aspect of structural reliability analysis
is calculating the sensitivity of the estimated fail-
ure probability to changes in distribution parameters.
These sensitivities are useful because they quantify
the importance of the distribution parameters such
as means, standard deviations and correlations. This
quantification helps us access validity of the reliability
estimates and define the roles of the basic random vari-
ables in subsequent analyses. Therefore, it is important
to develop an efficient method for assessing structural
reliability sensitivity.

The available structural reliability sensitivity meth-
ods are mostly based on the corresponding structural
reliability methods, including the first and second
order reliability methods, the finite-difference method
and the simulation method. Although there are many
reasons for choosing one method over another, the
most widely employed method is the Monte Carlo
(MC) simulation method for complex problems. But
the MC method is far more computationally demand-
ing because the estimation of reliability sensitivity
requires a considerable amount of model simulations.
The challenge is to minimize the computational cost
for achieving the required accuracy of reliability sen-
sitivity, and many efforts have been made in this
direction recently. Wu (1994) proposed a reliability
sensitivity method based on the CDF of the structural
response variable, the normalized reliability sensitiv-
ity coefficient is expressed as an expectation of the par-
tial derivative of the PDF, wherein the sampling-based
method can be used to compute the reliability sensitiv-
ity. Au (2005) presented a method of reliability-based
design sensitivity analysis by efficient simulation,
and this simulation is in fact a subset simulation on
the basis of Markov Chain Monte Carlo. Lu et al
(2008) provided a reliability sensitivity method that is
based on the line sampling which is a new technique
for evaluating high-dimensional reliability problems.

Although the above methods require much fewer sam-
ples than crude MC, in some cases their quantity can
still be considered as large, especially for problems
of small failure probability or problems that require a
large number of costly finite element (FE) analyses in
each sampling cycle.

To overcome the above issues, this paper intro-
duced QMC method as an alternative and efficient
simulation procedure for structural reliability sensitiv-
ity analysis. The main reason behind this situation is
that QMC method can often achieve a given accuracy
with far fewer samples and effectively decrease the
total computational cost when compared with the tra-
ditional MC method. Three kinds of low-discrepancy
sequences, the GLP, H-W and Halton, have been
investigated and verified to have high fidelity in repre-
senting the uniform distribution on the unit hypercube.
Thus, a new procedure, in which the low-discrepancy
sequences are combined with the IS technique, is
developed and used successfully to assess the relia-
bility sensitivity. Numerical examples show that the
proposed QMC procedure gives noticeably higher
accuracy than MC method with the same number of
samples, in addition, it has a faster rate of convergence
than existing MC method. Therefore, the proposed
QMC method qualifies as a comprehensive tool in
structural reliability sensitivity analysis.
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Life cycle cost analysis for retrofit of critical infrastructure

subject to multiple hazards
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ABSTRACT

Design and assessment of critical civil infrastructure
can be considered as a decision making problem in
which the desired performance objectives, defined in
terms of a set of design parameters, are optimized
subject to a number of constraints. In the context
of performance-based design, several performance
objectives (e.g., minimize initial cost of construction,
ensure life-safety in case of extreme and rare events)
can be considered for a set of [discrete] limit states.
In order to implement the performance objectives in a
decision making framework, it is desirable to quantify
and measure these objectives in terms of a common
benchmark variable. The life-cycle cost has been pro-
posed by many (Wen 2001, Faber and Rackwitz 2004)
as a suitable bench mark performance variable. Lifecy-
cle cost, which is historically identified as an economic
term expressed in monetary units, accounts for initial
costs of construction of facility, the regular costs of
its maintenance and functionality over time, loss of
revenue in case of damage, repair/replacement costs,
social losses including eventual loss of life and end-of-
life recycling costs. The evaluation of life-cycle cost
is subject to several sources of uncertainty, such as
the occurrence and the intensity of critical hazards,
the resistance of the infrastructure and the service life
itself. Therefore, the lifecycle cost is generally evalu-
ated in terms of its expected value over the lifetime of
the infrastructure.

The present study aims to apply the life cycle
cost criteria to retrofit design of an existing critical
infrastructure located in a seismic zone. Given the
importance of the infrastructure, an unexpected strong
explosion is considered to be plausible through its life-
time. Hence, the performance-based retrofit design of

203

the infrastructure needs to be conducted on a multiple-
hazard basis (i.e., earthquake and blast in this case).
The retrofit design involves decision making between
a set of viable options which can be evaluated and
compared in terms of their corresponding life cycle
cost and subject to reliability constraints. In particular,
for each retrofit option, the corresponding life cycle
cost is evaluated by calculating in monetary terms,
the direct cost of the installation of the retrofit solu-
tion, the maintenance cost of the retrofitted system, the
repair/replacement costs in case of damage, and the
social costs including eventual loss of life and end-
of-life recycling costs. After the low-cost option is
identified among the set of options, the system reli-
ability for the corresponding retrofitted infrastructure
needs to be verified against an acceptable threshold.
In this work, the system reliability is calculated tak-
ing into account both blast and earthquake hazards
(Asprone et al. 2009).
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ABSTRACT

Shell structures are widely used in many industries
due to their load carrying capacity vs. weight optimal
ratio. By their very nature, the mechanical behavior of
these lightweight structures is rather sensitive to slight
variations in geometry, material properties, boundary
conditions or loads. In an effort to address the effects
of these variations which are most often of random
nature (e.g. uncertain shape or thickness, due to the
manufacturing process, spatial variations of material
properties), the present work aims at quantifying the
level of safety of such structures with respect to buck-
ling which is a major concern for structural engineers
involved in shell design. It is proposed here to have
recourse to a highly efficient and robust Finite Element
(FE) method in order to capture the intricate mechan-
ical behavior of shells and to make use of an efficient
simulation technique for assessing small probabilities
of failure of interest.

In the proposed approach, we use an original
method (Cochelin 1994) known as the Asymptotic-
Numerical Method (ANM). It was proved to be less
computationally demanding than more conventional
incremental-iterative methods offered in usual gen-
eral purpose FE codes. The ANM takes into account
material and geometric nonlinearities, follower forces
and boundary conditions w.r.z. local axes. Another
major advantage comes from its ability to accurately
detect bifurcation and limit point loads in a fully auto-
matic and robust manner, which makes it very suitable
for stochastic analyses. The present work is based on
the 7-parameter formulation Biichter and Ramm shell
element, which avoids thickness locking through the
EAS concept. The stochastic model involves various
random fields over the shell. We assume here some
randomness in the shape of the structure which dif-
fers from the perfect one and we also take into account
the spatial random variation of material properties and
thickness over the shell.

In order to assess the failure probability of such
a challenging structural reliability problem involving

random fields and a computationally demanding FE
buckling problem, it is proposed to make use of
subset simulation (Au & Beck 2001). This method
outperforms crude Monte Carlo in estimating small
probabilities of failure, as it converts the initial prob-
lem to another more tractable one which basically
consists in finding a few larger conditional probabili-
ties of intermediate failure events. For completeness,
a FORM approach is also used to provide significant
local sensitivity results.

The proposed methodology is applied for illustra-
tion purpose to a structure derived from the Scordelis-
Lo shell roof, taken from reference (Scordelis &
Lo 1961). The shape imperfection is assumed to be
a linear combination of a few most critical elastic
buckling modes, whose coefficients are considered
as random variables. Random variations of thickness
and material properties (Young’s modulus and yield
strength) are taken into account by means of log-
normal isotropic and homogeneous stochastic fields.
These random fields are represented in Karhunen-
Lo¢ve expansions, based on an exponential covariance
function. It is worth pointing out that solving such
FE-based structural reliability problems is rather com-
putationally demanding and it is made possible here
by combining efficient methods at both mechanical
and stochastic levels (ANM and subset simulation
respectively), on a multiprocessor computer platform
allowing distributed computing.
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to FERUM software
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ABSTRACT

The development of FERUM (Finite Element
Reliability Using Matlab) software as an open-source

Matlab® toolbox was initiated in 1999 under Prof.
A. Der Kiureghian’s leadership at the University of
California at Berkeley (Der Kiureghian ef al. 2006).
This general purpose structural reliability code was
developed and maintained by T. Haukaas, with the con-
tributions of many researchers. Since 2003, this code
is no longer officially maintained.

The present paper aims at presenting the main
features and capabilities of a new version of this open-
source code based on the main contributions of the
first author and the help of a few Ph.D. students at
IFMA. The main concepts of FERUM are preserved
and this paper lists the major changes operated in this
code. FERUM should still be viewed as a development
platform for testing new methods and applying them
to various applications.

Regarding FERUM framework, the main structure
of input data is preserved. Besides, major changes
have been brought to version 3.1. The gfun.m func-
tion now allows sending multiple simultaneous calls
to the g function. This change makes it possible to
carry out simulations based on analytically defined
limit-state functions vectorized in the Matlab sense,
in a very efficient manner. Another potential use is
distributed computing on multiprocessor computer
platform. Other modifications brought to FERUM
were besides driven by this important change, in order
to adapt all existing reliability algorithm so that they
take advantage of multiple simultaneous calls to g.

Reliability methods such as FORM, SORM, Monte
Carlo Simulation (MCS) and Importance Sampling
(IS) are still available in this new version. Directional
Simulation (DS) based on deterministic directions is
implemented and allows structural reliability analyses
for low-dimensional random spaces. Subset Simula-
tion recently introduced by S.-K. Au and J. Beck
(Au & Beck 2001) is also available and represents
an interesting alternative to MCS in estimating small
probabilities of failure.

All these methods are still based on the so-called
Nataf model. The underlying R correlation matrix
is now obtained by numerical Gauss integration. An
effort has also been made in the new version to cal-
culate accurate sensitivities to distribution parameters
by numerical integration too, including sensitivities to
correlation. Other features regarding sensitivity and
importance measures have also been added. FERUM
now offers extra capabilities regarding global sensitiv-
ity measures, based on Sobol’ indices (Sobol 1993).
These indices are evaluated through various sam-
pling techniques such as crude MCS and Quasi-Monte
Carlo (QMC) simulations or by means of a limit-state
function surrogate using Support Vector Machines.

FERUM now also offers capabilities regarding
RBDO analysis on the basis of J.O. Royset’s works
(Royset & Polak 2004, 2007). The implemented
method consists in a brute-force outer optimization
loop over the reliability evaluation. The outer opti-
mization loop makes use of the Polak-He optimization
algorithm. The RBDO analysis can be carried out using
FORM, MCS or DS.
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Reliability-based integrity assessment of structural systems subject to
heterogeneous deterioration and large-scale inspection uncertainty
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University of Calgary, Calgary, Canada

ABSTRACT

Deterioration affects the reliability and the safety of
virtually all types of structures and infrastructure. The
present paper focuses on the posterior lifetime esti-
mation of structural systems affected by corrosion
and wear, but in the specific case where (1) only
imprecise inspection data are available to estimate the
parameters of the deterioration model; and (2) con-
siderable heterogeneity is observed in the degradation
paths of distinct corrosion features within different
structural units. This situation occurs quite often in
a variety of structural contexts. A typical example
is the assessment of future onshore/offshore oil/gas
pipeline integrity, for which the two single largest
sources of degradation are internal pitting corrosion
and micro-bacterial corrosion: both types of degrada-
tion can be well described by a stochastic process such
as a specific transformation of a Brownian motion with
drift, or a time-transformed gamma process with inde-
pendent increments. But the true challenges are that
internal inspections (e.g. using an intelligent pig) can
only be performed infrequently and suffer from con-
siderable uncertainty due to sizing errors, detectability,
and reportability. Individual corrosion pits/features are
also subject to considerable heterogeneity between
degradation paths beyond what can be accounted for by
conditioning on explanatory variables. In other words,
spatial heterogeneity can partly be explained by cause-
effect models capturing exposure, sensitivity, material
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variability, etc., but we must also account for addi-
tional local aleatory effects. Both scenarios suggest
the use of Bayesian models and the use of hierarchical
models accounting for surrogate random effects within
the stochastic deterioration processes. The present
paper focuses on both the framework and the math-
ematical techniques that are most convenient in the
processing of large sets of imprecise inspection data
using heterogeneous deterioration models with the
objective of making informed lifetime integrity prog-
noses. An important aspect of the framework is that
the inspection data usually suffer from sizing uncer-
tainty (e.g. regarding corrosion pit depth) that is of the
same order of magnitude as the uncertainty associated
with random growth increments between inspections,
as well as important detectability issues. The model
variables that need to be estimated or updated in a
Bayesian context include the basic parameters of the
underlying stochastic process, the clock-time transfor-
mation parameters needed to match the basic corrosion
process (e.g. initiation time, power law or sigmoid
transformations, plateau modeling) and the random
effects causing heterogeneity between degradation
paths within structural units or systems. Numerical
examples illustrate how the different components of
the hierarchical protocol affect lifetime and integrity
assessment.
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ABSTRACT

Extensive damage to woodframe housing during the
Loma Prieta and Northridge earthquakes emphasized
the vulnerability of this type of structure and strength-
ened the need to develop methodologies that quantify
the risk of woodframe structures being uninhabitable
or “red-tagged” after a strong seismic event. There is
a current initiative within the USGS to make seismic
risk assessment openly available to owners of wood-
frame houses, which comprise the largest population
of buildings exposed to seismic hazard. This initia-
tive is working towards an interactive web-based tool,
known as ResRisk-WH (Residential Risk — Wood-
frame Houses), that queries homeowners for basic
descriptions of their homes (e.g., location, size, age,
etc.) for use in a subsequent automated risk analysis.
An essential component of this analysis process is to
quantify the seismic performance of woodframe hous-
ing in terms of building safety (i.e., probabilities of red
tagging).

This paper demonstrates how the probability of
building safety can be estimated through a “virtual
inspector” using the probabilities of damage of the
building’s components and applying current building
inspection guidelines. An analytical model, otherwise
known as the virtual inspector (Mitrani-Reiser 2007;
Mitrani-Reiser and Beck 2007), was developed to esti-
mate the probabilities that the building will be tagged
at various levels of ground shaking with the well-
known red, yellow, and green safety placards, based on
current U.S. guidelines. This model may also be used
to locate the areas of higher probability of damage in
the structure. The virtual inspector probabilistically
estimates building safety by matching up the damage
descriptions from the fragility functions of the struc-
tural and nonstructural components with the damage
descriptions from inspection guidelines.

The virtual inspection methodology is divided into
two modules: (1) the rapid evaluation phase, which
evaluates the structural integrity of a building and the
probability of a red-, yellow- or a green-tag being
posted, based on what would be a speedy inspec-
tion of the exterior structural components; and (2) the
detailed evaluation phase, which includes a more thor-
ough inspection of the structural components in the
exterior as well as the interior of the building. This
paper will describe the established close-form method
for estimating safety tagging of structures using these
safety evaluation guidelines. This paper will present
the extension of this application into the ResRisk-WH
framework, using Monte-Carlo simulations to quantify
the probability of safety tagging of woodframe struc-
tures. The methodology presented here will provide a
framework for automated virtual tagging of structures
to estimate the forcible closure of woodframe housing
as well as a means to estimate the probability of person
displacement conditioned on seismic hazard intensity.
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Seismic risk communication with owners in structural design
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ABSTRACT

Structural performance decision-making for a build-
ing is to determine the risk of failure probability
concerning human life and property. However, private
building owners have poor experience and knowledge
about risk or decision-making for structural perfor-
mance. As a result, structural engineers, with support
of design codes, decide all performance and risk with-
out consulting or explaining to owners. As in other
professions, structural engineers need to begin to
communicate with owners on matters of risk.

This paper describes citizen’s attitudes using ques-
tionnaire results as a basic survey to establish a frame-
work of risk-communication methods with building
owners. This survey specifies contents and require-
ment for risk communication for seismic safety focus-
ing on the owner’s trust of engineers and decision-
making for performance. The goal of communication
is areasonable selection of seismic safety performance
level.

The first citizen’s attitudes survey was carried out
on the web in 2006 and obtained 535 people’s opin-
ions. The respondents were men and women more
than 30 years old, who have lived in a relatively high
seismic hazard area (Tokyo, Hokkaido, and Hyogo).
Their answers didn’t show difference between gen-
ders. There was a little difference of living area or
experience of big earthquake. This survey defines the
developing process for citizens with three steps in
risk communication. The first step is recognition that
risk and information disclosure is needed. The sec-
ond step is owner’s involvement in decision-making
and deeper understanding of risks. The last step is
reasonable decision-making of owners supported by
structural designers. The results of this first survey
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indicate that Japanese citizens have reached the second
step with understanding risks based on relatively cor-
rect knowledge, but they cannot yet stand on the third
step. For establishing a process of risk communication
based on trust, we professionals should understand the
present requirement of owners and users and then we
have to support improved decision making by owners.

A Second survey was carried out on the web in 2008
with 580 citizens. The respondents live in all prefec-
tures and are from 30 years to 60 years old. This survey
showed that respondents feel that there is no or little
information about soil, piles, or material strength when
they buy a brand new home. They also feel unsafe,
and it means distrust to professionals. Over the half
of respondents think self-check on trust of the design
result. Many respondents were undecided on numer-
ous parts of the survey, indicating that much needs
to be done to improve risk communication. They are
so interested in risk communication, and they need
not a commentary but explanation of engineer. The
explanation of performances before the agreement is
especially needed.

Risk communication is essential to owners but
it also has difficulty under present circumstances.
Contents of communication which designers should
explain before the agreement and method of decision-
making are also considered in this paper.
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ABSTRACT

More than 6400 people lost their lives during Kobe
Earthquake in 1995; about 84% of them became vic-
tims of structural collapse of old wooden houses and
wooden apartment buildings which did not meet the
current seismic requirement enacted in 1981. There
are about 11 million of such existing non-conforming
wooden houses today in Japan, and upgrading of their
seismic performance is essential for disaster mitiga-
tion. Many of the local governments offer financial
support for the upgrading provided that the upgraded
performance meets the current design requirement.
However, even with the financial support, the owners
still have to spend about one million yens on average.
Such large expenditure makes the owners reluctant to
upgrade their houses and accordingly, more than 99%
of existing non-conforming wooden houses remain
untouched.

The authors have proposed to upgrade a large num-
ber of such houses to the level even lower than the one
required by the current design requirement rather than
upgrading small number of houses satisfying current
design requirement (Mori, etal., 2007). Such a strategy
is much more cost effective from the viewpoint of life
safety for the whole society and also for a house owner.
However, since houses could be heavily damaged, the
feasibility of such a strategy should be investigated
from various point of views.

Many people would have to evacuate from their
houses at an event of strong ground motion and
take refuge to public buildings such as school build-
ings and gymnasiums. If the number of refugees is
too large, there could be an overflow of refugees as
seen after Kobe earthquake. Also as many of existing
school buildings and gymnasiums does not meet cur-
rent design requirement, their availability as refuge is
in question. Many of local government are trying to
upgrade such non-conforming buildings.
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This paper investigates the effectiveness of upgrad-
ing existing non-forming school buildings and gym-
nasiums as well as wooden houses in Nagoya, Japan
from the viewpoint of the reduction of risk of refugees
to overflow. Buildings and gymnasiums in public
elementary schools and junior high schools are consid-
ered. The risk is estimated for each elementary school
district taking into account the seismic performance
level of the school buildings and gymnasiums based
on the seismic diagnosis. Although people would take
refuge with various reasons such as loss of energy sup-
ply, only those people who are forced to take refuge
because of the severe damage on their houses are
considered.

It is shown in this paper that upgrading of school
buildings can reduce the refugees, but the effect is
limited. Upgrading of wooden houses is essential for
reducing the refugees to overflow intensively; target
seismic grade lower than 1.0 still has a large effect
on the reduction of the risk. Such a strategy is in
accordance with the one for saving lives (Mori, et al.,
2007).

Risk maps of refugees to overflow in each elemen-
tary school district of the City of Nagoya are also
presented. Such information is useful for a local gov-
ernment to give priority to upgrading non-conforming
existing school buildings and the wooden houses in
a district with higher risk than the others. Such risk
information is also useful for individuals such as house
owners to make decision whether they upgrade their
houses and/or where they would take refuge.
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ABSTRACT

Generally, structural members, beams, or columns
whose reinforcing steel components are corroded
by carbonation or chloride ingress are appropriately
repaired/retrofitted after investigating the cause of cor-
rosion. However, besides minimizing the life-cycle
cost (LCC) (Mori et al. 1994, Frangopol et al. 1997, Val
et al. 2005, Chiu et al. 2007, Kanemastu et al. 2001),
including the deterioration risk few studies discuss
how an optimal maintenance plan can be envisaged
beforehand to increase the mitigation effectiveness of
the deterioration risk. Therefore, there is a need for
a system that can be used to determine a mainte-
nance plan based on the mitigation effectiveness of
the deterioration risk in terms of structural capacity
and serviceability. In this paper, we describe a system
that can estimate the LCC, including the deterioration
risk (induced by chloride ingress), of a building result-
ing from failure and severe spalling/cracking during
earthquakes (Figure 1). In addition, five repair/retrofit
techniques or strategies considered and build proba-
bilistic models in this paper to reflect the effect of
each strategy. Finally, based on the mitigation effec-
tiveness of deterioration risk, including the reduction
ratio of LCC and the benefit-cost ratio of mainte-
nance, the optimal maintenance strategy and period
can be decided and case studies are used to discuss the
application of the system.

According to the results of the case study, main-
tenance technologies with steel supplementing, e.g.
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Figure 1. Flowchart depicting how deterioration risk

induced by chloride ingress is evaluated.

Table 1. Statistics for deterioration parameters.
Uncertainty Distribution  C.0.V
Surface chloride

content (C,) Lognormal 10%
Depth of concrete

cover (X) Lognormal 20%
Apparent diffusion

coefficient (D, ) Lognormal 30%
Critical threshold chloride

concentration (Cyiir) Uniform 1.0-1.2 kg/m®
Corrosion rate (Vo) Lognormal 50%

TYPE-IV and TYPE-V of this research, are effective
to reduce the LCC of an RC building located in the
regions with chloride ingress and high seismic hazard,
e.g. Japan and Taiwan.

Although recurrence periods of earthquakes have
been assigned in this paper, users can change them to
fit in with seismic design codes considered. In future,
instead of specified recurrence periods of earthquakes,
seismic hazard analysis will be included in this system
and develop more useful estimation models.
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Evaluation method of S-N data of composite materials based on
probabilistic fatigue model of UD composites

K. Mukoyama, S. Hanaki & H. Uchida

Graduate School of Engineering, University of Hyogo, Hyogo, Japan

M. Zako

Graduate School of Engineering, Osaka University, Osaka, Japan

S.V. Lomov & I. Verpoest

Department of Materials Engineering, Katholieke Univesiteit Leuven, Leuven, Belgium

ABSTRACT

Probabilistic fatigue properties of unidirectional com-
posite are evaluated using the data sets collected
from database and published papers. For mathematical
expressions of S — N curve, 8 types of S — N models
in the Standard Evaluation Method of Fatigue Relia-
bility for Metallic Materials (The Japanese Society of
Material Science. 2004) are prepared. From numerical
result, it is confirmed that single or double logarithmic
linear model is optimum for UD-CFRP. On the other
hand, double logarithmic curve model is the optimum
one for UD-GFRP.

To evaluate scatter of the fatigue test data quantita-
tively, each data set is normalized by tensile strength.
As a result, each data can be gathered into narrow
region. However, some data plots still exist out of
common region and statistical test for differentiat-
ing between data sets based on analysis of variance
is carried out.

Using the merged data set, fatigue life and strength
distributions are evaluated. Fig.1 shows fatigue life and
strength distribution of UD-GFRP. Fatigue life distri-
bution is well approximated by weibull distribution.
However, the adaptability decreases at high or law
stress level as shown in Fig.1(a). On the other hand,
fatigue strength distribution is well approximated by
normal distribution. From these results, it is confirmed
that fatigue life distribution shows complex distribu-
tion pattern and varies by changing the stress level
for evaluation. On the other hand, fatigue strength dis-
tribution shows relatively simple distribution pattern
and are approximately identical at different number of
cycles.

The developed model is expanded to apply the data
sets which indicate plural failure modes. Fatigue test
results for plain woven GFRP (Tanimoto,T. et al. 1979)
is selected as an example and a data separation algo-
rithm based on failure mode is proposed. Fatigue life
distribution is approximated by mixed log-normal dis-
tribution and the occurrence probability is used to
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Figure 1.
UD-CFRP.

Fatigue life and strength distribution for

determine the number of cycles which separate the
data sets. As a result, it is confirmed that reasonable
S — N curves were obtained.
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Stochastic modeling of architectural glass strengths

S.G. Reid
University of Sydney, Australia

ABSTRACT

Current developments in the theoretical modeling of
glass strength are based mainly on a glass failure
prediction model developed at Texas Tech Univer-
sity (Beason & Morgan, 1984). This model accounts
for the geometrically non-linear load-response of thin
glass plates, the time-dependence of glass strength
(dependent on the applied stress-history), and the sta-
tistical variability and spatial distribution of strengths
(modeled in accordance with Weibull’s statistical
strength theory). Hence the glass failure prediction
model describes the strength of glass in terms of a
notional failure stress (a constant 60-second stress for
a unit stressed area) that is described by a Weibull
distribution.

However, glass test results are often reported with
regard to the peak loads resisted by glass plates, the
peak stresses developed in the glass plates, or the
critical stresses at the fracture origins (which are nor-
mally different from the peak stresses). The associated
strengths are commonly described by fitting Weibull
distribution functions, but the strength statistics and
fitted distribution functions are not directly propor-
tional to those for the equivalent 60-second stresses
described by the glass failure prediction model.

The paper examines two aspects of glass strength
modeling that have not been dealt with before. Firstly,
the paper examines the relationship between the glass
failure prediction model and the distribution of the
critical stresses at the fracture origins for non-uniform
stress fields. The paper shows how the glass failure pre-
diction model can be used to model the distribution of
the critical stresses at fracture origins, with particular
reference to the non-uniform stress fields developed
in ring-on ring tests on glass plates.

Secondly, the paper examines the influence of a
crack propagation threshold in relation to the Weibull

distribution of strengths described by the glass fail-
ure prediction model. The paper describes a stochastic
crack growth model of strength for glass with flaw
sizes that are Pareto distributed (corresponding to a
Weibull distribution of strength) and examines the
influence of a crack propagation threshold based on
a threshold value of the stress intensity factor.

Results are presented concerning the distribution
of critical stresses at fracture origins in a non-uniform
stress field, compared with the strength distribution
described by the glass failure prediction model (based
on the strength of the total stressed area). It is shown
that although the critical stresses at fracture origins
are generally lower and more variable than the max-
imum applied stresses, the shape of the respective
distribution functions is similar. Therefore, in accor-
dance with the glass failure prediction model, the
critical stresses at fracture origins are approximately
Weibull-distributed.

Results are also presented concerning the influence
of a crack propagation threshold, considering alterna-
tive crack growth models to account for a threshold
value of the stress intensity factor K;. It is shown that
if the threshold simply prevents crack growth when K;
is below the threshold, then it has a negligible effect on
the strength distribution for a ramp load. However, if
crack growth is a function of the amount by which K;
exceeds the threshold, then the strength distribution
for a ramp load is strongly influenced by the crack
propagation threshold. Nevertheless, the distribution
of failure stresses does not exhibit a stress threshold.
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Statistical analysis towards the identification of accurate probability
distribution models for the compressive strength of concrete

G. Gasparini, S. Silvestri, T. Trombetti & C. Ceccoli
Department DISTART, University of Bologna, Bologna, Italy

ABSTRACT

Structural design deeply involves material strengths,
which are obviously affected by uncertainty (Ang and
Tang 2007, Melchers 1999, Conte 2001). As far as the
material “concrete” is concerned, building codes (Ital-
ian codes, Eurocodes, ACI regulations) typically state
that it should be identified and classified by means
of'its conventional characteristic uniaxial compressive
cubic strength at 28 days. Although the fundamen-
tal importance of the problem of the evaluation of
the characteristic compressive strength of concrete in
structural design, the statistical analysis geared to iden-
tify an accurate probabilistic model of the concrete
strength has not been a central issue of the research
works in the field for many years.

This paper describes the results of an investigation
performed to obtain the compressive strength statistic
characteristics of a production of about half a million
cubic meters of concrete. This amount of concrete was
produced over a five-year period.

With the aim of obtaining the more adequate rep-
resentation of the actual probability distribution of
the concrete compressive cubic strength, the three
following distributions are selected and considered
in the statistical analysis reported in this research
work: the Normal distribution; the Shifted Lognormal
distribution; the Gumbel distribution.

The techniques for estimating the parameters val-
ues from available observational data (measurements)
of a random variable and for deriving the appropriate
probabilistic model for a random variable are embod-
ied in the methods of statistical inference, in which
information obtained from sampled data is used to
represent the corresponding information regarding the
population from which the samples are derived. Infer-
ential methods of statistics, therefore, provide a link
between the real world and the idealized probability
models assumed in a probabilistic analysis.

The results have shown that the Shifted Lognormal
distribution (Fig. 1) is capable of capturing the charac-
teristics of the experimental data much better than all
the other distributions examined. The Gumbel distri-
bution has also shown good results. On the other hand,
the Normal distribution, which is so often used for
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Figure 1. Shifted Lognormal distribution: theoretical PDF
and experimental frequency histogram.

statistical representations, has displayed worse results
in the capacity of capturing the characteristics of the
experimental data.

On the other hand, the Italian code and, to some
extent, the Eurocode substantially base the evaluation
of concrete properties upon a Normal distribution. It is
therefore advisable that design codes will encompass
the possibility for the engineer to evaluate the concrete
properties based upon these more refined statistical
models.
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Probabilistic assessment of masonry compressive strength

N. Mojsilovi¢ & M.H. Faber

Institute of Structural Engineering, ETH Zurich, Switzerland

ABSTRACT

Structural masonry is a construction material com-
posed of units and mortar, two components i.e. mate-
rials with quite different mechanical properties. How-
ever, masonry is usually treated as a unique, more or
less homogeneous material. The key masonry material
characteristic is the compressive strength perpendic-
ular to the bed joints, f;. It would be desirable to
obtain information in regard to f, through intensive
testing of masonry specimens according to appro-
priate test standards. In this way a proper statistical
treatment of the test data would be possible. In partic-
ular, appropriate probability distribution functions and
corresponding parameters would be straightforwardly
assessable.

On the other hand, the masonry compressive
strength perpendicular to the bed joints can be put in
relation to the corresponding unit and mortar compres-
sive strengths. The components’ strengths are easy to
obtain and numerous tests are usually performed dur-
ing the production; those results are thus statistically
well defined and appropriate probabilistic models may
be established.

The first important issue to be considered in estab-
lishing a probabilistic model is thus whether to base the
modeling on test results from large masonry panels, or
test results from the masonry components, units and
mortar. Based on the experience of the authors, proba-
bilistic models developed on the basis of tests on large
masonry elements are generally more reliable, i.e.
associated with less model uncertainty. However, the
obvious drawback is that such tests are more expensive
and labor intensive. The two approaches can, however
supplement each other such that the performance of
masonry structures established on the basis of tests
on the components individually can be updated based
on a few large scale tests on masonry using Bayesian
updating.

Firstly, the masonry compressive strength taken
from the code will be treated as random variable and
the procedure of the updating will be presented. The
prior probabilistic model (before updating) for f, is
assumed normal distributed with known standard devi-
ation o and an uncertain mean value 4. The mean
value is assumed normal distributed with known mean
value ¢’ and standard deviation ¢’. Here, these two
values are introduced based on the engineering expe-
rience which is characteristic of the Bayesian way of
thinking. Assuming that # tests for determining f, are
performed on large specimens and test results are rep-

resented by the vectorthaving mean value X, the prior
probabilistic model for the mean value of f; can be
updated using natural conjugate distribution. Based
on the new observations i.e. test results the posterior
parameters ©” and o’ can be calculated and the pos-
terior distribution function can be established. More
general, both of the prior distribution parameters [
and o can be assumed as normally distributed random
variables. After obtaining the test results, the poste-
riori distribution can be readily derived. In this case
the natural conjugate distribution is Normal Inverse
Gamma-2 distribution.

Secondly, for illustrative purposes an example is
calculated. Masonry compressive strength obtained
using the European structural masonry code empiric
formula (which combines the compressive strengths of
masonry components — units and mortar) is updated,
using the results from additional tests on masonry
specimens, according to the procedure outlined in
the foregoing. It could be shown that the Bayesian
updating (even with only one additional test) can con-
siderably update the prior distribution of the masonry
compressive strength: in this example the mean value
has lessen (according to the results of the additional
tests) and the standard deviation has decreased.

