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Introduction

The Construction DataBook, Second Edition, provides the project manager, construction superin-
tendent, design consultants, facility managers and owners with a one-source guide for the most com-
monly encountered construction materials and equipment.

Composed of eleven sections ranging, in topics, from excavation and sitework to mechanical and
electrical components, the book also includes a handy set of useful tables and formulas. Quick and
easy access to informative data on these materials and systems is afforded.

Much of this material has been gleaned from manufacturers and suppliers data but a great deal of
these specifications and installation procedures are generic in nature.

The Construction DataBook, Second Edition includes several HVAC, plumbing and electrical
and alternative energy schematics that explain complex systems in easy-to-understand terms.
Installation instructions for subjects as diverse as piles to plastic pipe joining techniques are in-
cluded in the book. This one-source volume can prove invaluable for office- and field-based design
and construction personnel since it contains many of the materials and equipment incorporated in
today’s building projects.

How many times during project meetings, field visits, or conversations with architects, engineers,
general contractors, and subcontractors has it been helpful to have ready access to a concise source
of information about product data under discussion? The Construction DataBook, Second Edition
fulfills that need.

I have selected the construction components, material specifications, and typical installation pro-
cedures, that, in my forty years experience in the construction industry appear to be those for which
reference material is so often required, and, as usual, required “yesterday.”

I hope you find the Construction DataBook, Second Edition a worthwhile addition to your con-
struction library.

Sidney M. Levy
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1.0.0 Soil Types and Classification

The general classification of soils is divided into the following broad categories:

e Gravel
e Sand
e Silt

e Clay

¢ Organic

1.0.1 A Glossary to Better Understand Soil Terminology

AASHTO American Association of State Highway and Transportation Officials.

AASHTO T-180 American Association of State Highway and Transportation Officials standard for
the modified Proctor test.

AASHTO T-99 American Association of State Highway and Transportation Officials standard for the
standard Proctor test.

Aeolian deposits Wind-deposited materials such as sand dunes or other silty-type materials.

Aggregate (coarse or fine) Crushed rock, sand, or gravel that has been graded and may be used
as backfill material.

Air gap reading The nuclear density meter test procedure that allows for cancellation of error in
reading due to the chemical composition of the soil tested.

Alluvium Material that has been deposited by streams that may no longer exist or that form exist-
ing floodplains.

Amplitude The distance an oscillating body moves in one direction from its neutral axis to the
outer limit of travel.

Aquifer A geologic formation that provides water in sufficient quantities to create a spring or well.
ASTM American Society for Testing and Materials.

ASTM D 1557 American Society for Testing and Materials standard for the modified Proctor test.
ASTM D 698 American Society for Testing and Materials standard for the standard Proctor test.
Backfill Materials used to refill a cut or other excavation, or the act of such refilling.

Backscatter A method of nuclear density meter soil testing in which the radiation source is placed
in contact with the soil surface and density readings are taken from the reflected radiation, the
principle being that dense materials absorb more radiation than materials that are not as dense.

Bank A mass of soil that rises above the normal earth level. Generally any soil that is to be dug from
its natural position.

Bank-run gravel (run of bank gravel) Gravel as it is excavated from a bank in its natural state.

Bank-yards The measurement of soil or rock taken before digging or disturbing from its original
position.

Base The course or layer of materials in a road section on which the actual pavement is placed. This
layer may be composed of many different types of materials, ranging from selected soils to
crushed stone or gravel.

Base course A layer of material selected to provide a subgrade for some load-bearing structure
(such as paving) or to provide some for drainage under a structure above.

Berm An artificial ridge of earth. This term is generally applied to the slide-slopes of a road bed.

Binder A material that passes through a No. 40 U.S. standard sieve that is used to fill voids or hold
gravel together.

Borrow pit  An excavation from which fill material is taken.
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Boulder A rock fragment with a diameter larger than 12 in. (304.8 mm).

Capillary action. The cohesive, adhesive, or tensive force that causes water that is contained
within soil channels to rise or depress on the normal horizontal plane or level.

Cemented soil Soil in which particles are held together by a chemical agent, such as calcium car-
bonate.

Centrifugal force The pulling force of an eccentric weight when put in rotary motion that may be
changed by varying the rotational speed and/or mass of the eccentric and/or center of gravity
(shape) of the eccentric weight.

Clay A cohesive mineral soil consisting of particles less than 0.002 mm in equivalent diameter, a
soil textural class, or a fine-grained soil with more than 50 percent passing through a No. 200 sieve
that has a high plasticity index in relation to its liquid limit.

Clean Free of foreign material. When used in reference to sand or gravel, it means the lack of a
binder.

Cobble A rock fragment, generally oblong or rounded, with an average dimension ranging from
3 in. (75 mm) to 12 in. (305 mm).

Cohestonn  Shear resistance of soil at zero normal stress; also the quality of some soil particles to
attract and stick to like particles; sticking together.

Cohesionless soil A soil that when air-dried in an unconfined space has little cohesion when
submerged.

Cohesive material A soil having properties of cohesion.

Cohesive soil A soil that when in an unconfined state has considerable strength when air-dried and
submerged.

Compacted yards The cubic measurement of backfill after it has been placed and compacted in fill.

Compaction A process to decrease voids between soil particles when subjected to the forces
applied by special equipment.

Compressibility The property of a soil to remain in a compressed state after compaction.

Contact reading A reading by a nuclear density meter when the bottom of the meter is in full con-
tact with the compacted material to be tested.

Core A cylindrical sample of an underground formation, cut and raised by a rotary hollow bit drill.
Crown The center elevation of a road surface used to encourage drainage.

Datum Any level surface used as a plane of reference to measure elevations.

Density The mass of solid particles in a sample of soil or rock.

Double amplitude The distance an oscillating body moves from its neutral axis to the outer limit
of its travel in opposite directions.

Dry soil Soil that does not exhibit visible signs of moisture content.

Dynamic linear force The force pounds per inch (Ib/in.) seen by the soil as produced by a vibra-
tory roller. Calculated by dividing the centrifugal force by the width of the compacting surface(s).

Eccentric A mass of weight off-balanced to produce centrifugal force (Ib) and being part of the
exciter unit that produces vibration.

FElasticity Properties that cause soil to rebound after compaction.
Embankment A fill whose top is higher than the adjoining natural compaction.

End result specifications Compaction specifications that allow results instead of method specifi-
cations to be the determining factor in the selection of equipment.

FExciter The component of a vibratory compactor that creates centrifugal force by means of a
power-driven eccentric weight.

Fines The smallest soil particles (Iess than 0.002 mm) in a graded soil mixture.
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Fissured sotl  Soil material that has a tendency to break along definite planes of fracture with little
resistance.

Foot or shoe The bottom part of a vibratory impact rammer contacting the soil.

Frequency The rate at which a vibrating compactor operates, usually expressed in vibrations per
minute (VPM).

Glacial till  Unstratified glacial materials deposited by the movement of ice and composed of sand,
clay, gravel, and boulders in any proportion.

Grade Usually defined as the surface elevation of the ground at points where it meets a structure;
also, surface slope.

Grain distribution curve A soil analysis graph showing the percentage of particle size variations
by weight.

Granular material A type of soil whose particles are coarser than cohesive material and do not
stick to each other.

Granular soil  Gravel, sand, or silt with little or no clay content. It has no cohesive strength, cannot
be molded when moist, and crumbles easily when dry.

Gravel Round or semiround particles of rock that pass through a 3-in. (76.2-mm) sieve and are
retained by a No. 4 U.S. standard sieve [approximately Y/, in. (6.35 mm)]. It is also defined as an
aggregate, consisting of particles that range in size from Y, in. (6.35 mm) to 3 in. (76.2 mm).

Gumbo Clays that are distinguished in the plastic state by a soapy or waxy appearance and great
toughness.

Hardpan Soil that has become rocklike because of the accumulation of cementing minerals, such
as calcium carbonate, in the soil.

Impervious Resistant to movement of water.
In situ The natural, undisturbed soil in place.

Internal friction The soil particle’s resistance to movement within the soil mass. For sand, the
internal friction is dependent on the gradation, density, and shape of the grain and is relatively
independent of the moisture content. For a clay, internal friction varies with the moisture content.

Layered system Two or more distinctly different soil or rock types arranged in layers.

Lift A layer of fill as spread or compacted. A measurement of material depth. The amplitude of a
rammer’s shoe. The rated effective soil depth a compactor can achieve.

Liquid limit The water content at which the soil changes from a plastic to a liquid state.
Loam A soft, easily worked soil that contains sand, silt, clay, and decayed vegetation.

Loess A uniform aeolian deposit of silty material having an open structure and relatively high
cohesion because of the cementation of clay or marl.

Marl Calcareous clay that contains from 35 to 65 percent calcium carbonate.
Muck Mud rich in humus or decayed vegetation.
Mud Generally, any soil containing enough water to make it soft and plastic.

Optimum moisture content Water content at which a soil can be compacted to a maximum-unit
dry-unit weight.

Organic clay/sotl/silt  Clay/soil/silt with high organic content.
Pass A working trip or passage of an excavating, grading, or compaction machine.
Peat A soft, light swamp soil consisting mostly of decayed vegetation.

Perched water table A water table of generally limited area that appears above the normal free-water
elevation.

Plasticity A property of soil that allows the soil to be deformed or molded without cracking or
causing an appreciable volume change.
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Plasticity index The numeric difference between a soil’s liquid limit and its plastic limit.

Plastic limit  The lowest water content of a soil, at which the soil just begins to crumble when rolled
into a cylinder approximately Y in. (3.17 mm) in diameter.

Proctor modified A moisture—density test of more rigid specifications than the standard Proctor
test. The basic difference is use of a heavier weight dropped from a greater distance in laboratory
determinations.

Proctor standard A test method developed by R. R. Proctor for determining the density—moisture
relationship in soils. It is almost universally used to determine the maximum density of any soil so
that specifications may be properly prepared for field construction requirements.

Quicksand Fine sand or silt that is prevented from stabilizing by a continuous upward movement
of underground water.

Relative compactiorn, The dry unit of weight of soil compared to the maximum unit weight obtained
in a laboratory compaction test and expressed as a ratio.

Silt A soil composed of particles between 0.00024 in. (0.006 mm) and 0.003 in. (0.076 mm) in
diameter.

Soil The loose surface material of the earth’s crust.

Specific gravity The ratio of weight in air of a given volume of solids at a stated temperature to the
weight in air of an equal volume of distilled water at the stated temperature.

Stabilize To make soil firm and prevent it from moving.

Static linear force The force in pounds per inch (Ib/in.) seen by the soil as produced by a nonvi-
bratory roller. Calculated by dividing the dead weight of the compactor by the width of the com-
pacting surface(s).

Subbase The layer of selected material placed to furnish strength to the base of a road. In areas
where construction goes through marshy, swampy, unstable land, it is often necessary to excavate
the natural material in the roadway and replace it with more stable materials. The material used
to replace the unstable natural soils is generally called subbase material, and when compacted is
known as the subbase.

Subgrade The surface produced grading native earth, or inexpensive materials that serve as a base
for a more expensive paving.

VPM Vibrations per minute, derived by the rate of revolutions the exciter makes each minute.
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1.1.0 ASTM Unified Soil Classification (USC) System

The American Society for Testing and Materials refers to the Unified Soil Classification system in its
ASTM D-2487 specification, the Unified Soil Classification (USC) system.

Unified Soil Classification (USC) System (from ASTM D 2487)
. i . Grou .
Major Divisions P Typical Names
Symbol
Gravels GW Well-graded gravels and gravel-sand mixtures, little
50% or more of | Clean or no fines
coarse Gravels GP Poorly graded gravels and gravel-sand mixtures, little
fraction retained or no fines
on
the 4.75 mm Gravels GM Silty gravels, gravel-sand-silt mixtures
Coarse-Grained Soils (No. 4) sieve ith Fi
More than 50% retained . with Fines GC Clayey gravels, gravel-sand-clay mixtures
on the 0.075 mm Well-graded sands and gravelly sands, little or no
(No. 200) sieve Sands Sw fi
Clean ines
50% or more of Sand
coarse ands sp Poorly graded sands and gravelly sands, little or no
fraction p fines )
(Nthe4’)4'7_5 Sands SM Silty sands, sand-silt mixtures
0. 4) sieve g
with Fines SC Clayey sands, sand-clay mixtures
ML Inorganic silts, very fine sands, rock four, silty or
clayey fine sands
Liquisd'l:isn:?g()cf’/loagrsless CL Inorganic clays of fow to medium plasticity,
Fine-Grained Soils gravelly/sandy/silty/lean clays
More than 50% passes oL Organic silts and organic silty clays of low plasticity
the 0.075 mm
(No. 200) sieve MH Inorganic silts, micaceous or diatomaceous fine sands
Silts and Clays or silts, elastic silts
Liquid legog/:eater than CH Inorganic clays or high -ptasticity, fat clays
OH Organic clays of medium to high plasticity
Highly Organic Soils PT Peat, muck, and other highly organic soils

Prefix: G = Gravel, S = Sand, M = Silt, C = Clay, O = Organic
Suffix: W = Well Graded, P = Poorly Graded, M = Silty, L = Clay, LL < 50%, H = Clay, LL > 50%
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1.1.1 ASTM Terminology

ASTM terminology, as presented in the USC divisions, refers to material retained after passing

through a sieve.

The basic reference for the Unified Soil Classification System is ASTM D 2487. Terms include:

Coarse-Grained
Soils

Fine-Grained Soils

Gravel

Coarse Gravel

Fine Gravel

Sand

Coarse Sand

Medium Sand

Fine Sand

Clay

Silt

Peat

More than 50 percent retained on a 0.075 mm (No. 200) sieve.

50 percent or more passes a 0.075 mm (No. 200) sieve.
Material passing a 75-mm (3-inch) sieve and retained on a 4.75-mm
(No. 4) sieve.

Material passing a 75-mm (3-inch) sieve and retained on a 19.0-mm
(3/4-inch) sieve,

Material passing a 19.0-mm (3/4-inch) sieve and retained on a
4.75-mm (No. 4) sieve.

Material passing a 4.75-mm sieve (No. 4) and retained on a 0.075-mm
(No. 200) sieve.

Material passing a 4.75-mm sieve (No. 4) and retained on a 2.00-mm
(No. 10) sieve.

Material passing a 2.00-mm sieve (No. 10) and retained on a 0.475-mm
(No. 40) sieve.

Material passing a 0.475-mm (No. 40) sieve and retained on a
0.075-mm (No. 200) sieve.

Material passing a 0.075-mm (No. 200) sieve that exhibits plasticity, and
strength when dry (PI 3 4).

Material passing a 0.075-mm (No. 200) sieve that is non-plastic,
and has little strength when dry (PI < 4),

Soil of vegetable matter.
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Sieve size reference and sieve size chart with both U.S. and metric sieve openings. The terminology

is based upon various soils being able to pass through a sieve size containing openings of various
sizes.

U.5.A. Sieve Series and Equivalents—A.S.T.M. E-11-87
Sieve Designation Sieve Opening Nominal Wire Diameter
Slandard (a)] Alternative |  mm in S mm | in G
125 mm 5 125 5.00" 8.00 3150
106 mm 4.24" 106 4.24" 6.40 .2520"
100 mm 4“@) 100 4.00" 6.30 .2480"
90 mm 3. 90 3.50" 6.08 .2394"
75 mm 3 75 3.00" 5.80 .2283"
63 mm 2.5" 63 2.50" 5.50 .2165"
53 mm 212" 53 212" 5.15 .2028"
50 mm ?_sh] 50 2.00" 5.05 .1988"
45 mm 1.15" 45 1.75" 4.85 .1909"
37.5 mm 1.5" 375 1.50" 4.59 1807
31.5mm 1.25" 3.5 1.25" 4,23 .1665"
26.5 mm 1.06" 26.5 1.06" 3.90 .1535"
25.0 mm 1"; 25.0 1.00" 3.80 .1496"
22.4 mm 7/8" 224 0.875" 3.50 1378
19.0 mm 3 19.0 0.750" 3.30 .1200"
16.0 mm 5/8" 16.0 0.625" 3.00 1181
13.2 mm 530" 13.2 0.530" 2.75 .1083"
12.5 mm 1/2(b) 12.5 0.500" 2.67 1051
11.2 mm mn 1.2 0.438" 2.45 .0965"
9.5 mm 3/8" 95 0.375" 2.27 .0894"
8.0 mm 5/16" 8.0 312 2.07 .0815"
6.7 mm .265" 6.7 265" 1.87 .0736"
6.3 mm 1!4"{2 6.3 .250" 1.82 o071
5.6mm | No. 3- 4(1:] 5.6 .223" 1.68 0661
4.75 mm No. 4.75 0.187" 1.54 .0606"
4.00 mm No. 5 4.00 0.157" 1.37 .0539"
3.35 mm No. 6 3.35 0.132" 1.23 .0484"
2.80 mm No. 7 2.80 0.11" 1.10 0430
2.36 mm No. B 2.36 ).0937" 1.00 .0394"
2.00 mm No. 10 2.00 ).0787" .900 0345
1.70 mm No. 12 1.70 .0661" 810 .0319"
1.40 mm No. 14 1.40 .0555" 125 .0285"
1.18 mm No. 16 1.18 .0469" 650 [0256"
1.00 mm No. 18 1.00 .0394" .580 228"
850 pm No. 20 0.850 .0331" 510 .0201"
710 pm No. 25 0.710 .0278" 450 01
660 pm No. 30 0.600 .0234" 390 .0154"
500 pm No. 35 0.500 0197 340 0134
5 pm No. 40 0.425 .0165" .290 0114
355 pm No. 45 0.355 .0139" 247 .oog7
300 pm No. 50 0.300 L0117 215 .0085"
250 pm No. 60 0.250 .0098" 180 .0071"
212 pm No. 70 0.212 ).0083" 152 .0060"
180 pm No. 0.180 ).0070" A3 .0052"
150 pm No. 100 0.150 ).0059" 110 .0043"
125 pm No. 120 0.125 .0049" .091 .0036"
106 pm No. 140 0.106 .0041" 076 0030
90 pm No. 170 0.090 .0035" .064 .0025°
75 pm No. 200 0.075 0.0029" 053 0021
63 pm No. 230 0.063 0.0025" .044 0017
53 pm No. 270 0.053 0.0021" 037 .0015"
45 ym No. 325 0.045 0.0017" .030 .0o12"
38 pm No. 400 0.038 .0015" 025 0o010"
32 pm No. 450 0.00126" .0011
25 pm No. 500 .00098" .00
20 pm No. 635 0.00079" .0008
a) These standa esignation: T for i -
( }merfdea %Elgtaﬁaﬁnalssﬁgpgs ioa‘ﬂﬁ;u%?leaege:feamgw%ﬁgengP es recom

{b) These sieves are not in the foul
because Irllw_gyéa.ra in &nmmon usage.

{c) These nu %3-1 to 400) are the
but it is preferred that the sieve be iden
or microns (1000 microns = 1 .

mm.)

rth root of 2 Series, but they have been

nted

included

ximate number of openings linear inch
by the standard degi?;na mnpﬁmﬁmelefs



10 Section 1

1.1.3 American Association of State Highway and Transportation Officials (AASHTO) Soil
Classification System

American Association of State Highway and Transportation Officials (AASHTO) has a somewhat dif-
ferent soil classification system to be used by the states in developing specifications for highway con-
struction purposes.

AASHTO Soil Classification System

The AASHTO Soil Classification System was developed by the American Association of State Highway and Transportation
Officials, and is used as a guide for the classification of soils and soil-aggregate mixtures for highway construction purposes.

The classification system was first developed by in 1929, but has been revised several times since.

AASHTO Soil Classification System (from AASHTO M 145 or ASTM D3282) _
- Granular Materials (35% or less passing the 0.075 | Silt-Clay Materials (>35%

General Classification mm sieve) - psjt__ss:mg the 0 075 mm sreve)
'A-1 (A2 ] A7
 Group Classification e las |A3 [A2-[A2- [A2- [a2- |A4 A5 (A6 [A75A.
! P 'A-l-a !A-I-b ?2 IA2 A2 A2 | A-7-5A
| ' 1 & : 26 _ a? : ' s, i

S T ST ] R )

‘Sieve Analysns % passmg

2.00 mm (No. 10) ?so}iia;é [ B :

51 i

E(.'L425 (No. 40) .30 max 1S'D max Emm

? | ! ’ 35 r35 I35 35 [ag i |ag i |

i 225 | = st .
0_(_)?5_{'N(3_200_) ] "15 max ;25 max. max Imax max. 'rnax ‘max 36 min |36 min 36 min 36 min
| Characteristics of fraction

,_passmg 0 425 mm (No. 40) |

;quuld Limit | ! |i10ax fnlin :noax %fnlm |:‘?ax 41 min_l‘?'n(:;‘x ‘41 min
Plasllclty Index 6 max IN.P. r]noax .:n{)ax :nim ;I!n]m :!rlnoax rln{)ax 11 min |1 min!
Usual types ofSIgnif' cant  stone fragments, | fine | sﬂty or c]ayey gravel and | . . .
[constlment materials gravel and sand 'sand i sand s:lty soils clayey soils
IGeneral ratmg asa subgrade exce] lent to good  fair to poor

Note (1): Plasticity index of A-7-5 subgroup is equal to or less than the LL - 30. Plasticity index of A-7-6 subgroup is greater
than LL - 30

From Wikipedia, the free encyclopedia.
(1l Hogentogler, C.A., Terzaghe, K. (May 1929). “ Interrelationship of load, road and subgrade”, Public Roads; pp. 37-64.



Soils, Site Utilities, Sitework Equipment 1

1.1.4 Properties of Soils, U.S. Department of Agriculture (USDA)

Properties of soils modified by the U.S. Department of Agriculture (USDA) to reflect soil groups that
range from excellent to unsatisfactory based upon drainage, frost heave susceptibility, and potential
volume changes.

Unif.ied . Frost Volume
Soil Drainage Heave Change
Soil Group |Classifi- Soil Description Character- | o epti- Potential
cation istics! bilitv? E . 3
Symbol ility Xpansion
Well-graded gravel, gravel-
GW |sand mixtures, little or no Good Low (F1) Low
fines
Poorly graded gravels or Low (F1) to
GP  |gravel-sand mixtures, little Good Medium Low
or no fines (F2)
Well-graded sands, gravely Medium
Group I SW sands, little or no fines Good (F2) Low
Excellent Poorly graded sands, .
: Medium
SP  |gravely sands, little or no Good (F2) Low
fines
Silty gravels, gravel-sand- . Low (F1) to
GM clay mixtures Medium High (F3) Low
. . Mekium
SM Sl.lty sand, sand-silt Medium | (F2) to High Low
mixtures (F3)
Ge |Clayey ravels, gravel- Medium | High (F3) Low
sand-clay mixtures
gc |Clavey sand, sand-clay Medium | High (F3) Low
mixtures
G - Inorganic silts and very fine
roup sands, rock flour, silty fine . Very High
Fair to Good ML sands or clayey silts with Medium (F4) Low
slight plasticity
mediam plastiy, rave High (F3) t
CL P » BIAVELY | Medium | Very High Medium
clays, sandy clays, silty (F4)
clays, lean clays
CH Inorgaplc clays of high Poor High (F3) High to Very
plasticity, fat clays High
Group III . " - S
Poor norganic silts, micaceous . '
MH |or diatomaceous fine sandy Poor Vel&;}glgh High
or silty soils
Organic silts and organic . .
OL silty clays of low plasticity Poor High (F3) Medium
Un(;';;)i:}:l gz:;ry Organic sands of medium
OH |to high plasticity, organic | Unsatisfactory] High (F3) High
silts
PT S(fﬁ; and other high organic Unsatisfactory| High (F3) High

Source: Table modified from the U.S. Department of Agriculture (www.usda.gov).

1 Percolation rate for good drainage is over 4 inches per hour, medium drainage is 2 to 4 inches per
hour, and poor drainage is less than 2 inches per hour.

2 After Coduto, D.P.(2001). Foundation Design. Prentice-Hall. F1 indicates soils that are least
susceptible to frost heave, and F4 indicates soils that are most susceptible to frost heave.

3 For expansive soils, contact a geotechnical engineer for verification of design assumptions. Dangerous
expansion might occur if soils classified as having medium to very high potential expansion types are
dry but then are subjected to future wetting.


www.usda.gov
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1.1.5 USDA and FEMA Coastal Construction Manual Bearing Capacity Data

USDA and FEMA Coastal Construction Manual data include bearing capacity data, shear strength
and angle of internal friction data, and grading of various types of soils as excellent, fair to good, or

poor.
Table 7 Engineering Properties of Soils
Ulslif'iled
, or’ . . Undrained Shear
Soil Group Ccl:tsis;lt;i- Bearing Capacity (psf) Strength] (s Ii}l‘lilgtlieo:)lf({lr;tge::ez;l)
Symbol
GW 2,700-3,000 NA 38-46
GP 2,700-3,000 NA 38-46
Group I Sw 800-1,200 (loose) NA 30-46 (loose to dense)
Excellent SP 800-1,200 (loose) NA 30-36 (loose to dense)
GM 2,700-3,000 NA 38-46
SM 1,600-3,500 (firm) NA 28-40 (firm)
GC 2,700-3,000 NA 38-46
SC 1,600-3,500 (firm) NA 30-34 (dense)
Group 11
Fair to Good ML 2,000 NA 30-34 (dense)
CL 600-1,200 (soﬁ) — 0-250 (soft) — NA
3,000-4,500 (stiff) 1,000-1,200 (stiff)
Growptn | CH | 5006% 500 st | 2000400 it NA
Poor MH 2,000 1,600 NA

Source: Table modified from the U.S. Department of Agriculture (www.usda.gov), FEMA Coastal
Construction Manual (www.fema.gov), and Bardet, J. (1997). Experimental Soil Mechanics. Prentice-
Hall.

1 The undrained shear strength is also commonly referred to as cohesion in saturated clays.

psf = pounds per square foot NA = not applicable

1.1.6 Typical Soil Bearing Capacity Categories

Typical soil bearing capacities can be roughly categorized as follows:

e Crystalline bedrock 12,000 pounds per square foot

¢ Sedimentary rock 6,000 pounds per square foot
e Sandy gravel or gravel 5,000 pounds per square foot
e Sand, silty sand, clayey sand, silty gravel 3,000 pounds per square foot
¢ Clay, sandy clay, silty clay 2,000 pounds per square foot

Source: Table 401.4.1, CABO-1 & 2 Family Houses Code, 1995.


www.usda.gov
www.fema.gov
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1.2.0 Soil Test Boring Report

The geotechnical report assembled by an owner when a new construction project is anticipated will
include test borings to acquaint bidding contractors with the general nature of the site’s subsurface

conditions.
LOG OF BORING No. B-1
CLIENT: DATE: 6-22-99 | #02995604 RIG: CME 75
SITE PROJECT:
-
o 0 £ - (a&
S a > = & e T €
o i E - [ & Elr |EE w g
= DESCRIPTION ; 7y i g zo |l |2 |Z % E wn
3 Bl 8 |E|ly|Q|ud|E2 2, (SR, | EED
< r Z R+ =
o Wl 8 |2|F| ¢ |%2|38|68/36% <3S
6" GRAVEL PA
LEAN CLAY, silty trace organics,
gray brown, trace dark brown and
red brown, medium (Possible Fill) Cl: 1]1SS |14 |7 34.1 2000* | 45,21,34
5 HS
LEAN CLAY, calcareous, trace
| sand and limestone gravel dark
birowmy, brown: very. ot (Possible e & [ S5 |8 |5 | 188 7000° | 45,2322
Fill)
HS
15 CL |3 [SS |24 |9 24.1 5500*
HS
LEAN CLAY, trace silt, gray
brown, trace dark gray, red brown
and dark brown, stiff to very stiff 20 CL 4 |SS [ 24 |10 22.3 3500* | 44,20,24
HS
25 CL 5|85 |24 |5 276 2500*
HS
LEAN CLAY, silty, gray brown,
trace dark brown, stiff to very stiff | 30 CL 6 |SS |24 |19 26.5 5000* | 42,18,24
HS
| Trace limonites at 34.0° 35 |cLCH |7 [ SS [24 |14 23.5 5000*
HS
LEAN TO FAT CLAY, gray brown,
trace dark brown, very stiff

1.2.1 Stratum Description Column in Boring Log

A stratum description column is included in the boring log and makes reference to soils description
in more general terms, such as topsoil, gravel, and dense or medium sand. This log and report is often
accompanied by the civil engineer’s soils classification terminology that mostly parallels that of the
USC and includes a component gradation designation and a fines fraction chart.
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1.2.1.1 Fines Fraction, Plasticity

Fines fraction, plasticity, component gradation terms, and density/consistency tables accompany the
civil engineer’s soils report. The smallest thread diameter rolled portion of the table refers to the
smallest diameter the soil sample can be rolled into by hand.

COMPONENT GRADATION TERMS

MATERIAL FRACTION SIEVE SIZE
GRAVEL COARSE 3/4" TO 3"
FINE NO. 4 TO 3/4"
SAND COARSE NO. 10 TONO. 4
MEDIUM NO. 40 TONO. 10
FINE NO. 200 TO NO. 40
FINES PASSING NO. 200
FINES FRACTION
PLASTICITY PI NAME SMALLEST
THREAD DIA
ROLLED
NON-PLASTIC 0 SILT NONE
SLIGHT 1-5 Clayey SILT 1/4"
LOW 5-10 SILT & CLAY 1/8"
MEDIUM 10-20 CLAY & SILT 1/16"
HIGH 20-40 Silty CLAY 1/32"
VERY HIGH >40 CLAY 1/64"
1.2.1.2 Bedrock Weathering Classifications
BEDROCK WEATHERING CLASSIFICATION
GRADE SYMBOL DIAGNOSTIC FEATURES
Fresh F No visible signs of decomposition or discoloration. Rings under hammer
impact.
S]ightly Weathered WS Stight discoloration inwards from open fractures, otherwise similar to F.
Moderately Weathered WM Discoloration throughout. Weaker minerals such as feldspar decomposed.
Strength somewhat less than fresh rock but cores cannot be broken by hand or
scraped by knife. Texture preserved.

Hi gh]y Weathered WH Most minerals somewhat decomposed. Specimens can be broken by hand with
effort or shaved with knife. Core stones present in rock mass. Texturc
becoming indistinct but fabric preserved.

Comple[ely Weathered wC Minerals decomposed to soil but fabric and structure preserved (Saprolite).
Specimens easily crumbled or penetrated.
Residual Soil RS Advanced state of decomposition resulting in plastic soils. Rock fabric and
structure completely destroyed. Large volume change.
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1.2.1.3 Mechanical Properties of Rock

1.3.0 Soil

TABLE1. MECHANICAL PROPERTIES OF VARIOUS ROCKS
Young's c . .
Rock | oroLosg | Bk Density [ Porosity | =g o Strenoth
(10°kgiem?) | @M (percent) (kg/om?) (kg/om?)
Granite 2-6 26-2.7 0.5-1.5 1,000-2,500 70-250
Microgranite 3-8
Syenite 6-8
Diorite 7-10 1,800-3,000 150-300
Dolerite 8-11 3.0-3.05 0.1-0.5 2,000-3,500 150-350
Gabbro 7-11 3.0-3.1 0.1-0.2 1,000-3,000 150-300
Basalt 6-10 2.8-2.9 0.1-1.0 1,500-3,000 100-300
Sandstone 0.5-8 2.0-2.6 5-25 200-1,700 40-250
Shale 1-3.5 2.0-2.4 10-30 100-1,000 20-100
Mudstone 2-5
Limestone 1-8 2.2-2.6 5-20 300-3,500 50-250
Dolomite 4-8.4 2.5-2.6 1-5 800-2,500 150-250
Coal 1-2 50-500 20-50
Quartzite 2.65 0.1-0.5 1,500-3,000 100-300
Gneiss 2.9-3.0 0.5-1.5 500-2,000 50-200
Marble 2.6-2.7 0.5-2 1,000-2,500 70-200
Slate 2.6-2.7 0.1-0.5 1,000-2,000 70-200

Note: 1. For the igneous rocks listed above Poisson’s ratio is approximately 0.25.
2. For a certain rock type, the strength normally increases with increase in density and
increase in Young's modulus. (After Farmer, 1968)
3. Taken from ‘“Foundation Engineering Handbook” by Winterkorn and Fong, Van
Nostrand Reinhold, pg. 72.

By permission: Atlas Systems, Inc., Independence, Missouri.

Compaction Methods

Soil compaction is simply the method by which the density of soil can be increased by mechanical or
often natural ways. Ponding of water on shallow layers of soil can cause soil consolidation, as can
placing an overburden on soils that were previously excavated and placed in an area where com-
pacted soil is required. Both of these methods are time-consuming and not very practical on the typ-
ical fast-moving construction project.

Compacting soils accomplishes a number of things:

¢ [t provides structural integrity to the soil, thereby increasing its load-bearing capacity.

¢ [t prevents later settlement of nonstructural soils.

¢ [t reduces water seepage and the resultant heave and contraction.
Soils can be compacted by various types of mechanical action:

e Vibration. A downward force is created by rotating a concentric weight or piston attached to a
roller.

e Static. Weight is merely applied by the force of a heavy piece of equipment rolling back and forth
across the area to be compacted.

e Impact. This is a repeated ramming action.
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1.3.1 Soil Compaction Equipment

Compaction machines produce two types of forces: frequency and amplitude. Frequency is the
speed at which an eccentric shaft within the compaction machine rotates and is expressed as vibra-
tions per minute (VPM). Amplitude is the maximum movement of the vibrating body from one axis
to another. A machine with double amplitude exhibits that movement in both directions from its axis.

1.3.1.1 Flat Plate Compactor
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1.3.1.3 Walk-behind Trench Compactor

1.3.1.4 Riding Tandem Drum Compactor
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1.3.2 Importance of Depth of Soil Layer to Be Compacted

Civil engineers are quick to point out that areas to be backfilled must be compacted in 6-in. layers.
By understanding the way in which compaction equipment works, it is rather easy to see why this
6-in. rule is important.

As the compaction machine rides over the soil to be compacted, the impact travels to the hard sur-
face below the newly placed layer and then returns upward. This action places all the soil particles
in action, and compaction commences. With a short distance to travel, say 6 in., the impact down and
back is quicker, and therefore proper compaction occurs more quickly. The thicker the uncompacted
soil layer, the longer it will take to compact.

Overcompaction can also occur if the compaction equipment is operated over the area for too long
a period. This will produce cracks and fissures in compacted soil, resulting in reduced overall density.

1.3.3 Quick Reference of Compaction Equipment Applications for Various Types of Soils

For granular soils compaction by vibration is the most effective. Vibration decreases friction
between soil particles, thereby allowing them to eliminate all air voids and rearrange themselves into
a very tightly compacted configuration. This vibratory effect penetrates deep in the soil so that
slightly thicker layers can be compacted, requiring fewer passes. In smaller areas vibratory plate
compactors are used; in large areas, vibratory rollers provide better production.

The smaller the soil particle, the higher the natural resonant frequencies must be; the larger the
particle, the lower the required frequency. A lightweight vibratory late compactor with a high fre-
quency of 6250 vibrations per minute and a low amplitude is the best equipment for finer and medium
sands.

For cohesive soils, impact equipment is preferable. The impact force creates a shearing effect on the
soil that binds the flat, pancake-shaped soil particles together and in the process squeezes out air pock-
ets. A high ramming speed of 500 to 700 impacts per minute also creates a vibratory effect that works well
with granular as well as cohesive soils. A vibratory trench roller with sheep’s foot-like cleats also performs
well on cohesive soils because it creates the shearing action necessary for proper compaction.

Summation

e Granular soils—vibratory plate or smooth drum vibratory roller.
e Cohesive soils—rammer or vibratory trench roller.

® Mixed soils—use any rammer or trench roller.

1.3.4 Pea Gravel Compaction

Some contractors are of the opinion that pea gravel does not require compaction, but that concept
is incorrect. Because the surface of pea gravel is irregular and not nearly round, as it appears to the
eye, it too should be compacted so that each particle settles and essentially compacts.

1.3.5 Compaction Methods

There are several methods by which the compaction of soil can be determined.

1.3.6.0 Hand Test

Squeezing a soil sample in one’s hand is one easy, quick way to get an unscientific but pretty good
idea whether the soil’s moisture content and composition will be readily compactable. When
squeezed in the hand, the soil sample that is moldable and breaks into a few small pieces probably
will compact properly. If the soil sample is powdery and falls apart easily in the hand, it is an indica-
tion that moisture will be required to gain acceptable compaction. And if the sample has too much
moisture content, it will stick to one’s palm and fingers and retain its shape when dropped.
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1.3.6.1 Standard Proctor Test, ASTM D 698

The more definitive and scientific approach to ensuring the proper compaction of soils is the Proctor
test, which determines the maximum achievable density of the soil sample by driving out the mois-
ture and then weighing the sample.

Objective — To determine the optimum moisture content and dry density of a compacted soil sample.
Procedure

1. Obtain 2500 g of oven dry (air dry will work, but not as well) soil passed through the #4 sieve.

2. Weigh 1 “bread pan” moisture content container and record the weight on the data sheet.

3. Weigh a 4 inch diameter compaction mold. (V = 1/30 of a cubic foot)

4. Add enough water to your sample to obtain a 14% moisture content (remember water content is
Ww/Ws). If using air dry soil, remember to consider the moisture content of air dry soil and only add
enough water to get to 14% moisture. If your air dry soil already has 4% moisture, you need to take that
into account.

5. Compact the soil into the mold in three layers using a 5.5 pound hammer and 25 blows per layer.
Make sure that on the last layer, your compacted sample is just above (1/4" or so) the top of the mold so
it can be trimmed and weighed.

6. Weigh the mold and the sample (in pounds) and record on your data sheet.

7. Take a representative sample of the soil (about half of it evenly distributed from the entire sample)
and place in a “bread pan” moisture content container. Weigh the sample, record the data, and place in

the oven. Work quickly because water is being lost as time progresses.

8. Repeat steps 1 through 7 twice, increasing the moisture content to 18% for the 2nd point and then
22% for the third point.

9. Obtain all weights the following day and plot moisture content vs. dry unit weight to scale on graph
paper and indicate optimum moisture and maximum dry unit weight.

1.3.6.3 Modified Proctor Test, ASTM D 1557

Basically this is the same as the standard Proctor test except a 10-Ib (4.5-kg) hammer is dropped
18 in. (45.7 cm) on five layers of soil.

Objective— To determine the optimum moisture content and dry density of a compacted soil sample.
Procedure (The same as the Standard except you use a 10 Ib hammer, 18" drop, 5 layers)
1. Obtain 2500 g of oven dry (air dry will work, but not as well) soil passed through the #4 sieve.

2. Weigh 3 “bread pan” moisture content containers individually and record weights on the data sheet in
your manual.

3. Weigh a 4 inch diameter compaction mold. (V = 1/30 of a cubic foot)

4. Add enough water to your sample to obtain a 12% moisture content (300 g of water).



20

Section 1

5. Compact the soil into the mold in FIVE layers using a 10 pound hammer and 25 blows per layer.
Make sure that on the last layer, your compacted sample is just above (1/4" or so) the top of the mold so
it can be trimmed and weighed.

6. Weigh the mold and the sample (in pounds) and record on your data sheet.
7. Take a representative sample of the soil (about half of it evenly distributed from the entire sample)
and place in a “bread pan” moisture content container. Weigh the sample, record the data, and place in

the oven. Work quickly because water is being lost as time progresses.

8. Repeat steps 1 through 7 twice, increasing the moisture content to 15% for the 2nd point and then
18% for the third point.

9. Obtain all weights the following day and plot moisture content vs. dry unit weight to scale on graph
paper and indicate optimum moisture and maximum dry unit weight.

1.3.6.3 Nuclear Density Test, ASTM D 2292-91

This method of testing uses a radioactive isotope, cesium 137, in a probe driven into the soil. The iso-
tope gives off gamma rays which radiate back to the detectors located in the bottom of the device.
Since dense soil absorbs more radiation than loosely packed soil, the readings provide the soil den-
sity. There are two basic types of probes: in one, a radioactive source is mounted near the tip of the
probe, and in the other, the probe is inserted into a preformed hole.

1.3.6.4 Diagram of a Nuclear Density Testing Device

Nuclear Density (ASTM D 2292-91)

Nuclear density meters are a quick and fairly accurate way of determining density and moisture content. The meter
uses a radioactive isotope source (cesium 137) at the soil surface (backscatter) or from a probe placed into the soil
(direct transmission). The isotope source gives off photons (usually gamma rays) which radiate back to the matter’s
detectors on the bottom of the unit. Dense soil absorbs more radiation than loose soil and the readings reflect overall
density. Water content (ASTM D 3017) can also be read, all within a few minutes. A relative Proctor density with the
compaction results from the test.

Nuclear Test

Direct transmission
Gauge

Detectors

1.4.0 Excavation Equipment—Excavators

From mini-excavators to large tracked giants, there are several manufacturers producing equipment
to suit every need. Moline, Illinois-based John Deere presents such a complete line; a portion of each
type is illustrated here.



1.4.1 Mini-excavators

John Deere model 17D.

Operating Weights
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With Full Fuel Tank and 175-b. (79 kg)
Operator
With Rubber Track. . .................
With Steel Track ....................

Operating Dimensions

31t 1in. (0.93m)
Standard Arm and
Standard Counterweight

4,173 b. (1893 kg)
4,319 1b. (1959 kg)

3 8in.(1.13m)
Long Arm and Extra
Counterweight

4,364 b. (1979 kg)
45081b.(2045kg) @

Maximum Digging Height .. ...........
Maximum Dumping Height ... .........
Maximum Digging Depth. .............
Maximum Digging Reach .............
Minimum Front Swing Radius..........
Transportbength. ........... ... ...
Bucket Breakout Force ..................
Amm Breakout Force. ....................

T MO OW

Machine Dimensions

3t 1in(0.93m
Standard Arm and
Standard Counterweight
11 ft. 8 in. (3.56 m)
81t 4in. (253 m)
7f.1in.{2.17 m)
12 .10 . (3.90 m)
51t 1in. (1.54 m)
11 1. 9in. (3.59 m)
3,597 Ib. (16.0 kN)
2,316 1b. (10.3 kN)

3t 8in.(1.13m)
Long Arm and Extra
Counterweight

12 ft. (3.66 m)

8 1.8 in. (263 m)
71 91n. (237 m)
13 1.5 in. (4.08 m)
5fain(163m g
11111 1n. (364 m)
3,507 1b. (16.0 kM)
2,046 Io. (9.1 kN)

Blade Width
Minimum. ... oo
Maximum ...
Blade Height ..............c.coiiint,

UpperstructureWidth. ................
Overall Height toRoof ................
TrackWidth. . ......................
Undercarriage Width

Minimum ...

Maximum............ ...
Ground Clearance . ..................
Tail SwingRadius ...................
Engine Cover Height . ................
Maximum Blade Lift Above Ground ... ...
Maximum Blade Drop Below Ground. . . ..
Sprocket Center To Idler Center.........
Tracklength. .............. ... .. ...
Counterweight Clearance .............

L T~ =

WOTVOZ R

Lift Capacities

3ft.3in. (0.98 m)

41t 2in. (1.28 m)

10.2 in. (260 mm}

3t 1in. (0.93m)
Standard Arm, Standard
Counterweight, and
Rubber Track

31t 3in.(0.98 m)
71.1010n. (2.40 m)
9in. 230 mm)

3ft.2in.(0.97 m)
4.2 (1.28 m)
6.5 in. (165 mm)
27 in. (675 mmy)
41 (1.23 m)
11.2 in. (285 mm)
9.4 in. (240 mm)
41t (1.21 m)
5f.2in. (1.57 m)
17 in. (435 mm}

3ft8in.{1.13m)

Long Arm, Extra Counter-
weight, and Rubber Track
3f.3in.(0.98 m)
71ft.100n. (2.40 m)

9 in. (230 mm)

3ft.2in (0.97 m)
4f.2in.(1.28 m)
6.5 in. {165 mm)
30 in. (755 mm)
41t.{(1.23 m)
11.2 in. (285 mm)
9.4 in. 240 mm)
41t (1.2t m)
5f.2in.(1.57 m)
17 in. (435 mm)

3t 1in (0.93m)
Standard Arm, Standard
Counterweight, and
Steel Track
31.3in.(0.98 m)
71.1010n. (240 m)
9in. {230 mm)

3ft.2in. (0.97 m)
41t 2in (1.28 m)
5.7 in. (145 mm)
27 in. (675 mm)
41.{1.23 m)

11.2 in. (285 mm)
9.4 in. (240 mm)
3ft. 11in. (1.20 m)
5. 1in (1.55 m)
16 in. (415 mm)

31t 8in. (1.13m)

Long Arm, Extra Counter-
weight, and Steel Track
3. 3in.(0.98 m)
71t.104n. (2.40 m)

9 in. (230 mm)

3ft.2n.(0.97 m)
41 2in. (1.28 m)
5.7 in. (145 mm)
30-in. (755 mm)
41 (1.23m)

11.2 in. (285 mm)
9.4 in. (240 mm)
3ft 11 in. (1.20 m)
51ft.11in. (1.55 m)
16 in. (415 mm)

Over Front, Blade Down (limited by
hydraulics) .. ...
OverSide..........oooviiiiiiii it

3t 1in.(0.93m)
Standard Arm, Standard
Counterweight, and
Rubber Track

979 Ib. (444 k)
500 1b. (227 kg)

3ft.8in. (1.13m)
Long Arm, Extra Counter-
weight, and Rubber Track

963 Ib. {437 kg)
559 Ib. (254 kg)

3R 1in (6.93m)
Standard Arm, Standard
Counterweight, and
Steel Track

979 Ib. {444 kg)
524 b, (238 kg)

By permission, Deere & Company, Moline, Illinois.

3R 8in(1.13m)
Long Arm, Extra Counter-
weight, and Steel Track

963 b. (437 k)
583 Ih. (264 k)
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1.4.2 Midsized Track Excavator

John Deere model 160D.

Machine Dimensions
Arm Length Arm Length
81t 6in (260 m) 101 2in. (3.01 m)

A OverallLength. ......o.ovvvrerieinnnn. 28 ft.1in. (8.55 m) 281t.2in. (8.58 m)
B Overall 1) SRR —— gft.5in. (2.87 m) 10ft.2in.(3.11 m)
C Rear-End Length/Swing Radius............ 81t 21in. (2.49 m)
D Distance Between Idier/Sprocket Centerling. . . 10 ft. 2 in. (3.10 m)
E Undercarriage Length ... ................ 121 101n.(3.92 m)
F Counterweight Clearance ................ 31t. 3in. (1001 mm)
G Upperstructure Width ................... 8ft.2in. (248 m)
| 5 T C————— PO 91t. 8in. (2.95 m)
| Track Width with Triple Semi-Grouser Shoes . . . 24 in. (500 mm) / 28 in. (700 mm)
J GaugeWidth............... RS, 6 ft. 6 in. (1.99 m)
K Ground Clearance . ............oovvvne.. 19n. (470 mm)
L Overal Width with Triple Semi-Grouser Shoes

2400, (600MM) ..o 81ft.6in. (2.60 m)

28in.(700mm) ... e 81t 101in. (2.70 m)

*—
al
e o
0

Lift Charts

Boldface italic type indicates hydraulic-limited capacities; lightface type indicates stability-limited capacities, in Ib. {kg). Ratings are at bucket lift hook, using standard coun-
terweight, situated on firm, level, uniform supporting surface. Figures do not exceed 87 percent of hydraulic capacity or 75 percent of weight needed to tip machine.

Load Point 5ft.(1.52m) 10 ft. (3.05 m) 15 ft. (457 m) 20 ft. (6.10 m) 25 ft. (7.62 m)
Height Over Front Over Side Over Front Over Side Over Front  Over Side  Over Front  Over Side  Over Front  Over Side
With 8-ft. 6-in. (2.60 m) arm, 0.78-cu.-yd. (0.60 nv') bucket, and 24-in. (600 mm) triple semi-grouser shoes

20 . (6.10 m) 5470 (2481) 5,470 (2481)

15 L. (4.57 m) 6,568 (2979) 6,411 (2908)

10 L. (3.05 m) 9,265 (4203) 9,265 (4203) 7,684 (3485) 6,107 (2770) 5,803 (2632) 4,073 (1847)
51t (1.52 m) 12,523 (5680) 8920 (4046) 9,160 (4155) 5733 (2600) 6,443 (2922) 3,922 (1779)
Ground Line 14,137 (6412) 8,388 (3805) 8,959 (4064) 5438 (2467) 6,300 (2858) 3,789 (1719)
-5t (-1.52 m) 13,758 (6241) 13,758 (6241) 13,949 (8327) 8,226 (3731)  8,810(3996) 5,302 (2405)

-10ft. (-3.05m) 18,000 (8165) 18,000 (8165) 16,758 (7601) 16,167 (7333) 14,052 (6374) 8,315(3772) 8,875 (4026) 5,361 (2432)

~15 ft. (~4.57 m) 15,450 (7008) 15450 (7008) 10,825 (4910) 8,315 (3772)

With 8-ft. 6-in. (2.60 m) arm, 0.78-cu.-yd. (0.60 v’} bucket, and 28-in. (700 mm) triple semi-grouser shoes

20 ft. (6.10 m) 5,470 (2481) 5,470 (2481)

15 ft. (4.57 m) 6,568 (2979) 6,507 (2952)

10t (3.05 m) 9,265 (4203) 9,265 (4203) 7,684 (3485) 6,202 (2813) 5,803 (2632) 4,146 (1881)
51t (1.52 m) 12,523 (5680) 9,057 (4108) 9,760 (4155) 5820 (2644) 6,552 (2972) 3,995 (1812)
Ground Line 14,356 (6512)  8,525(3867)  9,105(4130) 5534 (2510) 6,410 (2908) 3,862 (1752)
=5 ft. (-1.52 m) 13,758 (6241) 13,758 (6241) 14,169 (6427) 6,363 (3793)  B,956 (4062) 5,398 (2448)

10t (-3.05m) 18,000 (8165) 18,000 (8165) 16,798 (7619) 16411 (7444) 14,174 (6429) 8,452 (3834)  9,021(4092) 5457 (2475)

-15ft. (~4.57 m) 15,450 (7008) 15,450 (7008) 10,825 (4910) 8,832 (4006)

By permission, Deere & Company, Moline, Illinois.
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1.4.2 Midsized Track Excavator (Continued)

Ground Pressure
Triple Semi-Grouser Shoes
2400, (600MM) ...uiiiii i 6.16 psi (42.5 kPa)
2B (TO0TM s w0 imsin v wewinn soniai 5.40 psi (37.2 kPa)
Serviceability
Refill Capacities
FUB TRNN. . .o vmatsnmanmermmps i 85 gal. (320.0 L)
Coolifg System:; o asmmn s 234t (2201
Engine Qil with Filter. . ..................... 16 qt. (15.0 L)
Hidrailic-Tank:-cenisnsmarermsspmesy 33 gal.(125.0L)
Hydraulic System ...........covevinnnnnnn. 52.0qal. (1968 L)
Gearbox
Propel (€aCh). . .o vvvn v vrre i, 5.0qt. (47L)
L 6.0qt(5.71)
Operating Weights

With Full Fuel Tank; 175-Ib. (79 kq) Operator;
36-in. (914 mm), 0.81-cu.-yd. (0.62 mY),
1,373-Ib. (623 kg) Heavy-Duty Bucket; 10-ft.
2-in. (3.10 m) Arm; 7,275-Ib. (3300 ka)
Counterweight; 12-ft. 10-in. (3.92 m)
Undercarriage Length; and Triple Semi-

Grouser Shoes
2400 MM} s 39,508 Ib. (17 937 kg)
200 (700:00) .. om0 inmammpsnimnms 39,980 Ib. (18 151 kg)
Optional Components
Undercarriage with Triple Semi-Grouser Shoes
b2 L1 ] 13,911 Ib. (6316 k)
28In.(700MM) v 14,383 Ib. (6530 kg)

Upperstructure with Full Fuel Tank (less front
attachments and 7,275-1b. [3300 kg] coun-

terWeigt) . ..o 7,917 Ib. (3594 kg)
One-Piece Boom (with arm cylinder)........... 2,664 Ib. (1300 kg)
Arm with Bucket Cylinder and Linkage

8ftL6In(260m).......oooeviiiiinn. 1,735 Ib. (788 ka)

T2 I M) aisess 1,925 Ib. (874 kg)
Boom Lift Cylinders (2) Total Weight ........... 675 Ib. (306 kg)
36-in. (914 mm), 0.81-cu.-yd. (0.62 m’) Heavy-

DUtY BUCKEE .. o' eeeeeeevveeiaaannns 1,373 1b. (623 kq)
Counterweight (standard) ................... 7,275 Ib. (3300 ka)

Operating Dimensions

Arm Length Arm Length
8t 6in (2.60m) 10/ 2in. (3.10 m)
Arm Force with 36-in. (914 mm), 0.81-cu.-yd.
(0.62 m’) Heavy-Duty Bucket ............. 19,352 Ib. (86.1 kN) 17,243 Ib. (76.7 kN)
Bucket Digging Force with 36-in. (914 mm),
0.81-cu.-yd. (0.62 m*) Heavy-Duty Bucket . . . 22,697 Ib. (101.0 kN) 22,697 Ib. (101.0 kN)
Lifting Capacity Over Front at Ground Level
20-ft. (6.1 m)Reach............0ovvunns 9,105 Ib. (4134 kg) 9,004 Ib. (4129 kg)
A MaximumReach...................... 291t 11n. (8.87 m) 3017 in.(9.33 m)
A' Maximum Reach at Ground Level ......... 28 1.7 in. (8.70 m) 301t 1in. (9.16 m)
B Maximum Digging Depth................ 191t 7 in. (5.98 m) 211t 41in. (6.49 m)
B' Maximum Digging Depth at 8-ft. (2.44 m)
31827 181t 101n. (5.74 m) 2017 in. (6.27 m)
C Maximum Cutting Height. . .............. 291t 2in.(8.88 m) 291t 11in.(9.13m)
D Maximum Dumping Height . ............. 20ft. 3in. (6.17 m) 21 1t.0in. (6.40 m)
E Minimum Swing Radius. ................ 9ft. 7in. (2.91 m) 9ft.7in. (2.92 m)
F Maximum Vertical Wall. ................. 16 ft. 11 in. (5.16 m) 181t.8in. (5.69 m) Sl
G Tail Swing Radius ..................... 8ft.2in. (249 m) 8ft.2in. (249 m)

By permission, Deere & Company, Moline, Illinois.
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1.4.3 Large Track Excavator

John Deere model 270D.
Dimensions
A 10t 2-in B Tmam. ... 101t.5in.(3.17 m)
12-ft.4-in.375myarm................. 11/.0in.(3.35m)
B 10t 2-in.31tmam................. 331t 11 in. (10.34 m)
12-ft. 4-in.375myarm.........oooel L 351 3in. (10.74 m)

9610, (2.89

A0f2 0 3i0m)

Afsin 510mm)
86 (250m)
1t 1in (339 m)

S 161t.21n.(4.94m)

32n: (800'mm)

Lift Capacities

AR T80

Boldface italic type indicates hydraulic-limited capacities; lightface type indicates stability-limited capacities, in Ib. (kg). Ratings at bucket lift hook; machine equipped with
1.75-cu.-yd. (1.34 m°}, 42-in. (1065 mm), 2,279-1b. (1034 kg) bucket; 13,447-1b. (6100 kg) counterweight; standard gauge; and situated on firm, uniform supporting surface.
Total load includes weight of cables, hook, etc. Figures do not exceed 87 percent of hydraulic capacities or 75 percent of weight needed to tip machine. All lift capacities are

based on SAE J1097.

Load Point 10 ft. (3.05 m) 15 ft. (4.57 m) 2011, (6.10 m) 25 ft. (7.62 m) 30 . (9.15m)
Height Over Front Over Side Over Front Over Side Over Front  OverSide  Over Front  Over Side  Over Front  Over Side
With 12-1t. 4-in. (3.75 m) arm and 32-in. (800 mm) triple semi-grouser shoes

251 (7.62 m) 8,490 (3851) 8,490 (3851)

20 ft. (6.10 m) 8,629 (3914) 8,629 (3914) 5984 (2714) 5,984 (2714)
15 ft. (4.57 m) 9,676 (4389) 9,676 (4389) 9,609 (4359) 7,937 (3600)
10 1t. (3.05 m) 17,039 (7729) 17,039 (7729) 13,189 (5982) 13,189 (5982) 11,405 (5173) 10,668 (4839) 10,524 (4774) 7,680 (3484)
51t (1.52 m) 24,377 (11 057) 22,290 (10 111) 16,795 (7618) 14,398 (6531} 13,401 (6079} 10,091 (4577) 11,626 (5274) 7,371 (3343)
Ground Line 28,866 (13 094) 20,936 (9497) 19,727 (8948) 13562 (6152) 15,195 (6892) 9,601 (4355) 12,245 {5554) 7,096 (3219)
-5ft.(-1.52m) 15885(7205) 15885 (7205) 30,355 (13 769) 20,481(9290) 21,412 (9712} 13,102 (5943) 16,083 (7295) 9,284 (4211) 12,055 (5468) 6,922 (3140)
~10 ft. (-3.05 m) 22,504 (10 208) 22,504 (10 208) 29,877 (13552) 20,489(9294) 21,738 (9860) 12,972 (5884) 15,965 (7242) 9,178 (4163) 710,392 (4714) 6,920 (3139)
-15 1t (-4.57 m) 30,876 (14 005) 30,876 (14 005) 27,577 (12 509) 20,821 (3444) 20,489 (9294) 13,131(5956) 15518 (7039) 9,328 (4231)

~20 ft. (~6.10 m) 30,941 (14 035) 30,941 (14 035) 22,517 (10214} 21,537 (9769) 16,452 (7463) 13,673 (6202)

With 10-ft. 2-in. (3.11 m) arm and 32-in. (800 mmy) triple semi-grouser shoes

201t (6.10m) 10,107 (4585) 10,107 (4585)

151 (457 m) 11,760 (5334) 11,760 (5334) 10,993 (4986) 10,981 (4981) 8,349 (3787) 7,778 (3528)
101t (3.05 m) 20,484 (9291) 20484 (9291) 14,959 (6785) 14959 (6785) 12,603 (5717) 10,494 (4760) 11,531 (5230) 7,567 (3441)
5ft.(1.52m) 27,306 (12386) 21,575(3786) 18,319 (8309) 14,121(6405) 14,426 (6544) 9,976 (4525) 12,445 (5645) 7,332 (3326)
Ground Line 28,596 (12971) 20,733 (9404) 20,773 (9423) 13,441(6097) 15,959 (7239) 9,564 (4338) 12,256 (5559) 7,117 (3228)
~5ft.(~1.52m) 14,458 (6558) 14,458 (6556) 30,272 (13731) 20,588 (9339) 21,875 (9922) 13,133 (5957) 16,127 (7315) 9,337 (4235) 12,156 (5514) 7,026 (3187)
—10 ft. (-3.05 m) 23,292 (10 565) 23,292 (10 565) 29,066 (13 184) 20,762 (9418) 21,566 (9782) 13,130(5956) 16,121 (7312) 9,332 (4233)

-15 ft. (-4.57 m) 29,503 (13 382) 29,503 (13 382) 25803 (11704) 21,225 (9628) 19,419 (8808) 13,422 (6088)

By permission, Deere & Company, Moline, Illinois.
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1.4.3 Large Track Excavator (Continued)

Ground Pressure Data
Average Ground Pressure
32-in. (800 mm) Triple Semi-Grouser Shoes
(recommended for general/soft terrain) . . . 5.84 psi (40.3 kPa)

Capacities (U.S.)
FUBITANK, . o vvvvere e eie i eieaeneas 132 gal. (500 L)
Cooling System . .........ovviiii 31.6qt. {209 1)
Engine Lubrication, Including Filter . ........... 26 qt. (246 L)
Hydraulic Tank. .....ooeevivie e 39¢al. (148 )
Hydraulic System ...............ccovunitt 63.4 gal. (240 L)
Propel Gearbox (each)..............ooevvnin 9qt. 85L)
SwingDrive. ... 8qt.(76L)

SAE Operating Weights

With Full Fuel Tank; 175-Ib. (79 kg) Operator;
1.75-cu.-yd. (1.34 m3), 42-in. (1065 mm),
2,279-1b. (1034 kg) Bucket; 12-ft. 4-in,
{3.75 m) Arm; 13,447-lb. {6100 kg) Counter-
weight; and 32-in. (800 mm) Triple Semi-

Grouser Shoes. . .......oovviiiniienn.. 63,425 1b. (28 770 kg)
Gomponent Weights
Undercarriage
32-in. (800 mm) Triple Semi-Grouser Shoes. . . 25,937 Ib. (11 765 kg)
One-Piece Boom (with arm cylinden)........... 5,086 1b. (2307 kg)
Arm with Bucket Cylinder and Linkage
102 @1m... 3,102 Ib. {1407 kg)
1284n.0875m......o 3,298 Ib. {1496 kg)
Boom Lift Cylinders (2) Total Weight ........... 1,098 Ib. {494 kg)
1.75-cu.~yd. {1.34 m?), 42-in. (1065 mm)
Heavy-Duty High-Capacity Bucket.......... 2,279 1b. (1034 kg)
Counterweight. .. ..........coovvvvivnnn., 13,447 1b. (6100 kg)
Operating Information
Arm Length Arm Length
107 2in. (311 m) 121t 4in. (3.75m)

Arm Force with 32-in. (800 mm) Triple Semi-

Grouser ShoeS™ . .....ccoovvvnieiiiennns 29,518 1b. (131.3 kN) 25,979 Ib. (115.55 kN)
Bucket Digging Force with 32-in. (800 mm)
Triple Semi-Grouser Shoes* .............. 37,480 Ib. (166.7 kN) 37,480 Ib. (166.7 kN)
Lifting Capacity Over Front @ Ground Level
20 (6.1 m)Reach” ................... 20,773 1b. (9423 kg) 19,727 Ib. (8948 kg)
A MaximumReach..........ocoovvvvnins 351t 3in. (10.74 m) 37ft.1in. (11.30 m)
A' Maximum Reach @ Ground Level ......... 34 ft.7 in. (10.55 m) 36 ft. 6in. (11.12 m)
B Maximum Digging Depth................ 23 ft. 10/in. (7.26 m) 251t 111in. (7.91 m)
B' Maximum Digging Depth @ 8-ft. (2.44 m)
FlatBottom ...............oocvvnnnt. 23 1. 21n. (7.05 m) 254.8in.(7.72 m)
C Maximum Cutting Height................ 32 ft. 10 in. (10.01 m) 341t 41in, (10.46 m)
D Maximum Dumping Height .............. 23#.2in.(7.07 m) 24 1.7 in. (7.49 m)
E Minimum Swing Radius. ................ 13ft.71n. (4.41 m) 121.9in.(3.89 m)
F Maximum Vertical Wall. ................. 201t tin. (6.1 m) 23f.1in.(7.03 m)
G Tail SwingRadius ..................... 91t 8in. (2.94 m) 91t 8in. (2.94 m)

*Digging forces and lift capacities with power boost.

