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CHAPTER 1

GEN

ERAL

1-1. Purpose

This manual furnishes structural design criteria for build-

ings.

1.2. Sc
1-2, Scope

Materials covered in this manual include concrete, steel,
wood, and aluminum. Bmldmg components include metal

roofing and siding. This manual does not cover special-

ey .
ized construction such as patented curtain wall systems

which may have applicability in certain situations. Mason-

ry design criteria are covered in TM 5-809-3/AFM 88-3,
Chapter 3.

L P S S PR P SR PR 2 — = PR S,
Deviation from these criteria, where a valid need exists and
where an alternativ ution is more desirable with an

u or b esult based upon sound engineering
prmcrples may be accepted sub]cct to approval by the
appropriate headquarters.

1-5. Design loads

a. General, npclan loads will conform to TM 5-809-

NTC7elr woe AVGRAS Wass LRULAVI AL U A2YR OO

1/AFM 88-3, Chapter 1. Seismic design loads will conform
to TM 5-809-10/AFM 88-3, Chapter 13; TM 5-809-10-
1/AFM 88-3, Chapter 13, Section A; or TM 5-809-10-
2/AFM 88-3 Chapter 13, SectronB Loadmgs not covercd

b oofs. Demgn of roofs wrll include consideration of
the effects of the maximum allowable deflection of the roof
under maximum design loads. For consideration of

typhoons and hurricanes, refer to TM 5-809-11/AFM 88-3,

\,uaptcr 14.
c. Deflection. The deflection of all structures and com-

C. &G eClesUde: 2 A0 BLAUARI0 U QR SRALR Rt QUL A

ponents will be in accordance with the Uniform Building
Code. For construction supporting masonry walls or par-
titions, the maximum deflection due to dead and live loads,
including iong-term effects, will not exceed L/480. More

cad £~

I'CS[I' ictive deflection criteria will be considered for Speéiai

.
[ 4
tions, e.g., crane or monorail beams, fragile bud.....f‘-ﬁ.g

components, etc., in accordance with accepted industry

TR oo wRAtsy tire; = SRR RSN TUOAREE SRRyt ARARERRaT P

practice or as set forth elsewhere in this manual.

1-6. Special designs

a. Design. Prior approval for special designs will be
obtained from the appropriate headquarters, HQUSACE
(CEMP-ET) WASH, DC 20314-1000 for Army projects or

HQ, USAF/LEEDF, Bolling AFB, WASH, DC 20332 for
Air Force projects.

(1) Where the use of materials or systems for struc-
turai framing which are not covered by this document or

A .o PSSR Jrpugnpnpepps | mmies memee SO smamaoo e

the documents referenced herein appfcars nccessary, ad-
vantageous, an and economical,

(2) Where the use of unique structural systems such
as long-span or three-dimensional structural framing sys-
tems is desirable even though they may require special

design, controis and rescarch efforts into their construc-

LR eVl LI L e 1

1 ¢+
tural system and/or matcnal dra"m.."’gcd.

b. Procedures. The request proval will contain a

ST TY . Saiue 'v’ *rr
complete statement of the reasons for using such a system,
including competitive costs, proposed special criteria and
controls as applicablc, performancc history or tests (if
available), the use of a recognized structural consuuam

‘.L- J....:,__. ~AF tlan sremiacrzal ot
Cblgﬂ UL e uuuaua.l Structur <y, aliu Ut

,-

apply to otbcr projecwts involving a similar application.
Prior approval is required under the following circumstan-
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(2 ) Where the use of umquc structural systems, such
as 1ong-span or three-dimensional structural framing sys-
tems is desirabie even though they may rcquxrc special

Ale: aced cncanan L affcts st thntea ~nmctein

Aol Ancad T H +l
design; conirols; and research efforts into their construc-
erformance historv

pEO g4 2S00 y.

c. Fabric structures. Fabric structures are those which
utilize an enclosure fabric acting in tension as a structural
element. The use of fabric structures is particularly ap-
plicable to temporary construction, to situations requiring
minimum structure weight, or to conditions requiring

large, column-free spaces. Fabric structures are typically
cither air-supported or SUpmrted by a system of cables

acting in compressio‘n-. For addmonal guidance on the
design of fabric structures, see Tension Structures Be-

havior and Analysxs by Leonard and refer to literature
- ~F
IS | § <

tures is subject to prior approval as set forth above except
when they are used as temporary enclosures.

1-1



1-7. Overseas construction

Where iocai materials of grades other than those refer-
wnnd havata aca taha icad tha waelias e tnald cteansth
ULCU Ul Cl.l.l alv U UV WLy, v WUll.ll.ls Ul yiCiu suuglu

stresses and details of construction will be modified as
required by the structural property characteristics of the
local material. The material, as far as practicable, will be
of equivalent or better grade than the comparable grades

referenced herein.