Finally, recommendations for practical applications
and for future work in this area are provided.
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Probabilistic fracture mechanics guidelines and templates

D.S. Riha, R.C. McClung & J.M. McFarland
Southwest Research Institute, San Antonio, TX, USA
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NASA Glenn Research Center, Cleveland, OH, USA

ABSTRACT

Fracture control is a standard practice for critical
structural components in NASA applications. Stan-
dard guidelines have been developed to define when
fracture mechanics (also known as damage tolerance)
calculations are required, and templates have also
evolved to identify how the fracture mechanics (FM)
calculations are to be performed.

Those guidelines and templates address a determin-
istic calculation of the safe life from a FM standpoint.
Inputs to the calculation are generally either stan-
dard, defined quantities (e.g., standard initial crack
sizes based on the applicable nondestructive evalua-
tion (NDE) method) or nominal values (e.g., average
material fatigue crack growth (FCG) rate and fracture
toughness data). In some special cases, conservative
bounding values (e.g., upper bound FCG rate data or
lower bound toughness) are required. The so called
“safe life” limit for NASA applications is generally
defined by performing the FCG life computation based
on these nominal inputs and then dividing the life by
a factor of four to account for material variability.

However, this well-established paradigm for deter-
ministic fracture control may be inadequate in certain
situations. In some cases, the calculation may pro-
duce an overly conservative result that cannot be
sustained due to program economic or schedule fac-
tors. In other cases, the conservatism (and hence the
safety) of the result cannot be guaranteed due to var-
ious uncertainties in the analysis. Furthermore, the
existing deterministic fracture control paradigm does
not produce any quantitative measure of the risk of
fracture, and so there is no understanding of how the
propensity for fracture contributes to the total risk
of system failure. Therefore, the current determinis-
tic fracture control calculation does not (and cannot)
support the quantitative computation of total system
reliability, even when failure by fracture is one of the
most significant possible causes of system failure.

A probabilistic fracture mechanics (PFM) analysis
can address these shortcomings. An initial guidance

document has been developed that describes the con-
ditions when a PFM analysis should be performed and
qualitative directions on how to perform this analysis
(SwRI, 2007).

These PFM guidelines and templates describe a
comprehensive approach to reliability assessment of
complex fracture problems. This degree of complex-
ity and level of effort is not feasible, however, for
PFM evaluations at the design stage. At the design
stage, a quick answer is needed to support prelimi-
nary reliability assessments (including system risk),
and the available information is insufficient to support
a comprehensive analysis. Instead, a simple “Level 17
assessment is needed that generates a preliminary mea-
sure of reliability for comparison purposes. It appears
that a simple PFM analysis based on three key ran-
dom variables—initial crack size (based on generic
production NDE POD curves), life scatter (based on
historical materials data), and loads variability (based
on engineering estimates of average and worst-case
load environments)—may be useful for this purpose.

This paper provides an overview of the PFM guid-
ance document. In addition, demonstration of the
initial “Level 17 approach is provided utilizing the

NESSUS® (SwRI, 2006) probabilistic analysis soft-

ware and the NASGRO® (SwRI, 2008) fracture
mechanics software.
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Decision support simulator for post-earthquake emergency
management based on bayesian updating theory

N. Nojima

Department of Civil Engineering, Gifu University, Gifu, Japan

ABSTRACT

In post-earthquake emergency response, collection of
actual damage information is time-consuming. There-
fore, many kinds of rapid damage estimation systems
have been developed on the basis of real-time pro-
cessing of seismic intensity information, building
inventory, and fragility relations. However, since initial
damage estimation is highly uncertain, decision mak-
ers are often involved in a trade-off between rapidness
and preciseness of important actions.

This problem stems from the fact that conventional
damage estimation systems are not capable of bridg-
ing the gap between the initial damage estimates and
the actual damage situations. Considering the balance
of rapidness and preciseness in emergency response,
decision support systems should have functions to
incorporate actual damage information, update dam-
age estimates, and eliminate uncertainty in the initial
damage estimates.

In this view of the problem, a decision support sim-
ulator was developed for post-earthquake emergency
response. Two kinds of damage information are inte-
grated on the basis of Bayesian updating theory: one
is rapid damage assessment, and the other is actual
damage information.

Assuming multi-rank damage, the prior PDF of
damage probability is modeled by Dirichlet distri-
bution subject to sequential update incorporating the
real damage information. The PMF of the number of
damage is obtained as Dirichlet-multinomial distri-
bution which is also to be updated. Focusing on the
highest rank of damage, corresponding marginal dis-
tributions are obtained as beta PDF and beta-binomial
PMF. Sequential probability ratio test is then applied
for engineering judgment of activation of emergency
response.

Through numerical examples, major finding are
derived as follows.

1) Recognizing and quantifying the uncertainty inher-
ent in the initial damage estimates is essential
for subsequent updating of damage estimates in
Bayesian manner (Figure 1).

2) Sequentially updated estimates converge to the
actual situation with increasing information on the
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-
18000 18000 18000
16000 16000 16000
14000 14000 i 14000
12000 12000 | 12000 I
10000 10000 10000
8000 I | 8000 8000
G000 .r 1 BOO0 6000
4000 4000 4000
2000 2000 2000
o 1] 1]
M ZEgEd g d
E-& 87 EF A&7 EFram =

(a) Initial estimates (b) Initial estimates (c) Initial estimates
appropriate overestimate  underestimate

Figure 2. Updating process of the number of building
damage (average =+ standard deviation).

real damage (Figure 2). Even if the initial estimates
are erroneous, flexible response can be performed
in accordance with the actual situations.

3) By incorporating real information, the variance of
updated damage estimates can be reduced. Only
10% progress of damage investigation significantly
improves the accuracy (Figure 2).

4) According to prescribed parameters, the decision
support simulator suggests suitable decisions. The
proposed method is capable of supporting emer-
gency responders by providing judgment criteria
for emergency actions within restrictions of time
and resources.

220


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781439847657-c25&iName=master.img-002.jpg&w=191&h=112
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781439847657-c25&iName=master.img-003.jpg&w=191&h=103

General Session (Monitoring and Maintenance
Systems & Structural Health Monitoring)






Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

Research on introduction of mahalanobis distance into bridge asset

management as index of total integrity

Katsushi Aso
Member of JSCE, Nihonkai co.Ltd., Kanazawa, Japan

Yasuo Chikata

Member of JSCE, Graduate School of Natural Science & Technology, Kanazawa University, Kanazawa, Japan

ABSTRACT

In the Asset management of the bridge, it is neces-
sary to use total integrity of each structure for the
targeted deterioration forecast of the structure and the
priority level decision etc. of the repair and reinforce-
ment as an index. Up to now, the way of setting the
weight coefficient has been important and difficult
prob-lem, because the corrections corresponding to
the bridge form such as long-span bridges , the earth-
quake environment , the natural condition and the
traffic environment are needed. Therefore the estab-
lishment of an appropriate evaluation method would
be needed immediately.

The trial method for applying to the bridge total
integrity evaluation in this paper is the one that is
called MT system one of the techniques of Taguchi-
method.The MT system uses the distance of Maha-
lanobis as the standard by the method of judging how
a certain individual shifts from the center of a nor-
mal group. When a normal space is on the edge of the
population, it is easy to identify the one of abnormal-
ity because the Mahalanobis distance from a normal
space grow. The MT system is composed of three
techniques of MT method (Mahalanobis-Taguchi),
MTA method (Mahalanobis-Taguchi adjoint), and TS
method (Taguchi-Schmidt) now. In this paper, the
MTA method was selected for the bridge total integrity
evaluation from among these three techniques. There is
a quantitative index as a total integrity of each bridge,
what we call Brigde Health Index (BHI) calculated
by the method of weighted mean by using the weight
coefficient between materials. In this paper, firstly the
verification of the practicality of this method was done
by the comparison with BHI and examined whether
this method being able to substitute BHI. By using
this method a person who is not the specialist could
easily evaluate the total integrity of bridge based on
appropriate inspection results, so it is effective.This
method can simultaneously consider a lot of items
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and evaluate total integrity without the weight coeffi-
cient of each item separately(containing the weighting
factor inside). If the importance degree is considered
as an item using this characteristic, the Mahalanobis
distance is expressed as priority in which the total
integrity and the importance degree evaluation are uni-
fied. In this paper, the method of calculating the index
that shows the priority level using the Mahalanobis
distance is shown. The Mahalanobis distance of the
bridge with the inspection data showing deterioration
islarge from a normal space. Ifthere is a history of peri-
odic inspection, the deterioration curve that expresses
the secular distortion by the Mahalanobis distance can
be made. In this paper, the deterioration curves by the
Mabhalanobis distance that used the real inspection data
are shown.
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A method to detect bolt loosening for a simple structure

by Hilbert spectrum

H. Morikawa

Department of Built Environment, Tokyo Institute of Technology, Yokohama, Japan

T. Murakami
JFE R&D Corporation, Kawasakai, Japan

ABSTRACT

To identify damage of structure, various techniques
has been proposed. The hammering test is an one of
simple and quick methods and frequently used. A few
trained experts can recognize the differences of the
tones generated by the hammering and detect possible
damage of a structure. Since this is very difficult skill
for untrained people, it must be very useful to develop
alternative techniques using some instruments instead
of human ears.

The applicability of methods using free vibration
data to detect damage of a cantilevered column steel
model is discussed in this study. Firstly, time histories
of free vibration were measured by the hammering
tests under the conditions in which some bolts at the
base plate are artificially loosen. The damaged levels
are controlled by the torque of bolt: that is, normal,
75%, 50%, 25%, and no torque. When the torque of
boltis very small (less than 50%), it is easy to recognize
the bolt loosing by the tone of sound during the vibra-
tion. This means that any mathematical techniques are
not necessary. Thus, the object of this research is con-
centrated to detect slight damage such as 75% torque
of normal condition.

For this purpose, Fourier and time-frequency anal-
ysis are applied to the time histories obtained by
the hammering test. Since the differences between
predominant period of normal and 75% torque are
very small, it is very difficult for Fourier analysis
to detect slight damage. On the other hand, Hilbert-
Huang Transform (HHT) (Huang et al., 1998), which
is a one of time-frequency analysis, can recognize such
the slight damage by considering the time properties
of predominant period. Figure shows the results of the
Hilbert spectrum for cases of normal condition and
slight damage (75% torque). From this figure, it is
observed that the duration time of second mode, whose
frequency is about 70 Hz, is significantly different: the
duration time is shortened by the damage.

The results suggest that the damping ratio is affected
by damage and it can be detected by Hilbert spec-
trum readily. From this, we can conclude that the
Hilbert spectrum is useful tool to detect damage for
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Figure 1. Hilbert spectra for the data of hammering test.

a kind of simple structure. The obtained results, how-
ever, are limited for a special sample with a few
experiments. As future developments, the physical
background and statistical stability will be discussed
through the numerical and experimental approaches.
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Evaluation of surface roughness of a corroded steel angle exposed

in oceanic environment for 19.5 years
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ABSTRACT

This study evaluated surface roughness of a corroded
steel angle member exposed to oceanic environments
for 19.5 years. This member was cut into pieces, and
their shape ware measured by the laser distancemeter
by a 0.3mm pitch. The measured surface geometry was
decomposed into components of waviness and rough-
ness by using a multi resolution analysis, and they were
assessed by 3-D surface characterization parameters.
In 3 groups of parameters i.e., amplitude hybrid, and
functional parameters, were dealt with. Applicability
of proposed simulation of corroded surface was exam-
ined. As a simulation method, the normal probability
field characterized by variogram parameters of sill and
range was used.

Roughness characteristics of corroded member
assessed by 3-D surface characterization parameters
were followings. The value of skewness (Sg) and kur-
tosis (Si,) characterized the shape of pitting. At three
regions of over Tokyo peil (T.P.), near the high hater
level (H.-W.L.), and near the low water level (L.W.L.),
the big values of skewness and kurtosis were observed
such that the dominant scale was 4.8~9.6 mm at the
near of HW.L., while it was 9.6~19.2 mm over T.P.
and at the near of L.W.L.. Hybrid parameters (R.m.s.
slope (S,), Arithmetic mean summit (S,.), and devel-
oped surface area ratio (S;-)) had the relation with the
value of sill divided by the value of range in normal
probability field model. The value of hybrid parame-
ters with simulated shape was higher than that of actual
shape.

A series of examines showed that a multi resolution
analysis and 3-D surface parameter can character-
ize the shape of corrosion such that R.m.s. deviation
characterizes the large scale of form, skewness and
kurtosis characterizes the scale and distribution of pit-
ting, and hybrid parameters (R.m.s. slope, Arithmetic
mean summit, developed surface area ratio) character-
izes the small scale of form. It was shown that surface
roughness of actual member is characterized corre-
sponding to various corrosion environments including
atmospheric, splash, tidal, and submerged zones. From
comparison between actual shape and simulations, it

Splash{zone
ra W
dal Zone
! 'f'hicincss mjuction |%m
Figure 1. Distribution of residual thickness and shape of

corrosion on back side of plate.

was observed that hybrid parameters had relationship
to variogram parameters. It shows that the shape infor-
mation measured roughly enable to estimate the value
of hybrid parameters of actual shape with using the
model of normal probability field to uniform corrosion
shape.
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On the use of wavelet coefficient energy for structural damage diagnosis
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ABSTRACT

Efficient and reliable estimation of damage immedi-
ately after a large earthquake is of great importance
for reducing potential injuries and business interrup-
tion. Previous work on damage detection has focused
on the use of ambient vibrations obtained before the
occurrence of an earthquake and immediately after
such an event. In this paper, the response motion
obtained during an earthquake is used to determine
if a change has occurred due to the strong shaking.
Since earthquake motion is nonstationary, previously
used autoregressive models for damage detection do
no apply. However, use of wavelet coefficient energies
of the output vibration signals is a particularly suitable
approach for detecting damage in the structure from
earthquake strong motion.

The model that will be described in the paper
uses the Morlet wavelet to characterize the earth-
quake motion. The energy of the wavelet coefficients
at a particular scale is defined as the square of the
Euclidean norm of the wavelet coefficients vector as
defined by Nair & Kiremidjian (2007). Similarly the
energy of the wavelet coefficients at a time is defined.
It is found that the energies of the fifth, sixth and
seventh dyadic scales of the Morlet wavelet are the
largest among all scales, and changes in the structure
appear to be manifested as changes in these ener-
gies. In the model, it is hypothesized that an initial
recording from a strong but a non-damaging earth-
quake has occurred at some point prior to a damaging
event providing baseline energies for that structure.
The model is tested with acceleration data for a series
of tests performed on a reinforced concrete bridge col-
umn subjected to successively increasing earthquake
ground motion applied by the University of Nevada,
Reno (UNR) shake table (Choi, 2007).

Wavelet coefficients of response signals from dif-
ferent inputs clearly show different patterns as repre-
sented in Figure 1. As the intensity of the input motion
increases, the peaks of wavelet coefficients shift both
in time and in scale. These patterns are extracted out as
DSF’s using the wavelet coefficient energy. With larger
damage, a migration of these energies can be observed,
and changes in them are found to be indicative of the
onset of damage.

100K 1500 200 2500

time (x 0.01 sec)

Figure 1. Wavelet coefficients of the acceleration response
at the top of the column for different DP’s: (a) DP 1; (b) DP
3;(c) DP 5; (d) DP 7; (¢) DP 9; (f) DP 11; (g) DP 13
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ABSTRACT o .
e/ // / /./ﬂ‘

Water distribution system is one of the most critical ‘mci_-—;/w W 7 Target
urban lifeline systems. Under severely cold weather, = !_,,./ S
or due to corrosion of pipes, deformation of ground, - :—-~ B e o T -
etc., breaks often occur to urban water distribution sys- [ e e
tems and the breaks cannot be easily located, especially [T e _
immediately after the events. L ,,f—”’:__::x- e .

In recent years, supervisory control and data acqui- j"fm_ e N
sition (SCADA) technology has been applied to water A0 s .gﬁ/ e i M
distribution systems. In recent years, supervisory con- // ;/ //® ‘“‘\\ T
trol and data acquisition (SCADA) technology has el TS e e T i e e

been applied to water distribution systems, in which
water pressure and/or flow rate at some selected posi-
tions such as water resources, pumps and pipes are
monitored online by remote terminal units (RTUs) and

transmitted to main terminal unit (MTU) by radio or ‘fﬂﬁ':::_,/ /// e i o R
internet. It is expected that monitoring information for L —a— il el
water pressure and/or flow rate at resources, pumps 00— = = N
and pipes is collected online for more efficient oper- :_m e ——
ation and control of the water distribution systems. s000 '—u——; e i e el
However, in reality the number of monitoring stations | —w—"" By,

is limited, and the monitoring stations for water pres- ;m:-/_,uf-""_’ o \\\ o
sure or/and flow rate are usually decided by experience l—\/° X Ny e

or simply evenly distributed, and more importantly, 5000 : J e

there are few effective methodologies available, there- 6 ot ok who sl she ek v o
fore, it is difficult to locate a break precisely and timely (b)

in practice.

This paper discusses two key issues in health mon-  Figure 1. Break location of one pipe link for A4/4 = 0.05.
itoring of water distribution systems, including the

methodology for optimal monitoring of water pres- Conference and Workshop on Lifeline Earthquake Engi-
sure or flow rate in a water distribution system for the neering, ASCE, Long Beach, 464-473.

purpose of more efficient monitoring, and the method- ~ Liang, J. 2004. Online detection and location of seismic dam-
ology to locate a break in a water distribution system age in a water distribution system, Proceedings of 13th
by monitoring water pressure online at three nodes World Conference on Earthquake Engineering, Vancou-

. C . ver, Canada, Paper No.1177, 12 pages.
in the water distribution system. It is shown that the Schulte, AM. & Malm, AP 1993. Integrating hydraulic

methodologles.pro.Vlde an effect;ve .and. practical way modeling and SCADA systems for system planning and
for health monitoring of water distribution systems. control, Journal of AWWA (7): 62-66.

Takakuwa, T. 1978. Pipeline Network Analysis and Design,
Tokyo: Morikita Publishing Company. (in Japanese)
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ABSTRACT

In order to establish a rational management program
for bridge structures, it is necessary to evaluate the
structural damage of existing bridges in a quantitative
manner. However, it is difficult to avoid the subjec-
tivity of inspectors when visual data are used for the
evaluation of damage or deterioration. In this research,
an attempt is made to develop an optimal bridge
maintenance system by using a health monitoring
technique. The damage of Reinforced Concrete (RC)
bridge decks is evaluated with the aid of digital pho-
tos and pattern recognition. So far, neural network has
been applied to judge the damage state of RC bridge
decks. However, there are still such problems that
learning data are not enough, the best feature selection
is difficult and recognition accuracy is not satisfactory.
In order to solve these problems, the fuzzy ensem-
ble classifier system is applied here, which uses fuzzy
rule-based systems assigning a weight value to each
of the suggested classes from the classifier systems.

The pattern recognition is performed based on
the features obtained from the object. The feature
extraction is very important to control the recogni-
tion performance. However, the appropriate selection
of the feature is difficult, because there are various
features. Therefore, an attempt is made to develop a
system that can select appropriate features with the
classifier systems consisting of various feature vec-
tors. Moreover, the classifier systems are constructed
with two algorithms that are fuzzy logic and neural
network. Because, the recognition performance is dif-
ferent according to the combination of the algorithm
and the feature.

The proposed classifier ensemble system consists
of fuzzy classifiers and neural network classifiers and
fuzzy ensemble (Figure 1). Fuzzy classifiers and neu-
ral network classifiers are constructed according to
each feature. Those are tried to construct classifiers
based on various characters. The fuzzy ensemble esti-
mates weight value to each classifier result. The best
classifier result is selected from classifiers results
using this weight value.

Fea1ur91 Clasmﬂeﬁ {Fuzzy}

ern

Classifier3 (Fuzzy)

Rec ognition

Input patt result

Classifierd (NN}

Fuzzy ensemble '

Featurel, 2, 3 NN: Neural Network
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Figure 1. Proposed classifier ensemble system.

In this study, the damage of RC bridge decks is
evaluated with the aid of digital photos and pattern
recognition. In general, the procedure for extracting
the characteristics of cracks showing up on concrete
decks through digital images and the classification of
the damage level based on the characteristics are used
in the typical pattern recognition system. Several clas-
sifiers were constructed according to the features that
extracted from digital photos of RC bridge decks and
the algorithms that are fuzzy logic and neural network.
From the examination, it was confirmed the recog-
nition results of these classifiers are quite different.
In the proposed classifier ensemble system, it selects
the classifier effectively from these classifiers and
the recognition performance is improved. In future, to
include more features and algorithms to the proposed
classifier ensemble system expects more improvement
of recognition performance.
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Highway bridge assessment for dynamic interaction with critical vehicles
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ABSTRACT

Freight transport has increased by 45% in Europe over
the past decade (Eurostat 2008) and this trend seems
likely to continue into the medium term future. A pos-
sible solution to the resulting capacity problem that
this creates would be to increase the permitted gross
vehicle weight to 60t and the number of axles to 8
(OBrien et al. 2008). The effect on highway bridges
of this potentially significant change in traffic config-
uration is currently under evaluation, although Weigh
In Motion (WIM) records have already observed high
frequencies of extremely heavy vehicles, with weights
well in excess of the normal legal maximum in some
heavily trafficked highways. These extreme vehicles,
with gross weight in excess of 100 tonnes, tend to be
either mobile cranes with very closely spaced axles or
low loaders with much longer wheelbases. Such vehi-
cles would be expected to have special permits and
escort vehicles, but were recorded mixed with nor-
mal traffic and travelling close to the speed limit of
80km/h. Whether or not the legal limit for trucks with-
out permits was changed, it is reasonable to expect
that cranes and crane-type vehicles will govern the
design/assessment of some bridges in some circum-
stances. Therefore, it is needed to assess their dynamic
interaction with bridges and the allowance that needs
to be made for dynamics.

So, this paper reviews the dynamic effects of large
cranes on short to medium span bridges and compares
them to common 5-axle articulated trucks, focussing
on the mid-span bending moment load effect. To
account for the variability in vehicle characteristics,
more than 40,000 vehicle-bridge interaction events are
computed using Monte Carlo simulation.

WIM measurements were taken in 2005 at a heavily
trafficked site in the Netherlands. A significant feature
of'the gathered data is the high population of extremely
heavy vehicles with daily occurrences of vehicles over
100t. Figure 1 shows an example of a typical crane and
a 5-axle truck of the type used for comparison.

The vehicle-bridge interaction model used for the
Monte Carlo simulation consists of an articulated
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Figure 1.
truck, b) crane.

Photo examples of recorded WIM trucks, a) 5-axle

3-dimensional truck model and a finite element plate
model representing a simply supported orthotropic
bridge. The solution of the vehicle moving at constant
speed over the bridge with an uneven road profile is
obtained by an iterative procedure.

The results obtained show that Dynamic Amplifi-
cation Factor (DAF) values for cranes are significantly
reduced when compared to 5-axle articulated trucks.
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ABSTRACT

Bridge structure limit state reliability (fragility) stud-
ies have many end uses, including design, retrofit
prioritization, life cycle costing, risk assessment, and
code development. A structure’s fragility curve is an
expression of the behaviors of many different compo-
nents synthesized into a simple metric that addresses
the basic question of “will structure performance be
adequate” for a given level of loading?” By charac-
terizing bridge structure types, the concept can be
extended to entire classes of structures. Nielson (2005)
classified 88% of all highway bridges in the central
and southeastern United States into eight different cat-
egories appropriate for fragility studies. Subsequent
studies (Padgett and DesRoches, 2008) of structures
in these categories ordered retrofit measures using
probability based cost-to-benefit ratios.

Structural fragility investigations require accurate
subsystem reliability characterizations. This study
establishes reliability models for expansion joints dur-
ing seismic events, with subsequent integration into
bridge system fragility models. Uncertainty in the
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expansion joint model is addressed via a series com-
bination of two reliability blocks, the first random
variation in nature and the second epistemic. Design
capacity-demand reliabilities and material variability
are used to formulate the random variation block, while
validation is used to characterize the second. A two
parameter beta function (Harr, 1987) is used as the
probability density function for the validation block,
with the primary parameters being knowledge and pre-
disposition. These, in turn, are affected by analysis,
test/field experience, simplicity, and similarity.

The impact of various levels of damage to the bridge
or its components on the probable allowable traffic
carrying capacity can be assessed using relationships
that model the expected time-dependent restoration
following an event (Padgett, 2007). If severe, damage
of the joint system and joint neighborhood can inhibit
passage of post-event emergency response vehicles.
Fragility analyses including expansion joint reliability
models coupled with damage-functionality relation-
ships help determine if a critical bridge structure can
meet code requirements for post-event traffic flow
needs.
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ABSTRACT

As an alternative to base-isolated buildings, mid-story
isolated buildings in which the isolation system is
typically designated at the top of the first or other
lower stories of the buildings can practically satisfy
the architectural concerns, potentially facilitate the
construction in site and effectively utilize the limited
available space. This is particularly meaningful for
the design of seismically isolated buildings located
at highly populated areas where to put the isolation
system beneath the basement is extremely difficult.
Since 2000, Koh and Kobayashi have studied vibration
characteristics, seismic responses and possible adverse
effects due to the existence of the structure below the
isolation system for mid-story isolated buildings.

This paper aims at dynamic characteristics and seis-
mic responses of the buildings with the mid-story
isolation system composed of the seismic bearings
revealing a bi-linear hysteretic property based on a
simplified three-lumped-mass structural model. The
equivalent lateral force procedure is investigated in
order to extensively include the mid-story isolation
design in the design guidelines. The composite damp-
ing ratio considering the effects of structures below
and above the isolation system is derived in this study.
In addition, an equivalent lateral force design philos-
ophy considering the fundamental and higher mode
responses is provided to rationally and effectively
design the structure below the isolation system. It can
facilitate engineers to prevent the improper design of
the substructure and superstructure in the preliminary
design process. It is worthy of noting that the undesired
dynamic response attributed to the modal coupling
of the higher modes (i.e., the modal natural frequen-
cies of the higher modes are almost identical) should
be paid more attention. The modal coupling of the
higher modes occurs within a certain frequency ratio
bandwidth, which can be prevented using the proposed
prediction formula. As a result, the mid-story isolation
system is effective in controlling the seismic responses
as desired if the design for structures below and above
the isolation system is appropriate.
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(a) Specimen A

(b) Specimen B

Figure 1.

The experimental and numerical validations were
performed to compare the 1/4 scaled down test struc-
tural models with and without the modal coupling
effect, as shown in Figures 1(a) and 1(b), respec-
tively. For the test structure with the modal coupling
effect (i.e., Specimen B), the acceleration transmit-
ted to the substructure is enlarged significantly and
even more than twice as large as PGA, and the
acceleration response at the isolation layer is slightly
larger than PGA. It is evident that the modal cou-
pling effect results in the undesired seismic response
and should be avoided. Consequently, both structures
above and below the isolation system should be taken
into account in the preliminary design process for
mid-story isolated buildings.

Installation of test structures on the shaking table.
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Live load for long span

A.S. Nowak & M. Lutomirska
University of Nebraska, Lincoln, NE, USA

ABSTRACT

The available live load models were developed for
short and medium span bridges. The present paper
deals with the development of live load for long span
structures. Loads are considered as random variables,
with regard to magnitude and frequency occurrence. In
contrast to short and medium spans, long span live load
must be considered as a multiple presence of many
trucks. The available data base includes weigh-in-
motion (WIM) truck surveys and videos of the traffic
taken on selected bridges. Using the actual truck and
traffic data, the statistical parameters are determined
such the bias factor (ratio of the mean to nominal value)
and coefficient of variation. The results can serve as
a basis for the reliability analysis and code calibration
(calculation of load and resistance factors).

For short span bridges, the maximum live load is
caused by the heaviest trucks. For two lane bridges,
the extreme load is usually the result of two side-by-
side trucks. On the other hand, for long span bridges,
the roadway is not necessarily entirely covered by the
heaviest trucks. As the load length increases, the load
per unit length decreases, because cars and other light
vehicles are injected into the traffic stream. Traffic
mix (truck and cars) and headway distance deter-
mine live loads. For longer spans, load distribution is
close to uniform. For longer spans, two scenarios are
considered, arandom traffic and a traffic jam situation.

Random traffic is a mixture of cars and trucks mov-
ing with highway speed, and the percentage trucks in
the mix is usually site-specific. The extreme load effect
can be determined by simulations, including truck con-
figurations, weights, headway distances and speed.
For longer spans, occurrence of overloaded but sin-
gle trucks does not affect the total live load effect and
it asymptotically approaches a line of average trucks,
separated by average headways and cars. The load
effect can be increased by the dynamic load. How-
ever, the field observations indicate that dynamic load
factor (DLF) decreases for multiple trucks.
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In traffic jam situation, the traffic is forced to a
crawling speed. It is likely to have trucks traveling in
one lane and cars using the faster lanes. The headway
distance can be small and it can be considered equal
to bumper-to-bumper. For two or more lanes, even in a
traffic jam situation, the other lanes can have a mixture
of cars (majority) and occasional trucks. In consid-
eration of the maximum loading condition, since the
traffic is stationary, no allowance is made for impact
(dynamic load). However, if the traffic starts to move,
the distance between the vehicles increases and the
load intensity gets reduced, allowing for impact.

Multiple presence for long span bridges changes in
comparison to short span bridges. First of all, simulta-
neous occurrence of trucks in one lane is more likely
for longer spans. However, in practice, the span length
has no influence on the frequency of side-by-side truck
occurrence. Furthermore, long span bridges have usu-
ally more than two lanes and, therefore, site-specific
traffic patterns must be considered.

The obtained parameters of live load are compared
with the design live loads for bridges specified in
Northern American and European Codes. Equivalent
uniformly distributed loads are calculated for a wide
spectrum of span length.
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ABSTRACT

The objective of the paper is to develop the statis-
tical models and perform the reliability analysis for
bridge girders designed using the light-weight SCC.
The resulting reliability indices are compared with
made of ordinary concrete.

Light-weight high-performance concrete (LWHPC),
with unit weight of 1,850-2,000 kg/m?®, can have a
compressive strength up to 120 MPa. LWHPC is
made using only light-weight aggregates or com-
binations of light-weight aggregates with ordinary
aggregates. The remaining components are the same
as for ordinary high-performance concrete, i.e. plasti-
cizers, superplasticizers, and mineral additives (silica
fume and fly-ash). The light-weight concrete has a
reduced unit weight by about 20-30% compared to the
ordinary high-performance concrete. Therefore, the
structural components are much lighter. This is impor-
tant for longer span bridges with dominating dead load
because it can help to reduce the total load effects.
Weight reduction is also important when planning the
transportation of precast members. The differences
in mechanical properties of the light-weight concrete
compared to ordinary concrete include: lower modu-
lus of elasticity, more linear stress-strain relationship,
lower ductility in compression, lower tensile strength,
and more brittle structure. An important feature of
light-weight concrete is a good bond between aggre-
gate and cement paste, mostly due to a rough surface
texture of the lightweight aggregate and improved
hydration at the interface as a result of internal curing
water being released from the pores of the aggregate.

In this study, the considered load combination
includes three components of dead load, static live load
and dynamic load. The capacity of a bridge depends
of on the resistance of its components. The com-
ponent resistance, R, is determined by the material
strength and dimensions of the element. R is con-
sidered as random variable due to uncertainty that
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can be put into the following categories: Material
Factor M: strength of material, modulus of elastic-
ity cracking stress, Fabrication Factor F: variability
of geometry, and Professional Factor P: reflecting the
accuracy of the analytical model. The statistical param-
eters of material factor are determined from the test
data provided by the industry. The reliability anal-
ysis procedure used in this calibration includes the
following steps:

(1) Prepare input data:

(2) Calculate load parameters

(3) Determine the statistical parameters of R
(4) Calculate the reliability index, g,

The reliability indices are calculated for bridge gird-
ers made with ordinary concrete and light weight
SCC. Two limit states are considered, moment carrying
capacity and shear capacity. The calculated percent-
ages of dead load and live load vs. span length indicate
that for moments the trend in relationship is non-linear
and for shears it is linear.

The reliability indices for girders with the light-
weight SCC are slightly higher than for those with
ordinary concrete. Reliability indices for moments are
higher than those for shear.

The reliability analysis is performed for several
possible values of the resistance factor. The selection
criterion for the resistance factor is closeness to the
target reliability index. The results indicate that the
same resistance factor can be applied for girders with
light-weight SCC and ordinary concrete.



Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

Probabilistic condition assessment of PC box girder bridge based

on field test data

X. Ruan & X.F. Shi
Tongji University, Shanghai, China

D.M. Frangopol
Lehigh University, Bethlehem, PA, USA

ABSTRACT

Field test technologies can provide additional infor-
mation for highway bridges. This information helps
engineers reach a more accurate bridge condition
assessment (Frangopol et al. 2008 a, b). In this paper,
a three span post-tensioned prestressed concrete (PC)
continuous box girder bridge is taken as an example
to illustrate this process by model updating. In addi-
tion, a probabilistic condition assessment process is
provided.

The bridge is located on the highway system
in China. It is a post-tensioned prestressed con-
crete continuous box girder bridge with three spans:
65m+100m+65m. The bridge was built by free balance
cantilevering method in 1996. The main girder has a
single-cell box cross section, with the height varying
from 5.6m (over pier section) to 2.2m (mid span sec-
tion). The girder holds two lines of traffic in same
direction.

The bridge alignment was found abnormal in early
1999. A periodically appearance and alignment survey
started from that time, and some results are indicated in
this paper. Calculation using model updating based on
filed test research are carried out, including post dead
load model based on pavement thickness measurement
and rigidity parameters based on load testing.

A safety assessment is carried out based on design
specification in China (Ministry of Communication
of China 2004), both by theoretical and updating
calculation model.

Compared with design code based assessment,
probability-based assessment describes the safety con-
dition of the bridge in a more realistic way. A
probability-based assessment is carried out to reach
a more comprehensive understanding of the condition
of the bridge. Moment reliability indices are in the
interval 5.23 -12.67, and shear reliability indices are
in the interval 4.90 -12.15 (see Figurel).

Comparisons of moment and shear reliability
indices obtained based on theoretical and updating
models are also given in the paper. It is found that
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Figure 1. Moment and shear reliability indices for all
seventeen cross-sections (based on updating model).

results based on the updating model produce lower
reliability indices than those associated with the theo-
retical model.
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ABSTRACT

Reliability analysis is often complicated by the exis-
tence of epistemic uncertainty, which is due to lack
ofknowledge or incomplete information. For example
the probability distributions of random variables are
often estimated from a limited sample of data, thus
the distribution parameters are subject to some uncer-
tainty. This additional source of epistemic uncertainty
can play an important role in reliability analysis.

The unknown parameters can be considered by
two approaches, namely the Bayesian approach and
the confidence interval approach. In the Bayesian
approach the unknown distribution parameters are
treated as (Bayesian) random variables, and the total
(aleatory and epistemic) uncertainties are character-
ized by the expected value of the failure probabil-
ity (e.g. Kiureghian, 2008). In this paper the con-
fidence interval approach is employed to describe
the unknown distribution parameters. The confidence
interval approach is conceptually simpler, and requires
less subjective judgment than the Bayesian approach.
The reliability analysis needs to consider a family of
distributions whose parameters are within the confi-
dence intervals. Consequently, the failure probability
is uncertain and itself varies in an interval. The width
of'this interval reflects the uncertainty in the reliability
due to the uncertainties in the distribution parame-
ters. A method for computing the interval estimate of

failure probability is introduced. Monte Carlo simula-
tion is combined with the interval analysis to propagate
the aleatory and epistemic uncertainties through reli-
ability analysis. In each simulation, for each basic
variable an interval is randomly generated to include
all possible random numbers generated from a fam-
ily of distributions. The performance function is then
checked over the entire width of the simulated inter-
val. A key step herein is to compute the range of the
structural response when the system inputs vary in an
interval vector. This can be efficiently achieved by
using the interval finite element analysis (Muhanna
et al., 2007).

This paper demonstrates the feasibility of com-
puting an interval estimate of reliability when the
distribution parameters are uncertain. An example is
given to compare the proposed approach with the
Bayesian approach.
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ABSTRACT

More recently, reliability-based design approaches
have emerged as a new design paradigm for pile
ultimate capacities because reliability is a consistent
measure of uncertainties. For reliability-based designs,
one designs a pile so that its failure probability is in an
acceptable range. Moreover, a single factor, called the
resistance factor, is often used to quantify resistance
uncertainties to facilitate reliability-based designs.

In the case that ultimate capacities of the test piles
in a region are known, the resistance factors of that
region can be calibrated conveniently based on the
load test database. However, in practice many load
tests are not conducted to ultimate capacity failures
but only to two times of the design loads depending on
the local code provisions. Taking the bored piles of the
Taipei City in Taiwan as an example, there are about
57 load tests in the local database, but among them,
only 8 of them were conducted to failures. Figure 1
illustrates the load-deformation curves of two piles in
the database, one was loaded to failure while the other
was not. By Davisson’s criteria, the ultimate capacity
of'the first pile can be identified, while that of the sec-
ond pile is not identifiable because of the incomplete
load-deformation curve.

This paper addresses an issue often encountered in
calibrating resistance factors for pile ultimate capaci-
ties based on load test database. In practice, many pile
load tests are not conducted to failures but only to a
multiple (e.g.: 2) of the design load. This leads a diffi-
cult situation of incomplete information: for these test
results, the ultimate bearing capacities of the test piles
are unknown. How can these test results still be used to
calibrate resistance factors of piles? A full probabilis-
tic framework is proposed in this research to resolve
this issue.

A local pile test database of Taipei (Taiwan) is pre-
sented for demonstration. The analysis results show
that the inclusion of the incomplete pile load test data
helps in calibrating the resistance factors. Moreover,
it is found that the calibrated resistance factors are
consistent to the safety factors that are adopted in the
current Taiwan design code.
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Fuzzy finite element analysis based on reanalysis technique
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ABSTRACT

Non-deterministic approaches are gaining momentum
in the field of numerical modelling techniques. The
ability to include non-deterministic properties is of
great value for a design engineer. It enables realistic
reliability assessment that incorporates the uncertain
aspects of the design. Furthermore, the design can be
optimized for robust behaviour under varying exter-
nal influences. In this context, interval and fuzzy
approaches are becoming increasingly popular for the
analysis of numerical models that incorporate uncer-
tainty in their description. In the interval approach,
parameter uncertainties are considered to be contained
within a predefined range. The fuzzy approach extends
this methodology by introducing a level of member-
ship representing to what extent a numerical value is
member of the set of possible values for the considered
uncertain parameter.

Based on the a-sublevel technique, the fuzzy anal-
ysis requires the consecutive solution of a number of
related interval problems. For that reason, much atten-
tion in recent literature goes to the actual solution
and implementation of interval finite element anal-
ysis. The solution of the interval FE problems at the
core of the fuzzy analysis is often based on black-box
approaches such as vertex sampling or optimisation
techniques. Recent developments by the authors in
this context focus on the reduction of the computa-
tional burden when performing black-box algorithms.
In the Reduced Optimisation (RO) technique, the cost
of the global optimisation is decreased by excluding
the uncertain parameters with monotonic effect on the
output [1]. Another way to accelerate the optimisa-
tion is by using a surrogate model, which replaces
the real response of the analysis based on only a few
computed values [2]. In order to further decrease the
computational cost of these black-box approaches, this
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paper introduces a novel reanalysis-based FE method
(ReFEM). This technique is making use of the high
degree of similarity between the consecutive FE anal-
yses when applying search or sampling strategies for
solving the interval FE problem. The method focuses
on the system regeneration as well as the solution
part of the FE analysis. On the one hand, the ele-
ment stiffness matrices are reformulated as explicit
functions of the uncertain parameters. This formula-
tion increases efficiency by avoiding the numerical
integration at each reassembly of the element stiffness
matrices. Secondly, a fast solution of the modified FE
system is obtained by using the results from existing
FE solutions based on the Conjugate Gradient (pCG)
method [3]. This iterative method is proved to be an
efficient solver for linear positive definite symmetric
systems arising in static structural FE analysis. This
paper shows the general applicability of this approach
in the context of Fuzzy FE analysis. The method is
demonstrated on a mid-sized test case, yielding reduc-
tion of up to two orders of magnitude in computational
time.
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ABSTRACT

Steel scaffold systems provide temporary support for
the construction of bridges, office and residential
buildings, car parks and similar structures. They are
used as platforms while building the formwork for
reinforced concrete, and are usually heavily loaded
under the weight of fresh concrete, formworks, stacked
material and workers. The consequences of failure of
scaffold systems involve high risk to the safety of
workers and the public as well as legal and financial
risks. It is crucial to ensure that scaffold systems are
safe and reliable.

This paper studies the ultimate strength of multi-
story steel support scaffold systems through a rational
statistical framework and advanced nonlinear finite
element analysis. Steel scaffold systems are char-
acterized by the large variations of geometric and
mechanical parameters, notably joint stiffness, initial
geometric imperfections (member out-of-straightness
and frame out-of-plumb), and load eccentricity. The
statistical data for these “physical uncertainties” were
acquired through field measurements and laboratory
tests. The structural behavior of steel scaffold frame is
predicted by advanced finite element analysis which
accounts for the material and geometric nonlinear
(P — 4 and P — A) effects. The column-to-beam joints
are modeled as semi-rigid joints. The relation between
the moment and the rotation of the semi-rigid joints is
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described by a tri-linear curve. The “model error” of
the advanced analysis model is estimated by compar-
ing the predicted values to fifteen full scale scaffold
tests conduced at the University of Sydney (CASE,
2006). The “physical uncertainties” and the model
error are then propagated through Monte Carlo sim-
ulation to estimate the statistical distribution of the
strength of scaffold systems. A 3-story 1 bay x 1 bay
steel scaffold system was considered as an example.

The work presented in the paper is part of an ongo-
ing research effort to develop a system reliability based
design method with advanced analysis for steel scaf-
fold systems. With known statistics for the strength
of scaffold systems, the reliability of scaffold systems
can be readily estimated by taking into account the
load uncertainty (Ellingwood et al., 1980).
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ABSTRACT

The Regulatory Guide for Reviewing Seismic Design
of Nuclear Power Reactor Facilities was revised in
September 2006. These revisions noted the existence
of risk (residual risk) due to seismic motion magnitude
exceeding that of the seismic design standards. Eval-
uation methods based on the latest techniques, such
as probabilistic safety analysis (PSA), have therefore
been incorporated in order to quantitatively evaluate
this risk, and aggressive approaches are sought to
establish these methods. In fragility analysis, which
is a step of PSA, the uncertainty is divided into two
types: uncertainty due to randomness that is intrinsic
to the data and phenomena (aleatory uncertainty: fr),
and uncertainty related to the knowledge and aware-
ness of the analysis and modeling methods (epistemic
uncertainty: Bu). This study investigates a primary
factor of Bu, which is the error due to modeling in
the strongly nonlinear area of the building for seismic
analyses (Buy).

A lumped mass bending-shear model is a represen-
tative seismic analysis model of current nuclear power
reactor facilities. For seismic PSA, the model is sup-
posed as the building response analysis model also.
The method in reference is used to evaluate the restor-
ing force characteristics of reinforced concrete (RC)
shear walls, which are the primary structural elements
of the building. Furthermore, attention was focused
on RC shear wall shear failure as the dominant failure
mode of reactor core damage.

This analysis model has been widely used in facility
design. In investigations during the design phase, shear
walls may reach the weakly nonlinear area under the
seismic motion standards. The response values of the
shear walls at these levels have been verified as being
virtually validated.
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However, in seismic PSA, investigation is per-
formed on large input levels that exceeded the design-
phase input levels, and in this situation the shear walls
may reach the strongly nonlinear area. Up until now,
the appropriate values for the variation in modeling
error in this type of strongly nonlinear area (here-
inafter, the limit of which is represented by Buy) were
not known. This study conducted an investigation with
the goal of estimating Buy.

Although it is desirable to evaluate Buy by com-
parison with experimental results, the dynamic exper-
iments of shear walls in nuclear reactor facilities
that have been conducted are few and not sufficient.
A three-dimensional FEM model that is thought to
accurately model the nonlinear behavior of RC shear
walls is therefore used.

Therefore in this paper, fuy was estimated using
a 3D FEM model which is supposed to be able to
accurately estimate the nonlinear behavior of the RC
shear walls. First, it was confirmed in the comparison
between a 3D FEM model and the dynamic test results
that the accuracy of this model is favorable. Then, in
comparison of this model and the lumped mass model,
a value of about 0.1 was obtained for Suy.
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ABSTRACT

This paper presents the current status of a US-Korea
collaborative research on bridge health monitoring
testbeds. The objective of the project is to integrate
and validate cutting-edge sensors and structural health
monitoring methods under development for monitor-
ing the long-term performance and structural integrity
of highway bridges. Emerging sensors and monitoring
technologies are investigated such as: (1) reference-
free local damage detection using mode conversion
of polarized piezoelectric ceramic sensors, (2) piezo-
electric paint sensors offering a blending of the high
piezoelectric activity of the organiz synthetic poly-
mer, (3) wireless active sensor nodes for local dam-
age detection based on electro-mechanical impedance
measurement, (4) elasto-magnetic (EM) sensors to
estimate the tensile stress state of cables, tendons, or
reinforcement bar, (5) wireless sensor networks for
economical health monitoring without labor-intensive
tethering works, (6) robust vibration-based global
monitoring using deflections obtained from modal
flexibility, (7) vision-based bridge deflection measure-
ment using a commercial low-cost camcorder with
high fidelity, and (8) bridge rating based on sys-
tem identification technique using ambient vibration
measurement without blocking the passing traffic.

As to the testbeds, three bridges on the test road by
the Korea Expressway Corporation (KEC) are under
investigation as in Figure 1. They are of different
structural types as a PC box-girder bridge, a steel
box-girder bridge, and a steel plate-girder bridge as
in Figure 2 (Lee et al., 2004). The traffic on the test
road section may be controlled, so that tests on the
bridges may be carried out with the ordinary traffic or
the calibrated traffic loads. Currently, basic facilities
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Figure 1. KEC test-road with three bridges.
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Figure 2. Three test-road bridges.

including internet lines have been constructed on the
testbeds, and the participants carried out the prelimi-
nary tests by connecting their own measurement and
monitoring systems in the local area network environ-
ment at the bridge site. The participants can access and
control their measurement systems by using Remote
Desktop in Windows XP through internet. In addi-
tion to these three highway bridges, a cable-supported
bridge is going to be selected as the fourth testbed
structure for this study in the near future. Researchers
interested in this testbed are encouraged to join in the
collaborative research.
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ABSTRACT

Cable tension force is one of the most important
structural parameters for structural health monitoring
(SHM) of cable-supported bridges during construc-
tion and operation. Among the available measurement
methods for cable tension force, the vibration method
is the most widely used due to its practicality and
cost-effectiveness. It uses accelerometers mounted to
the surface of the cable to capture the natural fre-
quencies and the tension forces. Though the vibration
method is practical and cost-effective, there is still an
economic hurdle in realizing monitoring systems for
cables on many bridges, such as the high cost of the
system components and the intense labor and time for
the installation. Alternatively, wireless sensors are now
considered as a viable substitute for tethered sensors.
When dealing with a large number of sensors for a
civil structure’s SHM system, wireless communication
between sensors and data repositories is very attractive
in terms of the system cost. Besides the economical
benefit, wireless sensors can accommodate a com-
putational capability which can infer some important
information from measured data.

The work presented in this study builds upon
prior research to create a low-cost automated wireless
tension force estimation system (WTFES) for cable
structures. The low-cost hardware is composed of a
wireless sensing unit, a MEMS accelerometer, and a
signal conditioning circuit. The wireless sensing unit
was developed by Wang ef al. (2005) and employs a
16-bit multi-channel analog digital converter (ADC),
an 8-bit microcontroller, 128 kB random access mem-
ory (RAM), and a 900 MHz wireless transceiver with
a whip antenna. The MEMS accelerometer is inter-
faced with a signal conditioning circuit to mean-shift,
amplify, and anti-alias filter the sensor output (accel-
eration) prior to interfacing to the wireless sensor. For
the automated software, a modern vibration method
(Zui et al., 1996) which considers the sag condition
of a cable is embedded into the microcontroller to

estimate tension force using the natural frequencies
of the cable. To extract the natural frequencies with-
out human intervention, a peak picking algorithm is
proposed considering typical properties of the Fourier
spectrum of a vibrating cable.

To validate the proposed WTFES, a laboratory
experiment which tests a scaled down version of a
cable on a cable-stayed bridge was conducted. A series
of forced vibration tests are executed to investigate the
feasibility of the system for various sensing locations,
cable tension forces, and sags. From the laboratory
tests, it was found out that the proposed system can
accurately calculate the 3 lower natural frequencies of
the cable using the proposed automated peak-picking
method on the Fourier spectra. Using the three natural
frequencies, the present method estimated the tension
forces of the cable with minimal error.

The further validation of the proposed system are
going to be carried out on a cable-stayed bridge
in Korea through “a US-Korea collaboration project
on bridge health monitoring test bed” supported by
the National Science Foundation (NSF) and Korean
Science and Engineering Foundation (KOSEF).
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ABSTRACT

A new Lamb wave based NDT technique, which
does not rely on previously stored baseline data, has
been developed for crack monitoring in plate-like
structures. The reference-free NDT technique takes
advantage of two collocated lead zirconate ti-tanate
transducers (PZTs) pairs placed on the top and bot-
tom surfaces of a plate. In a thin uniform elastic
medium, the change in thickness causes propagating
Lamb modes to be transformed to other modes. In the
previous study, it has been shown that converted Lamb
wave modes due to crack for-mation can be extracted
from instantaneously meas-ured signals.

In this study, the proposed approach is further
advanced so that it can be also applied to in-service
bridges as shown in Figure 1. In this paper, it was
mainly assumed that the thickness variation due to a
stiffener was considered as damage instead of crack
because real defects could not be formatted in real
structures

In this study, the concept of mode conversion due
to the structural defect was used for making a deci-
sion. In order to identify damage, first, two mode
conversions were extracted by decomposing individ-
ual Lamb modes. Next, total 4 time signals, M1 and
M2 which contain two mode conversions and M3
and M4 which are composed of one mode conversion
respectively, were composed by using decoupled mode
conversions and these time signals were transformed
to frequency domain signals. Finally, it was decided
whether the structure was intact or damaged by calcu-
lating the energy ratio of the transfer impedances and
then the following damage classification statement can
be established: “If the minimum of out-of-class energy
differences defined as Diff 1 is larger than the maxi-
mum of within-class energy differences which is Diff
2, a crack exists. Otherwise, there is no crack”. In
Figure 2, the results of decision criteria are illustrated.

Consequently, since the damage-sensitive fea-
tures were extracted through the transfer imped-
ances, the decision making could be determined by

(a) Buffalo Creek Bridge in  (b) Samseung Bridge in Korea

USA
Figure 1. The overview of tested bridges in this study.

Energy Difterenaes Energy Diflermnces

(a) Pristine condition.

(b) Damaged condition.

Figure 2. Decision making using the energy ratio of the
transfer impedances.

instantly establishing the decision boundaries which
were decided by using the energies of four transfer
impedances without pre-determined thresholds.

REFERENCES

Balageas, D., Fritzen, C. & Giiemes, A. 2006. Structural
Health Monitoring. London: ISTE Ltd.

Cho, Y. 2000. Estimation of Ultrasonic Guided Wave Mode
Conversion in a Plate with Thickness Variation. /EEE
transactions on ultrasonics, ferroelectrics, and frequency
control 47(3): 591-603.

Kim, S. B & Sohn, H, 2007. Instantaneous reference-free
crack detection based on polarization characteristics of
piezoelec-tric materials. Smart Materials and Structures
16(6): 2375-2387

Yamanaka K., NagataY. & KodaT. 1991. Selective excitation
of single-mode acoustic waves by phase velocity scanning
of a laser beam. Applied Physics Letter 58: 1591-1593

Wilcox P. D, Lowe M. J. S. & Cawley P. 2001 Mode and
transducer selection for long range Lamb wave inspection
Journal of Intelligent Material Systems and Structures 12:
553-565

249


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781439847657-c29&iName=master.img-002.jpg&w=190&h=66
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781439847657-c29&iName=master.img-003.jpg&w=190&h=59

Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

The strategic planning of safety management network for infrastructure

Y.S. Kim, S.S. An, S.R. Ahn & D.S. Yang
KISTEC, Goyang, Republic of Korea

ABSTRACT

For the last four decades, Korea economy has been
developed rapidly and significantly. As a consequence,
the size of Korea economy (in GDP) became one of the
top ten countries in 2007. Like other countries, the civil
infrastructure has played an important role in the devel-
opment, by underpinning different parts of the society.
Among infrastructure must put safety as their foremost
consideration, and, together with precise design, con-
struction, safety management is a must to secure their
safe usability. However, as civil structures are subject
to loads and other environmental effects, the condition
of many civil infrastructure systems is deteriorating.

Structural health monitoring (SHM) and damage
identification are assuming larger and larger impor-
tance in civil engineering, SHM is defined as the use of
in-situ, non-destructive sensing and analysis of struc-
tural characteristics in order to identify if a damage has
occurred, define its location and estimate its severity,
evaluate its consequences on the residual life of the
structure.

This paper studied the safety management network
system of infrastructure which constructed smart sen-
sors, closed- circuit television (CCTV) and monitor-
ing system. This safety management of infrastructure
applied to bridge, cut slop and tunnel, embankment
and playground etc. The system applied to tech-
nologies of standardization guidelines, data acquire-
ment technologies, data analysis and judgment tech-
nologies, system integration setup technology, and
IT technologies. It was constructed safety manage-
ment network system of various infrastructure to
improve efficient management and operation for many
infrastructure.

Integrated safety management network system of
infrastructure consisted of the real-time structural
health monitoring system of each infrastructure, inte-
grated control center, measured data transmission
using internet web-based, collecting data using server,
early alarm system which the dangerous event of
infrastructure occurred.

Integrated control center consisted of conference
room, control room to manage and analysis the data,

server room to present the measured data and to collect
the raw data. Early alarm system proposed realiza-
tion of warning and response within 5 minute or less
through development of sensor-based progress report
and propagation automation system using the media
such as MMS, VMS, EMS, FMS, SMS and web
services of report and propagation.

Based on this, the most effective u-Infrastructure
Safety Management System is expected to be stably
established at a less cost, thus making people’s life
more comfortable. Information obtained from such
systems could be useful for maintenance or structural
safety evaluation of existing structures, rapid eval-
uation of conditions of damaged structures after an
earthquake, estimation of residual life of structures,
repair and retrofitting of structures, maintenance,
management or rehabilitation of historical structures
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Bridge displacement monitoring techniques using strain measurement
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ABSTRACT

For the safety of the bridges, periodic monitoring,
maintenance, and repairs are required. Maintenance
and structural safety of the bridges may be guaranteed
by the application of a health monitoring system. It
provides valuable information conducive to detailed
inspection, repair and rehabilitation of the bridges.
For these reasons, long-term monitoring systems are
largely integrated and various kinds of sensors are used
in the bridge monitoring system. Especially, the strain
sensors are greatly applied due to the importance and
usefulness of the strain values in evaluating the safety
level of a bridge.

The monitoring displacement of a bridge allows for
an estimation of input dynamic excitation character-
istics and has an important role in the evaluation of
structure status determination. In many bridges, the
vertical displacements are the most relevant parame-
ters to be monitored in both short and long term period.
The LVDT, tiltmeter, or the laser deflection meters are
the general methods used for displacement measure-
ments. However, these methods can not be applied
effectively if the bridge height is so high that the instal-
lation of a sensor is difficult. In such cases, the greater
part of the reliability and accuracy of measured results
are usually uncertain.

In this paper, to overcome such problems, two tech-
niques for calculating displacement from measured
strain are proposed; the iteration of data averaging and
lowpass filtering of measured strain. To verify these
techniques, laboratory and field tests are carried out.

Dynamic tests on steel pipes in laboratory were
performed using dial gauge for displacement measure-
ments and strain gauge for strain measurements. The
dynamic vibration of the specimen was achieved by
means of a rubber hammer at optional position to simu-
late real-time in the case of vehicle crossing the bridge,
and the measured times were 7 minutes in 4 trials. To
verify the filtering method in the field, the measured
data from the steel box girder bridge, which is located
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in the national highway in South Korea, were applied to
calculate the displacement by filtering. The measured
spans are the 3 continuous steel box girders, which are
located in the start point of bridge.

The results of this paper are as follows. (1)
Data averaging and lowpass filtering techniques
are performed to calculate real-time displacement
from measured strain. To verify these methods, the
measured and calculated displacement of a bridge
were compared. (2) Data averaging method is time-
consuming, and the lowpass filtering method is sim-
pler than data averaging. If FFT analyzing and filtering
on measured strain can be performed simultaneously
in the field, it is possible to calculate displacement
using measured strain by lowpass filtering method
without dial gauge or LVDT. (3) Proposed techniques
would be more effective in calculating displacement of
steel bridges with sound conditions. But, this method
has limitations in the case of the bridge having varied
sections or damages at the measured point or support,
so additional researches are needed in this field.
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Probabilistic models for mechanical properties of concrete in Korea
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ABSTRACT

In Korea, the design of reinforced concrete members
is based on the ultimate strength design method, which
adopts load factors and strength reduction factors.
The factors are introduced to take into account the
uncertainties in both loads and resistances and deter-
mined with the use of reliability concepts. In order to
perform reliability based code calibration, the prob-
abilistic models for loads and resistances should be
obtained from realistic local data. As in many other
countries, there is no enough and reliable statistical
data in Korea. To overcome this drawback, the authors
started to develop the original probabilistic models for
concrete and steel produced in Korea.

As a first step, the probabilistic models of mechan-
ical properties of concrete, compressive and tensile
strength, are developed based on a number of pub-
lished and unpublished sources in Korea and additional
laboratory tests done by the authors.

For the ready mixed concrete company data of
24MPa and 30 MPa of compressive strengths, the
coefficients of variation are 6.65% and 4.96%, which
shows that there is less variation with increasing com-
pressive strength. For the additional laboratory data
including higher strength concrete, the coefficients
of variation of 24 MPa, 40 MPa, 50 MPa and 60 MPa
are 14.27%, 3.43%, 2.01% and 2.02% respectively. It
shows the similar trends those of ready-mixed con-
crete company data, which means that the magnitudes
of variance do not increase as the compressive strength
increase with the same proportion. The visual compar-
isons of histograms and proposed Normal distribution
curves make it proper to use of Normal distribution for
compressive strength of concrete for both ready-mixed
concrete and laboratory data.

This paper also gives new relationships between
compressive and splitting tensile strength and elastic
modulus of concrete used in Korea.
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In Korean design code, the elastic modulus of normal
weight concrete may be determined with the specified
design strength by Eq. (1).

E, =8,5003/f, +8MPa (1)

The regression analysis was performed with 245
data with the exponent of 1/3 and derived equation is
as follows;

E, =8,6803/f, +8MPa )

The coefficient in Eq.(2) is little greater than that
Eq.(1), which means that Korean design code underes-
timates the elastic modulus. In the regression analysis
performed to obtain the equation, the correlation coef-
ficient was very low. The regression with the n value
of 0.3 as in Eurocode also shows low value of cor-
relation coefficient. It seems that the large scatter of
experimental data results in low values of correlation
coefficients and further studies are required for the
form of equations.
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ABSTRACT

Moment-redistribution is developed by the changes
in the member stiffness caused by inelastic deforma-
tions. In addition, moment-redistribution is affected by
the plastic mechanism of the structure, member stift-
ness loading condition, and the allowable story drift.
Therefore, the allowable magnitude of redistributed
moment for earthquake design should be determined
on the basis of the deformation capacity of the member
considering these design parameters.

As shown in Figure 1, the overall load-transfer
mechanism of the moment-resisting frame can
be divided into three loading stages according to the
development of the plastic hinges. At elastic stage
(Figure 1(a)), all members behave elastic. At inelastic
stage I (Singe-hinged behavior, Figure 1(b)), plas-
tic hinge develops at one end of a beam. At inelastic
stage II (Double-hinged behavior, Figure 1(c)), plas-
tic hinges develops at both ends of a beam. Overall
moments and rotations of the members are calcu-
lated by summing the increments developed at the
three loading stages. In the present study, the rela-
tionships between the redistributed moment and the
plastic rotation of a member caused by the single- and
double-hinged behaviors were formulated. Based on
the relationships, an earthquake design method for
moment-resisting frames was developed to address
moment-redistribution, using the results from elastic
analysis. The proposed design method is performed
following the procedure of 1) elastic analysis, 2) the
determination of redistributed moments, and 3) the
evaluation of member deformations and safety.

The proposed method is convenient because
moment-redistribution can be performed based on
the results from elastic analysis, considering the
plastic mechanism intended by engineer. In addi-
tion, the inelastic deformations required for moment-
redistribution can be evaluated and therefore, the
safety of each member can be evaluated.
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Figure 1. Load-transfer mechanism of moment-resisting
sub-frame subjected to combined gravity and earthquake
loads.
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Implementation of performance in concrete design code
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ABSTRACT

Performance-based design is an upcoming issue in the
design codes for civil structures. Many international
design codes introduced in recent years acknowledge
the performance concept and open their doors to it.
Even if the idea of performance seems to be easily
understood by civil engineers, however, it is not easy
to figure out how such an idea can be melted down in
the codes practically. The paper presents a conceptual
way of implementing the performance-based design
into a design code in a systematic manner. The paper
limits its focus on the safety and serviceability for a
design. Basically, the reliability index combined with
the probability of failure can be utilized as the refer-
ence value in defining the level or quality of a design.
The design working life depending on the importance
of a structure is also inter-related as a guideline in
leveling the required quality of a civil structure.

To determine the performance level, the use of par-
tial factors may be practical especially for the safety
evaluation. Since the specific selection of partial fac-
tors may be dependent on the code, however, a general
procedure of implementing the performance is pro-
posed in Figure 1. In Figure 1, the second stage of the
procedure is proposed in two different ways but both
cases use the same probability of failure in 1 yr as the
reference.

A sample study is presented for the determination
of safety factors for the target reliability indexes as
defined by each performance levels. PSC-composite

=
e Determine reference design working lite depending
on structuralimportance level

!

¢ Determine 1yr probabllity of tailure or corresponding
reliability index depending on performance level

or

® Determine targe! reliability index corresponding to

e Determine partial tactors according to the reliability
index for performance level

sections are used for the case study for bridge girders
with spans of 20 to 40 meters. Figure 2 presents a sam-
ple result for the calibration of the resistance factors in
different resistance factor formats. Figure 3 shows the
load factors calibrated for the target reliability indexes.
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Figure 1. Procedure of implementing performance.

Figure 3. Variation of load factors with respect to Sr.
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ABSTRACT

Performance-based design for structural concrete
requires how to rationally estimate deformation of
members and/or systems at various load levels with
deformation limits before or after yielding. To esti-
mate deformation with corresponding resistances sev-
eral physical models based on cracked concrete have
been developed. However, such models require tedious
numerical calculation procedures. As for strength cur-
rent some strength models for structural concrete are
based on the plasticity theory with suppressing brittle
failure modes. In this study how to simply estimate
the yielding points and ultimate deformation lim-
its of shear critical members are proposed by stress
fields and failure mechanisms. Shear strength model
is explained by decomposition in terms of direct and
indirect load transfers as shown in figure 1. The degree
of distribution between direct and indirect load paths
depends on their stiffeness and strength.

The classification of failure modes is also easily
identified by failure mode matrix for a combined STM
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Figure 1. Shear strength model in terms of direct and
indirect load transfers.

Shear-flexural Compression|

Figure 2. Flexural-shear compression failure mechanism
for compatibility-based strength interaction.

which is resulted by superposing elementary STM
relying on direct and indirect load paths.

Shear strength degradation with increase of defor-
mation and deformation limit at ultimate are discussed
by failure mechanisms compatible with stress fields.
Also compatibility-based strength interaction curves
associated with shear are proposed and thereby defor-
mation limits dependent on failure mechanisms are
estimated.
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Service life assessment of RC structures exposed to carbonation by
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ABSTRACT

In the present study, reinforced concrete (RC) column
structures exposed to carbonation were surveyed, and
data on the carbonation depth (X¢0,), considering dif-
ferent states of cover concrete: sound, cracked, and
joint concrete and cover depth (X¢) were obtained. The
distribution of parametric values for the RC columns
in carbonation environments was examined to calcu-
late the safety factors. 56, 25, and 32 replications of
carbonation depth X¢p, for sound, cracked, and joint
concrete, respectively, were obtained, and 47 replica-
tions of concrete cover depth X¢ were investigated.
Their average values of Xcp, accounted for 11.62,
24.66, and 17.43mm for sound, cracked, and joint con-
crete respectively, and the average of X was observed
as 57.87mm. To find an optimum probability distri-
bution model for the variables of Xco, and X¢, the
goodness-of-fit test was conducted. The histograms of
Xcon, irrespective of different states of concrete cover,
are closer to a Weibull distribution, while the X¢ value
is log-normally distributed.

The safety factors used to the service life analy-
sis of concrete structures exposed to carbonation were
calculated by reliability-based theory, and then ser-
vice life of reinforced concrete column structures was
assessed. When 1.28 of reliability index S, correspond-
ing to 10% of the probability of corrosion initiation,
was taken as the threshold ratio to determine the safety
factors, the safety factor (SF¢p,) accounted for 1.49,
1.44, and 1.45 for sound, cracked, and joint concrete,
respectively, as listed in Table 1. The values of SF ¢on
were verified by the Monte Carlo Simulation tech-
nique. Therefore, the safety factors obtained in the
present study can be used to a reasonable partial factor
method of service life design and assessment of con-
crete structures exposed to carbonation. By using the
SF coa, time to carbonation-induced corrosion of steel
accounted for 202, 48 and 95 years for sound, cracked
and joint concrete, respectively.

Table 1. Safety factors for carbonation depending on
different states of cover concrete.

Durability

resistance  Environmental — Safety
States of factor load factor factor
cover concrete (o) Ve) (SFcoa)
Sound concrete 0.776 1.157 1.49
Cracked concrete  0.758 1.095 1.44
Joint concrete 0.759 1.102 1.45

Finally, the safety factors depending on differ-
ent casting methods, such as precast and cast-in-place
concrete were discussed. SF¢p, calculated for pre-
cast concrete accounted for 1.31, 1.25, and 1.26
for sound, cracked, and joint concrete, respectively.
It was found that differences of the safety factors
between precast and cast-in-place concrete structures
accounted for 0.19. An increase in the SF ¢, implies a
significance decrease in the corrosion free life of
concrete structures exposed to carbonation. Thus,
corrosion free life of RC structures exposed to carbon-
ation can be sensitive depending on different casting
methods even under same carbonation environment.
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ABSTRACT

The design of reinforced concrete structures involves
several types of uncertainties related to concrete and
steel properties, structural dimensions, depth of the
concrete cover and load fluctuations. All these uncer-
tainties contribute to make the performance of RC
structures different from the expected one. In addi-
tion, when a RC structure is located in a corrosive
environment, the corrosion can significantly influence
long-term performance. The deterioration of RC struc-
tures is a major problem for many companies and
countries, where high costs are involved to maintain,
repair or replace degraded structures. For example,
CC Technologies Laboratories Inc. (2001) show that
the annual direct cost of corrosion in USA highway
bridges is estimated to be 8.3 billions of dollars.

Structural optimization is frequently applied for
effective cost reduction of engineering systems. As
the rational approach consists in finding the best com-
promise between cost reduction and safety assurance,
the structural reliability theory provides an appropriate
approach to take account for uncertainties (Ditlevsen
& Madsen 1996). The Reliability-Based Design Opti-
mization (RBDO) allows us to reach effectively bal-
anced cost-safety con?gurations (Frangopol & Moses
1994). However, for designing RC structures located in
corrosive environment the RBDO problem should use
the time-variant instead of the time-invariant reliability
analysis, where load and environmental fluctuations
are modeled by stochastic processes.

Several works are focused on developing effi-
cient and robust approaches for RBDO problem
(Chateauneuf, & Aoues 2008). However, few stud-
ies are interested by Time-Variant Reliability-Based
Design Optimization (TV-RBDO). The classical for-
mulation of the TV-RBDO consists in minimizing an
objective function defined by the initial and expected
failure costs under reliability constraints (Kuschel &
Rackwitz 2000). This formulation is not suitable for
real engineering structures because considerable time
consumption is involved and convergence can hardly
be achieved.

In this work, a new methodology of TV-RBDO
of RC structures is developed on the concept of
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Figure 1. Rectangular RC bridge girder.

Table 1. Comparison of the optimal costs of the RC girder
and numerical performances.

Classical. Proposed

TV-RBDO TV-RBDO
Expected total cost Cr (k€) 3.69 3.70
Initial cost C; (k€) 3.67 3.68
Expected failure cost Cr (€) 16.57 16.82
CPU (s) 603 21

decoupling time-variant reliability analysis and the
optimization procedures. The proposed approach is
based on transforming the TV-RBDO problem into
a sequence of equivalent deterministic design opti-
mization sub-problems. This transformation is defined
by the mean of optimally calibrated safety factors,
linking the reliability requirement to the equivalent
deterministic optimization. The numerical example on
RC bridge girder shows the efficiency and the good-
standing of the proposed method, through comparison
with classical TV-RBDO approach.
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ABSTRACT

Building structures, infrastructure systems and indus-
trial facilities (hereafter jointly referred to as engi-
neered facilities) are often built and operated on loca-
tions where natural hazards may take place; implying
significant risks. As part of the overall strategy of risk
management for such engineered facilities the optional
decision to shut down operation and to evacuate peo-
ple and assets in the face of an emerging hazard event
plays an important role. Important examples where
such strategies are presently utilized include refineries
and fixed offshore platforms subject to tropical storms,
storm surges and tsunamis, but also urban habitats and
public infrastructure subject to events such as storms,
floods, landslides, avalanches and volcanic eruptions.

The important characteristics of the decision situ-
ation described above include that: various indicators
that contain information on the severity of the hazard
continuously become available prior to the impact of
the hazard; decision makers have options for reducing
risks which may be commenced at any time supported
by the observed indicators. Here the typical prob-
lem arises that waiting will imply more information
but might also reduce available time for evacuation
and other loss reduction activities; decision mak-
ers can/should make decisions in near-real time in
response to the indicators available.

The scope of the present paper is to present a deci-
sion framework for the decision problem outline in the
foregoing taking basis in the Bayesian pre-posterior
decision analysis (Raiffa & Schlaifer (1961)) and then
to show the use and the advantages of the presented
framework with an illustrative example as well as
to discuss the computational difficulties and possible
approaches to avoid the difficulties.

The example considered in the present paper is the
decision situation where a decision maker is faced to
decide whether or not the operation of an offshore
platform should be shut down in the emergence of
a typhoon event. The decision situation considered in
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Figure 1. Illustration of the decision situation considered

in the example. (Two possible transitions of the typhoon are
shown with dashed lines. The location of the offshore plat-
form for which the decision maker is responsible and the
current position of the typhoon are also shown. The dis-
cretized times shown in the figure correspond to the time
interval of six hours.)

the example is illustrated in Figure 1. In this exam-
ple the probabilistic typhoon model presently under
development at the group of Risk and Safety at ETH
Zurich (Nishijima & Faber (2007)) is employed.
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ABSTRACT

This paper presents seismic fragility analyses of
conventional (non-engineered) residential woodframe
buildings located in the Central United States, a region
of low-to-moderate seismicity. These conventional
buildings were not engineered to withstand strong
seismic loads and hence are potentially vulnerable to
future earthquakes. Since the buildings considered in
this study generally do not have any seismic anchorage
devices (e.g., hold-downs), a fragility assessment con-
sidering only lateral drift is not realistic. More likely
failure mechanisms of these conventional buildings

265

were expected to be wall uplift and sill plate splitting.
The results of fragility analysis of a set of representa-
tive buildings on two different foundations, slab-on-
grade and cripple wall, confirmed that uplift and plate
splitting often were the controlling limit states. The
effectiveness of two mitigation strategies, (1) increas-
ing the number of sheathing-to-framing nails and (2)
adding anchor bolts, were examined through fragility
analysis. The fragility assessment and mitigation con-
cepts are illustrated using selected one and two-story
residential structures taken to be representative of
conventional woodframe construction, typical of the
Central United States.
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ABSTRACT

In Japan, aluminum structures are designed accord-
ing to the Japanese Specifications for Design and
Fabrication of Aluminum Civil Structures (JSDFACS)
(Japanese Aluminum Association 1998). In the JSD-
FACS, the width-to-thickness ratio of plate elements
and girders are based on the Japanese Specifications
for Highway Bridges (JSHB) (Japan Road Associa-
tion 2002), where the Young’s modulus of 200 GPa
and the yield stress of steels are replaced by 70 GPa
and the 0.2% proof stress of aluminum alloys, respec-
tively. The relation between stress and strain of steels
is straight until the yield stress, and it is horizontal
after that. However, the relation of aluminum alloys
shows a non-linearity around the 0.2% proof stress.
Furthermore, the degree of curvature near the 0.2%
proof stress is considerably different between 5000-
and 6000-series aluminum alloys (Mazzolani 1995).
Accordingly the provisions in the JSDFACS may not
reflect the actual behavior of plate elements and girders
made of structural aluminum alloys.

Under the above background, the objective of this
research is to formulate the relations between stress
and strain of structural aluminum alloys.

The Ramberg-Osgood form is usually used for the
stress-strain relations of structural aluminum alloys,
which is given by

P =%+ o.ooz(ijn (1

002

where ¢ and o are the strain and stress, respectively, £
is Young’s modulus, oy, is the 0.2% proof stress, and n
is the strain-hardening parameter, which characterizes
the strain hardening behavior in the non-elastic region.

Tensile tests are carried out for structural aluminum
alloys 6061-T6, 6005C-T5 and 5083-O. Then the

probability functions of £ and » are determined by
application of a probability-statistical approach to the
tensile test results, and the following conclusions are
provided:

1) The Young’s modulus is expressed by a normal dis-
tribution. The Young’s modulus of 70 GPa used in
ordinary structural design is lower than the value
corresponding to the 5% probability of not being
exceeded on the unfavorable side.

2) The strain-hardening parameter is expressed by a
lognormal distribution. The values of the strain-
hardening parameter corresponding to the 5 %
probability of not being exceeded on the unfavor-
able side are 29.1 and 5.3 for the 6061-T6 and
6005C-TS5 alloys and the 5083-0 alloy, respectively.

3) The relations between stress and strain are formu-
lated by the following equations:

o n
0 =0, (o>00) 3)

where n is 29.1 and 5.3 for the 6061-T6 and 6005C-
T5 alloys and the 5083-0 alloy, respectively, and o and
0y, are in MPa.
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At present the main safety evaluation method for slope stability is based on the single safety coefficient according
to Power Industry Standard Design Specification for Slope of hydropower and Water Conservancy Project
DL/T5353-2006 of the People s Republic of China. The control criteria of slop stability analysis by a single safety
factor, whether evaluated by rigid limit equilibrium method or assisted by finite element method, are difficult
to reflect the actual situation of complicated high slope comprehensively and reliably. This paper presents a
reliability method based on sample weight analysis. The method can improve accuracy and reduce the workload
of numerical analysis as well. At first, with the distribution characteristics and digital features of random variables,
the minimal sample size of every random variable is extracted according to small sample t-distribution under
a certain expected value. Secondly, take the weight coefficient of the sample as the contribution to the random
variables in the extracted sample, and figure out the weight coefficient of sample combination using the BAYES
formula. And then, extract the minimal sample combination according to the value of sample weight coefficient
under a certain expected level. Take these sample combination as the input value for systematic analysis of slope,
and the random sample output of stability safety factor can be obtained. At last, according to the one-to-one
mapping relationship between sample combination and weight coefficient, the reliability index of slope stability
and safety can be obtained by multiplication principle. The slope stability analysis on left bank of BaiHeTan is
taken as an example, and the analyses results are also given in this paper. It shows that the method of reliability
in complicated high slop is reasonable and practicable.
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ABSTRACT

The largest and arguably most important portion of the
exposure to earthquakes in the U.S.A. is comprised
of woodframe houses. According to HAZUS-MH
(2003a) woodframe houses constitute about 87% of
the buildings in California, for example. At present,
quantitative seismic risk assessments of individual
woodframe houses are seldom performed, at least in
part because (i) most homeowners, and indeed many
engineers, are not yet aware that such assessments are
possible, and (ii) calling on an engineer to conduct
the desired analyses is prohibitively expensivee for the
average homeowner, or else not profitable for the engi-
neer. While qualitative assessments of seismic risk are
currently available (e.g., from www.HomeRisk.com
for California), there remains a need for a quantitative
risk assessment tool that is readily and freely avail-
able to the homeowner. Such a tool can be used to
evaluate alternative risk-mitigation strategies, whether
through structural retrofit, insurance, enhanced build-
ing codes, emergency response, or other means. The
United States Geological Survey (USGS) is work-
ing towards meeting this need, via an extension of
the USGS National Seismic Hazard Maps. The ulti-
mate goal is to develop a freely-available interactive
web tool, called ResRisk, that automatically computes
the seismic risk — e.g., probabilities of mandatory
evacuation and of repair cost exceedances — for a
homeowner-described woodframe house.

In contrast to other types of structures, the rela-
tively standardized nature of woodframe construction
inthe U.S.A. makes it possible to quantify, with reason-
able rigor, the seismic risk for a house using attributes
provided by a homeowner or, more generally, a
non-engineer — e.g., house age, square footage, floor
plan, number of stories, foundation type, wall finishes,
whether the house has been seismically retrofitted,
and if the house is on a slope. Furthermore, the same
engineering and statistical analyses applied to perform
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seismic risk assessments for other types of structures
(e.g., see the Pacific Earthquake Engineering Research
Center Testbeds — http://www.peertestbeds.net/) can
be automated for woodframes houses. More specif-
ically, ResRisk combines (i) an earthquake ground
shaking hazard curve for the location of the house
with (ii) probabilistic fragility and vulnerability mod-
els for the house relating ground motion amplitude
to likelihood of, respectively, mandatory evacuation
or earthquake-damage repair costs, as examples. Item
(i) can be obtained from the USGS National Seismic
Hazard Maps (most recently Petersen et al., 2008),
and item (ii) can be computed “on the fly” via non-
linear dynamic structural analysis simulations. The
computed seismic risk must then be communicated in
terms that are useful to the homeowner, e.g., chances
in some time window of incurring earthquake dam-
age leading to mandatory evacuation or to repair costs
larger than the deductible on an insurance policy,
and how these odds are changed by mitigation mea-
sures such as retrofit. ResRisk will also compare these
chances to the seismic risk for other houses (retrofitted
or not), other geographic locations, and perhaps even
other non-seismic risks (e.g., along the lines of Mori
et al., 2007).
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ABSTRACT

In Japan, there is a growing importance in preserva-
tion of historic districts and streetscapes of wooden
houses like the Important Preservation District for
Groups of Historic Buildings. However, most of fatal-
ities come from the collapse of old wooden houses
according to the recent earthquake damage statistics.
Therefore, the seismic retrofit of old town houses to
mitigate earthquake damage is very important. This
paper proposes simple methods to evaluate of seismic
performance for all the traditional wooden houses in a
district. In this paper, historic wooden houses in Narai
located in Nagano prefecture in Japan are studied. The
houses were originally constructed in the 17th Century
on and have various features particular to post town
houses. The old town houses have narrow entries, are
long in depth. The neighboring houses touch mutually.
Therefore, the movement of townhouses is mutually
affected. We call this effects house-house interaction
(HHI) effects.

First, in this study, to identify the vibration char-
acteristics, ambient vibration tests for almost all the
houses, about 230 houses in total, along the old high-
ways are conducted. Three to five houses are measured
simultaneously to investigate the HHI effects. In the
measurements, ten wireless and GPS-synchronized
handheld vibration recorders with three acceleration
sensors inside are used. Considering the vibration
characteristics of houses and HHI effects, houses
are classified into neighborhood groups. Next, rig-
orous seismic performance evaluation is carried out
for twenty-four selected houses individually and for
nine grouped houses. Finally, based on the results
of ambient vibration measurement and rigorous seis-
mic performance evaluation, we have proposed two
types of approximate evaluation methods of yield
base shear coefficient for the neighborhood groups.
One method is evaluation from natural frequency
(Fig. 1(a)), and another is from the rough floor plan
of houses (Fig. 1(b)). By applying these two methods,
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Figure 1. Evaluation of the yield base shear coefficient.

houses with poor seismic performance can be easily
specified from all the houses in a district.
In summary, the following conclusions are drawn.

(a) The investigated old town houses show clear and
complex HHI phenomenon.

(b) The seismic performance evaluation and seis-
mic retrofitting for such old town houses should
be performed considering the HHI effects of a
neighborhood group.

(c) We have proposed two types of approximate eval-
uation methods of yield base shear coefficient for
the neighborhood groups.
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ABSTRACT

In recent decades, earthquakes have caused a signifi-
cant number of deaths and injuries worldwide. Unlike
many other natural disasters, earthquakes are diffi-
cult to predict and could strike in populated areas
without much warning, potentially resulting in sub-
stantial human losses. Costs related to deaths and
medical treatment for injuries from earthquakes some-
times become major burdens to individuals, casualty
insurance companies, as well as local governments.
Estimates of the potential consequences of future
earthquakes on human lives provides a useful tool
for risk managers to develop proper action plans and
better resource allocation in the event of a major earth-
quake. This paper presents a probabilistic model for
assessing casualty risk as a direct result of building
damage from earthquakes in Japan. First, a mod-
ule for analytically quantifying structural damage
from local ground-shaking parameters and structural-
vulnerability relationships is developed. A database
of buildings and their occupants is constructed based
on census data. The dependence of casualty rates on
building damage states is then derived from a com-
prehensive casualty database obtained from the 1995
Hyogoken-Nanbu (Kobe) earthquake. This casualty
database includes data from the Hyogo Prefecture
coroners’ reports, medical records of patients treated
at more than 90 hospitals in Kobe and its neighboring
cities after the earthquake, as well as information on
the damage states of the buildings where each death
or injury occurred. Uncertainties surrounding both the
building damage and the casualty rates are taken into
consideration in this model. Results from the model
simulation are validated against actual casualty counts
reported following the 1995 earthquake. Finally, the
model is used to estimate casualty risk as a result
of a hypothetical worst-case-scenario earthquake. The
estimated casualty counts from this earthquake warn
of the worst that could happen in Japan, while casu-
alty risk maps (Figure A1), which show the spatial
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distribution of the estimated fatalities with a certain
annual exceedance probability, could pave the way for
more appropriate mitigation and emergency plans for
future earthquakes.
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ABSTRACT

In recent years, seismic design and assessment of
civil engineering structures based on simulated strong
ground motion are prevailing in Japan. If macro-
and micro-fault parameters are given, an Irikura’s
method (Irikura 1986) can simulate ground motion
in more detail than the empirical attenuation relation.
The simulation method has high evaluation capability
(reproducibility) for past ground motions when fault
parameters are given precisely.

However, predictions of future waveforms with the
simulation method need results of inversion analy-
ses since some micro-fault parameter are difficult to
predict before earthquake. In a strict sense, the sim-
ulation method cannot be “prediction of the future
events (prior prediction)” but just “reproduction of
the past events (posterior evaluation)” because predic-
tion based on micro-fault parameters should be done
not after earthquake occurrence but before earthquake
occurrence. As described above, difficulty in get-
ting micro-fault parameters before earthquake impairs
prediction capability of future waveforms.

Then, the objective of this research is to assess the
difference between prior prediction and posterior eval-
uation quantitatively about 2005 Fukuoka earthquake
with the statistical Green’s function using Boore’s
Statistical Model (Boore, 1983), and to suggest min-
imum prediction capability of ground motion which
is required in engineering application. Here, “Predic-
tion” means simulation method undertaken without
any information acquired only after earthquake occur-
rence. Meanwhile, “Evaluation” means simulation
method with both prior and posterior information.

Figure 1 compares the result of RMS. The index
is root mean square error of between simulation and
observed data (true value) defined by Equation (1).
In the figure, the diagonal line means that prediction
and evaluation are completely same, an area under
the line means evaluation is better than prediction. As
points in the figure are plotted around the diagonal
line, the difference between prediction and evaluation
is considerably small.
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Figure 1. Several examples of asperity.

The past estimation of strong ground motion is
improved by consideration of detailed information
such as micro-fault-parameters. The detailed informa-
tion of fault is given only after earthquake occurrence
so that the past method isn’t priori prediction. How-
ever, the result of this study gives suggestion of possi-
bility that the simulation without detailed information
can be appropriate to engineering application.
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ABSTRACT

It is said that plate subduction-zone earthquakes and
inland earthquakes may occur in several decades in
Japan. However, many residents do not try to per-
form seismic retrofit, even if their wooden houses have
poor seismic performance and will suffer extensive
damage if a severe earthquake occurs. In order to moti-
vate residents to implement an effective earthquake
countermeasure for their houses, this paper proposes
evaluation indexes to select the most cost effective
earthquake countermeasure for their own houses and
to make up the long-term implementation planning.
In our study, maintenance, repair and rebuilding are
included in earthquake countermeasures as well as
seismic retrofitting.

First, we present a seismic risk evaluation proce-
dure for wooden houses, which can consider aged
deterioration affected by biodeterioration and main-
tenance status as well as their seismic performance
before and/or after the seismic retrofitting and local
seismic hazard. Then, this paper proposes two indexes
to evaluate and assess the earthquake countermea-
sures. The one is a Loss Reduction Index (LRI), and
this index means an expected reduction in seismic
loss by the earthquake countermeasure. The other is
a Total Cost Reduction Index (TCRI), which is an
expected reduction in the total cost of initial cost, the
cost of earthquake countermeasures and seismic loss
over elapsed years from specified time.

In order to demonstrate the validity of the pro-
posed indexes and discuss how to prepare for the
coming big earthquakes, we have performed some
case studies changing location, earthquake counter-
measure techniques and that timing. The locations of
houses are Osaka city, Kyoto city, Nagoya city, Tsu city
and Kochi city in Japan to compare influence of the
local seismic hazard shown in Figure 1. The feature
of houses is changed by seismic performance, age and
durable years. Earthquake countermeasure techniques
are seismic retrofitting to strengthening or improving
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Figure 1. Seismic hazard curves over ¢ years.

deformation performance, durability enhancement to
increase durable years, and rebuilding.

Finally, by the sensitive analysis, it confirms that
these proposal indexes can judge cost-effective timing
and technique of earthquake countermeasure depend-
ing on location.
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Risk-informed approaches for achieving robustness and for mitigating

disproportionate collapse of buildings

Bruce R. Ellingwood
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ABSTRACT

A progressive (or disproportionate) collapse of a struc-
ture is one that initiates from local damage and, rather
than being arrested in the structure by its capabil-
ity to bridge around the damaged area, propagates
to a final damage state that involves a major por-
tion of the structure. Although there is a natural
tendency due to recent events to associate such col-
lapses with malevolent attack, other events that are
outside the scope of customary structural engineer-
ing practice — gas explosions, vehicular collisions,
severe fires, and extreme values of environmental
loads, and design/construction errors — also can stress
the building system to well beyond its normal design
envelope. All buildings are susceptible to progressive
collapse in varying degrees. A robust structural sys-
tem is inherently capable of absorbing minor damage
resulting from design or construction errors or from
extreme environmental or man-made events. Although
engineers generally recognize the need to engineer
robust structural systems, specific design strategies
and criteria for progressive collapse resistance have
proved difficult to develop and implement in pro-
fessional practice. At the same time, the public has
become increasingly aware of building safety issues
as a result of well-publicized collapses due to natural
and man-made disasters.

In recent years, changes in building and construc-
tion practices and sociopolitical challenges have high-
lighted the importance of hazards that historically
either have not been viewed as significant (explo-
sions or detonations) or have been dealt with through
deemed-to-satisfy clauses rather than through formal
structural calculations (severe fires). At the same time,
the public has become increasingly aware of building
safety issues as a result of well-publicized collapses

due to natural and man-made disasters. Proposals for
achieving robustness and for minimizing the likeli-
hood of progressive collapse now are being introduced
into building codes, standards and regulations.

The level of risk arising from the uncertain nature
of low-probability hazards and their consequences
remains undetermined in recent code proposals aimed
at minimizing the likelihood of progressive collapse,
making problematic their cost-effectiveness. Concepts
of structural reliability analysis and probabilistic risk
assessment supported by advanced computational sim-
ulation tools can be used to identify specific threat
scenarios, to assess the capability of a building to with-
stand damage without the development of a general
structural collapse, and to test the effectiveness of var-
ious proposed risk mitigation strategies. This paper
summarizes methods for assessing structural robust-
ness and the risk of disproportionate collapse found in
national codes, standards and regulatory documents,
and concludes with an identification of analytical
and experimental research needed to advance risk-
informed strategies for mitigating progressive collapse
of buildings.
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Robustness of structures as a design criterion
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ABSTRACT

In this paper a new numerical approach is proposed
for designing robust structures. This can be coupled
with any arbitrary nonlinear computational model for
structural analysis.

The proposed approach is focused on incorporat-
ing the issue of structural robustness in the design
process, which is of increasing interest in industry.
The engineer has to find a design which ensures a
proper behavior of the structure despite uncertainty
of structural, environmental and design parameters.
As no general definition exists for structural robust-
ness, a respective measure is developed based on
the understanding of robustness according to (The
American Supplier Institute 2005), which was intro-
duced by GENICHI TAaGUCHI and is well-established
in consumer goods industry. A structure is consid-
ered as robust if it can withstand a whole spectrum of
occasional or frequent fluctuations of environmental
conditions without noticeable effects on its service-
ability. This concerns the system performance under
normally fluctuating conditions — in contrast to the
occasional understanding of robustness as appropriate
performance of a system under exceptional condi-
tions. Moreover, the robustness measure is defined in
conjunction with a non-stochastic uncertainty model
according to fuzzy set theory. This enables the con-
sideration of merely vaguely predictable fluctuations
of structural parameters, which is particularly suit-
able in early design stages when clear probabilistic
specifications are problematic.

On this basis the numerical approach for design-
ing robust structures is formulated. Design parameters
are specified as uncertain over a value range rea-
sonable for design. Further uncertain parameters are

quantified according to the available information. All
uncertainty is processed through a structural analy-
sis by simulation, such as a Monte Carlo simulation.
This leads to a set of points in the space of the
design parameters and associated structural responses.
By means of design constraints permissible design
parameter combinations are identified and lumped
together via cluster analysis. From the clusters continu-
ous alternative design domains are constructed. These
are modeled using fuzzy sets and processed through
the uncertain structural analysis, again, to verify their
permissibility. For each design variant, the robustness
is computed as the ratio between the uncertainty of
the fuzzy input quantities and the uncertainty of the
associated fuzzy structural responses.

The optimum design variant is determined with a
three-criteria optimization problem. Criterion one is
the traditional optimization criterion, such as a min-
imum mass or minimum cost. Criterion two is the
maximum robustness of the structure. This aims at a
structural behavior that is only marginally affected by
uncertainty and by changes in the design parameters
during the production process and service life of the
structure. Criterion three concerns a maximum size of
the suitable domains in the space of design param-
eters. This provides the engineer with comfortable
decision margins during construction or production,
respectively.

The proposed design method is demonstrated by
way of an example.
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Performance of earthquake resistant buildings against progressive collapse
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ABSTRACT

Progressive collapse analyses were conducted on rein-
forced concrete frame buildings designed according to
the seismic provisions of the National Building Code
of Canada. The purpose of the analyses was to esti-
mate the vulnerability of the buildings to progressive
collapse. Three moderately ductile buildings designed
for Ottawa, which is in a moderate seismic zone, and
three ductile buildings designed for Vancouver, which
is a high seismic zone, were used in the analyses. The
buildings considered are 5-storeys, 10-storeys and 15-
storeys high. The plans of both the Ottawa and the
Vancouver buildings have the same dimensions, i.e.,
30m x 18 m as shown in Figure 1. The spans in the
transverse direction of the Ottawa and the Vancouver
buildings are also the same, i.e., three spans of 6 m for
both buildings. However, the number and the dimen-
sions of the spans in the longitudinal directions of the
buildings are different. The Ottawa buildings have four
spans of 7.5 m each, and the Vancouver buildings have
five spans of 6 m each. The floor heights are 4.0 m for
all buildings.

The performance of the buildings against progres-
sive collapse is evaluated following the widely used
guidelines for the design and assessment of build-
ings against progressive collapse, namely “Progressive
Collapse Analysis and Design Guidelines” by the U.S.
General Services Administration. Different scenarios
were considered by removing first storey columns of
the buildings in order to simulate the loss of columns
due to bomb blasts. The following scenarios of column
removals were considered: (i) column on the perime-
ter, approximately at the middle of the long side of
the building, (ii) column on the perimeter, approxi-
mately at the middle of the short side of the building,
(iii) column at the corner of the building, and (iv)
interior column. Elastic static analysis was conducted
for each of these scenarios using three-dimensional
models. Demand/capacity ratios obtained for primary
structural members were used in the assessment of the
vulnerability to progressive collapse.
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Figure 1. Floor plans of buildings; (a) buildings in Ottawa,

and (b) buildings in Vancouver.

The study leads to two general observations: build-
ings in Vancouver are more robust than buildings in
Ottawa in terms of progressive collapse resistance, and
that taller buildings are more at risk to progressive
collapse than shorter buildings. Another interesting
finding is that the vulnerability of seismically designed
buildings to progressive collapse depends greatly on
the differences between the spans of the longitudi-
nal and the transverse frames, i.e., larger differences
between the spans lead to higher vulnerability.
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ABSTRACT

A novel robust design optimization (RDO) formula-
tion is proposed here which is specifically appropriate
when complete probabilistic information about the
design variables (DVs) and design parameters (DPs)
are not available. The currently available RDO meth-
ods put equal importance to each individual gradient
of the objective function and the constraints. But, it
is well known that all the gradients are not of equal
importance. This has been successfully explored in
reducing the number of random variables in reliabil-
ity analysis. The concept is utilized here in RDO. It is
expected to be more appropriate and efficient to use
the weighted value of the gradients in accordance with
their importance instead of equal weight to define the
robustness measure of the objective function.

The methodology proposed here is a heuristic
approach which allows the use of importance factor
obtained from the respective sensitivity information.
To improve the robustness, a new measure of robust-
ness is proposed by redefining the performance dis-
persion using associated importance of the gradients
of the performance function with respect to uncertain
variables. The basic idea to improve the robustness of
the performance using new index is also extended to
the constraints. Essentially, the proposed RDO formu-
lation becomes two-criterion equivalent deterministic
optimization problem where the weighted sum of the
mean and weight factor-based dispersion index is
optimized.

The RDO formulation is elucidated by consider-
ing the cost optimization of a steel tubular column
hinged at both ends subjected to a compressive load.
The uncertainty information available on the DVs and
DPs is incomplete, i.e., only the ranges of variations
are prescribed but not their distributions. For com-
parison, the results obtained by the conventional two
criteria RDO procedure are also obtained. The Pareto
fronts as obtained by the proposed and conventional
RDO methods are shown in Figure 1. It can be clearly
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Figure 1. Comparison of Pareto-front as obtained by pro-

posed and conventional RDO method.

observed from the figure that for a specific level of
variation ifthe desired objective is to minimize the cost
of the column, the proposed method provides lesser
cost compared to the conventional RDO approach.
Furthermore, for a prescribed cost of the column, the
dispersion of the cost due to uncertainty as obtained
by the present approach is less than that of obtained
by the conventional RDO approach.

Further results are provided in the full paper. The
results of numerical study show that the trend and
variations of the proposed RDO results are in con-
formity with the well established two criteria RDO
problems indicating its potential over the conven-
tional approach. Since all the variables are not equally
important in capturing the presence of uncertainty,
the proposed approach yields more efficient Pareto
front. However, how much robustness can be achieved
over the conventional method is problem dependent.
It may be noted that the approach being generic
in nature, can be applied to more complex struc-
tures and extended to RDO of general multi objective
optimization problems.
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Robustness of structures, EU COST action TU0601
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ABSTRACT

Robustness of structures has been recognized as a
desirable property because of a several high system
failures, such as the Ronan Point Building in 1968,
where the consequences were deemed unacceptable
relative to the initiating damage. After the collapse of
the World Trade Centre, the robustness has obtained
a renewed interest, primarily because of the serious
consequences related to failure of the advanced types
of structures. In order to minimize the likelihood of
such failures many modern building codes consider
the need for robustness in structures and provide strate-
gies and methods to obtain robustness. In fact, in all
modern building codes, one can find a statement (in
this or a slightly different form): “total damage result-
ing from an action should not be disproportional to the
initial damage caused by this action”.

During the last decades there have been signifi-
cant efforts to quantify aspects of robustness. When
modelling robustness, system effects are very impor-
tant. However, the primary criteria in building code
are related to design and verification of sufficient reli-
ability of components. It should also be noted that
redundancy in systems is closely related to robust-
ness. In principle redundant system are believed to be
more robust than non-redundant systems — but this is
not always the case as illustrated by the failures of the
Ballerup Super Arena and the Bad Reichenhall icehall.