By permission, Deere & Company, Moline, Illinois.
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1.5.0 Small Rubber Tire Backhoe

Small rubber tire backhoes, 100 Series. A 43-hp, small backhoe with a maximum depth reach of 10 ft
(3.05 m) and a lift height reach of 9.67 ft (2.94 m). Miscellaneous attachments are available for gen-
eral grading, auguring, and grading.

Loader mounts directly to Anti-spill

webbed, ductile cast-iron masts mechanism, What you don't see: A welded
that absorb even extreme shock  (Believe us, you'll “knee” joining two sections of
loads. (Patent pending) appreciate it.) the loader boom together. The

top and sides are continuous —
so the entire structure bears
stress, instead of just a part.

Arms take carrying more than
their weight to extremes —
maximizing lifting force
through a super-efficient use
of high strength steel.

available buckets,
including heavy-duty
front buckets with pre-
installed replaceable
cutting edges.

“Low angle” geometry ensures the loader effectively transmits all the
pushing force of the tractor without risk of failure. A more extreme
angle would be much weaker.

Put in a full night with
With the backhoe removed, the optional high-power
110 becomes a true utility tractor halogen rear worklights.
— with 84 years of tractor.
building experience behind it.

I Remove backhoe and

activate a true Category t,
3-point hitch, making the
110 ready for a variety of
other jobs.

Supersize fuel tank.

Tires are heavy-duty Galaxy*
brand for greater durability
and longer tread life.

Heavy-duty, 84-in. Worksite Pro™ BB84
box blade comes with high-volume
back, double-beveled reversible cutting
adges and high-lift hydraulic scarifiers
with heat-treated replaceable teeth.

By permission, Deere & Company, Moline, Illinois.
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1.5.1 Midsize Rubber Tire Backhoe
Model 310. A 92-hp midsize machine pictured with optional forklift attachment.

Overall Dimensions
A Ground Clearance (minimum).............. 13 in. (330 mm) E Length from Axle to Axle
B OQverall Length (transport)................. 23 ft. 6 in. (7.16 m) Non-Powered FrontAxle. .. ............... 6t 11in. (211 m)
C Widthover Ties . ..o 7ft.2in. (218 m) Mechanical-Front-Wheel-Drive Axle . . ... .. .. 7f.0in. (214 m)
D Height to Top of ROPS/Cab 91t 2in. (2.79 m)

0

0|
0
Backhoe Dimensions / Performance

Backhoe specifications are with 24-in. x

7.5-cu.-ft. (610 mm x 0.21 m) bucket
Bucket Hane . : vy i 12-30 in. (305-762 mm)
Digging Force

Bucket Cylinder. . ...................... 15,236 Ib. (67.8 kN)

CXOW CVROEI o o mscsrermm oo st 8,090 Ib. (36.0 kN)
SWINGAR v onnmmmaanamananiins ... 180 deg.
Dparatoe Contrdl . oo s siisass two joysticks

With Extendable Dipperstick
Retracted Extended

F Loading Height (truck loading position). . ... .. 11t 3in. (3.43 m) 141t 1in. (4.29 m)
G Reach from Center of Swing Pivot .......... 18 ft. 7 in. (5.66 m) 211t 11 in. (6.68 m)
H Reach from Center of Rear Ade ............ 221t 1in. (6.73 m) 25ft.4in. (7.72 m)
| Digging Depth (SAE maximum)............. 14 ft. 11in. (4.55 m) 181t. 5 in. (5.61 m)
J Digging Depth (SAE)

2-L. (610 mm) Flat Bottom. .. ............. 14 t. 9 in. (4.50 m) 18 ft. 3in, (5.56 m)

8-ft. (2440 mm) Flat Bottom. . ............. 131t 9in. (4.19m) 17 ft. 6 in. (5.33 m)
K Stabilizer Width (transport with ROPS) ....... 7f.21in. (2.18 m) 71t 2in. (2,18 m)
L Stabilizer Spread (operating)

Standard Stabilizers .. ................... 10t 2in, (3.10 m) 10 2in. (3.10 m)

Long Stabilizers ........................ 11 ft. 4 in. (3.45 m) 111 4in. (3.45 m)
M Stabilizer Overall Width (operating)

Standard Stabilizers . .................... 11t 7in. (3.53 m) 1 1.7in. (3.5 m)

Long Stabilizers .................o...... 131 3 in. (4.03 m) 131t.3in. (4.03 m)
N Bucket Rotation ........................ 190 deg. 190 deg.
0 Transport Height........................ 111t 5in. (3.48 m) 1. 5in. (3.48 m)

By permission, Deere & Company, Moline, Illinois.
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1.5.1 Midsize Rubber Tire Backhoe (Continued)

Loader Dimensions / Performance
(see page 4 for line art)

P Bucket Dump Angle

(maximum) ............

Q Rollback Angle at Ground Level ............

Bucket Capacity. ... ..

R Height to Bucket Hinge Pin (maximum). ...... .
Standard Loader Option

Lift Capacity (full height) . ...................
S Dump Clearance (bucket at 45 deg.) ........

T Reach at Full Height

(bucket at 45 deg.)......

U Digging Depth Below Ground (bucket level). . . .

40 deg.
Heavy-duly

1.00 cu. yd.

(0.77 m)

86 in. (2184 mm)
111t 2in. (3.40 m)

800 Ib. (363 kg)
11,160 Ib. (49.6 kN)
7,419 |b. (3368 kq)
8. 10in. (2.69 m)
30.9 in. (785 mm)
6.3 in. (160 mm)

61t 8in. (2.03 m)

WOl i 835 Ib. (379 kg)
BreakoUt FOMCE . .....ooevveenenneinnnns 11,287 Ib. (50.2 kN)
Lift Capacity (full Reight) ... ................ 7,026 Ib. (3190 kg)
S Dump Clearance (bucket at 45 deg.) ........ Bft 6in. (2.58 m)

T Reach at Full Height (bucket at 45 deg.). .. ... 30,6 in. (777 mm)
U Digging Depth Below Ground (bucket level) . . . .
V Length From Front Axle Centerline to

5.5in. (140 mm)

Heavy-duly

1.12 cu. yd.

(0.86 m)

86 in. (2184 mm)
11 1. 2in. (3.40 m)

860 Ib. (390 kg)
11,051 Ib. (49.2 kN)
7,353 Ib. (3338 kg)
8. 10in. (2.69 m)
30.2 in. (767 mm)
6.9in. (175 mm)

6ft. 8in. (2.03 m)

873 Ib. (396 kg)
11,900 Ib. (52.9 kN)
7,200 Ib. (3269 ko)
Bft.7in. (261 m)
29.31in. (744 mm)
5.5 in. (140 mm)

7H.1in. (215 m)

Heavy-duty long lip
1.25 cu. yd.

(0.96 m’)

86 in. (2184 mm)
111 2in. (3.40 m)

892 Ib. (405 kg)
10,210 1b. (45.4 kN)
7,340 Ib. (3332 ka)
81t 2in. (2.48 m)
35.9in. (911 mm)
5.8 in. (147 mm)

7ft.2in. (218 m)

860 Ib. (390 kq)
10,300 Ib. (45.8 kN)
6,625 Ib. (3008 kg)
8ft 3in. (251 m)
34.2 in. (868 mm)
4.8in. (122 mm)

TR 7in (2.30m)

Heavy-duty

1.31 cu, yd.

(1.00 m?)

92 in. (2337 mm)
11t 2in. (3.40 m)

1,148 Ib, (521 kg)
10,300 Ib. {45.8 kN)
7,200 Ib. (3269 kg)
8 ft. 8in. (2.64 m)
30.1in. (765 mm)
8.1 in. (206 mm)

6 ft. 8in. (2.03 m)

1,085 Ib. (493 kg)
11,450 Ib. (50.9 kN)
7,215 1b. (3276 k)
8ft.6in.(2.59 m)
30.0 in. (762 mm)
5.5in. {140 mm)

TR1in (215m)

Multipurpose

1.25 cu. yd.

{0.96 m’)

86 in. (2184 mm)
111t 21in. {3.40 m)

1,750 Ib. (795 kg)
9,700 Ib. (43.1 kN)
6,700 Ib. (3042 kg)
8ft.7in (262 m)
32.2in. (818 mm)
7.3 in. (185 mm)

71 3in.(2.20 m)

1,687 Ib. (766 kg)
9,740 Ib. (43.3 kN)
5,950 Ib. {2701 kag)
81t 2in. (2.50 m)
32.9in. (836 mm)
6.0/in. (152 mm)

7.7 in. (2.32 m)

Multipurpose
131 cu. yd.

(1.00 m)

92 n. (2337 mm)
111t 2in. (3.40 m)

1,800 Ib. (817 kg)
9,650 1b. (42.9 kN)
6,600 Ib. (2996 kg)
8f.7in. (262 m)
32.2in. (818 mm)
7.3 in. (185 mm)

7R 1in. (215 m)

1,737 Ib. (789 ko)
9,680 Ib. (43.1 kN)
5,850 Ib. (2656 ko)

8ft2in (250 m)
32.9in. (836 mm)
6.0 in. (152 mm)

7ft.5in. (2.27 m)

Bucket Cutting Edge. .................... 7. 1in. (2.15m)
Lift Capacity with Quick-Coupler / Forks
A" Maximum Height . ..........ooevvvvnnn. 4,875 Ib. (2211 kg)
B' MaximumReach........................ 7,580 Ib. (3438 kg)
Bt A Crond Eine ooesnsomws s ... 9,700 Ib. (4400 kg)
D' Below Ground Ling . .. ..........ovevnnn. 8.31n. (211 mm)
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1.5.2 Large-Capacity Backhoe
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Deere’s large-capacity backhoe, model 710J, with 123-hp turbocharged engine.

Overall Dimensions

29

A Ground Clearance (minimum)..............
B Overall Length (ransport) .. ...............
C Widthover Tires . ..........cooeevvnnnn.
D Height to Top of ROPS/Cab................
E Length from Axie to Axie
Non-Powered FrontAxle..................
Mechanical-Front-Wheel-Drive Axle . . ... . ...

14 in. {356 mm})
261.9in. (8.15m)
7f.6in (220 m)
9f.9in. 2.97m)

8ft.3in. (252 m)
81 21n. (2.49 m)

Backhoe Dimensions / Performance

Backhoe specifications are with 24-in. x
11.1-cu.-ft. (610 mm x 0.3 nv') bucket
BucketRange ...................coiiiil,

Digging Force
Bucket Cylinder. . ..............o.oooine
Crowd Cylinder.....................cns
SwingArc ...
Operator Control ..............oooviiiinn,

F Loading Height {truck loading position). . .. ...
G Reach from Center of Swing Pivot ..........
H Reach from Center of RearAxle ............
| Digging Depth (SAE maximum). ............
J Digging Depth (SAE)

2-ft. (610 mm) FlatBottom. ... ............

8-ft. (2440 mm) Flat Bottom. .. ............
K Stabilizer Width {transport with ROPS) .......
L Stabilizer Spread (operating)...............
M Stabilizer Overall Width (operating)..........
N Bucket Rotation
0 Transport Height

24--36 in. (610-814 mm)

17,000 Ib. (75.6 kN)
11,750 1. (52.3 kN)
180 deg.

pilot control

With Standard
Backhoe

14 1. 3in. (4.34 m)
2211.6in.{6.86 m)
26f.8in.(8.13 m)
17110 in. (5.44 m)

17#.9in. 541 m)
176 0in. (5.18 m)
7H11in. (241 m)
13t 1in. (3.99 m)
15t 3 in. (4.65 m)

With Optional Extendable Dipperstick

Retracted
141.3in. (4.34 m)
221.6in. (6.86 m)
261t.8in.(8.13m)
17 1. 10 in. (5.44 m)

171.9in. (541 m)
171#.0in. (518 m)
7 11in. 241 m
13f.1in.(3.99m)
15 1. 3 in. (4.65 m)
190 deg.
13f.10in. (4.22 m)

Extended

17#.0in. (5.18 m)
261 101in. (8.19 m)
311.0in. (9.46 m)
22ft4in. (6.81m)

22t 5in. (6.83 m)
211 7in. (6.58 m)
TH1in 241 m)
131 1in. (3.99 m)
15t 3in. (4.65 m)
190 deg.
13#.10in.(4.22 m)
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1.6.0 Loaders—Compact Rubber Tire
with 1.0 yd® (0.7646 m®) bucket.

Hydraulic System/Steering

Pump (loader and steering) . ................. fixed-displacement gear pump; open-center system
Maximum Flow @ 2,800 rpm . ............ 17 gpm (64.4 Umin.) @ 1,000 psi (6895 kPa)
System Relief Pressure
loader..........coovvieniinnn 3,190 psi (22 000 kPa)
Steering 2,611 psi (18 000 kPa)
Loader Controfs. . ............co oot pilot-operated three-function valve with single-lever control for boom and bucket, and auxiliary lever for standard pin disconnect and

auxiliary hydrautics, with control-lever lockout feature; optional additional four-function valve with push-button control
Steering (conforms to SAE J1511)

TYPE vt e power, fully hydrautic
Articulation Angle/Rear Wheel Steering
Angle. ..o 56-deg. arc (28 deg. each direction), plus 26 deg. rear wheel steering tied mechanically to articulation; equivalent of 97-deg. conventional

steering system articulation
Hydraulic Cycle Times
31 RN 4.9 sec.

Dump . 1.4 sec.
Lower . 4,0 sec. {float down) / 3.6 sec. (power down)

Tofal oo 9.9 sec.
Maximum Lift Capacity with 1.0-cu.-yd. (0.8 n7) bucket with bolf-on edge
Lift at Ground Level. .................... 9,862 ib. (4487 kg)
Lift at Maximum Height. . . 6,407 1b. (2906 kg)
Turning Radius {measured to centerline of
outsidetirg). ............o i 111 6 in. (3505 mm)
Dimensions with Quick-Coupler/Bucket
A Height to Top of Cab and Canopy ........... 81t 11 in. 2725 mm)
B Height fo Top of Fxhaust. ................. 8 ft. 6 in. (2600 mm)
C Ground Clearance. ...................... 11.6 in. (295 mm)
D Length from Center of FrontAxle ........... 29.5 in. (750 mm)
E Wheelhase ...........ooevvininnennnn. 84.6 in. (2150 mm)
F DumpClearance........................ A (see page 4)
G Height to Hinge Pin, Fully Raised 101 6.4 in. (3211 mm)
H Dump Reach at Full Height. .. ....... ... AA (seepags 4)
| Maximum Digging Depth ........... ... 3.1 n. (80 mm)
J Overalilength ................... ... AAA (se¢ page 4)
K Maximum Rollback at Fult Height ... 52 deg.
L Bucket Dump at Fult Height .......... ... 42 deg.

M Maximum Rolfback at Ground Level 39 deg.

e Gab and Canopy
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1.6.1 Loaders—Mid-capacity Rubber Tire
Loader with 2.5 yd® (1.9 m®) bucket.

Hydraulic System/Steering
Pump (loader and steering).

variable-displacement, axial-piston pump; closed-center, pressure-compensating system

Maximum Rated Flow 37 gpm (140 L/m) @ 1,000 psi (6895 kPa)
System Relief Pressure (loader and steering) . . . 3,600 psi (24 821 kPa)
Loader Controls .. ......covvvnvnineninennns two-function valve; single- or dual-lever controls; control lever lockout feature; optional third- and fourth-function valve with auxiliary lever
Steering (conforms to SAE J1511)
| TP e R e power, fully hydraulic
ArticulationAngle ...................o. B0-deg. arc (40 deq. each direction)
Hydraulic Cycle Times
1T 5.5 sec.
Y
vo.. 1.9 6C
... 8.5 seC,
..... with 2.0-cu.-yd. (1.5 ¥} general-purpose bucket with bolt-on edge

Lift at Ground Level ... ............ ... 23,4121b. (10 620 ko)
Turning Radius (measured to centerline of out-

SN oosvn s coenn 151 SN (470 m)

Dimensions with Quick-Goupler and Hook-0On Bucket

A Height to Top of Cab and Canopy............ 101t 5in. (3.15 m)
B Height to Top of Exhaust . .. ............... 101t 4 in. (3.14 m)
C Ground Clearance ..............o.cueuue. 15.6 in. (396 mm)
D Length from Centerline to Front Axle. ........ 41.6in.(1.38 m)
E WheslDase .......covvsviiisvinnnniiisa g1t 0in. (2.75 m)
F DumpClearance.............oovuevennn {see page 4
G Height to Hinge Pin, Fully Raised. . .......... 12 ft. 0 in. (3.66 m)
H DumpReach............ccovviviinnnnn (see page 4)
| Maximum Digging Depth. . ................ 4.8in. (122 mm)
J Overall engl oo msarnes (see page 4)
K Maximum Rollback at Ground Level ......... 41 deg.
L Maximum Rollback, Boom Fully Raised. . . .... 48 deg.
M Maximum Bucket Angle, Fully Raised . ....... 50 deg.

i

& - Cab and Canopy
s"" ; | /
; 0 ] '

o °o°
@
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1.6.2 Loaders—Large-Capacity Rubber Tire
Loader with 6 yd® (4.7 m®) bucket.
Hydraulic System/Steering

Pump (loader and steering) .................. three variable-displacement, load-sensing axial piston pumps; closed-center system
Maximum Flow @2,250mpm ............. 169 gpm (640 L/min.) @ 1,000 psi (6300 kPa)
System Relief Pressure (loader and steering) . . . . loader and steering 3,500 psi (24 132 kPa)

LoaderControls . ................ ... il two-function valve; single- and dual-lever controls; control lever fockout feature; optional third-function valve with auxiliary lever

Steering (conforms to SAE J1511)

TYPB e power, fully hydraulic
ArticulationAngle. . ............... . ... 80-deg. arc (40 deg. each direction)

Hydraulic Cycle Times Standard Z-Bar
RAISE. oot 5.9 sec.

Dump 1.9 sec.
Lower(float) ...................... oL 35 sec.
Total .o 11.3 sec.

Maximum Lift Capacity with 7.25-cu.-yd. (5.5 m7) general-purpose bucket with bolt-on cutting edge
Lift at Ground Level. .................... 69,020 Ib. (31 300 kg)

Lift at Maximum Height. ... ............. 27,550 1. (12 490 kg)

Tuming Radius (measured fo centerling of
outside tire) . ... ... 20 1t. 8 in. (6303 mm)

Dimensions with Pin-0n Bucket
Standard Z-Bar

A HeighttoTopofCab..................... 12 ft. 4 in, (3748 mm)

B HeighttoTop of Exhaust . ................. 11 ft. 8 in. (3549 mm)

C Ground Clearance . ..............coonnnn. 17.8 in. (452 mm)

D Length from Centeriine to FrontAxle......... 73 in. (1850 mm)

E Wheelbase ..........ooooevioneinins 146 in. (3700 mm)

F Dump Clearance . ..............oooennns A (see page 4)

G Height to Hinge Pin, Fully Raised. ........... 15 ft. 1 in. (4608 mm)

H DumpReach...........ccocoveevinnns A A (seepage 4)

| Maximum Digging Depth. ................. 4.9in. (125 mm)

J OverallLength, .....oovvvvrnrnnne AAA (see page 4)

K Maximum Roliback at Ground Level ......... 40 deg.

L Maximum Rollback, Boom Fully Raised. .. .. .. 60 deg.

M Maximum Bucket Angle, Fully Raised . . ... ... 45 deg.

844J LOADER WITH PIN-ON BUCKET
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1.6.3 Loaders—Mid-Capacity Tracked Machine
Model 605C, with a 1.7 yd® (1.3 m®) bucket.

Optional or Special Equipment
Add (+) or deduct (-) Ib. (kg) as indicated to
base weight for units with

18-in. (457 mm) Track Shoes .............. included in base unit
20-in. (508 mm) Track Shoes . ............. 194 Ib. {88 kg)
Additional Front Lights {2) (cabonly)......... 26 1b. (12 kg)
Boit-On Rock Guards. .................... 260 1b. {118 kg)
Cab with Air Conditioning ................. 1,358 Ib. (616 kg)
Heavy-Duty Rear Bumperx ............... 476 Ib. (216 kg)
Hydraulic Controls for Front Attachment .. .. .. included with multipurpose bucket
Multipurpose Bucket with Bolt-On Teeth . ... .. 794 1b. (360 kg)
Rear Counterweight' .. ................... 230 Ib. (106 kg)
ROPS Canopy (lesscab) .................. included in base unit
Segmented Cutting Bdges................. 176 1b. (80 kg)
*Included in base unit. / tincluded in canopy base unit.
Dimensions

Rounded to the nearest whole number.

A Height over Canopy (including grousers) . . . 118 in. (2998 mm)
B Height over Exhaust Pipe. .............. 90 in. (2276 mm)
C LengthtoFrontofTrack ............... 152 in. (3859 mm)
D Overall Length (with standard bucket

with bolt-onteeth). ................... 212in. {5383 mm)
E TrackGauge ........................ 63 in. (1600 mm)
F Ground Clearance .................... 16 in. (408 mm)

Standard Bucket with Bolt-on Teeth and Segmented Cutting Edges
CapacityHeaped. . ...................... 1.7 cu. yd. (1.3 m?)
Breakoutforce ...................... ... 22,480 Ib. (10 200 kg)
Static TippingLoad...................... 14,750 Ib. {6690 kg)
G Dumping Height at 45 Degrees.......... 105 in. (2679 mm)
H Reachat45Degrees.................. 35 in. (890 mm)
| Maximum Digging Depth Below Grade .. .. 5.1 in. (130 mm)
J  Maximum Operating Height. .. .......... 176 in. (4474 mm)
K Maximum Height of Hinge Pin........... 133 in. (3368 mm)
L Height of Hinge Pin, Transport Position . .. . 18.1 in. (459 mm)
M Width of Bucket. ..................... 91 in. (2300 mm)
605C CRAWLER LOADER
WITH ROPS CANOPY
AND STANDARD BUCKET

o - 6
o
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1.6.4 Loaders—Large-Capacity Tracked Machine
Model 755D, with a 3.14 yd? (3.31 m®) bucket.

755D CRAWLER LOADER
WITH STANDARD B'ICKET

D
Machine Dimensions
Cab
A Overall Height (cab with grousers) .................. 10 ft. 10in. (3.3t m)
B Height Over ExhaustPipe......................... 91t 8in. (2.95 m)
C LengthtoFrontof Track............oooevvvnnn... 16 ft. 0 in. (4.87 m)
D Overall Length (with bucket). ...................... 221t 6in. (6.85m)
E TrackGauge..............ocvveviiiiniiin. 51t 11in. (1.80 m)
F Ground Clearance...............cocveeevvvunnen. 18 in. (458 mm)
Machine Width with 20-in. (508 mm) Shoes. ............. 71.7in (231 m)
Standard Bucket with Bolt-On Teeth
Capacity Heaped ..............ccovviiiii it 314 cu. yd. 2.4 mY)
Breakout Force (1IS08313). ...t 36,869 Ib. (164 kN)
Static Tipping Load (1S08313) . ........... ... viints 31,597 Ib. (14 332 kg)
BucketWeight . ..o 3,757 Ib. (1704 kg)
G Dumping Height at 45 deg. (ISO7131) . .............. 9. 9in. (2.98 m)
H Reachat45deg...............coovvviivnnnnnn. 41.0in. (1.21 m)
| Maximum Digging Depth Below Grade............... 6 in. (150 mm)
J  Maximum Operating Height (bucket at full lifty. .. ...... 18 ft. 1 in. (5.50 m)
K Maximum Height at Hinge Pin ... .................. 13t 4in. (4.05m)
L Height at Hinge Pin (transport position) .............. 23 in, (576 mm)
M Widthof Bucket. .. ..., 81t 4in (253 m)
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1.6.4.1 Loaders—2.62 yd® (2.0 m®) Bucket and Rear Ripper

Model 755D

Multipurpose Bucket with Bolt-On Teeth
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755D CRAWLER LOADER
WITH MULTIPURPOSE BUCKET AND
THREE-SHANK RIGID-TYPE RADIAL RIPPERS
WITH ESGO RIPPER TIPS

CapacityHeaped ...................c i 2.62 cu. yd. (2.0 mY)
Breakout Force (1S08313)............................ 34,845 1b. (155 kN)
Static Tipping Load (IS08313) ........................ 28,989 Ib. (13 149 kg)
BucketWeight . ... ......... .ol 4,954 Ib. (2247 kg)
D Overall Length (with bucket). ...................... 231t 1in. (7.04 m)
G Dumping Height at 45 deg. (IS07131) — Bucket .. .. .. gft. 9in. (2.98 m)
G’ Dumping Height at 45 deg. (IS07131) — Blade..... ... 111t 9in. (3.58 m)
H Reachat45deg. —Bucket. ...................... 41t 0in. (1.20 m)
H’ Reachat45deg. —Blade........................ 21t 2 in. (661 mm)
| Maximum Digging Depth Below Grade............... 8.66 in. (220 mm)
J Maximum Operating Height (bucket at full lift

—BucketOpen. ... 201t 3in. (6.16 m)
J' Maximum Operating Height {bucket at ful lift)

—BucketClosed. ......................al 181t.01in, {5.46 m)
K Maximum Height atHinge Pin ..................... 131ft. 4in. (4.05 m)
L Height at Hinge Pin {transport position) .............. 23 in. (576 mm)
N Widthof Opening...............ooviiiinnon... 41.3in. (1.2 m)

Rear Ripper

Three-shank rigid-type radial ripper with ESCO ripper tips
Weight ... ..o 2,590 1b. (1175 kg)
0 Ground Clearance Below Toolbar, .................. 33in. (826 mm)
P RippingWidth.....................o 6 ft. 5in. (1.96 m)
Q ToolbarWidth. .. ... 7ft.0in. 210 m)
R Litting Height .................................. 33 in. {826 mm)
S Ripping Depth ... ...ooveiin 15 in. (390 mm)
T Additional Length Overall — Raised................. 29 in. (740 mm)
T Additional Length Overall — Transport .............. 30 in. {760 mm)
U Distance betweenTeeth. ......................... 35 in. (900 mm)
V' Approach Angle (ripper raised}. .. .................. 20 deg.

By permission, Deere & Company, Moline, Illinois.



36 Section 1

1.7.0 Small Dozer
Model 450J, with a 96-in.- (2464-mm-) wide and 3-ft 2-in.- (955-mm) high blade.

0

Concrete Level

1.9 in. (49 mm)
single grouser height

;mmlf?

Width Over Track g& 0 G

P Gast Reach

Machine Dimensions 450J LT 450J LGP
A Overall Height (ROPS or cab) . ............ gft.0in. (2.74 m) 9ft.0in. (274 m)
Height of Grousers. .................... 1.91n. (48.3 mm) 1.91n. (48 mm)
B Overalltength........................ 1211110, (3.94 m) 13t 21n. (4013 mm)
C Overall Length with Extended Drawbar ... .. 13f.61in. (4.11 m) 13 1. 4 in. (4064 mm)
D Overali Length with Winch. .. ............ 14 1. 9in. (4.50 m) 14 1. 9.in. (4496 mm)
E Minimum Ground Clearance ............. 13.6 in. (345 mm) 13.6 in. (345 mmy}
F Biade LiftHeight ...................... 304 in. (772 mm) 30.4 in. (772 mm)
G Blade DiggingDepth ................... 20.8 in. (528 mm) 20.8 in. (528 mm)
H Blade Cutting Edge Angle, Adjustable. . .. ... 52 10 60 deg. 52 to 60 deg.
Forestry Application 4504 LT / 450J LGP
Available limb risers and screens for the rollover protective structure, John Deere-built, self-contained 40008 Winch* for versatile skidding and clearing operations
D Overall Length with Winch™ ............. 14 . 9 in, (4496 mm)
Q 4000SWinchilength..............0vies 30 in. {752 mm)

*Reference 40008 Winch spec sheet.
**See above for related dimensions.
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1.7.1 Medium-Size Dozer
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Model 700 series, with a 120-in.- (3048-mm-) wide and a 39-in.- (991-mm-) high blade.

Blade Specs

700J LT

700J XLT

700J LGP

Width ...

vTOoOZ23Irx Com
=
=

CastReach........
Q 40005 Winch Length

120 in. {3048 mm)
39 in. (991 mm)
3.44 cu. yd. (2.63 mY)

25 deq.

109 in. (2769 mm)
17 in. (432 mm)
2in. (51 mm)

90 in. (2286 mm)
16 in. (406 mm)
30.5in. (775 mm)

120 in. (3048 mm)

39 in, (991 mm)
344 cu. yd. (2.63 mY)

25 deg.

109 in. (2769 mm)
17 in. (432 mm)
1in. (25 mm)

92 in. (2337 mm}
15 in. (381 mm)
30.5 in. {775 mm)

132 in. (3353 mmy}

39in. {991 mm)
3.75 cu. yd. (2.87 m)

25 deg.

121 in. (3073 mm)
18 in. (457 mm)
-1in. {-25mm)
108 in. (2743 mm)
13 in. (330 mm)
30.5in. (775 mm)

Rear Ripper 700J LT/ 700J XLT / 700J LGP

WEIGNE « - oo 3,183 Ib. (1444 kg)

R Maximum Penetration.................. 22.2in. (563 mm)

S Maximum Clearance Under Tip. .......... 23in. {584 mm)

T Overall Length (lowered position) ......... 58.8 in. (1494 mm)

T' Overall Length (raised position). .......... 478 in. (1210 mm)

U Overall Beam Width ................... 76 in. (1930 mm)

V' Slope Angle (full raise) ................. 26 deg.

W RippingWidth....................oes. 65.9 in. (1673 mm)

X Distance Between Shanks (3 installed). . . . . 31.7 in. (806 mm)

Distance Between Holes In Shank

4.11n. (105 mm)

Drawbar Pull

Crawler Speed vs Ground P

il oo

usable pull will depend on
traction and weight of tractor
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1.7.2 Large Dozer
Deere’s largest dozer, the 1050J, with a 13-ft 3-in. (4.04-m-) wide and a 5-ft 5-in. (1.7-m-) high blade.

Machine Dimensions

Overali Height OverCab........................
Overall Length (without blade) . ................ ..
Height of Grousers . ...........................
Ground Clearance. . ..............c.ovveinns.
Total Width Over Blade-Mounting Trunnions . ... ... ..
Overalf Width with Extreme-Duty Single-Bar

Grouser Shoes
22in.(560mm)..........
24 610mm). ...
Bin.E60mm).......
28I 710mm). ...

MMOOm>>

111 11in. (3.63 m)
16 .0 in. (4.88 m)
3in. (84 mm)

25in. (635 mm)
10t 4in. (3.15m)

9ft.0in. (2.74 m)
91.2in. (2.79 m)
9t 4in. (2.84 m)
9.6 in. (2.90 m)

Blade Specs
semi-U dozer blade with U blade with push
push beams, cupped end beams, cupped end
bits, and tilt cylinder bits, and tift cylinder
Weight
With Mechanical Pitch Adjustment ............... 13,318 |b. (6041 kg} 14,908 ib. (6762 kg)
WithPowerPitch ... 13,567 th. (6154 kg) 15,157 ib. (6875 kg)

With Standard Cutting Edges without Spill Guard . . . ..
SAECApACHY. ... ..ot

LiftingHeight . ...
Blade Digging Depth. . ............ ... ...,
Maximum Blade Pitch Adjustment . ...............
Maximum Tilt, . ...
Overalilength ...t

gl S 3 )

7,033 1b. (3190 kg)
11.6 cu. yd. (8.92 m?)
5ft.5in. (1.7m)
131t 3in. (4.04 m)
4. 7in. (1.4 m)

22 in. (570 mm)

10 deg.

31t. 2 in. (972 mm)
211t 4in. (6.5m)

8,622 b. (3911 kg)
15.3cu.yd. (11.7 m3)
5f.5in.(1.7m)
141.2in. (4.3 m)
41t 7in.(1.4m)

22 in. (570 mm)

10 deg.

3t.5in. (1043 mm)
22ft.8in. (6.9 m)
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1.7.2.1 Large Dozer with a Single-Shank and Multishank Rear Ripper Blade
The 1050J.

1050J DOZER WITH SINGLE-SHANK REAR RIPPER

Rear Ripper
Parallelogram ripper with hydrautic pitch adjustment
mufti-shank (3) with
single-shank (3-hole height fydraufic pifch (2-hole height
adjustment in each shank) aajustment in each shank)
Weight ... 7974 1b. (3617 kg) 10,509 Ib. (4767 kg)
N Ripping Depth
Maximum. ... 3ft. 11 in. (1201 mm) 2.7 in. (791 mm)
Minimum ... 17 in. (421 mm) 19 in. (476 mm)
0 Lifting Height
Maximum. ... 3 ft. 5 in. (1040 mm) 3ft. 3in. (985 mm)
Miimum ... 10 in. (260 mm) 19 in. (476 mm)
P Overall Length (attachment raised). . ............. 6ft.0in (1.8m) 6f.0in.(1.8m)
P' Overall Length (attachment fowered) ............. 7f.9in. (2.4 m) 71.9in. (2.4 m)
Q ToolbarWidth................ccooeven... 4ft.4in. (1.3 m) 8t 0in. (2.4 m)
R Distance Between Teeth .. ......... ottt ettt 3.7 (1.1 m)
31 deg.

1050J DOZER WITH MULTI-SHANK REAR RIPPER

By permission, Deere & Company, Moline, Illinois.
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1.8.0 Skid Loader

In 1957 a pair of local blacksmiths, the Keller brothers, produced a three-wheeled loader, built on a
farm from junkyard parts, that evolved into today’s popular Bobcat. This machine designed for small-
space work and operated by locking one track or wheel to turn quickly in close quarters became the
popular skid steer loader offered by many equipment manufacturers today.

1.8.1 Small Skid Steer Loader

Deere loader with tipping load of 3700 1b (1678 kg).

Loader Performance
TippIng LOAd ..e.eveeeeere e 3,700 1b. (1678 kg)
SAE Rated Operating Capacity’ ........ 1,750 1b. (794 kg)
ROC with Optional Counterweights................ 2,100 1b. (953 kg)
Boom Breakout ...........oeoevvvevrevenierceneienines 3,100 1b. (1406 kg)
Bucket Breakout:
Foundry Bucket ...... ...5,500 1b. (2495 kg)

Construction Bucket ........c..coveevveriin 3,900 1. (1769 kg)
'Operating capacity rated with standard tires and foundry bucket according to SAE standard J818 operating capacity to equal no more than one half the tip load.

E)
(F)
©
‘o
0O
1B
Dimensions

A Length without Bucket ..........c..c.ooeveee. 102 in. {2591 mm)
B Length with BucKet .........oooovvvrerrrrcrras 125.8 in. (3195 mm}
G Width without Bucket...........coocoeccevcne 64.1in. {1628 mm)
D Height to Top of ROPS.......covevvevvrvrer 75.4in. (1915 mm)
E Height to Hinge Pin .....oooooeooeorrceccreveee 114 in. (2896 mm)
F Dump Height.....ooovo oo v, 88.8 in. (2255 mm)
G Dump Reach:

Foundry Bucket ....c....cveoceerrennenn. 29.1in. (739 mm)

Construction Bucket ....36 in. (914 mm)
H Wheelbase........ccco.ee ..42.3in. (1074 mm)
| Ground Clearance ... ....8.2in. (208 mm)
J  Angle of DEpanture ..cc.ocvvveeeneeriiins 27 degrees
K Front Tur Radius.......c.ccovveverreeercrecen 78.9 in. (2004 mm)
L Dump Angle (At Full Lift Height) ............. 45 degrees

Operating Weight

M Bucket Roltback (At Ground Level) ......... 35 degrees

Operating Weight ..........cooeverecnnmrecninnncnned 6,300 Ib. {2858 kg)

By permission, Deere & Company, Moline, Illinois.
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1.8.2 Skid Steer Loader with Tipping Load of 3900 Ib (1769 kg)

Loader Performance

a1

Tipping Load ....ccovvcverecnninnes
SAE Rated Operating Capacity’ ....
ROC with Optional Counterweights
Boom Breakout ..o

Bucket Breakout:
Foundry Bucket .........
Construction Bucket

{

(
................ 2,300 fb. (1043 kg)
............... 3,100 Ib. (1406 kg)

3,900 Ib. (1769 kg)
1,950 Ib. (885 kg)

5,500 Ib. {2495 kg)
3,900 Ib. (1769 kg)

‘Operating capacity rated with standard tires and foundry bucket according to SAE standard J818 operating capacity to equal no more than one half the tip load.

Dimensions

A Length without Bucket
B Length with Bucket......

102 in. {2591 mm)
125.8 in. (3195 mm)

C Width without Bucket................eeeemnnn. 69.8 in. (1773 mm)
D Heightto Top of ROPS ....oooovvvvomerreerrnes 76.8 in. (1951 mm)
E Height to Hinge Pin 115.2 in. (2926 mm)
F Dump Height ..o 90.2 in. (2290 mm)
G Dump Reach:
Foundry Bucket .......ccoo.vveerevnreecrnnnee 28.11in. (714 mm)
Construction Bucket ..........cccovvcenecns 35 in. (889 mm)

H Wheelbase ............ccoveeerrveeen
| Ground Clearance ..................

J Angle of Departure...
K Front Turn Radius.....

L Dump Angle (At Full Lift Height) ....

...... 42.3in. (1074 mm)

.............. 9.6 in. (244 mm)

M Bucket Roliback (At Ground Level) ......... 35 degrees
Operating Weight
Operating Weight ..........ocevorevveivcccnnsciinens 6,435 1b. (2919 kg)

By permission, Deere & Company, Moline, Illinois.
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1.8.3 Compact Track Loader
Deere model CT322, with tipping load of 9200 Ib (4173 kg).

Loader Performance

Tippingload ...t 9,200 ib. (4173 kg)
SAE Rated Operating Capacity @ 35%

of TippingLoad' .................. 3,200 ib. (1452 kg)
SAE Rated Operating Capacity @ 50%

of Tipping Load. . ................. 4,600 Ib. (2087 kg)
Boom Breakout ..................... 6,650 Ib. (3016 kg)
Bucket Breakout:

Heavy-Duty Foundry Bucket . .. ... ... 11,600 Ib. (5262 kg)

Heavy-Duty Construction Bucket. . .. .. 8,210 Ib. (3724 kg)
TractiveEffort. . ............ ... 11,500 Ibf (5227 kgf)

‘Operating capacity rated with 17.7-in. (450 mm) tracks and foundry bucket according to SAE standard J818 operating capacity to equal no more than
35% of the tip load.

Q
Q - )
B
Dimensions
A length without Bucket. ............ 115.5 in. (2934 mm)
B Length with Bucket............... 138.5in. (3518 mm)
C Width without Bucket . ............ 80.6 in. {2047 mm)
D HeighttoTop of ROPS............. 82.9in. (2106 mm)
E Heightto HingePin............... 127 in. (3226 mm)
F DumpHeight.................... 102 in. (2591 mm)
G Dump Reach:
Heavy-Duty Foundry Bucket .. .... 33in. (841 mm)
Heavy-Duty Construction Bucket. . . .. 40 in. (1019 mm)

H Ground Clearance ................ 11in. (279 mm)

| Angle of Departure ............... 27.6 degrees

J FontTum Radius ................ 83.7 in. (2126 mm)
K Dump Angle {at full lift height). . ... .. 45 degrees

L Bucket Roliback (at ground level) .. .. 35 degrees

Operating Weight

Standard 17.7-in. (450 mm) Track .. ... .. 10,825 Ib. (4910 kg)
Optional 12.6-in. (320 mm) Track........ 10,565 tb. (4792 kg}

By permission, Deere & Company, Moline, Illinois.
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1.8.3.1 Weight of Loose Material, Pounds per Cubic Yard and Metric Equivalent

MATERIAL (Loose weight) Ib./cu.yd.  kg/m3
Caliche 2,100 1250
Cinders 1,000 590
Clay and gravel, dry 2,400 1420
Clay and gravel, wet 2,600 1540
Clay, dry 2,500 1480
Clay, natural bed 2,800 1660
Clay, wet 2,800 1660
Coal, anthracite, broken 1,850 1100
Coal, bituminous, broken 1,400 830
Earth, dry, packed 2,550 1510
Earth, loam 2,100 1250
Earth, wet, excavated 2,700 1600
Granite, broken or large crushed 2,800 1660
Gravel, dry 2,550 1510
Gravel, dry 1/2" to 2" (13 to 50 mm) 2,850 1690
Gravel, pit run (graveled sand) 3,250 1930
Gravel, wet 1/2" to 2" (13 to 50 mm) 3,400 2020
Gypsum, crushed 2,700 1600
Limestone, broken or crushed 2,600 1540
Magnetite, iron ore 4,700 2790
Phosphate rock 2,160 1280
Pyrite, iron ore 4,350 2580
Sand and gravel, dry 2,900 1720
Sand and gravel, wet 3,400 2020
Sand, dry 2,400 1420
Sand, wet 3,100 1840
Sandstone, broken 2,550 1510
Shale 2,100 1250
Slag, broken 2,950 1750
Stone, crushed 2,700 1600
Topsoil 1,600 950

1.9.0 Technology and Construction Equipment

Global positioning systems are employed by civil engineers and their survey parties. For several
years, companies have offered estimating software that allows an estimator not only to make accu-
rate sitework estimates but also to visually create 3D presentations of existing and new site contours
to augment their estimate.

Now construction equipment manufacturers are beginning to use GPS and other computer soft-
ware programs to aid equipment operators in attaining better control over their contour grading
operations.

1.9.1 Caterpillar’s Accugrade Grade Control System

Utilizing a laser transmitter and receiver and a GPS base station radio combined with digital opera-
tor design guidance features and automatic blade controls, a more accurate final rough grade can be
obtained more quickly. Caterpillar’s system utilizes the Accugrade laser. Their GPS base station radio
and satellite technology compares the traditional grading method using grade stakes with their laser-
guided system.
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1.9.2 John Deere’s Install Integrated Grade Control System

It utilizes a Trimble interface equipped with the Trimble GCS900 Grade Control System incorporat-
ing a GPS antenna and a laser augmentation configuration. The dozer operator uses the position and
elevation information fed into an onboard computer and compares these data to the design cut and
fill profile. This cut and fill information will drive the valves on the dozer for automatic blade control.

There are three functions added to the new

Increment Up IGC electro-hydraulic dozer control joystick.

Not Used

Blade Angle
Right

J - Auto Mode Disable/Enable
Decrement - Increment Up
Down - Decrement Down

These buttons will not be on the standard
dozer joystick.

The Auto Mode Disable Switch allows the
operator to select between manual and
automatic modes without moving his hand
from the dozer joystick control.

Blade Angle
Left

Auto Mode
Disable/Enable

The optional fourth function for rear equipment
is operated by a separate lever located to the
right of the main control stick

As you can see, the mechanical linkage
associated with the old joystick is eliminated
with this new electro-hydraulic (EH) controller.

The control lever now works the same as the
large dozer pilot controller to raise, lower, tilt,
and angle the blade.

The Trimble monitor mount is located at the
front of the right side console. The wire
harness connects to the already existing
Deere integrated connectors inside the
console.




Soils, Site Utilities, Sitework Equipment 45

1.10.0 Trenchless Pipe Installation

Microtunneling, underground pipe jacking, and augur pipe jacking are practical methods to install
and repair underground utilities in urban areas where open trench cut and cover are impractical.

1.10.1 Basic Types of Trenchless Technology

include microtunneling, horizontal directional drilling (HDD), and tunnel boring machines (TBMs).

1.10.2 Microtunneling

A system to create a small-diameter tunnel to install a product pipe underground. This is a process
whereby a remotely operated small boring machine, referred to as a microtunnel boring machine
(MTBM), bores and brings along product pipelines as it bores a passage. This process is often referred
to as pipe jacking since the tunnel liner is hydraulically pushed behind the boring that takes place.
Overcutting of the bore provides a slight gap between the inside diameter of the bore and the outside
diameter of the pipe. A bentonite slurry, an ecologically friendly lubricant, is injected into this gap to ease
the passage of the pipe, but the process still involves some high hydraulic pressure to achieve passage.

The type of MTBM equipment is based upon the subsurface conditions likely to be encountered
and includes a hydraulic jacking device, a lubricating system to ease the pipe installation, a closed-
loop slurry system to remove the spoils, and a guidance system to control the path of the bore.

1.10.2.1 Typical Microtunneling Machine
Typical MTBM and the pit required to lower the TBM to the elevation of the required bore.

Equipment pulls new pipe
to the receiving pit. New pipe fed behind cone
from the entry pit.

~&— Direction of travel / \
----- T -
New pipe follows bursting cone underground _ j— 9
- .- -

L

Bursting cone breaks old pipe ahead of new section(s)

*Please note that for the purposes of this brief description, "pipe" refers to the line being pulled no matter
what type.

Trenchless Information Resources
For more information about trenchless pipe replacement we provide the following links.

Louisiana Tech University Trenchless Technology Center

The Trenchless Technology Center at the Louisiana Tech University is a university/industry cooperative
research center advancing trenchless technology by serving as an independent source of knowledge,
research and education.

North American Society for Trenchless Technology (NASTT)
NASTT is the only organization in North America specifically and exclusively dedicated to the science and
practice of Trenchless Technology.

International Society For Trenchless Technology (ISTT)
The International Society for Trenchless Technology provides information about and promotes trenchless
pipeline installation and rehabilitation.

Source: Alpha Plumbing, Dallas, Texas.
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1.10.2.2 Horizontal Directional Drilling (HDD) Method

This HDD process involves making a pilot bore into the ground at a slight angle, leveling out at a spec-
ified depth, and then advancing the boring machine horizontally along that depth to a point where
the drill is directed to exit the ground. At that point the drill head is removed, and a back reamer or
expander is attached along with the conduit or pipe that is to be installed. This pipe or conduit is
then pulled back through the pilot hole.

1.10.3 Soil Displacement Method

A displacement hammer driven by a hydraulic pump or pneumatic pressure actually pushes a ram
that creates a cavity which can be used to pull pipes through.

1.10.4 Trenchless Pipe Replacement

This involves installing a new pipe by pulling it through the existing one. By digging a pit on both
ends of the pipe to be replaced, a pulling unit with a cone-shaped device acts as a breaking head to
clear any collapsed pipe before the new insert is pulled through.

1.10.5 Tunnel Boring Machines (TBMs)

Boring machines are lowered into a pit at the elevation of either a proposed utility or a traffic tunnel.
Depending upon the nature of the soil—cohesive, noncohesive, high water content, brittle, soft or
hard rock—a variety of types of TBMs are employed to bore through the substrata under an active
highway or rail line. Traffic tunneling TBMs range in diameter from 13 ft (4 m) to 49 ft (15 m); util-
ity tunneling TBMs range in size from a 3-in (0.10-m) diameter to 14 ft (4.20 m).

1.11.0 Site Utilities

The installation of incoming underground utilities such as potable water, sanitary and storm sewers,
natural gas and primary electrical service, and data communications services may involve various
types of pipe and conduit, but they all have three things in common.

e Eixcavation and pipe installation via open cut or trench cut
¢ Bedding materials to ensure that the pipe or conduit will not be damaged upon backfill
e Compaction of the soil above the pipe to stabilize the excavate

The preparation of the trench to receive underground utilities starts with a proper foundation. A
stable and uniform foundation is necessary for satisfactory performance of any pipe. The foundation
must have sufficient load-bearing capacity to maintain the pipe in proper alignment and sustain the

loads imposed. The foundation should be checked for hard or soft spots. When undesirable founda-
tions exist, they should be stabilized by ballasting or soil modification.

1.11.1 Ballasting for Site Utilities

Ballasting requires the removal of undesirable foundation material and replacement with select mate-
rial such as sand, gravel, crushed rock, slag, or suitable earth backfill. The depth, gradation, and size
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of the ballast depend upon the specific material used and the amount of stabilization required. The
ballast is usually well graded from coarse to fine, having a size not more than 1 in./ft of pipe diameter
with 3 in. maximum and placed to a minimum depth of 4 in.

1.11.2 Soil Modification

involves the addition of select material to the native soil. Crushed rock, gravel, sand, slag, or other
durable insert materials with a maximum size of 3 in. are worked into the subsoil to accomplish the
required stabilization. Soil modification can also be accomplished by the addition of lime or
cement.

1.11.3 Adequate Pipe Foundation Stability

This is difficult to evaluate by visual observation. However, when concrete pipe is set on the foundation
with little or no care exercised to provide a bearing surface, the weight of the pipe exerts a pressure
of approximately 1000 1b/ft> for large-diameter pipe. This pressure is about the same as a 200-Ib person
would exert when standing on one foot. If the foundation can support workers in a trench without
sinking into the soil, the foundation should be stable enough to support the pipe and maintain it in
proper alignment.

1.11.4 Foundation Preparation

A stable and uniform foundation is necessary for satisfactory performance of any pipe. The founda-
tion must have sufficient load bearing capacity to maintain the pipe in proper alignment and sustain
the loads imposed. The foundation should be checked for hard or soft spots. Where undesirable foun-
dations exist, they should be stabilized by ballasting or soil modification.

Ballasting requires removal of undesirable foundation material and replacement with select
materials such as sand, gravel, crushed rock, slag, or suitable earth backfill. The depth, gradation and
size of the ballast depend on the specific material used and the amount of stabilization required. The
ballast is usually well graded from coarse to fine, having a size not more than one inch per foot of pipe
diameter with three inches maximum and placed to a minimum depth of four inches.

Soil modification involves the addition of select material to the native soil. Crushed rock, gravel,
sand, slag or other durable inert materials with a maximum size of three inches are worked into the
subsoil to accomplish the required stabilization. Soil modification can also be accomplished by the
addition of lime, cement or chemicals to the soil.

Adequate foundation stability is difficult to evaluate by visual observation. However, when con-
crete pipe is set on the foundation with little or no care exercised to provide a bearing surface, the
weight of the pipe exerts a pressure of approximately 1000 pounds per square foot. This pressure is
about the same pressure a 200 pound man would exert when standing on one foot. If the foundation
can support men working in the trench without sinking into the soil, the foundation should be stable
enough to support the pipe and maintain it in proper alignment.

1.11.5 Pipe Bedding

Once a stable and uniform foundation is provided, it is necessary to prepare the bedding in accor-
dance with the requirements of the plans, specifications or standard drawings. An important func-
tion of the bedding is to assure uniform support along the barrel of each pipe section. The bed-
ding distributes the load reaction around the lower periphery of the pipe. The required
supporting strength of the pipe is directly related to this load distribution, and several types of
bedding have been established to enable specification of pipe strengths during the design phase
of the project.

Pipe set on a flat foundation without bedding results in high load concentration at the bottom
of the pipe. Bedding the pipe so that the bottom reaction is distributed over 50 percent of the
outside horizontal span of the pipe results in a 36 percent increase in supporting strength; a
60 percent distribution results in a 73 percent increase for the same amount of settlement; and
a 100 percent distribution results in as much as a 150 percent increase depending on sidefill
compaction.
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If the pipe strength specified for a particular project is based on a design assumption that at least
60 percent of the outside horizontal span of the pipe is bedded, and the pipe is actually set on a flat
foundation, a pipe strength significantly greater than specified would be required. The bedding being
constructed needs to be continuously compared with the requirements in the plans or specifications.

Improved construction practices enable variations in the methods used to attain the required bear-
ing surface at the bottom of the pipe. The general classifications of beddings are presented as a
guideline of what is reasonably obtainable. Based on current construction practices, it is generally
more practical and economical to over excavate and bed the pipe on select materials, rather than
shape the subgrade to conform to the shape of the pipe.

1.11.6 Class D, C, B, and A Bedding

CLASS D BEDDING
Class D bedding is used only with circular pipe. Little or no care is exercised either to shape the foun-
dation surface to fit the lower part of the pipe exterior or to fill all spaces under and around the pipe
with granular materials. However, the gradient of the bed should be smooth and true to the estab-
lished grade. This class of bedding also includes the case of pipe on rock foundations in which an
earth cushion is provided under the pipe but is so shallow that the pipe, as it settles under the influ-
ence of vertical load, approaches contact with the rock.

CLASS C BEDDING

With a shaped subgrade the pipe is bedded with ordinary care in a soil foundation, shaped to fit the
lower part of the pipe exterior with reasonable closeness for a width of at least 50 percent of the out-
side diameter for a circular pipe, and one-tenth of the outside pipe rise for arch pipe, elliptical pipe
and box sections. For trench installations the sides and area over the pipe are filled with lightly com-
pacted backfill to a minimum depth of six inches above the top of the pipe. For embankment instal-
lations the pipe should not project more than 90 percent of the vertical height of the pipe above the
bedding.

A granular foundation is used only with a circular pipe, and consists of a compacted granular
material or densely compacted backfill placed on a flat bottom trench. The bedding material should
extend up the sides for a height of at least one-sixth the outside diameter of the pipe.

CLASS B BEDDING
For a shaped subgrade with granular foundation the bottom of the excavation is shaped to conform
to the pipe surface but at least two inches greater than the outside dimensions of the pipe. The width
should be sufficient to allow six-tenths of the outside pipe diameter for circular pipe and seven-
tenths of the outside span for arch and elliptical pipe to be bedded in fine granular fill placed in the
shaped excavation. Densely compacted backfill should be placed at the sides of the pipe to a depth
of at least 12 inches above the top of the pipe.

A granular foundation without shaping is used only with circular pipe. The pipe is bedded in
compacted granular material placed on the flat trench bottom. The granular bedding has a minimum
thickness, and should extend at least halfway up the pipe at the sides. The remainder of the side fills,
and a minimum depth of 12 inches over the top of the pipe, should be filled with densely compacted
material.

CLASS A BEDDING

A concrete craddle bedding is used only with circular pipe. The pipe is bedded in nonreinforced or
reinforced concrete having thickness, d, and extending up the sides for a height equal to one-fourth
the outside diameter. The cradle should have a minimum width at least equal to the outside diame-
ter of the pipe plus eight inches. The backfill above the cradle is densely compacted and extends 12
inches above the crown of the pipe. In rock, especially where blasting is likely in the adjacent vicin-
ity, the concrete cradle should be cushioned from the shock of the blasting which can be transmitted
through the rock.

The concrete arch is an alternate to the concrete cradle for trench installations. The pipe is bed-
ded in carefully compacted granular material having the minimum thickness and extending halfway
up the sides of the pipe. The top half of the pipe is covered with nonreinforced or reinforced
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concrete having a minimum thickness over the top of the pipe of one-fourth the inside pipe diame-
ter. The arch should have a minimum width at least equal to the outside diameter of the pipe plus
eight inches.

BEDDING MATERIALS
Materials for bedding should be selected to intimate contact can be obtained between the bed and
the pipe. Since most granular materials will shift to attain this contact as the pipe settles, an ideal
load distribution can be realized. Granular materials are coarse sand, pea gravel or well graded
crushed rock.

With the development of mechanical methods for subgrade preparation, pipe installation,
backfilling and compaction, excellent results have been obtained with pipe installed on a flat bot-
tom foundation and backfilled with well graded, job excavated soil. If this method of bedding is
used, it is essential that the bedding material be uniformly compacted under the haunches of the
pipe.

Where ledge rock, compacted rocky or gravel soil, or other unyielding foundation material is
encountered, beddings should be modified as follows:

e For Class B and C beddings, subgrades should be excavated or overexcavated, if necessary, so a
uniform foundation free of protruding rocks is provided.

e Special care may be necessary with Class A beddings or other unyielding foundations to cushion
pipe from shock when blasting can be anticipated in the area.

By permission, American Concrete Pipe Association, Irving, Texas.

1.11.7 Pipe Zone Bedding Materials

e Class I Angular stone, graded from %" (6.4 mm) to £” (12.7 mm), including crushed stone,
crushed shells, and cinders.

e Class II Coarse sand with a maximum particle size of 12" (38.1 mm), including various graded
sands and gravel containing small percentages of fines. Soil type GW, SP, SM, and C* (See the uni-
fied soil classification listing).

e Class III Fine sand and clayey gravel, including fine sand, sand-clay mixtures, and gravel-clay
mixes. Soil types GM, GC, SM, and SC are included in this class.

e Class IV  Silt, silty clays (including inorganic clays), and silts of medium to high plasticity and lig-
uid limits. Soil types MH, ML, CH, and CL are included in this class.

e Class V' Soils not recommended for bedding, haunching, or initial backfill consisting of organic
silts, organic clays and peat, and other highly organic materials.

Common sense, experience, and OSHA regulations will dictate the precautions required during
site utilities excavation. OSHA Handbook T%tle 29 of the Code of Federal Regulations (29 CFR Part
1926) is to be referred to for detailed regulations regarding excavation and trenching operations.
OSHA Construction Industry Digest (OSHA 2202) is a pocket-sized digest of basic applicable stan-
dards, including excavation and trenching. This handy booklet can be obtained by calling the local
U.S. Department of Labor office.

1.11.8 Loads on Pipe
Three types of loads must be considered:
1. Earth loads

2. Live loads from trucks, aircraft, and trains

3. Surcharge loads or loads from an additional earth fill or building over an installed pipe
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The methods for determining the magnitude of these loads are discussed in the following section.

P

'

Rigid Steel Member

~

s

Pipe Wall

Bearing Strips

Three-Edge Bearing Test

1.11.9 Backfilling Procedures for Thermoplastic Pipe

Backfilling

Before making the final connections and
backfilling, the pipeline should be
cooled to near the temperature of the
soil. During hot weather, for example,
backfilling should be done early in the
morning, when the solvent-cemented
joints are completely dried and the line
is fully contracted.

Assuming that the pipe is uniformly and
continuously supported over its entire
length on firm, stable material, it should
first be covered with 6 to 8 in. of soil
that is free of debris and rocks larger
than on-half inch in diameter. This initial
layer should be compacted by hand or,
preferably, by mechanical tamper so
that it acts as a protective cushion
against the final backfill. Any large,
sharp rock that could penetrate the
tampered layer around the pipe should
be removed from the final backfill.

Heavy Traoffic: When plastic pipe is
installed beneath streets, railroads or
other surfaces that are subjected to
heavy fraffic and resulting shock and
vibration, it should be run within a
protective metal or concrete casing.

Locating Buried Pipe: The location of
plastic pipelines should be accurately

recorded at the time of installation.
Since pipe is a non-conductor, it does
not respond fo the electronic devices
normally used to locate metal pipelines.
However, a copper or galvanized wire
can be spiraled around, taped to or laid
alongside or just above the pipe during
installation to permit the use of a locat-
ing device.

Note: For additional information, see
ASTM D 2774, “Underground Installation
of Thermoplastic Piping.”
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1.11.10 Compaction of Backfill for Metal and Thermoplastic Sewer Pipe

The pipe, once installed and inspected, must be backfilled.

¢ Cast iron soil pipe—Special compaction of the backfill is not necessary except for meet-
ing the requirements of normal compaction of the excavated area. Because cast iron is “rigid,” it
does not depend on sidefill support.

e Thermoplastic sewer pipe—The “flexible” pipe design is dependent on sidefill support to gain
“stiffness” to control deflections within acceptable limits (see figure below). Compaction in
six-inch maximum layers is required to the springline of the pipe. Compaction around the pipe
must be by hand. As noted earlier, trench width must be sufficient to allow this compaction.
Depending on soil type, minimum density compaction can range from 85 to 95 percent. If the
installation does not have suitable backfill material available, it must be imported.

i
i Excavated trench width '
foatbinndy— ~ _Tlh
s we = i =] -
AR E
- Compaction zone Al
[ 3 rd

Spring line of

Deflection

Special bedding requirements per ASTM D2321-89

1.11.11 Deflection of Cast Iron and Thermoplastic Sewer Pipe

Deflection

limit is 5% of
O.D. Any
deflection in
excess of 5% is
considered
failure.*

*ASTM standards
for all plastic sewer
pipes in Table 1

Deflection
\
N

Reprinted by permission of the Cast Iron Soil Pipe Institution.
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1.11.12 Expansion Characteristics of Various Metal and Plastic Pipes

Expansion: Allowances for expansion and contraction of building materials are important design con-
siderations. Material selection can create or prevent problems. Cast iron is in tune with building re-
actions to temperature. Its expansion is so close to that of steel and masonry that there is no need for
costly expansion joints and special offsets. That is not always the case with other DWV materials.

Thermal expansion of various materials.
Inches perinch  Inches per 100’ of  Ratio-assuming cast

Material 10 X per °F pipe per 100°F. iron equals 1.00
Cast iron 6.2 0.745 1.00
Concrete 35 0.66 .89
Steel (mild) 6.5 0.780 1.05
Steel (stainless) 7.8 0.940 1.26
Copper 9.2 1.11 1.49
PVC (high impact) 55.6 6.68 8.95
ABS (type 1A) 56.2 6.75 9.05
Polyethylene (type 1) 94.5 11.4 15.30
Polyethylene (type 2) 833 10.0 13.40

Here is the actual increase in length for 50 feet of pipe and 70° temperature rise.