(¢}

Service life of various buildings and facilities is defined as
follows:
a. Permanent Construction. Permanent construction

_ 11y 2__° ___ _.1 i RSP PR ER |.¥ Sy SR

will be designed ana constructed {0 serve a uic expectancy

of 28 veare armare uinll he eneravefficient and unll include
NI b ]“m D Vi AU U, VVAAL Uw \vuvlw v.l‘wvu GAAANS VV AAS AMAVALMNAW

finishes, materials, and systems selected for low main-
tenance and low life-cycle costs.

b. Limited life structures. Limited life structures include
both semi-permanent and temporary construction as
described below.

( J/ UCM;WI luauvﬂt c\(}mu uLviivs
and constructed to serve a life expectancy of more than 5
years but less than 25 years (gencrally a 15-year service
life), will be energy efficient, and will include finishes,
materials, and systems selected for a moderate degree of

maintenance using the life-cycle approach.

ruotinn unll ha daciona
YWill UV ULoiglivi

-.
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(2) Temporary construction will be designed and
constructed to serve a life expectancy of 5 years or less, will
use low-cost construction, and will include finishes,

emntasiale and crctame calactad unth maintanansa fontnea
193
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1-9. Stability

Uniess noted otherwise, when discussed in this manuai,
stability relates to sliding, overturning, buoyancy, and other
sources of gross disnlacement and not to stabilitv as related

AR S tand not to st QUL &S

to bucklmg. A structure or any of its elements will be
designed to provide a minimum safety factor of 1.5 against
failure by sliding, overturning, uplifting, or buoyancy. This
required degrcc of stability will be provided solely by the

A3 3 _ b _ PRy S,

dead load plus any permanent anchorage.
a npcnmc \nl“ he cuch that the carviceahility of the
csigns Wi

be such that the serviceability of the
structure is maintained under all probable loadings to
which the structure will be subjected on a frequency of once
every ten years (or longer) except that for a critical struc-
ture, such as a hospital, serviceability will be maintained
throughout its design life.

b. Designs will be such that th

o
Ve A/UDEILS Wi UL SuLl u.ult l.uw asx

is assured under all conditions of loa d
ing the maximum combinations apphcablc to the structure’s
design life.
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TM 5-809-2/AFM 88-3, Chap. 2
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NUHEIE
2-1. Introduction taking into account the specific type and size of structure,
architectural features or special pcrformance require-
This chaptcr prescnbcs criteria for the design of buiidings ments, seismic exposure, construction cost factors for the
usmg cast-m-p CE Or pfeCaai CO“‘h‘ii"tion "’ﬁh p}aiﬂ, ‘“'"-""\g N{ﬂ’ aud ﬂ\n ovadn}\llﬂv nf matpﬂalc gnr] labe!’.

reinforced. or pre ]
1NIOrceq, Or presiresse

2-2. Basis for design

a Generai. Design of concrete will be in accordance

ek s s AF L At s
with provisions of the American Concrete Institute (ACI).

In executing designs in accordance with ACI 318, cog-
nizance will be given to ACI 318R; Portland Cement As-
sociation (PCA) Notes on ACI 318 Building Code
Requirements for Reinforced Concrete with Design Ap-

plications; ACI 301; ACI 318.1; and to ACI standards and

special publications referenced in those documents.
b. Rtnldn;o\'

Arsverived

(1) Reinforced concrete. ACI 318 will apply. For
guidance in the use of this ACI standard and its design
applications, see PCA Notes on ACI 318 Building Code
Requirements for Reinforced Concrete with Design Ap-

mllantdama

pucauuns.

(2) Plain concrete. ACI 318.1 will apply.

=T e ub S

( 3 ) Concrete cover for severe exposure conditions. See
paragraph 2-15

(4) Concrete footings‘ bean'ng onrock ( or other material
as hard). Design on basis of distribution of ioad within the

posp | £2N Aa
at an angle of 30 degrees from the vertical without

ment of henqu

Frntlam nt ne

100
the develop

) Spec:al requirements for seismic areas. See TM
5-809-10/AFM 88-3, Chapter 13.

(6) Slab systems. See paragraph 2-5.

(7) Fire endurance. ACI 216R will apply.

(8) Durability. ACI201.2R will apply.

2-3. Desi

strengths

o -

The dcsign strengths for reinforced concrete in buildings
will conform to ACI 318 for reinforced concrete and to
ACI 318.1 for plain concrete. Design strengths for seismic
design will conform to TM 5-809-10/AFM 88-3, Chapter
13. Concrcte strengths for various applications and
various exposures are listed in table 2-1. Use of high
strength concrete will be in accordance with ACI363R and

SP-87.