Given this interest in the topic a special EU
sponsored COST action TU0601 (http://www.cost-
tu0601.ethz.ch/) has been initiated by the Joint Com-
mittee on Structural Safety (JCSS) in cooperation
with IABSE. Within this European research project
close cooperation is maintained with experts from
North America, in particular NIST, where a signifi-
cant research into robustness of structures has taken
place for understandable reasons.

The main objective of the COST Action TU0601 is
to provide the basic framework, methods and strate-
gies necessary to ensure that the level of robustness of
structural systems is adequate and sufficient in relation
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to their function and exposure over their life time and
in balance with societal preferences in regard to safety
of personnel and safeguarding of environment and
economy. The purpose of the project is to assess mea-
sures and requirements for robustness in a risk based
perspective.

Traditionally robustness is considered to be an
inherent property of a structure defined through the
design of the structure. However, a risk based approach
considers robustness from a life cycle perspective to
be a product of design together with strategies for
operation, maintenance and control as well as appro-
priate emergency response measures. Assessment of
robustness necessitates the consideration of the possi-
ble scenarios leading to collapse, their probability of
occurrence as well as the corresponding consequences.

Whereas structural design codes at the present time
are focusing on ensuring structures with appropriate
safety in regard to component failures and thereby
are implicitly addressing mainly vulnerability aspects
of the structural performance, the aim of the present
COST Action is to establish a better understanding on
the aspects related to the robustness, i.e. focusing on
how structures may be designed, operated and main-
tained such that potential damages are sustained with
an appropriately high level of safety.

Given this main objective the project focuses on a
number of main issues:

e Theoretical Framework

e Models for Exposures, Structural behaviour and

Consequences of failures.

Design to improve robustness

o Examples, Dissemination of knowledge and guide-
lines

The end users of the results of the project will com-
prise pre-codification and codification committees on
structural design as well as actors in the building
and construction industry including design, architec-
tural and consulting companies as well as contractors
and owners of structures at both a public and private
level.
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ABSTRACT

This paper proposes a methodology to describe various
structural systems based on their level of robustness to
resist a disproportionate progressive collapse follow-
ing an initial structural perturbation. Procedures are
applied for estimating the probability of failure and
robustness level with regards to the progressive col-
lapse potential of steel structures. Uncertainties are
treated in a probabilistic framework with probabil-
ity distributions assigned to the parameters. Structural
resistance and load demands are treated as variables
with probability distribution functions. The results
are summarized in the form of robustness diagram
derived from progressive collapse diagrams devel-
oped in previous study (Marjanishvili & Buscemi,
2005). Progressive collapse diagrams, which relate
expected ductility ratio (m) and Demand Capacity
Ratio (DCR) were originally derived for determin-
istic progressive collapse assessments. In this study,
progressive collapse response charts are extended to
include estimated variability for nonlinear systems as
determined through computer simulations employing
fast-running algorithms. These algorithms depend on
the resisting mechanisms of structural systems, such
as flexure, shear and stability loss or catenary action.
The approach adopted in this study is based on the
principle that the structural robustness is the qual-
ity of structure, which is evaluated not only by the
mean value (i.e., determination of progressive collapse
potential) but also by the sensitivity of the structural
performance (i.e. structures ability to gracefully with-
stand unforeseen and extreme loading and damage
conditions.
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ABSTRACT

The Local Flexibility method [Reynders & De Roeck
2008] is a technique which can be used for static as
well as dynamic (i.e., vibration based) damage iden-
tification. The method uses measured receptance or
flexibility. Combination of (the quasi-static limit of)
flexibility with a virtual load that causes stresses in the
vicinity of one measurement location only yields a vir-
tual static deformation, that is inversely proportional
to the local stiffness. The ratio of static deformation,
obtained before and after occurrence of a change in
stiffness, is equal to the inverse local stiffness ratio.
The method can be adapted so that, in the dynamic
case, unscaled mode shapes and therefore output-only
methods can be used to construct the flexibility matrix,
assuming that the mass change is negligible.

Here, an uncertainty analysis of the method is pre-
sented. Starting from the covariance matrix of the mea-
sured data (in the dynamic case: the covariance matrix
of the measured eigenfrequencies, damping ratios,
and mode shapes), the variances of the local stiff-
ness ratios, estimated from the method, are obtained
using a sensitivity analysis. Since the relative uncer-
tainty on the measured modal parameters is generally
low, a first-order approximation is sufficient for most
applications. Under the assumption that the measured
modal parameters obey a multivariate normal distri-
bution (which is, for most modal parameter estimation
algorithms, asymptotically valid), it follows from the
first-order perturbation analysis that the estimated
local stiffness ratios are normally distributed as well,
and consequently the procedure followed enables to
estimate confidence intervals on them.

As a simulation example, a simply supported
IPE100 beam of 3 m length, where the vertical dis-
placements are measured at 7 equidistant points, is
considered. Only the first unscaled mode, that would
result from an output-only modal analysis, is retained
for the construction of the flexibility matrix. The dam-
age scenario consists of a stiffness reduction of 20%
between measurement points 2 and 4.
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The relative bending stiffness (EI + AEI)/EI,
together with its 95% confidence interval, calculated
using the method presented here, is shown below. The
standard deviation of the eigenfrequency is assumed to
be 1%, that of the damping ratio 10%, and that of each
of the mode shape components 1%. These values are
realistic in practical situations [Reynders et al 2008].
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ABSTRACT

Engineering structures such as bridges are ideally
designed to ensure an economical operation through-
out the anticipated service life in compliance with
given requirements and acceptance criteria. Such
acceptance criteria are typically related to the people
safety and risk to environment. Deterioration pro-
cesses will always be present to some extend and
depending on the adapted design philosophy in terms
of degradation allowance and protective measures,
the deterioration processes may reduce the system
performance beyond what is acceptable. In order to
ensure that the given acceptance criteria are fulfilled
throughout the service life, it may thus be necessary
to control the development of deterioration and if
required execute protecting and/or repair actions in
due time.

To ensure safety by inspection implies the identifi-
cation of what to inspect, how to inspect, where to
inspect and how often to inspect. Within this con-
text, the reliability of a Nondestructive Evaluation
(NDE) technique is particularly important; for welded
joints damaged by fatigue, it is defined as the quanti-
tative measure of its effectiveness in detecting flaws
of specific type and size. NDE procedure capabil-
ity is characterized in terms of the probability of
detection as a function of the crack size. This func-
tion is the probability that a specific flaw is detected
in particular inspection conditions. Within the french
national research project MIKTI, several research
institutes has been involved in various research tasks
for assessing usual and enhanced reliability of several
techniques (ultrasonic, magnetic particles). This paper
will present the principal results obtained by several
NDT techniques on more than 40 joints, the analysis
of the detection and false alarms and the determination
of POD curves for the various techniques.

Most of the inspection results are recorded only in
terms of whether or not a flaw was found. Data of
this nature are called hit/miss data, and an analysis
method for this data type evolved from the original
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Figure 1. Example of POD (probability of detection) and
LCB (lower confidence bound) curves for the UT technique
(team 1) and hit/miss results (cross symbols).

binomial characterization. This is commonly used,
for example, for data from penetrant liquid inspec-
tion, visual inspection tests but also ultrasonic or
magnetic particles testing. The basic idea behind this
method is to estimate de probability on detection POD
for any given crack size from the hit/miss data by
applying regression analysis or a maximum likelihood
procedure.

The analysis of hit/miss data from the MIKTI
research project allows qualifying the reliability of
magnetic particles and ultrasonic tests through the con-
cepts of probability of detection and probability of
false alarm. The model used is a log-odds function and
the estimation of its parameters has been performed by
the maximum likelihood function.

From the study of the different POD curves it comes
that the UT technique, for the two teams concerned by
the control, provides the best results compared to the
MT technique. The obtained information is neverthe-
less very valuable for crack detection in steel bridges
and represents the first attempt to provide crack detec-
tion probabilities for typical T-joint tested to fatigue in
parallel.
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ABSTRACT

Engineering structures such as bridges are ideally
designed to ensure an economical operation through-
out the anticipated service life in compliance with
given requirements and acceptance criteria. Such
acceptance criteria are typically related to the people
safety and risk to environment. Deterioration pro-
cesses will always be present to some extend and
depending on the adapted design philosophy in terms
of degradation allowance and protective measures, the
deterioration processes may reduce the system perfor-
mance beyond what is acceptable. In order to ensure
that the given acceptance criteria are fulfilled through-
out the service life, it may thus be necessary to control
the development of deterioration and if required exe-
cute protecting and/or repair actions in due time. Such
considerations have led to shift the design philoso-
phy for new structures (for instance as ships, offshore
structures, aircrafts. .. and in civil engineering) from
safe-life or fail-safe to damage tolerance safety by
inspection. A structure is said damage tolerant if it
has a reasonable damage growth life, such that the
damage can be detected during one of the affordable
scheduled inspection before it can precipitate a failure.
To ensure safety by inspection implies the identifica-
tion of what to inspect, how to inspect, where to inspect
and how often to inspect. Even though inspections may
be used as an effective means for controlling degrada-
tions and thus imply a potential benefit they may also
have considerable impact on the operation of the struc-
ture and other economical consequences themselves.
Eurocode 3 states that it is possible to move from a fail-
safe to a damage tolerance approach. For this purpose,
reduced partial safety factors (from 1.35 to 1.00) are
proposed to bridge designers and owners but nothing
is said about the quality of the inspection and the num-
ber of inspection times for applying such an approach.
Two different analyses are presented in this paper to
provide target objectives for inspection quality and
intervals with regards to Eurocode 3. The first one con-
sists in performing a inspection/repair (IR) programme
such that the reliability index for the damage-tolerant
curve is larger than the fail-safe reliability index at 100
years. The IR programme implies that repair is sys-
tematically performed as soon as a crack is detected.
Consequently, it is intuitive to say that smaller will

be the detection threshold (or the NDE technique effi-
ciency) larger will be the number of times that the joint
will be repaired.

For the second approach, a welded joint is inspected
by a NDE technique. If no crack is detected, it does not
mean that no crack is present but that the inspection
technique is not able to provide a positive detec-
tion outcome. This is eventually due to the fact that
no crack exists but also to the possibility that the
existing crack is slightly smaller than the smallest
detectable crack size by the technique. The conserva-
tive assumption is therefore to assume that a crack
exists and the flaw size is the detection threshold.
With this hypothesis it is then possible to calculate
the crack growth until a critical crack size is reached.
As the analysis is probabilistic this calculation has to
be turned out into the computation of the time interval
between the detection time and the time for which the
3.8 target reliability index is reached. This analysis has
been per-formed on several composite bridges. The
two approaches provide different results. This is not
surprising since the first approach is base on an inspec-
tion/repair programme while the second one is relaying
on the minimum time interval between the detectable
crack size and the allowable reliability level. This latter
approach is more conservative. If an extensive 20 yrs
inspection programme is scheduled (in addition to the
detailed and routine inspections programmes), then it
comes that the NDE reliability can only be achieved
with a mean detection level (for a 30% coefficient of
variation) smaller or equal than 0.3 mm. The first anal-
ysis provides wider inspection intervals for the same
detection levels (around 30 years). Using less sensitive
inspection techniques implies to reduce the inspec-
tion interval between 5 to 15 years (10% fractile).
The first approach provides similar results (around
20 years). Inspections are performed more intensively
but they are compatible with usual detailed inspection
programmes.

In conclusion, this paper is making a first attempt
to provide sense to the Eurocode 3 proposal to use
reduced fatigue partial factors by transferring the
decrease in design safety to an increase in inspection
safety. If the inspection/repair programme leads to
a 20 years average inspection intervals with 0.3—
0.6 mm average detection level, the time-to allowable
reliability level insists on narrow intervals (10 years).
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ABSTRACT

The VIPP are simple span viaducts made of precast
concrete girders prestressed by post-tension. This type
of construction was largely developed after the second
world war, between the years 1955 to 1970, thanks to
its girders launching system which allowed the cross-
ing of non classical obstacles with reasonable height
(10 to 25m above ground-level, range between 30
to 60m). This technique is not longer used, largely
competed by other construction techniques making it
possible to carry out more economic and safer redun-
dant structures with respect to rupture. The enthusiasm
which reigned at the construction time of the first
VIPP generation, moreover resulted in many design
and execution mistakes, and by the absence of cor-
rective maintenance actions to restore the defective
waterproofing of these bridges.

The detailed description of the problems encoun-
tered in this family of bridges shows how much the
diagnosis of these structures is essential to conclude
a relevant revaluation of their performance. It is in
this context that several studies were performed by
the authors’ organisms in order to develop diagnosis
techniques and methods. As questions concerning life-
cycle and serviceability of these existing structures
appeared, a probabilistic approach is introduced in
this paper; its capacity to take into account design,
construction, material properties, and on site investiga-
tions uncertainties is in particular highlighted. Those
are decisive points to re-evaluate the performance of
such existing structures.

Inspection information can provide valuable infor-
mation concerning the structural performance; it is
therefore essential to take them into account in an effi-
cient manner. Bayesian updating provides a general
framework which can be used in the analysis of the
structural performance for VIPP prestressed girders.
This paper presents such an application on two real
VIPPs, the Merlebach (Fig.1) and the Vauban bridges.
The reassessment analysis was performed on one of
the five bridge girders, based on prestress measure-
ments by the crossbow method when the bridge was
still operated. This measurement technique enables to

Figure 1. Merlebach bridge.
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Figure 2. Partial factor variations based on prestress mea-
surement average value (CoV = 10%).

analyse the cross-section reliability in terms of stresses
rather than strains. It provides immediate access to
the applied forces and moments located at the instru-
mented cross-section. This information concerning the
prestress force can be used for updating the reliability
of different cross-sections at the Serviceability Limit
State (S.L.S.). This paper presents such applications
showing in particular the difference between two VIPP
designs. Reliability index and partial factors updating
(Fig.2) are the major scope of this paper showing how
the structural performance can be efficiently appraised
by Bayesian updating.
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ABSTRACT

Structural composite lumber is widely used in the
United States and worldwide in increasingly demand-
ing structural applications. This paper presents mea-
surements of the spatial variability of the strength of a
specific type of structural composite lumber, Parallel
Strand Lumber (PSL), and describes a computational
model for prediction of the strength of PSL. The char-
acterizations of strength variability described in this
paper should prove useful in preliminary reliability
analysis of PSL members and structures, and is the type
of data that may eventually allow for the re-evaluation
of resistance factors used in the design of structures
using PSL. The computational model is expected to
find use in the evaluation and development of new
designs for PSL, including the inclusion of new species
and the directed mixture of species in the composite.
There has been substantial investigation of the spa-
tial variability of elastic and strength properties in
solid lumber (Lam and Varoglu 1991), but this work
represents, to the author’s knowledge, the first such
investigation for PSL. Results show that PSL has some
very favorable characteristics such as reduced vari-
ability of strength compared to similarly solid lumber.
The computational model builds upon previous work
that developed tools for the prediction of the strength
of composite wood cross sections (Clouston 2006;
Clouston and Lam 2001). The current model adds
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the significant feature of accounting for variation in
strength along the length of the structural member.

The measurements are conducted by compression
tests on specimens machined from a larger original
PSL member. Results show that the variance of PSL
strength is substantially lower than for solid lumber of
equivalent size and that the strength random process
has a correlation length on the order of several hun-
dred millimeters. The computational model accounts
for uncertainty in the strand length, strand grain orien-
tation, and strand inelastic properties. The model uses
an orthotropic yield surface in the strength calculation.
The computational model validates well with respect
to the mean strength, but underpredicts the variance
of the strength. Investigation of the sources of this
disagreement are ongoing.
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ABSTRACT

In mechanics and materials, homogenization and self-
consistent methods were the major tools until the
breakthrough of multiscale research in 1990s. A vari-
ety of multiscale methods have been developed to
upscale fine-scale equations into effective coarse ones.
Determinism however has remained a universal strat-
egy in the multiscale research, by assuming fine-
scale information is completely known. The drastic
advances made in the past decade are therefore focused
on deterministic systems.

A crucial characteristic of complex materials is
uncertainties of the constituent elements and interac-
tions among them. For complex systems characterized
with high-dimensions and various uncertainties, a
strategy of Multiscale Stochastic Modeling (Xu 2007,
Xu et al, 2008, Xu et al 2009) is proposed to follow
a path stemming from renormalization group the-
ory as shown in Fig. 1. The new path represents a
stochastic version of the existing path developed from
homogenization theory to deterministic multiscale
modeling.

Asymptotic theories of classical micromechanics
are built on a fundamental assumption of large sep-
aration of scales. For random heterogeneous mate-
rials the scale-decoupling assumption however is
inapplicable in many circumstances ranging from
conventional failure problems to small-scale engi-
neering systems. Development of new theories and
formulations for scale-coupling mechanics is to have
significant impacts on diverse disciplines.

Based on the recent work of (Xu 2007, Xu 2009, Xu
and Chen 2009a, Xu and Chen 2009b) an overview
of multiscale modeling on random heterogeneous
materials is presented in this paper. In Section 2
the generalized variational principles for boundary
value problems of random heterogeneous materials are
stated. Based on the generalized variational principles,
formulations and methods are introduced in Section
3 and 4 for the scale-decoupling and scale-coupling
problems, respectively.

Random heterogeneous materials are characterized
with multiscale, high dimensions, and uncertainty,

Renormalization
Group Theory

Homogenization
Theory
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Figure 1. Proposed multiscale stochastic modeling method-

ology (Xu and Chen, 2009b).

which demands the use of both multiscale and stochas-
tic modeling techniques. Integration of stochastic
methods into a multiscale framework, or develop-
ment of multiscale modeling in a stochastic setting, is
becoming an emerging research frontier. It is expected
development of so-called multiscale stochastic mod-
eling methodology will not only provide innovative
engineering and computational tools such as mul-
tiscale stochastic finite element method (MSFEM),
but contribute to multidisciplinary research on diverse
complex systems.
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The prodigious advances in computational model-
ing of deformation processes and the development
of highly non-linear, multiscale models poses several
challenges in parameter identification. The predictive
ability of these models depends strongly on assigning
the correct values to the various model parameters.
In solid mechanics for example laboratory testing is
performed using fairly large specimens which how-
ever, do not immediately provide information about
all the parameters in the material model (e.g. elas-
tic modulus, yield stress etc) at the scale of interest,
particularly in heterogeneous materials. The present
paper is concerned with the problem of identifying
parametric variability at various length scales from
disparate and noisy measurements and experimental
observations using computational models.

In existing methods, deterministic (i.e. optimization-
based) or statistical, the representation of the unknown
field has coincided with the forward model’s. In cases
where finite elements are used as forward solvers, the
property of interest is assumed constant within each
element and therefore the vector of unknowns is of
dimension equal to the number of elements. This offers
obvious implementation advantages but also poses dif-
ficulties as it can lead to over-fitting if the actual scale
of variability is larger than the grid.

We propose a nonparametric, Bayesian model
which is independent of the grid of the forward solver
and is reminiscent of non-parametric kernel regression
methods. The unknown parametric field is approx-
imated by a superposition of kernel-type functions
centered at various locations. The cardinality of the
representation, i.e. the number of such kernels, is
treated as an unknown to be inferred in the Bayesian
formulation. This gives rise to a very flexible model
that is able to adapt to the problem and the data at hand
and find succinct representations of the material prop-
erties of interest. If prior information on the scale of
variability is available, it can be directly introduced in
the model.

The determination of the posterior distribution is
carried out using Sequential Monte Carlo samplers
which represent a set of flexible simulation-based
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methods for sampling from a sequence of probabil-
ity distributions; each distribution being known up to
a normalizing constant. In this work the sequence of
distributions is defined by considering forward models
operating at different resolutions. This results in a hier-
archical, multi-resolution formulation that reduces the
computational cost associated with the identification
process and makes near-optimal use of the computa-
tional resources available. It also provides confidence
metrics that can direct further refinement of the for-
ward model in regions that would be most informative
for the identification of the material property of inter-
est. The algorithm is directly parallelizable and capable
of identifying multiple modes in the posterior distri-
bution i.e. several significantly different hypothesis
that are nevertheless consistent with the data. Sev-
eral examples on linear and nonlinear problems are
presented with emphasis on quantifying predictive
uncertainty.
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ABSTRACT

Numerical models of failure in brittle materials can
exhibit idiosyncratic mesh dependencies that lead to
predictions that are more dependent on numerical
discretization than on physical reality. A success-
ful technique for reducing this mesh dependency
is to introduce random fluctuations in the material
properties from element to element in the finite ele-
ment mesh. While generally successful, this approach
requires a physically reasonable method for assigning
probability distributions to these random fluctuations.
In other words, the random local fluctuations in the
material properties must properly reflect fluctuations
in the local microstructure.

Paliwal and Ramesh (2009) have developed a com-
putational model for analyzing the strain-rate depen-
dent constitutive relationship in ceramic materials with
penny-shaped flaws, given a crack growth law, flaw
density, and flaw size distributions. Simultaneously,
recent experimental research has addressed estimat-
ing flaw size and flaw density distributions in SiC
materials, including ultrasound, digital image charac-
terization, and three-dimensional subsample porosity
measures. Using the global flaw size distributions and
global flaw densities obtained from the experimen-
tal observations, local flaw size distributions and flaw
densities can be derived, which are a function of the
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observed bulk flaw size distribution, the flaw den-
sity, and the size of the local region. These are the
distributions found in local regions of the material,
which may vary significantly from the global flaw size
distribution.

In the current work, stochastic simulation tech-
niques and analytical approaches are used to establish
the variations in the local flaw density. Using these
results in conjunction with the analytical models to
establish the strain-rate dependent behavior, some
measure of variability in strength is established. The
output from these analyses gives a basis for assigning
random variations of material properties in a larger
scale finite element analysis. Results show that as
the finite element mesh is refined, the variability
of strength from element to element is expected to
increase. Furthermore, a higher strain rate tends to lead
to a higher variability in the strength calculated for the
elements, indicating that this approach is particularly
important in the high-strain-rate regime.
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ABSTRACT

The geometric reliability method is often used to
approximate the probability of failure in solid mechan-
ics. Further to this quantitative result, valuable insight
in the failure mechanisms of a body can be obtained.
In this contribution geometric reliability is applied
to specimens consisting of a quasi-brittle material in
which discrete cracks rather than failure process zones
are considered. The discrete cracks are modelled by the
partition of unity method (PUM).

In PUM the discontinuity introduced by the crack in
the displacement field is modelled by an additional dis-
placement field containing a Heaviside step function.
Extra degrees of freedom accompany this additional
displacement field and are added to only those nodes
that are in the support of intersected elements. A con-
stitutive model describes the relation between traction
and opening of the crack.

The random fields of fracture strength and frac-
ture toughness are discretised by the Karhunen-Loeve
expansion and the local S-points along the limit-state
surface are identified. Importance sampling is used to
increase the accuracy of the computed probability of
failure. The required sensitivity of the solution with
respect to the random variables is computed through
direct differentiation. Special attention is paid to the
fact that the equilibrium solution of a partition of unity
model also depends on the course of the crack. A vari-
ation of the random variables leads to a change of this
course, which needs to be taken into account for the
proper computation of the derivatives.

Discrete analysis of failure requires an accurate pre-
diction of the propagation behaviour of the crack. The
instant as well as the direction of the propagation are
determined on the major principal stress at the tip.
Propagation takes place when it surpasses the fracture
strength, while the direction is normal to it. Use of the
local stress at the tip gives an unsatisfactory predic-
tion of the propagation behaviour. It has been shown
by (Jirasek 1998) that use of a non-local stress gives
better results for the crack path, however, it delays the
propagation due to an underestimation of the tip stress.
In this paper, a method is proposed that gives better
prediction of the instant as well as the direction of
propagation.

The presented algorithm is applied to a three-
point bending experiment. Although the dominant
mode at the limit-state surface corresponds to a cen-
tred crack, variability of the strength along the beam
allows for off-centre cracks to appear with significant
probability. Therefore, a dedicated method is applied
to appropriately capture the shape of the limit-state
surface.
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ABSTRACT

Rational ship design rules should be based on explicit
limit states and direct analysis of the load effects and
resistance as well as a recognition of the inherent
uncertainties. This calls for a reliability-based code.
The recent IACS CSR (JBP, 2006) effort to establish
harmonized rules for tankers and bulk carriers is a step
in the right direction.

A reliability study of bulk carriers that fulfil semi-
probabilistic design criteria for ultimate hull girder
strength, based on a limit state function for combined
global and local loads that was recently established
by Amlashi and Moan (2008) is carried out with refer-
ence to a North Atlantic environment. Global and local
still-water load models are reviewed. The definition of
characteristic still-water and wave-induced loads and
their inherent uncertainties are discussed. The effect
of the design format, in terms of characteristic values
and load factors, on the reliability level is investigated.
The base case for load factors for wave- and still-water
loads are taken to be 1.2 and 1.0, respectively, while the
strength factor is chosen to be 1.1. The effect of pos-
sible load control, implying a truncation in still-water
load model, has not been investigated in this paper, but
it would affect both characteristic values of the design
equation as well as the reliability model and results.

A load combination factor for still-water- and wave-
induced loads that was recently derived, is considered
in the reliability analysis, and not in the design format.
The correlations between global and local loads for
both still-water and wave loads are accounted for.

Calculation of the hull girder strength by using
linear elastic bending stress combined with ultimate
strength check of longitudinal elements implies a
model bias of about 1.15 for well balanced hulls
with longitudinal bulkheads, while a Smith type
method would correspond to a bias close to 1.0. For
bulk carriers with significant double bottom bending,
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“modified” simplified approaches are needed. The
limit state formulation for hull girders under combined
global and double bottom bending is established based
on an interaction formula.

The systematic uncertainties addressed above
together with the random uncertainties determine the
reliability level for a given design formulation. A bias
in strength or load effect has the same effect as a resis-
tance or load factor. The definition of characteristic
value is also directly related to the partial safety factor.

It is found that the interaction formula results in
a consistent safety level. However, the model uncer-
tainty in the prediction of the ultimate pressure should
be more thoroughly assessed.

The safety level should be compared with that of
other ship types and a target level established in view
of the failure consequences.

In this paper various issues relating to a rational
development of semi-probabilistic design codes for
bulk carriers have been addressed. The crucial issue
is the characterisation of uncertainties in load effects
and resistance. Efforts are still needed especially to
assess the uncertainty of still-water loads for bulk car-
riers. It would also be of interest to shed some more
light on the effect of load control on the distribution
of the still-water loads. Further work is also needed
to estimate the effect of heavy weather avoidance on
wave loads as well as to assess the ultimate strength of
the double bottom structure.
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ABSTRACT

Risk may be defined as the probability of failure times
the failure consequences. Estimate of risk may serve
as a basis to establish design and operational criteria
for ships. This paper deals with assessing the probabil-
ity of collision-induced ship hull failure, which could
be extended to make a part of collision risk analysis.
Jia and Moan (2008) proposed to estimate the failure
probability for the damaged vessel conditioned upon
sea state Hs, loading condition LC, collision location
DL and damage properties DP. Assume that LC, DL
and DP are mutually independent events and Hs is
uncorrected with them. Then the failure probability
after damage is given as follows:

Px o= ZZZZ(R Ha LC, 0P, DL [”S.'.LC,'aDﬁ ’ DL; ) ] )
T ] & 1 (

PH\ (HS. ) g -P,r_( {LC, i Pf}_ﬁ(Dﬂ, ) Pn_r_ ('DL,I )

Based on the equation above, the analysis of sensitiv-
ity of the total failure probability to the sea state and
damage is performed. Damage properties are generally
characterized by damage center, length, penetration
and vertical height etc. In this paper the concerned
parameters for the damage are longitudinal location,
damage length and damage vertical extent and height
and damage penetration. Furthermore, penetration of
the outer skin is considered and the mean vertical
height according to HARDER project (2000~2003)
is used.
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In this paper, the conditional failure probability in a
3-hour period is calculated for a double hull oil tanker
at a full load condition. Wave heading is assumed to
be uniformly distributed between 0° and 360°. The
analysis of sensitivity of the total failure probability
to the sea state is based on a certain damage while
using a distribution of the significant wave height from
both HARDER and DNV (2000). The effect of peak
period is taken into account. The analysis of sensi-
tivity to damage is based on one year wave event.
Up to three tanks damage and six vertical damages
are considered. For each damage condition, the con-
ditional failure probability is calculated based on the
most critical transverse section. It is assumed that the
longitudinal properties of the damage are uncorrelated
with the vertical properties. The statistical database for
collision damage in HARDER project is adopted to
assess the probability of damage.
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ABSTRACT

In order to secure a safe and stable operation of
ships throughout the ships’ lifetime, it is necessary
to maintain the effectiveness of the corrosion protec-
tion system. Currently, the confirmation of coating
condition is made by visual judgment (IACS 2006).
However, the uncertainty might exist in a subjective
judgment. Because the judgment of timing and scale
of the maintenance work of deteriorated coating is a
major issue for a ship like LNG ship which plans a
long-term operation while maintaining the high qual-
ity, the development of a method of judging the coating
condition by the quantitative index is demanded.

The procedure to judge the deterioration of the paint
coating of a ballast tank of ship by an objective index
was developed (Nakayama et al. 2008). This procedure
is the one in which the judgment is done by detecting
the potential distribution change in a ballast tank. To
obtain the surface resistance which relates the coating
deterioration condition, an inverse problem approach
was applied to the results of potential difference mea-
surements. Figure 1 shows the measurement model in
ballast tank.

Optional
anode

©
\ B
Anode (Zn) I'\H R: =

eference
electrode

Ballast water

Figure 1. Potential measurement model in ballast tank.
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Figure 2. Measured and evaluated voltage distributions in
the case that the optional anode is installed at 1.6 m from
the seawater surface. (surface resistance of the tank walls is
500 Qm?).

In order to verify the feasibility of the developed
procedures, potential measurements by the proposed
method were made in a ballast tank. Figure 2 shows
the measured voltage distributions in the compartment
of the tank with the numerically calculated voltage
distribution. According to these results, it is confirmed
that the proposed method to judge the degree of paint
coating deterioration quantitatively in the ship’s ballast
tank is feasible.

Further, in order to put this procedure into practi-
cal application for the coating condition monitoring
of actual ship such as LNG ship, the developed coat-
ing condition monitoring system was designed and
implemented to the LNG ship on trial. The continu-
ous coating condition monitoring will be made for the
coming one year.
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ABSTRACT

After fatal oil spill accidents caused by breaking of
Nakhodka, Erika and Prestage, the IACS (Interna-
tional Association of Classification Societies) devel-
oped CSR (Common Structural Rules) for oil tankers
and bulk carriers, which came into effect on April
1, 2006. In parallel with this, the IMO (International
Maritime Organisation) is now trying to establish the
GBS (Goal-Based New Ship Construction Standard)
to ensure the safety of ships.

The development of GBS started in a prescriptive
approach limiting the ship types to oil tankers and bulk
carriers. A little later, a safety level approach has also
started. In the safety level approach, a quantitative goal
for safety in terms of risk is first set, and then the design
is verified against the goal. This will allow more free-
dom for designers to achieve the goal. As an alternative
to set an appropriate safety level as a goal, the safety
level of existing ships that conform with the rules has
to be assessed. In this regard, it is worth while knowing
how the safety level has been affected by design rules
in different times.

In the present paper, four Panamax-size bulk car-
riers and four Aframax-size oil tankers are chosen for
comparison. Three of the bulk carriers and three of the
tankers were built in accordance with pre-CSR, while
the latest ones were designed in accordance with CSR,
Their safety levels are assessed from the viewpoint of
ultimate hull girder strength in longitudinal bending.
For the reliability analysis, both hull girder capacity
and the extreme load acting on the hull girder have to
be evaluated to get their statistical characteristics or
uncertainty models. A series of progressive collapse
analysis is performed applying the Smith’s Method to
evaluate the ultimate hull girder strength and its sen-
sitivities with respect to design parameters. The mean
value and the standard deviation of the ultimate hull
girder strength are evaluated. On the other hand, a time-
dependent nonlinear ship motion analysis is performed
to obtain the time history of the wave-induced bending
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relationships of

moment applying the nonlinear strip method consid-
ering the influence of large motion. Then, the mean
value and the standard deviation of the extreme wave-
induced bending moment are evaluated. Utilising these
results of calculations, reliability indices and failure
probability are calculated applying FORM (First Order
Reliability Method).

It has been found that the newer ships have larger
bending capacity. The maximum bending moment also
becomes larger with the times due to the advancements
in operability. Consequently, the newer ships tend to
have higher probabilities of failure, however, the safety
level is, in general, improved by the introduction of the
new rule, CSR.