Cast Iron P .261
Concrete | 231
Mild Steel | Building Materials 2.73
Copper | Other Materials P 388
PVC (high Impact) | Plastics 2338
ABS (type 1A) 2.362
Polyethylene (type 1) 3.990
Polyethylene (type 2) | ! 3.500

By permission of Cast Iron Soil Pipe Institute
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1.11.12 Expansion Characteristics of Various Metal and Plastic Pipes (Continued)

CPVC Expansion Loops

CPVC Length of Run (feet)
10 [20 [30 [40 |50 |60 |70 |80 [90 [100
Pipe | O.D. of
(5::113% FLp)e Minimum Deflected Pipe Length (DPL) (inches)
o mn.
1/, | 0.840| 15 21 26 30 33 36 39 42 44 47
3, | 1.050| 17 23 29 33 37 40 44 47 50 52
1 | 1.315] 18 26 32 37 4 45 49 52 55 58
1/; | 1.660 | 21 29 36 42 46 51 55 59 62 66
1/, | 1.900 | 22 31 39 44 50 54 59 63 67 70
2 | 2.375| 25 35 43 50 56 61 66 70 75 79
3 | 3.500 30 43 52 60 67 71 80 85 91 95
4 | 4500 34 4 59 68 77 84 91 97 103 108
6 | 6.625| 42 59 72 83 93 |102 110|117 125 131
8 | 8.625|47 67 82 95 106|116 125 | 134 142 150
10 |10.750 | 53 75 92 106 118|130 140|150 159 167
12 12750 58 81 100|115 129|141 152|163 173 182

CPVC Offsets and Change of Directions

CPVC Length of Run (feet)
10 [20 [30 [40 [s50 [e0 [70 [80 |90 [100
Pipe O.D. of
Size Pipe Minimum Deflected Pipe Length (DPL) (inches)
(in.) (in.)
/a2 0.840 | 21 30 36 42 47 51 55 59 63 66
3/a 1.050 | 23 33 40 47 22 57 62 66 70 74
1 1.315| 26 37 45 52 58 61 69 74 78 83
1/4 1.660 | 29 42 51 59 66 72 78 86 88 23
1/2 1.900 | 31 44 54 63 70 77 83 89 4 99
2 2.375| 35 50 61 70 79 86 93 99 105 111
3 3.500 | 43 60 74 85 25 105 113 121 128 135
4 4.500 | 48 68 84 97 108 119 128 137 145 153
6 6.625 | 59 53 102 17 131 144 155 166 176 186
8 8.625 | &7 95 116 134 150 164 177 189 201 212
10 |10.750 | 75 106 130 150 167 183 198 212 224 237
12 [12.750 | 81 115 141 163 182 200 216 230 244 258
Figure C: Expansion Offset Figure D: Change of Direction

Restraint Guide

L

%é%%F

Restraint

1/2 DPL—’l

L |




54 Section 1

1.11.13 Expansion Characteristics of Metal and Plastic Pipe in Graph Form
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Temperature difference degrees F.

Example: Find the expansion allowance required for a 120 ft. run of ABS pipe in a concrete & masonry
building and for a temperature difference of 90°F.

Answer: At a temperature difference of 90°F read from the chart, ABS expands 6" and concrete
expands %",
(6 - %) x 120 =5% % 120 = 6.3 inches
100 100
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1.11.14 Schedule 40, 80, and 120 PVC and CPVC Pipe Dimensions

A

Product Specifications

HARVEL
./
Schedule 40 Dimensions
Nom. Pipe Average Min. Nom, Max.
Size (in) O.D. 1.D. Wall  Wt/Ft. w.p
1/4 0.540 0.344 0.088 0.096 780
3/8 0.675 0473 0.091 0.128 620
12 0.840 0.602 0.109 0.190 600
3/4 1,050 0.804 0.113 0.253 480
| 1.318 1,029 0.133 0.371 450
1-1/4 1,660 1.360 0.140 0.502 370
1-112 1.900 1.590 0.145 0.599 330
2 2375 2,047 0.154 0.803 280
2-112 2.875 2.445 0.203 1.267 300
3 3.500 3.042 0.216 1.660 260
3-12 4.000 3.521 0.226 1.996 240
4 4.500 3.998 0.237 2.363 220
5 5.563 5.016 0.258 2.874 190
6 6.625 6.03! 0.280 4.164 180
8 8.625 7.942 0322 6.268 160
10 10.750 9.976 0.365 8.886 140
12 12.750 11.889 0406  11.751 130
14 14,000 13.073 0437 13916 130
16 16.000 14.940 0500 18.167 130
18 18.000 16.809 0.562  22.965 130
20 20.000 18.743 0593  29.976 120
24 24.000 22.544 0.687  37.539 120

Schedule 80 Dimensions

Nom, Pipe Average Min, Nom. Max,
Size (in)  O.D 1.D. Wwall  WtJ/Ft, W.R.
1/4 0.540 0.282 0119 0117 1130
38 0.675 0.403 0.126  0.162 920
12 0.840 0.526 0.147 0238 850
3/4 1.050 0.722 0.154 0322 690

| 1.315 0.936 0.179 0473 630
1-1/4 1.660 1.255 0.191 0.654 520
I-12 1.900 1.476 0200 0793 470
2 2.375 1913 0218 1.097 400
2-112 2.875 2.290 0.276 1.674 420
3 3.500 2.864 0300 2242 370
3-12 4.000 3.326 0318 2735 350
4 4.500 3.786 0337 3277 320

5 5.563 4.768 0.375 4.078 290

6 6.625 5.709 0432 6258 280

8 8.625 7.565 0.500 9.506 250
10 10.750 9493 0.593  14.095 230
12 12.750 11.294 0.687  19.392 230
14 14.000 12410 0.750 _ 23.26] 220
16 16.000 14213 0.843  29.891 220
18 18.000 16014 0937 37419 220
20 20.000 17814 1.031 45789 220
24 24.000 21418 1218 64.959 210

ASTM STANDARD D1784 MATERIAL EQUIVALENTS:
Cell Classification 23447 = CPVC Type IV Grade I = CPVC 4120

PIPE SIZES SHOWN ARE MANUFACTURED IN STRICT
COMPLIANCE WITH ASTM F441

CPVC Industrial Pipe: Schedule 40 & 80

The pressure ratings given are for water, non-shock, @ 73°F. The
following temperature de-rating factors are to be applied to the
working pressure ratings listed when operating at elevated

temperatures. .
De-Rating Factor

Multiply the working pressure

) . Operating De-Rating
rating of the selected pipe Te’:np F) Factor
at 73°F, by the appropriate .

. . 73-80 1.00
de-rating factor to determine 50 91
the maximum working 760 0.83
pressure rating of the pipe 110 0.72
at the elevated temperature 120 0.65
chosen. 130 0.57

140 0.50

EX: 10" CPVC SCH 80 :28 g:g
@L0°F = 2 170 029
149.5 psi max. @ 120°F 200 0.20

THE MAXIMUM SERVICE TEMPERATURE FOR CPVC IS 200°F.

Solvent-cemented joints should be utilized when working at
or near maximum temperatures. Harve! Plastics does not
recommend the use of CPVC for threaded connections at
temperatures above 150°F; use flanged joints, unions, or roll
grooved couplings where disassembly is necessary at elevated
temperatures.

Threading of Sch 40 CPVC pipe is not a recommended practice
due to insufficient wall thickness. Thread only Sch 80 or heavier
walls. Threading requires a 50% reduction in pressure
rating stated for plain end pipe @73°F.

Chemical resistance data should be referenced for proper
material selection and possible de-rating when working with
fluids other than water. Refer to Harvel Plastics 112/401
Product Bulletin for chemical resistance and installation data.

By permission, Harvel Plastics, Easton, PA.
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1.11.14 Schedule 40, 80, and 120 PVC and CPVC Pipe Dimensions (Continued)

7N\

Product Specifications

HARVEL
N\’
Schedule 80 Dimensions
Nom. Pipe Average Min. Nom, Max,
Size (in.) 0.D. 1.D. Wall  Wt/Ft,. WP

18 0.405 0.195 0.095 0063 1230

14 0.540 0.282 0.119 0.105 1130

38 0.675 0.403 0.126 0.146 920

in 0.840 0.526 0.147 0.213 850

34 1.050 0.722 0.154 0.289 690

[ 1315 0.936 0.179 0424 630

I-1/4 1.660 1.255 0.191 0.586 520
1-1/2 1.900 1476 0.200 0.711 470

2 2375 1913 0.218 0.984 400

2-1” 2.875 2290 0.276 1.500 420

3 3.500 2.864 0.300 2010 370
3-12 4.000 3.326 0318 2.452 350

4 4.500 3.786 0.337 2938 320

5 5.563 4768 0.375 4.078 290

6 6.625 5709 0.432 5610 280

8 8.625 7.565 0.500 8.522 250

10 10.750 9.493 0.593 12.635 230

12 12.750 11.294 0.687 17.384 230

14 14.000 12410 0.750  20.852 220

6 16.000 14213 0.843 26810 220

18 18.000 16.014 0937 33.544 220

20 20.000 17.814 1.031 41.047 220

24 24.000 21418 1218 58233 210

PVC Industrial Pipe: Schedule 80

The pressure ratings given are for water, non-shock, @ 73°F. The
following temperature de-rating factors are to be applied to the
working pressure ratings (WP) listed when operating at elevated
temperatures,

Multiply the working pressure De-Rating Factor

rating of the selected pipe at

Operating De-Rating

73°F, by the appropriate Temp (°F) Factor
de-rating factor to determine 73 1.00
the maximum working pressure 80 0.88
rating of the pipe at the 90 0.75
elevated temperature chosen. 100 0.62

110 0.51
EX: 120 040
10" PVCSCH 80 @ 120°F = ? 130 03!
230 psi x 0.40 = 92 psi max. 140 022
@120°F

THE MAXIMUM SERVICE TEMPERATURE FOR PVC IS 140°F.

Solvent-cemented joints should be utilized when working at
or near maximum temperatures. Harvel Plastics does not
recommend the use of PVC for threaded connections at
temperatures above 110°F; use flanged joints, unions, or roll
grooved couplings where disassembly is necessary at elevated
temperatures.

Thread only Schedule 80 or heavier walls. Threading requires

a 50% reduction in pressure rating stated for plain end pipe
@73'F. Threading of Schedule 40 PVC pipe is not a recommended
practice due to insufficient wall thickness.

Chemical resistance data should be referenced for proper
material selection and possible de-rating when working with
fluids other than water. Refer to Harvel Plastics 112/401 Product
Bulletin for chemical resistance, installation data, and additional
information.

ASTM STANDARD D1784 MATERIAL EQUIVALENTS:
Cell Classification 12454 = PVC Type I Grade 1 = PVCI1120

Pipe sizes shown are manufactured in strict compliance with
ASTM D1785.

By permission, Harvel Plastics, Easton, PA.
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1.11.14 Schedule 40, 80, and 120 PVC and CPVC Pipe Dimensions (Continued)
74\ Product Specifications

HARVEL
o/ PVC Industrial Pipe: Schedule 120

Schedule 120 Dimensions
Nom. Pipe Average Min. Nom. Max.

Multiply the working pressure rating of the selected pipe at 73°F

Size (in.) o.D. 1.D. wall Wt/Ft. WP by the appropriate de-rating factor to determine the maximum
2 0840 0480 0.170 0236 1010 v«;?rkmg pressure rating of the pipe at the elevated temperature
34 1050 0690 01700311770 chosen. De-Rating F

[ 1315 0891 0200 0464 _ 720 EX: 6" PVC SCHEDULE 120 e-Rating Factor
I-1/4 1660 1204 0215 0649 600 @ 130°F = 7 Operating  De-Rating
172 1900 1423 0225 0787 540 370 psix 031 = Temp(F) Factor

2 2375 ].845 0.250 1A 470 115 si 130°F
211 2875 2239 0300 I6l5 470 psi max. @ ;g (')gg

s mewe s mowooime s

6 6625 5434 0562 7.132 370 EEﬁgFﬁATURE FOR PVC 100 0.62

8 8625 7.189 0718 11277 380 ' I’;g g-i(')

Solvent cemented joints should 130 031
be utilized when working at or 140 022

ASTM STANDARD D1784 MATERIAL EQUIVALENTS:
Cell Classification 12454 = PVC Type I Grade I = PVC1120

near maximum temperatures,
Harvel Plastics does not

PIPE SIZES SHOWN ARE MANUFACTURED IN STRICT recommend the use of PVC for threaded connections at

COMPLIANCE WITH ASTM D1785 temperatures above 110°F; use flanged joints, unions, or
roll grooved couplings where disassembly is necessa

The working pressure ratings (W.P) given are for water, non-shock, at elifzated tempiratgures. y &

@ 73°F. The following temperature de-rating factors are to be
applied to the working pressure ratings (W.P) listed when operating ~ Threading requires a 50% reduction in pressure rating stated for
at elevated temperatures. plain end pipe @73°F.

Chemical resistance data should be referenced for proper
material selection and possible de-rating when working with
fluids other than water. Refer to Harvel Plastics 112/401 Product
Bulletin for chemical resistance and installation data.

Reference Harvel Plastics, Inc Product Bulletin 112/401 for
information pertaining to chemical resistance, physical
properties, joining methods, hangers and supports, collapse
pressure ratings, system components and other system
design and installation related data.

By permission, Harvel Plastics, Easton, PA.
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1.12.0 Utility Pipe and Conduit Choices

The choices are wide and vary from aluminum and steel to lined pipe to plastics. Each type has some-
what different characteristics as well as installation and joining procedures.

1.12.1 Ductile Iron

Cast iron, a form of ductile iron, dates all the way back to 14565 when French King Louis XIV ordered
the manufacture of a cast iron pipe to convey water from a pumping station to Versailles, 15 mi away.
It remained in continuous service for 330 years, bearing testament to the longevity of this material.

Ductile iron is available for water working pressures greater than 350 psi.

1.12.1.1 Nominal Thickness for Standard Pressure Classes of Ductile Iron Pipe
DUCTILE IRON PIPE

Nominal Thicknesses for Standard Pressure
Classes of Ductile Iron Pipe

Outside L

Pressure Class

I
>z¢ liniameter| 150 || 200 || 250 || 300 | 350 |
in. | Nominal Thickness -- in. |
L 3 |39 - | - ] - | - Joa25*]
L 4 Jl480 ) - || - | - | - Jo.25*%]
L 6 |69 ] - | - | - | - Jo.25%]
L 8 Jloos ] - || - | - | - Jo25*]
L 10 Jiraof - | - ) - | - | 026 |
[ 12 J1320) - | - | - | - | o028]
| 14 Jl1530] - | - Jo.28 | 0.30 | 0.31 |
16 1740 - || - ] 030 0.32 | 0.34 |
18 J19.50| - | | 0.31 || 0.34 | 0.36 |
| 20 2160 - | 0.33 | 0.36 || 0.38
24 | 2580 - 0.33 | 0.37 || 0.40 || 0.43
30 |[32.00] 0.34 || 0.38 || 0.42 | 0.45 | 0.49 |
| 36 |[38.30] 0.38 ] 0.42 || 0.47 || 0.51 | 0.56 |
| 42 ||44.50] 0.41 ] 0.47 || 0.52 || 0.57 | 0.63 ]
| 48 |[50.80] 0.46 || 0.52 || 0.58 || 0.64 | 0.70 ]
| 54 | 5756 0.51 ] 0.58 || 0.65 || 0.72 || 0.79 ]
| 60 | 61.61] 0.54 | 0.61 || 0.68 || 0.76 || 0.83 |
| 64 | 65.67] 0.56 || 0.64 || 0.72 || 0.80 | 0.87 ]

*Calculated thicknesses for these sizes and pressure ratings are less
than those shown above. Presently these are the lowest nominal
thicknesses available in these sizes.

Pressure classes are defined as the rated water working pressure of

the pipe in psi. The thickness shown above are adequate for the
rated water working pressure plus a surge allowance of 100 psi.
Calculations are based on a minimum yield strength in tension of

42,000 psi and 2.0 safety factor times the sum of working pressure
and 100 psi surge allowance.

Courtesy of the Ductile Iron Pipe Research Association.
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1.12.1.2 Pipe Joining Methods for Ductile Iron Pipe

Ductile Iron Pipe Joints and Their Uses

By Richard W. Bonds, PE.
DIPRA Research and Technical Director

Introduction

Joints for Iron pipe have come a long way. About 550 years ago. the first Cast Iron pipes were made with flanged joints, using
lead or leather gaskets. The bell and spigot joint, which was assembled by caulking yarn or braided hemp into the base of the
annular bell cavity and then pouring molten lead into the remaining space inside the bell, was developed in 1785 and extensively
used untif the late 1950s. The roll-on joint was developed in 1937 and was used for roughly 20 years before its manufacture
was discontinued. Assembly of this joint involved a compressed rubber gasket rolled under a restriction ring. followed by
caulked square-braided jute. The remainder of the joint was packed with a bituminous compound.

Today. the push-on and mechanical joints are the most prominent. The mechanical joint was developed for gas industry use in
the late 1920s but has since been used extensively in the water industry. The push-on joint was developed in 1956 and
represented an important advancement in the water distribution field.

Several special joints have been available for years. These include ball and socket for subaqueous crossings, grooved and
shouldered, and numerous variations of restrained joints.

There is a much wider variety of joints availabte for Ductile Iron pipe than any other piping material, providing greater flexibility
and versatility in pipeline design and installation.

Push-On Joints

The most popular, quickest, and easiest-to-assemble joint for Ductile iron pipe
and fittings in underground applications is the push-on joint. This joint consists
of a single rubber gasket placed in a groove inside the socket at the bell end of
the pipe. After lubricating the joint in accordance with the manufacturer’s
instructions, the beveled end of the pipe is pushed past the gasket, compressing TYTON® Push-On Joini
it and forming a pressure-tight and dependable seal. Step-by-step installation
procedures can be found in ANSI/AWWA C600 “Installation of Ductile-Iron Water
Mains and Their Appurtenances.” Assembly of the push-on joint is simple and
fast. Large bell holes are not required for this joint, and it can be assembled
under wet-trench conditions or even underwater. The push-on joint has been Figure 1
tested to more than 1,000 psi internal pressure, 430 psi external pressure and
14 psi negative air pressure with no leakage or infiltration. Push-on joints of modern Ductile Iron pipe systems are particularly
effective in preventing problems of infiltration, exfiltration, and root intrusion that have plagued sewer systems of other piping
materials. Push-on joint performance requirements and push-on gasket manufacturing and performance requirements have been
included in ANSI/AWWA C111/A21.11 “American National Standard for Rubber-Gasket Joints for Ductile-lron Pressure Pipe and
Fittings™ for many years.

Push-on Joints

; A\
FASTITE® Pysh-On Joint

There are two types of push-on joints: the FASTITE®" and TYTON®2 joints, Pipeline Curve Geometry

which are shown in Figure 1. They differ somewhat in configuration, but both
feature a gasket recess that is integrally cast into the bell of the pipe. The
compression of the standard dual-hardness gasket results from the spigot
being pushed home. The result is a flexible joint that is easy to assemble. 5
Furthermore, the gasket is not easily dislodged or “rolled” during installation.
Depending on pipe diameter, push-on joint Ductile Iron pipe has a joint
deflection of up to 5° (Figure 2 and Table 1). This deflection enables the
pipeline to be diverted from a straight line when following the curvature of
streets and roads or when avoiding obstacles.

8 = deflection angle

S = joint deflection offset
L. = laying length

R = radius of curve

Figure 2

On long radius curves, the trench should be excavated wider than normal to allow for straight line assembly before deflection. Inserting
the plain end of a full length of pipe into a socket under deflected conditions is not recommended and should be avoided if possible.
When deflection is necessary. pipe should be assembled in a straight line, both horizontally and vertically, before deflection is made.

Reprint from the document Ductile Iron Pipe Joints and Their Uses. Courtesy of the Ductile Iron Pipe Research Association.
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1.12.1.2 Pipe Joining Methods for Ductile Iron Pipe (Continued)

Mechanical joint

The mechanical joint has standardized dimensions as specified in
ANSI/AWWA C111/A21.11 "Rubber-Gasket Joints for Ductile-fron
Pressure Pipe and Fittings.” It is available for 3-inch through 24-
inch-diameter Ductile Iron pipe manufactured in accordance with
ANSI/AWWA C151/A21.51, and 3-inch through 48-inch fittings
manufactured in accordance with ANSI/AWWA C110/A21.10 and
C153/A21.53. The mechanical joint uses the basic principle of the
stuffing box and gland developed nearly 100 years ago.

The joint has four parts: a flange cast with a bell; a rubber gasket
that fits in the bell socket; a gland, or follower ring, to compress
the gasket: and tee head bolts and nuts for tightening the joint
(Figure 3). Joint assembly is labor-intensive but very simple and
requires only one tool — an ordinary ratchet wrench. Step-by-step
installation procedures can be found in ANSI/AWWA C600. The
mechanical joint is flexible, with the amount of deflection
dependent on pipe diameter (Table 2 and Figure 2). The
mechanical joint is used mainly with fittings rather than pipe. This
is due to the predominant use of push-on joints, which are more
economical, faster to install, more trouble-free, and offer better
service than mechanical joints.

Lubrication of the plain end, socket, and gasket during assembly
of mechanical joint Ductile iron pipe is recommended in
ANSI/AWWA C111/A21.11, ANSI/AWWA C600, and manufacturers’
literature. Based on controlled testing and extensive field
experience, DIPRA concurs with this recommended lubrication with
soapy water or approved pipe lubricant during mechanical joint
assembly to improve gasket sealing and long-term performance.

Flanged Joint

Although the flanged joint’s first recorded application was more
than 550 years ago. improved joints of this type are still used for
many aboveground plant installations and other specialized
applications (Figure 4). Flanged-joint Ductile Iron pipe is
manufactured in accordance with ANSI/AWWA C115/A21.15 and
is available in 3-inch through 64-inch diameters. Flanged fittings
for 3-inch through 48-inch are manufactured in accordance with
ANS/AWWA C110/A21.10 and 54-inch through 64-inch are
manufactured in accordance with ANSI/AWWA C153/A21.53.

Flanged joints for Ductile Iron pipe and fittings are rated for 250 psi
working pressure. However, in accordance with ANSI/AWWA
C111/A21.11, 24-inch and smaller flanged joints with Ductile lron
flanges may be rated for a maximum working pressure of 350 psi
with the use of special gaskets.

Flanged piping systems should be installed in accordance with the
suggested procedures listed in the appendices of ANSI/AWWA
C110/A21.10, C115/A21.15 and C153/A21.53 Standards. Questions
concerning gaskets should be directed to the manufacturer. For
compatibility of these flanges with other standards, see DIPRA's
brochure “Flanged Ductile Iron Pipe and Fittings.”

Table 1

Maximum Deflection Full Length Pipe
Push-on Joint Pipe

Approx. Radius of Curve - R*

Nominal Deflection Max. Offset - §* Produced by Succession of Joints
Pipe Size Angle - @* (in.) (ft.)

(in.) (deg.) L*=18ft. L*=20ft. L* = 18ft. L*=20ft.
3 5 19 21 205 230
4 5 19 21 205 230
6 5 19 21 205 230
8 5 19 21 205 230
10 5 19 21 205 230
12 5 19 21 205 230
14 3 11 12 340 380
16 3 11 12 340 380
18 3 11 12 340 380
20 3 11 12 340 380
24 3 11 12 340 380
30 3 11 12 340 380
36 3 11 12 340 380
42 3 11 12 340 380
48 3 - 12 - 380
54 3 - 12 - 380
60 3 - 12 - 380
64 3 - 12 - 380

Note: For 14-inch and larger push-on joints, maximum deflection may
be larger than shown above. Consult your DIPRA member company.
* See Figure 2

Mechanical Joint

Figure 3

Table 2

Maximum Deflection Full Length Pipe
Mechanical Joint Pipe

Approx. Radius of Curve - R*

Nominat Deflection Max. Offset - S* Produced by Succession of Joints
Pipe Size  Anglet - #* (in) (ft.)
(in.) (deg.) L*=18ft. L*=20ft. L*=18ft. L*=20ft
3 8 31 35 125 140
4 8 31 35 125 140
6 7 27 30 145 160
8 5 20 22 195 220
10 5 20 22 195 220
12 5 20 22 195 220
14 35 13.5 15 285 320
16 35 135 15 285 320
18 3 11 12 340 380
20 3 11 12 340 380
24 2 9 10 450 500
+ Rounded down to nearest half degree.
* See Figure 2
Flanged Joint
[N \N|
Flanged Fitting Flanged Pipe

Figure 4

Reprint from the document Ductile Iron Pipe Joints and Their Uses. Courtesy of the Ductile Iron Pipe Research Association.
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1.12.1.2 Pipe Joining Methods for Ductile Iron Pipe (Continued)

Restrained joints

One big advantage of Ductile Iron pipe systems vs. alternate materials is the vast amount and variety of thrust restraint joint
options. These restrained joints are used to resist thrust forces as an alternative to thrust blocking. A restrained joint is a special
type of push-on or mechanical joint that is designed to provide longitudinal restraint. Restrained joint systems function in a
manner similar to thrust blocks, insofar as the reaction of the entire restrained unit of piping with soil balances the thrust force.
These special joints offer flexibility and are simply and quickly installed. Each manufacturer of Ductile Iron pipe holds patents
on its own unique designs of these joints, and, therefore, the majority of restrained joints are considered proprietary.

Restrained joints are rated up to 350 psi working pressure for 4-inch- through 24-inch-diameter Ductile Iron pipe, and up to
250 psi working pressure for 30-inch through 64-inch. In some cases, restrained joints have been furnished for applications
with far greater pressures. It is recommended that the manufacturer be consulted in such cases.

Push-On Restrained Joints
Push-on restrained joints are available in two basic types of designs: those with restrained push-on gaskets and specially
designed push-on restrained joints.

Restrained Push-On Gasket Restrained Push-On Gasket Joints

Restrained push-on gaskets have proven to be an extremely successful,
trouble-free means of joint restraint for Ductile Iron pipe. These are
patented gaskets that contain high-strength stainless steel elements
spaced around the gasket that develop a dependable gripping action.
Because of the wedging design. the force between the spigot and the
socket of the pipe joint is essentially constant at any given pressure
thrust regardless of the tightness or looseness of the joint fit or the
joint deflection. Two configurations of this joint are shown in Figure 5.

Figure 5

These push-on restrained joint gaskets are available for 4-inch through 30-inch-diameter Ductile Iron pipe. They are suitable for
an allowable working pressure of up to 350 psi for 4-inch through 24-inch-diameter pipe and 150 psi for 30-inch.

These special gaskets are available for both the FASTITE® and TYTON® push-on joints. They have the same basic shape as the
FASTITE® and TYTON® regular gaskets, so they can be used in any standard FASTITE® and TYTON® joint pipe. Therefore these gaskets
may be used in lieu of standard push-on gaskets in the bells of standard push-on joint pipe, fittings. and valves where easy, field-
adaptable restraint is desired. Note: FASTITE® and TYTON® gaskets, both standard and restrained gaskets, are not interchangeable.

Assembly is very similar to that of regular push-on joint pipe. Pipe cut in the field must be properly prepared prior to assembly.
Contact pipe manufacturers for details on assembly and preparation of cut pipe.

Specially Designed Push-On Restrained Joints

Specially designed push-on restrained joints incorporate a push-on gasket and special bell designs in conjunction with their restraint
mechanisms. The push-on gaskets used in these joints might
not be interchangeable with the standard push-on gaskets. Specially Designed Push-On Restrained Joints
Contact the pipe manufacturer for details. Five configurations
of this type joint are shown in Figure 6.

These types of speciaily designed push-on restrained joints are
available for 4-inch- through 64-inch-diameter Ductile Iron pipe.
They are suitable for an allowable working pressure of up to 350
psi for 4-inch- through 24-inch-diameter pipe and 250 psi for
30-inch through 64-inch.

In general, this type of joint is easily assembled by making a
conventional push-on joint assembly and then inserting the Flex-
Ring®. split ring, or ring segments (depending on design).
extending the joint to remove any slack in the locking
mechanism, and then setting the joint deflection as required.
Each pipe manufacturer produces its own proprietary joints that
have explicit instaliation instructions.

Figure 6

Reprint from the document Ductile Iron Pipe Joints and Their Uses. Courtesy of the Ductile Iron Pipe Research Association.
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1.12.1.2 Pipe Joining Methods for Ductile Iron Pipe (Continued)

Mechanical Restrained ]oints Mechanical Restrained Joints
Mechanical restrained joints offer a method of providing joint

restraint with a standard mechanical joint socket of a pipe, fitting, ;:{i ;
valve, or other product. With the exception of some set-screw VT Vo

RN

retainer glands, the tee-bolts for these joints are not standard length;
special-length bolts are required for these joints. Three configurations
of this type joint are shown in Figure 7.

Field-Welded Restrained joints

Some restrained joints (push-on and mechanical) have a Ductile

Figure 7

or alloy steel retainer ring welded around the circumference of the spigot of the pipe to provide a means of restraint. If one of
these types of restrained joint pipe had to be cut in the field, a new ring would be required to be field welded around the new
cut spigot. DIPRA and the manufacturers of Ductile Iron pipe offer technical papers outlining the procedure whereby Ductile
Iron or alloy steel rings can be field welded onto the barrels of Ductile fron pipe to be used in restrained joint applications.

In most instances, careful planning and/or measuring ahead to position required field cuts in unrestrained sections of a pipeline
can eliminate the need for any field-fabricated restrained joints. Also, it is generally and technically preferable in restrained joint
areas to restrain field-cut joints, when available, with restrained joints that only require a standard spigot end, which eliminates
the need for field welding.

Ball and Socket Joints

Ball and Socket joints

Ductile fron pipe with boltless ball and socket joints is an extremely
versatile product for use in subaqueous construction. Important in
this context are the extreme toughness of heavy Ductile Iron wall
thicknesses and the flexibility and the restraint against joint
separation provided by the ball and socket.

The ball and socket joints available for Ductile iron pipe are boltless.
They consist of a precision-machined ball that fits into a machined Figure 8
socket, a rubber gasket to provide a pressure-tight seal, and a
retainer ring that provides longitudinai restraint. The joint is designed so that the rubber gasket is properly compressed and the joint is
leak-free throughout the full range of deflection. Four configurations of this type joint are shown in Figure 8. Maximum deflection is 15°
per joint in sizes up to and including 24-inch pipe; in sizes 30-inch and larger, maximum deflection varies from 12 ° to 15°. At maximum
deflection, the joint remains pressure-tight and retains the full flow area available in the undeflected joint.

The versatility of the ball and socket pipe allows the installer to devise installation methods to accommodate the particular
conditions of his job and equipment. Further discussion and general installation methods are presented in DIPRA’s publication
“Ductile fron Pipe Subaqueous Crossings.”

Grooved and Shouldered Joints Grooved and Shouldered Joints

The grooved joint uses a bolted, segmental, clamp-type. mechanical

coupling having a housing that encloses a U-shaped rubber gasket. ) @ s ,—@—, ,
»

The housing locks the pipe ends together and compresses the gasket
against the outside of the pipe ends. The ends of the pipe are machine
grooved to accept the housing. Grooved joints may be furnished as Figure 9
either rigid or flexible joints and are used mainly for aboveground
applications. The shouldered joint is similar except that the pipe ends are shouldered instead of grooved. These joints in sizes 4-inch
through 24-inch are covered in AWWA/ANSI C606. which defines material requirements, general design criteria, pipe-grooving details.
and coupling test requirements. Two configurations of these type joints are shown in Figure 9.

Grooved Joint Shouldered Joint

Conclusion

Ductile iron pipe has a wider variety of joints available than any other piping material. This gives Ductile Iron pipe greater
versatility and flexibility in pipeline design and installation to accommodate the particular conditions on the drawing board and
at the job site. These joints are time-proven to be strong. dependable, and bottletight. This is just one of the many reasons why
utilities and consulting engineers know that Ductile iron pipe is the right decision.

Note: Due to limited space, only a few select joints were shown in this article. For a complete assemblage of joints available for Ductile {ron pipe. see the Ductile
Iron Pipe Research Association's “Installation Guide for Ductile Iron Pipe,” and manufacturer's literature.

Reprint from the document Ductile Iron Pipe Joints and Their Uses. Courtesy of the Ductile Iron Pipe Research Association.
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LININGS AVAILABLE FOR DUCTILE IRON PIPE & FITTINGS
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Description

Portland Cement Mortar?
with Sealcoat
without Sealcoat

Fusion-Bonded Epoxy
(Fittings Only)
Petroleum Asphalt Coating

Ceramic Quartz Filled Amine Cured
Novalac Epoxy3

Maximum Service
Temperature (°F)"

Uses

150°
212°

120° - 150°"

150°

120° - 150°"

Common:

Drinking Water

Sea Water

Non-Septic Gravity Sewers
Sanitary Sewer Force Mains
Reclaimed Water

Common:

Drinking Water

Non-Septic Gravity Sewers
Sanitary Sewer Force Mains
Reclaimed Water

Common:
Air

Common:
Septic Sewers
Acids

Alkali Waste
Pickling Brine

Other Acceptable Services:

Reclaimed Water

Thicknesses

Standard or Double
(ANSI/AWWA C104/A21.4)

See footnote 4
(ANSI/AWWA C116/A21.16)

1 mil (nominal}

40 mil (nominal)

'Maximum service temperatures listed are intended as general guidelines which may vary depending on service conditions and lining
formulation. Consult pipe manufacturer for specific recommendations.

2ASTM C150 Type V sulfate resisting cement is recommended for seawater applications and some reclaimed water applications.
Consult pipe manufacturer for specific reclaimed water recommendations.

3Consult pipe manufacturer for specific service use and material details.

‘Recommended lining thicknesses may vary depending on service conditions, epoxy formulation, diameter, and other variables.
Consult fitting manufacturer for specific recommendations.

Courtesy of the Ductile Iron Pipe Research Association.
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1.12.1.4 Laying Conditions for Ductile Iron Pipe

DUCTILE IRON PIPE

Standard Laying Conditions for Ductile Iron Pipe

Type 1% Type 2

Flat-bottom trench.** Loose Flat-bottom trench.** Backfill

backfill. lightly consolidated to centerline of
pipe.

Type 3 Type 4

Pipe bedded in 4-inch minimum Pipe bedded in sand, gravel, or
loose soil. *** Backfill lightly crushed stone to depth of 1/8 pipe
consolidated to top of pipe. diameter, 4-inch minimum. Backfill

compacted to top of pipe.
(Approximately 80% Standard
proctor, AASHTO T-99.)

Type 5

Pipe bedded to its centerline in
compacted granular material, 4-inch
minimum under pipe. Compacted
granular or select material*** to
top of pipe. (Approximately 90%
Standard Proctor, AASHTO T-99.)

*For 14-inch and larger pipe, consideration should be given to the
use of laying conditions other than Type 1.
**"Flat-bottom" is defined as "undisturbed earth.”
Courtesy of the Ductile Iron Pipe Research Association.
Cement-mortar lined ductile iron pipe meets ANSI/AWWA C104/A21 .4 specifications for water ser-

vice and for some sewage service. The cement lining provides protection against interior pipe corro-
sion and exhibits improved flow characteristics.
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1.13.3 Thermoplastic Pipe

Plastic pipe has application in residential, commercial, and industrial use for storm and sanitary
drainage and vent lines. Grades are Schedule 40DWV pipe, usually referred to simply as Schedule 40,
for both aboveground and below-ground applications. A special 3.25-in. outside-diameter pipe with
a thinner wall than Schedule 40 is also available and is Schedule 30, usually used when there are
space limitations such as installation in a 2 x 4 nominal thickness stud wall.

Schedule 80 PVC pipe has a thicker wall section and is applicable for pressure ratings of 210 to
1230 psi and temperatures up to and including 140°F. Schedule 120, available in pipe diameters from
¥ to 8 in., can withstand pressures between 380 and 1010 psi.

1.13.4 General Properties of Thermoplastic Pipe
Poly(vinyl chioride) (PVC)

This plastic has the broadest range of applications in piping systems and its use has grown more
rapidly than that of other plastics. PVC has good chemical resistance to a wide range of corrosive
fluids, but may be damaged by ketones, aromatic and some chlorinated hydrocarbons (Table 1).
There are two principal types of PVC used in the manufacture of pipe and fittings, Type | and Type |i
(ASTM D 1784). Type |, also called unplasticized or rigid PVC, contains a minimum of processing
aids and other additives and has maximum tensile and flexurali strength, modulus of elasticity, and
chemical resistance; however, it is more brittle. It also has a maximum service temperature under
stress of about 65°C (150°F), lower thermal expansion than Type Hl, and does not support
combustion. Type Il PVC, which is modified with rubber to render it less rigid and tougher, is also
called high-impact, fiexible or non-rigid PVC. it has lower tensile and flexural strength, lower modulus
of elasticity, lower heat stability and less chemical resistance than Type |. The improvements made
through research and the availability of product standards for special uses have increased its

acceptance by designers, contractors and building code officials?4. PVC pipe is available in both
schedule number, which is determined by the expression 1000 x P/S, where P is the service
temperature and S, the allowable stress (both expressed in the same units) and standard dimension
(SDR) sizes, obtained by dividing the outside diameter of the pipe by its wall thickness. It is used in
drain-waste-vent (DWV) applications, in storm, sanitary, water-main, and natural gas distribution, and
in industrial and process piping. The fastest growing application in North America is currently for
municipal water and sewerage systems. PVC pipe is also used as a conduit for wiring (both electrical
and communications).

Chlorinated PVC (CPVC)

The basic resin in this plastic is made by post-chlorination of PVC. CPVC has essentially the same
properties as Type | PVC material, but has the added advantage of withstanding temperatures up to
100° C (212°F), approximately 33 deg C (59 deg F) more than PVC plastic. Although it is suitable for
the same piping applications as Type | PVC, the higher cost of CPVC restricts its use to that of
conveying hot fluids. A plumbing system in which CPVC pipe of the same diameter as copper pipe is
used for water distribution lines can handle 690 kPa (100 psi) working pressure at 82°C (180°F).
Consequently, CPVC pipe is now replacing copper pipe in many areas of Europe and the U.S.A.

Polyethylene (PE)

Pipe made from PE has a relatively low mechanical strength (Table 1), but exhibits good chemical
resistance and flexibility and is generally satisfactory for use at temperatures below 50°C (122°F).
The temperature limitation is, however, offset by good flexibility retention down to -55°C (-67°F).
Polyethylene piping plastics are classified into three types on the basis of density: low density (Type
1), medium density (Type lf) and high density (Type lll). The most popular are Types Il and Ili. The
mechanical strength, chemical resistance and temperature resistance increase with density, whereas
creep diminishes as the density increases.

PE pipe is available in both schedule number and standard dimension (SDR) sizes. Its principal
applications are: irrigation and sprinkler systems, drainage, chemical transport, gas distribution pipe
and electrical conduit systems.

Source: National Research Council of Canada.
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1.13.4 General Properties of Thermoplastic Pipe (Continued)

Table Il. Typical properties* of common thermoplastic pipe materials.

Heat
Thermal Deflection Modulus

Coefficient i . .
oethcien CondUCt'V"‘yTemperature, Tensile Compressive Flexural of

Type  Density, ‘éfThe”.“a' wemec! ooy, Strength, Strength,  Strength, Elasticity,
g/cm Xpansion, . 1 N N N GP
of (ASTM 10°8°C (Btu-in-h™'- under MPa (psi) MPa (psi) MPa (psi) GFa
Plastic D792) (ASTM f2.op-1y 182 MPa (ASTM  (ASTM (ASTM  (105%-psi)
Doos)  (ASTM (264 psi) D638) D 695) D790) (ASTM
D 177) (ASTM D 638)
D 648)
PVC 138 50 0.16 74 48.3 62.2 99.8 3.1(4.5)
(1.1) (165) (7,000) (9,600) (14,500)
CPVC 154 79 0.14 102 50.3 106.9 99.8 25
(0.96) (216) (7,300) (15,500) (14,500) (3.6)
PE 0.95 149 0.50 77 234 - 19.3 0.48
(UHMW) (3.5) (171) (3,400) (2,800) (0.70)
PE*  0.92- 130-180 0.33-050 -- 12.0-19.3 -- 11.7-13.8 1.4-10
0.95 (2.3-3.5) (1,750- (1,700-  (0.20-
2,800) 2,000) 1.5)
ABS 104 101 0.20 92 37.9 53.1 68.9 2.1
(1.4) (198) (5,500) (7,700) (10,000) (3.1)
PP 091 68 0.19 66 33.8 58.6 58.6 1.0
(1.3) (151) (4,900) (8,500) (8,500) (1.5)

* These data represent average values; pipe materials differ in properties, depending on formulation
and manufacturing process (6).
** Low, medium and high density (Type Il and Type ill).

Specialty PE Pipes

A relatively new development in PE piping is the introduction of ultrahigh molecular weight (UHMW)
PE and cross-linked PE plastic piping materials. The UHMW PE has considerably higher resistance
to stress-cracking but is more costly than conventional PE piping material. It offers an extra margin of
safety when used in sustained pressure conditions in comparison with pipe made from lower
molecular weight resin. It is suitable for certain applications in the chemical industry where stress-
cracking resistance has been a limiting factor for the conventional PE pipe.

Cross-linked PE piping material, when compared to ordinary PE pipe, displays greater strength,
higher stiffness and improved resistance to abrasion and to most chemicals and solvents at elevated
temperatures up to 95°C (203°F). Pipe made from cross-linked PE also has high-impact resistance
even at sub-zero temperatures. It is used in applications too severe for ordinary PE pipe. The joining
technique used is threading.

Acrylonitrile-butadiene-styrene (ABS)

ABS plastic is a copolymer made from the three monomers described in the heading, and contains at
least 15 per cent of acrylonitrile. It is a rigid plastic with good impact resistance at lower temperatures
down to -40°C (-40°F) and can be used at temperatures up to 80°C (176°F). ABS is utilized mainly
for drain-waste-ventilation (DWV) pipe and fittings but it is also used in solvent cement for installing
pipe in various applications. ADS pipe can be joined by solvent welding or threading.

A new development in the ABS-DWV piping industry is the co-extruded foam-core ABS pipe. It
consists of a foam core sandwiched between solid skins and can be used for sewer, conduit and duct
pipe. The foam-core pipe, with its lower resin requirements, could make ABS more price-competitive
with existing materials in these applications.

Source: National Research Council of Canada.
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1.13.4 General Properties of Thermoplastic Pipe (Continued)

Polybutylene (PB)

Polybutylene piping has practically no creep and has excellent resistance to stress cracking. It is
flexible, and in many respects similar to Type Il polyethylene, but is stronger. Polybutylene plastic
piping is relatively new, and thus far its use has been limited to the conveyance of natural gas and to
water distribution systems. Its high temperature grade can resist temperatures of 105-110°C (221-
230°F).

Polypropylene (PP)

Polypropylene-based piping is the lightest-weight plastic material (density = 0.90 g/cm?) and generally
has better chemical resistance than other plastics. PP is used in some pressure piping applications,
but its primary use is in low pressure lines. Polypropylene plastic pipe is used for chemical (usually
acid) waste drainage systems, natural-gas and oil-field systems, and water lines. The maximum
temperature for non-pressure piping is 90°C (194°F). Pipe lengths are joined by heat fusion,
threading (i.e., with heavy pipe) and mechanical seal devices.

Other thermoplastics

Other thermoplastics used in the manufacture of pipe include poly(vinylidene chloride), poly
(vinylidene fluoride), cellulose acetate butyrate (CAB), acetal homopolymer resins, rubber-modified
systems, polytetrafluoroethylene (PTFE), and fluorinated ethylene-propylene (FEP) copolymer. All of
these materials are relatively expensive and are used only for very special applications.

References
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112, 1972. ‘
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Source: National Research Council of Canada.

1.13.5 Thermoplastic Pipe Deflection and Expansion

The installation of thermoplastic pipe should take into account two factors: deflection, and expan-
sion and contraction. The expansion of thermoplastic pipe per 100 ft is significantly higher than
metal with high-density polyethylene (HDPE) and much higher than PVC and CPVC. When it is
installed aboveground, provisions must be made for expansion and contraction via an expansion
loop.
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1.13.6 PVC and CPVC Expansion Loops and Offsets
PVC Expansion Loops

PVC Length of Run (feet)
10 |20 |30 |40 |50 |60 [70 [80 [90 [100
Pipe O.D. of
Size Pipe Minimum Deflected Pipe Length (DPL) (inches)
(in.) (in.)
/2 0.840 | 11 15 19 22 24 27 29 31 32 34
3/4 1.050 | 12 17 21 24 27 30 32 34 36 38
1 1.315 | 14 19 23 27 30 33 36 38 4] 43
14 1.660 | 15 22 26 30 34 37 40 43 46 48
1/, 1.900 | 16 23 28 33 36 40 43 46 49 51
2 2375 | 18 26 32 36 41 45 48 51 55 58
3 3.500 | 22 31 38 44 49 54 58 62 66 70
4 4.500 | 25 35 43 50 56 61 66 71 75 79
6 6.625 | 30 43 53 61 68 74 80 86 21 6
8 8.625 | 35 49 60 69 78 85 92 98 104 110
10 |10.750| 39 55 67 77 87 95 102 110 116 122
12 |12.750 | 42 60 73 84 94 103 112 119 127 133
PVC Offsets and Change of Directions
PVC Length of Run (feet)
10 |20 [30 [40 |s0o [0 [70 |8 |90 [100
Pipe | O.D. of
Size | Pipe Minimum Deflected Pipe Length (DPL) (inches)
(in.) (in.)
/2 0.840 | 15 22 27 31 34 37 4] 43 46 48
3/s 1.050 | 17 24 30 34 38 42 45 48 51 54
1 1.315 | 19 27 33 38 43 47 51 54 57 61
1/, 1.660 | 22 30 37 43 48 53 57 61 65 68
1/, 1.900 | 23 33 40 46 51 56 61 65 69 73
2 2.375 | 26 36 45 51 58 63 68 73 77 81
3 3.500 | 31 44 54 62 70 77 83 88 @4 99
4 4.500 | 35 50 61 71 79 87 Q4 100 106 112
6 6.625 | 43 61 74 86 %) 105 114 122 129 136
8 8.625 | 49 69 85 98 110 120 130 139 147 155
10 |10.750 | 55 77 95 110 122 134 145 155 164 173
12 |12.750 | 60 84 103 119 133 146 158 169 179 189

Figure A: Guided Cantilever Beam Figure B: Expansion Loop

Free Body Diogram

Ey M, F
* \—J{SMB
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1.13.6 PVC and CPVC Expansion Loops and Offsets (Continued)
CPVC Expansion Loops

69

CPVC Length of Run (feet)
10 [20 [30 [40 [50 [0 [70 [80 [90 [100
Pipe | O.D.of
(S.ilf (F.'ip)e Minimum Deflected Pipe Length (DPL) (inches)
in. in.
/2 0.840 | 15 21 26 30 33 36 39 42 44 7
3/a 1.050 | 17 23 29 33 37 40 44 47 50 52
1 1.315| 18 26 32 37 41 45 49 52 55 58
174 1.660 | 21 29 36 42 46 51 55 59 62 66
1/ 1.900 | 22 31 39 44 50 54 59 63 67 70
2 2375 25 35 43 50 56 61 66 70 75 79
3 3.500 | 30 43 52 60 67 71 80 85 91 95
4 4,500 | 34 4 59 68 77 84 21 Q7 103 108
6 6.625 | 42 59 72 83 93 102 110 117 125 131
8 8.625 | 47 67 82 5 106 116 125 134 142 150
10 |10.750 | 53 75 92 106 118 130 140 150 159 167
12 |12.750 | 58 81 100 115 129 141 152 163 173 182
CPVC Offsets and Change of Directions
CPVC Length of Run (feet)
10 |20 [30 |40 [s0 |e0 [70 |80 |90 |100
Pipe O.D. of
Size Pipe Minimum Deflected Pipe Length (DPL) (inches)
in) | (in)
/2 0.840 | 21 30 36 42 47 51 55 59 63 66
34 1.050 | 23 33 40 47 22 57 62 66 70 74
1 1.315 | 26 37 45 52 58 61 69 /4 78 83
14 1.660 | 29 42 51 59 66 72 78 86 88 23
1/, 1.900 | 31 44 54 63 70 77 83 89 94 o9
2 2375 | 35 50 61 70 79 86 93 o9 105 111
3 3.500 | 43 60 74 85 95 105 113 121 128 135
4 4.500 | 48 68 84 97 108 119 128 137 145 153
6 6.625 | 59 53 102 17 131 144 155 166 176 186
8 8.625 | 67 95 116 134 150 164 177 189 201 212
10 |10.750 | 75 106 130 150 167 183 198 212 224 237
12 |12.750 | 81 115 141 163 182 200 216 230 244 258

Figure C: Expansion Offset

Figure D: Change of Direction
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1.14.0 Concrete Pipe

Precast concrete pipe has many advantages:

e High quality during production results in a watertight envelope, and with standard gaskets sealant

formulated to adhere to concrete, the drainage system using concrete pipe that watertight integrity
is possible.

e Because this type of pipe is manufactured and stockpiled locally in most major urban areas, it is
readily available.

e Concrete pipe has a specific gravity of 2.40 and resists buoyancy when installed underground.
e Concrete pipe is fire-resistant.

¢ The modular nature of pipe manufacture makes assembly of concrete pipe relatively easy.

e It has long life—installation for a 100-year life is feasible using concrete pipe.

1.14.1 Dimensions and Approximate Weight of Reinforced Concrete Pipe

ASTM C 76
Reinforced Concrete Culvert, Storm Drain and Sewer Pipe, Tongue and Groove Joints
WALL A WALL B WALL C
Internal MinimumWali| Approximate | MinimumWall| Approximate | MinimumWall| Approximate
Diameter, Thickness, | Weight. pounds | Thickness. | Weight, pounds| Thickness, | weight, pounds
inches inches per foot inches per foot inches per foat
12 1% 79 2 93 - —
15 1% 103 2Ya 127 - -
18 2 131 2% 168 - -
21 2Ys 171 2% 214 - -
24 2% 217 3 264 33 366
27 2% 255 3V 322 4 420
30 2% 295 3% 384 4Ys 476
33 2% 336 3% 451 4Y2 552
36 3 383 4 524 4% 654
42 32 520 432 686 514 811
48 4 683 5 867 5% 1011
54 4%, 864 5% 1068 6% 1208
60 5 1064 6 1295 6% 1473
66 5% 1287 6%2 1542 7Y 1735
72 6 1532 7 1811 7% 2015
78 6Y2 1797 7% 2100 8% 2410
84 7 2085 8 2409 8% 2660
S0 72 2395 8Y2 2740 9Ya 3020
96 8 2710 9 3090 9% 33585
102 8% 3078 9% 3480 10% 3760
108 9 3446 10 3865 10% 4160
Large Sizes of Pipe Tongue and Groove Joint
Internal Internal Wall Apgroximate
Diameter Diameter Thickness Weight, pounds
Inches Feet Inches per foot
114 9% 9% 3840
120 10 10 4263
126 10%; 10% 4680
132 11 11 5148
138 11% 11% 5627
144 12 12 6126
150 12% 12% 6647
156 13 13 7190
162 13% 13% 7754
168 14 14 8339
174 14Y> 14%2 8945
180 15 15 9572

These tables are based on concrete weighing 150 pounds per cubic foot and will vary with heavier or
lighter weight concrete.

Source: American Concrete Pipe Association.
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1.14.1 Dimensions and Approximate Weight of Reinforced Concrete Pipe (Continued)

ASTM C76—Reinforced Concrete Culvert, Storm Drain and
Sewer Pipe, Bell and Spigot Joint.
Wall A Wall B
internal . T
Oiametar, | Migmum | fwerage | M | rae
inches Thickness, pounds Thickness, pounds
inches per foot inches per foot
12 1-3/4 0 2 106
15 1-7/8 120 2-1/4 148
18 2 155 2-1/2 200
21 2-1/4 205 2-3/4 260
24 2-1/2 265 3 325
27 2-5/8 310 3-1/4 388
30 2-3/4 363 3-1/2 459

These tables are based on concrete weighing 150 pounds per cubic foot and
will vary with heavier or lighter weight concrete.

1.14.2 Dimensions and Approximate Weight of Nonreinforced Concrete Pipe

ASTM C 14—Nonreinforced Sewer and
Culvert Pipe, Bell and Spigot Joint
Class 1 Class 2 Class 3
I;;t;:;:: Minimum | Average | Minimum | Average | Minimum | Average
) ‘ Wall Weight, Wall Woeight, Wall Woeight,
inches Thickness, | pounds | Thickness, | pounds | Thickness, | pounds
inches per foot inches per foot inches per foot
4 5/8 9.5 3/4 13 3/4 13
6 5/8 17 3/4 20 7/8 21
8 3/4 21 7/8 31 1-1/8 36
10 7/8 37 1 42 1-1/4 50
12 1 50 1-3/8 68 1-3/4 80
15 1-1/4 78 1-5/8 100 1-7/8 120
18 1-1/2 105 2 155 2-1/4 165
21 1-3/4 159 2-1/4 205 2-3/4 260
24 2-1/8 200 3 315 3-3/8 350
21 3-1/4 390 3-3/4 450 3-3/4 450
30 3-1/2 450 4-1/4 540 4-1/4 540
33 3-3/4 520 4-1/2 620 4-1/2 620
36 4 580 4-3/4 700 4-3/4 700

Source: American Concrete Pipe Association.
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1.14.3 Concrete Pipe Fittings—Ts and Ys

Wyes are similar to tees except the centerline of the intersecting pipe intersects the centerline of the-
base pipe at an acute angle. Wyes are also utilized to effect the junction of two pipelineswithout the
necessity of a manhole or junction chamber.Wyes are commonly used to connect build-ing sewers or
house laterals to a sewer main.

Wyes for Concrete Pipe

Hand or Pneumatically
Placed Mortar

By permission, American Concrete Pipe Association, Irving, Texas.

Concrete Pipe Tee

F-‘ Hand or Pneumatically
e Placed Mortar

By permission, American Concrete Pipe Association, Irving, Texas.
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1.14.4 Concrete Pipe Configurations

Concrete pipe is manufactured in five common shapes. Regional custom and demand usually deter-
mine availability.

Source: American Concrete Pipe Association.
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1.15.0 Typical Precast Concrete Manhole Components

Grade Ring

M~ — — — —

Eccentric Cone Section

bl L
I I
I I
I I
I I
I I
I I
1 1
[ \

Riser Section
L

Precast Base Section

Source: American Concrete Pipe
Association.



O L
o

=

la—

/

1.15.1 Typical Assembly Combinations

standard
man hole
frame and
cover

grade rings
or brick

flat slab top

base

standard
man hole
frame and
cover

grade rings
or brick

concentric

cone

base

standard
man hole
frame and
cover

grade rings
or brick

concentric
cone

riser

riser

riser

*—base

standard
man hole
frame and
cover

grade rings
or brick

eccentric
cone

«—base

standard
man hole
frame and
cover

grade rings
or brick

eccentric
cone

transition
section

[+— base

standard
man hole
frame and
cover

grade rings
or brick

eccentric
cone

[-— riser

[+— riser

transition
: section

l«— base

Specific information concerning precast concrete manhole assemblies
to meet individual project requirements is available from any member
company of theAmerican Concrete Pipe Association.

Source: American Concrete Pipe Association.
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1.15.2 Forces Acting on Circular Concrete Riser Sections

FORCES ON CIRCULAR MANHOLE RISER
SECTIONS

A circular precast concrete riser is the ideal material
for constructing a vertical buried structure. Manhole
riser sections have a thick high-strength concrete wall
that easily resists the compressive forces caused by
lateral earth and hydrostatic pressure. The mass of
the concrete gives the structure stability in buoyant
installation conditions. See Design Data 22 Flotation of
Circular Concrete Pipe, for additional information on the
effect of buoyancy on buried structures.

Lateral earth pressure. Because manhole risers are

manufactured in standard diameters with the minimum

wall thickness directly proportional to the riser diameter, a

general vertical depth limit for all sizes may be calculated.

The most severe loading condition on a riser section

occurs when the ground water elevation is the same

as the surface of the ground. The forces acting on the

riser section are illustrated in Figure 2. The total active

force consists of two components; active lateral earth

i i pressure and hydrostatic pressure. Both components

of the load act in a radial direction and are distributed

3 o uniformly around the periphery of the manhole. Radial

forces acting on a circular cross-section result in only

compressive forces on the section. There are no bending

forces in a riser section unless there is a discontinuity

such as a hole for a sewer pipe connection.

Based on the radial load distribution, the lateral earth

pressure and hydrostatic pressure at any depth within
the soil mass is given by the following equation:

p=wHK cosi+wHK, (1)

where: p = total earth and hydrostatic pressure,

pounds per square foot

w,_ = effective unit weight of backfill material,
pounds per cubic feet

H = depth of manhole, feet

K, = conjugate ratio for soil

i = angle between backfill surface and the
horizontal, degrees

w,, = unit weight of water, pounds per cubic
feet

K, = conjugate ratio for water

e

WSHKSCOS i|<—> In most cases, the ground surface is level and i =
zero degrees. Therefore cos i = 1.0 and equation (1)
w, HK,, becomes:

Source: American Concrete Pipe Association.
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1.15.3 Storm Sewer Manhole Components without Grate

BASE SLAB
{OPTIONAL)
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1.16.0 Utility Company Precast Electric Manhole

Top Roof Half

A
~rmm

(A) 6-Protruding Pulling Irons
in Ceiling

\
| SR G,

Loy e

(B) 1-Recessed Pulling Iron
in Each Sidewall
(2-Totalin Top Half)

\
S
Sty

g m—

Recessed Duct
Extension

Bottom Floor Half

1-Recessed Pulling tron
in Each Sidewal!
(2-Totalin Bottom Half)

6-Protruding Pulling
Irons in Floor

(BY 2-Recessed Puling Irons

/—(A) in each Sidewall (4-Total)
13’ -0 | | 7' -0
1~fF 7 20" 7/ o e 1.
‘T; j’/ _ 'I C I/ N I 1
R M o <+
2 HaSEEEES EEEEEES b 3' Dia. ” 3
PR LT Geening o NCw
~ ! I [ - ~
T | VI i M ! 0y g
4} .J::::?::::::u_j_ | \
2L, 2. < v
Sr— | \::::::::::::::H —‘j‘ 1’,‘ ‘ v f
P K v 1 ¥ - ! A f—3" 3
T T f i : 5-6"
EST 1 S— ) 6" x 12" ! NI 3
$ / A . < Plastic Sump A . 1 \\ . l—
_T__ ) f N I | |_w | [
o o DEPURES B
Section A-A Section B-B
Sidewalt Endwall

Notes: (A) Install approved protruding pulling irons in the ceiling and floor. Center pulling irons at
endwalls and ot sidewalls opposite duct knockouts (12-total).
(B) Install approved recessed pulling irons in bottom half and top haoif of manhole. Center in
sidewall (4 -total).
Installotion Depth
Minimum - top of structure 1 ft. below ground level.
Maximum - top of structure 5 ft. below ground level.

Structural design must be opproved by the Underground Standords Engineering Unit, Distribution
Engineering Department before structure is acceptable for use on the underground distribution
system. BGE designotion *6.12.7.
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1.16.1 Utility Company Electrical Splice Box for Roadway Use
Splice Box/Handhole

for roadway use H-20 (4'x 4'x 4'")

Concrete: 5000 psi@ 28 days
Steel Reinforcement
BGE can supply further specification as necessary.

Limit 6 Sets Secondary 500 kcmil Cable
Designated Enclosed Space (OSHA) - Ali Safety Procedures Must Be Met

Internal Requirements:
Sump - 12"dig x 4-1/2" deep
Pulling Irons in floor BGEO0590
Ground Rod -!5" Cu-cooted
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1.16.2 Utility Company Electrical Splice Box for Nonroadway Use

Conduit
Support

Trench
Conduit

Must be at least 36" radius bends Support

Gravel

Trench

Notes:

Top of splice box should match finished
grade. Box does not have to be perfectly

level.

All stacked conduits require concrete BGEOO591

encasement
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1.16.3 Typical Utility Company Transformer Location Requirements

Driveway/Roadway capable of
supporting 15 ton vehicle

20' Max (Note B)
Front of transformer

to face roadway or
porking lot. \

See Note O Fire
AT /\ \—Hydront
H ) { [ 3
Window Door
or Vent

Notes:

A)

B)

)

D)

£)

2 Ft.Min. To masonry fire resistant walls of buildings with no openings.

20 Ft. Min. To any flammable building wall. A min. diagonal dist. of 20 feet

from top of transformer is required if placed beneoth window, unless barrier wall
is constructed according to BGE staondards (can be supplied by BGE).

20 Ft. Min. On any opening in a building wallincluding: Doors, windows,

ventilating exhaust, intake ducts or any fire escape.

3 phase Tronsformer to be no further than 20 feet from o paved occess road.
( Single Phase can be 30'away) to allow vehicular access for future

transformer/cable maintenance.
Traoffic protection is required on all sides of transformer thot are within
8' of a roadway or parking lot. (See Traffic Protection Standard)

The above are suggested minimum clearances between the transformer foundation
and windows, doors, fire escapes, entrances and ventilating ducts. It shallbe

the customer's responsibility to see that applicable NationalElectrical Code,
municipality and/or insurance regulations and requirements are met.

Tranformer location must have 5'horizontal clearance from any undergound facilities

BGE0OS54 /]

Storm water run-off shall be directed away from transtormers and other equipment. Transformers
shall also be placed to prevent flooding of the building and/or electrical conduits. Transformers and
conduits shall never be placed so that they drain toward a building, unless adequate drainage and run-
off protection has been installed.