The selection of structural concrete framing system,
strength of concrete and reinforcement, conventional ver-
sus lightweight concrete, conventional versus prestressed
design, and m;-m-pm\,e versus precast construction will

(%
be based on economic and functional considerations

For further discussion of consxdcratlons in selecting ap-
propriate composition and properties for concrete, see
TM 5-805-1/AFM 88-3, Chapter 6 and PCA Design and
Control of Concrete Mixtures.
2-5. Slab an
a. Slab systems. Generally floors and roof slabs will be
one-way solid slabs, two-way solid slabs, one-way joists,
two-way ribbed (walffle) slabs, flat slabs, or flat piates
b. Framing systems. Framing will be rigid frame or bear-
ing and/or shear walls.

2-6. Shrinkage and temperature reinforcement

The minimum shrinkage and temperature reinforcement
provisions of ACI 318 will be used.

Joints are used in concrete construction for a number of
reasons. The following are basic requirements for the

more common types. Refer to PCA Design and

r
of Concrete Mixtures and PCA Buildin

v ivViiaia Qi =

Joints for additional information.

a. Expansion joints. The applicable criteria of the Na-
tional Academy of Sciences-National Research Council,
Buxldmg Research Adwsory Board, Federal Construction

______ it NI L& oM nmealer avnn;t oo

Council Technical ncpun NO. 00 Wil appiy, €XCEpt  as
modified by these standards. Where criteria are lacking the

following w111 serve as guidelines subject to modificatio
based on consideration of local experience, changes in
atmospheric moisture content, anticipated shrinkage,
shape of s(ructurc, amount and type of reinforcing, condi-
tions of restraint, and other sources of secondary and
parasitic stresses.

(1) Where the temperature differential (TD),
defined as the greater of the differences between the
annual mean air temperature and the highest and lowest
air temperature be expected, is not greater than 70 degrees
F and no excessive change in atmospheric moisture is

anticinated exnancion ioints should be snaced so ctraiaht

anticipated, expansion joints should be spaced so straigh
lengths of building measure no more than 300 feet between
joints.
(2) Where the TD is greater than 70 degrces F, or
where excessive cha nge in atmosphenc monsture is llkely
- h

‘ue iropics), expansion
t le parhc of hml{‘lma
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(3) An expansion joint is usually required between
djoining building areas which are different in shape, or
between areas where different rates of buiiding settiement
arc anticipatcd.

(4) Joints should be located at junctions in L-, T-, or
U-shaped buildings and at points where the building is
weakened by large openings in the floor construction such
as light wells, stairs, and elevators.

(5) Expansion joints in retaining waiis or other ex-
posed concrete (where temperature change of the con-

crete mass is not modified by proximity of temperature-
controlled space) should be located no more than 100 feet

an o

apart and at 40-foot spacmg, if feasibie.

h A Dentnda anntenl intnte 100 wwalle ta Lot
Ve bu"uu‘ JU‘I‘” a luvnuu wuu UIJ ARALD AL VVALLD LWJ Aaiiuiy

and conceal cracks as follows:

(1) In walls with openings, space control joints at
20-foot intervals; in walls with infrequent openings, space
at 25-foot intervals.

(2) Provide a joint within 10 or 15 feei of a corner.

Table 2-1. Concrete strengths.

Isaoce

~eEov

Minimum Strength (psi)

Concrete fills.

Encasements for utility lines and ducts.

Concrete exposed to frost action where 2000 psi
concrete would be used.

Foundation walls and footings.

Nact_in_nlana ~An ta milae FAr chAra 11ca
wadittias Plaw wl-l\,l UlU Puva AVULI JLIVI W WO,

Retaining walls subject to ordinary exposure conditions.
Slabs on grade.
Reinforced concrete buildings and similar structures.

Precast members (including architectural and
structural members and piles).

Walls or floors subjtcted to severe exposure.

Acrira tnnhidac avtea at Ar ~nld

\ouveu.« CXPOsurd ind:uals CXudme heat or cold
and exposure to dmmna or other aaore«we chemicals. \

Concrete deposited under water (tremie concrete).

Reinforced members in buildings and similar
structures where smaller sections are necessary for
ciearancc or where higher working strcsscs are

g N -1 PpS PP

cconomical, Such as columis and 101, ucavy g.uucx 3.

Reinforced concrete in contact with sea-water,
alkaline soils or waters, or other destructive agents.