One of the example of the ultimate strength assess-
ments are presented in Figure 1.
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ABSTRACT

In this paper, Poisson square wave processes are
employed to model both still water and wave loads,
which are have, respectively, a normal and Weibull
parent distribution, see Guedes Soares & Moan (1988)
and Huang & Moan (2008). Then, based on Poisson
load models (Wen 1990), the extreme value distribu-
tion of global longitudinal still water and wave bending
moments (or loads) in a given design lifetime are deter-
mined. Correspondingly, the characteristic extreme
value with an exceeding probability « is derived for
both loads.

As for combination of two loads, based on Poisson
models, the distribution of the extreme value M,
of wave loads in a given voyage is obtained firstly.
Then, in a given voyage #,, the maximum M, ,, of the
combined bending moment is the sum of M,,,, and
corresponding still bending moment M,,,, see Figure 1.
Therefore, by probabilistic convolution of the distribu-
tion of M,, ,, and M, the distribution of the combined
extreme value in one voyage is derived. The combined
extreme value in one voyage follow the same time vari-
ation as still water loads for one voyage to another, i.e.
it also follow a Poisson model. Hence, the distribution
of the extreme value of the combined load in a design
lifetime can be derived as that of still water loads.
By doing so, a consistent solution to the combined
extreme value of still water and wave loads is obtained,
that is, it will never exceed the sum of extreme values
of two individual loads.

Moreover, by approximating a general Weibull dis-
tribution with an exponential one and using Turkstra’s
combination solution (Turkstra 1970), an approximate
analytic solution to the mean up-crossing rate of the
combined process is derived. Further, a simple ana-
lytical formula for a general combined characteristic
value with a given exceeding probability is derived.
Correspondingly, a simple analytical formula for load
combination factors which is based on the compan-
ion method is established. Numerical examples show
that both numerical and analytical results agree very
well. Finally, based on the developed methods, load
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Figure 1. Combination model of still water and wave loads.

combination factors suitable for expressing the com-
bined loads on ships by random variables, suitable for
a reliability evaluation as well as semi-probabilistic
design, are established.

In addition, the load combination factors can be
determined based on an arbitrary given exceeding
probability «. Therefore, they would be more useful
than those based on the return period, see Huang and
Moan (2008).
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ABSTRACT

The method to predict the damage level of deterio-
rated structure received chloride induced damage is
proposed in this paper. The deterioration phenomenon
of structures in actual environment is varied widely.
Therefore, the stochastic method is carried out in order
to consider the actual structure with uncertainty in
nature. Three parameters, Equivalent diffusion coeffi-
cient, Error of cover thickness and Threshold chloride
ion density is modelled as stochastic parameters.

A probabilistic model is developed to represent the
deterioration of concrete structures using deterioration
process model as shown in Figure 1. The parameters
involved in the model are expected to vary exten-
sively since the phenomenon takes place in the natural
environment. The deterioration process is regarded as
consisting of three phases; The first is the period t,
until depassivation of the reinforcement occurs after
completion of the structure, and the second is the
period t.,, commencing from the moment of depas-
sivation and including the development of corrosion
at a perceptible rate until the limit state is attained
when cracking appears in the surface concrete. The
former is called the incubation period and the latter the
progressive period. After cracking of surface concrete
is called the accelerative period. In this paper, three
parameters, Equivalent diffusion, Error of cover thick-
ness and Threshold chloride ion density is modelled as
stochastic parameters.

Target structure is the slab of landing pier located
at sea side in South Japan. 30 years has passed since
the landing pier is constructed.

The results computed using above method show
Figure 7 with the results of actual data. The vertical
axis indicates the corrosion rate and the lateral axis
indicates the elapsed year in figure. The solid line
in figure means the mean value and mean value +
standard deviation in computation. Corrosion rate of
steel bars indicate approximately zero before 10 years
and increases exponentially with elapsed year after
10 years in computation. The variation of corrosion
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rate also increases with elapsed year in computation.
Mark O indicates the survey data of corrosion rate
of steel bar obtained from target structure. Since the
survey data of 85% consists in the mean value =+ stan-
dard deviation in computation at 30 elapsed year, the
accuracy of this simulation model can be judged to be
proper.
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ABSTRACT

The corrosion degree and the fatigue life of wires
which were obtained from dissection of actual par-
allel wire cables used on Tianjin Yonghe cable-stayed
bridge were presented. The stay cables were used about
18 years. The percent of wire cross-section loss obeyed
lognormal distribution with mean 2.66% and standard
deviation 3.01%. The discreteness of the corrosions
was much larger, local corrosions were serious. It
could be seen that corrosions made the surface rough-
ness of wires and stresses concentrated at the deformed
location, for this reason the birth of a microcrack
generated relative easier, and fatigue life decreased
sharply.

The fatigue life of individual wire was described by
Weibull distribution considered some useful param-
eters such as, stress range, mean stress, mean static
strength and length effects (Faber, et al. 2003). The
fatigue life predictions of cable are based on the weak-
est link model (see Figure 1.) (Stallings and Frank,
1991). Based on the fatigue life of individual wire, the
fatigue properties of corroded parallel wire cable were
investigated by Monte Carlo simulation.

The calculated results showed that the fatigue life of
a cable was controlled by a small fraction of the cable
wires with the shortest fatigue lives. The fatigue life
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Figure 1. Model of parallel wire cable.
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Figure 2. Comparison results between calculation and test.

of a cable was significantly lower than the mean life of
wire with equal length. Cable life decreased as the vari-
ability of the lives of the cable wires decreased. This
result indicates that wires of high quality for used in
parallel wire cable should be not only a long mean life,
but also low variability of fatigue life. Cable fatigue
life decreased with increasing cable length. The vari-
ability in cable lives decreased as the number of wires
increased. For practical cable sizes, the mean cable
life was insensitive to the number of wires in the cable.
Consideration to economy and safety of a parallel wire
cable, it was reasonable to define the fatigue failure of
10% of the cable wires as the useful life of a cable.
Finally, comparisons between calculated results and
test results were shown in Figure 2. The reasons of
difference of two results were stated in the paper.
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ABSTRACT

Buckling-restrained braces (BRBs) have recently
become popular in the United States for use as primary
members of seismic lateral-force-resisting systems.
A BRB is a steel brace that does not buckle in com-
pression but instead yields in both tension and com-
pression. Concentrically-braced frames incorporating
BRBs are known as buckling-restrained braced frames
(BRBFs). Although design guidelines for BRB appli-
cation have been developed, procedures for assess-
ing performance and quantifying reliability are still
needed.

This paper proposes a performance-based engi-
neering framework (PBEF) for a BRBF subjected to
seismic loads (the architecture for the proposed frame-
work is shown in Figure 1). The proposed framework
quantifies the risk of BRB failure due to low-cycle
fatigue fracture of the BRB core.

Using the Input Module, input ground accelera-
tion records were randomly generated from power
spectrum models and modulated with envelope func-
tions (to account for non-stationary). The generated
time records were used as input excitations to a
single-degree-of-freedom lumped-mass BRBF Sys-
tem Model. The BRB hysteretic behavior was modeled
using a Bouc-Wen model. Non-linear Dynamic Simu-
lation was performed to obtain BRB core deformation
time history records.

This study uses the BRB CPD Capacity Models
developed by Andrews et al.

Given the BRB core deformation history as an
input, these models predict the remaining CPD capac-
ity of the brace, where values less than zero indicated
failure.
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Figure 1. Proposed PBEF Architecture.

Given BRB demand (i.e. core deformation histo-
ries generated from the dynamic analyses) and supply
(i.e. remaining capacity predicted by the CPD mod-
els), structural Reliability Analyses were performed
to evaluate the System Reliability and the probability
of brace failure.

Using the tools described above, Parametric Stud-
ies were conducted to explore the effects of the seismic
load and BRB and BRBF characteristics on the proba-
bility of brace failure. In addition, fragility curves were
developed.
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ABSTRACT

A lot of fatigue cracks have been observed in steel
bridges throughout the world (Miki, 2000). One of the
main reasons to trigger fatigue cracks in the bridges is
secondary stress, which is caused by three dimensional
deformation of the bridge and not estimated in design
phase (Fisher, 1984).

The crack propagation manner caused by the sec-
ondary stress is sometimes rather complicated because
of intricate stress field around the crack. The cracks
often propagate in various manners even though they
initiate from the similar locations in the similar joints.
This variation can result from the difference of the
stress field around the crack. In other words, the crack
propagation path may provide a great hint to estimate
the stress field around the crack, which can be useful
information for determining an appropriate repairing
method.

In this study, fatigue crack propagation simulations
on T-shape welded joints were carried out by Zencrack
(Zentech, 2005), which is a commercial software for
three dimensional crack propagation analysis based on
fracture mechanics and interfaced to the finite element
codes MSC/Marc. The simulation model is shown in
Figure 1. Main plate of the joint was supported at
ends and tensile and bending loads were applied to
an attached rib. An initial crack of 0.5 mm in length
was given at weld toe on the main plate. We picked up
five kinds of stresses as parameters, which were nomi-
nal bending stress, membrane stress and average shear
stress in the main plate (o}, 0, and 7), nominal bend-
ing stress and membrane stress in the attached rib (o,
and o,,,). We performed the crack propagation simula-
tion with changing these parameters and investigated
the crack propagation path in the thickness direction.

Simulation results demonstrated that the crack
direction at the beginning (¢) was influenced by these
parameters, particularly the average shear stress in the
main plate. This result was supported by the fatigue
tests conducted under the same conditions as the sim-
ulation. Finally, we presented the correlation between
the average shear stress and the crack direction at the
beginning as shown in Figure 2.

311

Loading

100-400

Figure 1. Simulation model.

0 : Crack direction at the beginning

L] o * | Analysis

o | Fatigue tests

0 4 :
0 0.1 0.2 0.3

T/Gp

Figure 2. Relationship between 6 and t/0}.

REFERENCES

Fisher, J.W. 1984. Fatigue and Fracture in Steel Bridges: Case
Study. New York: John Wiley & Sons.

Miki, C. 2000. Fatigue and fracture of welds in civil struc-
tures. Science and Technology of Welding and Joining
5(6): 347-355.

Zentech International Ltd. 2005. User Manual for ZEN-
CRACK 7.4.


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781439847657-c37&iName=master.img-003.jpg&w=190&h=121
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781439847657-c37&iName=master.img-004.jpg&w=190&h=138

Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

A study on the equivalent initial flaw size of Al 2024-T3 riveted

specimens under variable load

Jung-Hoon Kim, Goang-Seup Zi & Jung-Sik Kong

Department of Civil, Environmental and Architectural Engineering, Korea University, Seoul, Korea

Min-Seong Kim
Agency for Defense Development, Daejeon, Korea

ABSTRACT

The loss of strength in an aircraft structure as a result
of cyclic loads over a period of life time is an impor-
tant phenomenon for the aircraft life-cycle analysis.
Service loads are accentuated at the areas of stress con-
centration, mainly at the connection of components.
The initial flaw influencing the service life was esti-
mated by using the equivalent initial flaw size method
(EIFS) which has been proven as a useful design tool
for life prediction of aircraft structures. The equiva-
lent initial flaw size (EIFS) concept was developed
nearly 30 years ago in attempt to consider the initial
quality of structural details. In this study, the fatigue
test on small single-rivet specimens made of Al 2024-
T3 was conducted. The value of EIFS is calculated
by using the back extrapolation technique and the
Paris law of fatigue crack growth. The EIFS is used
to predict the fa-tigue life of single-rivet specimens
subject to nonuniform loads. To predict fatigue life
from initial flaw size distribution, the equivalent stress
intensity factor (SIF) and a modified Wheeler model
by Huang (Huang & Moan 2007) were used. And we
analyzed an example problem considering EIFS distri-
bution in multiple site damage specimen. An example
problem was calculated by the extended finite ele-
ment method (XFEM) to analyze multiple site damage
(MSD) problem under same EIFS distribution in each
cracks.
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Figure 2. Comparison of PDF at crack length 11mm for
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Figure 3. (a) EIFS distribution PDF (b) EIFS distribu-
tion PDF in reference time (c) Fatigue life cycles of MSD
specimen at faure.
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Fatigue design, evaluation and inspection for steel bridges on the

Honshu-Shikoku expressways

I. Yamada, A. Moriyama & K. Fumoto

Honshu-Shikoku Bridge Expressway Company Limited, Japan

1 INTRODUCTION

Recently, fatigue failures on steel bridges have been
reported in Japan. Especially, on urban-area express-
ways and on heavy-traffic highways, the fatigue fail-
ures of steel girders or orthotropic steel decks have
been increasing for a few decades.

On the other hands, no fatigue failure are presently
reported on the three routes of the Honshu-Shikoku
Expressways, which were completed by the end of the
last century, mainly consisting of long-span bridges
between two major islands in Japan. The latest fatigue
design was applied to the long-span bridges. However,
the structural safety can not be necessarily ensured in
the future of the Honshu-Shikoku Expressways.

This paper describes the fatigue design for long-
span bridges, including the fatigue tests with full
full-scaled specimens. The paper also describes
fatigue evaluation and inspection on steel bridges of
the Honshu-Shikoku Expressways against the future
fatigue damages.

2 FATIGUE DESIGN

In the design and construction stage of the Honshu-
Shikoku Expressways, the latest research and develop-
ment on the fatigue durability were made. For example,
the various fatigue tests were carried out, using full-
sized specimens for steel truss/box girders in the
long-span bridges. Based on the results of fatigue tests,
the structural details of steel truss/box girders were
improved.

In addition, the advanced specifications for fatigue
design were made and applied to the superstructure
design and fabrication of steel girders on the long-
span bridges, including the suspension bridge and the
cable-stayed bridge.

However, general steel bridges, including the plate
girder bridge, were designed without any specific
consideration to the fatigue design.

3 FATIGUE EVALUATION
In the operation stage of the Honshu-Shikoku Express-

ways, various technical efforts for the fatigue durabil-
ity were made. For example, the fatigue assessments
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were carried out in order to judge the status of the
Honshu-Shikoku Expressways, as compared with the
other expressways and highways.

The cumulative fatigue damage and the fatigue life
of steel bridges were estimated and assessed, carrying
out the field measurement on a long-span bridge and
the structural analysis based on the Fatigue Design
Manual for Steel Highway Bridges.

The fatigue assessments show that the steel bridges
on the Honshu-Shikoku Expressways are healthy at
present and in the near future.

4 FATIGUE INSPECTION

Since the early detection is required in the inspec-
tion for structural safety, the fatigue hazard figure
for bridge inspection, which shows important details
to inspect against fatigue failures in the future, were
developed in order to conduct efficient and effective
inspections for steel bridges.

In addition, the application test of the advanced
sensing technology, using the fatigue detecting sen-
sor, is under way on a plate girder bridge in order to
obtain a more accurate estimation of fatigue damage
and to optimize the preventive maintenance.

5 CONCLUSION

The conclusions are summarized as follows,

1) In the design and construction stage, the lat-
est studies on the fatigue durability were made for
the Honshu-Shikoku Expressways, especially for long-
span bridges.

2) In the operation stage, the fatigue assessments
were conducted for steel bridges on the Honshu-
Shikoku Expressways, resulting in the sufficient safety
in the near future.

3) In order to conduct efficient and effective inspec-
tions, the fatigue hazard figures were developed for
steel bridges and the application test of fatigue detect-
ing sensor is conducted on a steel bridge on the
Honshu-Shikoku Expressways.

The future efforts are required to prevent fatigue
failures on steel bridges and to enhance the structural
safety and reliability of steel bridges.






Tuesday Afternoon (TUA) Sessions

Mini-Symposia (MS12) Monte Carlo Simulations Applied to
Civil Engineering






Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

Stochastic modeling and simulation of transient processes
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ABSTRACT

This study focuses on data-driven modeling and simu-
lation of non-stationary transient events such as earth-
quake ground motions, extreme wind and ocean wave
profiles characterized by time-varying amplitude and
frequency features. The evolutionary characteristics of
transient events like earthquake ground motion, gust
front winds, and transient wave fronts are first mod-
eled utilizing a time-frequency domain framework. In
this scheme, the stationary wavelet transform is first
introduced to decompose a sample of a non-stationary
random process into a set of mono-component pro-
cesses. These components are then transformed to ana-
lytic signals using the Hilbert transform which yields
their instantaneous amplitude and frequency. The sim-
ulation is carried out by introducing the phase angle
differences as normally distributed processes. Without
the customary assumption of piece-wise stationar-
ity, or an assumed modulation function, this method
helps to simulate non-stationary random processes
based on a given sample. The uni-variate simulation
scheme is extended to multi-variate cases by intro-
ducing the proper orthogonal decomposition (POD)

of the covariance matrix of the instantaneous fre-
quency. Several quantitative criteria are employed to
assess the quality of non-stationary simulations. Also
included this study is a framework for the conditional
simulation of non-Gaussian, non-stationary, random
processes. Focusing on time-frequency description of
non-stationary random fields, the evolutionary cross-
correlation structure of non-stationary random fields
is established analytically in terms of wavelet coeffi-
cients. By extending conventional kriging technique
to the time-frequency domain, the proposed method
facilitates conditional simulation of non-stationary
random fields with known time-dependent correlation
structure. Numerical examples concerning the con-
ditional simulation of downburst wind velocities are
presented to demonstrate the accuracy and efficacy of
the proposed scheme. The proposed general scheme
has immediate applications to earthquake engineering,
wind engineering and ocean engineering in simulat-
ing additional time histories based on measurements
at limited locations.

317



Safety, Reliability and Risk of Structures, Infrastructures and
Engineering Systems — Furuta, Frangopol & Shinozuka (eds)
© 2010 Taylor & Francis Group, London, ISBN 978-0-415-47557-0

Stochastic interpolation of the underground contamination

by Monte Carlo filter
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ABSTRACT

There are numerous contaminated sites in local and
regional scales due to accidental spills, and improper
disposal. These contaminants can pose lasting and
costly risk to humans, other living receptors, and nat-
ural environment to the extent that the human society
becomes no longer sustainable.

Over the last decades, concern grew over the impact
of environmental contaminations, and several environ-
mental regulations have been enacted worldwide to
control the release of contaminants at active sits and
remediate the sites that were contaminated in the past.
In this context, the source identification and interpo-
lation of the underground contamination has special
significance.

This paper focuses on stochastic interpolation of
the fate of underground contaminants and quantitative
estimation by the Monte Carlo filter technique.

We are concerned with the interpolation of
a spatial random field at discrete points. Let
C=l[ci,ca, -y, -+, cy]" be a spatial random field
with pdf p(C), where ¢; is a random quantity at the
ith discrete spatial point, and the posterior field with
pdf p(C|Y) will be estimated, after an observation
Y =[y1,2, ---,v¢]" is carried out on C. The obser-
vation is not necessarily made on every corresponding
¢;. In addition, the observation ¥ is not necessarily
the same physical quantity as C, and they are gen-
erally functionally related, irrespective of linearity or
nonlinearity.

Under this condition, we may represent an observa-
tion equation by

Y=H(C)+w @)

where w = observation noise vector of £ x 1 with
pdf r(w).

It is noted that H(C) are derived from Eq.(1) and
are not generally linear functions. C and w are not
necessarily Gaussian vectors.

In order to obtain an optimal estimate on the spatial
field C after the observation of ¥ =[yy,y2, - - -, ve]7,
the following conditional probability p(C|Y) for
updating or filtering after processing the observation
data become a basic formulas. For the updating or
filtering, the conditional probability law gives

IO
PN = T eprionc ®

Equation (2) is the basis for fundamental discus-
sions on updating or filtering of stochastic fields.
Equation (2) indicates that the conditional pdf p(C|Y)
can be obtained if p(C) is known, and if p(¥|C) is
evaluated. But it might be difficult to derive p(¥Y|C)
based on Eq.(2), because of non-linearity of H(C) and
non-Gaussian property of w.

Under the above mentioned difficulties, as
a versatile tool to update such system, Monte
Carlo filter is focused that is an algorithm to
estimate p(C|Y) experimentally based on generation

of a set of m sample realizations of C, s(i)=[c(li),

Cg), cee, c,(f)], i=1,2, ---, mp(X) for a priori field
p(C) and a set of m sample realizations of conditional
C,f(l) = [C(ll\)yy Cg‘)yy t, CE:|)Y]5 i=1,2, ---, mfor

a posteriori field p(C|Y) or filtering, bypassing the
integration of Eq.(3). These are general frameworks
of MCF. In other words, the generation of s) and
fDi=1,2, -, mis the major key in the algorithm.
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Processing acceleration simulations
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ABSTRACT

The safety of any structure against earthquake loads
cannot be reliably assessed unless the seismic excita-
tion is correctly characterized. Because of the under-
lying physical causes (instrument noise and/or ground
tilt), the need to process recorded seismic data has
been recognized essentially since records have become
available. Contrary to recorded data, however, the pro-
cessing of simulated ground motions has not received
significant attention. Just as recorded data, simu-
lated accelerations also require processing, but, unlike
recorded data, the reasons for processing simulated
motions are purely numerical, as, for example, large,
numerically generated amplitude variability in the low
frequency range. Unprocessed acceleration simula-
tions will lead to unrealistic velocity and displacement
waveforms.

This paper presents an integrated approach for
the processing of simulated seismic acceleration time
series. It adopts the six step approach proposed by
Boore et al. (2002), namely:

1. Subtractthe mean value from the entire acceleration
time series;

2. Apply a short cosine taper function (usually 50—100
steps depending on the specific application) to the
acceleration time series to set their initial values to
Zero;,

3. Integrate accelerations to velocities, and apply a
quadratic function fitted to the velocity time series
in the least-squares minimization sense;

4. Apply a high-pass filter to the acceleration time
series;

5. Remove the derivative of the velocity quadratic
fitting function from the accelerations;

6. Integrate the accelerations to get velocities and
displacements.

Response-spectrum compatible acceleration time
series were first generated by means of the spectral
representation scheme and then processed. In Step 5,
the present approach utilizes a 4-th order, acausal But-
terworth filter, and concentrates on the establishment
of the high-pass filter’s corner frequency. For this
purpose, it examines the behavior of error functions
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Figure 1. Error functions depicting the squared differ-

ences of acceleration, velocity and displacement time series
processed with consecutive corner frequencies.

resulting from acceleration, velocity and displacement
time series, indicated by qcc, &vel and egisp1, respec-
tively, that were processed with consecutive corner
frequencies. Figure 1 illustrates the behavior of the
error functions as they start “stabilizing”, i.e. their
slope starts tending to zero. It can be seen from the fig-
ure that there exists a narrow corner frequency range
(0.16-0.19 Hz) where the three lines intersect. The
average value of 0.175 Hz can then be viewed as the
lowest corner frequency for which the error functions
of all quantities of interest start tending to constant
values, and, hence, as the value to be used in the pro-
cessing of the simulations. It is cautioned, however,
that this selection criterion needs to be validated with
the influence of the choice of the corner frequency on
the structural response.
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Reliability analysis of offshore structures by reduced order models
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Cornell University, NY, USA

ABSTRACT

ROM’s are approximate representations of stochastic
processes consisting of a relatively small number m of
samples of these processes occurring with probabili-
ties obtained as solutions of optimization problems.
A notable feature of ROM’s is that their construc-
tion does not involve input-output analyses. Once a
ROM has been constructed, system performance eval-
uation involves m deterministic input-output analyses
and elementary calculations are performed in oder
to obtain moments, distributions, and other response
performance metrics.

Such models are applied to a simple offshore struc-
ture subjected to an exponentially correlated stochastic
process representing the wave forces. The structural
model represents a bottom-based gravity structure.
The deck displacement and its statistical properties are
considered. A refined model of the soil foundation is
subsequently introduced in order to represent nonlin-
ear behaviour. It is illustrated how the simulated sam-
ple functions ofthe deck displacement then will exhibit
amuch larger variation for a given set of load histories.
A comparison of the average cumulative sample func-
tions for the deck displacement based on the linear ver-
sus the nonlinear soil model is shown in Figure 1 below.

Assessment of the efficiency of the present method
is made as compared to pure Monte-Carlo simulation.
Application of the same approach to other types of
offshore structures is also addressed.

¥ = 5,181 « D075
R 20002
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— Linear (S ample Average, ronkn)

Figure 1. Comparison between average sample distribution
functions for linear versus nonlinear soil model. 10 samples.
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Stochastic forecast analysis of the service life of reinforced concrete
structures subjected to chloride penetration
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ABSTRACT

Durability of reinforced concrete (RC) structures is a
critical issue in their management. Durability of struc-
tures can be defined as their capacity to withstand the
influence of actions in the course of time. Deteriora-
tion processes can greatly affect durability and thus
the service life of a structure, which can be defined
as the period during which the structure is able to
satisfy specified requirements without repairs. Dete-
rioration due to chloride penetration, the effects of
which are often observed in but not limited to sea-shore
structures, is analyzed in this study.

Chloride penetration can lead to steel corrosion of
RC structures and capacity reduction. For this rea-
son, prevention of steel corrosion has to be taken into
consideration for the whole duration of a structure’s
service life. Apart from the essential quality controls
at the construction site, probabilistic tools aiming at
the design of durable structures are also needed. Con-
ventional deterministic approaches for the solution of
this problem are inadequate, due to the large amount
of uncertainties involved in the problem.

Probabilistic methods including Fick’s second law
and Monte Carlo simulations are employed in this
study to model chloride penetration. The parameters of
the probabilistic distributions used were obtained from
field investigation and specifications. Time depen-
dence and independence of chloride diffusion coef-
ficient is considered respectively in two different
models and the results are compared. Moreover, mod-
els of sound and early-aged cracked concrete, as
well as models whose variables vary spatially and
non-spatially, have been conducted and compared.

Spatial variability of the parameters involved is
taken into account and modeled by the generation of
non-Gaussian, two-dimensional, uni-variate random
fields by the spectral representation method. To the
best of the writers’ knowledge, this is the first time
that this method is used in durability problems deal-
ing with chloride intrusion. Therefore, the simulation
procedure presented in this work is in and of itself
a valuable tool in predicting the service life of RC
structures subjected to chloride penetration.
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In addition, evaluation of this study’s obtained
results can suggest that when accurate information
is available about quality of concrete in RC struc-
tures, models with apparent diffusion coefficient being
time-dependent should be used, for both sound and
early-cracked structures. However, when information
about concrete quality is insufficient, models with
apparent diffusion coefficient being time-independent
could preferably be used in terms of safety. Further-
more, it can been shown that the combination of a
universal criterion for corrosion, that does not take
into account localized effects, together with the spa-
tially uneven corrosion rate, that describes spatially
correlated models, results in mean value prediction
similarity and mean value variation prediction dissim-
ilarity, between non-spatially and spatially correlated
models. Thus, according to the limit state function used
and the level of accuracy that is desired, proper selec-
tion can be made between a non-spatially correlated
model and the somewhat more complicated spatially
correlated one.
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Statistical, sensitivity and reliability analysis using software FReET

D. Novak, M. Vorechovsky & R. Rusina
Brno University of Technology, Faculty of Civil Engineering, Brno, Czech Republic

ABSTRACT

The objective of the paper is to present methods and
software for efficient statistical, sensitivity and reli-
ability assessment implemented in FReET software
(Novék at al. 2008). The attention is given to those
techniques that are developed for analyses of com-
putationally intensive problems like nonlinear FEM.
Sensitivity analysis is based on nonparametric rank-
order correlation. Statistical correlation is imposed by
the the simulated annealing (Vofechovsky & Novak,
2003). The most interesting applications of FReET
software are referenced.

mented in FReET to compute the probabilistic

State-of-the-art probabilistic algorithms are imple-

response and reliability. FReET is a modular com-
puter system for performing probabilistic analysis
developed mainly for computationally intensive deter-
ministic modeling such as FEM packages, and any
user-defined subroutines. The main features of the
software are (version 1.5):

Response/Limit state function

Closed form (direct) using implemented Equation
Editor (simple problems)

Numerical (indirect) using user-defined DLL func-
tion prepared practically in any programming
language

General interface to third-parties software using
user-defined *.BAT or *.EXE programs based on
input and output text communication files
Multiple response functions assessed in same sim-
ulation run

Probabilistic techniques

Crude Monte Carlo simulation

Latin Hypercube Sampling (3 alternatives)
First Order Reliability Method (FORM)
Curve fitting

Simulated Annealing

Bayesian updating

Stochastic model (inputs)

Friendly Graphical User Environment (GUE)
30 probability distribution functions (PDF), mostly
2-parametric, some 3-parametric, two 4-parametric
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Window “Random variables”.

Figure 1.

(Beta PDF and normal PDF with Weibullian left
tail), Figure 1.

Unified description of random variables option-
ally by statistical moments or parameters or a
combination

PDF calculator

Statistical correlation (also weighting option)
Categories and comparative values for PDFs

Basic random variables visualization, including sta-
tistical correlation in both Cartesian and parallel
coordinates
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Development of an advanced robot system for automated bridge

inspection and monitoring
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ABSTRACT

Conventional bridge inspection involves the physical
positioning of an inspector by the hydraulic telescop-
ing boom ofa “snooper truck” thereby providing visual
access to bridge components. The process is time
consuming, hazardous, and may be affected by vari-
ous environmental conditions. Therefore, it is of great
interest that an automated and/or teleoperated inspec-
tion robot be developed to replace or complement the
manual inspection practice.

Advanced crane-truck & Robot platform
Cortral

Figure 1. Process of the bridge inspection robot system.

This paper describes an advanced bridge inspec-
tion robot system developed at the Bridge Inspection
Robot Development Interface (BIRDI) at Hanyang
University. The robot is consisted of three major com-
ponents, namely, the robot platform and motion control
system, the machine vision system, and the informat-
ics and bridge management system (BMS), which are
described in detail. A field test is performed and the
results are shown to demonstrate its applicability. The
promise and limitation of the developed system is dis-
cussed in conjunction with its field deployment and
commercialization.
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ABSTRACT

In implementing autonomous navigation systems,
localization and map building of mobile robots are
key technologies. Owing to many efforts in the past
decade it has proved that simultaneous localization
and map building (SLAM) is possible. Features or
landmarks obtained from sensor measurements are
registered and associated in SLAM if they are sus-
tainable and correctly matched ones. To have such
features it is essential to use a sensor system that
provides precise range measurements. Typical sen-
sors for range measurement include the laser range
finder (LRF), ultra sonic, or vision sensor. A LRF pro-
vide very accurate and long range measurements while
measurements from ultrasonic sensors are shorter and
coarse due to cone shaped beam patterns. In this
paper, a structured light system which combines laser
and vision is considered for use with structural dis-
placement measurement. We propose multiple dual
laser-vision system to be used as a structural displace-
ment measurement. The proposed dual laser-vision
system is quite similar to the structured light system
but it solves accurate relative pose instead of range
map of the environment. Some preliminary simula-
tion was done to show the effectiveness of the system
for the long span structural displacement monitor-
ing. Another good application example such as LBS
(Location-Based Service) for U-City (ubiquitous city)
will be introduced in the later part. Without initially
specifying the locations of ubiquitous sensors, SLAM
technique simultaneously estimates the locations of
beacons, robot, and even humans.
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ABSTRACT

Structural identification techniques can be classified
as Level 1 for damage alarming, Level 2 for damage
locating, Level 3 for damage quantifying and Level
4 for performance evaluaion. Many studies have been
carried out for purpose of Level 1, 2, and 3 identifi-
cations, and they were successfully verified through
a number of numerical simulations and laboratory-
scale experiments, and the structural health monitor-
ing (SHM) systems are popularly instrumented on
newly constructed large-scaled civil infrastructures
with dense sensor array. However, SHM systems still
need to be improved for more practical tool because
there are many obstacles (such as measurement noise
and modeling errors, environmental effects on struc-
tural response, and complexity and redundancy of
structures) for successful monitoring. To enlarge the
applicability of instrumented SHM system, SHM sys-
tem is applied for more reliable seismic performance
evaluation of civil infrastructures, and a systematic
procedure for evaluation of structural performance
based on measured vibration data is proposed in this
study. The procedure includes (1) identification of
modal properties based on ambient vibration test,
(2) updating of a preliminary finite element (FE)
model using the identified modal properties (Feng
et al. 2004) and (3) evaluation of the structural per-
formance utilizing the updated FE model (Opensees
2004 and Shinozuka et al. 2002) (see Figure 1). A
seismic fragility was chosen as an index of structural
performance. One of the three instrumented bridges,
the Jamboree Road Overcrossing, was used to demon-
strate the procedure (see Figure 2). A preliminary FE
model was constructed based on the bridge design
drawings and then updated based on modal parameters
identified from the measured vibration data. Finally
the structural seismic fragility curves were developed
based on both the preliminary analysis model and the
updated model.

[ ——

Validation

Monitoring

L & Modal Updating

Enhanced Approach

Figure 1. Description of Jamboree Road Overcrossing.

Figure 2. Description of Jamboree Road Overcrossing.
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ABSTRACT

It is of vital importance to evaluate the structural
safety and performance of large-scale bridges during
their period of operation. Structural health monitor-
ing (SHM) technique provides an effective means
to achieve this objective through long-term monitor-
ing of structural response and actual environmental
conditions. In the practice of SHM, the majority of
studies have been carried out using measured dynamic
response or modal properties to identify structural
damage. Damage detection algorithms from modal
analysis are based on the premise that damage in a
structure will cause changes in modal characteristics.
Most currently available damage detection methods
are global in nature by means of a global structural
analysis of input-output or output-only data. However,
experimental verification of damage detection algo-
rithms using vibration data from large-scale structures
showed that modal characteristics might be insensitive
to localized structural damage.

While global vibration data remains valuable, the
strain or stress response is probably the most impor-
tant data as it directly indicates the safety reserve of
structural component. The strain data acquired from
a SHM system is a result of multi-path combination
of loadings and environmental effects. Uncertainty
and variation are intrinsic for strain or stress response
of civil infrastructure under operational environment.
Probability-based assessment methods incorporating
monitoring data from SHM systems enable inclusion
of the uncertainty and variation. Also, the usage of

site-specific monitoring data for structural assess-
ment allows the elimination of a substantial portion of
modeling inaccuracy in live load characterization and
structure itself, and therefore leads to a more accurate
evaluation.

A probability-based method for structural assess-
ment of bridge deck making use of in-service strain
monitoring data is proposed and applied to the Tsing
Ma Bridge (TMB) which has been instrumented with
a long-term SHM system. The proposed method con-
sists of the structural assessment at two levels: (i) deck
structural components, and (ii) deck cross-sections.
The in-service strain monitoring data from bridge
deck is mainly due to three effects: traffic (high-
way and/or railway), wind, and temperature. However,
the temperature-caused strain, although considerably
large, contributes little to the stress as the majority of
temperature-caused strain is released as the movement
of the bridge deck is accommodated at the expan-
sion joints and bearings. The trend ingredient due to
temperature variation should be eliminated from the
total measurement. A wavelet-based filtering method
is proposed to eliminate the low-frequency trend ingre-
dient in the monitoring strain data due to temperature
variation. The filtered strain data is then used to eval-
uate the probability density functions (PDFs) of the
stress under different loading conditions and to assess
the safety indices of the bridge deck components and
the deck cross-sections. One-year strain monitoring
data from a deck cross-section of the TMB is used to
demonstrate the proposed method.
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Figure 1.

Layout of Tsing Ma Bridge and sections with strain gauges.
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ABSTRACT

One of various techniques of bridge strengthening
is to change the static scheme of bridge from sim-
ple span (simply supported beam) to be continuous
beam using steel plates fixed by bolts near supports.
This topic is the subject of a project being carried
out by the Department of Rural Roads (DOR), Min-
istry of Transportation, Thailand, on methods of bridge
strengthening (IMMS 2005).

The aim of the paper is to study and evaluate the
existing bridge behavior before and after strengthening
of the slab type reinforced concrete bridge with the
typical span length of 10 meters. Diagnostic load tests
for both static and dynamic are performed to evaluate
and assess the bridge capacity. The modification of the
bridge from simple span to be continuity has shown the
capacity to serve the legal vehicle loads by increasing
from 21 tons to be 25 tons with the required reliability.

The bridge was calculated by the nonlinear finite
element fracture mechanics to model first experi-
ment and then real structure (Cervenka & Pukl 2005).
As many uncertainties are involved in the problem,
mainly concerning the knowledge of material param-
eters (both concrete and reinforcing steel parameters),
a statistical approach was used to assess the influence
of uncertainties on structural response. It is based on
a randomization of nonlinear finite element analysis
of concrete structures. The scatter of ultimate load
capacity was obtained using Monte Carlo type sim-
ulation called Latin hypercube sampling, statistical

Figure 1. Computational model (ATENA).
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Figure 2. Reliability increase for simply supported beam
and two alternatives of strengthening.

correlation was also considered. Reliability measures
could be quantified in a parametric way at prescribed
loading before and after strengthening. The approach
utilizes advanced nonlinear techniques and advanced
statistical and reliability techniques implemented in
software FReET (Novak et al. 2008).

The computational model bridge (Fig. 1) was ran-
domized, the scatter of limit load — resistance has been
obtained. The failure probabilities were estimated as a
probability that resistance — maximum jack load will
be smaller than a certain level of load, Figure 2. We
can see clearly a reliability increase — from simply
supported beams to best alternative — steel plate with
through bolt.
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ABSTRACT

The structural reliability of concrete beams can be
strongly reduced by several cracking patterns, because
of the rebar corrosion due to moisture. External bond-
ing of fiber reinforced polymer (FRP) sheets is a
technique currently used as structural strengthening
system, but it can not protect the structure from bar
corrosion, if the crack opening is not reduced before
applying the sheets. The use of shape memory alloys
(SMA) is evaluated in this paper as an alternative
to traditional systems, as the application of upwards
loads, in order to reduce both the midspan deflec-
tion and the crack width. This particular application
requires an accurate control of the strain during the
SMA actuation. Fiber Bragg grating (FBG) sensors
can be successfully used with this aim. Therefore, the
combined use of FBG as sensing and SMA as actua-
tion systems is evaluated. Small scale smart concrete
beams with FBG sensors and SMA actuators were
designed and tested. FBG were used to monitor the
deformation in the SMA wires and to determine the
beam critical conditions (Fig. 1).

As Fig. 2 shows, once the SMA wires are actuated
the midspan displacement gradually starts to decrease,
until a minimum is reached once the wires have devel-
oped their maximum recovery stress. Upon cooling,
part of the recovered displacement is gained again as
the SMA wires relaxe.

As for the SMA actuators capability in reducing the
cracks opening, the SMA actuation was able to partly
close the developed cracks.
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Figure 1. Geometry and reinforcement the specimens.

Figure 2. Load/displacement diagram.

The feasibility of monitoring the SMA deforma-
tion via FBG sensors has been shown, although further
investigation is required to identify the best combina-
tion of SMA actuation temperatures and glue for the
FBG sensor.
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ABSTRACT

This paper focuses on fatigue reliability assessment
of steel bridges by using prediction models at sev-
eral sensor locations based on monitoring data and
finite element modeling (FEM). Bridge performance
that may have been deteriorated due to fatigue has to
be steadily assessed and predicted. Bridge fatigue reli-
ability assessment can be performed more efficiently
if long-term monitored data at all critical locations are
regularly provided. Continuous monitoring of bridges
during their entire service lives, however, may not
be possible because of various restrictions, includ-
ing budgetary constraints. For this reason, it may be
necessary to estimate fatigue life based on limited
time monitoring under uncertainty and finite element
analysis.

The monitored data related to fatigue deterioration
process are used to predict the number of cycles and
stress ranges under potential displacements. The origi-
nal measured data are used in a reliability assessment.
In this study, stress range histograms are created by
random number generation techniques based on infor-
mation obtained from both stress results computed
from FEM and monitored data. The FE models are
validated by comparing the analytical results from
the FEM with the field measurements. The ranges of
applied relative displacements are determined based
on actual monitored data.

The basic formula, N =A/AF'/3 used to estimate
the number of stress cycles, N, is provided in the
AASHTO Specifications (2002). The fatigue details
coefficient, A, associated with the defined category
is herein treated as a random variable, and the stress
range, AF, is determined by using the ratio of the mea-
sured stress from monitoring to the computed stress
from FEM at the sensor locations.

Consequently, the fatigue reliability assessment is
based on simulation by using the AASHTO Specifica-
tions, monitoring, and FEM. The proposed approach
is illustrated on an existing steel highway bridge. As
a method of the assessment for the retrofit, monitor-
ing programs were performed. The monitored data
obtained on this bridge offer the opportunity to per-
form studies regarding fatigue reliability assessment
using prediction monitoring.
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ABSTRACT

Reliability assessment based on the non-linear finite
element analysis represents an innovative tool for pre-
dicting performance and safety of civil engineering
structures and for supporting their life-cycle manage-
ment and maintenance. In order to obtain realistic
results of the non-linear analysis (structural response,
damage) uncertainty and variability of structural prop-
erties should be considered in a realistic way. In par-
ticular, the spatial variability and in-homogeneity of
material properties, which occur in the real structures,
are important phenomena causing random occurrence
of damage (e.g. cracks in concrete) and should be
accounted for appropriately. Methodology for intro-
ducing spatial variability of material properties into the
non-linear finite element system is presented together
with a brief description of selected applications.

A high level and also very natural (physical) tech-
nique of uncertainties modeling is their representation
by random fields. This paper focuses on representation
of material properties (namely mechanical properties
of concrete and steel) in advanced numerical models.

The nonlinear finite element analysis employs
advanced constitutive models for concrete based on
damage mechanics, nonlinear fracture mechanics and
plasticity theories with smeared crack approach. It is
a proven tool for computer simulation of reinforced
concrete structures including failure mechanism and
post-peak behavior. It enables to evaluate response of
the structure (load-deflection curve, stresses, deflec-
tions, crack widths etc.) to external action (forces,
settlements of supports, volumetric or environmen-
tal effects). It was extended by encapsulating of the
existing material models to incorporate the spatial
variability of material properties based on the random
fields approach.

Appropriate reliability methods are used to cal-
culate stochastic properties of the response vari-
ables and structural resistance from random inputs,
and consequently to assess structural safety. For the
time-intensive calculations like nonlinear fracture
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Figure 1. Four-point bending tests — random fields of
concrete strength and crack patterns.

mechanics of concrete, the small-sample simulation
techniques based on stratified sampling of Monte
Carlo type represent a rational compromise between
feasibility and accuracy. Therefore, Latin hypercube
sampling method (LHS) was selected as a key fun-
damental technique. Random fields based on this
approach describe the random distribution of a struc-
tural (material) property over the region representing
the structure based on the prescribed correlation length
and the autocorrelation function.

The presented technology enables to model uncer-
tainties and inhomogeneities in the nonlinear finite
element solution and consequent assessment of struc-
tural performance. It allows accounting for the spatial
variability of material properties in the non-linear
finite element framework. Random occurrence of
structural damage (cracks) can be simulated even in
a homogeneous stress state, such as the bending span
in Fig. 1, where different realizations of local concrete
strength field lead to different crack patterns.
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ABSTRACT

Probabilistic design and assessment methods for new
and existing structures are now commonly used. These
methods require information under uncertainty with
respect to various parameters related to structural per-
formance. In general, such information is not fully
provided by traditional inspection methods. For this
reason, monitoring systems, in combination with tradi-
tional inspection methods, take a greater significance.
Monitoring systems used in structural engineering can
provide essential data for reliability assessment and
maintenance planning. However, an extensive storage
and evaluation effort is necessary due to the huge
amount of data. Therefore, the proper handling of the
continuously provided monitoring data is necessary.
The design of long-term monitoring systems needs
important decisions on the necessary number of sen-
sors and their locations, the data management, and the
adjustment of prediction functions, among others. An
example of predicting reliability index profile with
respect to steel yielding based on daily extreme values
indicated by a sensor placed on an existing bridge is
provided in Fig. 1.
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Figure 1. First order polynomial prediction functions

obtained by using the monitored extreme data provided by
a sensor on an existing bridge.
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The purpose of this paper is to review, present and
illustrate (a) methods for the effective incorporation of
monitored data in the reliability assessment of struc-
tures and structural components, (b) acceptance based
methods for the determination of the necessary num-
ber of sensors, and (c) methods for the adjustment of
prediction functions incorporating Bayesian updating.
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Monitoring of road traffic load as basis for the development of traffic
models for weight restricted bridges based on the Eurocode 1
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ABSTRACT

Road traffic weight restricted historical bridges are
common in Germany. However often it is unclear in
which amount road users follow this restriction and
how the road weight distribution looks like. Therefore
in the German city Dresden a weight my motion for
road traffic was installed on a weight restricted bridge.
This weighting machine included a software package
for identification of single vehicles based on the mea-
sured axle loads. This package was running several
months/years and data was collected.

Since currently the Eurocode does not include a
model for weight restricted bridges, the data collected
has been used to extend the current road traffic load
concept of the Eurocode and the German DIN-reports
to such bridges. This has been done by using the
measured data do provide statistical information for
a Monte Carlo Simulation. The Monte Carlo Simula-
tion resulted in statistical distributions of the internal
forces due to the road loading. The load calibration
factor o has then been determined for comply with
this simulated data. Furthermore load calibration fac-
tors for other weight restrictions have been estimated
based on a mixture of measured and estimated load dis-
tributions. Finally a comparison with the unrestricted
Eurocode road traffic model and the Auxerre load has
been carried out to control the applied technique.

Table 1 summarizes the computed load calibration
factors. The data in Table 1 depend on the roadway
quality. Usually this property is not given in codes,
however, here it is assumed that for country roads with
weight restrictions lower roadway quality can be found
and this has impacts on the chosen a-factor due to the
dynamic properties. Here the model from Merzenich
& Sedlacek (1995) has been applied.

According to the knowledge of the authors this is
the first correct adaptation of the Eurocode road traffic
load model to weight restricted bridges in contrast to
sometimes found corrections (Vockrodt 2005). How-
ever other adaptations are known dealing with country
roads (Novak et al. 2007).

Table 1. Factors for recalibration classes.

Bridge class Roadway  Lane 1 Lane 2
quality <791 g1 o [£7%)

3/3* Average 0.10 0.22

6/6* Average 0.20 0.24

9/9% Average 0.25 0.26

12/12 Good 0.30 0.28 0.20 1.00
Average 0.30 0.30 0.25 1.00

16/16 Good 0.35 0.30 0.35 1.00
Average 0.35 0.40 0.45 1.00

30/30 Good 0.55 0.70  0.50 1.00
Average 0.60 0.70  0.80 1.00

Simulation ~ Good 1.0 0.90 1.00 1.00

Auxerre

Load model 1DIN 101 0.80 1.00 0.80 1.00

* First drafts
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Quantitative deployment of long-term force monitoring devices in
cable-stayed bridges. A Life Cycle Cost (LCC) approach

A. Ladysz
Wroclaw University of Technology, Wroclaw, Poland
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Technical University of Catalonia, Barcelona, Spain

ABSTRACT

The paper describes two possible device-alternatives
of Structural Health Monitoring (SHM) as a solution
for the inspection and maintenance of stays of cable-
stayed bridges. It presents Monitoring as an important
investment that brings comfort of the maintenance
during assumed service life. Especially, it covers the
problem of quantitative deployment of the stay-force
measuring devices and foreseen benefits from their
application. Deliberations are conducted on the basis
of a newly designed cable-stayed bridge in Wroclaw,
Poland (Fig. 1), equipped with a long term, remote
SHM (Biliszczuk 2007).

Under consideration are taken two possible moni-
toring solutions, according to the state-of-the-art in the
field of the force measurements: measurement of the
forces by means of accelerometers and related vibrat-
ing chord theory (Casas 1994) or measurement of
the forces by means of elasto-magnetic sensors based
on the ferromagnetic properties of the steel (Jarose-
vic 2008). It presents the selection of the monitoring
devices and the optimal number to be used, based
on the minimization of the total expected cost of the
bridge, including the cost of monitoring. The main
objective of the example is to mature these meth-
ods and highlight their influence on the total cost of

80 Elasto-Magnutic Sonsars

80 Elasto-Magnetic Sensors

Figure 1.
bridge in Wroclaw.

Visualisation of the newly designed Cable-Stayed

Figure 2. 160 elasto-magnetic sensors (1 per cable).
the bridge, considering a Life-Cycle Cost Analysis
(LCCA) approach.

The benefit B of installing a monitoring system can
be expressed as:

B:CC‘I_CGrZI

C., — Expected total cost, without monitoring
C’ — Expected total cost, including monitoring

In the above total cost, the following components
are included: expected cost of the design and erection,
routine inspection with maintenance, expected cost of
a failure, cost of the monitoring application and its
maintenance.

SHM application is reasonable only if B is greater
than zero. The type of the devices and their quantity is
also related to the maximization of the expected bene-
fit B. In the paper, different arrangements of the SHM
system are assessed. The optimal solution is presented
in figure 2. Prices of the sensors, their accuracy in the
measurement of cable forces, labor costs, materials for
the reparation and miscellaneous services are the input
data considered in the problem.
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Service life prediction of masonry under high loading: Modelling and

probabilistic evaluation

E. Verstrynge, L. Schueremans & D. Van Gemert

Department of Civil Engineering, KULeuven, Heverlee, Belgium

ABSTRACT

During the past decennia, several collapses of histori-
cal masonry structures throughout Europe have drawn
our attention to the vulnerability of masonry con-
structions under high loading. Monumental masonry
structures, such as tall belfries and medieval tow-
ers, are subjected to high dead weight, which causes
time-dependent deformations. The combination of
this time-dependent deformation behaviour with accu-
mulating weathering phenomena has caused several
historical masonry structures to collapse rather unex-
pected and without an immediate visible cause such as
fire or thunderstorms.

This paper discusses the service life prediction of
masonry under high loading. Therefore, two key ele-
ments are addressed: How to model the masonry’s
time-dependent deformation behaviour? And how to
simulate this long-term process in laboratory condi-
tions to obtain parameters for the model? An attempt
was made during an extensive test program including
accelerated creep tests and incorporating the uncer-
tainties and scatter on the parameters of the model by
performing a probabilistic analysis. The different tests
involved in the research program are:

short-term compressive tests;

three different types of short-term creep tests:
accelerated creep tests (ACT), cyclic accelerated
creep tests (CACT) and accelerated creep tests with
an additional small cyclic loading (ACT + C);
long-term creep tests.

The long-term deformation behaviour of histori-
cal masonry is being modelled using a rheological
model. Damage accumulation is incorporated within
the model by means of damage variables (D) (Papa &
Talierco, 2005). The model parameters and the evo-
lution of the damage variables are obtained from the
experimental tests (Verstrynge, 2008).

A probabilistic analysis is adopted in order to con-
sider the scatter on the parameters of the model. The
sensitivity analysis indicates that the scatter on the
compressive strength, f,, and the Young’s modulus, EM,
together with the evolution of the damage parameter,
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Figure 1. Simulation and experimental results of ACT’s.
DV, have the highest influence on the failure proba-
bility. Comparison of the model simulations with the
experimental results from the short-term creep tests
indicates a rather good fit between both (see Fig. 1).

A Monte Carlo (MC) analysis is used to investigate
the failure probability at the end of the short-term creep
tests, which demonstrates a good correlation with the
experimental results. Additionally, MC and MC + VI
sampling are used to obtain a reliability index for the
masonry’s structural integrity after a period of 300
years at different stress levels.

The proposed framework provides a powerful tool in
decision making, which will be extended towards the
assessment of real structures and realistic timeframes.
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Updating future reliability of nonlinear systems with low dimensional
monitoring data using short-cut simulation
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ABSTRACT

This paper proposes a novel stochastic simulation
method of updating future reliability of a nonlinear
system with high dimensional uncertainties when the
monitoring data is low dimensional. The novelty of the
proposed framework is to bypass the most difficult part
of'the problem: drawing samples of uncertain variables
conditioning on the low dimensional monitoring data.
This part can be extremely challenging and even pro-
hibitive when the dimension of the uncertain variables
is high. This research proposes a short-cut simulation
approach: instead of drawing samples of possibly high
dimensional uncertain variables conditioning on the
monitoring data, it is shown that the problem can be
solved by drawing samples of the low dimensional
monitoring data conditioning on the future failure
event. The latter action turns out to be quite straightfor-
ward. Moreover, as long as the probability distribution
of the uncertainties and the mathematical model of
the target system are given, the entire functional rela-
tionship between the updated future failure probability
and the monitoring data can be obtained prior to the
monitoring process.

The goal of regular reliability analyses is to estimate
future failure probability given the probability distri-
bution of the uncertainties in the target system and the
mathematical model M of the system. When monitor-
ing data D is available, it is essential to incorporate it to
reduce the uncertainties and to update future reliability
because D may contain much information about sys-
tem parameter ©. Therefore, it is desirable to develop
a methodology to update future reliability based on
these measurements.

To illustrate the problem of updating future reli-
ability, let us consider the schematics in Figure 1,
where X" denotes the uncertain excitation during
the (current) monitoring process, while X/“*¢ denotes
the future uncertain excitation. Note that X" and
X/uture can be completely of different type of excitation.
It is assumed in this study that the system parameter
©® stays constant from the time instant of monitoring

Figure 1. The graphical model for X<“re  xfuwe @ D
and F

to future excitation and that X" and X/“¢ are
independent.

A brief procedure of estimating P(F), p(d|F) and
p(d|FC) is presented in the following.

(1) Estimating P(F")

(2) Drawing samples from p(6|F) and p(8|F€)
(3) Drawing samples from p(d|F) and p(d|F°)
(4) Estimating p(d|F) and p(d|F€)

Given the samples from p(d|F) and p(d|F°), these
two PDFs can be estimated using suitable density esti-
mation methods, e.g.: histograms and kernels. Note
that most density estimation approaches are not robust
against D dimension, so this step is not robust against
D dimension. Together with the estimated P(F'), esti-
mation of P(F|d) can be made based on the following
equation, which is re-written here for convenience:

P(F|d) = [p(d|F)  P(F)]/{p(d|F) e P(F)
+p(d|F€) o [1 — P(F)]}

Because the entire probability density functions
of p(d|F) and p(d|FC) are obtained, the P(F|d) is
estimated as a function of d.
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Damage identification on a shear story structure using multivariate

autoregressive time series modeling

A. Cheung & A.S. Kiremidjian
Stanford University, Stanford, CA, USA

Development of a robust structural health monitoring
(SHM) system for evaluation of civil structures has
the potential to increase life safety and facilitate disas-
ter response. Advances in wireless sensor technology
have made it feasible to create an easy-to-install sen-
sor network that can provide real-time evaluation of a
structure’s health (see Straser and Kiremidjian, 1998,
Lynch et al., 2004). One significant challenge that
remains is the development of a robust algorithm to
connect sensor measurements to reliable indicators of
damage location and magnitude.

Recent research in SHM has shown that algorithms
based on using autoregressive (AR) modeling of vibra-
tion time series as the feature extraction step of a
pattern classification framework are capable of detect-
ing structural damage to varying degrees (Sohn et al.,
2001, Nair et al., 2006, Noh et al., 2009). However,
a comprehensive algorithm capable of detecting and
localizing damage robustly has not been fully devel-
oped. This paper presents a multivariate AR model
for damage identification on a multistory shear struc-
ture, and links parameters of the model to the stiffness
terms of the structure, in order to justify their selec-
tion as a damage sensitive feature (DSF). Next, a new
damage identification algorithm using the AR model
is presented.

A multivariate AR model for damage identification
has been developed by Monroig and Fujino (2006),
which is derived from the equation of motion of a
shear story structure and finite difference equations.
This paper follows a similar approach starting with the
equation of motion. However, a new AR model is pro-
posed based on the Tustin transformation, a method of
approximating an ordinary differential equation with
a linear difference equation, which is more accurate
than the finite difference equations used to derive the
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previous model. It is shown that certain AR coef-
ficients are functions of the stiffness terms of the
structure. Consequently, changes in the structural stiff-
ness due to damage should result in corresponding
migration of the AR coefficients.

A new damage identification algorithm based on
this model is proposed, which uses the AR coefficients
as the DSFs. Feature discrimination is done using a
simple two sided t-test (Nair et al., 2006), and the ¢
statistic itselfis used as a damage measure for damage
quantification.

The damage identification algorithm using both the
previous and the new model is then evaluated using
numerically simulated data from the ASCE Phase 1
benchmark structure for SHM. Both the previous and
the new model are shown to be capable of detecting
and localizing major damage patterns with approx-
imately equal success. However, for minor damage
patterns, only the Tustin transformation model is capa-
ble of detecting damage. Furthermore, the Tustin
transformation model is able to quantify and locate
the approximate region of damage.

Further development of this algorithm for possi-
ble use in real structures involves the following steps.
First, the algorithm needs to be verified on experi-
mental data, preferably with an extensive reference
case collected under varying environmental conditions
in order to test algorithm robustness. Second, wire-
less sensors with the damage identification algorithm
embedded on a microprocessor should be developed,
in order to determine the feasibility of implementing
this algorithm in practice. Third, additional physical
models should be developed and fit to AR models in
order to expand the scope of this algorithm beyond
shear story structures.
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Substructure identification for shear structures: Power spectral

density method
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ABSTRACT

A shear structure is widely used to model the dynamic
behavior of building structures; thus, accurately iden-
tifying the parameters of a shear structure plays
a vital role in structural health monitoring (SHM) and
damage detection for the buildings.

In previous studies by authors (Zhang & Johnson,
2006,2009a), an innovative substructure identification
method, based on a Fourier transform of responses, for
shear structures was proposed. By using the dynamic
equation of motion of each floor, a series of sub-
structure identification problems can be formulated,
from which all structural parameters can be estimated
from top to bottom in an inductive manner. In each
step of the identification, the Fourier transform of
two or three adjacent floors acceleration responses
are utilized to formulate a substructure identification
problem in which the stiffness and damping coeffi-
cient of a certain story are identified. Repeating this
procedure, the stiffness and damping coefficients of
the whole structure can be identified from top to bot-
tom in an iterative manner. However, due to the noisy
nature of the acceleration measurements, this Fourier
transform based method can provide accurate results
only when the measurement noise is not too large.
To improve identification accuracy under large noise,
an improved substructure method using transfer func-
tions was subsequently developed by authors (Zhang &
Johnson, 2009b). However, the implementation of this
new method requires several strict constraints that
prevent its wide application.

In this paper, a new substructure identification
method, using power spectrum densities, is derived
from the differential equations governing the struc-
tural random responses. This identification method
can overcome the previous constraints required in
the transfer function method. A reference response,
which is jointly wide sense stationary (WSS) with
all structural responses, is introduced and the cross
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power spectral density between this reference response
and structural accelerations, calculated by averaging
long wide sense stationary responses in the frequency
domain, are used to formulate the new substructure
identification, which greatly improves the identifica-
tion accuracy by reducing the effect of measurement
noise through an averaging technique. An identifi-
cation error analysis is performed to reveal how the
uncertainty in the identification process will affect the
parameter identification errors. Based on this result,
a smart selection mechanism is designed to choose the
best reference response candidate which can signif-
icantly reduce the effect of measurement noise and,
thus, further improve the identification. A 5-story
shear building structure is used to demonstrate the
effectiveness of the proposed substructure identifica-
tion method. The simulation results show that this new
method can provide very accurate parameter estimates
(e.g. the relative root-mean-square-errors of stiffness
estimates for most stories are a fraction of a percent)
under the disturbance of very large measurement noise
(40% measurement noise in root-mean-square sense).
Furthermore, compared with randomly selected refer-
ence response, the optimal reference response chosen
by the proposed selection mechanism does make the
identification much more accurate.
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Comparison of reliability of two on pile-supported wharves from

structural monitoring data

H. Yafiez-Godoy
OXAND S.A., Avon-Fontainebleau, France

F. Schoefs, A. Nouy & M. Chevreuil
GeM Nantes Atlantic University, Nantes, France

ABSTRACT

During these last decades, developments focus on
the modeling of materials including the updating
from inspections (Rouhan & Schoefs 2003, Faber &
Sorensen 2002). The survey of structures (displace-
ment) gives additional information but the updating
of the modeling is a great challenge when a lot of
influencing factors are involved. Thus, intrusive struc-
tural monitoring of complex structures is actually the
only way for reaching as close as possible their real in-
service behavior. This is also of first importance for
their re-analysis.

We present here a reliability analysis of pile-
supported wharves whose containers cranes are sub-
mitted to extreme storm loading. These wharves were
built with same materials but different method of
building. The modeling of in-service behavior of these
structures in conjunction with structural monitoring
allows assessing the level of loading and provides more
realistic models.

The behavior of pile-supported wharves is condi-
tioned by several hazards in particular because of the
difficult conditions of building (Yaiiez-Godoy et al.
2008) and uncertainties on extreme loadings (storms).
Storm conditions play a dominant role as they act on
cranes; they are of major importance for re-analysis
of old structures which were designed without taking
these situations into account. The updating of wind
speed due to climate changes increases the need of suit-
able models. Reliability analysis gives efficient tools
to perform such computations as long as boundary
conditions of the structural model are known with a
given uncertainty.

A stochastic modeling takes into account the large
scatter of measured quantities (see Figure 1). It lets
to identify main random fields influencing mechani-
cal behavior. A decomposition on polynomial chaos of
random identified fields and wind loading acting on a
container crane is then selected. A performance crite-
rion, based on wharf displacement and in line with the
so-called Service-Limit-States is suggested for relia-
bility analysis. We make use of non-intrusive meth-
ods, particularly projection method and Monte-Carlo
simulations. Projection method has a highly accuracy
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in representing the response distribution tails allowing
to post-evaluate the probability of failure. A compari-
son with a great number of Monte-Carlo simulations is
then accomplished to verify the accuracy. Finally, sen-
sitivity studies are then performed to rank the set of
basic variables and to analyze the effect of the choice
of the critical value of the performance criterion.
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Seismic reinforcing design for an existing bridge pier
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ABSTRACT

Many existing infrastructures constructed prior to
1980 in Japan were designed for a particular seismic
load which is smaller than the Level 2 ground motion
caused by the maximum considered earthquake
(MCE). Those existing structures must be retrofitted
to comply with the seismic requirement for the level
2 ground motion to be newly designated after 1995
Hyogoken-Nanbu earthquake. For such pile-supported
structures, a new seismic retrofitting approach is pro-
posed by introducing additional reinforing piles. The
effectiveness for this approach will be discussed based
on the seismic performance-based design method.

The basic concept of seismic design for such struc-
ture is based on two purposes; (1) both the structure
and pile-supported foundation are in the elastic state
corresponding to a Level 1 ground motion, while (2)
the structure moves into the inelastic state for a Level
2 ground motion before a plastic hinge is formed at a
critical point in a pile.

If the structure is retrofitted with excessive rein-
forcement for strong seismic effect like Level 2 ground
motion, the piles supporting the structure will cre-
ate plastic hinge or local buckling. On the other hand
adding excessive piles to increase the original strength
of the foundation will cause an unexpected failure at
the weakest portion of the structure.

In this study, a simplified design method is pro-
posed for seismic design of reinforcing piles sup-
porting an existing structure. Based on the reliability
analysis of an existing bridge structure after possi-
ble future earthquakes, the present study discusses
the optimal combination of the structural strength
and the additional pile reinforcement that are neces-
sary to obtain the effective maintenance strategies of
deteriorating structures under seismic risks.

Discussions are devoted on (1) the definition of
seismic performance level and its probability of dam-
age states, (2) seismic response of existing struc-
ture with pile foundation, especially in stressing the
effect of structural characteristics coefficient, and (3)
numerical studies based on various parameters.

Fig. 1 is a schematic illustration of the structure-
pile-foundation system. The group piles are allocated

Po555555555555555%%
y
Figure 1. Schematic profile of a bridge pier supported by

pile foundation system.

in the 4, x 3 system. The additional reinforcing piles
are applied along the outskirt of the original pile allo-
cation. The foundation is also enlarged to make a space
for additional pile driving.

When the structural system is reinforced with m
additional piles, the major damage mode of the pile
foundation and its exceeding probability of major
damage mode of the foundation can be defined as

D [m# 2, Jeu (.n-J}}ﬂ lo? <ot]
j=1

()
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Using the damage mode of D5*, the exceeding proba-
bility of damage mode after the reinforcement can be
formulated as follows.
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Settlement prediction by spatial-temporal random process

P. Rungbanaphan & Y. Honjo
Gifu University, Gifu, Japan

I. Yoshida
Musashi Institute of Technology, Tokyo, Japan

ABSTRACT

So far, all methods of predicting future settlement using
past observations are based solely on the temporal depen-
dence of their quantity. However, the fact that soil prop-
erties tend to exhibit a spatial correlation structure has
been clearly shown by several studies in the past (Van-
mark 1977, etc.). It is therefore natural to expect that the
accuracy of the settlement prediction can be improved by
taking into account the spatial correlation of ground prop-
erties. Furthermore, by introducing spatial correlation, it
is possible to estimate the future settlement of the ground
at any arbitrary point by considering the spatial-temporal
structure. This study is actually an attempt to search for
such an approach.