Transformer shall be placed on a level area with a minimum of eight feet of clear and level operating
space in front of the transformer pad. The access road/paving area must be capable of supporting the
weight of a 15-ton vehicle.
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1.16.4 Duct Bank Configurations for Concrete Encasement of Conduits
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2.0.0 Soil Types for Other Types of Underground Structures

Soil types and classifications are one of the determinant factors in the selection of the building’s sub-
structure, along with the weight of the structure to be imposed upon that foundation. In those cases
where adequate bearing pressure is lacking and conventional cast-in-place foundations are not suit-
able, there are many other types of underground structures available to the design engineer.

2.0.1 History of Concrete

Concrete is an ancient material of construction, first used during the Roman Empire, which extended
from about 20 B.c. to 200 A.n. The word concrete is derived from the Roman concretus, meaning to
grow together. Although this early mixture was made with lime, cement, and a volcanic ash material
called pozzolana, concrete today is a sophisticated material to which exotic constitutents can be
added and, with computer-controlled batching, can produce a product capable of achieving 50,000
psi compressive strength.

The factors contributing to a successful batch of concrete are
¢ Precise measurement of water content;
¢ Type, size, and amount of cement and aggregate;

¢ Type, size, and location of reinforcement within the concrete pour to compensate for the lack of
tensile strength basic in concrete;

e Proper curing procedures during normal hot or cold weather conditions.

2.0.2 General Properties of Concrete
With some exceptions, the two most widely used concrete mixtures are

¢ Normal-weight (stone) concrete with a dry weight of 145 psf (6.93 kPa);

e Lightweight concrete (ILWC) with a weight of approximately 120 psf (5.74 kPa). Extra light con-
crete, with weights as low as 80 psf (3.82 kPa), an be achieved with the use of special aggregates.

2.0.3 Other Types of Concrete
e Lightweight Insulating Containing perlite, vermiculite, and expanded polystyrene, which is
used as fill over metal roof decks, in partitions, and in panel walls.

e Cellular Contains air or gas bubbles suspended in mortar and either no coarse aggregates or
very limited quantities are included in the mixture. Use where high insulating properties are re-
quired.

e Shot-crete or Gunite The method of placement characterizes this type of concrete, which is ap-
plied via pneumatic equipment. Typical uses are swimming pools, shells, or domes, where form-
work would be complicated because of the shape of the structure.

s Ferrocement DBasically a mortar mixture with large amounts of light-gauge wire reinforcing. Typ-
ical uses include bins, boat hulls, and other thin, complex shapes.

2.0.4 Portland Cement as a Major Component

Different types of portland cement are manufactured to meet specific purposes and job conditions.

¢ Type lis a general-purpose cement used in pavements, slabs, and miscellaneous concrete pads and
structures.

¢ Type IA is used for normal concrete, to which an air-entraining admixture is added.

¢ Type II creates a moderate sulfur-resistant product that is used where concrete might be exposed
to groundwater that contains sulfates.

¢ Type IIA is the same as Type II, but is suited for an air-entrainment admixture.
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¢ Type Ill is known as high early strength and generates high strength in a week or less.
¢ Type IIIA is high early, to which an air-entrainment admixture is added.

¢ Type IV cement produces low heat of hydration and is often used in mass pours, such as dam con-
struction or thick mat slabs.

e Type V is a high sulfate-resistant cement that finds application in concrete structures exposed to
high sulfate-containing soils or groundwater.

¢ White Portland cement is generally available in Type I or Type III only and gains its white color
from the selection of raw materials containing negligible amounts of iron and magnesium oxide.
White cement is mainly used as a constituent in architectural concrete.

2.0.5 High Early Cement

High early cement does exactly what its name implies: it provides higher compressive strength at an
earlier age. Although Type Il or Type IIIA cement can produce high early strength, there are other
ways to achieve the same end result:

¢ Add more cement to the mixture [600 Ib (272 kg) to 1000 1b (454 kg)];

¢ Lower the water content (0.2 to 0.45) by weight;

¢ Raise the curing temperature after consultation with the design engineer;

* Introduce an admixture into the design mix;

¢ Introduce microsilica, also known as silica fume, to the design mix;

¢ Cure the cast-in-place concrete by autoclaving (steam curing);

* Provide insulation around the formed, cast-in-place concrete to retain heat of hydration.

2.0.6 How Cement Content Affects Shrinkage

When low slumps, created in conjunction with minimum water requirements, are used with correct
placement procedures, the shrinkage of concrete will be held to a minimum. Conversely, high water
content and high slumps will increase shrinkage. A study at the Massachusetts Institute of Technol-
0gy, as reported by the Portland Cement Association, indicated that for every 1% increase in mixing
water, shrinkage of concrete increased by 2%. This study produced the following chart, showing the
correlation of water and cement content to shrinkage.

2.0.7 Effect of Cement/Water Content on Shrinkage

Cement
Content Concrete composition
Bags/cubic Water cement Slump Shrinkage
yard Cement  Water Air Aggregate Water + air ratio by weight (inches) (av. 3 x 3 x 10* prism)

4.99 0.089 0.202 0.017 0.692 0.219 0.72 3.3 0.0330
5.99 0.107 0.207 0.016 0.670 0.223 0.62 3.6 0.330
6.98 0.124 0.210  0.014 0.652 0.224 0.54 3.8 0.0289
8.02 0.143 0.207 0.015 0.635 0.223 0.46 3.8 0.0300

2.0.8 Control Joints

Thermal shrinkage will occur and the object of control joints, sometimes referred to as construction
joints is to avoid the random cracking that often comes about when a concrete slab dries and pro-
duces excess tensile stress. Control joint spacing depends upon the slab thickness, aggregate size,
and water content, as reported by the Portland Cement Association in their articles “Concrete Floors
on Concrete,” second edition, 1983.



2.0.9 Maximum Spacing of Control Joints

Slump of 46 inches
(101.6 mm-152.4 mm)

Max. size aggregate less Max. size aggregate

Substructures
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Slump less than 4 inches

Slab Thickness than % inches (19.05 mm) larger than % inches (101.6 mm)
4" (101.6 mm) 8 (2.4 m) 10' (3.05 m) 12' (3.66 m)
5" (126.9 mm) 10' (3.05 m) 13" (3.96 m) 15' (4.57 m)
6" (152.4 mm) 12' (3.66 m) 15' (4.57 m) 18' (5.49 m)
7" (177.8 mm) 14' (4.27 m) 18' (5.49 m) 21' (6.4 m)
8" (203.1 mm) 16' (4.88 m) 20' (6.1 m) 24' (7.32 m)
9" (228.6 mm) 18' (5.49 m) 23 (7.01 m) 27'(8.23 m)

10" (253.9 mm) 20' (6.1 mm) 25' (7.62 m) 30' (9.14 m)

The term control joint is often used as being synonymous with construction joint, however, there
is a difference between the two. A control joint is created to provide for movement in the slab and
induce cracking at that point, whereas a construction joint is a bulkhead that ends that day’s slab
pour. When control joints are created by bulkheading off a slab pour, rather than saw-cutting after
the slab has been poured, steel dowels are often inserted in the bulkhead to increase load transfer at

this joint.

2.0.10 Dowel Spacing

Slab Depth in. (mm

) Diameter (bar number) Total length in. (mm)

Spacing in. {mm) center to center

5" (126.9 mm)
6" (152.4 mm)
7" (177.8 mm)
8" (203.1 mm)
9" (228.6 mm)
10" (253.9 mm)

#5 12 in. (304.8 mm)
#6 14 in. (355.6 mm)
#7 14 in. (355.6 mm)
#8 14 in. (355.6 mm)
#9 16 in. (406.4 mm)
#10 16 in. (406.4 mm)

12 in. (304.8 mm)
12 in. (304.8 mm)
12in. (304.8 mm)
12 in. (304.8 mm)
12 in. (304.8 mm)
12 in. (304.8 mm)

2.0.11 Keyed Construction Joint

CENTERLINE SLAB JONT- ——
SEE PLAN
PREVIOUS POUR NEN POUR —
CONT. KEY- SEE
ENLARGED DETAIL
TCOLED 1/8" RADIUS /—KEY, CENTER ON SLAB
uE
i
WAF.- STOP

3" CLEAR EACH
SIDE OF JOINT

OIL BEFCRE NEN POUR
PLACED

3/6" —~_§ o

/4" ———3 In

/e — 1 -

ENLARGED KEY DETAIL

Key construction joint detail #2 (not to scale; detail T2-SKCJ2).

By permission from the McGraw-Hill Co., Structural Detail Manual, David R. Williams.

SURFACE WITH FORMNCRK
S



2.0.12 Typical Wall Form—One Side in Place
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2.0.13 Typical Wall Form with Walkway Bracket Installed



2.0.14 Typical Wall Pilaster Form

110 117
OR 2" T0 12

T~
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1/2'DlA x 3"
COIL BOLT
WITH NUT

2.0.15 Typical 45° Corner

45deg. x 9
UUTSIDE CORNER

45deg, x 4°
INSIDE CORNER

ALUMINUM
FRAME PANEL

~
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2.0.16 Typical Tie Connection

//
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FSI KEY
\ /U/ >
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e
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2.0.17 Typical Waler and Walkway Bracket

DBL. 2x4
WALER

CélL BOLT
WITH NUT
(2 PER BRACKET)
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2.0.18 Typical 90° Outside Corner
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2.0.21 Key and Wedge Connections

CONTRACTOR TO HIT BACK OF KEY
WITH HAMMER WHILE HOLDING WEDGE

PROPER KEY & WEDGE INSTALLATION

TIE
| |
; / S_F_-g——
_:5 SHORT STDP/E_:_ =
{ WITH NAIL AN
/ =1/
[/ ’
SIDE RAIL TO END END RAIL T END
RAIL. CONNECTION RAIL CONNECTION

TYPICAL KEY & WEDGE CONNECTION
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2.0.22 Various Clamps, Ties, Keys, and Wedges
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2.0.23 Admixtures

Although concrete is an extremely durable product, it faces deterioration from various sources:
chemical attack, permeation by water and/or gases from external sources, cracking because of the
chemical reaction (known as heat of hydration), corrosion of steel reinforcement, freeze/thaw cy-
cles, and abrasion. Much of the deterioration caused by these internal and external factors can be
drastically delayed by the addition of a chemical admixture to the ready-mix concrete.

Admixtures are chemicals developed to make it easier for a contractor to produce a high-quality
concrete product. Some admixtures retard curing, some accelerate it; some create millions of mi-
croscopic bubbles in the mixture; others allow a substantial reduction in water content, but still per-
mit the concrete to flow like thick pea soup.

* Water-reducing admixtures Improve strength, durability, workability of concrete. Available in
normal range and high range.

¢ High-range waler-reducing admixture Also known as superplasticizer, it allows up to 30% re-
duction in water content with no loss of ultimate strength, but it creates increased flowability. It is
often required where reinforcing steel is placed very close together in intricate forms.

* Accelerating admixtures They accelerate the set time of concrete, thereby reducing the pro-
tection time in cold weather, allowing for earlier stripping of forms. Accelerating admixtures are
available in both chloride- and nonchloride-containing forms. Nonchloride is required if concrete
is to be in contact with metal and corrosion is to be avoided.

* Retarder admixtures Retards the setting time, a desirable quality during very hot weather.

o Air-enlraining admiztures Creates millions of microscopic bubbles in the cured concrete, al-
lowing for expansion of permeated water, which freezes and is allowed to expand into these tiny
bubbles, thereby resisting hydraulic pressures caused by the formation of ice.

* Fly ash  When added to the concrete mixture, it creates a more dense end product, making the
concrete extremely impermeable to water, which affords more protection to steel reinforcement
contained in the pour. The addition of fly ash can increase ultimate strength to as much as 6500
psi (44.8 MPa), in the process, making the concrete more resistant to abrasion.

s Silica fume Also known as microsilica, it consists of 90 to 97% silicon dioxide, containing vari-
ous amounts of carbon that are spherical in size and average about 0.15 micron in size. These ex-
tremely fine particles disperse into the spaces around the cement grains and create a uniform
dense microstructure that produces concrete with ultra-high compressive strengths, in the nature
of 12,000 (82.73 MPa) to 17,000 psi (117.20 MPa).

o Multifilament ov fibrillated fibers This material is not a chemical admixture per se, but several
manufacturers of concrete chemical additives also sell containers of finely chopped synthetic
fibers, generally polypropylene, which, when added to the ready-mix concrete, serve as secondary
reinforcement and prevent cracks.

2.0.24 Chloride Content in Mixing Water

Excessive chloride ions in mixing water can contribute to accelerated reinforcing-steel corrosion and
should be a concern when evaluating a mix design. Maximum water-soluble chloride ions, in various
forms of concrete (as a percentage), should not exceed the following:

Prestressed concrete 0.06%

Reinforced concrete exposed to chloride in service (e.g., garbage slab) 0.16%

Reinforced concrete that will be dry and/or protected from moisture infiltration 1.00%

Other reinforced concrete 0.30%
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2.0.25 Guidelines—Mixing Small Batches of Concrete by Weight

Max. size aggregate Cement (ib/kg)  Wet-fine aggregate (Ib/kg) Wet-coarse aggregate (Ib/kg) Water (Ib/kg)

%" (9.52 mm)

29 Ib (13.15 Kg)

59 Ib (26.76 kg)

46 Ib (20.87 kg)

11 Ib (4.99 kg)

%" (12.6 mm) 27 b (12.25 kg) 53 Ib (24.04 kg) 55 Ib (24.95 kg) 11 1b (4.99 kg)
%" (19.05 mm) 251b (11.34 kg) 47 b (21.32 kg) 65 Ib (29.66 kg) 10 Ib (4.54 kg)
1" (25.39 mm) 24 [b (10.89 kg) 45 Ib (20.41 kg) 70 Ib (31.75 kg) 10 Ib (4.54 kg)
14" (37.99 mm) 23 Ib (10.43 kq) 43 b (19.50 kg) 75 Ib (34.02 kg) 9 Ib (4.08 kg)
2.0.26 Guidelines—Mixing Small Batches of Concrete by Volume
Max. size aggregate Cement Wet-fine aggregate Wet-coarse aggregate Water
%" (9.52 mm) 1 2% 1% %
%" (12.6 mm) 1 2% 2 %
%" (19.05 mmy) 1 2% 2% 3
1" (25.39 mm) 1 2% 2% Y%
1%" (37.99 mm) 1 2% 3 %

2.0.27 Recommended Slumps

The Portland Cement Association recommends the following slumps:

Component Max. slump (inches) Min. slump (inches)

Footings (reinforced or not) 3
Foundation walls
Substructure walls
Caissons

Beams and reinforced walls
Building columns
Pavements and slabs

Mass concrete

N WA AW
o b ek

2.0.28 Slump Test

Slump, as it relates to concrete, is a measure of consistency equal to the decrease in height, mea-
sured to the nearest % inch (6 mm) of the molded mass immediately after it has been removed from
this molded mass created by the “slump cone.”

The mold is in the form of a frustum (part of a solid cone intersected by the use of parallel lines)
12 inches (2.5 cm) high, with a base diameter of 8 inches (2 cm) and a top diameter of 4 inches (1 cm).

This mold (slump cone) is filled with freshly mixed concrete in three layers, each being rodded
with a %-inch (15.9 mm) bullet-shaped rod 25 times. When the mold has been filled, the top is struck
off and the mold is lifted. The amount by which the mass settles after mold removal is referred to as
slump. A small slump is an indication of a very stiff mix, and a very large slump is indicative of a very
wet consistency.

Recommended slumps are:

Type of construction

Maximum slump (inches) Minimum slump (inches)

Reinforced walls/footings 3 (76.2 mm) 1 (25.4 mm)
Caissons, substructure walls 3 1
Beams, reinforced walls 4 (102 mm) 1
Building columns 4 1
Pavements, slabs 3 1
Mass concrete 2 (50.8 mm) 1

Rule of thumb: To raise the slump 1 inch (25.4 mm), add 10 pounds of water for each cubic yard of
concrete. (One gallon of water equals 8.33 pounds.)
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2.0.29 Slump Cone
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2.0.30 Curing of Concrete—Curing Procedures

To attain design strength, curing is a crucial part of the cast-in-place concrete process in order that
the proper amount of moisture content and ambient temperature be maintained immediately follow-
ing the placement of the concrete. The optimum curing cycle will take into account the prevention
or replenishment of moisture content from the concrete and the maintenance of a favorable tem-
perature for a specific period of time. During winter months, temporary protection and heat is re-
quired in conjunction with the curing process, and during summer months, moisture replenishment
becomes an integral part of the curing process.

1.

Apply a membrane-curing compound—either by spraying or rolling on the surface immediately af-
ter the troweling process on slabs has ceased, or on walls, columns, beams, after the forms have
been removed.

. Curing by water in other than cold-weather conditions is acceptable, as long as it is continuous.

. Waterproof paper, applied directly over the concrete surface after it has received a spray of wa-

ter, is often effective.

Damp burlap, free of foreign substances that could leach out and stain the concrete, is also a
proven curing procedure, as long as the burlap is kept moist.

Polyethylene sheets can be used as a blanket in much the same manner as waterproof paper, as
long as its edges are lapped and sealed properly.

Damp sand or straw is also used on occasion, when nothing else is available. These materials must
also be sprayed from time to time to maintain the moisture content.

The length of curing depends upon a number of factors, including the type of cement used and am-

bient temperatures. The following can be used as a guideline to determine the length of curing time.

2.0.31 Curing Times

At 50°F (10°C)
Percentage design strength required Type cement used in mix
| 1l I
50% 6 9 3
65% 11 14 5
85% 21 28 16
95% 29 35 26

At 70°F (21°C) Days

Percentage design strength required Type cement used in mix
| I Ml
50% 6 9 3
65% 11 14 5
85% 21 28 16

95% 29 35 26
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2.0.32 Concrete Reinforcing Bar Size/Weight Chart

/

BAR SIZE WEIGHT | NOMINAL DIMENSIONS-ROUND SECTIONS )
DESONATION | gqugs | O | Woveanon| e
#3 376 375 11 1.178
#4 .668 500 .20 1.571
#5 1.043 .625 31 1.963
#6 1.502 .750 44 2.356
#7 2.044 875 .60 2.749
#8 2.670 | 1.000 .79 3.142
#9 3.400 | 1.128 1.00 3.544
#10 4303 | 1.270 1.27 3.990
#11 5.313 | 1.410 1.56 4.430
#14 7.650 | 1.693 2.25 5.320

S #18 13.600 | 2.257 4.00 7.090J

2.0.33 ASTM Standard Including Soft Metric

By permission, Concrete Reinforcing Steel Institute, Schramsburg, Illinois.

Mom s Weight Peee Weight
diam '&“5@‘; factors | . factors
mm | M e TR tche ib/ft | thim
9.9 11 0600 [.171 3 379 KK 376 [1.234
13 12.7 129 1.994 ].303 4 | .500 .20 .668 |2.192
16 15.9 199 [1.992].473 S} 625 31 1.04313.422
19 19.1 284 ]2.235].681 5] .50 A4 11.50214.928
22 22.2 387 13.042].927 I 879 60 12.044(6.7/06
25 25.4 510 [3.97/311.211 3 1.000 A9 12.6/0]8./60
29 28.1 645 [5.06011.542 9 1.128 1 1.00 13.400[11.155§
32 32.3 319 16.40411.952] 10 1.2/01 127 [4.303]14.11/
36 30.8 1006 |7.907 [2.410] 11 1.410 1 1.96 [5.313[17.431
43 43.0 1452 111.384)13.4/0] 14 1.693 [ 2.25 |7.650]25.09
57 of.3 | 2581 [20.2396.169] 18 22571 4.00 [13.60044.619
Comparison of Steel Grades
SOT MeLrc
Lsrade miHa nsl srade mra pet
300 300 43,511 40 257.7/9 1 40,000
420 420 60,716 60 413.69 | 60,000
020 020 15,420 75 517.11 | 75,000
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Wire size number Area per width (in.2/ft) for various spacings (in)
Nominal | Nominal
diameter,| weight,
Plain | Deformed in. Ib/ft 2 3 4 6 8 12 16
W45 D45 0.757 1.53 2.70 1.80 1.35 0.90 0.68 0.45 0.34
W31 D31 0.628 1.05 1.86 124 0.93 0.62 0.47 0.3t 0.23
w20 D20 0.505 0.680 12 0.80 0.60 0.40 0.30 0.20 0.15
W18 D18 0.479 0.612 1.1 0.72 0.54 0.36 0.27 0.18 0.14
w16 D16 0.451 0.544 0.96 0.64 0.48 0.32 0.24 0.16 0.12
w14 D14 0.422 0.476 0.84 0.56 0.42 0.28 0.21 0.14 0.1
Wi2 D12 0.391 0.408 0.72 0.48 0.36 0.24 0.18 0.12 0.08
W11 D11 0.374 0.374 0.66 0.44 0.33 0.22 0.17 0.11 0.08
W10.5 0.366 0.357 0.63 0.42 0.32 0.21 0.16 0.11 0.08
w10 D10 0.357 0.340 0.60 0.40 0.30 0.20 0.15 0.10 0.08
Wa.5 0.348 0.323 0.57 0.38 0.29 0.18 0.14 0.095 0.07
W9 D3 0.338 0.308 0.54 0.36 0.27 0.18 0.14 0.0%0 0.07
ws8.5 0.329 0.289 0.51 0.34 0.26 0.17 0.13 0.085 0.06
w8 D8 0.319 0.272 0.48 0.32 0.24 0.16 0.12 0.080 0.06
W7.5 0.303 0.255 0.45 0.30 023 0.15 on 0.075 0.06
w7 D7 0.299 0.238 0.42 0.28 0.21 0.14 0.11 0.070 0.05
W6.5 0.288 0.221 0.39 0.26 0.20 0.13 0.097 0.065 0.05
W6 D6 0.276 0.204 0.36 0.24 0.18 0.12 0.090 0.060 0.05
Ws5.5 0.265 0.187 0.33 0.22 0.17 0.11 0.082 0.055 0.04
W5 DS 0.252 0.170 0.30 0.20 0.15 0.10 0.075 0.050 0.04
W4.5 0.239 0.153 0.27 0.18 0.14 0.080 0.067 0.045 0.03
w4 D4 0.226 0.136 0.24 0.16 0.12 0.080 0.060 0.040 0.03
W35 0.211 0.119 0.21 0.14 a.11 0.070 0.052 0.035 0.03
w3 0.195 0.102 0.18 0.12 0.090 0.060 0.045 0.030 0.02
w2.9 0.192 0.099 0.17 0.12 0.087 0.058 0.043 0.029 0.02
W2.5 0.178 0.085 | 0.15 0.10 0.075 0.050 0.037 0.025 0.02
wz2.1 0.162 0.070 0.13 0.84 0.063 0.042 0.031 0.021 0.02
w2 0.160 0.068 0.12 0.080 0.060 0.040 0.030 0.020 0.02
W1.5 0.138 0.051 0.080 0.060 0.045 0.030 0.022 0.015 0.01
W14 0.134 0.048 0.084 0.056 0.042 0.028 0.021 0.014 0.01

By permission, Concrete Reinforcing Steel Institute, Schramsburg, Illinois.
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2.0.35 Types of Welded Wire Fabric

Steel area (in¥/ft) Ap;:lvrt;?gn:? te
Style designation (b per
(W = Plain, D = Deformed) 100 sq ft
Longitudinal Transverse sq ft)
4x4-W14xW14 0.042 0.042 31
4 x 4-W2.0 x W2.0 0.060 0.080 43
4 x4-W2.9xW29 0.087 0.087 62
4 x 4-W/D4 x W/D4 0.120 0.120 86
6 x6-W1.4 x W14 0.028 0.028 21
6 x 6-W2.0 x W2.0 0.040 0.040 29
6 x 6-W2.9 x W2.9 0.058 0.058 42
6 x 6-W/D4 x W/D4 0.080 0.080 58
6 x 6-W/D4.7 x W/D4.7 0.094 0.094 68
6 x 6-W/D7.4 x W/D7 .4 0.148 0.148 107
6 x 6-W/D7.5 x WID7.5 0.150 0.150 108
6 x 6-W/D7.8 x W/D7.8 0.156 0.156 113
6 x 6-W/D8 x W/D8 0.160 0.160 116
6 x 6-W/D8.1 x W/D8.1 0.162 0.162 118
6 x 6-W/D8.3 x W/D8.3 0.166 0.166 120
12 x 12-W/D8.3 x W/D8.3 0.083 0.083 63
12 x 12-W/D8.8 x W/D8.8 0.088 0.088 67
12 x 12-W/D9.1 x W/DS.1 0.091 0.091 89
12 x 12-W/D9.4 x W/D9.4 0.094 0.094 71
12 x 12-W/D16 x W/D16 0.160 0.160 121
12 x 12-W/D16.6 x W/D16.6 0.166 0.166 126

*Many styles may be obtained in rolis.

2.1.0 Piles—Types

Piles can be classified into three basic types with respect to load transmission and function:

* End bearing piles—those piles that transfer their imposed load onto a firm subsurface stratum.

* Friction piles—those piles that carry their load by the adhesion friction of the soil along the entire
surface area of the pile.

* A combination of friction and end bearing. A cast-in-place concrete pile placed via a steel form
where a large bulb has been forced into the end bearing bottom. This pile is also known as a
Franki pile for its originating company.

Pile foundations can be prepared using timber, steel, concrete, or fiberglass pilings. Each type has
a unique characteristic.

2.1.0.1 Advantages and Disadvantages of Different Types of Piles
Wood piles
+ The piles are easy to handle.
+ Relatively inexpensive where timber is plentiful.
+ Sections can be joined together and excess length easily removed.

The piles will rot above the groundwater level. Have a limited bearing.

Can easily be damaged during driving by stones and boulders.

The piles are difficult to splice and are attacked by marine borers in salt water.
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Prefabricated concrete piles (reinforced) and prestressed concrete piles affected by the
ground-water conditions.

+

+

+

+

Do not corrode or rot.
Are easy to splice. Relatively inexpensive.
The quality of the concrete can be checked before driving.

Stable in squeezing ground, for example, soft clays, silts and peats pile material can be inspected
before piling.

Can be re driven if affected by ground heave. Construction procedure unaffected by groundwater.

Can be driven in long lengths. Can be carried above ground level, for example, through water for
marine structures.

Can increase the relative density of a granular founding stratum.
Relatively difficult to cut.

Displacement, heave, and disturbance of the soil during driving.
Can be damaged during driving. Replacement piles may be required.
Sometimes problems with noise and vibration.

Cannot be driven with very large diameters or in condition of limited headroom.

Driven and cast-in-place concrete piles

Permanently cased (casing left in the ground)

Temporarily cased or uncased (casing retrieved)

+ o+ o+ o+ o+ o+

Can be inspected before casting can easily be cut or extended to the desired length.
Relatively inexpensive.

Low noise level.

The piles can be cast before excavation.

Pile lengths are readily adjustable.

An enlarged base can be formed which can increase the relative density of a granular founding
stratum leading to much higher end bearing capacity.

+ Reinforcement is not determined by the effects of handling or driving stresses.

Can be driven with closed end so excluding the effects of GW.

Heave of neighboring ground surface, which could lead to re consolidation and the development of
negative skin friction forces on piles.

Displacement of nearby retaining walls. Lifting of previously driven piles, where the penetration at
the toe have been sufficient to resist upward movements.

Tensile damage to unreinforced piles or piles consisting of green concrete, where forces at the toe
have been sufficient to resist upward movements.

Damage piles consisting of uncased or thinly cased green concrete due to the lateral forces set
up in the soil, for example, necking or waisting. Concrete cannot be inspected after completion.
Concrete may be weakened if artesian flow pipes up shaft of piles when tube is withdrawn.

Light steel section or precast concrete shells may be damaged or distorted by hard driving,.

Limitation in length owing to lifting forces required to withdraw casing, nose vibration and ground
displacement may be a nuisance or may damage adjacent structures.

Cannot be driven where headroom is limited.

Relatively expensive.
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Bored and cast-in-place (non-displacement piles)

Steel piles

+ o+ o+ 4+ o+ o+ o+ o+

+ Length can be readily varied to suit varying ground conditions.

Soil removed in boring can be inspected and if necessary sampled or in-situ test made.
Can be installed in very large diameters.

End enlargement up to two or three diameters is possible in clays.

Material of piles is not dependent on handling or driving conditions.

Can be installed in very long lengths.

Can be installed without appreciable noise or vibrations.

Can be installed in conditions of very low headroom.

No risk of ground heave.

Susceptible to “waisting” or “necking” in squeezing ground.

Concrete is not placed under ideal conditions and cannot be subsequently inspected.

Water under artesian pressure may pipe up pile shaft washing out cement.

— Enlarged ends cannot be formed in cohesionless materials without special techniques.
— Cannot be readily extended above ground level especially in river and marine structures.

— Boring methods may loosen sandy or gravely soils requiring base grouting to achieve economical

base resistance.

— Sinking piles may cause loss of ground I cohesion-less leading to settlement of adjacent structures.

(Rolled steel section)

+ The piles are easy to handle and can easily be cut to desired length.

+ Can be driven through dense layers. The lateral displacement of the soil during driving is low (steel
section H or I section piles) can be relatively easily spliced or bolted.

+ Can be driven hard and in very long lengths.

+ Can carry heavy loads.

+ Can be successfully anchored in sloping rock.

+ Small displacement piles particularly useful if ground displacements and disturbance critical.
— The piles will corrode.

Will deviate relatively easily during driving.

Are relatively expensive.

2.1.1 Timber Piles

Treated timbers are used in marine applications where they will remain submerged below water level
to preserve their life. Timber piles are also used by homebuilders in areas where subsurface water is
close to the surface and the underlying soils will not support a conventional foundation.
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2.1.2 Specifications for Timber Piles
Section 4165. Timber Piles.

4165.01 DESCRIPTION.
Timber piles shall be round sections of the trunks of trees trimmed, peeled, and with or without preservative
treatment. They shall meet the requirements for the class of piles specified in the contract documents.

Inspection arrangements shall be in accordance with Materials .M. 462. The cost of inspection shall be included
in the unit price bid for the material specified.

4165.02 CLASSIFICATION.
Piles shall be classified as follows, according to the use for which they are intended:

A. Untreated Timber Piles.
Untreated timber piles may be used for falsework or temporary construction.

B. Treated Timber Foundation Piles.

Treated timber foundation piles will be used for permanent foundations and for permanent wood
substructures above groundwater level, unless treated timber trestle piles are specified in the contract
documents.

C. Treated Timber Trestle Piles.

Treated timber trestle piles shall be used for permanent wood trestle and may be specified for piers and
abutments of substructures, where the more restrictive straightness requirements of this class are
desirable.

4165.03 UNTREATED TIMBER PILES.

Timber piles to be used where preservative treatment is not required may be White Oak, Burr Oak, Cypress,
Tamarack, Douglas Fir, Southern Pine, or other wood which will satisfactorily withstand driving. They shall meet
the following requirements:

A. General Quality.

Piles shall be cut above the ground swell from live, sound, solid trees and shall have a gradual taper from
point of butt measurement to tip. They shall be free from ring shakes, decay or rot, unsound knots, soft red
heart, splits, and other defects which will impair their strength or durability. Cypress piles showing “peck”
more than a single spot equal to 3% of the area of the end will not be accepted. Piles shall be free from
excessive checks at the tip which would cause splits in driving.

B. Knots.

Piles shall have no unsound knots. Sound knots will be permitted, provided they are not in clusters, and
provided the diameter of any single knot is not larger than 4 inches (100 mm) or 30% the diameter of the
pile at the point where it occurs, whichever is smaller. The sum of diameters of all knots in any 1 foot (0.3
m) length of pile shall not exceed 2 times the diameter of the allowable knot. Diameters of knots shall be
measured in a plane perpendicular to the long axis of the pile.

C. Rate of Growth.
When measured at the butt, over the outer 3 inches (75 mm) of a radial line from the pith, piles shall show
not less than the number of annual rings and percentage of summerwood specified below for the

respective species:

SUMMERWOOD
Species Rings per Inch (25 mm) | Minimum
Douglas Fir More than 5 0%
Douglas Fir 5orless
Southern Pine More than 5 30%
Southern Pine 3to5 ?
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2.1.2 Specifications for Timber Piles (Continued)

When the numbper of annual rings varies along different radii, the average of two or more measurements
along representative radii shall be used.

D. Holes.
Holes shall be permitted if less than 1/2 inch (13 mm) in average diameter, if they do not penetrate more
than 20% the diameter at the point where they occur, and if the sum of the average diameters of all holes

in any square foot (0.1 m?) of pile surface does not exceed 1 1/2 inches (40 mm).

E. Twist of Grain.
Piles shall be free of twist in grain exceeding 50% the average circumference in a 20 foot (6 m) length.

F. Length.
Piles shall be furnished in the length specified in the contract documents or as directed by the Engineer. A
variation of 6 inches (150 mm) in length will be permitted, but the average length for piles of any one lot

shall be at least equal to the specified length.

G. Straightness.

Piles shall be free from sweep in two planes (double sweep). They shall be free of short crooks. In
measuring for short crooks in any 5 foot (1.5 m) section, the distance from the center of the pile at the point
of greatest deviation to a line stretched from the center of the pile above the bend to the center of the pile
below the bend shall not exceed 4% of the length of the bend, or a maximum of 2 1/2 inches (65 mm). In
sweep in one direction and in one plane, the center of the pile shall not deviate from a straight line
connecting the center of butt with the center of the tip by more than 1.0% of the length of the pile, or 4
inches (100 mm), whichever is greater, with a maximum deviation of 6 inches (150 m) for lengths over 50
feet (15 m). Piles with sweep in two directions in the same plane (reverse sweep) may be accepted,
provided the reversal is within the middle half of the length, and provided the deviation of the center of the
pile from a straight line connecting the center of the butt with the center of the tip does not exceed 2 inches
(50 mm). Within 25% of the length of the pile, but not less than 10 feet (3 m) nearest the tip, the center of
the pile shall not deviate more than 1 inch (25 mm) from a line drawn from the center of the pile above this

length to the center of the tip.

H. Dimensions.
At least 95% of the pieces of one length in any one shipment shall conform to the following dimensions for
the species of wood specified. The remaining 5% of the pieces may be deficient in diameter at tip or 3 feet

(1 m) from butt by not more than 1/2 inch (13 mm).

Min. Diameter 3 Feet (1 m) From Butt
Length Fir & Pine Other Species Min. Tip Diameter
feet (m) inches (mm) inches (mm) inches (mm)
20 and shorter (6.0) 10* (250%) 10* (250%) 8 (200)
2510 30 (7.5 t0 9.5) 11 (275) 11 (275) ~ 8(200)
35 (10.5) 12 (300) 13 (325) .8 (200)
40 (12.0) 12 (300) 13 (325) 7 (175)
40to 60 (13.5t0 18.0) 13 (325) 14 (350) 7 (175)
over 60 (18.0) 13 (325) 14 (350) 6 (150)
*Measured at the butt.

The diameter of the piles, at the butt, shall not exceed 20 inches (500 mm).
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2.1.2.1 Boot and Point Tips for Timber Piles

~ VS 600 Series ~
Arrowhead Type Timber Pile Points

This fully welded tip attaches easily to the timber pile with just four
nails. It comes in three sizes: 5" to 10", 8" to 12", and 11" to 15".

» Made to Corps of Engr. Specs
* Usually made to order
* Manufactured Regionally

Boot Type Timber Pile Points

For timber piles, this tough carbon steel boot is easy to attach. Just
drive six nails into the straps. It is available in 8 inch inside diameter.

e 70 @

By permission, Versa-Steel, Portland, Oregon.
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2.2.0 Steel H Piles

H-Bearing Pile

Weight||Area of]| Depth [|Flange|] Flange Web
Section|f of || Width|[Thickness||Thickness
Section|| (b) (tH) (tw)
Designation @
(st || 2 || in || m || w || in |
[HP8(8x8) || 36 | 10.6 || 8.02 |[8.155] 0.445 [ 0.445 |
upi1o || 42 || 124 || 9.70 [[10.075]| 0420 || 0.415 |
(10x10) || 57 |l 16.8 || 9.99 ]10.225]] 0.565 | 0.565 |
bo53 ]| 15.5 | 11.78 J|12.045]] 0.435 || 0435 |
upi2 || 63 || 184 |l 11.94 |l12.125)] o515 | 0515 |
(12x12) | 74 || 21.8 || 12.13 J12.215}] 0.610 || 0.605 |
| 84 |f 24.6 | 12.28 |l12.295] 0.685 | 0.685 |
| 73 || 214 | 13.61 [[14.585] 0.505 || 0.505 |
HP 1189 | "26.1 | 13.83 |[14.695]] 0.615 |[ 0.615 |
14(14x14
12) (102 |[ 30.0 || 14.01 Jl14.785]] 0.705 || 0705 |
| 117 || 344 || 1421 |[14.885]] 0.805 || 0.805 |

By permission, Mid-America Foundation Supply, Ft. Wayne, Indiana, and

Blytheville, Arizona.
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2.2.1 Steel Wide-Flange Shapes—W6, W8, W10, W12, W14

Wide Flange Shapes
(we, Ws, W10)

. Web
. eight Thickness
Designation L
(tW)
Ibs/ft

15 |[ 443 ][ 5.99 5990 IITII 0230
w6 (6x6) || 20 |l 5.87 || 6.20 |[6.020[0.365] 0.260
25 || 734 || 6.38 | 6.080/[0.455| 0.320
24 ][ 7.08 |[ 7.93 | 6.495 |0.400| 0.245

W8 8x0) =8 825 || 8.06 ||6.535 |0.465] 0285

31 ][ 9.13 ][ 8.00 |{7.995 ]|0.435| 0.285

35 | 10.3 || 8.12 |[8.020][0.495| 0.310

" 40 | 11.7 || 8.25 [/8.070](0.560{ 0.360
W8 (x8) =48 ][ 140 || 8.50 |[8.110]j0.685] 0.400 |

58 |[17.1 || 8.75 |[8.220][0.810][ 0.510
67 |[ 19.7 ][ 9.00 |[8.280][0.935]| 0.570

22 |[ 6.49 |[10.17 || 5.75 ][0.360f 0.240

(%ig) 26 || 7.61 || 1033 ]| 5.77 |0.440] 0.260
[30 |[8.84 ][ 1047 ][ 5.81 Jo.510f 0.300

33 | 9.71 ][ 9.73 ][ 7.96 J[0.435|] 0.290

HE’OL%) 39 |[ 115 ]| 9.92 || 7.985 0.530] 0.315
45 | 13.3 || 10.1 || 8.02 [0.620] 0.350

49 |[ 144 | 9.98 ][10.000][0.560] 0.340

54 |[ 15.8 || 10.09 [10.030][0.615] 0.370

60 || 17.6 |[ 10.22 ][10.080][0.680] 0.420

W 10 68 || 20.0 || 10.40 ][10.130][0.770][ 0.470
(10x10) 77 || 22.6 || 10.60 |{10.190]{0.870f 0.530

88 | 25.9 || 10.84 [[10.265//0.990|f 0.605
100 |[ 29.4 |[ 11.10 |[10.340][1.120| 0.680
112 |[ 32.9 || 11.36 ||10.415][1.250| 0.755

By permission, Mid-America Foundation Supply, Ft. Wayne, Indiana, and
Blytheville, Arizona.
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2.2.1 Steel Wide-Flange Shapes—W6, W8, W10, W12, W14 (Continued)

Wide Flange Shapes
(W12, W14)

Area { Depth
Weightji of of Flange
SectionjSection

@ L& )L ¢h i (w
by/tfl in || in || in Ji in || in
26| 7.65 ][12.22 ||6.490}{0.380]| 0.230

Web
L. Thickness|
Designation|

(%ig) 30 | 8.79 ] 12.34 | 6.520]j0.440] 0.260

35 |[ 103 1[12.50 || 6.560 [|0.520]| 0.300
W12 40 | 11.8 |{11.94 | 8.005 [j0.515]] 0.295
(12x8) 45 |[ 13.2 ]12.06 | 8.045 [l0.575] 0.335

50 | 14.7 | 12.19 | 8.080 }{0.640l| 0.370
w12 53 || 15.6 1 12.06 |1 9.995]|0.575)| 0.345
(12x10) 58 || 17.0 |} 12.19 {[10.010/[0.640]) 0.360
65 |l 19.1 |/ 12.12 {|12.000j{0.605|| 0.390
72 | 21.1 | 12.25 {|12.040}[0.670], 0.430
W 12 79 | 23.2 || 12.38 |12.080}{0.735|| 0.470
(12x12) 87 |l 25.6 | 12.53 {12.125/[0.810}| 0.515
96 || 28.2 |l 12.71 |[12.160}{0.900 0.550
106 || 31.2 |/ 12.89 [l12.220/0.990] 0.610
120 1 35.3 ] 13.12 {l12.320{}1.105] 0.710

W 14 22 | 6.49 |113.74 1] 5.000][0.335]| 0.230
(14x5) 26 |l 7.69 |/ 13.91 | 5.0250.420}f 0.255
W14 30 | 8.85 |13.84 | 6.730}0.385}i 0.270
(14x6) 34 | 10.0 ][13.98 |[6.745 }|0.455) 0.285.

38 || 11.2 |[14.10 [[6.770]j0.515] 0.310
43 || 12.6 ][13.66 ||7.995 ]i0.530] 0.305
Uaey |8 a1 J137 [8030]o.50 0340

53 | 15.6 ][13.92 ][8.060 Jl0.660j| 0.370
61 | 17.9 |[13.89 {[9.995 }|0.645)| 0.375
W 14 68 || 20.0 | 14.04 ][10.035}0.720|| 0.415
(14x10) 74| 21.8 ] 14.17 |[10.070}0.785)| 0.450
82 || 24.1 |[14.31 [[10.130}0.885]| 0.510
90 || 26.5 || 14.02 |{14.520{0.710]| 0.440
W 14 99 | 29.1 ][14.16 |l14.565[/0.780]| 0.485
(14x14) 109 || 32.0 | 14.32 |{14.605/{0.860}| 0.525
120 || 35.3 ||.14.48 1[14.670}/0.940]| 0.590

By permission, Mid-America Foundation Supply, Ft. Wayne, Indiana,
and Blytheville, Arizona.



2.2.2 Steel H Pile Splices—Bolted and Welded, with Instructions

Eack wehd
opposite
toc%spgf it

%

L ROTATE ONE OF THE SPLICER HALVES
180 DEGREES FOR NON STAGGERED
ASSEMBLY.

By permission, Versa-Steel, Portland, Oregon.
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Welding Procedure

Full welding procedure (.pdf)

. Cut 1.0” wide x 1.0" long notch in

center of web of one pile.

. Chamfer outside edges of flanges on

ends of one or both piles to be
spliced. Make chamfer to about
material thickness.

. Insert splicer on first pile making sure

bolt is completely inside notch.

. Install next section of pile and tighten

bolit.

. Using a 70xx series rod, weld the

flanges of splicer to the flanges of the
pile with (TABLE)” by 3" vertical
fillets.

Weld the outside flanges of the piles
to complete.
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2.2.3 Steel H Pile Points—Welded

VS300N Series H-Pile Points

Versa Steel H-Pile points are made of high strength, low alloy
cast steel. Cast steel is a superior material choice because it's
isotropic — its properties are uniform in all directions. Cast steel
points absorb impact and transfer it uniformly to the end of the
pile.

Tips are pre-beveled, eliminating pile end preparation. The
weld prep is already built into the point; our castings have a 45
degree weld chamfer so there is no need to chamfer piles.

O

Weld Procedure

from end of pile and insert tip.

3. Do not weld web or inside of flanges.

welding passes.

1. To insure proper seating of the tip, remove all flash

2. Using a 70xx series rod, make a single pass weld (see
table) across each flange on the outside only.

4. For heavier sections, you may want to use multiple

>
e (TABLE) .
WELD SIZE Full weld description available (PDF)
P DETAIL B
i SCALE 1:2
....... PR | ] | DRI

H-PILE point has 45 chamfer

for groove weld across each flange.

By permission, Versa-Steel, Portland, Oregon.




2.2.4 Steel Pipe Piles and Conical Points

Steel Pipe Piling

DUTSIDE DIAMETER

NAYLOR STANDARD PILING SIZES

[Wesghns D 160! 0 puardnt

WALL THICKNESS _
Inches 0.179|0.188 [ 0.203|0.209 |0.299 | 0.230 0.?50|0231 03120375
mm | 455|478 | 566 6.31 |68 | 584 | 635 | 704 | 7.92 | 9.58
10" T
254mm | 188[ 197 | 212|219 | 229 240|260 | MA | NA | NA
105" . !
2r3mm | 202|212 | 229 | 235 | 248 | 258 23.04;- NA | NA L NA
A R S et Tttt Thoietho el T S el
12" i
sosmm | 226|237 | 256|263 | 27.6| 269 | 314 | 352 | 309 | NA
2%
saaem | 200|252 | 27.2| 280 | 203|308 | 334 | 37.4 | 414 | 496
14" i
ssemm | 264|277 | 209 | 308 | 322 338 36,7241.2 456 | 546
16" |
M 302|317 | 342|352 | 36.9 | 38.7 | 421 | 47.2 | 523 | 626
i
18" |
es7mm | 341|358 | 386 | 307 41.(;4 437 L4?.4 | 532 | 589 | 706
20" 379|308 | 420 | 442 | 463 | 488 | 527 | 592 | 656 | 78.6
S08mm i

Other sizes and wall thicknesses are available upon request.

CONICAL POINTS FOR PIPE PILES

Substructures
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2.3.0 Precast Concrete Piles

Design Requirements. Adequate plant inspection reports should accompany each pile shipment,
identifying the piles and certifying that they meet the design specifications including such things as
the amount of reinforcing steel, 28-day concrete strength, and effective pre-stress. Piles should be
marked or stamped with the date of manufacture. Inspection reports should come from an indepen-
dent testing agency and not from the manufacturer.

Lengths. Precast piles will be shipped to the jobsite according to specified or approved ordered
lengths. Each pile should be of the full ordered length except when sectional-type piles are per-
mitted. Sometimes piles are ordered with sufficient extra length to permit stripping back the con-
crete and exposing the reinforcing steel for the pile-to-cap connection (see under Pile Installation).
Ordered lengths may be somewhat larger than anticipated driven lengths to allow for variations in
subsoil conditions.

Dimensions. Piles should be of the shape and size specified.

Tolerances. Piles should be straight within specified tolerances. Butt ends should be square to
the longitudinal axis and free of any major surface irregularities.

Chamfers. All corners or edges of square piles should be chamfered. The width of the chamfer
should be limited to about 1.5 in (38.1 mm) so that the reduction in any side dimension due to cham-
fer is not more than about 2 in (50.8 mm).

Damage. Check piles for detrimental cracks, spalling, slabbing, or other damage. Hairline cracks
are normal but should not be too numerous.

2.4.0 Typical Specifications for Cast-in-Place Concrete Piles

Design Mix. A design mix with results of tests on standard cylinders should be furnished by the
contractor. Copies of these data should be made available to the inspector at the start of pile
installation.

Concrete Production Facilities. Concrete may be mixed in portable mixers brought to the pile
locations, but generally it will be ready-mixed. Ready-mix concrete may be (1) batched and mixed
at a central plant and delivered to the pile locations in agitating or nonagitating trucks (central-
mixed), (2) batched at a central plant and mixed in a truck mixer in transit to or after reaching the
jobsite (truck-mixed), or (3) partially centrally mixed with mixing completed in a truck mixer in
route to the job or on the jobsite (shrink-mixed). The central plant may be located on the jobsite.
The concrete batch and mixing plant should be inspected for adequacy of storage facilities for mate-
rials, accuracy, and reliability of batching equipment, condition of mixing equipment, and proper
operational procedures.

Storage Facilities. Cement must be kept dry whether it is stored in bulk containers or in bags.
To avoid contamination, stockpiles of aggregates that have been cleaned, graded, and prepared for
batching should be on a hard, clean base with the area around the stockpiles spread with a bedding
material of sand, gravel, or rock. Side slopes of stockpiles should not exceed 7 in/ft (583 mm or less
per meter) to prevent segregation. Coarse aggregate should be separated by type and size gradation.
Overlapping of stockpiles should be prevented and suitable drainage should be provided. All reason-
able precautions should be taken to keep the moisture content of aggregates as nearly uniform as
possible.

Batching Equipment. Concrete is usually batched by weight. Batching scales should have a
recent calibration and certificate of inspection and must be clean and free of interference by other
objects. Separate weight-batching facilities should be provided for cement. Batch-weight recording
and cutoff devices must operate accurately. The bottom of batch bins must be fully sloped in all direc-
tions. Water-metering devices, whether at a central mixing plant or mounted on a truck mixer, must
be accurate and equipped with indicating dials and totalizers.

Mixing Equipment. All mixing equipment, whether stationary or truck-mounted, must be in
good operating condition. The interior of drums should be clean, and mixing blades should not show
signs of wear in excess of 1 in (25.4 mm). Truck mixers must be equipped with a reliable revolution
counter.

Operations. All materials must be accurately batched, and batching should be by weight. Admix-
tures, if required, must also be accurately measured. Mixing drums must be cleaned after each use
to prevent an accumulation of hardened concrete on the blades. All washwater must be removed
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from the mixing drum prior to batching. Cement should be used on the basis of first in-first out. The
free-water content of the aggregates should be included as part of the total mix water. Aggregates
should be allowed sufficient time to drain, and it may be necessary to have a moisture meter in the
sand batcher to monitor moisture content. Proper equipment and methods must be used for handling
aggregates to avoid segregation and breakage. Segregation of coarse aggregate can be reduced by
separating it into several size fractions and batching them separately. Finished screening of aggre-
gates at the batcher is recommended to avoid problems of segregation and contamination.

Concrete Materials. Materials including cement, sand, coarse aggregate, and water should be
inspected for compliance with specifications and accepted practice.

Cement. Cement must be of the type specified or permitted with the approval of the engineer.
Mill certificates should be furnished to show that cement conforms with the requirements of the
specifications and ASTM C150, Standard Specifications for Portland Cement. Type IV cement should
not be used for pile concrete. Type III, or high-early, cement may be permitted for cast-in-place con-
crete test piles to get a fast gain in strength. Type II or Type V cement may be specified for sulfate
exposure.

Cement remaining in bulk storage for more than 6 months or cement stored in bags longer than
3 months should be retested before use to ensure that it meets the requirements of ASTM C150.
Cement should not be used directly from the mill if it is still hot. The cement should be allowed to
cool before using to reduce the possible occurrence of false sets.

Cement should be inspected for lumps caused by moisture. Cement bags should be inspected for
rips, punctures, or other defects. If cement is to be batched by bag, the weights of bags should be
spot-checked and should not vary by more than 3 percent.

Sand. Sand should be clean, sharp, well graded, and free of silt, clay, or organic material. The
specific gravity and/or fineness modulus may be specified for special mixes such as reduced coarse
aggregate concrete.

Coarse Aggregate. Specifications may permit gravel or crushed stone. The use of crushed rock
aggregate requires more cement and sand for comparable workability. Air entrainment also improves
workability. Lightweight aggregates are not recommended, and slag aggregates are not generally
used. Alkali-reactive aggregates or aggregates from shales, friable sandstone, chert, and clayey or
micaceous rock should not be permitted. Aggregates should be uncoated and free of silt, clay, organic
material, and chemical salts. The specific gravity of the coarse aggregate may be specified. Aggregates
should be well graded with a maximum size of %4 in (19.05 mm) and with the amounts of aggregates
less than %6 in (4.762 mm undersize) held uniform and within 3 percent.

Water. As a general rule, mix water should be potable. It should contain no impurities which
would affect the quality of the concrete. It should not have a sweet, saline, or brackish taste or con-
tain silt or suspended solids. Very hard water may contain high concentrations of sulfate. Well water
from arid regions may contain harmful dissolved mineral salts. If questionable, the water can be
chemically analyzed. The quality of the water can be checked by comparing the strength of concrete
reached at various ages for a mix using the water of unknown quality with the results of similar age
tests on a mix made with water which is known to be acceptable. Impurities in mix water may affect
both the compressive strength of the concrete and its setting time.

Admaxtures. The authorized or mandatory use of admixtures will be noted on the mix design
report. Special admixtures such as retarders and fluidizers may be required for pumped concrete.

Cold-Weather Operations. The minimum temperature of fresh concrete as mixed should be
about 45°F (7.2°C) for air temperatures above 30°F (—1.1°C), 50°F (10°C) for air temperatures from
0 to 30°F (—17.2 to —1.1°C), and 55°F (12.7°C) for air temperatures below 0°F (—17.2°C). Frozen
aggregate or aggregates containing lumps of ice should be thawed before being used. It may be nec-
essary to preheat the mix water and/or the aggregate. For air temperatures between 30 and 40°F
(—1.1and 7.2°C), it is usually necessary only to heat the water to a maximum of about 140°F (60°C).
For air temperatures below 30°F (—1.1°C), the water can be heated to 140 to 212°F (60 to 100°C)
and the aggregate to about 45 to 55°F (7.2 to 12.7°C). Overheating should be avoided. If both the
mix water and the aggregates are preheated, it is recommended that the water be mixed with the
aggregates before adding the cement to avoid a flash set. The temperature of the water-aggregate
mixture should not be higher than 80°F (26.6°C) and preferably about 60°F (15.5°C).

Hot-Weather Operations. If the temperature of the concrete during mixing is above 80°F
(26.6°C), it could result in increased water demand (slump loss) or an accelerated set. The easiest
way to control and reduce the concrete temperature is by using cold mix water, which can be
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achieved by mechanical refrigeration or by using crushed ice as part or all of the mix water. Mixing
time should be kept to a minimum, and mixing drums, water tanks, and pipe should be painted white.

Mixing Time. Mixing time starts when the water is added to the mix and should be adequate but
not excessive. Minimum mixing times vary with the size and type of the mixer and range from 1 to 3
minutes. Maximum mixing times can range from 3 to 10 minutes. For stationary mixers, minimum
mixing time can be established by tests on mixer performance. For truck-mixed concrete, complete
mixing requires from 50 to 100 revolutions of the drum at mixing speed. Check the manufacturer’s
plate on the mixer. If, after mixing, drum speed is reduced to agitation speed or stopped, the drum
should be rotated at mixing speed for from 10 to 15 revolutions just before concrete is discharged.

FElapsed Time. For normal temperatures, the total time from start of mixing to discharge should
not exceed about 11/ hours and should be reduced as temperatures increase. The mix should be dis-
charged before 300 revolutions of the drum.

Slump. Slump tests should be made periodically in accordance with ASTM C143, Standard
Method of Test for Slump of Portland Cement Concrete, to ensure that concrete has the specified
slump for proper placement in pile casings, shells, or holes. The slump for concrete as delivered
to the top of the pile casing or hole should be 5 in (127 mm) for conventional concrete or 4 in
(101.6 mm) for reduced coarse aggregate concrete, both with a tolerance of +2 in, —1 in (+50.8 mm,
—25.4 mm). Special-type piles may require concrete having different slumps. See Special-Type Piles.
Sometimes it is advisable to check the slump just before adding the final water at the jobsite to avoid
too high a slump or a wet mix.

Slump Loss. Slump loss can be caused by overmixing, hot weather, pumping through long lines,
or delays in delivery and placement of concrete. Overmixing can and should be avoided. If necessary,
all the mix water can be added and all mixing done upon delivery at the jobsite. This could prevent
overmixing and may help in eliminating slump loss due to hot weather. If concrete is to be pumped
to the pile locations, the slump should be increased without changing the water-cement ratio or con-
crete strength to compensate for slump loss during pumping. All preparations should be made for
depositing concrete upon delivery, and delivery schedules should be arranged to eliminate delays in
placing concrete.

Retempering. The addition of water to the concrete mix to compensate for slump loss resulting
from delays in delivery or placing is permissible provided the design water-cement ratio is not
exceeded and the concrete has not attained its initial set. Initial set is not to be confused with a false
set, when the concrete appears to stiffen but can be made workable with agitation.

Delwery Tickets. A delivery ticket must accompany each load or batch of concrete. The
delivery ticket is for the purchaser, but the inspector should be furnished a copy. It should include
sufficient data to identify the producer, project, contractor (purchaser), truck mixer used, and
specified concrete mix or strength. Other information which should be on the delivery ticket is
the date of delivery, type and brand of cement, maximum aggregate size, weights of cement, sand,
and coarse aggregate, type and amount of admixtures, quantity of water, time batched, reading of
revolution counter and time when water was first added, volume of batch, and amount of water
added by the receiver. The inspector should note the times of delivery and placement and the air
temperature.

Concrete Strength. Standard cylinders for compression tests should be made periodically or as
specified in accordance with ASTM C31, Standard Method for Making and Curing Concrete Test
Specimens in the Field, to ensure that concrete of required strength is being furnished. The fre-
quency for making test cylinders will vary with the job size and other factors, but generally a test set
(minimum of two cylinders) should be made for each daily pour or for every 50 yd? (38.2 m?) placed.
Also a test set should be made for each age at which compression tests are to be run. The inspector
should ensure that cylinders are properly cast, handled, stored, sealed, packaged for shipment, and
shipped so as not to invalidate test results. For strict concrete control, test specimens should be cast
in cast-iron or tin-can molds. Although widely used, cardboard or paper molds are not recommended
for molding test cylinders for strict concrete control. If cardboard molds are used, they should con-
form with ASTM C470, Specifications for Molds for Forming Concrete Test Cylinders Vertically. Job-
site curing or the use of cardboard molds may contribute to low strength-test results. Grout strengths
for special-type piles are determined by standard cube tests in accordance with ASTM C91, Specifi-
cation for Masonry Cement. (See Auger-Grout Pile, Cast-in-Place Pile, and Minipiles under Special-

Type Piles.)



Substructures 115

Results of Tests. The pile inspector should be furnished with copies of the results of all concrete
compression tests as called for in the specifications. It is advisable to obtain 3- and 7-day results at
the beginning of the job in order to detect trends in concrete strengths. The results of 7-day tests are
also valuable in monitoring concrete strength trends as the job progresses so that, if necessary, reme-
dial measures can be taken before too much concrete is placed.

Strength Variations. Variations in concrete strength as determined by standard cylinder tests
are normal. Several criteria are used to determine the acceptability of variations. For example, the
concrete is considered satisfactory if the average of three consecutive tests is equal to or greater than
the required 28-day strength and no test falls below the required 28-day strength by more than
500 psi (3447 kPa). Another acceptance criterion is that 80 percent of the tests show strengths
greater than the design strength and that not more than 1 test in 10 is less than the required 28-day
strength. A third is that the average strength from consecutive tests is greater than the required 28-
day strength. ACI 214.3-88 provides recommendations on evaluating concrete strength-test results.
If the test results show that concrete strength is below that specified, the cause of low-strength con-
crete should be investigated. Low strength could be caused by unsatisfactory materials, by improper
batching and mixing, or by the use of excess water in the mix. Low cylinder breaks could also result
from improperly preparing, curing, handling, or testing cylinder specimens.

Verification of Concrete Strengths. 1f the results of standard cylinder tests are low, cores can
be removed from piles for testing. Core tests are considered satisfactory if the average of three cores
is equal to or greater than 85 percent of the required 28-day strength and if no core strength is less
than 75 percent of the specified 28-day strength. The results of tests on cores are normally lower
than those on standard cylinders owing to microfracturing of the concrete. It should be noted that
pile concrete in a long steel shell embedded in the ground will cure at a rate slower than that for test
cylinders or exposed concrete. Curing conditions are ideal, but the rate of strength gain is lower than
normal. Concrete strength in completed piles can also be checked by various nondestructive meth-
ods such as penetration-resistance tests. See ASTM C803, Method of Tests for Penetration Resis-
tance of Hardened Concrete.

Courtesy McGraw-Hill: Fzeld Inspection Handbook, Brock Levy, Sutcliffe.

2.5.0 Handling, Storage of Timber, Precast, Steel, and Concrete Piles

Unloading. Timber piles may be unloaded by controlled roll-off. Dumping should not be per-
mitted.

Handling. Generally treated timber piles should not be handled with timber tongs, cant hooks,
peaveys, or pile chains. Piles should be handled so as to avoid puncturing or breaking through their
outer treated portion. AWPA standard M4-80 permits the use of pointed tools provided that the side
surfaces of the pile are not penetrated more than /2 in (12.7 mm). This may be difficult to control.
Treated timber piles should not be dragged along the ground.

Storage. Timber piles in storage for any length of time should be on adequate blocking and sup-
ported to avoid permanent bends. Piles should be stacked on treated or nondecaying material and
with an air space beneath them. Storage areas should be free of debris, decayed wood, and dry veg-
etation (this presents a fire hazard) and should have sufficient drainage to prevent the piles from
lying in water.

Precast Piles

Unloading. Precast piles should be unloaded by lifting them in a horizontal position. Dumping or
rolling off the precast piles should not be permitted.

Handling. Precast piles should be handled with proper slings attached to designated pickup points
or inserts. Impact loads should be avoided.

Storage. If precast piles are stored on blocking, it should be placed at designated support points to
avoid overstressing and cracking the piles.
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Steel Pipe and Tube Piles

Unloading. Controlled dumping or roll-off unloading of pipe or tube piles may be permitted.

Handling. Sufficient pickup points should be used to avoid bends in pipe or tube piles. A closed-
end pile should not be dragged along the ground with the open end first.

Steel H Piles

Unloading. H piles should be unloaded by lifting them in a horizontal position. Dumping piles
should be prohibited.

Handling. H piles lifted in a horizontal position should have their webs vertical to avoid bending.
Coated H piles must be carefully handled so as to avoid damage to the coating.

Storage. H piles should be stored on adequate blocking. Nesting of piles with their flanges vertical
is recommended.

Pile Shells
Unloading. Dumping of pile shells should not be permitted, but they may be roll-off unloaded.

Handling. Pile shells should be handled at all times so as to avoid permanent deformations. A
closed-end shell should not be dragged along the ground with the open end first.

Storage. Pile shells should be stored out of mud or standing water. If in storage for a long period of
time, shells should be protected from the elements.