Prestressed concrete construction

2000

Arnn

3500 to 4000

3000

4000 to 5000

3000 to 4000

3000 to 4000

ANNN ¢+~ SNNN
TUUU WV JUVY

4000 to 5000

4000 to 5000
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(3) Where steel columns are embedded in the walls,
provide joints in the plane of the columns.

AN Y€ thn ~nnliscmcs asn menoa thawe NE fo.

(¥ 11 We uluiun aiv i uxa.u L 100

provi vide intermediate joints

(5) For retarmng walls or other concrete walls where
neither face is in a temperature-controlled space, provide
joints every 20 to 25 feet.

c. Construction joints. Construction joints are used to

a1 ’y arnpamament AL camasata POy

OwW concrele pxdu‘:mcn Ol SCpdl¢ al€ consir ueuon CIC'

ments at different times, e.g.,

footings and pedestals, etc. Construction joints will be
made with tie bars, dowels, or keys to provide shear trans-
fer. The location and details of critical construction joints
will be shown on the drawings and, to the extent prac-
ticabie, will coincide with the location of expansron or

tral te The lacatia f athar canctrn
COnirc: iju. 148 i0Lalidon Oi onlr consuuc

Py

apart,
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d. Sealingjoints Exterior expansion, control, and con-
structron ]ornts snould De sealed agamst moxsture

rntemcy maathads civalh ac wwrntacctacs e analanmes

penetration using methods such as water StOps Or seaiarits
a ailine conditions

j

cxpanalun, anu ulc nccu lUr VlUrdllUﬂ
ncrete construction will be considered. A \p-
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oronnate allowances for these factors will be included in
the deslgn, location and details or provisions for required
control (weakened-plane) joints, expansioa joints, isola-
tion jolnts, and location of water stops wrll be shown on

"""" alibeenibiht dhhdd il ahdeiy — ol e taddei et i ¢

figuration of the structural concrete, effects of construc-
tion joints on structural strength and shrinkage cracking,
and appearance of construction joint lines on exposed
concrete. Continuous wall footings will be constructed

wrth tha  celeicaeites ;meaatiask azzeaalani

1a €
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joints. Excessive cracking can occur when ¢
are cast continuously over supports. Therefore addmon-
al reinforcement is required at these locations to prevent
large crack development This type of cracking has oc-
curred above the ends of simply supported steel joists w1th
concrete placed continuously on metal deck. Where rein-

crack control measures in the masonry All crack control
joints in the foundation wall will be carried upward into
masonry crack control joints.

Extremes in climatic conditions (freezing temperatures,
tropical environments, etc.) should be considered in

TM 5-809-2/AFM 88-3, Chap. 2

determining concrete composition. For further discussion
of reievant factors, see TM 5-805-1/AFM 88-3, Chapter 6.

a. Shear transfer.
(1) Analysis. The analysis of shear transfer will be in
accordance with provisions of ACI 318. bpecral attention

mIl ha ~terne bt bomncacfac AF chana nt Tamnbloaaa ccon PR I
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and corbelg
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(2) Comnatzbzlxtv The combined action of flexible
and rigid shear connectors will not be considered as
providing simultaneous shear transfer. Rigid shear con-
nectors include roughened surfaces and structural shapes

Flexible connectors include DOl[S, surrups, dowel oars and

b Concrete anchorage. Criteria on the various
anchorage system alternatives and their usages will be in
accordance with ACISP 103. Allowable shear and tension
values for anchor bolts are listed in table 2-2.

The following special requirements for structural slabs will
be considered:
a. Slabs supporting masonry walls or partitions. The total
flection, inciuding long-term effect will be limited as set

de
Focel S Lo 1
forth in caapier 1.

b. Cast-inplace roof slap and floor decks. For roof slabs

~Gie PR T UL Sl Wiels i ULY ULARG. 2TV

and floor decks placed monolithically with deep girders or
beams, considerations will be given to providing additional
reinforcing bars in mid-depth of slabs at all column heads.
Such remforcmg w11] be placed prependrcular to the

himn heade A minimum of fonr Nn 4
iUmn 1€ads. A minimunm Oi iour g

nter willbe arrarwed diagonal-

at t
al L 3.
bars spaced at 6 inches on ¢

lvyﬂ“t g:;ch sl—ab corner grze and number of bars may-b_
increased depending on the manitude of the load. (These
added bars are to preclude dragonal radial slab cracks

uausco Ul uu: lll l DC\/LIIIE v Ul 51[ uCl > alud Uy hIive uu\dgc
factors. These cracks tend to occur when slabs are relative-
ly thin with beams or girders spanning 30 feet or more from

column to column).
¢. Prestressed slabs. Basis for design of prestressed

concrete slabs will be in accordance with ACI 318, Chapter

1Q

10.