A systematic procedure for spatial-temporal prediction
of settlement based on Asaoka’s Method (Asaoka 1978)
is proposed. The method is based on Bayesian estimation
and Asaoka’s formulation by taking into account the prior
information, observation data, and spatial correlation
structure. Auto-correlation distance of the parameters and
the observation-model error are also estimated simulta-
neously based on Bayesian estimation using the observed
data. The Kriging method (Wackernagel 1998, etc.) is
considered to be a suitable approach for estimating the
predicted settlement at any arbitrary location and time
based on the estimated parameters.

Several case studies are carried out using simulated
data with the assumed observation layout (for example,
Fig. 1). It is concluded that, with relatively strong spa-
tial correlation, the estimation of the model parameters
and the final settlement can be significantly improved

Table 1.
for estimation at the 50th time step (7, = 0.424).
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Figure 1. Layout plan of the observation points and the point
to be estimated (for n = 36).

by taking into account the spatial correlation structure
in comparison to the case of ignoring spatial correlation
structure (Table 1). The proposed approach also gives the
rational prediction of the settlement at any location at any
time with quantified uncertainty. It was also found that the
accuracy of settlement prediction is relatively insensitive
to the changes of auto-correlation distance. Therefore, it
can be concluded that the proposed method is practical
for the settlement prediction.
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Comparison of error of final settlement estimation between considering and ignoring spatial correlation structure

Error of yr estimation

Ignoring spatial corr.

considering spatial corr.

Improvement

n s/n Mean (%)) Bias (%) Mean (%)@ Bias (%) (%)*
16 0.5 5.696 —0.344 4788 —0.570 15.937

0.25 5.631 —0.398 4,082 —0.580 27.498

2 5.695 —0.548 5.662 —0.586 0.576
36 1 5.612 —0.596 5.320 —0.620 5.200

0.5 5.703 —0.517 4.799 —0.621 15.853

0.25 5.611 —0.314 3.975 —0.584 29.165
64 0.5 5.680 —0.477 4.678 —0.409 17.641

0.25 5.673 —0.249 3.845 —0.386 32213

*Improvement (%) = [(1) — (2)] x 100/(1)
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Frequency and damage analysis of industrial accidents

S. Hanayasu & K. Sekine

Center for Risk Management and Safety Sciences, Yokohama National University, Yokohama, Japan

W.H. Tang

Hong Kong University of Science and Technology, Hong Kong SAR, China

ABSTRACT

This paper deals with the risk analyses of various
industrial accidents in Japan. The major concern on
these accidents involves the frequency of accidents
and the damage consequences associated with them.
The objective of this study is to establish appropriate
probabilistic models for characterizing the industrial
accidents with emphasis on the frequency and damage
relations. Among different kind of damages caused
by industrial accidents, the number of injured work-
ers and fatalities involved in a serious labor accident
were employed as yardsticks of damage magnitude
in this study. An extensive database covering vari-
ous serious industrial accidents from 1977 to 1990 in
Japan was prepared for the analyses. Conclusions are
summarized as follows:

1. Frequency distribution of accident occurrences of
serious industrial accidents can be modeled by
Poisson or Negative Binomial distribution.

2. Frequency distribution of damage consequences
due to serious labor accidents such as the number of
injuries or fatalities involved in a serious accident
can better be modeled by Geometric distribution
rather than Poisson distribution.

3. Hence, sum of injuries or fatalities due to plural
accidents can be modeled as the sum of Geometric
distribution, i.e. Negative Binomial distribution.

4. The probability distribution of the total number of
injuries or fatalities within a fixed interval of time
can be obtained by adding up the products of prob-
abilities of frequency of accident occurrences and
that of conditional damage distribution associated
with accidents.

5. Generalized Poisson-Poisson and Generalized
Poisson-Geometric distributions having a certain
lower damage size limitation have been proposed.
Generalized Poisson-Geometric distribution had a
good agreement with the actual total damage distri-
butions. Figure 1 shows the frequency distribution
of total number of injured workers within one
month involved in a serious labor accident over 14
years classified by structure collapse accidents with
the lower damage limit of 4. = 3 in each accident.
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Figure 1. Frequency distribution of total monthly injuries

due to structure collapses (4. =3, k=0 and k > 3).

6. The effectiveness of safety counter measures
against industrial accidents in terms of preventing
occurrence of accidents is evaluated by change of
frequency parameter A, while that of reducing dam-
ages is assessed by change of damage parameter 7.
Risk reduction of industrial accidents is attained by
balance of frequency and damage measures.
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Effect of traffic loads to seismic responses of highway viaducts
under functional evaluation earthquakes

Mitsuo Kawatani, Chul-Woo Kim & Rie Kitaura

Department of Civil Engineering, Kobe University, Kobe, Japan

ABSTRACT

The highway bridge design codes do not consider the
live load in the seismic design of highway bridges
because of the low probability of the event that both
of the live and seismic loads occur at the same time.
However, frequent traffic jams in urban areas indicate
a high possibility to encounter an earthquake during
rush hour. To clarify the effect of traffics to the seismic
response of viaducts, the heavy vehicle is considered
as a dynamic system and a three-dimensional seismic
response analysis is performed in this study.

Previous studies by the authors (e.g. Kawatani et al.
2008) indicate that the effect of vehicle system on seis-
mic response of bridges depends on the frequency
characteristics of ground motions: the vehicles on
the bridge act as dampers for seismic response of
bridges under ground motion of moderate soil site;
on the other hand no clear damper effect is observed
under the ground motion of stiff soil site. Usually the
ground motion of stiff soil sites has dominant fre-
quency higher than those of moderate soil sites. It
indicates that the relation between vehicles effect on
seismic responses of bridges and frequency character-
istic of ground motion need to investigate. The effect
of vehicle’s dynamic system to the seismic response of
the bridge is examined through the investigation using
sinusoidal inputs firstly. A dump truck is assumed to
be represented sufficient by a discrete rigid multi-body
system with 12 degrees of freedom (DOFs), which
considers sway, yawing, bouncing, pitching and rolling
motions of the dump truck. Observations obtained
from actual ground motion input are explained based
on the result obtained from sinusoidal inputs.

The plot of RMS values taken from seismic
responses of the bridge under sinusoidal inputs is
shown in Figure 1. For scenarios of disregarding vehi-
cles and considering vehicles as additional mass, the
input frequency providing the peak RMS value coin-
cides with the first natural frequency of the viaduct:
i.e. 1.64 Hz for disregarding vehicles; and 1.59 Hz for
considering vehicles as additional mass.

A notable point is that the response of bridge consid-
ering vehicles as additional mass is greater than that
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Figure 1. RMS values of seismic response of bridge accord-

ing to sinusoidal inputs.

of the bridge disregarding vehicles under the condi-
tion of sinusoidal input lower than 1.59 Hz. On the
other hand, above 1.59 Hz the considering vehicles
as additional mass gives smaller response than that
of disregarding vehicles. Another interesting point is
that considering vehicle as a dynamic system tends
to decrease bridge response. One of the reasons for
the decrease is that, dynamic system of vehicles on
the bridge acts as a damper for seismic response of the
bridge. Considering interaction with moving vehicles
also results decrease of seismic response of the bridge,
even though the amount of decrease is smaller than
that of stationary vehicle loadings because of com-
paratively fewer vehicles on the bridge. Considering
vehicles as additional mass gives greater responses
than the case considering vehicles as dynamic system.
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Estimation of robustness about structures based on

contaminated distribution

Xinjian Kou, Chong Zhou & Jimian Song
Shanghai Jiao Ttong University, Shanghai, China

Structual reliability is affected by many of uncertain
factors which come from difeerent sources such as
structual design, construction, manufacture and so
on . In additon to these ramdon deviations, Human
mistake is the most important factor influencing stru-
cural safety because its effects ofern exceed the ram-
don deviations. Therefore, uncertain factors may be
classified into three categories based on their char-
acterristics: systimatic error, random error and gross
erTor.

Human mistake is the major causes of gross errors.
Large numbers of facts have shown that structural fail-
ures, in normal load conditions, may be caused by the
gross errors due to human mistakes. Gross errors may
form the defects in a structure. These defects ofen can
not be tolerated.

Many experts have proposed that the roubustness
or vulnerability of structure should be considered to
ensure structural safety. In study of vulnerability, the
major purpose is focused upon the structural capabil-
ity resistenting extreme events such as erthquakes or
explodes. However, the largest risk is the defects hid-
den in structures, so a structure should possess the
property with which the structure can be able to stand

gross errors on a specific level. For the large scale
structure, gross errors may lead the structure failure
entirely. In this case, structure may failure even though
no extreme loads act on it.

In analysis of structural reliability, the random vari-
ables are assumed that they come from a specific
distribution. However, random errors and gross errors
may coexsit in the every stages of construction. In
order to describe the influence of the two kinds of
errors acting on structures, the authors employ the
contaminated distribution, which was introduced by
Huber (1964), as follows

p(x)z(l—é‘) l(x)+<"fz(x)

In which, f} (x) is the main distribution that express the
statistical properties about the random variables and

fa(x) is the interference distribution that express the

statistical properties of the gross errors. In this paper
the distribution is applied to estimate the reliabilities
of structures. The purpose of the study is to analy-
sis the safety of structure when there are gross errors
contained in the structure.
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Vulnerability assessment of structural systems

J. Agarwal
University of Bristol, UK
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ABSTRACT

An analysis of demands and capacities has worked
well for most engineering systems. However, systems
have grown in complexity and new methods have been
developed to deal with complexity. For example, relia-
bility theory is used to address the complexity arising
as a result of uncertainties in system parameters. Risk
calculations are performed using the notional proba-
bilities of failures for the most likely failure scenarios.
However, such calculations alone are not sufficient in
themselves to produce robust systems. A complex sys-
tem can fail in many different ways, some of which
may lead to disproportionate consequences.

The issue of robustness of structures has been
debated more intensely in recent years but there is yet
no theory of robustness. However, an insight into the
lack of robustness can be gained through an identifi-
cation of potential vulnerabilities in a structure. These
may arise due to an improper form of the structure or
could be due to the operating environment. The aim of
this paper is to examine the nature of vulnerabilities
and their potential measures with a view to develop-
ing a framework for the vulnerability assessment of
structural systems. A structure that is vulnerable may
continue to perform satisfactorily as long as there is

354

no action to exploit it. But it is important to be able
to quantify vulnerability of a system to damage so
that appropriate remedial measures could be taken. In
the literature, different measures of vulnerability have
been suggested. Some of these are based on the prob-
ability of failure for known demands. However, the
damage may come from known or unknown sources;
hence the measures based on the form of a system
could lead to a better insight into the lack of robustness.

Structural vulnerability analysis is primarily con-
cerned with the form of the system and it leads to
the identification of vulnerable failure modes. It is
also possible to include the effect of loads and non-
linearity in the analysis. The changes in the orthogonal
modes for some external actions give a measure of the
topological changes in the system. An assessment of
vulnerability to natural hazards is usually based on an
analysis of damage resulting from a specific hazard of
increasing intensity. In the context of social systems,
vulnerability indicators are also used. It is proposed
that vulnerability assessment should examine both the
form of a structural system and the associated pro-
cesses. The combination of vulnerability and threats
can produce high risks. An analysis of vulnerabil-
ity would help reduce risks which may arise due to
unknown events.
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Evaluation of robustness from building failures

S. Thelandersson & E. Frithwald

Lund University, Structural Engineering, Lund, Sweden

ABSTRACT

A database consisting of 127 cases where failure
occurred in timber structures is utilized to investi-
gate robustness. The investigated failures are related
to events implying potential risks for human lives.
The primary causes for failures were determined in
the original investigation and classified into five main
groups as shown in Table 1. Further details are given
in Frithwald et al. (2007) and Thelandersson and
Frithwald (2007).

Similar to the results in other failure surveys, human
errors dominate among causes behind failure events.
More than half of the cases occurred due to errors in
design, which may be explained by a generally lower
competence among engineers about timber structures.

In this paper, the failure cases in the database are
investigated with focus on the relations between initial
failure events, secondary failure events and conse-
quences. The degree of progressiveness of the failure
events and nature of warning before collapse were also
assessed.

62% of the investigated cases were classified as
collapse and the rest as no collapse. As an example,
all cases where collapse occurred were investigated
with respect to progressiveness, i.e. the extent of sec-
ondary damage after primary failure. The result from
this exercise is shown in Figure 1. A relatively high pro-
portion (41%) of the cases, where collapse occurred,
was classified as large secondary damage.

Table 1. Distributions of errors causing failures for the cases

investigated

Cause % of 127 cases ~ Comments

Materials/manufacturing 11

of products

Construction on site 27

Design 53

Deficiencies in 4 Snow loads

building code exceeded
code values

Other/unknown 5

Total 100
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Figure 1. Large, medium or limited extent of secondary
effects after primary failure (79 cases).

The failure events were also assessed against the
criteria that the consequences should not be dispro-
portionate the cause. It was found that in about one
third of all cases the consequences could be classified
as “very disproportionate”.

A general (subjective) assessment of robustness
showed that the systems investigated were to a com-
paratively large degree classified as having low robust-
ness. Special methods should therefore be developed
and implemented to design this class of structures to
improve robustness. Although databases of this type
never can be seen as representative for structural sys-
tems in general, it was concluded that it is valuable to
check methods to assess robustness against this type
of “empirical” information.
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Development of posterior probability models using the Metropolis-Hastings

algorithm and Laplace approximations

PN. Thodi, FI. Khan & M.R. Haddara

Faculty of Engineering and Applied Science, Memorial University, St. John's, Canada

ABSTRACT

The Bayesian posteriors find extensive applications
in probabilistic risk analysis (PRA). The uncertainty
and variability in data is modeled by prior probabil-
ity distributions. These prior distributions need to be
updated to posteriors with likelihood functions, which
are the evidence supporting priors, using Bayes theo-
rem. Bayes theorem encapsulate a process of learning,
by which best inferences about the posterior parameter
can be made based on any prior knowledge and the evi-
dence at hand, reserving the right to revise the present
knowledge continuously with new information. Math-
ematically, Bayes’ theorem states how to update the
prior probability distribution, p(6) with a likelihood
function, /(x/0) to obtain the posterior distribution,
p(6/x):

P(O)i(x/0)

PO = oI 0)do

Since certain non-conjugate priors one comes across
in PRA, like the Weibull, Lognormal and Extreme
Value distributions, do not belong to the conjugate
pair of exponential family, the conventional posterior
estimation, in closed form, is not possible.

The performances of two Bayesian posterior devel-
opment methods are discussed in this paper. One is a
rejection sampling based Metropolis-Hastings (M-H)
algorithm and second one is the analytical Laplace
approximation method. The M-H algorithm is used
to generate a sequence of samples from a probabil-
ity distribution that is difficult to sample directly.
This sequence is used in Markov chain Monte Carlo
(McMC) simulations to approximate a distribution.
In Bayesian applications, the normalization factor is
difficult to compute, so the ability to generate the pos-
terior samples without knowing this constant of pro-
portionality is a major virtue of this algorithm. Laplace
method is used for approximating the parameters of
the posterior densities when direct estimations are dif-
ficult. It is a handy tool when a normal approximation

to posterior is reasonable. The basic idea is to carry out
a Taylor series expansion around the maximum likeli-
hood estimate value, ignore the negligible terms, and
normalize.

In order to judge the applicability of these two com-
putational methods, results of the M-H algorithm and
Laplace approximations are compared with that of
conjugate pairs. Errors are computed using the known
conjugate pair estimates as the true values. The M-H
algorithm suggests better results and hence recom-
mended for the posterior model development. Also,
it is observed that the change in threshold parame-
ter from prior to posterior is insignificant. Although
the Laplace method produces reasonable approxima-
tion to posterior mean, it fails to estimate variances
accurately. Moreover, it is computationally intensive
while working with distributions having more than two
parameters.

Furthermore, the developed procedure is applied
to a case study involving the stochastic degradation
of process assets. The priors and likelihoods were of
3P Weibull, 3P Lognormal and Typel Extreme value
distributions. The estimated posteriors were observed
to follow the same form as that of priors and likeli-
hoods. The developed posteriors can be used in the
risk assessment of asset degradations.
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Effect of the shape of ROC on risk based inspection: A parametric study

F. Schoefs
GeM, Nantes Atlantic University, Nantes, France

J. Boéro
OXAND S.A., Avon, France

ABSTRACT

Reassessment of existing structures generates a need
for up-dated materials properties. In a lot of cases,
on-site inspections are needed and in some cases
visual inspection is not sufficient. For example Non
Destructive Testing (NDT) tools are required for the
inspection of coastal and marine structures where
marine growth acts as a mask or immersion area
gives harsh condition of inspection. In these fields,
the cost of inspection can be prohibitive and an accu-
rate description of the on-site performance of NDT
tools must be provided. Inspection of existing struc-
tures by a NDT tool is not perfect and it has become
a common practice to model their reliability in terms
of probability of detection (PoD), probability of false
alarms (PFA) and Receiver Operating Characteristic
(ROC) curves. These results quantities are generally
the main inputs needed by owners of structures in view
to achieve Inspection, Maintenance and Repair plans
(IMR) (Sheils et al., 2008). The assessment of PoD and
PFA is even deduced from inter-calibration of NDT
tools or from the modelling of the noise and the signal.

Theoretical aspects coming from detection theory
and probabilistic modelling of inspections results in
view to provide inputs in the computation of mathe-
matical expectation of RBI cost models are described
in Schoefs et al. (2008).

First, let us focus in this paper on the benefit of
the combination of multiple Non-Destructive Testing
(NDT) and the role of expert judgement in this process.
In this case, expert judgement acts at two levels:

— The knowledge of ageing laws to provide the prob-
ability of defect existence that is needed when
computing likelihood of events that govern the cost
expectation;

— The way to address the decision after obtaining
results from the two inspections.

The process is illustrated for the RBI of steel
harbour structures.

Then, the effect of the shape of ROC curve on the
decision process is highlighted. To this aim, a para-
metric study is performed to analyze the influence of
the polar coordinates of the best performance point of
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Figure 1. Mapping of cost of no detection E(C),, in polar
plan for probability of defect existence y =0.9.

the NDT tool (NDT-BPP) on the expectation of the
cost of detection and the cost of no detection (see Fig-
ure 1). NDT-BPP is defined as the closest point of the
ROC curve to the best performance point BBP of coor-
dinates (PFA =0, PoD =1) and the NDT-BPP polar
coordinates are defined by:

— The radius Sypr equal to the performance index
(NDT-PI) (distance between the best performance
point and the ROC curve) (Schoefs, 2007);

— The angle aypr between axis (PFA=0) and the line
(BBP, NDT-BPP).
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ABSTRACT

The paper discusses current possibilities and draw-
backs of in-line inspection (ILI) and direct assessment
(DA) in detecting, identifying, locating and sizing of
all types of defects in oil & gas pipelines, offshore plat-
form structures and the like. A holistic methodology
is presented that extracts maximum value from the ILI
and DA measurements of defects and verifying their
results.

Currently ILI/ DA are the preferred technologies
to evaluate the condition of the pipe wall and assure
pipeline integrity. A high-resolution and deformation
ILI (geometry, corrosion, and crack) tool can inspect
piggable pipeline sections and detect, locate, mea-
sure, and display irregularities in the pipe wall. These
irregularities may represent geometric deformations
(dents, gouges, ovalities, wrinkles, ripples, and buck-
les), laminations, pittings, local corrosion, cracks and
other defects. However, as demonstrated by recent
accidents on hazardous liquid and natural gas pipeline
systems throughout the world, some pipelines that
were inspected by all types of ILI devices continue to
fail relatively soon (6 mo — 1 year) after the pipelines
were inspected and pipeline cleared for further safe
operation.

According to the sample OPS DOT USA data the
most common causes of failures of pipelines soon
after their inspection are: 1) non-detection (51% of all
cases), 2) underreporting of defect depth (33.3%) and
3) misidentification (15.7%). The root causes of such
types of failure may be different from case to case. But
one thing is obvious: pipeline operators in general do
not have a consistent, standardized process for evalu-
ating and assessing data extracted by ILI/DA devices,
and for providing guidance to ILI vendors, contract
field inspection personnel, and company personnel on
how to assess the ILI/DA data. Because of this, there is
a general public concern about the performance issues
associated with in-line inspection tools and how the
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data from these devices is being integrated with other
information on the pipeline systems.

In this paper a new holistic approach to defect
assessment is developed based on unconventional sta-
tistical analysis of inspection measurements data. The
format of the resulting output is in full compliance
with the reliability and safety methods that are cur-
rently used to assess structural safety. This allows
creating adequate statistical models of defect sizes, and
of crack/defect growth in time. The main emphasis is
put on building a comprehensive, consistent and pre-
cise stochastic model of measurements and methods
of their verification. This model allows for construct-
ing consistent and unbiased assessments of the true
immeasurable sizes of defect parameters and their vari-
ances for the case when the needed information about
the ILI/DA tool and the verification instrument VI are
obtained from the field and lab measurements.

A comprehensive and consistent methodology is
presented for assessing the “in the field” statistical
properties of the measurement errors of ILI/DA and
verification tools (for the case “one measurement by
each tool”). A method for calibrating the inspection
tool is presented, which allows assessment of the true
values of defect parameters.

Results of analysis of real ILI data (obtained on an
oil pipeline with a MFL tool) and simulated data for
a gas pipeline using the above methodology provide
an illustration of the main algorithms of the holis-
tic approach. A new approach is offered to assess
the necessary number of verification measurements.
The methodology of holistic statistical analysis of ILI
data outlined in the paper permits assessing the com-
ponents of the total variance of the ILI technology,
including attribution of measurement error variance
to the ILI tool, verification tool and the diagnosti-
cian. The algorithm outlined above is implemented
in a user friendly software package PRIMA, which
permits remote usage over the internet and provides
visualization of all results.
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Accurate crack inspection on concrete structure surface images
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ABSTRACT

As a diagnostic application of automated image anal-
ysis, crack inspection based on image processing and
measurement is proposed. Crack inspection in con-
crete surfaces during the maintenance and diagnosis
of concrete structures is important to ensure the safety.
The crack width is an important data in order to evalu-
ate the durability and degradation of concrete surfaces.
Although many applications and products have been
developed in this field [Architectural Institute of Japan
2003], it is not easy to measure cracks accurately
with exact scale for practical use. In our previous
study, we performed two approaches individually to
achieve each problem. We proposed a percolation-
based image processing to detect cracks [Yamaguchi
and Hashimoto 2006]. This method was demonstrated
to be more accurate than the conventional methods.
On the other hand, to cope with measurement of

Figure 1. Automatic crack scale detection.

oo, ‘ l\ ; o

Figure 2. Result of crack detection.

the exact size of crack width, we attached the crack
scale on the concrete surface in the step of image
acquisition because the crack scale has already been
written the size per scale on the crack scale. Then, we
used the brightness of width per the crack scale and
compared it with one of the detected cracks [Yam-
aguchi and Hashimoto 2007]. This paper presents a
high-accurate crack inspection method by combined
our detection and measurement approaches. More-
over, in order to build automatic inspection system,
we introduce automatic crack scale detection which
is manually detected in previous work as shown in
Figure 1. Through the experiment, we conduct proper
evaluations for the performance of the system in order
to indicate the reliability for practical use as shown in
Figure 2.
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Impact elastic wave method for detecting voids under steel plate in steel
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ABSTRACT

Steel concrete composite become popular as bridge
member to reinforce and reduce weight and thickness.
In steel concrete composites, voids under steel plate
are one of defects in cast-ing process. The voids cause
bending and vibration of steel plate in service. Of
course it is impossible to detect the voids by visual
inspection.

In order to detect the voids under steel plate in
steel concrete composite, impact elastic wave method
are employed. Impact elastic wave method is a non-
destructive evaluation for detecting defects in concrete
structures analyzing elastic wave due to a mechan-
ical impact. Elastic wave is generated on a surface
of concrete structures and propagation and reflection
wave are detected by a sensor on surface. It is clarified
that the procedure is effective to detect and visual-
ize an ungrouted duct of a pre-stressed concrete beam
(Watanabe and Ohtsu, 2000) and a void of a concrete
slab (Watanabe, Hashimoto and Ohtsu, 2002).

In order to detect vibration due to flexural mode
of steel plate on voids, impact tests were carried out
at the surface of steel concrete composite specimens.
Steel concrete composite specimens were mode and
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Figure 1. Concrete steel composite specimens.

Figure 2. Contour of ratio of maximum amplitude.

some voids were varied under steel plate. The dimen-
sion of specimen and voids are shown in Figure 1. In
measurements to detect voids in specimens, voids were
detected by ratio of maximum amplitudes of parameter
as shown in Figure 2. When plate thickness becomes
6 mm, voids were not clearly detected by energy and
duration of parameters.
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ABSTRACT

Ageing infra-structures are increasing worldwide and
the preservation of their structural integrity is a cru-
cial issue. The present tax revenue shortage due to
economic recession and demographic change resulted
in the reduction of construction investment, leading to
much attention to the maintenance work prior to the
construction of new structures. For repair program,
some theoretical models to manage the structures,
namely infra-asset management, have been proposed,
in which based on the current status the forthcoming
deterioration process is estimated, and a proper tim-
ing of maintenance is assumed in consideration of life
cycle cost (LCC).

Specifically the present damage amount of struc-
tures, which would be employed to make priority of
structure to repair, would be assumed by the amount
of loss and damage indices through the monitoring.

Due to the complexity of deterioration process as
well as various kinds of structures, any decisive investi-
gation technique has been established so far. Acoustic
emission (AE) and ultrasonic techniques (UT), non-
destructive techniques using stress wave, could be
applied for the infrastructures diagnosis.

In the paper, a 45 m long PC bridge, showing no
deterioration throughout the conventional survey, is
monitored nondestructively: sensitive monitoring of
AE was conducted in order to investigate the early
damage, followed by UT aided by tomography.

Firstly the relatively damaged area for the longi-
tudinal direction was extracted with lineally placed
28-AE sensor during mobile loading over the bridge.
Based on the resulted AE activity the part of structure
being most likely deteriorated is further investigated
with a dense array of AE sensors, allocated in 2D.
Using this 2D arrayed AE sensors, a surface ultrasonic
examination is also performed to obtain a tomogram of
wave velocities. Through these monitoring, following
findings were obtained.

A most likely deteriorated area (hereafter ‘area of
interest’) was successfully extracted from AE activity

emerged always in a particular area from linearly
placed AE sensors (see Figure 1). As in Figure 2, fol-
lowed 2D AE monitoring, conducted in the area of
interest, showed the remarkable number of AE sources,
corresponding well to the area of low velocity. It was
confirmed that the area indicated by AE activity was
actually deteriorated, suggesting the potential of AE
testing both for as global- and local-monitoring.
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Figure 1. 1D AE sources along with repeated mobile loads.

Figure 2.
load and velocity tomogram obtained from surface UT
measurement.

Identified 2D AE sources along with mobile
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Eigenfrequency estimation of RC slab based on impact sound recorded

by moving vehicle

Y. Oshima, K. Sugiura & H. Kawano
Kyoto University, Kyoto, Japan

ABSTRACT

Herein we verify the concept of easy and simple
method to evaluate eigenfrequency obtained by impact
sound which is generated and recorded by moving
vehicle. In order to attain this goal, noise reduction
in recorded sound must be done since the sound is
recoded by moving microphones with wind noise,
and also Doppler Effect should be confirmed. There-
fore, eigenfrequency estimation of beam specimens
with noise was experimentally carried out; denoise
algorithm was based on independent component anal-
ysis. Then Doppler Effect was confirmed by numerical
model as well as the experiment using small carrier
moving on the slab, and influence of the effect was
evaluated.

The concept of inspecting vehicle is shown in Fig-
ure 1. In order to capture the eigenfrequency of a slab
structure, RC slab is impacted by a hummer from a
moving vehicle. Microphones are also installed on the
vehicle to record the impact sound. This inspecting
vehicle can investigate the state of slab continuously
without stop.

First of all, the eigenfrequency of beam was esti-
mated by impact sound with noise. On the basis of this
experiment, the feasibility of eigenfrequency estima-
tion by impact sound and the influence of noise in the
recorded sound were evaluated. Additionally, the type
of hummer head was also evaluated to simulate the

Hummer
0"\
01- “
-
o -
i Inspecting * e
vehicle — ®&J°°°°" %)

RCslab / S

Microphone

Figure 1. Concept of the inspecting vehicle.

effect of pavement. As a result of this experiment, more
frequencies can be detected by impact sound than by
the installed sensors, because the installed sensors are
located in the limited area and it is difficult to capture
all the modes, but the sound may include all the modes.
As for noise reduction, ICA based on AR model can
reduce the noise with high frequencies but the accu-
racy depends on the order of AR model. To obtain
more exact solution, appropriate order of AR model
must be determined. Furthermore, the noise in this
study mainly consisted of high frequencies, which can
be separated by a low-pass filter. Thus for noise reduc-
tion, both methods should be applied as the situation
demands.

Next, in order to confirm the influence of Doppler
Effect, concrete slab was impacted and the sound
was recorded by moving microphones. In this experi-
ment, the slab of a residential building was used and
microphones were installed on the manual carrier.

As aresult, we found that several peaks were found
only when the microphones were moving, but many
other peaks were almost identical even for different
velocity of the microphones. This may be attributed to
the fact that the velocity of carrier in this experiment
was not so large to affect the frequency. Now the vehi-
cle moves at 6 km/h, the difference between the static
and fast case becomes 1.6%, which can be ignored. But
if the inspecting vehicle moves at 60 km/h, the differ-
ence is 4.1%. Thus Doppler Effect must be considered
when the velocity is high.

Finally, the inspecting vehicle proposed herein is
feasible on the basis of experimental results in this
study, but the concept must be verified by real bridge
slab and vehicle.
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ABSTRACT

Generally, concrete inspections are applied to deter-
mine the current strength and durability of a structure.
However, it is difficult to determine the strength and
performance of a structure from inspection results,
therefore currently indirect estimation from visual
observation of cracks, corrosion levels from non-
destructive test among others are used. Therefore,
developing a method to directly determine the current
conditions of a structure in a standardized manner will
enhance rationalization of management of structures.

In this study, to develop a method directly deter-
mine the current conditions of a structure, various
non-destructive tests were performed on RC beams
whose rebar has been corroded through electricity.
And according to the results of nondestructive tests,
deterioration maps were made. Then, the results were
input into finite element method (FEM) analysis and
the mechanical performance of the specimens investi-
gated. The validity of the analysis results were con-
firmed by conducting flexural loading tests on the
RC beams. The evaluation method used is shown in
Figure 1.

In experiment, RC beam specimens were made.
And electrolytic corrosion was carried out for 14 and
28 days in order to have specimens with varying
levels of corrosion. Before and after electrolytic cor-
rosion, 4 types of NDT were performed to estimate
mechanical performance of specimens. Firstly, crack
propagation was confirmed through visual investiga-
tion. Thereafter, the half cell potential was measured
to determine the corrosion of rebar. Moreover, wave
velocity was measured to evaluate the condition of
the concrete surface layer and rebar. Furthermore, to
determine the rate of corrosion, polarization resistance
was concurrently measured. Then, damage maps were
made which reflect the results of nondestructive tests.
Thereafter, flexural loading tests were conducted.

Making specimen
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Figure 1. Evaluation method.

While, FEM analysis based on the results of NDT
was performed. Results of NDT were reflected to the
corrosion of rebar and adhesion between rebar and
concrete. The analysis was done in a 2 dimensional,
plane stress condition.

From both results, the analysis model accurately
predicted adhesive levels between concrete and rebar
and rebar mass reduction rate, therefore proving to be
an appropriated evaluation method for the mechanical
properties of RC beams whose rebar have undergone
corrosion.
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ABSTRACT

Besides quality verification, conformity control of
concrete production also has a filtering effect on
the offered strength distribution. Because of the fact
that conformity control rejects certain concrete lots,
the outgoing strength distribution (indexed ‘0’) has a
higher mean and a lower standard deviation in regard to
the incoming strength distribution (indexed ‘i’). This
effect can be quantified analytically using Bayesian
updating techniques and leads to a closed-form expres-
sion only in case of one type of conformity criteria
(Rackwitz 1979, Taerwe 1985). In order to investi-
gate more complex conformity criteria, a numerical
algorithm is developed based on Bayesian updating
techniques and numerical Monte Carlo simulations.
With this model, also autocorrelation between consec-
utive test results can be taken into account. The filter
effect of some different types of conformity criteria
are quantified, among which the filter effect of the
conformity criteria for continuous production control
mentioned in the European standard EN 206-1.

The filtering effect of conformity control also has
an influence on the safety level of concrete structures.
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