Handling Cement and Concrete for Pilings

Cement

Storage. Bag cement must be stored off the ground on adequate racks and protected from the ele-
ments, especially moisture.

Concrete Aggregates

Handling. Aggregates should be handled so as to avoid breakage, segregation, and contamination.
The required gradation must be maintained.

Storage. See Concrete Production Facilities: Storage Facilities under Pile Material.

Handling Reinforcement

Reinforcement

Handling. Reinforcing steel should be handled in bundles with appropriate lifting slings located at
sufficient pickup points to avoid permanent bending. Bundles should not be broken until the steel is
to be used. All necessary precautions must be taken to maintain the identification of the steel after
the bundles have been broken. This can be done by keeping the steel separated according to type,
size, and length with a tagged piece in each stack.

Storage. Reinforcing steel should be stored off the ground on suitable racks or blocking so as to
avoid permanent bends. The steel should be stored so as to prevent excessive rusting and contami-
nation by dirt, grease, or other bond-breaking coatings.
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2.6.0 Minipiles and Micropiles

Copyright 2008 Remboo, Ino

Micropiles are small diameter drilled and grouted friction
piles. Each pile includes steel elements that are bonded into
the bearing soil or rock — usually with cement grout. The
bearing stratum is logged during installation drilling to assure
that bearing capacity is adequate. Micropiles do not rely on
end-bearing capacity, so there is no need to establish the
competency of rock beyond bond-depth. They can be installed
quickly in virtually every type of ground using highly
adaptable mobile drilling equipment. These steel piles have
working capacities up to 250 tons.

Rembco uses micropiles (minipiles) as an economical alternative to large diameter drilled
shaft foundations, especially in difficult ground conditions, karst geology, or restricted
access situations.

Micropiles - Minipiles Setup Sequence:
Drilled into bedrock, micropiles or minipiles bond to the rock socket wall for load transfer.

The casings of the minipiles are advanced as piles are drilled into site's bedrock.

Drill pipe is removed, which leaves casing for mini or micro piles setting in bedrock.

A reinforcement load bar is lowered into casings of the micro piles, for added capacity.
Cementitious grout is pumped or pressure feed into the minipiles casings, bottom up.
The casings for the micro piles are lifted to top of bedrock, allows bonding to the bar.
Excess steel is cut from the tops of micropiles; piles are capped to engineer's design.
A select number of piles are load tested to prove the engineering load design.

By permission, Rembco Geotechnical Contractors, Knoxville, TN.
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2.7.0 Pile Drivers—Basic Parts
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2.7.1 Pile Driving Hammer Types
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1. The drop hammer Rarely used, except for installing compacted-concrete piles.

2. Single-acting hammers Powered by steam or air pressure, which is used to raise the hammer
ram for each down stroke. Gravity and the weight of the hammer deliver the kinetic energy
required to drive the pile.

3. Double-acting hammers Generally powered by compressed air or hydraulics, which provides
the power to raise the hammer ram and accelerate its fall.

4. Vibratory hammers Paired, oscillating rotating weights connected to the pile delivers any-
where from 0 to 2000 vibrations per minute at low frequency or from 0 to 8000 vibrations per
minute for high-frequency hammers to drive the pile to design depth. This type hammer is effec-
tive only in granular or cohesiveless soils.

2.7.2 Diesel Pile Hammer Operation—A Five-Stage Cycle

Diesel pile hammers
are operating as follows:

1. Raising of piston

For starting the Diesel pile
hammer, the ram weight (piston)
is raised by means of a tripping
device and automatically
released at a given height.

}
.’
|
|
|
i
\

-1

2. Injection of Diesel fuel
and compression

While dropping, the piston will actuate
the pump lever so that a given
quantity of Diesel fuel is sprayed on
top of impact block. After passing the
exhaust ports, the piston will start
compressing the air in the cylinder
chamber.

3. Impact and explosion

The impact of the piston on the
impact block will atomize the Diesel
fuel in the combustion chamber. The
atomized fuel will ignite in the highly
compressed air. The resulting
explosive energy will force up the
piston.

4. Exhaust

While moving upwards, the piston
will expose the exhaust ports.
Exhaust gases will escape and the

pressure in the cylinder will equalize.

5. Scavenging

The piston keeps jumping upwards
and will draw fresh air through the
exhaust ports for scavenging the
cylinder, while also releasing the
pump lever. The pump lever returns
to it’s starting position, so that the

pump will again be charged with fuel.

Source: Hammersteel, St. Louis, Missouri.
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2.7.3 Double-Acting Hydraulic Hammer-Type Pile Driver

The ram in a hydraulic hammer is lifted by hydraulic pressure, and on the downward stroke, addi-
tional energy is added to the ram. Pressurized nitrogen pushes the ram down.

2.7.4 Vibratory Pile Drivers

These types of pile drivers use vibration to penetrate the soil strata, using the theory of vibration to
reduce the friction between the pile and the soil. These vibrations create soil liquefaction to some
degree, causing soil particles to “float” and provide a significant decrease in resistance between the
soil and the pile. The pile can be driven into the ground with very little added weight or pressure.
This vibratory head generates oscillations inside a vibration case where eccentric weights are gear-
driven by one or more motors. The crane from which the vibratory driver is attached must be iso-
lated from the vibration case by rubber or spring cushions. The vibratory pile driver is frequently
used to extract previously driven piles since the upward pull is substantially reduced. Vibratory pile
drivers work best in noncohesive soils such as gravel and sand. These types of pile drivers also work
quite well in water-saturated soils.

2.8.0 Jetting

The practice of jetting, applying a pressurized water jet at the toe of the pile, can greatly facilitate
the driving of piles in some instances. The object of jetting is to loosen the soil, thereby reducing the
resistance of the toe of the pile. The effectiveness of jetting depends upon the density of the soil and
the availability of adequate water pressure.

2.8.1 Low-Pressure Jetting

This method is used in dense noncohesive soils in combination with a vibratory pile driver. Drivers
with variable eccentricity are recommended when low-pressure jetting is used. Water pressure pro-
viding a pressure of 20 bar (0.42 Ib/ft*) with a volume of 120 to 240 L (31.7 to 63.4 gal) per minute
will be required; to be delivered through special nozzles.

2.8.2 High-Pressure Jetting

This method employs pressure of 250 to 500 bar (5.22 to 10.44 1b/ft?) and a water volume of 60 to
120 L/min (15.8 to 31.7 gal/min) also to be delivered through special nozzles.

2.9.0 Soldier Piles

Steel piles are either driven or drilled in at intervals along a wall for the attachment of wood lagging
or sheet steel to allow excavation to continue similar to a row of soldiers standing at attention.



2.9.1 Typical Steel Soldier Pile with Wood Lagging
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2.9.2 Typical Soldier Pile Drilled into Rock
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2.9.3 Typical Braced Soldier Pile

(‘ Soldier pile
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2.9.4 Typical Soldier Pile, Rock Bearing, with Mafia Block Deadman
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2.10.0 Steel Sheet Piling with Single, Double, Continuous Beams
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2.10.1 Panel Driving

Sheet piles should be installed using the panei-driving technique in order
to ensure that good verticality and alignment is achieved and to minimize
the risk of driving difficulties or de-clutching problems.

This technique also enables greater control to be maintained on the
nominal wali iength.

Because a whole panel of piles has been pitched there is no need to drive
all piles fully to maintain piling operations; if obstructions are
encountered, individual piles can be left high without fear of disruption to
the overall efficiency.
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2.10.2 Pile Driving Guides

General

it is particularly important that sheet piles are maintained in the correct
horizontal and vertical alignment during installation. This is achieved by
the use of efficient pile guides, which will also prevent lateral drift.

Each element to be driven must be guided in at least two levels.

The accuracy and effectiveness of the guides will be improved by
maximizing the distance bstween the two levels. Very long sheet piles
may need intermediate guides to prevent flexing and other associated
driving problems.

—— Hammer guide
Driving cap = upper guide-leve!

"’W

Lower guide

Upper guide
Driving with fixed leader

With this method both the hammer and the pile are guided by the leader.
It is therefore important that the fixed leader is always vertical and that the
hammer impacts its energy down the centroid of the pile profile.

Pile gutdance
by driving cap
running on fixed leader

Lower guide
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2.10.3 Extensive Pile Driven Structure

2.11.0 Caissons

A caisson is a watertight retaining structure employed when work is required in a waterway or con-
struction of a dam. Shallow caissons are open to the atmosphere and may have internal dewatering
devices if water seepage is to be kept to a minimum. Excavate is removed by a crane on shore or
mounted on a barge. When deep caissons are employed, say, for bridge foundations, they are often
sealed and slightly pressurized to keep out oozing mud and water. Workers will enter this space via
an air lock, and all muck, rock, and other debris will be removed through a tube where a surface-
mounted crane with a bucket or clamshell will bring this material out of the excavated area.

2.11.1 Box Caissons

A prefabricated concrete box with four sides and a bottom set in place on a prepared base is a box
caisson. When this “form” has been set in place, it will be filled with concrete to serve as a foundation,
often used for bridge structures.

2.11.2 Open Caisson

An open caisson is similar to a box caisson except that it does not have a bottom. It is used where
trench excavations are impractical and there is a need to install a manhole pump station or similar
structure in an area of soft clays or high water tables.

2.12.0 Cofferdams

A cofferdam is a temporary structure constructed of steel sheet piling of interlocking panels to form
a relatively watertight structure surrounding an area where new construction or repair of an existing
structure is to take place. Cofferdams can be square, rectangular, or round.

2.13.0 Slurry Walls

A slurry wall is a nonstructural wall constructed when working in an underground environment that
requires a method to impede groundwater flow. Slurry wall construction exerts hydraulic pressure
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against a deep trench wall that is kept full with an engineered mixture—slurry. This temporary mea-
sure acts as temporary shoring to prevent collapse of the excavate walls. Bentonite is the most com-
mon material used in a slurry wall trench work. This bentonite material of clay mixed with water
forms a colloidal mix that is pumped into the narrow trench, forming the slurry wall.

2.14.0 Soil Nailing

Soil nailing is an economical technique for stabilizing slopes and for
constructing retaining walls from the top down. This ground reinforcement
process uses steel tendons which are drilled and grouted into the soil to
create a composite mass similar to a gravity wall. A shotcrete facing is
typically applied, though many architectural options such as precast
panels or “green” vegetated cells are available for permanent wall
facings.

By permission, Rembco Geotechnical Contractors, Knoxville, TN.
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2.15.0 Earth and Rock Anchors

Soil/Rock
Anchor

Earth or rock anchors generally consist of steel elements (bars or
strands) grouted in a drilled hole. The bars or strands are subsequently
tensioned. This provides lateral or vertical force to resist movement of a
retaining structure. Anchors are often used for excavation support, or as a
part of permanent retaining walls, or to resist up-lift forces on foundations.
Rembco uses rock anchors to stabilize slopes and walls, provide tiebacks
for bridges, stabilize dams, and secure caisson bottoms.

By permission, Rembco Geotechnical Contractors, Knoxville, TN.
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2.16.0 Permeation (Pressure) Grouting

Permeation
Grouting

The term “Pressure Grouting” is in widespread use, but it is frequently misused. Although it seems to describe a specific
type of grouting, the term is not specific. It refers to a wide variety of procedures. All grouting is done under pressure, so it
is kind of like saying, “wet water”. Permeation Grouting is a more precise term for what is commonly referred to as
pressure grouting.

Permeation grouting is the direct pressure injection of a fluid grout into the ground to fill the spaces between particles. It is
a very flexible approach to ground improvement.

Injection methods are tailored specifically to a project. Some jobs are well suited to drill rigs and high-rate batch plants;
other jobs are better suited to hand drills and small metering pumps. Sleeve-port pipes and downhole packers are often
used to isolate particular zones in a formation. The choice of materials offers hundreds of options, ranging from cement
slurries to specially designed chemical solutions.

All these options provide a project designer with a wide range of alternatives. Any effective grouting program requires a
thorough evaluation of these options. The challenge is to find the best combination of methods and materials to achieve all
technical objectives, while accommodating other factors such as existing ground properties, cost, and accessibility.

An effective grout program also requires a contractor with technical expertise to implement the project. Rembco has been
designing and performing permeation grouting programs for more than 25 years. Rembco uses pressure grout methods for
preventing water flow, stabilizing granular material, encapsulating contaminated material, and improving the physical
properties of soil or rock. We have also effectively used permeation methods to fill voids, cracks, fractures, cavities, and to
create barriers to the movement of liquids through the ground.

By permission, Rembco Geotechnical Contractors, Knoxville, TN.
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2.17.0 Compaction Grouting

Compaction Grouting uses controlled displacement to increase the density of soft or loose soils. It is typically used for
settlement control, structural re-leveling, and remediation of sinkholes. A small diameter (2” — 4”) steel casing is advanced
through the zone to be improved, and a stiff mortar-like grout is injected at high pressure to displace and compact and the
surrounding soils. Pumping is continued as the grout casing is withdrawn, forming a larger diameter (12” — 18”) column of
interconnected grout bulbs. As they form, they intensely compact the soil around them. Compaction piles can be formed in
the same manner to create a continuous structural support for foundations.

Due to relatively small injection pressure ports, compaction grouting can be performed with minimal disruption to building-
use, without interference to other existing construction programs.

In our 25 years of geotechnical specialty work, Rembco has used compaction grouting to improve the ground beneath
settling structures, provide excavation support, block the flow-path of viscous liquids, fill rock cracks, construct underpinning,
densify footing soils, remediate threatening sinkholes, and re-level roads, bridges, towers and existing structures.

By permission, Rembco Geotechnical Contractors, Knoxville, TN.

2.18.0 Chemical Grouting

Chemical Grouting is a form of permeation grouting. Solution grouts that are commonly used include acrylamides,
polyurethanes, acrylates, epoxies and sodium silicates. There are two major types of chemical grouting: structural and
water control.

Structural chemical grouting, when used in granular soils, permeates the spaces between the soil particles, binds the
particles together, and improves the soil’s bearing capacity. This process is not necessarily intended to restrict water from
moving through the soil.

Structural grouting is also used to repair fractures in concrete and rock. When injected into the cracks, the solution grout
fills gaps with a powerful adhesive, forms a waterproof bond, repairs the integrity of a rock or concrete structure, and could
be the least expensive means to seal joints and fractures.

Water control chemical grout is frequently used to stop water movement in granular soil or rock. Grout is injected under
pressure and fills the spaces between soil particles. This forms a waterproof mass at the injection point. When injection
points are laid-out in a well designed grid pattern, these masses interconnect to form an underground curtain that prevents
fluid migration.
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Water control chemical grouting is also widely used as an economical means to stop leaks in mines, tunnels, underground
tanks, elevator shafts, and around underground conduits and pipes. Holes are drilled and grout is injected along the flow
paths, sealing flow paths and preventing water flow through them. The work may be conducted from either the interior or
exterior of a structure, depending on access restrictions.

2.19.0 Soil Mixing

This is a process whereby the physical and chemical characteristics of the soil can be changed with-
out excavation. Often the intent of most soil mixing is to create properties similar to those of lightly
cemented sandstone or soft rock. Soil mixing is often used as a stabilizer when pit shoring is required
.and can be an alternate to or combined with beam and wood lagging, soldier piles, sheet piling, or
jet grouting walls. Soil mixing is also used to consolidate contaminated materials in the soil.

Deep soil mixing is accomplished by installing a series of overlapping stabilized soil columns gener-
ally 24 in. (61 cm) to 56 in. (142 cm) in diameter and 40 ft (12 m) or more in depth. Crane-supported
mixing shafts are guided by the crane’s leads, and as the shaft is drilled into the soil, grout or slurry is
pumped through the hollow stem of the mixing shaft and injected into the soil. The augers with pad-
dles are slowly rotated into the grade at about 10 to 20 rpm, and these mixing blades within the shafts
blend the grout or slurry into the soil. Since fluid is introduced into the soil, some spoils will surface.

Other methods of mixing a cement-type slurry with soil consists of jet grouting where high-pressure
cement slurry is pumped through horizontal ports in a drill casing above the drill bit. The high velocity
and the pressure of the slurry cut and mix with the soil.

Soil mixing is vibration-free and generates very little noise.

2.20.0 Tunnel Boring Machines (TBMs)

As public transportation systems and other infrastructure demands grow in our changing urban envi-
ronment, new subway systems are being constructed and existing ones expanded, and aging under-
ground utilities are being replaced or upgraded. Open cut is not an option, and various types and
sizes of tunnel boring machines (TBMs) are employed to build subways and remediate underground
water, sewer, and sanitary lines. From microtunneling machines with 6-in.- (15-cm-) diameter to
giant 49-ft- (15.3-m-) diameter giant TBMs, more cities and regions around the world now rely on
tunnel system excavation to satisfy their increasing urban needs.

~ N TIPS

By permission, Herrenknecht, Allmannsweier, Germany.

2.20.1 A Glossary of Tunneling Terms
Annulus The cavity between the outside of the pipeline and the overcut of the TBM cutting head.

AVN A remotely controlled tunneling machine incorporating slurry removal.

Bentonite An expansive clay used in the slurry material, acting as a support for the tunnel face.
Also serves as a pipeline lubricant.

Blind hole A tunnel that ends as a “blind alley.”

Bucket tooth. An excavation tool in the form of a toothlike device mounted on the bucket and used
for partial face excavation.
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Compressed air lock A chamber to transfer persons or materials inside and outside, from the out-
side atmospheric environment to the pressurized environment of a tunnel.

Cone crusher The cone-shaped part of the TBM located behind the cutter head to crush large
stones so they can be more easily removed from the tunnel.

Control stand The workstation for the machine operator, either directly inside the machine or at
a remote location.

Cutter head The rotating head of the TBM
Disks The rotating tools equipped with hardened cutter rings for a hard rock tunneling machine.

FEarth pressure balance (EPB) shield The earth and/or water pressure at the tunnel face com-
pensated by the excavation chamber which is filled with plastic soil.

Full-face tunneling machine The excavating machine that removes the material at the whole tun-
nel face with the help of a rotating cutter head.

Geothermy Use of the natural heat of the earth to generate electricity or for power-heat coupling.

Horizontal directional drilling (HDD) Method used to install gas and oil pipelines using an HDD
drilling rig.

In-situ casting Transferable formwork filled with concrete in situ (in place). Once the concrete
hardens and the forms are removed, the shell becomes the finished shaft construction.

Intermediate jacking stations Cylindrical steel cans with integrated hydraulic jacking cylinders
built into the pipeline at certain intervals to be put into operation when the permissible jacking force
is reached at the main jacking station.

Muck pumping Technology to remove excavated material with muck (piston) pumps similar to
concrete pumps.

Partial face excavation Excavation of the tunnel face part by part.
Reception shaft The form or pit where tunneling ends.
Roundhead Longitudinal cutter head mounted on a special boom for partial face excavation.

Segmental lining Individual precast concrete or steel segments assembled in the launch shaft to
form complete rings for installation directly behind the TBM.

Separation plant The use of screens, cyclones, centrifuges, and sedimentation tanks to separate
the excavated material from the slurry fluid.

Shaft lining Precast concrete segments complete the watertight final construction of the shaft
during the shaft sinking process.

Shaft sinking unit Bore down shafts in a mechanized procedure.

Shield Exterior steel sleeve; the basic construction of a TBM serving as a protection against the
surrounding earth and groundwater.

Utility tunneling machine Staffed or remote-controlled TBM with nominal diameters of up to
13.7 ft (4.2 m).
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2.20.2 AVN Machine

AVN is a German acronym for Automatischer Vortrieb Nass (remote-controlled slurry tunneling
machine). The slurry supports the tunnel face with a pressurized bentonite-water mix controlled by
a compressed air cushion in the second compartment of the excavation chamber.

The tunnelling principle: Behind the
cutting wheel § with its scraper tools
and cutter disks there is a steel tube,
the shield @. It offers protection
during tunnelling. The space in front

of the pressure bulkhead @ is filled
with bentonite suspension which
supports the existing soil. The pressure
required to support the tunnel face

is controlled with a compressed air
cushion @ in the excavation chamber,
which is divided by a submerged

wall €. The excavated soil is pumped
away together with the suspension in
the slurry line (green) @. Larger racks
are crushed by a stone crusher @.

The removed suspension is replaced
through the feed line (blue) €. Under
the protection of the shield, lining seg-
ments € made of reinforced concrete
are put in place by a lining segment erec-
tor @Y. To bore forward, the machine
pushes itself away from the last com-
pleted tunnel ring using hydraulic thrust
cylinders {).The annular space between
the segment ring and the soil is filled
continuously with mortar. All activities
are monitored from the control cabin.

By permission, Herrenknecht, Allmannsweier, Germany.

2.20.3 Earth Pressure Balance Shield Tunneling Machine

This TBM is suitable for tunneling in soft ground. A line of reinforced concrete lining segments can
be positioned directly behind the machine, and the EPB shield pushes itself off from the last installed
segment ring.

Using EPB machines, the soil
is excavated by the tools on
the rotating cutting wheel

at the tunnel face and
passes through the openings
in the cutting wheel into the
excavation chamber @,
There, it mixes with the other
plastic soil. The force from the
thrust cylinders @ is trans-
mitted via the pressure bulk-
head € to the soil to support
the tunnel face and control
the entry of material into the
excavation chamber. The exca-
vated material is removed by
the screw conveyor © from
| the excavation chamber which
is under pressure and into the
tunnel which is under atmos-
pheric pressure. With the help
of an erector @ the tunnel
lining segments @ are built
directly behind the shield.

By permission, Herrenknecht, Allmannsweier, Germany.
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2.20.4 Fluid Supported Mix Shield Tunneling Machine

This TBM is used in many types of projects including those with high water content. The tunnel is
supported by a bentonite mixture, used in areas where high water permeability exists, including
those with sand and gravel at the rear of the shield, the tail skin. The tunnel is then lined with rein-

forced concrete lining segments.

2.20.5 Gripper TBM (Both Single and Double)

This gripper TBM is used for hard rock boring. The TBM braces itself against the rock at the rear with
two gripper plates. Hydraulic cylinders push the cutter head into the tunnel face where the rock is
crushed by disk cutters, two cylinders in the single gripper, four hydraulically operated gripper plates
in the double gripper.

By permission, Herrenknecht, Allmannsweier, Germany.

2.20.6 HDD Rig

The Gripper TBM has a ring
erector €) behind the shield
@, which is used to pre-
assemble arched segments
within the protection of the
short finger shield @. The
complete ring is then trans-
ported to the installation site,
braced against the rock face

imm and assembled. Both indepen-

dently maneuverable anchor
drills @ are operated from
work cages with protective
roofs €. This means that
anchors can be positioned
directly behind the cutterhead

ij== shield. Mesh for protection

against falling rocks or rein-
forcement steel mats are
placed onto the moveable
mesh erector unit @ in front
of the gripper plates @@ and
then they are transported
forward to the working area

= and anchored in the rock.

All safety measures can be
carried out independent of
the boring operation.

The HDD rig is used for small-diameter utility installations such as gas and oil pipelines.

© Lafette module 1 @ Lafette module 2 @ Lafette module 3 @ Boring sled

By permission, Herrenknecht, Allmannsweier, Germany.
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2.20.7 Underground Small-Bore Utility Tunnels Lowered through a Shaft and Remotely Controlled

This is a method by which some underground small-bore utility tunnels are lowered through a shaft
and remotely controlled.

P Ground Woter Level

Lounch Shoft

Feed Line

By permission, Herrenknecht, Allmannsweier, Germany.
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3.0.0 Structural Steel

A basic component of construction, structural steel is categorized by specific steel shapes, cross sections,
and chemical composition.

3.0.1 ASTM Designations for Most Commonly Used Structural Steel Members

ASTM Designation Min. Yield Stress (ksi) Min. Tensile Stress (ksi)
A36 36 58-60

A572 grade 50 50 65

A572 grade 60 60 75

A572 grade 65 65 80

A992 50-65 65

3.0.1.1 Alloy Steel Designation and Uses

e A36, structural shapes and plates
e Ab3, structural pipe and tubing

e A500, structural pipe and tubing
e AH01, structural pipe and tubing
e AB29, structural shapes and plate

High-strength, low-alloy steel

e A441, structural shapes and plate
e AB72, structural shapes and plate
e A618, structural piping and tubing
e A992, W shapes for beams

e A270, structural shapes and plate

Corrosion-resistant, high-strength low-alloy steel

e A242, structural shapes and plate
e Ab14, structural shapes and plate
e AH517, boilers and pressure vessels

e AB8S, structural shapes and plate
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3.1.0 Wide-Flange Beams—Depth and Weight per Unit Length

4o <

=)

Depth (d) * X

z‘W

by .

Ky

The I-Beams are identified by:
W DEPTH (inches) x WEIGHT PER UNIT LENGTH (pound force per foot)

For Example: W27 x 161 is an I-Beam with a Depth of 27 inches and having a Nominal Weight
of 161 Ibf/ft.

W27 X W24 x w21 x W18 x W16 x
CW27 x 178 [JW24 x 162 [IW21 x 147 [JW18 x 119 [JW16 x 100
QW27 x 161 [IW24 x 146 [JW21 x 132 [JW18 x 106 [JW16 x 89
W27 x 146 [IW24 x 131 [JW21 x 122 [JW18 x 97 [ W16 x 77
OWw27 x 114 W24 x 117 W21 x 111 W18 x 86 [ W16 x 67
COW27 x 102 [ W24 x 104 [W21 x 101 [JW18 x 76 [ W16 x 57
CW27 x 94  [JW24 x 94  [W21 x 93 [JW18 x 71  [JW16 x 50
W27 x 84 [IW24 x 84 [JW21 x83 [JW18 x 65 [JW16 x 45
OW24 x 76 [W21x73 [W18 x 60 [ W16 x 40
[JW24 x 68 [JW21 x 68 [JW18 x 55 [JW16 x 36
Ow24 x 62 [EW21x62 [Wi18 x50 [ W16 x 31
W24 x 55 [FW21 x57 [W18 x 46 [ W16 x 26

[IW21 x 50  [JW18 x 40

CW21 x 44 W18 x 35

By permission, eFunda Engineering Fundamentals.



3.1.0 Wide-Flange Beams—Depth and Weight per Unit Length (Continued)

Wi4d x

Oowi4
O wi4
Owi4
Bwi4
Bwi4
g Wwis4
awi4
Owi4
owi4
B wis
[ Wwi4
g wis4
O wi4
Owi4
Bwi4
Bwi4
O wis4
Owi4
awi4
Oowi4
B wi4
B wis
w14
Owi4
Owi4
O wi4
Bwi4
Bwi4
Qw14
awi4
Hwis4
gwi4
0O wis4
O wis4
O wi4

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

665
605
550
500
455
426
398
370
342
340
283
257
233
211
193
176
159
145
132
120
109
99
920
82
74
68
61
53
48
43
38
34
30
26
22

W12 x

o wi2
g wi2
g wi2
B wi2
B wi2
B W12
awi2
awi2
g wi2
Bwi2
W12
g w12
Owi2
owi2
B wi2
B wi2
B w12
awi2
awi2
awi2
B wi2
Bwi2
W12
awi2
B wi2
o wi2
B wi2
B wi2
g w12

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

336
305
279
252
230
210
190
170
152
136
120
106
96
87
79
72
65
58
53
50
45
40
35
30
26
22
19
16
14

W10 x

W10
W10
B W10
Bwi0
B W10
E W10
w10
Bawio
W10
w10
F W10
w10
w10
w10
B w10
B w10
g W10
w10

X X X X X X X X X X X X X X X X X X

112
100
88
77
68
60
54
49
45
39
33
30
26
22
19
17
15
12

W8 x

ows
ows
ows
B ws
B ws
w8
aws
ows
ows
aws
w8
Ows
ows

X X X X X X X X X X X X X

By permission, eFlunda Engineering Fundamentals.

67
58
48
40
35
31
28
24
21
18
15
13
10

Building Envelope

W6 x
£ we
B we
B we
E we
B we

20
16
15

X X X X X

W5 x

B ws
Qw5

W4 x
£ w4

x 13
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3.1.1 | Beam Depth and Weight per Unit of Length

|

Depth (d) i

\
/

tW

las P |
[+ b >

The I-Beams are identified by:
S DEPTH (inches) x WEIGHT PER UNIT LENGTH (pound force per foot)

For Example: S18 X 54.7 is an I-Beam with a Depth of 18 inches and having a Nominal Weight

of 54.7 Ibf/ft.

$24 x ___ $20 x ___ S18 x ___ S15 x ___ S12 x
[S24 x 121  [S20 x 96  [FS18 x 70  [S15x 50  [S12 x 50
[]S24 x 106 [JS20 x 86  [JS18 x 54.7 [JS15 x 42.9 [JS12 x 40.8
[1S24 x 100 [JS20 x 75 [ S12 x 35
BsS24 x 90  [S20 x 66 B s12 x 31.8
[1S24 x 80

S10 x ____ S8 x S7 x S6 x S5 x

[S10 x 35  [JS8 x 23 ES7 x 20 S6 x 17.25 (S5 x 14.75
0S10 x 25.4 [S8 x 184 [ES7 x 153 [@S6 x 125 [ES5 x 10
S4 x S3 x

1S4 x 9.5 [S3 x 7.5

Bs4 x 7.7 BS3 x 5.7

By permission, eFunda Engineering Fundamentals.
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3.1.2 C Channel Depth and Weight per Unit Length

-

Depth (d) = X

fe— b —

The Channels are identified by:
C DEPTH (inches) x WEIGHT PER UNIT LENGTH (pound force per foot)
For Example: C12 x 30 is a Channel with a Depth of 12 inches and having a Nominal Weight

of 30 Ibf/ft.
Ci5 x __ Ci2x _ C10 x __ C9 x C8 x
[ C15 x 50 £ Cci12 x 30 [£JC10 x 30 BCo x 20 B C8 x 13.75
[ C15 x 40 [ C12 x 25 [JC10 x 25 [1C9 x 15 [JC8 x 11.5
FC15 x 33.9 [FC12 x 20.7 F1C10 x 20 £1co x 13.4

[1C10 x 15.3

C7 x C6 x Csx. C4x_ C3 x__
HC7 x 1475 [EC6 x 13 FC5 x 9 BHc4 x 7.25 EC3 x6
FC7 x 12.25 [ C6 x 10.5 EIC5 x 6.7 F1C4 x 5.4 EC3 x5
[JC7 x 9.8 [ C6 x 8.2 bC3 x 4.1

By permission, eFlunda Engineering Fundamentals.
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Section 3

3.1.3 Steel Angles—Length and Thickness of Leg in Inches
e-c,+|
y

For Example: L4 ><3:-t5/3 is an Angle with one 4 inch leg one 3 inch leg and having a thickness

i

™
i

1|

“"‘SJ\

b =

The Angles are identified by:
LLEG, inches x LEGb inches x THICKNESS inches

of 5/g of an inch.

L 4

e

L8x8x_ L6X6X__ L5x5x__ L4x4x___
[L8x8x1 /g O L6x6x1 [L5x5x7/g B L4x4x3/,
[JL8x8x1 CL6x6x7/g B L5x5x3/4 O L4x4x>/g
[]L8x8x7/g [JL6x6%3/4 [JL5x5x%°/g [JL4x4ax1/,
[ L8x8x3/, [1L6x6x°/g [ L5x5x 1/, [ L4x4x7/16
[]L8x8x5/g CL6x6x9/4¢ [ L5x5%7/16 [ L4x4x3/g
) L8x8%x%/16 O Lex6x1/; B L5x5x%3/g O L4x4x/1¢
[JL8x8x 1/ [1L6x6x7/16 [JL5%5%°/1g [JL4x4xl/,

[L6x6x3/g

B L6x6x°/16
L31/,x31/,%x_  L3x3x__ L21/x21/,x  L2x2x__
BL3 1/2x3 15xY,  @L3x3x1/; BL2 Yo%x2 Yo%, gLaxaxd/g
B L3 1/5x3 1/,x7/16 @ L3x3x7/16 BL2 Yx2 1/5%x3/g B L2x2x%/16
B3 1/5x3 1/5x3/g [ L3x3x3/g BL2 /5x2 1/5x5/1 B L2x2x1/4
BL3 1/5%x3 1/5x5/1g EL3x3x7/46 BL2 Y5x2 5x1l/,  BL2x2x3/46
L3 /5x31/5x1,  [IL3x3x1/, L2 Y/5x2 1/5%3/16 [1L2x2x1/g

B L3x3x3/46

By permission, eFunda Engineering Fundamentals.
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3.1.3 Steel Angles—Length and Thickness of Leg in Inches (Continued)

L9X4x__ L8Xx6x__ L8x4x__ L7xX4x___
[] L9x4x5/g [ L8x6x1 []L8x4x1 CL7x4x3/,
[L9%x4x %16 [ L8x6x7/g [ L8x4x3/4 [ L7x4x5/g
O L9x4x 1/, O L8x6x3/4 [ L8x4x5%/1¢ O L7xaxl/,
[IL8x6x°/g [L8x4x1/, B L7x4x3/g
[]L8x6x/16
[ L8x6x1/,
O L8x6x7/16
L6X4X___ L6x3 1/,x_ L5x31/,x_ L5X3x_
[L6x4x7/g pLex3l/xl/;  ELSx3 1/5x7/g [IL5%x3x /g
[ L6x4x3/, BLex3l/5x3/g  EL5x3 1/;%x1/; B L5x3x1/5
£ L6x4x°>/g O L6x31/5x%/16 [EL5x3 1/5%x7/46 B L5x3%x /46
O L6x4x% 16 BL5x3 1/,x3%/g B L5%3%3/g
[JL6x4x1/, [L5x3 1/5%3/46 F1L5x3%x3/46
CL6x4x7/1¢ BEIL5x3 1/5x1/, [ L5x3x1/,
[JL6ex4x3/g
0 L6x4x /16
Lax31/,x__ L4X3x___ L31/,x3x__ L31/,x2 /%
O L4x31/5x1/, [ L4x3x5/g [ L31/,%x3x1/, B L31/,%x21/5%x1/,
B L4x3Y/5%x7/46 O L4x3x 1/, BL31/5%x3x7/46 BL31/5%x21/,x7/46
[ L4x31/5,x3/g I L4x3x7/16 [L3Y/,x3x3/g 0 L3Y/5x21/5%3/
O L4x3Y/,x5/16 0 L4x3x3/g B L3Y/2%x3%x5/16 O L3Y/3%21/,x%/1¢
0 L4x31/,x1/, [ L4x3%x5/16 FL31Y/,x3x1/, QL3l/o%x21/5x1,
[ L4x3x1/,4
L3x21/,x_ L3Xx2Xx___ L21/o%x2%x_
O L3x21/,x1/5 [L3x2x1/; [JL21/,x2x3/g
O L3x21/,%7/46 BL3x2x7/1g B L21/5%x2x3/46
[ L3x21/5%x3/g B L3x2x3/g BL2l/5x2x1/,
BL3x21/,%%/16 OL3x2x%/16  @L2Y/%x2x%/16
B L3x21/,x1/, [ L3x2x1/4

O L3x21/,%3/16

B L3x2x3/46

By permission, eFunda Engineering Fundamentals.
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3.1.4 Aluminum Beams and Channels

Aluminum I-Beams

|
!

Depth (d) = X
Fillet
: radius (r)
h
tW
[ by >

The I-Beams are identified by:
DEPTH (inches) x WEIGHT PER UNIT LENGTH (pound force per foot)
For Example: 12 x 14.292 is an I-Beam 12 inches deep and weighing 14.292 |bs/ft.

12 x 10 x 9x___ 8x__ y & S
[112.00 x 14.292[]10.00 x 10.286[]9.00 x 8.361 [] 8.00 x 7.023[]7.00 x 5.800
[712.00 x 11.672[] 10.00 x 8.646 [18.00 x 6.181[]6.00 x 4.692

6 x__ -1 S 4 x_ 3x__
[16.00 x 4,030 []5.00 x 3.700 []4.00 x 2.793[]3.00 x 2.030
[ 4.00 x 2.311 [ 3.00 x 1.637

By permission, eFunda Engineering Fundamentals.



3.1.4 Aluminum Beams and Channels (Continued)

Aluminum Channels

Depth (d)

For Example: 12 x 11.822 is an I-Beam 12 inches deep and weighing 11.822 |bs/ft.

e by >
].__.‘ y
ty ]
J
-~ ¥ 4
= X
Fillet
‘{. radius (r)

=G4

The Channels are identified by:
DEPTH (inches) x WEIGHT PER UNIT LENGTH (pound force per foot)

Building Envelope

12 x 10 x 9x__ 8x__ 7%
(12 x 11.822 []10 x 8.36 [19 x 6.97 [18 x 5.789 B7 x 4.715
(12 x 8.274 [110 x 6.136 []9 x 4.983 []8 x 4.147 [J7 x 3.205
6 x__ - S 4x__ M. 2 x

6 x 4.03 5 x 3.089 04 x 2331 [@F3x 1597 [F2 x 1.071
6 x 2.834 5 x 2.212 4 x1.738 [3x1.135 [2 x 0.577

By permission, eFunda Engineering Fundamentals.
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Section 3

3.2.0 Open Web Joists, Standard and Nonstandard

ACCESSORIES AND DETAILS

LH & DLH SERIES LONGSPAN STEEL JOISTS

STANDARD TYPES

Longspan steel joists can be furnished with either un-
derslung or square ends, with parallel chords or with
single or double pitched top chords to provide sufficient
slope for roof drainage.

The Longspan joist designation is determined by
its nominal depth at the center of the span, except
for offset double pitched joists, where the depth
should be given at the ridge. A part of the designation
should be either the section number or the total design
load over the design live load (TL/LL given in plf).

All pitched joists will be cambered in addition to the
pitch unless specified otherwise.

NON-STANDARD TYPES

The following joists can also be supplied by Vulcraft,
however, THE DISTRICT SALES OFFICE OR MAN-
UFACTURING FACILITY NEAREST YOU SHOULD
BE CONTACTED FOR ANY LIMITATIONS IN
DEPTH OR LENGTH.

PARALLEL CHORDS UNDERSLUNG

PARALLEL CHORDS SQUARE ENDS

TOP CHORD SINGLE PITCHED UNDERSLUNG

TOP CHORD SINGLE PITCHED SQUARE ENDS

TOP CHORD DOUBLE PITCHED UNDERSLUNG

AN/AVAVAVAVA

TOP CHORD DOUBLE PITCHED SQUARE ENDS

TOP CHORD OFFSET DOUBLE PITCHED UNDERSLUNG

TOP CHORD OFFSET DOUBLE PITCHED SQUARE ENDS

SCISSOR*

(v ARCHED CHORDS* b

*Horizontal forces due to deflections of these types
need to be it d by the desi fessional

gn pi

BOW STRING ’
GABLE T

CAMBER
Non-Standard Types: The design professional shall

provide on the structural drawings the amount of camber
desired in inches. If camber is not specified, Vulcraft will
use the camber values for LH and DLH joists based on
top chord length.

Standard Types: The camber listed in the table will be
fabricated into the joists uniess the design professional
specifically states otherwise on the structural drawings.

**Contact Vulcraft for minimum depth at ends.
e
CAMBER FOR STANDARD TYPES

LH &DLH series joists shall have camber in accordance with
the following table:***

Top Chord Approx.
Length Camber
20'-0" (6096 mm) 1/4" (6 mm)
30-0" (9144 mm) 3/8" (10 mm)
40'-0" (12192 mm) 5/8" (16 mm)
50'-0" (15240 mm) 1" (25 mm)
60'-0" (18288 mm) 11/2" (38 mm)
70-0" (21336 mm) 2" (51 mm)
80'-0" (24384 mm) 23/4" (70 mm)
90-0" (27432 mm) 31/2" (89 mm)
100-0" (30480 mm) 41/4" (108 mm)
110-0" (33528 mm) 5" (127 mm)
120'-0" (36576 mm) 6" (152 mm)
130'-0" (39621 mm) 7" (178 mm)
140-0" (42672 mm) 8" (203 mm)
144'-0" (43890 mm) 8 1/2" (216 mm)

“** NOTE: If full camber is not desired near walls or other
structural members please note on the structural drawings.

By permission, Nucor Vulcraft® 2008, Charlotte, N.C.
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3.2.1 Definition of Span

(U. S. Customary Units)

(f' SPAN (F
. BEARING LENGTH BEARING LENGTH , |
| 1
SPAN ]Q
. BEARING LENGTH BEARING LENGTH , |
1 L
SPAN -
==
. BEARING LENGTH BEARING LENGTH , | &Ik
w|o

] |

NOTES: 1) DESIGN LENGTH = SPAN - 0.33 FT.

2) BEARING LENGTH FOR STEEL SUPPORTS SHALL NOT
BE LESS THAN 2 1/2 INCHES; FOR MASONRY AND
CONCRETE NOT LESS THAN 4 INCHES.

3) PARALLEL CHORD JOISTS INSTALLED TO A SLOPE
GREATER THAN 1/2 INCH PER FOOT SHALL USE SPAN
DEFINED BY THE LENGTH ALONG THE SLOPE.

By permission, Nucor Vulcraft® 2008, Charlotte, N.C.
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3.2.2 Bay Length Definitions

OSHA SAFETY STANDARDS
FOR STEEL ERECTION
BAY LENGTH
DEFINITIONS
. BAYLENGTH ‘ l BAY LENGTH |
r | I |
| ! | |
~ > < o
I I
JOIST GIRDERS STEEL BEAM
. BAYLENGTH | I BAY LENGTH |
[ gl
I |
‘I CY ’ I s < |
§§ ;; il ;; II:
Ll :]l
l |
STEEL CHANNEL STEEL COLUMN
[ BAY LENGTH ¥ 1 BAY LENGTH N
il 1 [ 1
I | | |
> < 2 £ I-T
| |
| |
! l I
STEEL COLUMN STEEL TUBE

By permission, Nucor Vulcraft® 2008, Charlotte, N.C.



3.2.2 Bay Length Definitions (Continued)

BAY LENGTH

.

kel

STEEL TUBE

BAY LENGTH

Inkal

Building Envelope

BAY LENGTH

MASONRY OR TILT-UP

BAY LENGTH |

T 7T

MASONRY OR TILT-UP MASONRY WITH PILASTER
BAY LENGTH BAY LENGTH
| CY < 1 | s < |
MASONRY OR TILT-UP MASONRY OR TILT-UP
BAY LENGTH

E

E

MASONRY WITH FACE BRICK

By permission, Nucor Vulcraft® 2008, Charlotte, N.C.

153



154  Section 3

3.2.3 K Series Joists—Bridging Details
K SERIES OPEN WEB STEEL JOISTS

EXPANSION BOLTS
BY OTHERS
- — TYPE BAC

WELD

4’ HORIZONTAL
BRIDGING

] TYPE BAC
- /—WELD
Pl = ]

|—

1

FIELD WELDED

HORIZONTAL BRIDGING
BRIDGING ANCHORS
SEE SJI SPECIFICATION 5.5 AND 6. SEE SUI SPECIFIGATION 55 AND 6.

NOTE: DO NOT WELD BRIDGING TO JOIST WEB MEMBERS.
DO NOT HANG ANY MECHANICAL, ELECTRICAL, ETC. FROM BRIDGING.

EXP. BOLTS
BY OTHERS

BRIDGING ANCHOR
TYPE "SA’

TYPE BAC

BOLT (b)

FIELD WELD ALL CONNECTIONS

BOLTED CROSS BRIDGING
SEE SJI SPECIFICATION 5.5 AND 6.

WELDED CROSS BRIDGING
SEE SJI SPECIFICATION 5.5 AND 6. _ e : )
HORIZONTAL BRIDGING SHALL BE USED IN (a) Horizontal Bridging units shall be used in the space ad-
SPACE ADJACENT TO THE WALL TO ALLOW FOR jacent to the wall to allow for proper deflection of the joist
{P'EEI\T'EELIPEFLECTIGN OF THE JOIST NEAREST nearest the wall.

(b) For required bolt size refer to bridging table on page 136.
NOTE: Clip configuration may vary from that shown.

ARSI AN\LNTN =

NOTE: MUST HAVE CROSS =
BRIDGING AT END. ==

NOTE: MUST HAVE CROSS BRIDGING AT SUPPORT

SQUARE END DEEP BEARINGS
FULL DEPTH CANTILEVER END
SEE SJI SPECIFICATION 5.4 (d) AND 5.5 FOR BRIDGING R e ) CONFIGURATION MY VARY
REQUIREMENTS. REQUIREMENTS.

By permission, Nucor Vuleraft® 2008, Charlotte, N.C.




3.2.4 Long-Span SLH Series Joists

ACCESSORIES AND DETAILS
SLH SERIES LONGSPAN STEEL JOISTS.

12
MIN 1/4]

NVAVAVAVAYAVZ

THE RECOMMENDED CONFIGURATION FOR SLH-SERIES JOISTS IS
A DOUBLE PITCHED TOP CHORD WITH A MINIMUM PITCH OF 1/4
INCH PER FOOT. THE DEPTH OF THE JOIST SHALL BE THAT AT THE
RIDGE OF THE JOIST. FOR OTHER CONFIGURATIONS CONTACT
VULCRAFT. WEB LAYQUT MAY VARY FROM THAT SHOWN.

Building Envelope
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SLH-SERIES CAMBER*

TOP DOUBLE PARALLEL
CHORD PITCH CHORD
LENGTH JOISTS* JOISTS
111-0" 3 14" 51/4"
120-0" 312" 6"
130-0" 37/8" 7"
140-0" 41/8" 8"
150-0" 4 3/8" 8 3/4"
160'-0" 4 3/4" 912"
180-0" 51/4" 10 172"
200-0" 57/8" 11 3/4"
220-0" 61/2" 13"
240!_0“ 7II 14"
*JOISTS WITH TOP CHORD PITCH

OF 1/4" PER FOOT OR GREATER.

1 2"
SLOPE* |

*MINIMUM SLOPE 1/4":12

PARALLEL CHORD JOISTS
SEE SPECIFICATION 203.4 (c}

(a) Extend top chords require the special attention of the
specifying engineer.

The magnitude and location of the design loads to
be supported, the deflection requirements, and the
proper bracing shall be clearly indicated on the
structural drawings.

NOTE:

FOR ANY CONCENTRATED LOADS SUCH AS
BASKETBALL GOALS, CURTAINS, SCORE
BOARDS, HVAC UNITS, ETC. IT IS ESSENTIAL THAT
THE SPECIFYING ENGINEER PROVIDE THE
MAGNITUDE AND LOCATION OF ALL LOADS ON
THE STRUCTURAL DRAWINGS.

By permission, Nucor Vuleraft® 2008, Charlotte, N.C.

*For walls or other structural members near SLH-Series Joists
provisions need to be made to match top chord elevation.

Specifying professional must provide camber requirements
in inches if camber is different from that shown.

TOP CHORD EXTENSION (a)

SEE TABLE 204.8.1

BOTTOM CHORD STRUT
(SEE SPECFICATION 204.1)

*** If bottom chord is to be bolted or welded the specifying professional

must provide axial loads on structural drawings.
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3.3.0 Recommended Spans for 1% - and 3-in. Roof Deck

RECOMMENDED MAXIMUM SPANS FOR CONSTRUCTION AND

MAINTENANCE LOADS STANDARD FOR 1%2INCH AND 3 INCH ROOF DECK

SPAN MAX.RECOMMENDED SPANS
SPAN ROOF DECK CANTILEVER
TYPE CONDITION FT.-IN. | METERS | FT.-IN. | METERS
NR22 1 3-10" | 1.15m o
NR22 2 or more 4-9" 1.45m L 30m
NARROW NR20 1 4-10" 145m e 35
RIB DECK NR20 2 or more 5-11" 1.80m i
NR18 1 5-11" | 1.80m L
NR18 2 or more 611" | 210m | ' A2l
IR22 1 g6 | 13sm [ [
INTERMEDIATE | [R22 2 or more 56" | 1.65m )
RIB DECK IR20 1 53 [ 16om [, [,
IR20 2 or more 6-3 | 1.90m AL
WR22 1 56" | 165m | .
WR22 2 or more 66" | 175m | ' 22l
WIDE WR20 1 6"-3" 1.90 m 547 20
RIB DECK WR20 2 ormore 75" | 225m e
WR18 1 7-6" | 230m | _
WR18 2 or more g-10" | 270m | 2710 | &M
3DR22 1 11-0" | 335m o
30R2 | 2ormore 13:0" | 395m | 3 | 1O5M
DEEP 3DR20 1 126" [ 380m [ Lo |0
RIB DECK 3DR20 2 or more 148" | 445m ‘
3DR18 1 15-0" | 455m o
3DR18 |  2ormore 17.¢" | s4om | 40 | MM
CANTILEVER DESIGN
STEEL DECK CANTILEVER Notes: < s :
EXAMPLE: WR22 1. Adjacent span: Limited to those spans determined in Section 2.4 of Roof Deck
BEAM Standards. In those instances where the adjacent span is less than 3 times the
P | DECK | SPAN | cantilever span, the individual manufacturer should be consulted for the appropriate
‘ [Wr22) | g cantilever span.
G\ 3 G\ ! 2. Sidelaps must be attached at end of cantilever and at a maximum of 12 inches
g g ) (300 mm) on center from end.

. No permanent suspended loads are to be supported by the steel deck.

‘ BEAM
- -
=
(]

BEAM 4. The deck must be completely attached to the supports and at the sidelaps before
PARTIAL ROOF PLAN any load is applied to the cantilever.
: (WR22),
e I 5. Service loads may be more severe than indicated in section 2.4.A.7.
..L 1-11 MAX
CANTILEVER
SECTION A

By permission, Nucor Vulcraft® 2008, Charlotte, N.C.



3.3.1 Steel Deck Institute (SDI) Pour Stop Selection Table

ANSI/SDI-C-1.0 ATTACHMENT C2
SDI Pour Stop Selection Table

Building Envelope 157

NOTES: This Selection Chart is based on following criteria:

1. Normal weight concrete (150 PCF).

2" (50 mm) min, —==

2. Horizontal and vertical deflection is limited to %" maximum for concrete dead load.
3. Design stress is limited to 20 KSI for concrete dead load temporarily increased by one-third for the construction live load of 20 PSF.
4. Pour Stop Selection Chart does not consider the effect of the performance, deflection, or rotation of the pour stop support which may

include both the supporting composite deck and/or the frame.

5. Vertical leg return lip is recommended for all types (gages).

By permission, Nucor Vulcraft® 2008, Charlotte, N.C.

| overhang

seenote5—

400 | 20 | 20 [ 20 [ 20 | 18 | 18 J 16 | 14 | 12 [ 1212 |10 |10
425 | 20 | 20 [ 20 ["18 | 18 [ 16 | 16 | 14 | 12 [ 12 [ 12 [ 10 | 10
450 | 20 | 20 [ 20 J"18 [ 18 |16 [ 16 | 14 | 12 [ 12 [ 12 10 | 10
475 | 20 | 20 [ 18 | 18 [ 16 | 16 [ 14 [ 14 | 12 | 12 [ 10 | 10 [ 10"
500 | 20 | 20| 18 [ 18 | 16 | 16 | 14 [ 14 | 12 | 12 | 10 [ 10
525 | 20 | 18 | 18 | 16 | 16 [ 14 | 14 [ 12 | 12 | 12 | 10 | 10
550 | 20| 18 [ 8| 16 | 16 | 14 [ 14 | 12 [ 12 [ 12 [ 10 [ 10
575 | 20 | 8| 16 | 16 [ 14 | 14 [ 12 | 12 | 12 [ 12 | 10 | 10
600 | 18 | 18| 16 [ 16 | 14 | 14 | 12 [ 12 [ 12 [ 10 ] 10 |10
625 | 18 | 18| 16 [ 14 | 14 [ 12 | 12 | 12 | 12 | 10 | 10
18 [ 16| 16 | 14 | 14 | 12 | 12 | 12 | 12 | 10 | 10
675 | 18 | 16 [ 14 | 14 [ 14 | 12 | 12 | 12 [ 10 ] 10 | 10
700 | 18 | 16 | 14 | 14 [ 12 | 12 | 12 | 12 | 10 | 10 | 10 _____
725 | 16 | 16| 14 [ a4 |12 [ 12 [ 12 [ 10 | 10 | 10 Types| _ DESIGN
750 | 16 [ 14 | 14 [ 12 | 12 | 12 | 12 | 10 | 10 [ 10 THICKNESS
725 | 16 | 14 | 14 | 12 | 12 | 12 [ 10 | 10 | 10 | 10 [ 20
800 | 14 | 14| 12 | 12 [ 12 [ 12 |10 [ 10 [ 10 18 | 00474
825 | 14 [ 14| 12 | 12 [ 12 [ 10 | w0 [ 10 |10 | 16 | 00598
14 [ 12 | 12 | 12 | 12 | 10 [ 10 | 10 14 | 00747
| 875 | 14 | 12 | 12 [ 12 [ 12 | 10 [ 10 | 10 12 | 01046
[ 900 | 14 | 12 | 12 [ 12 [0 | 10 | 10 10 | 01345
925 | 12 | 12 | 12 [ 12 ] 10 [10 [ 10
950 | 12 | 12 | 12 [ 10 | 10 | 10
[ 975 | 12 | 12 [ 12 | 10 | 10 | 10
12 | 12 [ 10 | 10 | 10 | 10
5| 12 | 12| 10 | 10 | 10
12 [ 12 | 10 [ 10 [ 10
9075 12 [ 0] 10 | 10
1mo0| 12| 10 10 | 10 ,, .
1125 | 12 10 10 2@ ;[225 Eg-ﬂ " Welds\ pour stop}\k slab
1150 | 10 | 10 | 10 depth
11.75 | 10 | 10 m o
[ 12,00 | 10 |10
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3.3.2 Steel Deck Accessories

ACCESSORIES

NSULATED

BUILT-UP ROOF LAT PLATE (20 GA.)

\ROOF DECK
—

\
\'ROOF DECK

h— STEEL JOIST

DETAIL WHERE DECK
CHANGES DIRECTION

NSULATED VALLEY PLATE 33"
BUILT-UP ROOF 27"
|
T [
23" 29"
VALLEY DETAIL
As ) ) § ?1%
) SUMP PANS '

S

\/ ol 14 GA.

GALVANIZED ONLY

RIDGE OR VALLEY PLATE (20 GA))
10'-0" LENGTHS

GALVANIZED ONLY ——l 1" |——

An qu
15", 3

INSULATED RIDGE PLATE 1

(10 LENGTHS)

INSIDE OR OUTSIDE CLOSURE (20 GA.)
10'-0" LENGTHS
GALVANIZED ONLY

STEEL JOIST ? _>l I__

W/ SLOPED SEAT du
RIDGE DETAIL 2

FILLER SHEET (20 GA.)
100" LENGTHS
GALVANIZED ONLY

S S S S S [

TSN\ S\

RUBBER CLOSURES
TOP & UNDERSIDE

By permission, Nucor Vuleraft® 2008, Charlotte, N.C.

FLAT PLATE (20 GA.)
10-0" LENGTHS
GALVANIZED ONLY

=

WELDING

WASHER

(16 GA)
3/8" HOLE
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3.3.3 SDI Pour Unit Conversion Tables

ANSI/SDI-C-1.0 ATTACHMENT C3
S| Pour Units Conversion Tables

TO CHANGE MULTIPLY BY
in to mm 25.4 (exact)
LENGTH ft to mm 304.8 (exact)
fttom 0.3048 (exact)
in? to mm? 645.16 (exact)
AREA ft2 to m? 0.092903
Ib to kg 0.453592
2000 Ib to 1000 kg 0.907185
MASS lb/ft to kg/m 1.48816
Ib/fte to kg/m? 16.0185
Ib/yd?® to kg/m? 0.593276
IbtoN 4.44822
kip to kN 4.44822
Ib/in to N/m 175.127
FORCE Ib/ft to N/m 14.5939
kip/ft to KN/m 14.5939
psf to kN/m? 47.880
Ib/in? to kPa 6.89476
PRESSURE Ib/ft2 to kPa 0.04788
kip/in? to MPa 6.89476
SECTION in® to mm3 16387.1
MODULUS in%/ft to mm3/m 53763.5
MOMENT OF in* to mm¢ 416231
INERTIA in/ft to mm*/m 1365587

By permission, Nucor Vulcraft® 2008, Charlotte, N.C.
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Section 3

3.3.4 Standard Terms in Steel Design

STANDARD DEFINITIONS FOR USE
IN THE DESIGN OF STEEL STRUCTURES

ASD (Allowable Strength Design). Method of proportioning structural
components such that the allowable strength equals or exceeds the required
strength of the component under the action of the ASD load combinations.

ASD Load Combination. Load combination in the applicable building code
intended for allowable strength design (allowable stress design).

Allowable Strength*. Nominal strength divided by the safety factor, Rn/Q.

Applicable Building Code. Building code under which the structure is
designed.

Available Strength*. Design strength or allowable strength as appropriate.

Braced Frame. An essentially vertical truss system that provides resistance to
lateral loads and provides stability for the structural system.

Cold-Formed Steel Structural Member. Shape manufactured by press-braking
blanks sheared from sheets, cut lengths of coils or plates, or by roll
forming cold- or hot-rolled coils or sheets; both forming operations being
performed at ambient room temperature, that is, without manifest
addition of heat such as would be required for hot forming.

Connection. Combination of structural elements and joints used to transmit
forces between two or more members.

Design Load. Applied load determined in accordance with either LRFD load
combinations or ASD load combinations, whichever is applicable.

Design Strength*. Resistance factor multiplied by the nominal strength, ¢R..

Diaphragm. Roof, floor or other membrane or bracing system that transfers
in-plane forces to the lateral force resisting system.

Factored Load. Product of a load factor and the nominal load.

Flexural-Torsional Buckling. Buckling mode in which a compression member
bends and twists simultaneously without change in cross-sectional shape.

Girt. Horizontal structural member that supports wall panels and is
primarily subjected to bending under horizontal loads, such as wind load.

Joint. Area where two or more ends, surfaces, or edges are attached.
Categorized by type of fastener or weld used and the method of force
transfer.

Load. Force or other action that results from the weight of building materials,
occupants and their possessions, environmental effects, differential
movement, or restrained dimensional changes.

Load Effect. Forces, stresses, and deformations produced in a structural

" component by the applied loads.

Source: American Institute of Steel Construction (AISC).
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3.3.4 Standard Terms in Steel Design (Continued)

Load Factor. Factor that accounts for deviations of the nominal load from the
actual load, for uncertainties in the analysis that transforms the load into a
load effect, and for the probability that more than one extreme load will
occur simultaneously.

LRFD (Load and Resistance Factor Design). Method of proportioning structural
components such that the design strength equals or exceeds the required
strength of the component under the action of the LRFD load combinations.

LRFD Load Combination. Load combination in the applicable building code
intended for strength design (Load and Resistance Factor Design).

Moment Frame. Framing system that provides resistance to lateral loads and
provides stability to the structural system primarily by shear and flexure
of the framing members and their connections.

Nominal load. Magnitude of the load specified by the applicable building code.

Nominal Strength*. Strength of a structure or component (without the
resistance factor or safety factor applied) to resist the load effects, as
determined in accordance with this Specification or Standard.

Permanent Load. Load in which variations over time are rare or of small
magnitude. All other loads are variable loads.

Purlin. Horizontal structural member that supports roof deck and is
primarily subjected to bending under vertical loads such as snow, wind
or dead loads.

Rational Engineering Analysis. Analysis based on theory that is appropriate
for the situation, relevant test data if available, and sound engineering
judgment.

Required Strength.* Forces, stresses, and deformations produced in a
structural component, determined by either structural analysis, for the LRFD
or ASD load combinations, as appropriate, or as specified by this
Specification or Standard.

Resistance Factor, ¢. Factor that accounts for unavoidable deviations of the
nominal strength from the actual strength and for the manner and
consequences of failure.

Safety Factor, Q. Factor that accounts for deviations of the actual strength
from the nominal strength, deviations of the actual load from the nominal
load, uncertainties in the analysis that transforms the load into a load effect,
and for the manner and consequences of failure.

Service Load. Load under which serviceability limit states are evaluated.

Shear Wall. Wall that provides resistance to lateral loads in the plane of the
wall and provides stability for the structural system.

Specification or Standard. [Editorial note: This will have to be defined for each
specification or standard with language in the scope such as, The
“Specification (or Standard) for the design of XXXXX” hereinafter referred
to as this Specification (or Standard) shall apply........ 1

Specified Minimum Yield Stress. Lower limit of yield stress specified for a
material as defined by ASTM.

Source: American Institute of Steel Construction (AISC).
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3.4.0 Concrete Structures

The most common types of concrete building construction are cast-in-place, precast, tilt-up and con-
crete masonry units (CMUs). Slightly more than 50 percent of all low-rise buildings in the United
States are built of concrete, according to the Portland Cement Association.

3.4.1 Prestressed Concrete

Concrete in which internal stresses (forces) are induced by means of prestressing steel tendons such
that tensile stresses resulting from loads are counteracted to a desired degree is called prestressed
concrete. There are two basic methods of prestressing concrete—pretensioning and posttensioning.

3.4.2 Pretensioned Concrete

In this process, which generally occurs in a factory environment, stressing strands are placed in ten-
sion in a concrete form prior to the placement of concrete in that form. After the concrete has cured
to a specific strength, the steel stressing strands are “unloaded” so that the stresses are transferred
to the concrete by the bond between the steel strands and the concrete. This process is most fre-
quently used in the production of hollow core or solid precast plank.

3.4.3 Posttensioned Concrete

Posttensioned concrete is a field operation and, therefore, knowledgeable and experienced personnel
are required in order to produce a structurally sound product in a safe environment.

Posttensioning is a method to produce structural concrete slabs, girders, and beams utilizing
prestressing steel as part of a component referred to as a “tendon” which imparts prestressing forces
to the concrete component. The tendons can be either encapsulated in flexible metal or plastic
sheathing, or unbonded and pregreased, or mastic coated.

These tendons are individual wires as opposed to the stranded wires used in the prestressing
process. Most tendons are shipped in bundles that are tied or banded and safety concerns begin
even before any tendons are placed in the form. When the securing bands of the tendons are cut,
the bundle becomes an uncoiled spring and care must be taken to avoid injury to those unloading the
tendons prior to installation.