d Pnct-lonﬂ'nnad clnhs. Decian of nagt-tencianed <lahe
e & UJS PUIBOIVIIVLS UL U l-l\t\)lsl-l Wi yvol. LWwAlOlVIAV JiAdU D
will conform to the followmg Post- Tensioning Institute

sioned Slabs-on- Ground. Post- Tensxoued \,ornmcrcxal
and Industrial Floors.

a. Applicable conditions. Criteria presented in this
manual apply to lightly loaded slabs on grade, normal
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Table 2-2. Allowable shear and tension on bolts.*
Minimum Concrete Strength
Bolt Minimum 2000 psi 3000 psi 2000 to 5000 psi
Diameter (In.) Embedment (In.) (Shear) (Shear) (Tension)
1/4** 2-12 500 500 200
3/8¢%* 3 1,i00 1,100 560
172+ 4 2,000 2,000 950
5/8** 4 2,750 3,000 1,500
3/4 5 2,940 3,560 2,250
7/8 6 3,580 4,150 3,200
1 7 3,580 4,150 3,200
1 8 3,580 4,500 3,200
1 174 0 2 £0oNn £ 20N 2 NN
1-1/4 b 3,00U Iy NN 3,40

*Values are for natural stone aggregate concrete and bolts of at least ASTM A 307 quality. Bolts shall have a standard
bolt head or an equal deformity in the embedded portion. Values are based upon a bolt spacing of 12 diameters with a
minimum edge distance of 6 diameters. Spacing and edge distance may be reduced 50 percent with an equal reduction in
value. Use linear interpoiation for intermediate spacings and edge distance.

** For maost annlications. anchor bolts less than 3/4 inch
s, th cn

ARUST Qi

subgrade conditions, and average conditions relative to
concrete placement, curing, and shinkage. Lightly ioaded
clahe nn arade ara thaca which ara cnhiectad ta ctatinnary
QiAVOo vaa 5.“\-'\4 Gi v LUAVOW VYVl i v OUU"UV\UU w \)lﬂtl\lum]
live loads of not more than 400 pounds per square foot,
stationary concentrated line (wall) loads of not more than
600 pounds per foot, or vehicle axile loads of not more than
5,000 pounds Normal subgrade conditions are charac-

terized Dy the absence of the Iouowmg‘ conditions con-

Avsnzera fonat seomatents e mntamtinl fae clanifianat

aucive 1o irost penctrat
volume rl'mngp due to change in moisture content, and

lume ch hange in moisture co
expansive soils; and by the presence of soils classified,
according to American Socxety for Testing and Materials
(ASTM) D 2487, as either Class ML, any of the S or G
groups, or Class CH, MH, or CL having a modulus of

S I | coamel~— L\ _£ 4NN ______ 1_ ___

supgraae réacuon (K) 01 1w poundas per CUDIC mcn or

A tahnlatinn of mavimum allawahla nunifarm live
£ VAU GIGUIUM UL AAAGAALIALGALL UV VY GUAL WAL 118 VY

1UL, puttliaal 11Ul Slguililali

aoreater
BAVawi,.

load for various thicknesses is presented in this paragraph.

CIICALIL DY apul.

Refer to appendix B and append1x C for design of lightly
loaded slabs on grade subject to concentrated or vehicular
loads. Refer to TM 5-809-12/AFM 88-3, Chapter 15 for
demgn of siabs on grade sub]ectcd to heavy loads.

VP oy | £ cnndl £fonnlanones e) shfal crnmna hacatal we]
U encerus . l’\ U mu \un.u.unuul) UWUICK Vapul variicr Wul

be nlaced under the slab on g-'radp and over the ranlllary

placed under the de and
water barrier. The effects of a vapor barrier on potential
slab curling, bleeding, etc., will be carefully considered
when establishing slab concrete mix, curing, finishing, and
other requircmcnts The capillary water barrier will be
below all HVAC ducts. Slabs will not bear directly on
inches of eranular fill

fantinae ar nadactale: at lanet £
lwlulbﬂ vl Pvuwuua, al ivadse v AVAIVO UL 5lal.lulﬂ.l A48

cushion or gamllary water barrier will be provided be-

tween the slab and the concrete below. Slabs on grade in

2-4

cxpansivc soil areas rcquirc spccial consideration; mat

foundations with or without ribs may be requuea insuch
uld ha concnltad

inctancee tevte on cnil ctahilizatian cha
Ui U \.Uuaulu.u,
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and consideration should be given to a post-tensioned
foundation slab. For a discussion of this slab type and its
design, see PTI Design and Construction of Post-Ten-
sioned Slabs-on-Ground.

c. Thickness. Slabs will ordmaruy have a minimum con-

memata Anmemmanais ctmnemtle et oo A mazeaioasas

crete compressive strength of 3,000 psi and a minimum
thickness of 4 inches. The fn"n\mng thicknesses for max-

LSS Uk 2 A% AVRARUWALL LALELRIAUSSUS 2 UL 1R8A

imum uniform design live loads will be used provided the
modulus of subgrade reaction (k) is at least 100 pounds per
cubic inch.

Thickness aximum Uniform
of Slah DNecion 1 ive T aad
Vi viav U\(DIBLI AsdVV AT
(inches) (pfs)
\ 7 AV o 7/
4 150
5 250
p ~

With 4-inch thick slabs. maximum

With 4-inch thick slabs, maximump
pounds per linear foot will be permitted. When partitions
are located at the free edge of a 4-inch slab, however, a
maximum partition load of 300 pounds per linear foot will
be pcrmitted providcd the edges are thickened in accord-

~ ww

ance with figure C-2 m appencux C. Where partition loads



d. Crack control. Slabs will be placed in checker-board
or lane fashion. The lane method is the preferred method

| Lo hanl H wrancr
because the checker-board method is more expensive and

results in slabs having low surface tolerances. The area of
sections bound by crack control joints will not exceed 625
square feet, and distance between crack control joints will
not exceed 25 feet for slabs. The length/width ratio of
paneis bounded by jomts will be as near 1.0 as possible and

=il mnd awn, 419 1
will not cmeu 1.25. In localities where extreme condi-

ns of heat drvn ess tend to pr ndu ce excessive

(O L L] 1 FEEE AT P TEEEE BT

shnnkage, the maximum area and joint spacing values
should be decreased. Crack control ]omts may be con-
struction joints. Joints in the vicinity of column pedestals
will be placed at column center-line, with diamond shape

tonlntine intate mentndad at saliimne ar canare chana icnlal

ibUldllUu JUu.lla pl UVIULU al Vuiluiiun vl M{Uﬂl\i auayu wuvia©
tion joints provided at column pedestals. When thickened
slabs are used under column bases or partitions, joints
should be offset from the thickened areas. Corners of
isolation joints will meet at a common point with other
joints so far as practicable. Where discontinuous joints,
ie. joints which are not continuous across their perpen-
dl(_:u_la_r joints (see figure 2-1), cannot be avoided, two No.
4 bars, 4 feet long, wxll be placed parallel to the edge
opposite the end of the discontinuous joint. Bars will be at
mid-depth and 4 inches apart starting 2 inches from edge
of slab. Except for openings of less than 12 by 12 inches,

(‘

corners of openings and reentrant corners in slabs will be
reinforced with two No. 4 bars, 4 feet long, placed
diagonally to the corner.
DISCONTINUOUS
/7 JOINTS
o
<
RENFORCNYY/ |
/ (SEE TE‘X‘T)—'V I
| |
L |
E—1yPICAL (- PERPENDICUL AR
JOINT JONT
PATTERN
2-1. Discontinuous Joints.

TM 5-809-2/AFM 88-3, Chap. 2

e. Wire mesh reinforcement. Wire reinforcement , when
used, will be continuous through slab construction joints

(unless they are to serve as control or expansion joints) and

partially interrupted (every other wire) within 2 inches of
each side of slab control joints. Slabs will contain about
0.1 percent welded wire mesh reinforcement in each direc-
tion placed 1-1/2 inches from the top of slab. For example:

Slab Thickness Wire Mesh Reinforcement
4-inch 6x6 -W2.0 xW2.0
5-inch 6x6 -W2.9x W29
6-inch 6x6 -W4.0 x W4.0

Wire mesh reinforcement is not required provided that all
of the following conditions are satisfied.
(1) Control joints in each direction are spaced no

further apart than the wuu'v‘v‘lﬁg

(a) For concrete using less than 3/4 inch maxi-
mum size coarse aggregate, 24 times the slab thickness.

(b) For concrete using greater than 3/4 inch
maximum size aggregate, 30 times the slab thickness.

(c) For low-slump concrete (less than 4 inches),
36 times the slab thickness.

(2) The slab is constructed of concrete with a mini-

mum fc= 4,000 pounds per square inch.

(3) The slab is placed on subgrade where the sub-
grade has been graded to a tolerance of plus or minus 1/2
inch, where there is a high degree of confidence in the

[ Y SRS P U IS Sy S NPT NN PR s SR Ry

um.lUl'Inlly Ul wnlpdbllull Ul luc huU&l duc, dllu WwIICIC th
comnacted cnhm-mlp has a minimum k (mndulnc of sub-

compacted s lus of sub
grade reacuon) of 100 pounds per cubic inch.

f- Construction joints. Construction joints are used to
allow separate concrete placement at different times (i.e.,
when concrete piacement is stopped or delayed) Con-

- el PR e Lo

Suucllon ]Umlb wul UU mduc wiiln llc Udrb, UUWClb, Or KC')"b
Formed keved ioints will onlv

S8 RS ARk 232 Q%35

to prn\nr‘lp shear transfer

be used in slabs having a thickness of 6 mches or more.
Preformed keys left in place may be used for 4-inch and
thicker slabs. The key will be centered on the depth of the
slab with the base of the maie portion about one-third the
ucplﬂ of the slab. Location and details of construction
joints will be shown on drawings. Details of construction
joints are shown in figure 2-2,

g Expansion joints. Expansion joints will be designed
to permit horizontal movement. Expansion joints will be
made with plane face, 3/8-inch or more thick filler, and
3/4-inch smooth dowels 16 inches long, at 16-inch spacing
in 4- and S-inch slabs. and 12-inch spacing in 6-inch slabs

QLG JTUIVIL SIAUSy QiU ALTHIVAL SPQVaiig il UTREAVAR SAUS.

Half of the dowel length will be greased. Location and
details of expansion joints will be shown on drawings.

h. Control joints. Control joints form a weakened plane
to direct crackmg to preselected locations to relieve the

stress wnicn r om shrinkage of concrete or minor
temperature changes. Sawed control joints will be cut to
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BUTT JOINT

NOTES:

1 KEYED JOINT OR JOINT WITH DOWELS SHOULD ALIGN WITH AND
FUNCTION AS CONTROL JOINT OR EXPANSION JOINT.USE ¥, INCH DIA.
BAR x 16 INCH LENGTH LUE?'CATE THE HALF LENGTH TO bE EMBEDDED

IN ONE SIDE OF SLABS, USE 1§ INCH SDACING.

FOR 6 SUAB USE 127 Seacie = > K
BUTT JOINTS WiTH DEFORMED TiE BARS WILL BE USED WHEN CONSTRUCTI
JOINT IS NOT AT A PLANNED CONTROL OR EXPANSION JOINT LOCATION OF
WHERE MOVEMENT MUST BE RESTRAINED. USE NO. 4 DEFORMED TIE BARS
30 INCH LENGTH AT 30 INCH SPACING.
CONCRETE COVER OF ¥/ INCH OR h/3 (SE

OVER REINFORCEMENT.

4. WIRE MESH REINFORCEMENT WILL BE CONTINUOUS OR INTERRUPTED WITHIN
2 INCHES OF EACH SIDE OF SLAB JOINTS AS REQUIRED FOR TYPE OF JOI

BEING USED.

S}

(=

Figure 2-2. Construction Joints.

one-fourth depth of slab thickness. Details of control
joints are shown in figure 2-3. Control joints may be made
in floors scheduled to receive a floor covering by inserting
fiberboard strips in the unset concrete. Depth of fibcrstrip

» o~ e Fraee ~ Lo 1 L elolo . PRRYS. S,
should be one-fourth of the slab thickness. Location and

details of control }nmtc will be shown on Ara\mng

i. Isolation joints. Isolation joints form a separation of
other clements from the slab on grade and permit both
horizontal and vertical relative movement. Isolation joints
shouid be provided between the abutting faces of floor slab
and fixed p parts of the structure such as columns, walls, and
machinery bases. At locations where slabs abut vertical
surfaces, such as at interior and exterior foundation walls
and column pedestals, isolation joints will ordinarily be a
strip of 30-pound felt serving as a bond breaker. At ex-
terior walls, perimeter insulation extended to the top of
slab will serve the purpose. Where slabs will expand due to

radiant heating systems, where slabs will be subject to

salsiasil aeallls S TVAiwai W AU Wil UV JUuUjLLL WU
L

extreme temperature changes, and where isolation from
vibrations of machinery and equipment foundations is re-
quired, joint filler 3/8 inch or more thick will be required.
Location and details of isolation joints will be shown on

dr aw*mgs A lyplczu isolation jOlﬂ( is shown in Ilg'lll' e 2-4.
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SEE DETAL Ah\

i h/4
fo——
i\l

SAWED OR FORMED JOINT

Wel/g'slfe ™

DETAL "A"

3y s

1. CONCRETE COVER OF ¥/, INCH OR h/3 (SEE APP.B) WILL BE

PROVIDED OVER REINFORCEMENT.

2. ONE HALF OF WIRE MESH REINFORCEMENT (ALTERNATE WIRES) WILL
BE INTERRUPTED WITHIN 2 INCHES OF EACH SIDE OF SLAB CONTROL

[
JOINTS.

Figure 2-3. Control Joints.

Jj- Embedment of conduit and pipes. Horizontal runs of
conduit and pipes will not be embedded in slabs on grade
unless additional transverse reinforcement, or reinforce-
ment and thickening, is provided over the pipe or conduit
run. Embedded pipes and conduits will not cross slab
joints where detrimental movement is anticipated. Where
embedment is permitted, specific requirements will be
indicated on the drawings. Aluminum conduit and pipes
\'x_rﬂl not be embedded in anv

onn ato ctrniotnra
4Ad LU UV VIGUVGULG Ul aly LUl Ll
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H—H / WALL, COLUMN, MACHINE, ETC.

ISOLATION JOINT. 30 LB. FELT OR
Tl EXPANSION JOINT MATERIAL
—FLOOR SLAB

N\— FOUNDATION

Figure 2-4. Isoiation Jjoints.



2-13. Foundations for machinery

Macmnery and generaior foundations will be reinforced
as required by design loads but in no case with less than 0.1
percent reinforcing each way distributed at top and bot-
tom. Minimum bar size will be No. four, and maximum
spacing of bars will be 12 inches. These foundations will be
completely isolated from floor siab on grade with isoiation

]omts When the depth of foundation is 36 inches or more

and its length-to-width ratic is 3 or more, the following

criteria will also apply:

a. Longitudinal reinforcing will be distributed at top,
bottom, and faces of foundation within 6 inches of the
surface.

b. Horizonial bars, beni and lapped to be continuous
with sidewall, top and bottom bars will be provided on end

and sxdcwall faces. See figure 2-5 for distribution of rein-
forcing in heavy machinery foundations.

FOUNDATION
Ve U

QLUITEINE
(VAR RN o

SIDEWALL FACE

=
™
| Y .
=
6 MAX. BOTTOM REINF. SHOWN
ves (TOP SIMILAR)
PLAN
 TOP REINF.
\\ A— SIDEWALL REINF.
71 \
L 3 1
4
— g °
END REINF. A
/ \

\
Z‘ BOTTOM REINF.

SECTION
(AT END OR SIDEWALL)

Figure 2-5. Machinery Foundation Reinforcing.

TM 5-800-2/AFM 88-3, Chap. 2
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2-14. Blast-resistant construction

Design of structures to resist the effects of accidental
explosions will be in accordance with TM 5-1300/AFM
88-22. The design of blast-resistant structures must con-
sider the transient loadings and dynamic respoase of the
structure that result trom the spccmed desxgn event.
Biasi-resistani design is ofien required in conjunction with
the construction of weapons systzm facilities, both
developmental 2nd operational, as well as for hardened
structures designed to resist the effects of intentional at-

tack.

2-15. Concrete protection for reinforcement

a. Normal exposure conditions. Related criteria cited in
ACI 318 will apply.

b. Seawater exposure. Seawater exposure requires that
certain measures be taken to improve the protection of

reinforcemeni. These measures can include increased

cover, use of Tvne IT or Tvpp VvV cement, nrntP(‘hvf‘ coat-

cover,use of Type I or T
ings, and other responses depending on the severity of
exposure. See NAVFAC DM-25.06 and ACI SP-65 for
additional discussion and guidance concerning concrete
exposed to seawater.

c. Severe exposure conditions. Where the

i
ditions exist, consider using increased cover or modifying

the concrete mix to decrease permeability as protection
against corrosion of reinforcement. Also, check
provisions of design standards relating to crack control
and, if use of smaller bars or lower stresses is impracticai,

consider using surface coatings or impregnations to
decrease the pprmpthllfv of the concrete or llanO’ coated

(zinc or fusion bonded epoxy) reinforcement. (A series of
pullout tests conducted by the National Bureau of Stand-
ards has indicated that bars with up to 10 mils of epoxy
have essentially the same bond strength as uncoated bars.
Bars coated with 25 mils of PVC, however, showed con-
cidarahluv rednced hond ctrpnoth ) Severe m(nncnrg cor dl-

SIGLTavsy ivhulils Ul Suiiigiil. ) SUVLE T B

tions include, but are not limited to the followmg.

(1) Tropical climate coupled with exposure to off-
ocean wind. This condition applies primarily for exterior
exposures, although interior exposures will be inciuded if

LRI | R eyt | RS |

interior spaces are not environmentauy Contronea.

(Rcccmmv..dcd prar‘hrp ic 2 inches clear cover over main

reinforcement for tops of roof decks, exterior walls above
grade, and for slabs on grade; 2-1/2 inches for exterior walls
below grade; and 1-1/2 inches for other elements.)

(2) Industrial atmosphere.

(3) Locomotive biast.

(4) Chemical attack (including alkali).

2-16. