CEng 6506 Earthquake Engineering Lecture Notes

Earthquake
Analysis of MDOF Systems

Adil Zekaria (Dr.-Ing.)
Addis Ababa University

~_Presentation outline

¢ Earthquake analysis of linear systems

* Basic Structural dynamics for MDOF systems
* Modal Analysis

* Modal response history analysis (RHA)

* Modal response spectrum analysis (RSA)

* Numerical examples
1. RSA and ESA for 3 story two shear frames
2. RHA and RSA for 5 story two shear frames
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_Earthquake Analysis of Linear Systems

Type of structure

Method of Analysis

Regular (simple) structures

\4

Irreguar (complex) structures

Equivalent static analysis

Response spectrum analysis

Response history analysis

Nonlinear time history analysis

Addis Ababa University (Adil Z.)

Eﬁrth&uake Analysis

—_—

of Linear Systems (contd.)

* Dynamic analysis

the structures

* Equivalent static analysis (ESA) or (ELF)

® acceptable results for regular structures

* Response spectrum analysis (RSA)
e satisfactory for majority of the cases
* Response history analysis (RHA or THA)

® can be used to model linear & nonlinear behavior
depending on the nature of the site, size and sensitivity of

* Nonlinear THA (may include soil-structure interaction)

® only for special structures

Addis Ababa University (Adil Z.)
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“Basic structural dynamics - MDOF

For a MDOF system

Myp Myz ... Mygn] (il €11 G2 -- C] (U kin ki .o k] (W P1
My My ... Myp|)ii, = Ca1 Ca2 ..o Con|)u, T kyy kpp oo kop| JU2( _ )P2
Mpy Mpy ... Mpp] iy Cn1 Cn2 +-- Cnnl \U3 kn1 knz e Us P3

knn
Writing the matrices compactly

[m]{i(} + [c{u(®} + [k][{u(®} = {p(D)}
Let {u} = [@lg]
{Un(0)} = {Dn}qn(t)

{fu, ()} = {0,}(4, cosw, t + B, sinw, t)

Addis Ababa University (Adil Z.)

Basic structural dynamics-MDOF (contd.)

solving the differential equation
[[k] = wi[m]] {9} = {0}
mm) \Matrix eigenvalue problem
the non-trivial solution is obtained from:
det|[k] — wi[m]| =0

=) characteristic equation (polynomial of nth degree)

Addis Ababa University (Adil Z.)
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Basic structural dynamics-MDOF (contd.)

solving the real roots for the characteristic equation
* natural frequencies of vibration (eigenvlalues)
@, (n=1, 2, ..., N) eg.w o, a

natural periods: T, =277/, eg.T,T,T, ..

* natural mode shapes of vibration (eigenvectors)
¢n (n=1, 2, ceey N) @11 @12 @13
01 =90P21(, P2 =1922¢, B3=1023,
031 ®32 ®33

Addis Ababa University (Adil Z.)

Moq_g I'’Analysis— — / |
~Modal transformation = =

[m]{i(t)} + [cl{u®)} + [k]{u(®)} = {p(t)}
Let {u(t)} = [¢]{q(V)}
[m][P]{G ()} + [c][PHq(®)} + [k][P]{q(t)} = {p(D)}
Pre-multiplying all by [$]T
[ [m][@1 ()} + [@] [l @A (©)} + [ [kI[@Ha()} = [@]" {p(6))
Let {p(1)} = -[m]{i}i,
[MI{G(®O} + [CI{g(®O)} + [K]{q(®)} = —[®]" [m]{i}il

Addis Ababa University (Adil Z.)
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Modal Analyﬁs {Cont'd) =

IVI’odaI transformation

Where L/, ={¢,}[m]{i}

h

M,

Addis Ababa University (Adil Z.)

M, o Cy a1 Ky q1 my
M, Gz p + C, ] qz ¢ + K, I‘h} = - [cp]TImz} lig(t)
Myl (dn Cyl \an Kyl lay my
For each Mode
Mhdn + Chqn + Kndn = _L}rllﬁg(t) n=12,.,N

DiVidirlg by 1\/1n yields Gn+2§nwnqn+ ‘l’zn qn = —Iy ijg(t)

L - = :
where T, === s the modal participation factor

Modal Analyﬁs {Contd.)

Iﬁferpretatlon of modal superposntlon

Modal expansion of displacement

eigenmode 1

u(t) = ) Outn (0

uy () q: (V) P11 D12
wLE) = [0] {00 =1021¢p a1 () + D22 q2(t)
uz(t) qz(® D31 D3

eigenmode 2

D13
+ 10237 q3(b)
D33

eigenmode 3

% : q(g+ qj(t)g*_ q‘(t)%

Addis Ababa University (Adil Z.)

Dr. Adil Zekaria (AAIT)

Lecture Notes



CEng 6506 Earthquake Engineering

Modal Analysis {contd.) "

—Modal Expansion of Inertia Force

N N
i} = ) {Sa} = ) Talml{0n)
n=1 n=1

_ Ly {873

where

* Modal expansion of {p.(t)} = —[m]{i}ii, (t)

_Xm@y,

My (878}

nt" mode components

{peff,n(t)} = _{Sn}ug )

Addis Ababa University (Adil Z.)

5 m; (D]zn

Modal Analysis (contd.)"
~Modal Expansion of Inertia Force
Floor Mass  Story Stiffness

ug m ) 1.078 0495 oo

b, - nm; un<
k 0895 0641 Ly 0334
o it m
k 0.641 1,173 0.334 ;u.m

Low, &

: k 0314 1.078
+—o "l m

o

N ¥ Modet Mode 2 Mode 3 Mode 4

m — _1252m -0.362m 0.159m -0.083m

m I -1.750m -0.112m -0.113m 0.116m

m | s0.956m 0.215m 0.191m -0.033m

m = |.oseam T ossam ¥ loosom * Locssm

m . 0.356m 0.301m 0.208m 0.106m

£ _J
mi E 2] LE] S4
Addis Ababa University (Adil Z.)

0.015m
-0.010m
0.053m
-0.048m
0.029m

0334
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—_—

~Effective modal mass and modal height

Base shear effective Base moment effective
modal mass, Mn* modal height, hn*
2 2
L= e Y m;0%, oIk Nma

Note: 2M * = ij and J2h *M *= ij h;

_._
."' 4.398m
m
b ®
[ m =
- -
-2 .m a 0.436m
0.21
—&— §T ﬁT " 5 f.osvm 5 0008m
- < 5 bl
e lit) [ ' = = el iigft)
ode 1 2 3 4 5

Effective modal masses and effective modal heights.

Addis Ababa University (Adil Z.)

— s

~Modal Response History Analysis (RHA)

* Response quantity: Efti=r A ()

where r 5 is modal static response due to S,
e Displacement response: Tn
= - Un(£) = =5 BnAn(t)

All quantities are computed for each mode (n =1, 2, ..., N)

Addis Ababa University (Adil Z.)
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— s

~Modal Response History Analysis (RHA)

= Modal Response Forces (=)

(b)
() =r$tA, (t) A0
r:‘l Wp, Cn
. wmm ww e gl

= Total Response

r(t) =23 m(t)=3r3'An(t)
n=1 n=1
Addis Ababa University (Adil Z.)
Mode Static Analysis of Dynamic Analysis of Modal Coniribution to =
Structure SDF System Dynamic Response —
Forces —1 |
. Modal Response
Aln = 5
: e w-tae istory analysis
rit o
7 a0 (contd.)
E T T
Forces
sy
A0
2 ol ity =12 At
st
b i
. T %
Forces
Sy
A0
N o, Ly o) = ! Al
v L
—— gl
T T TR
Total response = ilr,,(:)
w3 Addis Ababa University (Adil Z.)
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—

~Modal IfResponse history analysis (cbn”t'a,-)

¢ Total response
e Combine the response of all modes

e u(t)=2u,(t) and r(t)=_2r,(t)

1), n(?)

(1), u(t)

1) )
B
5

Total response

(%), ()

Ay a g
UWWNJTW
Note that peak values can occur at different times

1

dis” Ababa University (Adil Z.)

Modgl__,Analys—is

—_—

_Response Spectrum Analysis (RSA)

* Instead of calculating the response r(t) as a
function of time in RHA, only peak values are
calculated in RSA.

e Modal peak values st

where A,,, = max,|A(T,, ()| is the peak ordinate of the
design spectrum corresponding to natural period T, &
damping ratio ¢ ..

Addis Ababa University (Adil Z.)
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-Mé'a;IfResponse spectrum analysis (contd.)

* Modal combination rules (ABSSUM, SRSS & CQC)

N
o Absolute sum (ABSSUM) e ernol

‘ Upper bound result ‘

e Square-root-of-sum-of-squares (SRSS)

L 1/2
~ 2!
Tho = o
n=1

Good results for most structures with well separated natural frequencies

Addis Ababa University (Adil Z.)

~Modal Response spectrum analysis (contd.)

e complete quadratic combination (CQC)

N N &z N N 1/2
rno = Z Z PinTio™mo = Z rno Z Z PinTioTmo
i=1n=1 n=1 =1 =1
i n
where correlation coefficient p,, is

802(1 + BBy’ w;

Pin = 2T = = and Pin = w_

(1—B2) +40%Bin(1 + Bin) n

Good results even for structures with closely spaced natural frequencies

Addis Ababa University (Adil Z.)

Dr. Adil Zekaria (AAIT) 10



CEng 6506 Earthquake Engineering

Correlation Coefficient Equations, p,,

----- Eq. (13.7.8)
— Eq. (13.7.10)

Rosenblueth-Elorduy

0.8
- 21+ Br)?
Tl = B+ 42 B

=
>

Correlation coefficient p,,
=3
-

Der Kiureghian

e 82201+ BB
T (L~ B H 4L 2B (1 + Bia)?

02

0.5 e 07 0% 09 1 L5 2

Frequency ratio f;, =, / w,

Addis Ababa University (Adil Z.)

(13.7.8)

(13.7.10)

‘Numerical example 1

Equivalent static analysis as per EBCS 8: 1995
&
Dynamic response spectrum analysis

Addis Ababa University (Adil Z.)

Dr. Adil Zekaria (AAIT)

Lecture Notes

11



CEng 6506 Earthquake Engineering Lecture Notes

—

~Examples of equivalent static analysis:

Frame 2

Frame 1 _
Irregular elevation

Regular elevation
Flexible columns

= e (m=200kg )
™| | m=2000 kg = - k=730 kN/m
- ) | y
3m: m=2000 kg k=73 MN/m 3rn77 m=2000 kg k=73.0 kN/m
- k=7.3 MN/m 4m
— mmmmmnt— U0 — mmmmmmtt— 5,0

The structures are subjected to Ug(t) = 0.3g bedrock acceleration, soil class A

Addis Ababa University (Adil Z.)

S

“Equivalent static analysis as per EBCS 8:1995

* Design spectrum coefficients
e Fundamental period: T,= C, H34
T = 0.075*(10)3/4 = 0.422 sec

12§
=—-<25
* Response factor - T, 203

(G =2.84>2.5 ' =2.50

* =03
e ¥=1  assume the behavior factor to be 1 (elastic RS)

*Sy(T) = a7 =075

Addis Ababa University (Adil Z.)

Dr. Adil Zekaria (AAIT) 12
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e

_Equivalent static analysis as per EBCS 8:1995

* Total Base shear  F = S,(T1).W
e Fy = 44.15 kN

e F, =30.90 kN

* Distribution of lateral force , _ (Fo — FoWihi

o

-~ YWk
14.28kN @ 17.49kN 0}

W

for frame 1 since m = 6000 kg, i.e. W = 58.56 kN

for frame 2 since m = 4200 kg, i.e. W = 41.20 kN

and F, = 0.07T,F,

Frame 1

Regular elevation

m=2000 k
- Q00 kg
3 k=7.3 MN/m
= m=2000 ke o
e fore . S|
k=7.3 MN/
M 000k 2 2
S . o e
4m k=7.3 MN/m 4m

— mmmmnt— U,

Addis Ababa University (Adil Z.)

Frame 1 Eratnc)
Addis Ababa University (Adil Z.)
—Examples of dynamic analysis:
Frame 2

Flexible frame

( m=200kg )

Irregular elevation

k=73.0 kN/m

=2000 k
m X g

=2000 k
m X g

— wmmmnt— 0,0

The structures are subjected to Ug(t) = 0.3g bedrock acceleration, soil class A

Dr. Adil Zekaria (AAIT)
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—

_Solution of the eigenvall]g;'rfdﬁlém#f'dfj;f'-ra me 1

1 0 0 2
[m]=m [0 1 0] [k] =k [—1
0 0 1 0

det|[k] — w2[m]| = det[ -k
0

Addis Ababa University (Adil Z.)

2k — w2m

The characteristic equation after simplification

k3 — 6mk?w2 + 5m?kwi — m3w = Ommmp

1 0] Ghere m= 2000kg
Ll
=l k = 7.3MN/m
-k 0
2k — w2m -k |=0
—k k- w?m

w; = 0.445\/k/m
w, = 1.247\/k/m
w3 = 1.802/k/m

Natural frequency-and modeishapes: =

©,=26.88rad/s

T,=0.234sec
From EBCS design spectrum A;=7.358m/s?

Addis Ababa University (Adil Z.)

W,=75.34rad/s

T,=0.083sec
A,=6.607m/s?

—Frame 1
et mode 2 mode 3
P, b, by
: 1.000 1.000 1.000
PS 0805 -0.555 2.04
® 0.4£ / 1,247 1802

@;=108.86rad/s

T5=0.058sec
A;=1.834m/s?

Dr. Adil Zekaria (AAIT)
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~Frame 1

Modal mass distribution vectors:

e

m=2000kg

Addis Ababa University

(Adil Z.)

sde mode 2 mode 3
S] SZ SS
= 1m ; 1.220m -0.280m 0.060m
= 1m 0.979m 0.155m -0.134m
= 1m 0.543m 0.349m 0.108m
W =122 I',=-0.28 [',=0.06

Equivalent modal forces: Frame 1
~Regular Elevation

Addis Ababa Univer:

F !} ={S
{ n} { n}An Fasdet mode 2 mode 3
F, F, F,
= 17.96kN -3.70kN 0.66kN
14.41kN 2.05kN -1.47kN
@ > >
7.99kN 4.61kN 1.19kN
@ > >
G e = e
modal base shear= 40.36kN 2.96kN 0.38kN

sity (Adil Z.)

Dr. Adil Zekaria (AAIT)
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Equiy/aj_gnt static—la:ta&l[gggs from aI] M

RSA

18.34kN @
14.63kN @
9.30kN @

G
F, = 42.27 kN

M, = 323.01 kNm

Addis Ababa University (Adil Z.)

20.40kN

14.28kN

9.46kN

ESA

Ui
F, = 44.15 kN

M, = 341.83 kNm

[ SAP2000 - dynamic - [ Shear Force 2-2 Diagram (SPEC1)]

3% Fle Edt View Define Draw Select Assgn Analyze Display Design Optons Help
w31 =} F@ »f 2@R A LM Hw
&

18.28kN

Equivalent
static forces

32.38-18.28 =14.10kN —*

1 40.32-32.38 = 7.94kN

Shear force diagram from[S;

frame 1

[FRight Cick on any Frame Element for detailed diagram

w2 || fe| Tl ®

Dr. Adil Zekaria (AAIT)
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—

_Solution of the eigenvall]g;'rfdﬁlém#f'dfj;f'-ra me 2

10 0 0 2 =10 where m = 200kg
[mMl=m|0 10 O kKl=Fk|-1 2 -1
0z==0:531 (0 B e k = 73kN/m
2k — w210m —k 0
det|[k] — w2[m]| = det -k 2k — w210m -k |[=0
0 —k k — w?m

The characteristic equation after simplification

w; = 0.1884./k/m

w, = 0.5034/k/m

w3 = 1.0541\/k/m

k® — 33mk%w} + 140m*kwy — 100m3wf = 0 —)

Addis Ababa University (Adil Z.)

Natural frequency-and mode'shapes =
“Irregular elevation e

e mode 2 mode 3
(Pl 6) 5 ¢ 3
® 1.000 1.000 1.000
PS 0964( 0.747/ 0.1
@ 0.58{ -1.398 0.912

G40
©,=3.60rad/s @,=9.62rad/s ;=20.14rad/s

T,=1.75sec T,=0.65sec T;=0.31sec
From EBCS design spectrum A;=1.682m/s> A,=4.528m/s>  A;=7.358m/s>

Addis Ababa University (Adil Z.)

Dr. Adil Zekaria (AAIT)
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ﬁegular elevation

Modal mass drstrlbutmn_yectors

{8} = Lo ml {2}

sde mode 2 mode 3
S; S, S;

° lm 1.20m -0.21m 0.01m

° 10m 11.59m -1.58m 0.01m

= 10m 7.04m 2.95m 0.001m
» Sl s aEs Sinsfens
2 F1=1.20 F2=—0.21 [,=0.01
m=200kg

Addis Ababa University (Adil Z.)

—trregular elevation

Equivalent modal forces:" Frame 2

F !} ={S
{ n} { n}An Fasdet mode 2 mode 3
F, F, F,
° 0.40kN -0.19kN 0.014kN
= 3.90kN -1.43kN -0.016kN
> 2.37kN 2.67kN 0.001kN
G e = e
modal base shear= 6.67kN -1.05kN -0.001kN
Addis Ababa University (Adil Z.)

Dr. Adil Zekaria (AAIT)
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Equivalent static Iateral forces from aII m
~_Irregular elevation
RSA ESA
0.44 kN B P 2.50 kN » @
4.14 kN Py 17.49 kN @
3.57 kN ® 10.91 kN @
E, —815kN F, = 30.90 kN
M, = 47.66 kNm M, = 191.08 kNm
Addis Ababa University (Adil Z.)

"Numerical example 2

Response History Analysis
&
Response spectrum analysis

NB: Refer Chopra’s Dynamics of Structures book,
chapter 13 for the details

Addis Ababa University (Adil Z.)

Dr. Adil Zekaria (AAIT) 19
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"RHA for 5 story shear fran

Floor Mass  Story Stiffnes

m; = m = 100 kips/g

—®——% n
k
—@——uu‘ m
k
—O—1—=% m
k ki = k = 31.54 kips/in.
—uuz m
k
—O—1—¥ m
k
1 2 -1
1 -1 2 -1
m=m 1 k=k =1 2 -1
1 -1 2 -1
| -1 1

Addis Ababa University (Adil Z.)

"RHA for 5 story shear fran

0.334 —0.895 1.173 -1.078 0.641

0.641 -1.173 0.334 0.895 -1.078
@1 =(08953 ¢=1-0641} P3=1-1078} da=1{ 0334} ¢s5= 1.173
1.078 0.334 -0.641 -1.173 —0.895
1.173 1.078 0.895 0.641 0.334

Lm 1078 0595 0841
= =

10% Z 061 |.|u< uwé
0895 0541 1078 ;
0641 1473 0334 ; :
033 G493 L7 > nm< ? 0541
L s f

=3
Mode | Mode 2 Mode 3 Mode 4 Mode 5

172
Wp = Oy (;) a) = 0.285, a; = 0.831, a3 = 1.310, @4 = 1.682, and as = 1.919.
T, = 2.0,0.6852, 0.4346, 0.3383, and 0.2966 sec.

Addis Ababa University (Adil Z.)

Dr. Adil Zekaria (AAIT)
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"RHA for 5 story shear fran

— e 1.252m - 0362m r0.159m -0.063m 0.015m
—— b= 1.1500m 0.112m {-0.113m +0.116m -0.040m
— t——e-0.956m -0.215m 4-0.191m +0.033m 0.053m
e 111 = —=0.684m + te0.394m * 0.059m + -0.088m + -0.049m
—m t=0.356m = 0.301m +0.208m +0.106m 0.029m
T e b b h L] _—
ml s 5 s 5 ]

{Sa} =TI, [m] {®,}
Mode Vji/m V&/m Mp /mh us,

4.398 1.252 1545 0.127
0436 -0.362 -0.525 -0.004
0.121 0.159  0.092 0.0008
0.037 -0.063 -0.022 -0.0002
0.008 0015  0.004 0.00003

A B W N -

Addis Ababa University (Adil Z.)

"RHA for 5 story shear fran

Effective modal masses and effective modal heights

m
+ ——
i 4.398m
D
m
s —(O—
1 m =
- O =
?& - bl 0.436m
—0C— 5 —p 0037m  0.008m
5 §T I
t B T . S ki e (1)
[« g
Mode =y 2 3 4 5

Figure 13.2.5 Effective modal masses and effective modal heights.

Addis Ababa University (Adil Z.)
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"RHA for 5 story shear frame

D,, in.

boodboodboondooadooan

5.378

2583

ARAAAAAARAAAAAAAN

A8 A ~
VYV AAY

1.505

10 15
Time, sec

<

AnE

T

0.1375

0.5628

D - D e

—

17 07585

Mode 1

0 5 10
Time, sec

Figure 1326 Displacement D,(1) and pseud

systems,

Addis Ababa University (Adil Z.)

A () p of modal SDF

"RHA for 5 story shear frame

75 $0.469

0 G
-75

Vi, kips
=1
K
@.
oo ¢
3

0.595
73.278

0 5 10 15
Time, sec

Ve, kips

bosbosbosbosbdosnbos

Vs, kips

17.211 Mode 1
2

20.382
3

12.923

4

2951
5

1.141
35217 o

0 5 10 15
Time, sec

Flgure 13.2.7 Base shear and fifth-story shear: modal contributions, Via(t) and Vs, (r), and total

responses, Vi (r) and Vg(1).

Addis Ababa University (Adil Z.)

Dr. Adil Zekaria (AAIT)
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. — _—
RHA for 5 story shear frame
g 6.731 3 2549.4 Mode 1
0] 0
-8 -3
8 3 2
NI YR N
5 ! . 3 .
. ! e :
F 0239 * 90402
-8 :! -3
8 3 4
0 0.055 g 20.986
-8 =3
8 3 5
0 0.01 z b 3.718
-8 s -3
8 (.847 - 3 25932 Total
: =
o FAAAAANA S
kS 8 = 3
1] 5 10 15 0 5 10 15
Time, sec Time, sec
Figure 13.28 Roof di and basc ing momeng: modal contributions, us, (1) and
Mpa (1), and totaleéspangeR.ofs(s) and Msley. (Adil Z.)

Pseudo-velocity V, infsec

02 L L A L
0.02 005 0l 02 0.5 1 2 5 10 20 50
Natural vibration period T,, sec

Figure 13.8.2  Earthquake response spectrum with natural vibration periods T, of example structure

SR RESABIE TS W2,

Dr. Adil Zekaria (AAIT) 23
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"RSA for 5 story shear frame

[a} (b) Mode 2 . (c)Mode3
1 (kips) u (in.) ) w, (in.) fy (kips) v (in.)
17.211 6731 20,382 0.936 12923 0219
15817 6.186 6313 \ 029 9.245 0171
13.141 5139 12144 0.556 15.554 0.287
9.401 j 3677 22179 X 1.018 4818 0.089
4899 1916 16534. ] 0777 16925 0313
e - = L. . E] » .
o Viy = 60.469 kips — 2= 24.533 kips -—V ;-9-ﬂlf7hp¢
My = 25494 kip-ft My = 35433 kip-ft My =90.402 kip-f
(@Moded | (@Modes
£2 (kips) uy (in.) s (kips) s {in.)
4951 0.055 1141 0.010
9.064. ’,U‘IlJl 3061 0.026
2580, 0.029 4008 0.034
6.920 0.077 1684 0032
8330 0.093 2.189 0.019
Ll b = -
—— Vi =2.943 kips - Va5 = 0.595 kip
My = 20986 kip-ft Mas = 3.718 kip-ft

Figore 1383 Pcak values of displacements and equivalent static lateral forces due to the five
natural ViR MY e University (Adil Z.)

"5 Story frame RSA & RHA"

Vi
Mode  (kips)

60.469
24.533
9.867
2.943
0.595

Vi AW N -

Vs
(kips)

17.211
—20.382
12.923
—4.951
1.141

My
(kip-ft)

2549.4
—354.33
90.402
—20.986
3.718

Hs

(in.)

6.731
-0.936
0.239
—0.055
0.010

TABLE 13.8.5 RSA AND RHA VALUES OF
PEAK RESPONSE

ABSSUM
SRSS

oQC
RHA

Vo Vs
(kips)  (kips)

98.407 56.608
66.066 30.074
66.507 29.338
73278  35.217

M) us
(kip-f)  (in)
30188 17971
25756 6.800
25727 6.793
25932 6.847
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RHA for 4 story frame with appendage
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Figure 13.2.9 Natural periods and modes of vibration of building with appendage.
Addis Ab: 1bx University (Adil Z.)
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Figure 13.2.10 Displacement Dn(r) and pseudo-acceleration A,(r) responses of modal SDF
systems.
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RHA for 4 story frame with appendage
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Figure 13.2.11 Base shear and appendage shear: modal coatributions, Vs (1) and Vs, (1), and total
responses, Vi (1) and Vs(1).
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4 Story frame with an appendage F

TABLE 13,8.6 SPECTRAL VALUES AND PEAK
MODAL RESPONSES

P D, Vi Vs
Mode (sec) (in) Ap/g (kips) (kips)

2.000 5.378 0.1375 26805 1.367

1.873 5335 0.1556 25429 -1.397 VYABLE 13.8.11 RSA AND
0.672 2.631 05950 19816 0.027 RHA VALUES OF PEAK
0439 1545 08176 6.414 -0.005 RESPONSE

0.358 0928 0.7407 1.090  0.001

VoA W -

vy Vs
(kips) (kips)

ABSSUM  79.554 2.797
SRSS 42428 1.954
cQC 52774 1.074
RHA 56.660 0.997
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