The banded tendons are usually bundled to form strand groups and not more than five % inch
(12.7 mm) diameter tendons and not more than four 0.6 inch (15.2 mm) diameter strand tendons
should be banded in one group.

When banding tendons together, care must be taken to avoid damaging the plastic sheathing.

The tendons are smoothly splayed out at the anchorage as illustrated in Sec. 3.4.4. The design
engineer will usually specify the procedures for installing tendons around small openings in a
slab (Sec. 3.4.5). It is possible to splice tendons that may be too short by using tendon couplers
(Sec. 3.4.6).

Dead end anchorages are generally attached at the posttensioning supplier’s plant. A typical jacking
device is shown in Sec. 3.4.7.



3.4.4 Typical Tendon Layout

Building Envelope

36" (915 mm) MIN.

EPEIEIEVRVZVZ9Z020!

3.4.5 Tendon Layout to Avoid Small Openings

6" (152 mm) MIN.

N‘* 4/
—ﬁ- /
\ /
/ A
X r/
7—7 R
| 12A
|
2'.0" (610 mm)
MIN. 12 A
X 3" (76 mm)
N.
A Mi
—

3.4.6 Tendon Coupler

/& #4 (10 M) BAR MIN.
TOP AND BOTTOM

DIRECTION OF STRESSING

PLACE POCKET
FORMEF} & TAPE

-~

1/4 SPAN ——>»

PLACE POCKET FORMER & TAPE

—— *COUPLER

TENDON
r

§ TENDON

A
1" (25 mm) MIN. CLEAR

(MIN.) LONG

|
2" (51 mm) I.D. PV.C. PIPE X 18" (457 mm)
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3.4.7 Typical Jack Pump

3/8" FEMALE
DISCONNECT/

PENDANT GAUGE
SWITCH 4-WAY VALVE

1/4" FEMALE
DISCONNECT

. 1/4“ MALE
DISCONNECT

- NEEDLE VALVE

,1/4" MALE

DISCONNECT

i/4% FEMALE
DISCONNECT

RETURN

SEATING
HOSE

JACK HANDLE

3/8" MALE

DISCONNECT
PRESSURE
HOSE

HOSES CONNECTED
DIRECTLY TO JACK

GRIPPER PUSHER”
JACK GRIPPERS
UNDERSIDE OF JACK

HOSES CONNECTED
DIRECTLY TO JACK

SEATING
NOSE PIECE PLUNGER,

DETACHABLE

3.4.8 Posttensioning Do’s and Don’ts

During concrete placement:

1. Any chloride bearing chemicals in the concrete must be avoided for obvious reasons.

. Concrete should not be placed until all tendons and reinforcing steel have been inspected and are

in compliance with the design criteria and approved shop drawings.

. During the placement of concrete, care must be taken to avoid moving the tendons out of their

designated positions.

. When truck dumping, do not place too much concrete in one location to avoid excessive spread-

ing which may effect the placement of the tendons.

. When pumping concrete do not rest the hose on the tendons, and move the hose nozzle in such

a manner so as to avoid displacement of the tendons.

. When placing concrete by crane and bucket, release the concrete at an elevation that avoids dis-

placement of the tendons.

. Do not place the vibrator on the tendons; avoid contact between the vibrator and the concrete as

much as possible.

Tendon Stressing

1. Do not begin tendon stressing until break tests of concrete cylinders indicate that the concrete

has attained the minimum compressive strength as specified by the design engineer.

. Edge forms should be removed as quickly as possible to make it easier to clean out the anchor

cavity while the concrete is still “green.”

. Check the integrity of the concrete, both inside the pocket and on all exposed surfaces. If there

is evidence of honeycomb in the concrete, or there are voids or cracks or other signs that the con-
crete is substandard, DO NOT STRESS IT. One way of determining the existence of honeycomb-
ing is to tap the suspected area with a hammer. If a hollow sound is detected, notify the structural
engineer for further instructions.
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Check the tendon to ensure that it is perpendicular to the anchor and the anchor is parallel to the
face of the concrete, unless design dictates otherwise.

Remove any excess corrosion inhibiting coatings, any dirt, sand, or concrete slurry from the
tendon tails.

Inspect the wedges to ensure that they have been installed evenly and have been seated properly.

Each jack should have its own 30-amp protected circuit and all electrical circuits must be
grounded.

Check all hose connections and make sure that a pressure gauge is installed and functioning.

The pump and jack should be started and checked in both extended and retracted positions. Are
they any hydraulic leaks? Is the seating plunger functioning properly?

Tendons

Although stressing should not commence until the proper design strength of the concrete has
been achieved, it is advisable to begin stressing as soon as design strength is verified.

A safe, clear area must be created for the stressing crew.

Qualified inspection personnel must be present to measure elongations and if any variations
between calculated and actual elongations consistently exceed tolerance, stressing should cease
and not start up again until the cause has been determined.

When stressing above grade, jacks and pumps need to be secured to a fixed object to pre-
vent equipment from being thrown off the elevated platform should a tendon fail during
stressing.

The pump should be operated by a pendant switch, which will allow the operator to stand away
from the pump should a tendon or jack gripper fail.

Stressing

Don’t stress any tendons that contain concrete slurry inside the anchor cavity. The slurry will
prevent proper seating of the wedges.

Don’t use the jack when it does not seat properly on the face of the anchor.
Don’t overstress tendons to achieve proper elongation.
Don’t allow obstructions in the path of the jack extension.

Don’t use extension cords longer than 100 feet (30 meters). All extension cords must be three
wire, 12 gauge, minimum.

Don’t continue stressing if it appears that something is not working properly.
Don’t detension with loose plates, spacing shims, or piggy backing.

Don’t stand close to the jack or between the jack and the pump while in operation.
Don’t permit workers to stand in the immediate area of the jack.

If unsure of any operation or procedure—STOP and get professional instructions.

3.4.9 Glossary of Pretensioning and Posttensioning Terms

Anchorage A device used to anchor the tendon to the concrete member. In pretensioning, this

device is used to anchor the tendon during hardening of the concrete.

Bonded tendons Tendons that are bonded to the concrete by grouting or other means and are

therefore not free to move relative to the concrete.

Initial prestress The stress (force) in the tension immediately after transferring the prestressing

force to the concrete. This occurs after the wedges (pieces of tapered metal with teeth that bite
into the prestressing steel during transfer of the prestressing force) have been seated in the
anchor.
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Prestress 'To place a material (e.g., concrete) in a state of compression prior to the application of
loads.

Prestressing steel High strength steel used in the process, most frequently made up of seven wire
strands or single wires, bars, or groups of wires or bars.

Posttensioning A method of prestressing in which the tendons are tensioned after the concrete
has hardened.

Sheath An enclosure in which the prestressing steel is placed to prevent bonding during concrete
placement and also to protect the tendons from corrosion if the tendons are to remain unbonded.

Tendon The complete assembly that consists of the prestressing steel, sheathing, and associated
anchorages.

Unbonded tendons Tendons in which the prestressing steel is permanently free to move relative
to the concrete to which they are applying their prestressing forces.

The Posttensioning Institute (PCI) in Phoenix, Arizona, has developed guidelines for field person-
nel involved in installation, stressing, and finishing of unbonded single-strand tendons. Their guide-
lines represent generally accepted industry practices, but each posttensioned concrete installation
may vary according to specific engineering demands.

3.4.10 Minimum Cover—Reinforcement in Prestressed Concrete

Prestressed concrete.

The following minimum concrete cover shall be provided for prestredded
and nonprestressed reinforcement, ducts and end fittings, except as
provided in Sections 1907.7.3.2 and 1907.7.3.3.

MINIMUM COVER,

inches (mm)
1.  Concrete cast against and
permanently exposed to earth . ... 3 (76)
2. Concrete exposed to earth or
weather:
Wall panels, slabs, joists . ... ... 1(25)
Other members .............. 11/, (32)
3. Concrete not exposed to weather or
in contact with ground: 3
Slabs, walls, joists . .......... °/4 (19)
Beams, columns:
Primary reinforcement . .. ... 11/, (38)
Ties, stirrups, spirals ....... 1(25)

Shells, folded plate members:
No. 5 bars, W31 or D31 wire,
and smaller . . ... oo v 3/ (9.5)
Other reinforcement .......... dj, but not less

than 3/4 (19)

Reproduced from the 1997 Edition of the Uniform Building Code, Volumes 1, 2,
3, copyright 1997, with the permission of the publisher, the International Confer-
ence of Building Officials (ICBO). ICBO assumes no responsibility for the accuracy
or the completion of summaries provided therein.
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3.4.11 Minimum Cover—Reinforcement in Cast-in-Place Concrete

Cast-in-place concrete (nonprestressed). The following minimum con-
crete cover shall be provided for reinforcement:

MINIMUM COVER,

inches (mm)
1; Concrete cast against and permanently
exposed o €afth ..c.uwamammwmmn s wo e 3 (76)
2. Concrete exposed to earth or weather:
No. 6 through No. 18 bar . ......... 2(51)
No. 5 bar, W31 or D31 wire, and
smaller = ou vvsn s dvse v 5 o 11/, (38)
3.  Concrete not exposed to weather or in
contact with ground:
Slabs, walls, joists:
No. 14 and No. 18 bar .......... 1/, (38)
No. 11 bar and smaller .......... 314 (19)
Beams, columns:
Primary reinforcement, ties,
SHEADS, SPIrals oo vvvvwaeeves 11/, (38)
Shells, folded plate members:
No. 6 bar and larger ............ 34 (19)
No. 5 bar, W31 or D31 wire,
andsmaller ................. 15, (12.7)
4.  Concrete tilt-up panels cast against a
rigid horizontal surface, such as a
concrete slab, exposed to the weather:
No. 8and smaller . ............... 1(25)
No. 9 through No. 18 ............. 2(51)

Reproduced from the 1997 Edition of the Uniform Building Code, Volumes 1, 2,
3, copyright 1997, with the permission of the publisher, the International Confer-
ence of Building Officials (ICBO). ICBO assumes no responsibility for the accuracy
or the completion of summaries provided therein.
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3.4.12 Minimum Cover—Reinforcement in Precast Concrete

Precast concrete (Manufactured under plant control conditions). The
following minimum concrete cover shall be provided for reinforcement:

MINIMUM COVER,

inches (mm)
1. Concrete exposed to earth or
weather:
Wall panels:
No. 14 and No. 18 bar ...... 11/, (38)
No. 11 bar and smaller ...... 3/4 (19)
Other members:
No. 14 and No. 18 bar ...... 2(51)
No. 6 through No. 11 bar .. .. 11/, (38)
No. 5 bar W31 or D31 wire,
and smaller .covvw o s 11/4 (32)
2. Concrete not exposed to weather or
in contact with ground:
Slabs, walls, joists:
No. 14 and No. 18 bar ...... 114 (32)
No. 11 bar and smaller .. . ... 5/ (16)
Beams, columns:
Primary reinforcement ... ... dp but not less than
3/g (16) and need
not exceed
11/, (38)
Ties, stirrups, spirals ....... 3/3 (9.5)
Shells, folded plate members:
No. 6 bar and larger ........ 3/g (16)
No. 5 bar, W31 or D31 wire,
At S0aller . oo v wnaonse 3/5(9.5)

Reproduced from the 1997 Edition of the Uniform Building Code, Volumes 1, 2, 3,
copyright 1997, with the permission of the publisher, the International Conference
of Building Officials (ICBO). ICBO assumes no responsibility for the accuracy or
the completion of summaries provided therein.
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3.5.0 Precast Concrete

In the 1950s, 5000 psi (34 MPa) precast concrete was considered standard, but by the 1990s, 19,000 psi
(131 MPa) precase concrete was not unusual; and by 2008, precast concrete with a strength in
excess of 21,750 psi (150 MPa) was being installed in buildings. Precast concrete components offer
rapid construction on the site, high quality because of the controlled environment in which the com-
ponents were built, and durability.

3.5.1 Precast Components

Structural elements such as beams, columns, and hollow-core floor slabs and architectural panels
that form the building’s skin and cast stone components comprise the panoply of precast concrete
elements.

» Exterior insulated and
non-insulated load bearing panels

Floor and

roof planks  Exterior non-load bearing panels

* Interior load bearing
panels and shafts

e Interior non-load
bearing partitions

and shafts
_
L Beams
N
Balcony
slabs
Columns
Decorative
cornices
Real brick
facing
Stairs and Form liner
landings finishes

Source: Oldcastle Precast Building Systems.
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3.5.2 Hollow-Core Floor Sections

-

o

v
s

Source: Oldcastle Precast Building Systems.

3.6.0 Tilt-Up Construction

Like the name implies, this type of concrete structure consists of pouring concrete wall panels in a
form on grade at the jobsite and tilting (lifting) them in place.

3.6.1 Footing Preparation

Spread footings are most often used for tilt-up construction, but pier-type footings are also employed
as a suitable foundation. Tilt-up walls bear on the footings, and therefore establishing the correct
footing elevation is critical to ensuring that the top elevation of the tilt-up panel will be at the desired
elevation. When the tilt-up panels are set on a slab-on-grade, the surface of the slab should be smooth
so when it receives the panel, there will be minimal impact on the aesthetics of the wall-slab joint.

3.6.2 Wall Alignment

One way to ensure alignment of a wall panel to slab is to snap a chalk line on the slab that will cor-
respond with the panel alignment against which the panels will be placed. Standard tilt-up panel
thicknesses are 5% in. (13.9 cm) and 7% in. (18.4 cm). Door and window openings are formed after
the panel perimeter forms have been set in place, and these openings are braced to prevent bowing
or movement as the concrete is placed around them. Standard Grade 40 or 60 rebars are used as wall
reinforcement, and plastic chairs are used in lieu of steel to avoid rust bleeding through the face of
the panel.

3.6.3 Embeds and Inserts

After the rebars are in place, prefabricated plates with lugs are cast into the panel to secure it to the foot-
ing and adjacent panels. Insets also provide the attachment points for the lifting hardware and braces.
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3.6.4 Lifting

The erection sequence is developed prior to the lifting process, and all crew members must be made
aware of all safety precautions to be strictly adhered to during the tilt-up process. Crane operation,
bracing, anchorage, and cable release procedures must all be reviewed prior to any lifting operation.

3.7.0 Masonry—A Glossary of Terms

ADMIXTURES - Materials added to cement, aggregate and
water such as water repellents, air-entraining or plasticizing
aids, pigments, or aids to retard or speed up setting.

AGGREGATES - Inert particles such as sand, gravel, rock,
which when bound together with portland cement and
water, form concrete,

ANCHOR TIES - Any type of fastener used to secure
masonry veneer to a support backing, such as another wall,
usually for tension value.

"‘ASTM - American Society for Testing and Materials.
AREAS -

Bedded Area - The area of the surface of a masonry unit
which is in contact with mortar in the plane of the joint.

Gross Area - The total cross-sectional area of any plane
encompassed by the outer periphery of any specified
section.

Net Area - The gross cross-sectional area at any plane
minus the area of ungrouted cores, notches, cells,
unbedded areas, etc. Net area is the actual surface area
of a cross-section of masonry.

BOND -

Adhesion Bond - The adhesion between masonry units
and mortar or grout.

Mechanical Bond - Units laid so that they lap over each
other in successive courses. Includes quarter bond,
third bond and half or common bond.

Running Bond - Lapping of units in successive courses
so that the vertical head joints lap. Placing vertical
mortar joints centered over the unit below is called
center bond, or half bond, while lapping 1/3 or 1/4 is
called third or quarter bond.

Stack Bond - A bonding pattern where no unit overlaps
either the one above or below, all head joints form a
continuous vertical line. Also called plumb joint bond,
straight stack, jack bond, jack on jack, and checker
board bond.

BOND BEAM - One or more courses of masonry units
poured solid and reinforced with longitudinal reinforcing
bars. (See Bond Beam Block uftder CONCRETE MASONRY
UNIT))

CELL (Core) - The molded open space in a concrete
masonry unit.

CHASE - A continuous recess built into a wall to receive
pipes, ducts, etc.

CLEANOUT - An opening at the bottom of a grout space of
sufficient size and spacing to allow the removal of debris.

CMACN - Concrete Masonry Association of California and
Nevada.

COLLAR JOINT - The vertical longitudinal joint between
wythes of masonry.

COMPOSITE MASONRY - Multiwythe masonry members
acting together as a single member in resisting loads.

COMPRESSIVE STRENGTH - The maximum load
required to fracture the masonry unit by applying a
compressive force to the upper and lower surface of the
unit. Expressed as either gross compressive strength, or net
compressive strength. (See Strengths, CMUBasics, page
CMUB-4.)

CONCRETE MASONRY UNIT - (See Configurations,
CMUBasics, page CMUB-1.)

A-Block - A hollow unit with one end closed and the
opposite end open. Term often used for fence unit as a
support for 4 inch wide wall. Also called open end
block.

Bond Beam Block - A hollow unit with portions of end
and cross webs formed to permit a continuous channel
for horizontal reinforcing steel and grout. Also called
channel block.

Concrete Block - A concrete masonry unit made from
portland cement and suitable aggregates with or
without the inclusion of other materials.

H-Block - A hollow unit with a single cell in center of
unit with both ends open. Used as a fence pilaster to
support 4 inch wide wall.

Hollow Masonry Unit - A masonry unit whose net
cross-sectional area in every plane parallel to the
bearing surface is less than 75 percent of the gross
cross-sectional area in the same plane.

Lintel Block - A hollow unit to permit the forming of a
continuous channel for reinforcing steel and grout.

Open End Block - A hollow unit with one end closed
and the opposite end open. A Double Open End unit
has both ends open.

Pilaster Block- Concrete masonry units designed for
use in construction of plain or reinforced concrete
masonry pilasters and columns.

Sash Block - Concrete masonry unit which has an end
slot for use in openings to receive metal window frames
and pre- molded expansion joint material.

Scored Block - Block with grooves to provide patterns,
as for example, to simulate raked joints.

Sill Block - A solid concrete masonry unit used for sills
or openings.

Solid Masonry Unit - Refers to concrete masonry units
in which the vertical cores are less than 25 percent of
the cross-sectional area.

COURSE - A continuous horizontal layer of masonry units.

DIMENSIONS - (See Dimensions and Sizes, CMUBasics,
page CMUB-1)

Actual Dimensions - The measured dimensions
of a designated item; for example, a designated

masonry unit or wall, as used in the structure. The

By permission, Angelus Block Co., Inc., various plant locations, California.
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3.7.0 Masonry—A Glossary of Terms (Continued)

masonry unit or wall,as used in the structure.
The actual dimension shall not vary from the
specified dimension by more than the amount in the
appropriate material standard.

Nominal Dimensions - Generally equal to its
specified dimensions plus the thickness of the joint
with which the unit is to be laid.

Specified Dimension  The dimensions specified
for the manufacture or construction of masonry,
masonry units, joints or any other component of a
structure. Unless otherwise stated, all calculations
shall be made using or based on specified
dimensions.

EFFLORESCENCE - A whitish powder resulting from

the deposition of soluble salts on the surface of masonry,
concrete, or soil.

FACE SHELL - The side wall of a hollow concrete
masonry unit.

FACED WALL - A wall in which the facing and backing
are so bonded or otherwise tied as to act as a composite
element. As opposed to VENEER.

f'm - the specified compressive strength of masonry at
the age of 28 days. (See Strengths, CMUBasics, Page
CMUB-4.)

GROUT - A concrete mixture of sand, pea gravel
(usually), water and sometimes admixture, which is
poured or pumped into the vertical cells and bond
beams. Grout encases the reinforcing steel and adds to
the strength and fire rating of a block wall.

GROUT LIFT - The height to which grout is placed in a
cell, collar joint, or wythe without intermission.

GROUT POUR - The total height of masonry wall to be
poured prior to the erection of additional masonry. A
pour may consist of one or more lifts.

JOINTS -

Bed Joint - The mortar joint that is horizontal at the
time the masonry units are placed.

Dry Joint - A mortarless joint.

Head Joint - The mortar joint between units in the
same wythe, usually vertical.

Struck Joint - Any mortar joint which has been
finished with the trowel.

JOINT REINFORCEMENT - Steel wire, bar or
prefabricated reinforcement which is placed in mortar
bed joints.

JOINTING - The process of finishing mortar joints with
a tool. Also called tooling.

LIME -

Hydrated Lime - Quicklime treated with only
enough water to satisfy its chemical demand.
Packaged in powdered form, does not require
slaking.
MASONRY - Construction of building units bonded
together with mortar, grout, or other accepted methods.

Reinforced masonry - Masonry construction in
which reinforcement acts in conjunction with the
masonry to resist forces.

MODULAR DIMENSION - A dimension based on a
given module, usually eight (8) inches in the case of
concrete block masonry.

MORTAR - A plastic mixture of cementitious materials,
fine aggregate and water, with or without the inclusion
of other specified materials.

PILASTER - An integral portion of the wall which
projects on one or both sides and acts as a vertical beam,
a column, an architectural feature, or any combination
thereof. ’

POINTING - Filling mortar into a joint after the
masonry unit is laid.

PRISM - Units mortared together, generally in stack
bond, forming a wallette or assemblage to simulate “in
wall  construction”, grouted per specification
requirements. This is the standard test sample for
determination of ;.

REBAR - Reinforcing steel bars of various sizes and
shapes used to strengthen masonry.

SHELL - The outer portion of a hollow masonry unit as
placed in masonry.

TEMPER - To moisten mortar and re-mix to the proper
consistency for use. Also called retempering.

TOOLING - See JOINTING.

TUCK POINTING - The filling in with fresh mortar of
cut-out or defective mortar joints.

VENEER - A masonry facing which is attached to the
backup but not so bonded as to act with it under load.
As opposed to FACED WALL.

WALLS -

Bonded Walls - A wall in which two or more of its
wythes of masonry are adequately bonded together
to act as a structural unit.

Hollow-Unit Masonry Wall - That type of
construction made with hollow masonry units in
which the units are laid and set in mortar.

WALL TIE - A mechanical fastener which connects
wythes of masonry to each other or to other materials.

WEB - An interior solid portion of a hollow masonry
unit as placed in masonry.
WYTHE - The portion of a wall which is one masonry

unit in thickness. Also called a tier. A collar joint is not
considered a wythe.

By permission, Angelus Block Co., Inc., various plant locations, California.
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3.7.1 History of Masonry

The first recorded brick masonry units were made by the Egyptians in 10,000 B.c. and the Romans
used brickin many of their structures 2000 years ago. The Great Pyramid of Giza in Egypt is the
first recorded use of mortar. Brick manufacture and use occurred in the mid-1600s and was pat-
terned on English methods and practices. It was not until 1930, however, that cavity wall con-
struction (as we know it today) was introduced into the United States from Europe as a means of
controlling moisture. This method provides a physical separation between the inner and outer
wythes to serve as a drainage cavity for water, which would be expelled through weep holes in
the outer wythe.

Masonry today is primarily devoted to the construction of brick, block, structural clay products,
and natural and cast stone. Walls can be basically categorized as load-bearing or non-load-
bearing walls, cavity walls, veneer walls, and solid walls. No matter the type of material used or
the method by which the masonry wall is constructed, two components remain crucial: mortar
and wall reinforcement.

3.7.2 Mortar

Mortar is the bonding agent that holds all of the masonry units together. Bond strength is the crucial
element that differs from its close relative concrete, where compressive strength is the most impor-
tant physical property.

Mortar serves four functions:

1. It bonds the masonry units together and seals the space between them.

2. It allows for dimensional variations in the masonry units while still maintaining a high degree of
levelness.

3. It bonds to the reinforcing steel in the wall.

4. Tt provides an added decorative effect to the wall in as much as various colors or tooled joints can
be introduced.

3.7.2.1 Mortar Types

e Type M High compressive strength (2500 psi average), containing greater durability than other
types. Therefore, it is generally recommended for unreinforced masonry walls below grade.

¢ Type S Reasonable high compressive strength (1800 psi average) and having great tensile bond
strength. It is usually recommended for reinforced masonry walls, where maximum flexural
strength is required.

e Type N Midrange compressive strength (750 psi average) and suitable for general above-grade
masonry construction for parapets and chimneys.

¢ Type O Load compressive strength (350 psi-average) and suitable for interior non-load-bearing
masonry walls.

e Type K Very low compressive strength (75 psi average) and occasionally used for interior non-
load-bearing walls, where permitted by local building codes.

Workability or plasticity of the mortar is an essential characteristic of proper mortar mixes. The
mortar must have both cohesive and adhesive qualities when it makes contact with the masonry
units. Hardness or high strength is not necessarily a measure of durability. Mortar that is stronger
than the masonry units to which it is applied might not “give,” thereby causing stress to be relieved
by the masonry units. This could result in these units cracking or spalling.



174 Section 3

3.7.2.2 Mortar Additives

Like concrete, mortar admixtures can be added for many reasons:

e Accelerators To speed up the setting time by 30 to 40% and increase the 24-hour strength. Some
accelerators contain calcium chloride and are not acceptable to the architect/engineer.

e Retarders Extends the board life of the mortar by as much as 4 to 5 hours. It slows down the set
time of mortar when temperatures exceed 70°F.

o Integral water repellents It reduces water absorption and is useful when a single wythe wall will
be exposed to the elements.

e Bond modifiers Improves adhesion to block. It is particularly useful when glass block walls are
being built.

* Corrosion inhibitors Used in marine environments where salt air could penetrate the mortar
and begin to corrode any wall reinforcement.

3.7.2.3 Mortar Testing

Mortar testing is performed by the “prism” test method, in accordance with ASTM E 447, Method B.
The compressive strength is the average strength of three prisms.

Net area
Net area compressive strength of concrete compressive

masonry units, psi (MPa) strength of

masonry,

Type M or S mortar Type N mortar psi' (MPa)

1250 (8.6) 1300 (9.0) 1000 (6.9)
1900 (13.1) 2150 (14.8) 1500 (10.3)
2800 (19.3) 3050 (21.0) 2000 (13.8)
3750 (25.8) 4050 (27.9) 2500 (17.2)
4800 (33.1) 5250 (36.2) 3000 (20.1)

For units of less than 4 in. (102 mm) height, 85 percent of
the values listed.
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3.7.3 CMU Basics

Dimensions and Sizes Configurations
Three terms are used in referring to dimensions: CMU are either solid or hollow. By definition a
specified, actual, and nominal. solid unit is 75% or more in net area. Hollow units

are most commonly used in structural applications.
Solid units are used in composite masonry and for
veneers. The basic configurations shown below are
common to hollow blocks in various sizes.

Specified dimensions are those specified for the
manufacture of masonry units or the con-
struction of masonry. Calculations are based on
specified dimension.

Actual dimensions are the measured dimensions
of the unit. ASTM Standards allow the actual
dimensions a permissible variation from the
specified dimension. Refer to individual
product sections for their respective tolerances.

STANDARD
Full face shells and webs.

Nominal dimensions are those used in stating
unit size. They are equal to the specified
dimensions plus the thickness of the mortar
joint. The nominal dimensions compensate for

OPEN END STANDARD

Open one end only. Used for DSA
work, solid grout, and continuous

a 3/8 inch joint for precision and split face, and reinforcement.
a 1/2-inch joint for Slumpstone™.
BOND BEAM
For Example:
Precisi A formed or pressed channel for
fecision harizontal reinforcement and grout.
nominal dimension 8x4x16

specified dimension 75/8x35/8x155/8
DOUBLE OPEN END B. B.

Slumpstone™ For 8 inch o.c. vertical reinforce-
nominal dimension ~ 8x 4 x 16 mert
specified dimension 71/2x31/2x151/2
Di!'nensions must be stated in proper order—vx{idth, U-LINTEL
height, and length (WHL). For example, an 8-inch For lintel beams and continuous
reinforcement.

wide, 16-inch long, 4-inch high unit is termed an
8x4x16. Reversing any two dimensions will
describe a completely different unit. Using the
same example stated as 4x8x16 would indicate a
unit 4 inches wide and 8 inches high (not 8 inches
wide and 4 inches high).

OPEN END BOND BEAM
Combination of above.

HALF
Refers to half the length.

A% @VEHVH

SASH

For steel sash placement or control
joint construction.

=

Additional elements may be added to some units
for design effects, including vertical scores, deep
scores, flutes, and projections.

By permission, Angelus Block Co., Inc., various plant locations, California.
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3.7.3 CMU Basics (Continued)
Textures

Manufactured textures include:

PRECISION -

Smooth, as-molded finish.

BURNISHED -

Precision faces ground to
expose aggregates.

COMBED -

Precision with a "broomed”
appearance.

SPUT FACE -

Rough face with exposed
aggregates.

SHOT-BLAST -

Precision faces shot-blast to
roughen the surface for
textural effects. *

SLUMPED -
Adobe-like, our Slumpstone™.

Variations of texture are inherent in cmu and create
the warmth and character of a cmmu wall. Please
refer to each product section for specific
information.

* Note that field sandblasting is a popular, successful method of
achieving an alternative texture. After the walls are built, and other
trades that may work around the walls are finished, a clean-up
sandblast is often done as the most effective method to remove
the staining and soiling that normally occurs during construction.
By applying a heavier blast that gets in to the aggregates, you can
create an attractive texture at the same time the walls are cleaned.

Sandblasting the completed wall allows maximum control over
uniformity of texture as the entire field can be seen, giving the
contractor opportunity to adjust as needed. Shot-blasting is
essentially an automated process that cannot adjust for variability
in the hardness of individual units, therefore the degree of texturing
will vary from unit to unit.

Coilors

Angelus Block offers an extensive selection of
standard and special order integral colors. (See the
Colors & Textures Chart.) Your representative can
offer samples and specific information to assist in
color specifications.

Cmu manufactured by Angelus Block are of the
highest quality and uniformity available. However,
variations may occur in color and shade, in natural
gray or integral color, as a result of color ranges in
raw materials over which we have no control. A
statement of color, then, refers to a range of color.
Further, exact color duplication from run to run
cannot be guaranteed.

Color will be affected by differences in weight
(density) or strength. A weight classification will
require a specific aggregate mix, which will create
its own natural gray and have an effect on any
added coloring agent. For example, a color in
mediumweight will differ somewhat from the same
color in lightweight. Similarly, High-Stress units
have a different mix design; as a result, their color
will not be exactly the same as non-High-Stress
units. Contact your representative should the
weight or strength to be specified differ from that
indicated on a given sample.

Occasionally, new construction may be required to
match an existing wall or structure, dictating the
color of new cmu match the color of existing cmu.
This circumstance raises a host of considerations
such as the age and extent of weathering of the
“old” cmu, possible differences in aggregate from
the time of its manufacture to the present, and the
fact that a good match now may not last as the
“new” cmu weathers.

We strongly suggest that specifications for such a project
avoid the simplicity of the “match existing” statement.
Instead, we recommend consulting your Angelus
Block representative to determine the availability
and/or feasibility of current materials to reasonably
match the existing wall and whether the best
solution would be integral color or staining natural
gray to best match existing cmu. It is advantageous
for everyone involved if this is specified in advance
of the masonry bid, much before the start of the

By permission, Angelus Block Co., Inc., various plant locations, California.



3.7.3 CMU Basics (Continued)

masonry work, thereby avoiding last minute
scrambling for suitable materials.

Sources of raw materials may differ from plant to
plant. So, too, will color differ from plant to plant.
One location’s gray or color will not match another
location’s gray or color. Even if they bear an
identical color name, product from one plant should
not be mixed with another’s if it is intended they
match. Consult your representative for color
compatibility from plant to plant.

Note: As extensive as our color palette is, you can extend it
further by combining two or more colors in the same wall. This
gives you more control over final effect, and results in rich, intense
colors. Blending colors in a single cmu batch tends to muddy
them and mute their clarity.

Building Envelope

Weights

Standards applicable to cmu contain three
classifications of weight, expressed in pounds per
cubic foot: normalweight, mediumweight, and
lightweight.

Normalweight is 125 Ibs./cu. ft. and over. Units
stocked in normalweight include Slumpstone™
units and fence units (stucco block, Catalina,
Balboa, etc.). Certain colors are stocked only in
normalweight - all Slumpstone™ colors, and
precision colors such as
Colorcrete (pink), Fawn,
Mission Tan, and #500
(yellow).

Mediumweight is less than
125 to 105 Ibs./cu.ft.
“Structural” types and
sizes are stocked most
extensively in
mediumweight. In MW
addition to precision and
split face gray, a scored
split and standard color
are normally available.

I NW
125 s
A

Lightweight is less than
105 Ibs. /cu. ft. Normally
stocked in selected sizes in

gray.

le

Note: both mediumweight and lightweight units are
made with “lightweight” aggregates. To specify a
cmu solely on the statement that it be made with
lightweight aggregates does not provide adequate
definition.

Of the three weights, normalweight is the least
expensive and lightweight is the most expensive.
Mediumweight is most popular (and therefore has
greatest availability) for structural applications as
its moderate weight and cost generally offer the
best labor production to material cost ratio.

For average weights per units and wall area, please
see charts in the General Information section, page
General - 1.

By permission, Angelus Block Co., Inc., various plant locations, California.
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3.7.3 CMU Basics (Continued)
Strengths
Strength is expressed in two distinct ways:

Cmu compressive strength is the psi calculated
from the net area of the individual unit. The
minimum average net compressive strength per
ASTM C 90 is 1900 net psi.

f’m specified compressive strength of masonry
is the value used in design of the masonry wall.
This is the strength specification that really
matters, as it is the stength upon which the
engineer’s design is based. When the design
utilizes prescribed minimum strengths of cmu
and grout per their respective standards, the
given f'm is 1500 psi based on net area.

Notice it is the strength of masonry, not units. It

is the compressive strength of the assemblage of

masonry units, mortar, and grout.

IBC Section 2105.2 has two provisions for
complying with the specified f'm value: 1) by unit
strength method, and, 2) by prism test method.

Unit strength method. 1BC allows an “assumed”
value of f'm to be selected based upon specifying
the net compressive strength of the masonry unit.
(Table 2105.2.2.1.2) For example, specifying a High-
Stress unit at 3750 net psi, an fmn of 2500 net psi
would be allowed without substantiation by prism
test.

Note: The California Building Code does not allow
the unit strength method for design strengths over
1500 net psi. Prism testing must be used.

Prism testing. Although prism tests require more
coordination in project management, compression
testing of prisms does offer the most accurate
determination of f'm. A prism is a sample
assemblage of masonry units,
mortar joints, and grout similar
to the one shown. For concrete
masonry, such testing has
suggested “a rule of thumb”
relationship between prism
compressive strength and the
individual strengths of cmu and
grout from which it is

constructed. where the f’m is approximately 80% of
the cmu and grout strengths.

For example, a High-Stress unit of 3750 net psi
should facilitate an f“in of 3000 net psi. (The IBC
requires the compressive strength of grout must be
equal to or greater than the f'm. However, the
“80%" rule was based on UBC'’s requirement of
grout strength equal to or greater than the cmu
compressive strength.)

Wihen the ['m value exceeds 1500 net psi, we
recommend specifying the ['m as required by design and
verifying compliance by means of prism testing. In this
way, testing more reliably portrays actual construction,
and full values are realized in design and materials.

Prism testing also allows the contractor to submit
and supply a combination of cmu and grout most
advantageous for the project schedule. The
conservatively high cmu values utilized by the unit
strength method may force materials to be made on
special order with significant lead times. Many
times, however, the f“m can be satisfied by
available materials coupled with an
appropriate grout strength.

cMU f'm
\ 80% of cmu and 1BC*
Unit Type Net Area grout
S o per 1,900 1,520 1,500
High Stress 3,750 3,000° 2,500

1. Grout compressive strength equal to or greater than cmu compressive strength.
2.1BC Table 2105.2.2.1.2.
3. Vernfied by prism test.

By permission, Angelus Block Co., Inc., various plant locations, California.
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3.7.4 Standard Weights of CMUs

Normal weight CMU weighs 125 Ibs/cubic foot and higher
Medium weight CMU weighs between 105 Ibs/cubic foot and 125 Ibs/cubic foot
Lightweight CMU weighs less than 105 Ibs/cubic foot

3.8.0 Modular Brick Size—Nominal with %-in. Joint

Modular: 4" x 2-2/3" x 8"
Engineer modular: 4" x 3%" x 8"
Closure modular: 4" x 4" x 8"
Roman: 4" x 2" x 12"

Norman: 4" x 2-2/3" x 12"
Engineer Norman: 4" x 3%" x 12"
Utility: 4" x 4" x 12"
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3.8.1 Nominal Height of Brick and Block Walls

REGULAR MODULAR
o 4 2Y bricks + 4 equal joints = 3bricks + CONCRETE BLOCKS
@ Jjoints =
5
o) 10 101/," 17" 111/, 12" 8" 35/4" blocks 7%/, blocks
© /4" joints 3/4"” joints 1/," joints 5/4" joints 3/, Joints 3/4" jolnts 3/4" joints
1 2y, 254" 23" 274" 3” 26" 4" 8"
2 5" 5% 5% 5%, 6" 56" 8 14
3 7Y," %" YA 8% 9" 8" 10" 2'0”
4 10 10, 11" 11547 10" 106" 14" 28"
5 1°0v," 11" 113, 1123, 13" 1°1%,¢" 18" 374"
6 13 1" 3%, 14, YA 16" 14 2°0" 40"
7 17 5%," 1 6%" 1Y 18" 19 166" 2'4" 4'8”
8 18" 19" 110" 11" 2°0" 1'9%¢" 2'8" 54"
] 1 10%" 1 115" 2°0Y," 28 174" 23" 20" 30" 6'0"
10 21" "2y, 2'3Y%," 28 4% 2°6" 221" 374~ 6'8"
11 2'3y” 2" 474" 2°6Y," PAYETS 2°9” 2°5%¢" 38" 74"
12 2'g” 27, 2'g” 2°10%" 30" 2'8" 40 80"
13 2'8%" 2'10% 29113 313" 33 2' 10 4r4 8’8"
14 21 3 0%, 3 2% VA 36" 3" 1%,¢" 4'8" 9 4"
15 315" 3'3%" 3'5Y," 37T 39" 34" 50" 10°0”
16 3'4” 3'6" 38" 310" 40 36 54" 10°8”
17 361, 3 8%" 3109, 4' 07" 43" 3 9%6" 5'8" 114"
18 39" KR RLTAY 4° 1" 4' 3y 46" 4'0" 6'0” 120"
19 311" 417" 44y 465" 49~ 4' 26 6'4" 12'8"
20 42" 4" 4Yy 47" 4°91," 50" 4' 5% 68" 134"
21 4" 4, 47TV 49y, 5°0%" 53" 4'8" 70" 140"
22 4- 7;' 4' 93/4, 5. O‘/zu sc 3‘/‘4. 5: Sn 41 101‘/‘5 7: 4:' 14: 8‘:
23 4 9y, 5 0% 5 31/, 561" g gn 5 196" 78" 15 4
24 50" 53" 56" 59" 60" 54" 8’0" 160"
25 52y, S 5% 58" 5 117" 6°3" 561" 84" 168"
26 55" 5'8Y," 511y, 6'2%," 66" 5°9%," 8’8" 17° 4"
27 5Ty, 5 10%" 62" 6 5% 69" 6'0” g9'0~ 180"
28 510" 8 1Y, 65" 6 814" 70" 6°2's 94" 188"
29 6'0Y," 6 4y 6 7Y," 6 113" 73 6" 5%’ 9'8~ 194~
30 63" 6" 6%, 6 10%," 72" 76" 68" 100" 20°0"
31 6'5Y%, 6°9% T 7'5%" 79" 6101, 1074~ 20'8
32 68" 70" 74" 78" 80" 7' 1%s 108" 2174
33 6" 10" 725 7 6% 7°10%" 83" 74" 11°0" 22'0
34 7 7 5Y," 7' 9%" 8 13, 86" 76 117 4" 22°8
35 7 3% 77" 8 0" 8" 4%," 89" 7' 9%¢" 118" 23'4
36 76" 710" g3 8 7% g0 80" 12°0 24'0C
37 7' 8%, 8 1%" 8" 5y, 8°10%" 93" 82V, 12°4 24'8
38 711" 8" 3%," 8 8Y," 9 1Y 96" 8'5%¢’ 128 254
39 8 1" 8 6%" 8 1Y, 9 41" 9'9” 88" 130 26'0
40 84~ 89" 92" 97" 10°0” 8104’ 134 26'8
41 8'6Y," 8" 11%4" 9" 43/, 9 97" 10° 3" 9" 1%6” 13'8 2774
42 89" g2y, 9 7L 10003, 10°6" 9 4" 140 28'0
43 8 11, 9 475" 9 10v, 10" 3% 10°9” 964 14°4 28'8
44 g2 9 7Y, 1001 10°6'% 110 9' 9% 14'8 294
45 g 415" 9 10" 10" 3%, 10° 93 113" 10°0” 15°0" 300"
46 g7 107 0%, 10" 6, 11°0Y, 1167 10" 216" 154~ 30'8”
a7 9°9Y," 10" 33%" 10" 9v, 117 3% 1179 10" 5%¢" 15°8" 3174
48 100~ 10°6" 110" 11°6” 12°0” 108" 16'0~ 32°0"
49 10" 2Y," 10" 8% 11723, 11 8%" 12'3 10°10VY,6" 164 32°8"
S0 10°5” 1011 11°5%" 11711, 126" 11156 16'8" 334"
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3.8.2 Estimating Concrete Masonry
NOMINAL LENGTH OF CONCRETE MASONRY WALLS BY STRETCHERS
(Based on units 15%" long and half units 7%" long with %" thick head joints)

LENGTH NO. LENGTH NO. LENGTH NO. LENGTH NO. LENGTH NO. LENGTH NO.
OF OF OF OF OF OF OF OF OF OF OF OF
WALL UNITS WALL UNITS WALL UNITS WALL UNITS WALL UNITS WALL UNITS
0’'-8" % 20'-8" 15% 40'-8" 30% 60'-8" 45% 80'-8" 60% 100’-8" 75%
1'-4" 1 21'-4" 16 41'-4" 31 61'-4" 46 81'-4" 61 101'-4" 76
2'-0" 1% 22'-0" 16% 42'-0" 31% 62'-0" 46% 82'-0" 61% 102'-0" 76%
2'-8" 2 22'-8" 17 42'-8" 32 62'-8" 47 82'-8" 62 102'-8" 77
3'-4" 2% 23'-4" 17% 43'-4" 32% 63'-4" A47% 83'-4" 62% 103’-4" 77%
4'-0" 3 24'-0" 18 44'-0" 33 64'-0" 48 84'-0" 63 104'-0" 78
4'-8" 3% 24'-8" 18% 44'-8" 33% 64'-8" 48% 84'-8" 63% 104'-8" 78%
5'-4" 4 25'-4" 19 45'-4" 34 65'-4" 49 85'-4" 64 105'-4" 79
6'-0" 4% 26'-0" 19% 46'-0" 34% 66'-0" 49% 86'-0" 64% 106'-0" 79%
6'-8" 5 26'-8" 20 46'-8" 35 66'-8" 50 86'-8" 65 106'-8" 80
7'-4" 5% 27'-4" 20% 47'-4" 35% 67'-4" 50% 87'-4" 65% 107'-4" 80%
8'-0" 6 28'-0" 21 48'-0" 36 68'-0" 51 88'-0" 66 108’-0" 81
8'-8" 6% 28'-8" 21% 48'-8" 36% 68'-8" 51% 88'-8" 667% 108'-8" 81%
9'-4" 7 29'-4" 22 49'-4" 37 69'-4" 52 89'-4" 67 109'-4" 82
10'-0” 7% 30'-0" 22% 50'-0" 37% 70'-0" 52% 90'-0" 67% 110’-0" 82%
10'-8" 8 30'-8" 23 50'-8" 38 70'-8" 53 90'-8" 68 110’-8" 83
11'-4" 8% 31'-4" 23% 51'-4" 38% 71'-4" 53% 91'-4" 68% 111'-4" 83%
12'-0” 9 32'-0" 24 52'-0" 39 72'-0" 54 92'-0" 69 112'-0" 84
12'-8" 9% 32'-8" 24% 52'-8" 39% 72'-8" 54% 92'-8" 69% 112'-8" 84%
13'-4" 10 33'-4" 25 53'-4" 40 73'-4" 55 93'-4" 70 113'-4" 85
14'-0" 10% 34'-0" 25% 54'-0" 40% 74'-0" 55% 94'-0" 70% 114'-0" 85%
14'-8" 11 34'-8" 26 54'-8" 41 74'-8" 56 94'-8" 71 114'-8" 86
15'-4" 11% 35'-4" 26% 55'-4" 41% 75'-4" 56% 95'-4" 71% 115'-4" 86%
16'-0" 12 36'-0" 27 56'-0" 42 76'-0" 57 96'-0" 72 116'-0" 87
16'-8" 12% 36'-8" 27% 56'-8" 42Y% 76'-8" 57% 96'-8" 72% 116'-8" 87%
17'-4" 13 37'-4" 28 57'-4" 43 77'-4" 58 97'-4" 73 117'-4" 88
18'-0" 13% 38'-0" 28% 58'-0" 43% 78'-0" 58% 98'-0" 73% 118'-0" 88%
18'-8" 14 38'-8" 29 58'-8" 44 78'-8" 59 98'-8" 74 118'-8" 89
19'-4" 14% 39'-4" 29% 59'-4" 44 79'-4" 59% 99'-4" 74% 119'-4" 89%
20'-0" 15 40'-0" 30 60'-0" 45 80'-0" 60 100'-0" 75 120’-0" 90

NOMINAL HEIGHT OF CONCRETE MASONRY WALLS BY COURSES

(Based on units 7%" high %" thick mortar joints)

HEIGHT NO. HEIGHT NO. HEIGHT NO. HEIGHT NO.
OF OF OF OF OF OF OF OF
WALL UNITS WALL UNITS WALL UNITS WALL UNITS
0'-8" 1 8'-8" 13 16’-8" 25 24'-8" 37
1'-4" 2 9'-4" 14 17'-4" 26 25'-4" 38
2'-0" 3 10'-0" 15 18'-0" 27 26'-0" 39
2'-8" 4 10'-8" 16 18'-8" 28 26'-8" 40
3'-4" 5 11'-4" 17 19'-4" 29 27'-4" 41
4'-0" 6 12'-0" 18 20'-0" 30 28'-0" 42
4'-8" 7 12'-8" 19 20'-8" 31 28'-8" 43
5'-4" 8 13'-4" 20 21'-4" 32 29'-4" 44
6'-0" 9 14'-0" 21 22'-0" 33 30'-0" 45
6'-8" 10 14'-8" 22 22'-8" 34 30'-8" 46
7'-4" 11 15'-4" 23 23'-4" 35 31'-4" 47
8'-0" 12 16’-0" 24 24'-0" 36 30'-0" 48

HOW TO USE THESE TABLES

The tables on this page are an aid to estimating and
designing with standard concrete masonry units. The
following are examples of how they can be used to
advantage.
Example:

Estimate the number of units required for a wall

76’ long and 12’ high.

From table: 76" = 57 units

12' = 18 courses

57 X 18 = 1026 = No. masonry units required
Example:

Estimate the number of units required for a foun-

dation 24" X 30" = 11 courses high.

2 (24 + 30) = 108’ = distance for a foundation
From table: 108" = 81 units
81 X 11 = 891 = No. masonry units required.

This table can also be useful in the layout of a building
on a modular basis to eliminate cutting of units. Exam-
ple: If design calls for a wall 41’ long it can be found
from the table that making wall 41'-4", will eliminate
cutting units and consequent waste. Example: If the
distance between two openings has been tentatively
established at 2"-9”, consulting the table will show that
2'-8" dimension would eliminate cutting of units.
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3.9.0 Cast Stone

Cast stone is an architectural concrete building product that combines the strength of reinforced
concrete with the appearance of natural stone. Cast stone products consist of Portland cement; fine
and coarse aggregates, usually granite, quartz, limestone, natural or manufactured sands, and high-
performance chemical additives.

3.9.1 Cast Stone Parapet Caps with Flashing and Weep Holes

Dowel, Pin. & Wire

Dowel Pin Cramp Tie ® Head Jt.

Two Per Piece

...........

Drip g | .

Brick Stone B Stone o

Block \___B_loi!( HEN
\.. " Thru Wall Thru Wall Metal Lath
B Flashing Typ. Flashing Typ. Metal Stud
Backer Rod
\ & Sealant /- Cramp
nght Return 3/8“ 311 5/&' 3/8-
Typical
Y Left Reprise /
bt

Il I
i i

L 3 Q ]

]
—
\- Left Return

Q 1\ ]

ALTERNATE COPING SECTIONS

3/4",
7 ClFiller ] S
. ,2‘

2
4
7

TYPICAL CONDITION ® CONTROL JOINT TYPICAL FLASHING GROOVE

By permission, Cast Stone Institute, Lebanon, PA.
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3.9.2 Decorative Column Details
MISC. COLUMN DETAILS - PLATE #27

Allowance for draft and feather edges in the production steel. This removes the stone columns from the critical
mould represent careful considerations which are construction schedule path and prevents the columns
made by the manufacturer. In most instances these from damage during construction.

accommodations have no effect on the design but

deliver a major effect on the quality of the casting. Anchorage of columns and column covers is

Your Cast Stone Institute producer member pays a accomplished with dowel pins connecting units

great deal of attention to these details. together, combining with standard anchors as shown

on page 74 for tying back to the structure.

Columns are usually manufactured solid. Often,
U-shaped column covers are attached to structural Vertical jointing of column covers can be made
straight down each side or staggered from side to side.

. £ %—’_—____‘—————/
3/8” Min. -l * b Note: Allow Clearance o
5 at Top of Column - -
i i £ 3 in Order to Set & 1 1
u ‘Q.S Anchor Capital U u
~
Joint Column Shaft
Round Structural in Odd Segments
Units Preferred n n
IR
) u
S
3
£
X
]
=
Q
;t.
n n
il it
i il
u u
Dowel Pieces
Together
£
p 1t
?o .
- ( U u
g—
-F
Elevation

By permission, Cast Stone Institute, Lebanon, PA.
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3.9.3 Water Table, Sill, Header, and Copings

Details of anchoring with metal stud wall systems can
usually be derived from the conventional methods
after special attention is given to the structural
considerations of this type of wall system.

Anchors tie the veneer to the backup; they must be
stiff enough to resist tension and compression, but
flexible enough to not resist shear. This flexibility
permits in-plane differential movements between the
backup and the veneer which are essential to the wall
system. Lateral loads are shard by both the veneer
and the backup. Therefore, corrugated metal brick
ties should never be used in connecting the veneer
wall to metal studs.

Ay

] I
1

] X 4 x | 2 1 | ]

There should be a minimum of two anchor straps per
stone and sufficient brick ties in accordance with the
recommendations of your Engineer. The Brick Institute
of America suggests one brick tie for each 2-2/3 sq.
foot of wall area to tie back plain veneer.

Sheathing must be securely attached to both sides
of the studs. Sheathing must be rigid and properly
attached for it to be effective.
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By permission, Cast Stone Institute, Lebanon, PA.
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3.9.4 Typical Lug and Slip Sill Details

See Fillet
Detail

Dimension at
Lug to equal
Brick Coursing

g1

Bel c

£1lg See Fillet
20 Detail

Dimension at d

Brick Coursing ‘ :

Lug to equal
AL
Min,
SECTION ‘B’

27N

Depth

Height of Fillet
must not exceed
depth

3 g:o ORI
31z FILLET DETAIL
£18
240
3
&
>
Drip ’/
1”7
Min.
SECTION ‘C’

By permission, Cast Stone Institute, Lebanon, PA.
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3.9.5 Anchors for Cast Stone Products

Standard masonry anchors are preferred over embedded
hardware for use with Cast Stone. They are reliable,
time-tested, and commercially available, need not

be specially fabricated and afford great flexibility in
meeting jobsite conditions.

Non-corrosive type anchors should be used for all
anchoring. Stainless steel Type 302 or 304 are the
standard type used in this class of work.

WONGONR W=

Standard “Z" Ashlar Anchor
Ashlar Anchor with Cramp Bends
Twisted Ashlar Anchor

Cramp Anchor

Ashlar Anchor

Dowe! & Bent Strap Anchor
Solid Dowel

Pipe Dowel

Dowel & Bent Rod

10. Dovetail Anchor with Dowel

11. Dovetail Anchor

12. Dovetail Anchor with Cramp Bend
13. Eyebolt & Dowel

14. Bent Bolt

15. Rod Cramp Anchor

16. Rod Anchor with Cramp Bend
17. Standard “Z” Rod Anchor
Twisted Rod Anchor

Typical sizes shown are 1/8” x 1" straps, 1/4" rods
and 1/2” dowels. Dowel holes for 1/2” or 3/4” dowels
are usually 1”7 diameter filled completely with mortar
during setting. Anchor slots are typically 3/4” wide
and similarly are filled with mortar.

Typical details are not universal. The Cast Stone
Institute® strongly recommends that designers consult
with the project engineer and Cast Stone Institute®
producer member in the early stages of design to
determine the appropriate anchoring strategy.

By permission, Cast Stone Institute, Lebanon, PA.



3.9.6 Control Joint Details

When installed properly, Cast Stone coping is the best
type of moisture protection for a masonry wall. Coping
provides aesthetic treatment, bonds with the masonry
and its relatively maintenance-free.

Coping should be thoroughly drenched with clear,
potable water and then set in a full bed of mortar with
the bed joint raked back 1/2” for gun-in of sealant.
Head joints are left open to receive properly placed
backer rod, primer and sealant. The backer rod should
be placed parallel to the wash of the coping.

Building Envelope

Bridge coping over control joints to maximize their
effectiveness and use an elastic joint as shown. All
coping should have a minimum 1/2” wash to control
water runoff.

For maximum economy, either maintain consistent
spacing between control joints to permit modularity
in lengths of masonry bound stones or allow a special
length stone at each control joint.

Where 1"+ projections occur, drips should be provided
to break the return of water to the wall.

CONTROL JOINTS

For optimum economy with trim stones, maintain the maximum quantity of lengths
at the same size; use a short or long piece to control joints as shown:

L1
R

ul

Joint and Dowel Holes to
/_ be filled with Sealant

ol

Bridge coping over control joints. Set the long bridge
section in a full bed of mortar, and dowel the stone as
shown. Set the short bridge section on elastomeric sealant
to provide for movement. Provide end type dowel holes in
thin coping or on raked walls to allow for added security
as necessary. Gun sealant into dowel hole in lieu of mortar.

Joint and Dowel
Holes are to be
filled with Sealant

4’/0 ), ’c?,-

By permission, Cast Stone Institute, Lebanon, PA.
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Section 3

3.9.7 Stone Dimensions, Tolerances

STONE DIMENSIONS

(Course Dimension less 3/8” joint)

C . . . . .

g Stone Coursing with Brick Stone Coursing with Concrete Block
R

g Modular Brick 2 5/8" Brick 7 5/8” Block 3 5/8” Block
1 21/4" 2 5/8” 7.5/8" 3 5/8"
2 5 5 5/8" 13 5/8” 7 5/8”
3 7 5/8” 8 5/8" 1711 5/8” 11 5/8”
4 10 1/4” 11 5/8” 2'7 5/8" 13 5/8"
5 11" 12 5/8” 3'3 5/8” 17 5/8"
6 1’3 5/8” 1’5 5/8” 3’11 5/8” 1'11 5/8”
7 16 1/4” 1'8 5/8” 4'7 5/8” 2'3 5/8”
8 1'8 15/16” 111 5/8” 5'3 5/8" 2'7 5/8"
9 111 5/8” 22 5/8” 511 5/8” 2'11 5/8”
10 2'2 1/4" 2’5 5/8" 6’7 5/8” 3'35/8”
11 2’5" 2’8 5/8” 7'3 5/8” 3'7 5/8"
12 2'7 5/8" 2'11 5/8" 7'11 5/8" 3'11 5/8”
13 2’10 1/4" 3’2 5/8” 8'7 5/8” 4’3 5/8”
14 3'1” 3'5 5/8" 9'3 5/8" 4'7 5/8”
15 3'3 5/8" 3'8 5/8" 9’11 5/8” 411 5/8"
16 3'6 1/4” 311 5/8" 10'7 5/8” 5'3 5/8”
17 3'8 15/16” 4'2 5/8" 113 5/8" 5'7 5/8”
18 3’11 5/8” 4'5 5/8” 11°11 5/8" 5'11 5/8"
19 42 1/4" 4'8 5/8" 12'7 5/8" 6'3 5/8"
20 4’5" 411 5/8" 13’3 5/8” 6'7 5/8"
21 4'7 5/8" 5'2 5/8" 13'11 5/8” 6'11 5/8”
22 410 1/4” 5'5 5/8" 14’7 5/8" 7’3 5/8”
23 51" 5'8 5/8” 15'3 5/8” 77 5/8”
24 5’3 5/8" 511 5/8" 1511 5/8" 7'11 5/8”
25 5'6 1/4" 6'2 5/8” 1677 5/8” 83 5/8”
26 5'8 15/16" 6'5 5/8” 17’3 5/8” 8'7 5/8”
27 5'11 5/8" 6'8 5/8” 17'11 5/8” 8’11 5/8”
28 6'2 1/4" 6’11 5/8” 18'7 5/8” 9'3 5/8”
29 6’5" 7°2 5/8" 19'3 5/8” 9'7 5/8"
30 6'7 5/8" 75 5/8” 1917 5/8” 911 5/8”
31 6’10 1/4" '8 5/8" 20'7 5/8” 103 5/8”
32 71" 7'11 5/8" 21'3 5/8” 10'7 5/8”
33 7’3 5/8” 8'2 5/8” 21’11 5/8” 10°11 5/8”
34 7'6 1/4” 8’5 5/8” 22'7 5/8” 11’3 5/8”
35 78 15/16” 8'8 5/8" 23’3 5/8” 11'7 5/8”
36 7'11 5/8" 811 5/8” 23’11 5/8” 1111 5/8”
37 872 1/4” 9'2 5/8” 24'7 5/8” 123 5/8"
38 8'5" 9’5 5/8” 25’3 5/8” 12'7 5/8”
39 8'7 5/8" 9’8 5/8" 2511 5/8” 1211 5/8"
40 8'10 1/4" 9’11 5/8" 26'7 5/8" 13’3 5/8”
41 91" 102 5/8” 27'3 5/8" 137 5/8"
42 9’3 5/8” 10°5 5/8” 27°11 5/8” 13’11 5/8”
43 9'6 1/4” 10’8 5/8” 28'7 5/8” 14’3 5/8”
44 9'8 15/16" 10°11 5/8” 29’3 5/8" 147 5/8"
45 9'11 5/8” 11'2 5/8” 2911 5/8” 1411 5/8”

By permission, Cast Stone Institute, Lebanon, PA.
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3.9.7 Stone Dimensions, Tolerances (Continued)

TOLERANCES
Tolerances dimensional tolerances for Cast Stone are When assessing individual stones for tolerance, the
the numerically greater of plus or minus 1/8” and setting tolerances of plus or minus 1/8” (allowable out
length/360. This applies to all sectional dimensions: of plane from adjacent unit) must also be taken into
length, twist, square and camber. consideration as shown. This tolerance also applies

to flashing grooves, false joints and similar reliefs.

Dowel hole and insert locations in the formed sides
of pieces can be cast fairly accurately, within 1/8”.

Additional tolerance, totaling 3/8”, must be allowed
when they are located in the back or unformed side.

T

vess /Bt

g%
/8% 1/6°2

“‘

i /a"s l

By permission, Cast Stone Institute, Lebanon, PA.

3.10.0 Curtain Wall Construction

A curtain wall is a building facade that doesn’t carry any dead load from the building other than its
own dead load. The curtain wall is attached to the exterior of the building through connections at the
floor or at the building’s structural columns. The curtain wall is designed to resist air and water pen-
etration, wind forces, seismic events, and its own dead load force.

3.11.0 Roofing Materials
Roofing materials include granule surfaced rolled roofing; built-up roofing; liquid applied membrane;
single-ply membrane; metal, ceramic, and “green roofs,” each of which relate to function, aesthetics,
and cost-effectiveness

3.11.1 Built-Up Roof (BUR)
A built-up roof is a roofing system consisting of multiple layers of fiberglass reinforced ply sheets
(felts) alternating with hot, mopped on bitumen installed over insulation. This type of roofing system

is applicable to flat or low-slope applications.
The BUR roofing materials are protected from solar radiation and abrasion created by rain or snow

by embedding gravel in the bitumen or applying a granular surfaced cap sheet.
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3.11.1.1 Three-Ply Built-up Roofing Specification

Roofing
Asphalt

Non-Isocyanurate
Insulation

GAFGLAS [
Mineral Surfaced
Cap Sheet

GAFGLAS® Ply

GENERAL

Safety: Refer to Section Section 1.06.
DO NOT BEGIN INSTALLATION
UNTIL THIS INFORMATION IS READ,
UNDERSTOOD AND IMPLEMENTED.

MATERIALS

Material Requirements per 100 sq. ft.:
Asphalt (perply) ....... 25 Ibs. (1.22 kg/m?)
PlySheets ............ 2 plies

CapSheets ........... 1 ply

Surfacing (if applicable)

Source: GAF Materials Corporation.

3.11.1.2 Four-Ply Built-Up Roofing Specification

/[ A

Al

GAFGLAS |
Mineral Surfaced
Cap Sheet

GAFGLAS' Ply

GENERAL

Safety: Refer to Section Section 1.06.
DO NOT BEGIN INSTALLATION
UNTIL THIS INFORMATION IS READ,
UNDERSTOOD AND IMPLEMENTED.

MATERIALS

Material Requirements per 100 sq. ft.:
Insulation (Non-Isocyanurate)

Asphalt (perply) ....... 25 Ibs. (1.22 kgim?)
Plysheets ............ 3 plies
Capsheet ............ 1 ply

Source: GAF Materials Corporation.
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3.11.1.3 Five-Ply Built-up Roof Installed over Insulated Deck

GENERAL

Safety: Refer to Section Section 1.06.
DO NOT BEGIN INSTALLATION
UNTIL THIS INFORMATION IS READ,
UNDERSTOOD AND IMPLEMENTED.

MATERIALS

Material Requirements per 100 sq. ft.:
Insulation (Non-Isocyanurate)

Asphalt (perply) ....... 25 Ibs. (1.22 kg/m?)
Ply Sheets ............ 4 plies
CapSheet............ 1 ply
GAFGLAS' Ply Mineral Surfaced
Cap Sheet

Source: GAF Materials Corporation.

3.11.1.4 Five-Ply Built-up Roof Installed over Lightweight Concrete Deck

GENERAL

Safety: Refer to Section Section 1.06.
g DO NOT BEGIN INSTALLATION
UNTIL THIS INFORMATION IS READ,
Roaling UNDERSTOOD AND IMPLEMENTED.

Lz sdevsp, MATERIALS

Material Requirements per 100 sq. ft.:
Asphalt (perply) ....... 25 Ibs. (1.22 kg/m?)
Base Sheet ........... 1 ply

PlySheets ............ 4 plies

Surfacing

I LI
STI}AI_’WENI' GAFGLAS  Ply Asphalt and Grave!
Eliminator* or Coating

Nailable
Base Sheet

Source: GAF Materials Corporation.
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3.12.0 Single-Ply Membrane Roofs

Single-ply membrane roofs are manufactured from ethylene propylene diene monomer (EPDM) or
polyvinyl chloride (PVC) or a thermoplastic polyolefin material referred to as TPO.
There are three basic types of installation:

1. Fully adhered. The membranes are attached to one another and the substrate with a water- or
solvent-based adhesive.

2. Mechanically fastened. The membranes are attached to the substrate with manufacturer-
approved fasteners.

3. Loosely laid. The membrane is secured to the substrate at the roof edge perimeter and around
all roof penetrations with smooth surface, river rock, or concrete pavers.

3.12.1 EPDM

Both reinforced and nonreinforced single-ply membrane is available in various mil thicknesses per
the EPDM Membrane Selector Guide published by Johns Manville.

JM EPDM Membrane Selector Guide

Specifications Guarantees
= = = =
g 2 3 3| £
= B 8 =3 3 8 |E8| = 2
5 z |E| |5 . £5 & g |[£s| = | B
2 B 2 2 2 Sizes Area FR = % = ER = =
o a <| ~ | ©| WidthxLength per Roll Weight =& E < o =L 2 @
Polyester JM EPDM 45 mil 10'x 100° 1,000 f2 300 1b SE4RM-(T) | SE4RA-(T) | SE4RB-(T) |5,10, |5,10, 5,10,
reinforced, 45R (3.05 m x 30.48 m) (92.90 m?) (136.08 kg) or15yr [or15yr [or15yr
factory cleaned NDL NDL NDL
iPlEla'\ﬁlaf:tL l:jse M EPDM 60 mil 7' x 100 700 ft2 276.51b SE6RM-(T) | SE6RA-(T) | SEBRB-(T) |5,10, |5,10,15, |5,10,
: eC  16o0R (2.13 m x 30.48 m) (65.06 m?) (125.42 kg) or15yr [or20yr | or15yr
mechanically NDL NDL NDL
fastened. and 10' x 100' 1,000 ft2 395 1b
fully adhered (3.05 m x 30.48 m) (92.90 m?) (179.17 kq)
roofing systems.
JM EPDM 45 mil 10" x 50' 500 ft? 1791b N/A SE4A-(T) | SE4B-(T) |N/A 50r10yr |5or
45FR (3.05m x 15.24 m) (46.45 m?) (81.23 kg) NDL 10yr
10 x 100 1,000 fi 335 1b NDL
(3.05 m x 30.48 m) (92.90 m?) (151.75 kg)
20" x 50' 1,000 ft2 3351b
(6.1 mx 15.24 m) (92.90 m?) (151.75 kg)
20" x 100' 2,000 ft2 659 Ib
(6.1 m x 30.48 m) (185.81 m?) (299.11 kg)
5 = | 30'x100' 3,000 ft2 970 1b
i < £ | (9.14 m x 30.48 m) (278.71 m?) (440.16 kg)
Nonreinforced, a @ - -
fire rated EPDM 40'x 100 4,000 ft2 1,281 1b
for use in fully (12.19 m x 30.48 m) (371.61 m?) (581.22 kg)
adhered and JM EPDM 60 mil 10 x 50' 500 ft2 2311b N/A SE6A-(T) | SE6B-(T) | N/A 5,10,15, |5, 10,
ballasted sys- | 60 FR (3.05m x 15.24 m) (46.45 m?) (104.74 kg) or20yr |or15yr
tems. For use 10X 100 1,000 ft 4381 NDL | NDL
as a flashing in (3.05m x 30.48 m) (92.90 m?) (198.77 kg)
someapplicas 15 x 100 1,500 1€ 6771b
tions (457 mx 3048 m)* | (139.35 m?) (307.11 kg)
20" x 50' 1,000 ft2 4381b
(6.1 mx 15.24 m) (92.90 m?) (198.77 kg)
20' x 100’ 2,000 ft2 867 Ib
(6.1 m x 30.48 m) (185.81 m?) (393.14 kg)
30 x 100° 3,000 ft2 12811b
(9.14 m x 30.48 m) (278.71 m?) (581.22 kg)
JM EPDM 90 mil 10' x 100° 1,000 ft? 625 Ib N/A SE9A-(T) | SE9B-(T) |N/A 5,10,15, |5, 10,
90 FR (3.05 m x 30.48 m) (92.90 m?) (283.65 kg) ﬁrDZI? yr &rD1L5 yr

Source: Johns Manville, Denver, Colorado.
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PVC reinforced single-ply membrane is available in thicknesses ranging from 50 to 103 mil, per the

PVC Membrane Guide published by Johns Manville.
JM PVC Membranes

Area
Color Sizes perRoll | Weight | Specifications | Guarantees
g 7 % =: S g
— [} S o
g 5 g - < €8 | 3| ©TS
o = = = ) k7] =< S = o S =<
@ - = c (2| z|E £% e =2 T L=
@ < (7 = 2 = 2 = 2 25
a a < | F |2|&|3 ] =& | 22 SCE
Thermoplastic, 6.5' x 100' 650 ft? 220 b SP5RM | SP5RA 5,10 or 15 yr NDL
polyester reinforced (1.98 m x 30.48m) (60.39 m?) (99.79 k)
X X X
membrane. Manu- 3.25' x 100 325 ft2 111 1b
factured using an ) (1 m x 30.48m) (30.19 m?) (50.35 kg)
ultraviolet-resistant JM PVC 50 50 mil 0 X 100 Lo 381
. i X /
PYL tpolyvin clla (305mx3048m) | (9290m?) | (15331 k)
ride) and an Elvaloy X | % | =
KEE (ketone ethylene 5'x 100 500 ft? 169 Ib
ester) formulation. (1.52 m x 30.48 m) (46.45 m?) (76.66 kg
6.5' x 100 650 ft? 2611b SP6RM | SP6RA 5,10, 15, or 20 yr
(1.98 m x 30.48m) (60.39 m?) (118.39 kg) NDL
X X X
3.25' x 100 325 ft? 1311b
(1 m x 30.48m) (30.19 m?) (59.42 kg)
JM PVC 60 — 60 mil
i 10' x 100 1,000 ft? 402 1b
= (3.05 m x 30.48 m) (92.90 m?) (182.34 kg)
= X | % | *
> 5'x 100 500 ft? 2011b
3 (1.52 m x 30.48 m) (46.45 m?) (91.17 kg)
[=}
6.5'x75' 488 ft? 2611b SP8RM | SP8RA 5,10, 15, or 20 yr
(1.98 m x 30.48 m ) (45.34 m?) (118.39 kg) NDL
JM PVC 80 80 mil X * *
3.25'x 75" 244 ft? 1311b
(1 mx22.86 m) (22.67 m?) (59.42 kg)
JM PVC 50 6.33' x 90' 570 ft? 209 b SP5PM | SP5PA 5 100r15yr
Fleece Bmil | x | % | % | (1.93mx27.43m) (52.95 m?) (94.80 kg) NDL
Backed
JM PVC 60 6.33' x 90 570 ft? 244 1b SP6PM | SP6PA 5,10, 15 0r 20 yr
Fleece 88 mil X * % | (1.93mx27.43m) (52.95 m?) (110.68 kg) NDL
Backed
JM PVC 80 6.33' x 90' 570 ft? 3201b SP8PM | SP8PA 5,10, 150r 20 yr
Fleece 103mil | X | % | % [(1.93mx27.43m) (52.95 m?) (145.15 kg) NDL
Backed

Source: Johns Manville, Denver, Colorado.



194  Section 3

3.12.3 TPO Reinforced Single-Ply Membrane

TPO reinforced single-ply membrane is available in thicknesses ranging from 45 to 80 mil per the
TPO Membrane Selector Guide published by Johns Manville.

JM TPO Membrane Selector Guide

Area
Thickness Color Sizes perRoll | Weight | Specifications | Guarantees
— = =
o ® ®
s - L5 = S >
£ E | = X e EE| B| SIS
o = = 2 = =5 Se =~ @ SeE
4 =] = ® == > == ? T =
@ « - H © 23 = ° 2Ecs
a [-» << = (=} = =5 = o = << =L c<
Thermoplastic, JM TPO-45 45 mil X X X 4" x 100 400 ft* 84 1b ST4RM | STARA | 50r 10 yr NDL
polyester reinforced (1.22 m x 30.48 m) (37.16 m?) (38.10 kg)
"‘e'“bfra':e J X 6.16' x 100’ 616 fi2 1311b
WELRE S (1.88mx3048m) | (57.23m?2) | (59.42 kg)
using an ultraviolet-
resistant TPO X X X 8'x 100' 800 ft? 168 Ib
(thermoplastic (2.44 m x 30.48 m) (74.32 m?) (76.20 kg)
?°'V°'Ieft'.”’ . 10 100 1,000 f& 2101b
OO (3.04mx3048m) | (92.90m?) | (95.25 kg)
X 12.33'x 100’ 1,233 ft2 259 I
(376 mx 3048 m) | (11455 m?) | (117.48 kg)
JM TPO-60 60 mil X | x | x [#x100 400ft: 1121b ST6RM | STGRA | 5,10, 15,
(122mx3048m) | (37.16 m?) (50.80 kg) or 20 yr NDL
@ X 6.16' x 100' 616 ft2 1811b
8 (1.88 m x 30.48 m) (57.23 m?) (82.10 kg)
e x | x | x |8xw00 800 ft2 2321h
(244mx30.48m) | (74.32m?) (105.23 kg)
X 10'x 100" 1,000 ft2 290 b
(3.04mx30.48m) | (92.90 m?) (131.54 kg)
X 12.33' 100° 1,233 ft2 358 Ib
(3.76mx 3048 m) | (11455m?) [ (162.39 kg)
JMTPO-72 72 mil X ax75 300 ft2 102 [b STIRM | STIRA | 5,10, 15,
(1.22 m x 22.86 m) (27.87 m?) (46.27 kg) or 20 yr NDL
X 8'x 75' 600 ft2 204 I
(2.44 m x 22.86 m) (55.74 m?) (92.53 kg)
JMTP0-80 80 mil X 4'x75' 300 ft? 141b ST8RM | ST8RA | 5,10, 15,
(1.22 m x 22.86 m) (27.87 m?) (51.71 kg) or 20 yr NDL
X 8'x 75' 600 ft2 2281h
(244mx22.86m) | (55.74 m?) (103.42 kg)

Source: Johns Manville, Denver, Colorado.
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3.13.0 Metal Roofs

Generally coated with Kynar®, a non-chalking, long life material is available in a variety of profiles.

3.13.1 Steel, Aluminum Metal Roof Profiles

Metal roof profiles come in standing seam, ribbed, and corrugated forms.

18" coverage

4 15/16" f 6" r 4 15/16"

27/16"

Standing seam

' Panel option s
L % smooth _I
3" 3n
I. gr— — g J
24"

Another standing seam profile

45 5/8" overall

44 coverage

11/4" 13/8"

15/8"
Rib

Overall varies

Coverage varies

2.667"

12"

Corrugated



196  Section 3

3.14.0 Green Roofs

Green roofs, which can be applied to both flat and some sloped roofs, are environmentally “friendly”
and create the following benefits for building owners:

e They reduce storm water management.
e They offer energy efficiency.

¢ They effectively absorb external noises.
e They process airborne toxins.

¢ They reoxygenate the environment.

¢ They are wildlife-friendly.

3.14.1 Section through a Typical Green Roof

Vegetation

Growing medium

Filter material

Drainage mat

Styrofoam®

Roof membrane

Substrate

Source: American Hydrotech, Inc., Chicago, Illinois.

3.15.0 Roof Flashings

Roof flashings are required for either build-up roofs or single-ply membrane roofs to prevent water
infiltration into the building from various roof penetrations such as vent lines, rain leaders, roof
hatches, and dunnage to support rooftop equipment. Flashings are made from a variety of materials:
galvanized steel, aluminum, copper, zinc, lead, and nonmetallic materials.
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3.15.1 Typical Flashing Details—Dunnage for Rooftop Equipment

ASSEMBLY

@ MASK TARGET AREA ON ROOF MEMBRANE
@ PRIME ALL NON-POROUS AREAS REQUIRING LIQUID MEMBRANE.
@ APPLY PERMAFLASH BASE COAT OVER PRIMED AREA.

EMBED SCRIM(S) INTO BASE COAT(S) OF PERMAFLASH,
ROOF MEMBRANE —\ ALLOWING EACH COAT TO FULLY CURE.

() APPLY FINISH COAT OF PERMAFLASH OVER SCRIM.

MASK TARGET
AREA FOR
APPLICATION —,

SCRIM OUTLINE
(SEE PMF-1S)

FINISH COAT OF MBR —
FLASHING CEMENT / St
(APPLIED 2" BEYOND / //
SCRIM LAYOUT) I,f o) ~
PERMAFLASH SCRIM
(SET IN MBR
FLASHING CEMENT)

NOTES:

A.USE THIS DETAIL IN CONJUNCTION WITH THE
PERMAFLASH SCRIM LAYOUT, DRAWING PMF-15.

B. EMBED ALL PRE-CUT SCRIM INTO A FULL WET BASE COAT OF PERMAFLASH. ALLOW EACH
COAT TO FULLY CURE BEFORE APPLICATION OF SUBSEQUENT COATS.

C.ENSURE TOTAL TARGET AREA OF FLASHING IS NO LESS THAN 16" x 167,

D.REMOVE MASKING IMMEDIATELY AFTER APPLICATION OF TOP COAT.

E. REFER TO PERMAFLASH APPLICATION INSTRUCTIONS FOR GENERAL GUIDELINES
REGARDING THE PERMAFLASH SYSTEM.

PERMAFLASH |-BEAM DETAIL

Source: Johns Manville, Denver, Colorado.



198 Section 3

3.15.2 Typical Flashing Detail—Plumbing Vents and Stacks

ASSEMBLY

(1) MASK TARGET AREA ON ROOF MEMBRANE.
() PRIME ALL NON-POROUS AREAS REQUIRING LIQUID MEMBRANE,
(3) APPLY BASE COAT OF PERMAFLASH OVER PRIMED AREA.

EMBED SCRIM(S) INTO BASE COAT(S) OF PERMAFLASH,
ALLOWING EACH COAT TO FULLY CURE.

@ APPLY FINISH COAT OF PERMAFLASH OVER SCRIM.

/—PLUMBING VENT'STACK .~ "

L

‘v =SGRIMOUTLINE. . = .= ."
/7 (SEEPMF-8S) | . oo 77

~FINISH- COAT.OF MBR: ... .

" FLASHING'CEMENT -
~."(APPLIED 2"BEYOND, , -. - .-
- SCRIM.LAYOUTY -~ == .

NOTES:

A.USE DETAIL IN CONJUNCTION WITH THE
PERMAFLASH SCRIM LAYOUT, DRAWING PMF-6S.

B.EMBED ALL PRE-CUT SCRIM INTO A FULL WET BASE COAT OF
PERMAFLASH. ALLOW EACH COAT TO FULLY CURE BEFORE APPLICATION
OF SUBSEQUENT COATS.

C.ENSURE TOTAL TARGET AREA OF FLASHING IS NO LESS THAN 16 x 16"

D.REMOVE MASKING IMMEDIATELY AFTER APPLICATION OF TOP COAT.

E.REFER TO PERMAFLASH APPLICATION INSTRUCTIONS FOR GENERAL
GUIDELINES REGARDING PERMAFLASH SYSTEM.

PERMAFLASH PIPE PENETRATION DETAIL

Source: Johns Manville, Denver, Colorado.
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3.15.3 Typical Flashing Detail—Roof Scupper

ASSEMBLY

@ MASK TARGET AREA ON ROOF MEMBRANE,
@ PRIME ALL NON-POROUS AREAS REQUIRING LIQUID MEMBRANE.
oa @ APPLY BASE COAT OF PERMAFLASH OVER PRIMED AREA,
/ ‘\\ (4) EMBED SCRIM(S) INTO BASE COAT(S) OF PERMAFLASH,

ALLOWING EACH COAT TO FULLY CURE.
APPLY FINISH COAT OF PERMAFLASH OVER SCRIM.

l/— MASK TARGET
AREA FOR
APPLICATION

T ,»— FINISH COAT OF MBR
7 FLASHING CEMENT
(APPLIED 2" BEYOND
SCRIM LAYOUT
AND INTO SCUPPER)

SCRIM OUTLINE
(SEE PMF-75)

ROOF MEMBRANE

NOTES:

A.USE DETAIL IN CONJUNCTION WITH THE
PERMAFLASH SCRIM LAYOUT, DRAWING PMF-7S.

B.EMBED ALL PRE-CUT SCRIM INTO A FULL WET BASE COAT OF
PERMAFLASH. ALLOW EACH COAT TO FULLY CURE BEFORE APPLICATION
OF SUBSEQUENT COATS.

C.ENSURE TOTAL TARGET AREA OF FLASHING IS NO LESS THAN 167 x 167,

D.REMOVE MASKING IMMEDIATELY AFTER APPLICATION OF TOP COAT.

E.REFER TO PERMAFLASH APPLICATION INSTRUCTIONS FOR GENERAL
GUIDELINES REGARDING PERMAFLASH SYSTEM.

PERMAFLASH THROUGH-WALL SCUPPER DETAIL

Source: Johns Manville, Denver, Colorado.
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3.15.4 Typical Flashing—Roof Drain

Y7 (APPLIED 2" BEYOND'

LT TRANER S -

ER

INSULATION—/
TAPERED e
TO DRAIN

DECK CLAMP

NOTES:

A.USE DETAIL IN CONJUNCTION WITH THE
PERMAFLASH SCRIM LAYOUT, DRAWING PMF-5S.

B.EMBED ALL PRE-CUT SCRIM INTO A FULL WET BASE COAT OF
PERMAFLASH. ALLOW EACH COAT TO FULLY CURE BEFORE APPLICATION
OF SUBSEQUENT COATS.

C.ENUSRE TOTAL TARGET AREA OF FLASHING IS NO LESS THAN 28" x 28"

D.REMOVE MASKING IMMEDIATELY AFTER APPLICATION OF TOP COAT.

E.REFER TO PERMAFLASH APPLICATION INSTRUCTIONS FOR GENERAL
GUIDELINES REGARDING PERMAFLASH SYSTEM.

" FINISH COAT-OF MBR -~ -
* FLASHING CEMENT "

i - o= SGRIMLAYOUT), - "7, s

ASSEMBLY

(@) MASK TARGET AREA ON ROOF MEMBRANE.
" (2) PRIME ALL AREAS REQUIRING LIQUID MEMBRANE.
... (3) APPLY BASE COAT OF PERMAFLASH OVER PRIMED AREA.
*"., (4) EMBED DYNALASTIC 180 IN MBR FLASHING CEMENT BASECOAT.
117 (B) APPLY COAT OF PERMAFLASH OVER DYNALASTIC 180S.
",... () EMBED SCRIM(S) INTO BASE COAT OF PERMAFLASH,
: @ AF_'F!LY FINISH COAT OF PERMAFLASH OVER SCRIM.

" “ROOF MEMBRANE — " ¢
3 '--._(CDNT:!NOUS.TO"_' B
 DRAIN FLANGE)- -~

.. f= SCRIM OUTLINE
/. (SEE PMF-4S)

A{AV VAR

YAVAVAVAY L
=S OAVAATA S G I

PERMAFLASH-TO-DRAIN DETAIL

Source: Johns Manville, Denver, Colorado.
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3.16.0 Roof and Exterior Wall Insulation

There are three designations to express the insulating value of a material: R, U, and C values. The R
value is the insulating value of a material; the higher the R value, the better the insulating qualities
of the material. The U value is a measure of heat loss through a material; so the lower the U value,
the lower the heat loss. The C value is a measure of thermal conductance of the material and is actually
the reciprocal of the R value.

3.16.1 R and C Values for Various Types of Roof Deck Insulation

Material Thickness In | C-Value | R-Value
Inches
Metal N/A 0.000 0.00
Concrete 1.0 3.333 0.30
Gypsum 1.0 1.667 0.60
Wood 1.0 1.099 0.91
Tectum 1.0 0.500 2.00
Inside Air Film N/A 1.087 0.92
Outside Air Film - N/A 4.000 0.25
Summer
Outside Air Film - Winter N/A 5.882 0.17
Vapor Retarders N/A 0.000 0.00
BUR Gravel N/A 2.941 0.34
BUR Smooth N/A 4.167 0.24
Fiberboard 1.0 0.360 2.78
Perlite 1.0 0.360 2.78
Phenolic Foam* 1.0 0.120 8.30
Fiber Glass 1.0 0.256 3.90
Polyisocyanurate 1.0 0.180 5.56
Polyisocyanurate 1.5 0.240 4.17
Composite
Polystyrene Bead Board 1.0 0.280 3.57
Polystyrene Composite 15 0.301 3.32
Board
Polystyrene - Expanded 1.0 0.260 3.85
(EPS)*™
Polystyrene - Extruded 1.0 0.200 5.00
(XEPS)*™*
Sprayed Polyurethane 1.0 0.150 6.88
Foam™****
Cork 1.0 0.280 3.57
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3.16.2 Determining the C Value

The C-value (C) is a measure of the Thermal Conductance of
the material and is the reciprocal of R, or

1

e

R

C is determined only when the Thermal Conductivity (k) of a
material is known.

C= k
Thickness In Inches

Thermal Conductivity is the measure of the amount heat that will
be transmitted through a one inch (1") thick piece of

homogeneous material, one square foot (1 ft.2) in size, in one (1)

hour, when there is a one degree Fahrenheit (1° F) temperature
change. The equation for "k" is:

BTU * inch
sq. ft. * hour * °F

Source: roofhelp.com.
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3.16.3 Calculating R Values for Various Materials

Calculating Assembly Wall R-Value*
Formula: Assembly R-value = 1/ (Assembly U-value) = 1/ (U-studs
X % + U-cavity x %)

R-Value R-Value |Assembly R~
Component Studs Cavity Value
Wall - Outside Air Film 0.17 0.17
Siding - Wood Bevel 0.80 0.80
Plywood Sheathing - 1/2" 0.63 0.63
3 1/2" Fiberglass Batt 11.00
3 1/2" Stud 4.38
1/2" Drywall 0.45 0.45
Inside Air Film 0.68 0.68
Percent for 16" o.c. + Additional studs 15% 85%
Total Wall Component R-Values 7.12 13.73
Wall Component U-Values 0.1404 | o0.0728
Total Wall Assembly R-Value 12.05
* This example is just for wood frame construction. Steel studs are a more complicated calculation.
R-Value Table
Rf R

Material Inch Thickness
Insulation Materials
Fiberglass Batt 3.14-4.30
Fiberglass Blown (attic) 2.20-4.30
Fiberglass Blown (wall) 3.70-4.30
Rock Wool Batt 3.14-4.00
Rock Wool Blown (attic) 3.10-4.00
Rock Wool Blown (wall) 3.10-4.00
Cellulose Blown (attic) 3.13
Cellulose Blown (wall) 3.70
Vermiculite 2.13
Autoclaved Aerated Concrete 1.05
Urea Terpolymer Foam 4.48
Rigid Fiberglass (> 4Ib/ft3) 4.00
Expanded Polystyrene (beadboard) 4.00
Extruded Polystyrene 5.00
Polyurethane (foamed-in-place) 6.25
Polyisocyanurate (foil-faced) 7.20
Construction Materials
Concrete Block 4" 0.80
Concrete Block 8" 1.11
Concrete Block 12" 1.28
Brick 4" common 0.80
Brick 4" face 0.44
Poured Concrete 0.08
Soft Wood Lumber 1.25

2" nominal (1 1/2") 1.88

2x4 (3 1/2") 4.38

2x6 (5 1/2") 6.88
Cedar Logs and Lumber 1.33
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3.16.3 Calculating R Values for Various Materials (Continued)

Sheathing Materials
Plywood 1.25

1/4" 0.31

3/8" 0.47

1/2" 0.63

5/8" 0.77

3/4" 0.94
Fiberboard 2.64

1/2" 1.32

25/32" 2.06
Fiberglass (3/4") 3.00

1" 4.00

(11/2") 6.00
Extruded Polystyrene (3/4") 3.75

(1" 5.00

(11/2") 7.50
Foil-faced Polyisocyanurate 540

(3/4")

(1" 7.20

(1.1/2") 10.80
Siding Materials
Hardboard (1/2") 0.34
Plywood (5/8") 0.77

(374" 0.93
Wood Bevel Lapped 0.80
Aluminum, Steel, Vinyl 0.61

(hollow backed)

(w/ 1/2" Insulating board) 1.80
Brick 4" 0.44
Interior Finish Materials
Gypsum Board (drywall 1/2") 0.45

(5/8") 0.56
Paneling (3/8") 0.47
Flooring Materials
Plywood 1.25

(3/4") 0.93
Particle Board (underlayment) 1.31

(5/8") 0.82
Hardwood Flooring 0.91

(3/4") 0.68
Tile, Linoleum 0.05
Carpet (fibrous pad) 2.08

(rubber pad) 1.23
Roofing Materials
Asphalt Shingles 0.44
Wood Shingles 0.97
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3.16.3 Calculating R Values for Various Materials (Continued)

Windows

Single Glass 0.91
wistorm 2.00

Double insulating glass 1.61
(3/18") air space
(1/4" air space) 1.69
(1/2" air space) 2.04
(3/4" air space) 2.38
(172" w/ Low-E 0.20) 3.13
(w/ suspended film) 2.77
(w/ 2 suspended films) 3.85
(w/ suspended fitm and low-E) 4.05

Triple insulating glass 2.56

Doors

Wood Hollow Core Flush 217
(1 3/4")
Solid Core Flush (1 3/4") 3.03
Solid Core Flush (2 1/4™) 3.70
Panel Door w/ 7/16" Panels 1.85
(1 3/4™)

Storm Door (wood 50% glass) 1.25
(metal) 1.00

Metal Insulating 15.00
(2" w/ urethane)

Air Films

Interior Ceiling 0.61

Interior Wall 0.68

Exterior 0.17

Air Spaces

1/2" to 4" approximately 1.00
(1/4" air spaces)
(1/2" air spaces) 3.23

Addition for tight fitting drapes or 0.29

shades, or closed blinds
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3.17.0 Albedo—A Measure of Roof Membrane Energy Efficiencies

Resistance to heat flow has been quantified by the use of “R” values—a means of measuring how well
a substance or material resists the transmission of heat into a building in hot weather and how well
it keeps heat in a building during cold weather. But when it comes to energy gained or lost through
a roof assembly, another form of measurement is often used, and that measure is referred to as
“albedo”—solar reflectance. Albedo measures how much of the solar energy striking a roof mem-
brane surface is reflected.

Energy efficient roofing systems exhibit three qualities:

1. Good reflectance—albedo.

2. Sufficient insulation to resist the flow of heat into the structure.

3. Good emissivity—the ability of the roof surface to radiate the absorbed energy away from the
structure rather than retaining it.

The following chart lists albedo and emissivity factors for selected surfaces:

Material Albedo Emissivity
Concrete 0.3 0.94
Red brick 0.3 0.90
Tar paper 0.05 0.93
White plaster 0.93 0.91
Bright galvanized iron 0.35 0.13
Bright aluminum foil 0.85 0.04
White pigment 0.85 0.96

White single-ply roofing 0.78 0.90
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4.0.0 Wood Framing—Two Most Common Species

The two most common species for wood framing are southern pine; and western lumber-fir, hemlock-fir,
and lodgepole and ponderosa pine.

4.1.0 Western Lumber Species—Base Values

This table shows base values for western dimensional lumber and adjustments to these base values.

Framing Lumber

BASE VALUES FOR WESTERN DIMENSION LUMBER' Table 1
Nominal Sizes: 2° to 4" thick by 2" and wider?
Use with appropriate Adj Tables A through G
Grades described in Western Lumber Grading Rules, Sections 40.00, 41.00, 42.00 and 62.00. Also Stress-Rated Boards, see Section 30.60
Extreme Tension Comp
Fiber Stress Modulus of
Parallel Horizon| Perpen- Parallel
Species _ inBending 5 qpan imeie Lo to Grain Elasticity
or Group Grade Single Member Fb Fy Fy Fey Fe E Emin
Douglas Fir- Select Structural 1500 1000 180 625 1700 1,900,000 690,000
Larch No. 1 & Btr. 1200 800 180 625 1550 1,800,000 660,000
No. 1 1000 675 180 625 1500 1,700,000 620,000
Douglas Fir No. 2 900 575 180 625 1350 1,600,000 580,000
Westem Larch No. 3 525 325 180 625 775 1,400,000 510,000
Construction 1000 650 180 625 1650 1,500,000 550,000
Standard 575 375 180 625 1400 1,400,000 510,000
Utility 275 175 180 625 900 1,300,000 470,000
Stud 700 450 180 625 850 1,400,000 510,000
Douglas Fir- Select Structural 1350 900 180 520 1600 1,400,000 510,000
South No. 1 925 600 180 520 1450 1,300,000 470,000
No. 2 850 525 180 520 1350 1,200,000 440,000
Douglas Fir-South No. 3 500 300 180 520 775 1,100,000 400,000
{amn I AZ GO, Construction 975 600 180 520 1650 1,200,000 440,000
Ny, Nt and UT) Standard 550 350 180 520 1400 1,100,000 400,000
Utility 250 150 180 520 900 1,000,000 370,000
Stud 675 425 180 520 850 1,100,000 400,000
Hem-Fir Select Structural 1400 925 150 405 1500 1,600,000 580,000
No. 1 & Btr. 1100 725 150 405 1350 1,500,000 550,000
Westemn Hemlock No. 1 975 625 150 405 1350 1,500,000 550,000
Noble Fir No. 2 850 525 150 405 1300 1,300,000 470,000
gf;’;ﬁ e No. 3 500 300 150 405 725 1,200,000 440,000
Pacific Silver Fir Construction 975 600 150 405 1550 1,300,000 470,000
White Fir Standard 550 325 150 405 1300 1,200,000 440,000
Utility 250 150 150 405 850 1,100,000 400,000
Stud 675 400 150 405 800 1,200,000 440,000
Spruce-Pine-Fir Select Structural 1300 575 135 335 1200 1,300,000 470,000
(South) No. 1 875 400 135 335 1050 1,200,000 440,000
No. 2 775 350 135 335 1000 1,100,000 400,000
Westem Species: No. 3 450 200 135 335 575 1,000,000 370,000
S o Spruce Construction 875 400 135 335 1200 1,000,000 370,000
White Spruce Standard 500 225 135 335 1000 900,000 330,000
Lodgapole Pine Utility 225 100 135 335 675 900,000 330,000
Stud 600 275 135 335 625 1,000,000 370,000
Western Cedars Select Structural 1000 600 155 425 1000 1,100,000 400,000
No. 1 725 425 155 425 825 1,000,000 370,000
Westem Red Codar No. 2 700 425 155 425 650 1,000,000 370,000
Incanse Cadar No. 3 400 250 155 425 375 900,000 330,000
Port Orford Cedar .
Ak Cattas Construction 800 475 155 425 850 900,000 330,000
Standard 450 275 155 425 650 800,000 290,000
Utility 225 125 155 425 425 800,000 290,000
Stud 550 325 155 425 400 900,000 330,000
Western Woods Select Structural 900 400 135 335 1050 1,200,000 440,000
(and White Woods*) No. 1 675 300 135 335 950 1,100,000 400,000
. No. 2 675 300 135 335 900 1,000,000 370,000
Any s the spacies i) No. 3 375 175 135 335 525 900,000 330,000
the first four species
groups above plus any Construction 775 350 135 335 1100 1,000,000 370,000
or all of the following: Standard 425 200 135 335 925 900,000 330,000
Idaho m'w;_::m Utility 200 100 135 335 600 800,000 290,000
sw,‘ e Stud 525 225 185 335 575 900,000 330,000
Alpine Fir
Mountain Hemlock

1 Design values in pounds per square inch.

2g sizes are

bulaled in Table 13.

3 Al horizontal shear values are assigned in accordance with ASTM standards, which include a reduclion to compensale for any degree of shake, check or split that might develop in a piece.
4 White Woods species group includes any species or combination of true firs, spruces, hemlocks or pines. Design values are the same as those assigned o Western Woods

Used courtesy of Western Wood Products Assn.
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4.1.0 Western Lumber Species—Base Values (Continued)

Framing Lumber

ADJUSTMENT FACTORS FOR BASE VALUES

SIZE FACTORS (Cp) Table A
Apply to Dimension lumber BASE VALUES
Fy
Nominal 2"y &
Grades Width thick  thick Other
(depth) nominal nominal F; F. Properties
2,384 1.5 1.5 1.5 115 1.0
SELECT 5 1.4 1.4 14 11 1.0
STRUCTURAL, 6" 1.3 1.3 1.3 11 1.0
NO.1 & BTR., 8" 1.2 1.3 1.2 1.05 1.0
NO.1,NO.2 10" 1.1 1.2 1.1 1.0 1.0
& NO.3 12" 1.0 1.1 1.0 1.0 1.0
14" & wider 0.9 1.0 09 08 1.0
CONSTRUCTION , ... A
& STANDARD 2°,3.&4 1.0 1.0 1.0 1.0 1.0
2"& 3" 0.4 —_ 04 08 1.0
umLTY 4" 1.0 1.0 10 1.0 1.0
2" 3, &4 11 1.1 1.1 105 1.0
un 5"&6" 1.0 1.0 1.0 1.0 1.0
8" & wider Use No.3 grade Base Values and Size Factors

REPETITIVE MEMBER FACTOR (C,) Table B
Apply to size-adjusted £,
L

Where lumber is used repetitively, such as for joists, Repetitive

studs, rafters, and decking, the pieces side by side

share the load and the strength of the entire Member Use

assembly is enhanced. Therefore, where three or

more members are adjacent or are not more than

24" on center and are joined by fioor, roof, or other Fpx 115

load distributing elements, the Fb value can be
increased 1.15 for repetitive member use.

—_——

DURATION OF LOAD ADJUSTMENT (Cp) Table C

Apply to size-adjusted values

Wood has the property of carrying substantially greater maximum loads for
short durations than for long durations of loading. Tabulated design values apply
to normal load duration. (Factors do not apply to MOE or F,)

Load Duration Factor
Permanent 0.9
Ten Years (Normal Load) 1.0
Two Months (Snow Load) 1.15
Seven Day 1.25
Ten Minutes (Wind and Earthquake Loads) 1.6
Impact 20

Confirm load requiremants with local codes.

HORIZONTAL SHEAR DESIGN VALUES

Horizontal shear values published in Tables 1, 3, 4 and 5 are based
upon the maximum degree of shake, check or split that might develop
in a piece. Shear design values for lumber have been approved by the
American Lumber Standard Committee, Inc.

Design provisions, including requirements for shear design of lum-
ber, are published by the American Forest & Paper Association
(AF&PA) in the National Design Specification for Wood Construction®
(NDS®), an ANSI national consensus standard.

Sizes/Design Values - Dimension lumber includes products that are
nominal 2" to 4" in thickness by 2" and wider. It is available in the
grades listed in Table 1 (page 6) with assigned design values published
as BASE VALUES.

Dimension lumber BASE VALUES must be adjusted for size as well
as conditions of use. Adjust the BASE VALUE (Table 1, page 6)
according to the size factor (Table A, page 7) before adjusting for con-
ditions of use.

Single member, size-adjusted fiber stress in bending (Fp) design
value is for use where the strength of an individual piece, such as a
small beam or post, is or may be responsible for camying a specific
design load. Repetitive member use is handled through an adjustment
factor (Table B, page 7).

ADJUSTMENTS FOR DIMENSION LUMBER

Checklist 1

The boxes in the checklist below indicate when and how to apply adjustments (Tables A-G) to the BASE VALUES in Table 1.

Base
Values x Adjustment Factors X Special Use Faclors = Design Values
Com| Incising, Wet Use,

Base Repetitive Duration Flat Perpendicular Fire-Retardant?,
Value  x Size x Member X of Load X Use X to Grain x High-Temperature = Design Value

Cr [ Cp O Cor C; Cy Cg Cy
Ry O O O ] O F?, Bending
R a O (] F' Tension
R, 0O O F', Shear
Fey O O F?,, Compression Perpendicular to Grain
Fe O O O F’, Compression Parallel to Grain
E, Emin O E’, E'nin Modulus of Elasticity
Table 1 Table A Table B Table C Table D Table E Ch. 2 of NDS
page 6 page 7 page 9 Naﬂ"%rrlaf Design s;?gg{gﬁ:m
1 for fire: shall be p by the g the

Used courtesy of Western Wood Products Assn.
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4.1.0 Western Lumber Species—Base Values (Continued)

Framing Lumber

ADDITIONAL ADJUSTMENT FACTORS
FOR DIMENSION LUMBER
FLAT USE FACTORS (C,) Table D
Apply to size-adjusted Fp
Nominal Nominal Thickness
Width 2" &3 4
2"8&3" 1.00 -
4" 1.10 1.00
8" 1.10 1.05
6" 1.15 1.05
8" 1.15 1.05
10" & wider 1.20 1.10
ADJUSTMENTS FOR COMPRESSION Table E

PERPENDICULAR TO GRAIN (C.))
For deformation basis of 0.02". Apply to F;, values

0 O
Design values for compression perpendicular to grain (/) are established in
accordance with the procedures set forth in ASTM Standards D 2555 and D
245, ASTM procedures consider deformation under bearing loads as a
serviceability limit state comparable to bending deflection because bearing
loads rarely cause structural failures. Therefore, ASTM procedures for
determining compression perpendicular to grain values are based on a
deformation basis of 0.04" and are considered adequate for most classes of
structures. Where more stringent measures need to be taken in design, the
following formula permits the designer to adjust design values to a more
conservative deformation basis of 0.02": F; 902 =0.73 F

Douglas Fir-Larch: F, = 625 psi
For 002 =0.73 (625) = 456 psi

Example:

WET USE FACTORS (Cy) Table F

Apply to size-adjusted vaiues

The design values shown in Tables 1, 2 and 3 are for routine construction
applications where the moisture content of the wood does not exceed 19% in
use. When use conditions are such that the moisture content of Dimension
lumber will exceed 19% in use, the Wet Use Adjustment Factors below are
recommended.

Property Adjustment Factor
Fy 0.85°

Fi 1.0

F:; 0.8%

F, 0.97

Fey 0.67

E, Epin 0.9

1 Wet Use Factor 1.0 for size-adjusted F, not exceeding 1150 psi.
2 Wet Use Factor 1.0 for si dj d Fznot ding 750 psi.

INCISING FACTORS (C)) Table G

Apply to size-adjusted values

Tabulated design values shall be multiplied by the foilowing incising factor
(Ci), when Dimension lumber is incised parallel to grain to a maximum
depth of 0.4", a maximum length of 34", and density of incisions of
1,000/112, Incising factors shall be determined by test or by calculation
using reduced section properties for incising patterns exceeding these

limits.
Property Adjustment Factor
E, Emin 0.95
Fo, F, Fo Fy 0.80
Fey 1.00

SPECIAL DIMENSION LUMBER

There are two categories of Special Dimension lumber grades.
Design values are shown in Tables 2 and 3 for these categories:
a. Structural Decking - 2x4 through 4x12;
b. Machine Stress-Rated lumber (MSR) - nominal 2" and less in
thickness, 2" and wider.

STRUCTURAL DECKING

Grades/End Uses - Standard decking patterns, in nominat 2"
single T&G and 3" and 4" double T&G, are available in vee or eased
joints to meet most architectural design requirements. For diagrams of
available patterns and sizes, order WWPA's publication Standard
Patterns (G-16). Two grades are available. Published design values
need to be adjusted for depth effect. Refer to Tables 2 and H
below. Decking spans are provided in Table 10, page 15.

STRUCTURAL DECKING DESIGN VALUES' Table 2

Sizes: 2" 1o 4" thick, 4" to 12" wide
Use with appropriate Adjustments in Tables C, F, G, H
For flatwise use only

DRY or MC15
Fy D Modulus
Decking Single Repetitive Perpendicular of Elasticity
Species Grade Member Member Foy E Emin

1,800,000 660,000
1,700,000 620,000

1,400,000 510,000
1,300,000 470,000

Douglas  Selected 1750 2000 625
Fir-Larch Commercial 1450 1650 625

Douglas  Selected 1650 1900 520
Fir-South Commercial 1400 1600 520

Hem-Fir Selected 1400 1600 405 1,500,000 550,000

Commercial 1150 1350 405 1,400,000 510,000
SPFs Selected 1150 1350 335 1,400,000 510,000

Commercial 950 1100 335 1,200,000 440,000
Western Selected 1250 1450 425 1,100,000 400,000
Cedars Commercial 1050 1200 425 1,000,000 370,000
Western Selected 1150 1300 335 1,200,000 440,000

Woods Commercial 950 1100 335 1,100,000 400,000

1 Design values in pounds per square inch. See Table 1 {page 6) for horizontal shear (FV)
vales.

ADJUSTMENT FACTORS Table H
FOR DEPTH EFFECT (C[)
For all widths of Structural Decking
Decking bending design values may be adjusted for thickness as shown
below because the bending values shown in Table 2 are based on a 4” thick
member loaded flatwise.

Nominal Thickness

zn 3'1 4n
1.10 1.04 1.00
ADJUSTMENTS FOR Checklist 3

STRUCTURAL DECKING

Table C, page 7
Table F, page 9
Table G, page 9
Table H, page 9

{3 Duration of Load (Cp)
[J Wet Use Factor (Cy)
[ Incising Factor (C;)
3 Depth Effect (Cg)

Used courtesy of Western Wood Products Assn.
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4.1.1 Western Wood Products Association (WWPA) Grade Markings

Framing Lumber

WWPA GRADE STAMPS
Grading practices of WWPA mills are closely supervised by the

Association’s field team of Lumber Inspectors to assure uniformity and
conformance to the Western Lumber Grading Rules. These rules
establish standards for size and levels of quality in conformance with the
American Softwood Lumber Standard PS 20, which can be viewed
online at: http://ts.nist.gov/docvps

The Grading Rules provide the specifier with a dependable measure
for determining the quality of lumber. Western lumber grades may be
assigned visually or mechanically.

The building codes require that grade-marked lumber be used for
structural applications. if practical, appearance grades such as Selects
and Commons used for siding, paneling and soffits, may be specified
end stamped. Most grade stamps, except those for rough lumber or
heavy timbers, contain the five basic elements shown below:

a. WWPA Certification Mark: Certifies Association quality supervision.
o o @, is a registered trademark.
12GTAND b. Mill identification: Firm name,
\T\/ ® o brand or assigned mill number. A
(a)wp S-g)RY WWHPA mill number list is available
online at www.wwpa.org/millno.htm.
c. Grade Deslgnation: Grade name, number or abbreviation.
d. Specles kentification: indicates species by individual species or
species combination. Other species identification marks are shown
in the species list on page 4.
e. Condition of Seasoning: Indicates condition of seasoning at the time
of surfacing-
S-GRN - over 19% moisture content (unseasoned)
S-DRY, KD or KD HT - 18% maximum moaisture content
MC15 or KD15 - 15% maximum moisture content

KD HT LUMBER GRADE STAMP

A KD HT mark, indicating the wood has been kiin dried (KD) and heat-
treated (HT), is used to meet interational regulations for wood pallet and
packaging materials. The mark indicates lumber has been dried to a
maximum moisture content of 19 percent or less, and was heat-treated
to a lumber core temperature of 56°C for a minimum of 30 minutes.

For structural framing applications, including Metal Plate Connected
(MPC) wood trusses, the KD HT mark can be considered the same as sur-
faced dry (S-DRY) and KD.

LUMBER DESIGN VALUES

Design values for North American softwood structural lumber are
determined in accordance with ASTM standards based on clear-wood
tests and tests of graded lumber pieces. The applicable standards,
based on results of tests conducted in cooperation with the USDA
Forest Products Laboratory, are ASTM Standards D 2555 and D 245
for clear-wood, and D 7990 for graded lumber specimens. Refer to
Sections 100.00 to 180.00 of the Western Lumber Grading Rules for
additional information.

Design values are published in the Western Lumber Grading Rules,
incorporated into the Supplement to the National Design Specification
for Wood Construction® (NDS®), and are shown on the following
pages of this publication; for NGR Dimension lumber in Table 1 (page 6)
and for Timbers in Tables 4 and 5 (page 11). These design values are
recognized by the model building codes. For any alternate species
combinations {other than the standard species combinations) the
species of lowest assigned design value governs the combination.

FRAMING LUMBER

The general classifications of framing lumber are Dimension, Special
Dimension and Timbers. The lumber grades within these classifica-
tions are intended for structural applications in load-bearing situations.

The design values for Dimension lumber in Table 1 are published as
BASE VALUES. BASE VALUES are constants that are applied to each
grade in a particular species grouping. BASE VALUES must be adjust-
ed for size, using the SIZE-ADJUSTMENT FACTORS in Table A.
Design values in Table 3 are published in a SIZE-ADJUSTED FORMAT,
and no size adjustment is necessary. All design values (in Tables 1-5)
must be adjusted for conditions of use (Tables B-K) as appropriate.
Refer to pages 7-9 for more information on using BASE VALUES. The
checklists, after each classification of lumber, serve as reminders as to
when and how to apply adjustments to the numbers in each table of
design values.

Mechanical Properties - Lumber strength properties are assigned to
five basic properties: fiber stress in bending (Fp), tension paraliet to
grain {ft), horizontal shear {/,), compression perpendicular to grain
{Fe.) and compression parallel to grain (F¢). The modulus of elasticity
(E or MOE) is a ratio of the amount a piece of lumber will deflect in
proportion to an applied load. It is a measurement of stiffness and not
a strength property. £, is the modulus of elasticity for beam and col-
umn stability calculations. Refer to pages 12 and 13 for a description
of these properties.

Western lumber design values are for use in all normal construction
design. Higher or lower design values may be used to meet special
structural requirerments. Standard ASTM reductions have been made
to the strength values to account for safety and duration of load. The
National Design Specification for Wood Construction® (NDS®), pub-
lished by the American Forest & Paper Association, www.awc.org,
1111 19th Street, NW, Eighth Floor, Washington, DC 200386, sets forth
design methods for structural applications.

Moisture Content and Heat Treating - Any of the abbreviations,
S-GRN, HT, S-DRY, KD, KD HT, MC15, or KD15 may be found in a
grade stamp to denote the moisture content (MC) of lumber at the
time of surfacing. Designations are explained in the left column.

Unseasoned (S-GRN) lumber is manufactured oversized so that
when it reaches 19% MC it will be approximately the same size as the
dry size. Therefore, when unseasoned lumber is shipped, the same
design values that are assigned and used for dry lumber also apply to
S-GRN lumber.

Heat Treated (HT) lumber is lumber that has been placed in a closed
chamber and heat added until the lumber achieves a minimum core
temperature of 56°C for a minimum of 30 minutes.

The word “DRY" indicates that a product was either kiin or air dried
to a maximum moisture content of 19%. Kiln-dried (KD} lumber is lum-
ber that has been seasoned in a chamber to a pre-determined mois-
ture content by applying heat.

Kiln Dried Heat Treated (KD HT) lumber is lumber that has been
placed in a closed chamber and heat added until the lumber achieves
a minimum core temperature of 56°C for a minimum of 30 minutes
and which is dried to a maximum moisture content of 19% or less.

Framing lumber 2" and less in thickness may be seasoned to a
moisture content of 19% or less, with the indication “S-DRY” or “KD”
on the grade stamp. Surfaced framing lumber over 2" in thickness is
typically shipped unseasoned and indicated “S-GRN" on the grade
stamp. Regional market conditions dictate the availability of dry or
unseasoned material.

Used courtesy of Western Wood Products Assn.
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4.1.2 Western Lumber Species Marketing Categories

Western Lumber Species and Grades

WESTERN LUMBER SPECIES MARKETING CATEGORIES

Standard Species
Combinations

2&.08 Douglas Fir-Larch

SR Western Larch— Larix occidentais

Douglas Fir-South |

freu]

Western Softwood Species

Douglas Fir— Pseudotsuga menziesii

Dougtas Fir-South— Pseudotsuga menziesii
(Grown in AZ, CO, NV, NM and UT)

Alternate Species
Combinations
ITE Noble Fir
W:_-‘R California Red Fir
Grand Fir
Pacific Sitver Fir
White Fir

ES
LpP

Engelmann Spruce-

Western Hemilock— Tsuga heterophylia Lodgepole Pine
Noble Fir—— Abies procera
Hem-Fir California Red Fir—Abies magnifica Alpine Fir-
Grand Fir—Abies grandis @ Hem-Fir
Pacific Silver Fir--Abigs amabilis @
woors White Fir— Abiss concolor qPS P Ponderosa Pine-
SS Sitka Spruce— Picea sitchensis White Sugar Pine
V\\’Ivegé%m S Pine-Fi Woods
S § Spruce-Pine-Fir @ ) " (any -
SPF (South) Engelmann Spruce—Picea engelmannii combination E S AF E\?’g:grgn Spruce:
Lodgepole Pine— Pinus contorta %égteem
ALPINE Alpine Fir— Abies lasiocarpa true firs, @ Engelmann Spruce-
FiR {or Subalpine Fir} spruces, LoQgepgle Pine-
hemlocks Alpine Fir
qP Ponderosa Pine— Pinus ponderosa or pines) P P 'I.P Ponderosa Pine-
SP Sugar Pine— Pinus lambertiana Lodgepole Pine
W Idaho White Pine— Pinus monticola
IVVP  (or Western White Pine)
@ Mountain Hemlock-- Tsuga mertensiana
Incense Cedar— Libocedrus decurrens
Western Cedars E Western Red Cedar— Thuja plicata
Port Orford Cedar— Chamascyparis lawsoniana
Alaskan Cedar— Chamaecyparisnootkatensis
GRADE CATEGORIES the products in this category are often run-to-pattern for paneling and

Waestern solid-sawn lumber is grouped into three broad categories:
framing (or structural) lumber, which is graded for strength; appearance
lumber, which is not graded for strength; and industrial (or factory)
lumber, which is generally graded for specific end uses or for
remanufacturing and recovery purposes.

Framing lumber includes the grades intended for structural
applications in both conventional and pre-engineered framing systems.
Western species structural lumber is manufactured primarily from
second- and third-growth softwoods and graded, either visually or
mechanically, on the basis of its strength; each species and grade has
an assigned design value. General classifications include:

o Dimension lumber grades
® Special Dimension lumber grades
o Timber grades

Design values for Dimension lumber are published as BASE
VALUES which must be adjusted for size as well as conditions of use.
Refer to pages 5 to 17.

Appearance lumber includes a variety of non-structural grades
intended for applications where strength is not the primary considera-
tion. Appearance grade Western lumber is manufactured primarily from
older (not “old growth”) and second-growth softwood trees. Many of

siding applications. General classifications include:

« High-quality Appearance grades
(Selects, Finish and Special Western Red Cedar Grades)

¢ General purpose Board grades
(Commons under WWPA Rules and
Alternate Board Grades under WCLIB Rules)

o Radius-edged Patio Decking grades
(Patio 1 and Patio 2)

Refer to pages 18 to 20.

Industrial lumber includes both structural and non-structural grades
intended for specific applications. General classifications include:
o Structural grades
(Mining Timbers, Scaffold Plank, Foundation lumber,
Stress-Rated Boards)
® Factory and Shop grades

(non-structural grades intended for cut up and remanufacturing)

o Non-structural grades
(Gutter, Picket, Lath, Batten, Stepping)
Refer to pages 21 and 22.

Used courtesy of Western Wood Products Assn.
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4.1.3 Machine Stress-Rated (MSR) Lumber

Framing Lumber

MSR LUMBER

Machine Stress-Rated lumber (MSR) is Dimension lumber that has
been evaluated by mechanical stress-rating equipment. The stress-
rating equipment measures the stiffness of the material and sorts it into
various modulus of elasticity (E) classes.

Research has shown that a direct relationship exists between the
bending stiffness of a piece of lumber, its bending strength or modulus
of rupture (MOR), and its ultimate tensile strength (UTS).

Since the only way to determine strength values is to actually break
the piece, the next best alternative is to measure the stiffness, compute
the modulus of elasticity, and then predict the strength values.

Following this “E” sorting, each piece must also meet certain visual
requirements and daily quality control test procedures for both Fp and E.

Voluntary procedures - Because there Is a direct relationship
between specific gravity values and MSR lumber grades (with higher-
strength grades having higher specific gravity values), some MSR
lumber producers provide voluntary daily quality control for specific
gravity (SG) and/or tension (Ft) in addition to the mandatory Fp and E
testing. When these additional levels of quality control are provided, the
producer may include the appropriate Ft, SG and specific gravity-
related compression perpendicular to grain value (Fe,), and horizontal
shear (F,) values on the grade stamp in addition to /4 and E. MSR
producers providing one or more of these additional levels of quality
control may choose to limit the number of grades which are subject to
Ft and SG testing.

End Uses - One of the prime uses for Machine Stress-Rated
lumber Is trusses. However, this product is also used as floor and ceil-
ing joists, as rafters and for other structural purposes where assured
strength capabiiities are primary product considerations.

Code Acceptability - MSR lumber produced under an approved
grading agency's certification and quality control procedures is
accepted by regulatory agencies and all major building codes.

Refer to page 17 for information on specifying MSR lumber, Order
WWPA's Machine Stress-Rated Lumber (TG-4) publication for additional
information on MSR products and quality control procedures.

12 MSR gpfs

W) 2400Fb 1925Ft
@e 2.0E .50SG

MACHINE RATED
° 12
1650 Fb 1.5E

Typical MSR Stamp MSR Stamp with Tension and

Specific Gravity Quality Control

When MSR lumber is visually graded for optional wane limitations as
described in WWPA's Western Lumber Grade Rules, the grade stamp
includes the mark "1W".

DESIGN VALUES

When designing with MSR lumber, the appropriate adjustments in
Tables B-G must be applied to the numbers in Table 3.

Fp: For any given value of Fp the average modulus of elasticity (E),
may vary depending on species, timber source and other variables.
The E value included in the Fp-E grade designations in Table 3 are
those usually associated with each Fp, level. Grade stamps may show
higher or lower £ values (in increments of 100,000 psi) if machine rating
indicates the assignment is appropriate. When an E value varies from
the designated Fp level in the table, the tabulated Fp, F and Fc values
associated with the designated Fp, value are applicable.

DESIGN VALUES' Table 3
MACHINE STRESS-RATED LUMBER
2" and less in thickness, 2" and wider

Use with appropriate Adjustments in Tables B through G

Designation Fy Single E Emin Fi F:

2850 F,-2.3E 2850
2700 Fy-2.2E 2700
2550 Fp-2.1E 2550
2400 F,-2.0E 2400

2,300,000 1,170,000 2300 2150
2,200,000 1,120,000 2150 2100
2,100,000 1,070,000 2050 2025
2,000,000 1,020,000 1925 1975

2250 F,-1.9E 2250 1,900,000 970,000 1750 1925
2100 F,-1.8E 2100 1,800,000 910,000 1575 1875
1950 F,-1.7E 1950 1,700,000 860,000 1375 1800
1800 F,-1.6E 1800 1,600,000 810,000 1175 1750
1650 F,-1.5E 1650 1,500,000 760,000 1020 1700
1500 F,-1.4E 1500 1,400,000 710,000 900 1650
1450 F,-1.3E 1450 1,300,000 660,000 800 1625
1850 Fp,-1.8E 1350 1,300,000 660,000 750 1600
1200 F,-1.2E 1200 1,200,000 610,000 600 1400
900 F,-1.0E 900 1,000,000 510,000 350 1050

1 Design values in pounds per square inch

F¢. and Fy: Design values for compression perpendicular to grain
{(Fe.), and horizontal shear (Fy), are the same as assigned to visually
graded lumber of the appropriate species. These average F¢, and Fy
values for Western lumber are provided in Table 1, page 6.

DERIVING COMPRESSION PERPENDICULAR TO GRAIN VALUE (Fc>)

When a grade of MSR lumber is qualified by testing and daily quality
control for specific gravity (SG), the allowable F¢, value may be calcu-
lated by the following formula:

FCJ_ = [2252,4 X SG} - 480

Fe, values, determined by the above equation, are based on a
0.04" deformation limit and are for the design of most structures.
Values based on 0.02" deformation can be obtained with the following
formulas:

For0.02 =146 + (0.71 x Foy)
FCJ.U.OZ = [16055 x SG) -327.5

DERIVING HORIZONTAL SHEAR VALUE (Fy)

When a grade of MSR lumber is qualified by testing and daily quality
control for specific gravity (SG), the allowable F, value may be calcu-
lated using the following formula:

Fv =40 + (266 x SG)

Used courtesy of Western Wood Products Assn.
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4.1.4 Mechanical Properties of Western Lumber (lllustrated)

Framing Lumber

MEGHANICAL PROPERTIES ILLUSTRATED

Extreme Fiber Stress in Bending - Fp (Fig. 1)  When loads
are applied, structural members bend, producing tension in the fibers
along the faces farthest from the applied ioad and compression in the
fibers along the face nearest to the applied load. These induced
stresses in the fibers are designated as “extreme fiber stress in
bending” (Fb).

Single Member Fp,
design values are
used in design where
the strength of an
individual piece, such
as a beam, may be
solely responsible for
carying a specific
design load.

Repetitive Member Fp design values are used in design when
three or more load sharing members, such as joists, rafters, or studs,
are spaced no more than 24" apart and are joined by flooring,
sheathing or other load-distributing elements. Repetitive members are
also used where pieces are adjacent, such as decking.

y
\

Fiber Stress in Tension - F; (Fig. 2)
Tensile stresses are similar to compression
parallel to grain in that they act across the full
cross section and tend to stretch the piece.
Length does not affect tensile stresses.

Fig. 2

Horizontal Shear - Fy
(Fig. 3)  Horizontal shear
stresses tend to slide fibers
over each other horizontally.
Most predominate in short,
heavily loaded deep
beams. Increasing beam
Cross section decreases
shear stresses.

Fig. 3

Compression Perpendicular
to Grain - Fo 1 (Fig. 4)
Where a joist, beam or similar
piece of lumber bears on
supports, the load tends to
compress the fibers. it is
necessary that the bearing
area be sufficient to prevent
excessive side-grain crushing.

—gee-gn

; W
peannd ve Fig. 4

Compression Parallel to Grain - F¢ (Fig. 5)
In many parts of a structure, stress grades are used
where the loads are supported on the ends of the
pieces. Such uses are as studs, posts, columns and
struts. The internal stress induced by this kind of load-
ing is the same across the whole cross section and
the fibers are uniformly stressed parallel to and along
the full length of the piece.

—p
—

Modulus of Elasticity - E (Fig. 6)
The modulus of elasticity is a ratio of the amount a
material will deflect in proportion to an applied load.

E = 2,000,000 psi
Deflection: 1”

E = 1,000,000 psi
Deflection: 2”

Fig. 6

Note: Modulus of Elasticity - Emin
Emin is the modulus of elasticity for beam and column stability
calculations.

Used courtesy of Western Wood Products Assn.
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4.1.5 Standard Sizes of Framing Lumber

STANDARD SIZES - FRAMING LUMBER Tabie 6
Nominal & Dressed (Based on Western Lumber Grading Rules)
Dressed {surfaced) Size
Nominal Size Thicknesses & Widths
Thickness Width Surfaced Surfaced Length
Product Description inch inch Dry Unseasoned feet
inch mm inch mm
2 2 1% 38 1% 40
3 3 2Y, 64 2% 65 6’ (183 cm)
4 4 3Y 89 3%, 90 and longer,
5 4Y 114 4% 17 generally
DIMENSION S4S 6 5% 140 5% 143 shipped in
8 7% 184 7% 191 multiples of
10 9Y, 235 9% 241 2' (61 cm)
12 1Y 289 11, 292
over 12 Y, off nominal 19 off nominal % off nomina! 13 off nominal
Thickness Width &' ngS cm)
anda ionger,
Unseasoned Unseasoned generally
Roughor 84S 5 and 5 and %" (13mm) off nominal (S4S). shipped in
TIMBERS (shipped larger larger See 3.20 of WWPA Grading multiples of
unseasoned) Rules for Rough. 2'(61cm)
Thickness Width
Thickness Width Dry Dry
inch mm inch mm 6’ (183 cm)
and fonger,
2 5 1% 38 4 102 generally
6 5 127 shipped in
DECKING 2" 8 6% 172 multiples of
(Single T&G) 10 8% 222 2' (61 cm)
12 10% 273
3" and 4" 3 6 2Y% 64 5% 133
(Double T&G) 4 3% 89

Abbreviations: T&G—Tongued and grooved Rough—Unsurtaced 84S—Surfaced four sides
Note on Metrics: Metric equivalents are provided for surfaced (actual) sizes.

Used courtesy of Western Wood Products Assn.
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FLOOR JOIST SPANS' Table 7
40# LIVE LOAD 10# DEAD LOAD
L/360
Design Criteria: Strength - 10 Ibs. per sq. ft. dead load plus 40 Ibs. per sq. ft. live load.
Deflection - Limited in span in inches divided by 360 for live load only.
Span (feet and inches)
2x8 2x10 I 2x12 2x14
Species spacing on center
or Group Grade 12 16° 192 24 127 168 12 2 127 16" 182 24" 12 16" 192 "
Douglas Sel. Struc. 150 137 12-10 11-11 191 17-4 164 152 23-3 21-1 19-10 18-5 27-4 24-10 23-5 21-4
Fir-Larch 1 &Btr. 148 13-4 127 11-8 189 17-0 160 149 22-10 209 19-1 171 26-10 234 214 191
No. 1 148 131 12-4 110 185 165 15-0 135 22-0 1941 17-6 157 24-7 21-4 195 17-5
No. 2 142 12-9 11-8 105 18-0 157 143 129 20-11 18-1 16-6 14-9 23-4 20-3 185 166
No. 3 1-3 9-9 8-11 80 139 1111 10-11 99 16-0 13-10 127 11-3 17-10 156 14-1 127
Douglas Sel. Struc. 13-6 123 117 109 17-3 158 149 138 21-0 1941 17-11 16-8 24-8 225 211 197
Fir-South No. 1 132 120 M1-3 106 16-10 15-3 145 12-11 20-6 184 16-9 150 238 206 189 16-9
No. 2 12-10 11-8 110 10-2 16-5 14-11  13-10 12-5 19-11 17-7  16-1  14-4 22-8  19-8  17-11 16-1
No. 3 11-0 9-6 8-8 7-9 13-5 11-8 10-7 9-6 157 13-6 124 110 176  15-1 139 124
Hem-Fir Sel. Struc. 142 12-10 12-1  11-3 18-0 165 155 144 21411 19-11 189 175 25-10 23-6 22-1 20-6
1 &Btr. 13-10 127  11-10 11-0 17-8 160 151 140 21-6 196 18-3 164 25-3 224 20-5 18-3
No. 1 13-10 127  11-10 10-10 17-8  16-0 14-10 133 216 18-10 17-2 155 24-4 211 193 172
No. 2 132 12-0 113 102 16-10 152 13-10 125 20-4 17-7 161 144 22-8 198 17-11 16-1
No. 3 11-0 8-6 8-8 7-9 1386 118 107 9-6 15-7 136 12-4 110 17-5 151 13-9 124
Spruce- Sel. Struc. 132 120 11-3 106 16-10 15-3 145 13-4 20-6 187 17-6 16-3 241 21-11 207 19-2
Pine-Fir No. 1 12-10 11-8  1t-0  10-2 165 14-11 140 127 19-11 1710 16-3 14-7 23-0 19-11 18-2 16-3
(South) No.2 126 11-4  10-8 9-8 15-11 146 13-3 11-10 19-4 16-10 15-4 139 21-8 189 172 154
No. 3 10-5 9-0 8-3 7-5 128 11-0 101 9-0 14-9 12-10 11-8 105 166 144 131 118
Western Sel. Struc. 12-10  11-8  11-0 10-2 16-5 14-11 14-0 129 19-11  18-1 16-6 14-9 23-4 20-3 185 166
Woods No. 1 12-6  11-1 10-t 9-0 167 136 12-4 110 18-1 158 144 12-10 20-3 176 160 14-4
No. 2 12-1  11-0 101 90 155 136  12-4 11-0 18-1 158 14-4 12-10 | 20-3 176 160 14-4
No. 3 9-6 8-3 7-6 6-9 1-8 101 9-2 8-3 13-6 11-8 10-8 9-6 15-1 131 11-11 108
1]
FLOOR JOIST SPANS Table 8

30# LIVE LOAD

/360

10# DEAD LOAD

Design Criteria: Strength - 10 Ibs. per sq. ft. dead load plus 30 Ibs. per sq. ft. live load.
Deflection - Limited in span in inches divided by 360 for live load only.

e ——

Span (feet and inches)
2x6 2x8 2x10 2x12
Species spacing on center
or Gl'l)llp Grade 12 16 19.2* 2% 2° 16" 192 28 12" 16" 192 24 12° 16* 19.2 24
Douglas Sel. Struc. 126 114 108 9-11 16-6 150 141 1341 21-0 191 18-0 16-8 257 233 21-10 20-3
Fir-Larch 1 & Btr. 12.3 112 106 9-9 16-2 148 1310 1210 208 189 178 165 25-1 2210 21-4 19-1
No. 1 120 10-11 10-4 97 | 1510 145 137 124 | 203 185 169 150 | 24-8 214 196 175
No. 2 1-10 109 101 93 | 157 142 130 1-8 | 19-10 176 1511 143 | 234 203 186 166
No. 3 911 87 710 70 | 127 1041 106 811 | 156 134 122 10-11 | 17-10 156 141 127
Douglas Sel. Struc. 13 103 98 811 | 1411 136 129 11-10 | 190 173 163 154 | 231 210 199 184
Fir-South No. 1 110 100 95 89 | 146 132 125 11-6 | 186 1610 1510 14-5 | 226 20-6 18-9 16-9
No. 2 109 99 92 86 | 142 1210 121 113 | 180 16-5 155 1310 | 21-11 19.8 17-11 16-1
No. 3 98 85 78 610 | 124 108 99 88 | 150 130 1110 107 | 175 151 139 124
Hem-Fir Sel. Struc. 11-10 109 1041 9-4 157 142 134 124 19-10 180 17-0 159 24-2  21-11 20-8 19-2
1&Bir 117 106 910 92 [ 153 1310 130 121 | 195 178 167 155 | 237 216 202 183
No. 1 17 106 910 92 | 153 1310 130 1211 | 195 178 167 1410 | 237 211 193 172
No. 2 110 100 95 89 | 146 132 1255 1144 | 186 1610 156 13-10 | 226 198 17-11 16-1
No. 3 98 85 78 610 | 124 108 99 88 | 150 130 11-10 107 | 175 151 139 124
Spruce- Sel. Struc. 110 100 95 B89 | 146 132 125 116 | 186 1610 1510 14-8 | 226 206 193 17-11
Pine-Fir No. 1 109 99 92 86 | 142 1210 121 113 | 180 165 155 141 | 2111 19-11 183 16-3
(South) No. 2 105 96 811 83 | 139 126 19 1010 | 176 1511 14-9 133 | 21-4 189 17-2 154
No. 3 93 80 73 66 18 101 93 83 | 143 124 113 101 | 166 144 131 11-8
Western Sel.Struc. 109 99 92 86 | 142 1210 121 11-3 | 180 165 155 143 | 21-11 19-11 186 166
Woods No. 1 10-5 96 &1 80 | 139 124 11-4 101 | 175 151 1310 124 | 203 176 160 14-4
No. 2 101 92 88 80 | 134 121 11-4 1041 | 170 151 13-10 124 | 203 176 160 14-4
No. 3 85 73 68 511 | 108 98 85 76 | 130 113 103 92 | 151 131 11-11 108

¥ Spans for other loads are provided in WWPA's Western Lumber Span Tables (572). Spans for other grades and Westem Cedars may be calculated with any of WWPA's design
aids: the WWPA Span Computer (SR), a slide rule-styie calcufator; DesignEasy, a spreadsheet program for PDA devices; or the Lumber Design Suite, a spreadsheet program.

Used courtesy of Western Wood Products Assn.
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4.1.7 Ceiling Joist, Structural Decking Spans for Western Lumber

Framing Lumber

CEILING JOIST SPANS

20+# LIVE LOAD

L/240

10# DEAD 1.OAD

Design Criteria: Strength - 10 Ibs. per sq. ft. dead load plus 20 Ibs. per sq. ft. live load.
Deflection - Limited in span in inches divided by 240 for live load only.

N

Table 9

Span (feet and inches)
2x6 2x8 I 2x10 2x12
Species spacing on center
or Group Grade 12" %" 19.2" 24" 12 16" 19.2 24" 12" 16" 19.2° 24 12" % 192 24
Douglas Sel. Struc. 16-4  14-11 14-0 130 21-7 197 185 172 27-6 250 237 21-3 336 302 276 24-8
Fir-Larch 1&Btr. 16-1 14-7 13-9 123 21-2 19+ 175 15.7 26-10 23-3 21-3 19-0 31-2 270 24-8 220
No. 1 159 139 126 11-2 20-1  17-56  15-10 14-2 246 213 19-5 174 28-5 248 226 20-1
No. 2 150 13-0 11-11 10-8 19-1 166 151 136 23-3 202 185 165 27-0 234 21-4 1941
No. 3 11-6 9-11  9-1 8-1 14-7 127 11-6  10-3 179 155 141 127 20-7 17-10 16-3 14-7
Douglas Sel. Struc. 149 135 12-8 119 196 179 16-8 156 24-10 22-7 21-3 199 30-3 276 25-10 234
Fir-South No. 1 14-5 13-1 t2-1 109 19-0 169 153 13-8 23-7 205 18-8 16-8 27-4 238 217 194
No. 2 1441 12-8 117 104 186 160 148 13-1 22-7 197 17-10 16-0 26-3 22-8 20-9 18-6
No. 3 1-2 9-8 8-10 7-11 14-2 124 11-3  10-0 174 150 138 12-3 20-1 175 15-11 143
Hem-Fir Sel. Struc. 15-6 141 13-3 123 205 186 17-5 16-2 26-0 238 22-3 206 31-8 289 26-7 239
1 & Btr. 152 139 12-11 119 19-11  18-2 16-8  14-11 25-5 22-3 204 182 29-10 25-10 23-7 211
No. 1 152 137 1244 111 19-10 17-2 15-8  14-0 24-3 21-0 192 1741 28-1 244 22-2 19-10
No, 2 145 128 11-7 104 186 16-0 14-8 13-1 22-7 197 17-10 16-0 26-3 228 209 186
No. 3 11-2 9-8 810 7-11 14-2 124 11-3 100 17-4 150 13-8 123 20-1 175 15-11 143
Spruce- Sel. Struc. 145 131 1244 U5 190 17-3 16-3 15-1 24-3 22-1 20-9 193 29-6 26-10 25-3 22-11
Plne-Fir No. 1 14-1 129 19 106 186 16-3 14-10 13-3 22-11 19-10 18-2 16-3 26-7 230 21-0 18-10
(South) No. 2 13-8 12-t  11-0 9-10 17-8 154 140 126 21-7 188 17-1 153 250 218 199 178
No. 3 10-8 8-3 8-5 7-6 136 11-8 10-8 9-6 165 14-3 130 11-8 19-1  16-6 15-1 13-6
Western Sel. Struc. 14-1 i2-9  11-11 10-8 18-6 16-6 15-1  13-6 23-3 202 185 165 27-0 234 214 191
Woods No. 1 13-0 11-3 104 9-3 166 14-3 13-0 118 20-2 175 15-11 14-3 23-4 203 186 16-6
No. 2 13-0 113 104 93 16-6 143 13-0 11-8 20-2 175 15-11 14-3 23-4 20-3 186 16-6
No. 3 9-8 85 78 610 12-4  10-8 99 88 150 130  11-10 10-7 17-5 151 13-9 124
STRUCTURAL DECKING SPANS Table 10
Spans for 4 to 12" wide lumber manufactured and used at a maximum moisture content of 19%.
Spans are given in feet-inches.
2" Thick Decking 3" Thick Decking
Speeles Bouglas Fir-| Douglas Fir- ]Spruce-l'lne- Western | Western Douglas Fir- | Douglas Fir- Spruce-Pine-| Western | Western
Larch South Hem-Fir | Fir {(South) Cedars Woods Larch South Hem-Fir | Fir (South) Cedars Woods
Grade Sel. Com. | Sel. Com. | Sel. Com. | Sel. Com. | Sel. Com, | Sel. Com. Sel. Com. | Sel Com. | Sel. Com. | Sel. Com. | Sel. Com. | Sel. Com.
FLLOOR DECKING - 10 psf Dead Load / 40 psf Live Load {(normal load) L/480 Deflection Limit
Simple 56 56 5-1 4-11 §-2 51 5-1 4-10 4-8 47 |4-10 48 93 90 86 83| 88 86 86 81 7410 77 | 81 710
Controlled 60 51 | 57 55 | 58 57 | 57 53 [ 51 50 | 53 51 10-7 10-4 99 96| 911 99| 99 93 | o0 88| 93 90
ROOF DECKING - 10 pst Dead Load / 20 psf Live Load (seven-day load) L/240 Detlection Limit
Simple 89 87 8-1 7-10 83 81 8-1 78 75 73 |18 75 14-7 144 135 131 | 13-9 135 | 135 129 | 125 120 | 12-9 125
Controlled 97 95 | 81087 | 90810 | 81084 | 82710 |84 B2 16-9 165 | 155 15-1 | 159 15-6 | 155 14-8 | 14-3 13-9 | 14-8 143
ROOF DECKING - 10 pst Dead Load / 30 pst Live Load (snow load) L/240 Deflection Limit
Simple 78 76 7-1 61 73 71 71 68 66 64 |68 66 12-9 12-6 1-9 11-6 | 12-0 13-9 | 11-9 112 | 10-10 10-6 | 11-2 10-10
Controlled g4 83 | 78 76| 71078 | 78 74 | 61 |74 74 148 145 | 136 132 | 139 136 | 136 12-10 | 125 124 | 1210 125
ROOF DECKING - 10 psf Dead Load /40 psf Live Load (snow load) 1/240 Deflection Limit
Simple 70 610 65 6-3 67 65 6-5 6-1 511 58 | 61 511 1-7 115 10-8 10-5 [ 10-11 10-8 | 10-8 10-2 | 910 96 | 10-2 9-10
Controlled 7.7 16 | 70610 | 72 70 | 70 68 | 65 63 |68 &5 13-4 131 | 123 1111 (126 12:3 | 123 11-8 | 11-4 1011 | 118 114
Spans for Dimension Lumber (8" & narrower) run-to-pattern as 2" and 3" decking may be used as follows:
No. 3 Grade (for Roof Decking: use Simple arrang t spans for both Simple and

No. 2 Grade

DF-L uses spans for Hem-Fir Selected Decking.
DF-S uses spans for Western Woods Selected Decking.

H-F uses spans for Douglas Fir-South Commercial Decking.
SPFS uses spans for Western Woods Commercial Decking.
Other species groups use spans for Western Cedars Commercial Decking.

Controlied Random arrangements.)
DF-L uses spans for Douglas Fir-South Selected Decking.
DF-S uses spans for Western Cedars Selected Decking.
H-F uses spans for Western Woods Selected Decking.
SPFS uses spans for Western Cedars Commercial Decking with reductions of 3" for 2*
-Decking, and 5" for 3" -Decking

Used courtesy of Western Wood Products Assn.
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4.1.8 Sizes, Properties of Dressed Western Lumber Species

Framing Lumber

PROPERTIES OF STANDARD
DRESSED SIZES (S4S)

Certain mathematical expressions of the properties or elements of
sections are used in computing the values of structural members of
various shapes for the various conditions under which they are sub-
jected to stress. The properties or elements of sections of standard
sizes of joists, planks, beams, stringers, posts, timbers and decking
are given in the following tables.

NEUTRAL AXIS, X-X in the diagrams, in the cross section of a

219

beam or column in a state of flexure, is the line on which there is
neither tension nor compression.
In the following tables, which show the properties of the rectangular
and square sections of lumber, the neutral axis has been assumed as
perpendicular to the depth of the section at its center, the depth “h* being
parallel to and in the direction of the application of the force or load.
MOMENT OF INERTIA, J, of the cross section of a beam is the sum
of the products of each of its elementary areas by the square of their
distance from the neutral axis of the section.
SECTION MODULUS, S, is the moment of inertia divided by the
distance from the neutral axis to the extreme fiber of the section.
CROSS SECTION is a section taken through the member perpen-
dicular to its longitudinat axis.

SECTION PROPERTIES

[e—b —=|

-

Table 11

OF PLANKS Sk
t
Surfaced Section  Moment of Board
Nominal Size Modulus (S) Inertia (f) Feet per
Size forDesign  Area(d) o _ on? ;< ¥ Lineal
ininches ininches A=bh 6 12 Footof
bxh bxh {in2) {in3) {in4) Piece
3x2 25 x 1.5 3.75 0.938 0.703 0.50
4 x2 35x 15 5.25 1.312 0.984 0.67
6 x2 55 x 15 8.25 2.062 1.547 1.00
8§x2 725x15 1088 2.719 2,039 1.33
10x2 925x15 1388 3.469 2.602 1.67
12x2 N25x15 16.88 4.219 3.164 2.00
4x3 35 x 25 8.75 3.646 4,557 1.00
6x3 55 x 25 13.75 5.729 7.161 1.50
8x3 725x25 1812 7.552 9.440 2.00
10x3 925x25 2312 9.635 12.044 2.50
12x3 11.25x25 2812 11.719 14.648 3.00
14x3 1325x25 3312 13.802 17.253 3.50
16 x 3 1525 x 25  38.12 15.885 19.857 4.00
6 x 4 55 x 3.5 19.25 11.229 19.651 2.00
8x4 725x35 2538 14.802 25.904 2.67
10 x4 925x35 3238 18.885 33.049 3.33
12x4 1125 x35 3938 22.969 40.195 4,00
14 x4 1325 x35  46.38 27.052 47.341 4.67
16 x 4 1525 x 35  53.38 31.135 54.487 5.33
SECTION PROPERTIES f 12" ey} Table 12
OF DECKING (per foot of width) o e v I
t
Surfaced Section Momentof Board
Rominal Size Modulus (S) Inertia (/) Feet per
Size for Design  Area (4) P 1= ¥ Lineal
ininches  inInches A=bh 6 12 Foot of
h bxh {In2) {Ins}) (in%) Plece
2 12 x 15 18.00 4.50 3.375 2,00
3 12 x 25 30.00 12,50 15.625 3.00
4 12 x 35 42,00 24.50 42.875 4.00

Used courtesy of Western Wood Products Assn.

SECTION PROPERTIES OF ol bl Table 13
JOISTS AND BEAMS %—I
x s |h

Surfaced Section  Momentof Board

Nominal Size Modulus (S) Inertia (/) Feet per
Size for Design  Area (4) P . Lineal
ininches  inlinches A=bh T8 12 Foot of
bxh bxh (in2) (in3) {in4) Plece
2x 2 15x 15 2.25 0.562 0.422 0.33
2x 3 15x 25 3.75 1.56 1.95 0.50
2x 4 15x 35 5.25 3.06 5.36 0.67
2x6 15x 55 825 7.56 20.80 1.00
2x 8 15x 725 1088 13.14 47.63 1.33
2x10 15x 925 1388 21.39 98.93 1.67
2x12 15 x 1125 16.88 31.64 177.98 2,00
2x14 15 x1325 19.88 43.89 290.78 2.33
3x 3 25x 25 6.25 2.60 3.26 0.75
3x 4 285x 35 8.75 5.10 8.93 1.00
3x 6 25x 55 13.75 12.60 34.66 1.50
3x 8 25x 725 1812 21.90 79.39 2.00
3x10 25 x 925 2312 35.65 164.89 2.50
3x12 25 x 1125 2812 52.73 296.63 3.00
3 x14 25x1326 3312 73.15 484.63 3.50
3x16 25 x1525 3812 96.90 738.87 4.00
4x 4 35x 35 12,25 7.15 12.51 1.33
4x 6 35x 55 19.25 17.65 48.53 2.00
4x 8 35x 725 2538 30.66 111.15 2.67
4 x10 35 x 925 3238 49.91 230.84 3.33
4x12 35x 1125 3938 73.83 415.28 4.00
4 x14 35 x 1325 46.38 102.41 678.48 4.67
4 x16 3.5 x 1525  53.38 135.66 1034.42 5.33
6x 6 55x 55 30.25 27.73 76.26 3.00
6x8 55x 75 4125 51.56 193.36 4.00
6x10 55 x 95 52.25 82.73 392.96 5.00
6x12 55 x 115 63.25 121.23 697.07 6.00
6 x14 55 x135 74.25 167.06 1127.67 7.00
6 x16 55 x 155 85.25 220.23 1706.78 8.00
6 x18 55 x 175 96.25 280.73 2456.38 9.00
6 x20 55 x195 10725 348.56 3398.48 10.00
8x 8 75x 75 56.25 70.31 263.67 5.33
8x10 75x 95 71.25 112.81 535.86 6.67
8x12 75x 115 86.25 165.31 950.55 8.00
8x14 75x135 10125 227.81 1537.73 9.33
8 x16 75 x155  116.25 300.31 2327.42 10.67
8 x18 75x175 131.25 382.81 3349.61 12.00
8 x20 75x195 14625 475.31 4634.30 13.33
8 x22 75x215 16125 577.81 6211.48 14.67
8 x24 75 x235 176.25 690.31 8111.17 16.00
10x10 95 x 95 90.25 142.90 678.76 8.33
10 x12 95 x 1.5 109.25 209.40 1204.03 10.00
10 x14 95 x 135  128.25 288.56 1947.80 11.67
10 x16 9.5 x 155  147.25 380.40 2948.07 13.33
10 x18 95 x 17.5  166.25 484.90 424284 15.00
10 x20 9.5 x 195 18525 602.06 5870.11 16.67
10 x22 9.5 x21.5  204.25 731.90 7867.88 18.33
12 x12 115 x 11.5 13225 253.48 1457.51 12.00
12 x14 115 x 135 15525 349.31 2357.86 14.00
12 x16 115 x 165  178.25 460.48 3568.71 16.00
12 x18 115 x 175  201.25 586.98 5136.07 18.00
12 x20 115 x 195  224.25 728.81 7105.92 20.00
12 x22 115 x 215 24725 885.98 9524.28 22.00
12 x24 115 x 235  270.25 105848  12437.13 24.00
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4.1.9 Appearance Lumber—Definition and Uses

Appearance Lumber

The lumber grades in this category are intended for applications
where strength is not the primary consideration. Grading is by visual
inspection and is a judgment of appearance and suitability to end use
rather than of strength. Natural characteristics and manufacturing
imperfections are taken into account in the assigning of grades.
Lumber in this category is often generically referred to as Board
lumber, although the category also includes run-to-pattern products
and Patio Decking. The highest grades of Appearance lumber are
seldom gradestamped, unless on the back or ends, as the grade
stamp would deface the product. The general purpose grades, such
as COMMONS and ALTERNATE BOARDS, are generally stamped.
Refer to page 20 for additional information on grade stamps, moisture
content and specifying Appearance iumber.

Many of the Westem lumber species are grown, harvested, manu-
factured and shipped together in “Marketing Categories.” In addition
to the species combinations that share fike structural characteristics,
Board lumber is often available in combinations related to like appear-
ance characteristics. Refer to the Marketing Categories species list on
page 4 and the WWPA Western Lumber Grading Rules for additional

information.

The grades and recommended end uses for Appearance lumber
are explained in Table 14. Standard sizes are explained in Table 15.
Refer to page 19 for information on the Radius-edged Patio Decking

grades.

APPEARANCE LUMBER GRADES
]

Table 14

Equivalent WWPA
rades  Grading Rules
in Idaho Section
Product Grades' White Pine  Number
Selects (all species) B & BTR SELECT SUPREME 10.11
C SELECT CHOICE 10.12
8 D SELECT QUALITY 10.13
E£%
8¢ Finish SUPERIOR 10.51
et § (usually available PRIME 10.52
g § onlyin Doug Fir ~ E 1053
= 8 and Hem-Fir)
F
Special Westem CLEAR HEART 20.11
Red Cedar A GRADE 20.12
Pattern? Grades B GRADE 20.13
Common Boards 1 COMMON COLONIAL 30.11
(WWPA Rules) 2 COMMON STERLING 30.12
(primarily in 3 COMMON STANDARD 30.13
pines, spruces, 4 COMMON UTILITY 30.14
&  and cedars) 5 COMMON INDUSTRIAL 30.15
3 Alternate Boards WCLIB#
€ (WCLIB Rules) SELECT MERCHANTABLE 118-a
&  (primarily in Doug CONSTRUCTION 118-b
& Firand Hem-Fir) STANDARD 118-¢
‘g uTILITY 118-d
5 ECONOMY 118-e
Special Western wcLis?
Red Cedar SELECT KNOTTY 111-e
Pattern® Grades QUALITY KNOTTY 111-f

1 Refer to WWPAs Vol 2, Western Wood Species book for full-color photography and to WWPAs
Natural Wood Siding for complete information on siding grades, specification and installation.

2 "PATTERN" includes finish, paneling, ceiling and siding grades.

3 Wast Coast Lumber Inspection Bureau's West Coast Lumber Standard Grading Rules.

4 Also found in WWPA's Westem Lumber Grading Rules.

BOARD LUMBER

Grades/End Uses - Select grades are determined from the better
side or face and are used for applications where only the finest
appearance is appropriate. B & BTR s virtually clear and very limited in
availability. The appearance of C SELECT ranks only slightly less than
B & BTR SELECT. D SELECT is suitable where the requirements for
finishing are less exacting.

Finish grades are determined from the better side or face and from
both edges on pieces 5" and narrower and from the better side or face
and one edge on pieces 6" and wider. SUPERIOR is virtually clear.
PRIME grade exhibits fine appearance afthough slightly less restrictive
than SUPERIOR. E grade is intended for ripping and cross-cutting to
obtain small pieces of PRIME or better guality.

The highest quality, premium cedar grades are typically run-to-
pattern into siding or paneling products and may be graded to either
the surfaced or a saw-textured side. CLEAR VG HEART is intended for
use where only the highest quality is indicated. The exposed width is
alt heartwood and free from imperfections. A grade allows only minor
imperfections and is of fine appearance. Square-edged cedar boards
are generally manufactured in SELECT grades.

Common Board grades are determined from the better face and are
varying qualities of knotty material. 1 and 2 COMMON are usually sold
as 2 & BTR COMMON and intended for paneling, shelving and other
uses where a fine appearance in knotty material is desirable. 3 COM-
MON is also widely used for siding, paneling and shelving as well as
for fences, boxes, crating, sheathing and industrial applications.

4 COMMON is used for general construction such as subfloors, roof
and wall sheathing, concrete forms, low-cost fencing and crating.
5 COMMON is intended for economy-governed applications.

Alternate Board grades are determined from the better face.
SELECT MERCHANTABLE is intended for use in housing and light
construction where it is exposed as paneling, shelving and where
knotty type lumber of fine appearance is desirable. CONSTRUCTION is
used for spaced sheathing, let-in bracing, fences, boxes, crating and
industrial applications. The uses for STANDARD are similar to a 4
COMMON, as described above.

Special Western Red Cedar general purpose grades (SELECT KNOT-
TY or QUALITY KNOTTY) are simitar in appearance to 2 COMMON and
3 COMMON, and are widely used for siding and landscape applications.
Knot size and quality are defined in the grading rules; sound, tight knots
do not adversely affect performance. Dry knotty siding must not exceed
19% moisture content and it may be specified to MC15 or KD15. Knotty
siding also is sometimes manufactured unseasoned.

RUN-TO-PATTERN PRODUCTS

Board lumber is the starting material for many products that are run-
to-pattern, such as paneling, siding, flooring, ceiling and partition
material. In many cases, the grade of the material that has been run-
to-pattern reflects the grade of the starting material, adhering to similar
requirements for allowable characteristics.

Refer to WWPA's Natural Wood Siding-Technical Guide (TG-8) for
comprehensive information on WWPA and WCLIB siding grades,
patterns, specification and installation. Refer to WWPA's Standard
Patterns (G-16) for paneling, flooring, ceiling, partition (and siding)
patterns in profile with dimensions. Contact the Wood Moulding and
Millwork Producers Association (www.wmmpa.com) for moulding
and trim patterns in profile.

Used courtesy of Western Wood Products Assn.
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4.1.10 Radius-Edged Patio Decking Appearance Western Lumber

Appearance Lumber

RADIUS-EDGED PATIO DECKING

Grades/End-Uses - Western Patio Decking is manufactured to be
used flat-wise for load-bearing applications where spans are maximum
16" on center. Ponderosa Pine species graded to the WWPA rules for
Patio Decking is span rated for 24" on center. This product offers an
excellent option for decks and landscaping applications where
Structural Decking or other dimension products would not be suffi-
ciently refined in appearance to suit the end use.

Its thin profile, with oversized eased edges, makes it suitable for out-
door and garden applications such as patio decks, benches, railings,
tim and fencing. it may be used for planters and shelving where stock
thinner than regular 2" decking is desirable.

Patio Decking is available in two grades: PATIO 1 and PATIO 2.

PATIO 1 is similar in appearance (in terms of limitations on natural
characteristic but allowing fewer restrictions with regards to manufac-
turing imperfections) to a 2 & BTR COMMON; whereas PATIO 2 is
similar in appearance to the upper end of the 3 COMMON. Refer to
page 18 for a description of the COMMON grades.

Patio Decking is manufactured primarily in Ponderosa Pine (which
has a cell structure very receptive to preservative pressure treating) and
the Western Cedars (which are naturally durable). The Patio grades are

gradually becoming available in other Western lumber species as well.
Both grades may be manufactured in two sizes. Refer to Table 16.

Nailing - Pre-drill holes near the ends of each piece. Use only
non-corrosive (stainless steel, high strength aluminum or hot-dipped
galvanized) 10d (3") nails or 8d {minimum) deck screws. Use two nails
per piece driven one inch in from each edge. Ring- or spiral-shank
nails will provide additional holding capacity. Pre-finish edges, ends
and surfaces for best resuits.

Refer to “Seasoning Lumber” on page 20 for additional information.

STANDARD SIZES Table 16
PATIO DECKING

STANDARD SIZES - APPEARANCE LUMBER
Nominai & Dressed (Based on Western Lumber Grading Rules)

Surfaced Surfaced
PATIO 1 & 2 DRY GRN
Y," radius edge 1" x5%" 1%," x 5%"
%" radius edge 1%, x5%" 1%¢" x 5%"
Table 15

Nominal Size Dry Dressed (surfaced) Size
Thickness Width Thickness Width Lengths
Product Description inch inch inch mm inch mm fest
4/4 2 % 19 1% 38 &' (183 cm) and
5/4 3 1%, 29 2% 64 longer in multiples
6;: 4 : ::/32 38 3:;2 819 of 1’ (31 cm), except
7 5 V32 o 114 Douglas Fir and
IS\SIBECTS §18, 828, 845, 8/4 6 1%¢ 46 5% 140 Larcthelects shall
COMMONS S1S1E, S1S2E 9/4 7 2%, 53 6% 165 be 4’ (122 cm) and
10/4 8 & wider 2%, 60 %, off nominal 19 off nominal  jonger with 3% of 4'
11/4 2%es 65 {122 cm) and 5
12/4 2% 70 (152 cm) permitted.
16/4 39, 95
% 2 Y6 8 1% 38 3’ (91 cm) and
Y 3 Y6 1 2Y, 64 longer. In
% 4 Y6 14 3% 89 SUPERIOR grade,
Y1 5 % 16 4, 114 3% of 3' (91 cm)
11 6 A 19 5Y, 140 and 4’ (122 cm)
FINISH AND
1% 7 1 25 6% 165 and 7% of 5' (152
IB\:';\E:[? ATE 21 g; 222'1 ggg' 1% ' 8&wider 1% 32 %, off nominal 19 off nominal cm) and 6' (183
) M 3 )
S 1% 1% 35 cm) are permitted.
GRADE 2 1% 38 In PRIME grade
2% 2 51 20% of 3’ (91 cm)
3 2%, 64 to 6’ (183 cm)
3% 3 76 is permitted.
4 3% 89

1 These sizes apply onty to WCLIB Alternate Board grades.

Abbreviations: S$1S—Surfaced one side
S25—Surfaced two sides
S48-—Surfaced four sides

Note on Metrics: Metric equivalents are provided for surfaced (actual) sizes.

S$181E—Surfaced one side, one edge
S$1S2E—Surtaced one side, two edges

Used courtesy of Western Wood Products Assn.
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4.1.11 Specifying Finish Carpentry Materials

Appearance Lumber

SPECIFYING FINISH CARPENTRY MATERIALS

A specification for a Finish or Board lumber grade should include a
reference to the section number, title and edition of the grading rules
from which it is written. In other words, if specifying from Section
21.11, Special Western Red Cedar Rules, WWPA Westemn Lumber
Grading Rules 05, so state.

Grain patterns, when desired, can also be specified for Selects,
Finish and Special Western Red Cedar grades. Three categories are
available: vertical grain (VG), flat grain (FG) or a shipment of both VG
and FG, generally referred to as mixed grain (MG). The most readily
available and least costly is mixed grain. Unless otherwise specified,
siding, paneling and finish boards are shipped with mixed grain. Stair
treads and stepping should be vertical grain as it is more durable.

Board Lumber in Combination with Rough Carpentry
Materials - Boards, basically, are 1" nominal thickness. Board grades
used in conjunction with rough carpentry materials are generally con-
trolled by building code requirements, and the grades are selected
from the Common or Alternate Board grades listed in the appearance
lumber grades chart in Table 14, page 18.

As an example, major mode! building codes recognize 3 COMMON
or STANDARD grades as equal minimum grades for spaced roof
sheathing even though there are differences in grading characteristics.
Verify local building code requirements and dealer availability prior to
specifying.

Seasoning Lumber - Once in place, lumber adjusts to its sur-
rounding atmospheric conditions. In a covered structure, lumber will
stabilize at approximately 6% to 12% moisture content. Size will vary
approximately 1% for each 4% change in moisture content. Thus, it is
important that all finish materials be stacked and stickered, in the room
where they will be applied, for 7 to 10 days prior to installation.
2x decking material should be allowed to acclimate for 14 to 21 days
prior to instaliation. The lumber should be stored off the ground, well
ventilated and loosely covered. The lumber will then stabilize its mois-
ture content for its permanent location. Staining or priming, where eco-
nomically feasible, should be done before installation. Refer to WWPAs
Paneling Basics (A-3), Natural Wood Siding-Technical Guide (TG-8)
and Lumber Storage (TG-5) for additional information.

Moisture Content - WWPA Finish, Select and Special Western
Red Cedar Grades are shipped seasoned as follows: S-DRY (or KD) or
MC15 {or KD15) with at least 85 percent of items not exceeding 12%
in moisture content and no portion exceeding 15% moisture content.
Appearance grades of Western lumber are not shipped S-GRN (with a
moisture content above 19% at the time of surfacing) except in some
of the knotty grades. Refer to page 5 for additional information on
moisture content designations in the grade stamp and to WWPAs
Natural Wood Siding-Technical Guide (TG-8) for recommendations on
handling unseasoned siding products.

Interior and Exterior Trim and Finish Board Materials -
Select from appearance grades as indicated in Table 14, page 18, and
described in the WWPA Western Lumber Grading Rules.

Refer to the WWPA publication Vol. 2: Western Wood Species (11)
for color photographs of Select, Finish, Common and Alternate Board
grades in many Western lumber species.

Wood Siding and Paneling Materials - The publications Natural
Wood Siding-Technical Guide (TG-8) and Paneling Basics (A-3) offer
information on selecting pattern type and grade, and summarize instal-
lation and handling requirements.

After a general pattern type has been selected, the pattern number
should be specified from the WWPA publication Standard Patterns
(G-16).

When a saw-textured face is desired, the face to be textured and
the type of texture (band sawn, rough sawn, circular sawn) should be
specified.

A siding specification should include WWPA's industry recommenda-
tions for acclimatization, backpriming, nailing and finishing. Refer to
WWPA's Natural Wood Siding-Technical Guide (TG-8) for detalils. A
checkiist and moisture content guidelines are provided below for
convenience.

MOISTURE CONTENT GUIDELINES
. _______________________________________________________|]
Recommended Moisture Content at Time of Installation?

Uses Most Areas Dry, Southwestern Damp, Warm South-
of Wood of the U.S. States eastern Coastal Areas
Interlor: Furniture, Individual Individual Individual
Woodwork, Average! Pieces | Average' Pieces | Average® Pieces
Flooring 8%  610% 6% 4-9% 1% 8-13%
and Wood Trim

Indlvidual

individual
Average' Pleces

Average' Pieces

Individual

Exterlor: Siding, average?  Pleces

Trim, Sheathing

and Laminated 12%  9-14% 9%  7-12% 12%  9-14%
Timbers

1 To obtain a realistic average, test at least 10% of each item, i.e. 10% of the siding pleces,
10% of the trim pieces and random checks of the sheathing material. It is particularly
important to check the sheathing prior to the siding application if it has become wet after
it was installed.

Source: USDA Wood Handbook, 1999, Table 12-2, Forest Products Laboratory Report
FPL-GTR-113.

SIDING OR PANELING Checklist 6

MATERIAL SPECIFICATION
|
Select species suited to the project.

[0 List grade names, paragraph numbers and rules-writing
agency. (Refer to Table 14.)

[0 Specify surface texture for exposed face.

[ Specify moisture content suited to project.

[J If gradestamped, specify lumber be stamped on back or
ends. (WWPA's Specifying Lumber {A-2} offers additional
information.)

Specify VG (vertical grain) if appropriate and available.
Specify pattern and size. (WWPA’s Standard Patterns [G-16]
offers additional information.)

Spegcify installation, nailing and finishing. (WWPA’s Natural
Wood Siding-Technical Guide [TG-8] offers additional
information.)

O

oo

a

Used courtesy of Western Wood Products Assn.



Carpentry, Framing, Drywall, Engineered Wood Products 223

4.1.12 Notching, Boring Guidelines for Floor Joints and Stud Walls

NOTCHING & BORING GUIDE FOR
FLOOR JOISTS & STUD WALLS IN
CONVENTIONAL LIGHT-FRAME CONSTRUCTION

Notching & Boring
Guidelines

intended for use by residential
builders, this WWPA TIP Sheet
serves as a guide to code-allowed
size and placement of cuts
{notching and boring) in floor-joist
and stud-wall framing members.

A number of problems can
occur if cuts are made through
framing members to make room
for plumbing or electrical runs,
ductwork, or other mechanical
elements such as sound or
security systems.

Whenever a hole or notch is
cut into a member, the structural
capacity of the piece is weakened
and a portion of the load support-
ed by the cut member must be
transferred properly to other joists.

It is best to design and frame a
project to accommodate mechan-
ical systems from the outset, as
notching and boring should be
avoided whenever possible; how-
ever, unforeseen circumstances
sometimes arise during
construction.

If it is necessary to cut into a
framing member, the following
diagrams provide a guide for
doing so in the least destructive
manner.

Diagrams comply with the
requirements of the three major
model building codes: Uniform
(UBC), Standard (SBC), and
National (BOCA), and the CABO
One- & Two-Family Dwelling
Code.

FLOOR JOISTS

The following references are to
actual, not nominal dimensions.
(See Figure 1: Placerent of Cuts
in Floor Joists and Table 1:
Maximum Sizes for Cuts in Floor
Joists.)

Holes: Do not bore holes closer
than 2" from joist edges, nor
make them larger than 1/3 the
depth of the joist.

Notches: Do not make notches in
the middle third of the span where
the bending forces are greatest.

Notches should be no deeper
than 1/6 the depth of the joist.
Notches at the end of the joist
should be no deeper than 1/4 the
depth. Limit the length of notches
to 1/3 of the joist's depth.

When a Notch
Becomes a Rip

Codes do not address the
maximum allowable length of a
notch; however, the 1991 National
Design Specification (NDS) does
limit the maximum fength of a
notch to 1/3 the depth of a
member.

It is important to recognize the
point at which a notch becomes a
rip, such as when floor joists at
the entry of a home are ripped
down to altow underlayment for a
tile floor.

Ripping wide dimension lumber
lowers the grade of the material,
and is unacceptable under all
building codes.

When a sloped surface is
necessary, a non-structural mem-
ber can be ripped to the desired
slope and fastened to the struc-
tural member in a position above
the top edge. Do not rip the
structural member.

STUD WALLS

When structural wood
members are used vertically to
carry loads in compression, the
same engineering procedure is
used for both studs and columns.
However, differences between
studs and columns are recog-
nized in the model building codes
for conventional light-frame resi-
dential construction.

The term "column” describes
an individual major structural
member subjected to axial com-
pression loads, such as columns
in timber-frame or post-and-beam
structures.

The term "stud” describes one
of the members in a wall assem-
bly or wall system carrying axial
compression loads, such as 2x4
studs in stud wall that includes

Used courtesy of Western Wood Products Assn.

sheathing or wall board. The
difference between columns
and studs can be further
described in terms of the
potential consequences of fail-
ure.

Columns function as
individual major structural mem-
bers, consequently failure of a
column is likely to result in par-
tial collapse of a structure (or
complete collapse in extreme
cases due to the domino
effect). However, studs function
as members in a system. Due
to the system effects (load
sharing, partial composite
action, redundancy, load
distribution, etc.), studs are
much less likely to fail and result
in a total collapse than are
columns.

Notching or boring into
columns is not recommended
and rarely acceptable; however,
model codes establish guide-
lines for aflowable notching and
boring into studs used in a
stud-wall system.

Figures 2 and 3 illustrate the
maximum allowable notching
and boring of 2x4 studs under
all model codes except BOCA.
BOCA allows a hole one third
the width of the stud in alt
cases.

Bored holes shall not be
located in the same cross
section of a stud as a cut or
notch.

For additional information on
framing (and common framing
errors), contact WWPA for
reprints of the following articles
written by Association field staff.

Field Guide to Common
Framing Errors (JLC-2) re-
printed from Journal of Light
Construction: article focuses on
most commonly-encountered
job-site errors. 6 pgs.

Common Roof-Framing
Errors (JLC-3) reprinted from
Journal of Light Construction:
focuses on problems and solu-
tions with trusses, rafters, collar
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4.1.12 Notching, Boring Guidelines for Floor Joints and Stud Walls (Continued)

Table 1: Maximum Sizes for Cuts in Floor Joists

Joist Size| Max. Hole | Max Notch Depth | Max. End Notch
2x4 none none none
2%6 1-1/2" 7/8" 1-3/8"
2x8 2-3/8" 1-1/4" 1-7/8"
2x10 3" 1-1/2" 2-3/8"
2x12 3-3/4" 1-7/8" 2-7/8"

Fig. 1: Placement of Cuts in Floor Joists

max. length = D/3

D/6 max.
D = actual dimension

D/6 max
N 2* min. f %
N l D/4 max. at ends.  and ot or i~ l

. &
Q_J D/3 max.
y

AIA
Ll Il

és of notches can be reduced by
using a gradual tapered notch instead
of a square-cornered notch.

Y

- Lot Bl

outer 1/3 of span Notching not permitted in middie 1/3 of span.
Fig. 2: Notches in 2x4 Studs Fig. 3: Bored Holes in 2x4 Studs
T _ A . __—\/\——r TN
‘3-1/2' 3-1/2" 3a72 3-1/2"
116" 2-1/8"

I B 31 |H
b 7 max. kel 1.7716" max. ‘_J L **IOL

5/8" min. 5/8" min.
¥ ed 40%" aliowed 40%" allowed 60%" allowed in
igvs(-.?){:t'e:rai’gv;nd in any rnon-I in any wall :’2 2?;?1 ?)%aarrlur::%
bearing walls bearing wall o e

than two succes-
sive studs bored
and doubled

*Figures 2 and 3 illustrate 25%. 40% and 60% notches or holes in 2x4s
(e.g. .25 x 312" = .875 or 7/8"). These percentages apply to studs of any size.

outer 1/3 of span '

wnr
- ®

Western Wood Products Association
522 SW Fifth Avenue Suite 400
Portland, OR 97204-2122
503/224-3930 Fax: 503/224-3934
e-mail: info@wwpa.org
web site: http://www.wwpa.org
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4.1.13 Avoiding Common Framing Problems

COMMON FRAMING PROBLEMS
AND HOW TO AVOID THEM

Wood-frame homes continue to be the dominant
choice for both home buyers and home builders in the
U.S. Tens of millions of homes have been constructed
with wood framing. Even with this long history of wood-
frame construction, there are some framing practices
that should be monitored carefully to avoid problems.

This guide is intended to help builders avoid common
framing errors that not only cause problems with build-
ing inspectors, but may create other difficulties within
the structure. These recommendations have been devel-
oped through years of work by WWPA with framers,
contractors and building code officials.

Frame Openings

One common problem occurs after the basic framing
is completed. Subcontractors may cut through floor
joists to make room for plumbing runs, ductwork, elec-
trical or other mechanical elements. But often, the load-
carrying joists are cut without properly transferring the

load to other joists by adding headers.
[
\\a*/(fd‘\;\‘\\ P ~~Header
<3 i Trimmer joist or

2
. rafter typical

. Tail joists or

3.16d common
i rafter typical

end nails typical
at each trimmer
and tail joist or

rafter to header

Figure 1A: Basic floor framing for openings

Some openings can be accommodated during the ini-
tial framing. Consult the blueprints to see where open-
ings might go and header off any joists that might be in
the way in advance. This is often much easier than
working from underneath the subfloor later.

Once the framing is up and openings are cut, header
joists should be added by end nailing a header across
the cut ends of the interrupted joists and to the trimmer
joists. This will transfer the load to the adjacent trimmer

joists.
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_~—Joist

Joist

Double
~ trimmer
- Double

header

Double
'(rlmmerJoist

Tail joist

Post support for
header and trimmer

Figure 1B: Opening perpendicular to fioor joists

Load-bearing wall or beam
Stairway opening

Header (doube
if header joists
exceed 4'-0") 4

Trimmer joist
(double if
header joists
exceed 4'-0")

Tail joist (if over 4
12'-0". Attach with
joist hangers or

2" x 2" ledger strips)

~ Joist
Wall or
foundation

Figure 1C: Opening paralie! to Roor joists

A single header nailed to the tail and trimmer joists will
work for openings less than 4 feet. If the header must
span more than 4 feet, both the header and the trimmer
joists should be doubled, or of lumber of equivalent
cross section. The doubled trimmer and header joists
must be nailed together properly (with spaced pairs of
16d nails every 16 inches) so that they act like beams.
The doubled header joists can be attached by end nail-
ing for spans up to 6 feet. For spans longer than 6 feet,
headers must be supported by joist hangers or framing
anchors. Any tail joists over 12 feet long should also be
supported at the header by framing anchors or on ledger
strips of not less than 2 inches by 2 inches.

Used courtesy of Western Wood Products Assn.
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4.1.13 Avoiding Common Framing Problems (Continued)

Staggered joints
(16" apart between
adjacent members
and within 12" of
support)

—— Support post

Figure 10: Staggered joints

Subfloor ey Allow space
Metal strap = Joists

!
Al I
| / ,f
Wood girder —/ \

Figure 1E: Supporting joists using ledgers

2" x 2" ledger, typical

- Tail joist

%
et Header

3-16d end nails, typical

Tail joists under 6'-0" in length
attached with nails prior to
second header piece

Figure 1F: Nailing tall joists under 6 feet in length

Joist Hangers and Nails

The use of joist hangers has improved the speed and per-
formance of wood-frame construction. For these hangers to
work properly, however, they must be correctly sized for the
joist they are supporting.

Selecting the right size for a joist hanger is important
because of the nalling required for the hanger to support the
load. Deeper joists usually carry higher loads and hangers for
these joists have more holes for nails. It is the shear strength
of the nails that carries much of the load on the hangers, so
more nails means a higher load-carrying capacity.

Nall size is important for attaching the hangers. The small-
est nail that should be used with joist hangers is a 10d com-
mon wire nail. There are specialized nails for attaching joist
hangers, which are only 1-1/2 inches long and perform simi-
lar to 10d common nails.

Double trimmer - .

Approved joist =, ,.-:5:;’3
hanger i I
h h '/,l/

| \..Tail joist

or rafter

Double header

Figure 2a: Joist hanger

Double header —._,

Tail joists or rafters. =

Typical when spans .-
exceed 12 ft. / :

— Approved framing anchor typical
Figure 2b: Framing anchor

For double hangers, use 16d common wire nails. Do not
substitute 16d sinker nails for attaching hangers; nail with-
drawal strength is also important for attaching hangers and
sinker nails can pull out too easily.

Blocking

Incorporating blocking between joists at supports is impor-
tant - so important that it's required under building codes.
The load on any structure must be transferred to the founda-
tion. Joists provide that transfer, as long as they remain
upright to receive the loads. Blocking ensures that the joists
do not rotate under the heavy loads they are carrying.

Min. 2" thick (recommended)
~~full depth sold blocking at
supports typical

ey
Y «T
[[]/ Bearing stud
f i wall typical
P

Figure 3: Solid blocking to keep joists from rolling

Used courtesy of Western Wood Products Assn.
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Holes and Notches

While cutting into a load-bearing member should be avoid-
ed, there are times when it may be necessary to cut a notch
or drill a hole in a joist. Whenever holes or notches exceed
the limitations listed below, the lumber is weakened and a
portion of the load supported by the cut member must be
transferred properly to other joists.

Specifically for floor joists, holes should not be bored clos-
er that 2 inches from a joist edge, nor should they be larger
than 1/3 the depth of the joists.

Notches are not allowed in the middle third of the span,
where the bending forces are the greatest. Notches should
be no deeper than 1/6 the depth of the joist, except at the
ends where it can be no deeper than 1/4 the depth. Limit the
length of a notch to 1/3 the joist depth.

At times, a notch may be cut so long that it becomes a rip.
Unfortunately, ripping wide dimension lumber lowers the
grade of the material and is unacceptable under all building
codes. When a sloped surface is necessary, a non-structural
member can be ripped to the desired slope and fastened to
the structural member in a position above the top edge.

{r- Square holes and notches _;
i Max. length, D/3 © % not recommended
| |'Dt E |

i

"
7 g |t -
o \\-Mw‘ ("E“_a

1 H
L i

[oH
Ev

D/3

ends
n
D/6 -
max

1/

@

Oute of span

uter 1/3 of span Middle 1/3 of span
notching not

i permitted

Tl

Figure 4: Permitted holes and notches

More information on notching and holes can be found in
the WWPA TIP sheet A-11, Notching & Boring Guide.

Cantilevers

There is often n _ﬂ{\...m
confusion on how
far a conventional
cantilever can
extend and still sup- |

Bearing - -
wall

port a bearing wall.
The old rule of

thumb used by Joists o
builders is to have

twice as much joist
length anchored in
the building as is C
cantilevered. This
rule, however, only
applies to non-load
bearing walls.

T ——

i ™ Bearing wall
b

Figure 5: Cantilever limils

4.1.13 Avoiding Common Framing Problems (Continued)

For load bearing walls, the maximum distance that joists
can be cantilevered (C) without engineering is a distance
equal to the depth of the joist (D), see Figure 5. Thus, for a
2x10 joist, the maximum cantilever for a load bearing wall is
9-1/4 inches, the net width of the lumber. Beyond this dis-
tance, shear forces and the bending moment at the support
can become a problem, eventually causing splitting of the
cantilevered joist.

Load Paths

All loads start at the roof and transfer vertically through the
building to the foundation. If theses loads are not transferred
propertly, it can result in the cracking of interior finishes, sag-
ging framing or crushed joists.

Roof load

b

IR

Second

floor load
Roof + wall

........ __....i_ .‘__T__.]‘
+ floor load {} ! } '!

bl

First
floor load

Roof + 2 wall
+ 2 floor load

¥y
I 241
Soil + bearing reaction (= roof + 2 walls
+ 2 floors + foundation wall load)

Figure 6A: Vertical lpad path for gravily loads

Building inspectors pay close attention to broken load
paths and will red tag a job when they are encountered in a
structure. Problems in transferring loads can be avoided by

Used courtesy of Western Wood Products Assn.
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4.1.13 Avoiding Common Framing Problems (Continued)

aligning load bearing walls over supporting beams or walls,
proper placement of roof framing and corresponding support
struts and transferring column loads directly to the foundation.

NENREE
t Net roof uplift load (wind
minus dead load)

fNet uplift
: load

P
Floor
dead load
Uplift > gravity P ——
Equilibrium L B B Net uplift
(wind uplift £ load
total dead load) i‘ J Net gravity
) . | load
Uplift < gravity |
|
Floor
dead load
7 Net gravity
load
Figure 6B: Load path for wind uplift
Load from
roof, wall or
Double floor above
top plate
Double === Cripple
header
Trimmer or —}
jack stud Trimmer or
7 jack stud
S | .- King stud
Cripple =" L — Wall stud
Bottom or
sole plate %
Figure 6C: Load path

Loads carried by bearing walls or posts must be trans-
ferred through the floor system. If a bearing wall does not
line up with a bearing wall, post or beam below, the floor
joists in between can be overstressed and cause severe
deflection.

Load bearing walls can be offset from supports below,
but only by a distance equal to the depth of the joists. For
engineered wood |-joists, the codes require the loads to
line up directly over each other and solid blocking or verti-
cal squash-blocks are required to transfer the load around
the web of the wood I-joist.

Specific engineered designs of either solid-sawn lumber
or |-joists may allow placement of loads at other locations,
but discontinuous load paths should not be attempted
without consulting an engineer.

Struts are often used to support roof rafters when their
lengths exceed the recommended clear spans. These struts
should be supported by load bearing partitions or braced to
a purlin running across the rafters and should form an angle
not less than 45 degrees. Rafter struts should not land on
non-load bearing walls or rest on "strong backs," the 2x
bracing that runs across ceiling joists.

Columns must bear on elements that can support them.
Resting a column on a floor or rim joist without extra block-
ing or support underneath can crush the underlying joists.

All columns should run continuously to the foundation. If
that is not possible, the column should be supported by a
beam or header designed to transfer the load to other
columns or bearing members. To support a column on a
rim joist, add full-depth vertical blocking inside the rim joist
to the full depth and width of the column base.

Tapering Joists and Beams

It is sometimes necessary to taper the ends of a beam
or joist to keep it under the slope of the roof. But reducing
the depth of these members also reduces their load bear-
ing capacity.

If joists must be tapered, make certain the length of the
taper cut does not exceed three times the depth of the
mernber and the end of the joist or beam is at least 1/2 the
member's original size.

When taper cutting beams, it's also wise to consult a
design professional to insure the beam's strength has not
been severely reduced. If the tapered beam can't meet the

3D criteria, it will have
max. to be lowered into
a beam pocket
/ L so that enough
cross section can
be left, after taper
3 cutting, to carry
the applied load.

/2D
min

Figure 7: Proper cutting of tapered foist ends

Used courtesy of Western Wood Products Assn.
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Cutting Birdsmouths

Like tapering, cutting a birdsmouth into a rafter reduces
the load-carrying capacity of the member. A common error
with low-slope rafters is excessive cutting of the rafter seat.
This leaves the rafter bearing not on the heel of the seat, as it
should, but on the toe. This reduces the effective size of the
rafter, producing stresses that can create splits at the bearing
point, and eventually, a sagging rafter.

Roof rafter -~ s% /)‘

Figure 8: Avoid sagging rafters by properly cutting birdsmouths

Cut the rafters so the heel of the joist becomes the bearing
point on the plate. Not only will this maintain the integrity of
the joist, it will provide extra inches between the top of the
exterior wall and the roof sheathing. This translates into more
room for attic insulation to extend over the outside wall,
reducing cold spots that can cause condensation or ice
dams at the eaves.

Transferring Roof Loads

In today's large houses, the complexity of some roof struc-
tures makes it difficult to properly support some of the mem-
bers. Too often, hips and valleys are unsupported or tied into
lower ridges that are also unsupported.

Span Span

|

g s,
~ Furlln«—"'? R

trut \\

.
.
) 45' min. T

n . Bearing wall

i

Figure 9: Transfer roof loads using purfins and sirufs

Hip and valley rafters need to be supported by headers or
doubled-up rafters to handle the loads. Headers around
openings such as skylights, up to 4 feet long, can be put in
square with the rafters. Headers over 4 feet should be put in
plumb and its members stepped to follow the slope of the

4.1.13 Avoiding Common Framing Problems (Continued)

roof. Header rafters more than 6 feet long should be support-
ed by framing anchors. Roof loads are also transferred by the
use of purlins and struts that will reduce long rafter spans.
Specific requirements for the size and span of puriins, and
the size and maximum unbraced length of struts can be
found in the conventional construction provisions of the build-
ing code.

Rafter Ties and Ridge Beams

Cathedral ceilings are a popular addition to many homes
today. But they pose special problems in dealing with the
downward force of the rafters that push the exterior walls
out. Proper placement of rafter ties and use of structural
ridge beams can solve these potential problems, which often
result in cracked walls or ceilings and walls out of plumb.

In a conventional wood roof truss, the bottom chord cre-
ates a tension tie between the outside walls. For a cathedral
ceiling, open rafter ties, or collar ties, can serve the same
purpose, provided the ties are placed within the lower 1/3 of
the rafter span. The higher the ties go, the less leverage is
available to counteract the forces pushing out.

-+ Ridge board

1in. x 4 in. rafter ties at —= \“
48 inch on center max.

Figure 10A: Ceiling joists perpendicuiar fo rafters

- Ridge board

Continuous tie by -+~
ceiling joists

Figure 10B: Ceifing joists paralia! to rafters

Used courtesy of Western Wood Products Assn.
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4.1.14 Thermal Conductivity of Western Softwood Species

THERMAL CONDUCTIVITY Table 25
OF WESTERN SOFTWOOD SPECIES

Species k! R/in.
Douglas Fir-Larch 1.06 .94
Douglas Fir-South .99 1.01
Hem-Fir 92 1.08
Spruce-Pine-Fir (South)

Engelmann Spruce .80 1.25

Lodgepole Pine .92 1.08
Western Woods

Ponderosa Pine/Sugar Pine .89 1.12

ldaho White Pine .84 1.19

Alpine Fir 75 1.33

Mountain Hemlock .98 1.02
Western Cedars 75 1.33

1 kvalues shown are for wood with 12% moisture content. For other moisture contents,
there is a change in k of approximately .01 for each 1% moisture content difference—-an
increase in k for an increase in moisture content and a decrease in k for a decrease in
moisture content.

© WWPA - 2005

Used courtesy of Western Wood Products Assn.

4.2.0 Southern Pine

This wood species consists of four principal types: loblolly, short leaf, long leaf, and slash from areas
in the United States south of the Mason-Dixon Line and west of the Great Plains. Minor species
include Virginia pine, pond pine, sand pine, spruce pine, pitch pine, and table mountain pine. South-
ern pine is noted for its great strength and stiffness, having the highest density of all commonly used
wood products.



4.2.1 Standard Sizes—Southern Pine

STANDARD SizES OF SOUTHERN PINE

Carpentry, Framing, Drywall, Engineered Wood Products

Thickness Width
Nominal Dressed Nominal Dressed
Dry Green Dry Green
inches mm inches mm | inches inches mm inches mm
2 1-1/2 38 2 1-1/2 38
Dimension 2-1/2 2 51 2-1/16 52 3 2-1/2 64 2-9/16 65
Lumber 3 2-1/2 64 2-9/16 65 4 3-1/2 89 39/16 90
diessed, 312 3 76 3-1/16 78 5  41/2 114 45/8 117
$48° 4 3-1/2 89 3-9/16 90 6 5-1/2 140 5-5/8 143
8 7-1/4 184 7-1/2 190
10 9-1/4 235 9-1/2 241
12 11-1/4 286 11-1/2 292
14 13-1/4 337 13-1/2 343
16 15-1/4 387 15-1/2 394
18 17-1/4 438 17-1/2 444
20 19-1/4 489 19-1/2 495
Timbers 5" & thicker 1/2" off 1/2” off 5" & wider 1/2" off 1/2” off
dressed, S4S' nominal nominal nominal  nominal
Nominal Dressed Nominal Dressed
inches inches mm inches inches  mm
1 3/42 19 2 1-1/2 38
1-1/4 1 25 3 2-1/2 64
1-1/2 1-1/4 32 4 3-1/2 89
Boards 5 4-1/2 114
dressed, 6 5-1/2 140
S4S, dry 7 6-1/2 165
i 8 7-1/4 184
9 8-1/4 210
10 9-1/4 235
11 10-1/4 260
12 11-1/4 286
over 12 3/4” off 19 mm off
nominal nominal
Nominal Dressed Nominal Dressed
inches inches  mm inches inches  mm
3/8 5/16 8 2 1-1/2 38
1/2 /16 11 3 2-1/2 64
& 2 5/8 9/16 14 4 3-1/2 89
Finish 3/4 5/8 16 5 412 114
dressed, 1 3/4 19 6 5-1/2 140
dry 1-1/4 1 25 7 6-1/2 165
1-1/2 1-1/4 32 8 7-1/4 184
1-3/4 1-3/8 35 9 8-1/4 210
2 1-1/2 38 10 9-1/4 235
2-1/2 2 51 11 10-1/4 260
3 2-1/2 64 12 11-1/4 286
3-1/2 3 76 14 13-1/4 337
4 3-1/2 89 16 15-1/4 387
Nominal Dressed Nominal Dressed
Radius Edge | inches inches  mm inches inches  mm
Decking 1-1/4 1 25 4 312 89
dressed, S48, 5 4-1/2 114
dry 6 5-1/2 140

By permission, Southern Forest Products Association, Kenner, La.
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Based on SPIB Grading Rules

(1) Dimension Lumber 2~ thick and less than
14" wide is required to be dry with a
moisture content of 19% or less. Heavy
Dimension Lumber (2x14 and wider,
2-1/2" thick by all widths, and 3x3 and
larger) and Timbers are not required to be
dry unless specified. Thicknesses apply to
their corresponding widths as squares and
wider, except a thickness of 1-9/16”
applies to nominal 27 in widths of 14~ and
wider if dressed green. (In 2” Dimension,
widths over 12" are not customary stock
sizes, 50 2x14 and wider sizes are usually
produced only on special order.)

(2) Boards less than the minimum dressed
thickness for 1~ nominal but which are 5/8~
or greater thickness dry may be regarded as
American Standard Lumber, but such
Boards shall be marked to show the size
and condition of seasoning at the time of
dressing. They shall also be distinguished
from 1~ Boards on invoices and certificates.
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4.2.2 Southern Pine In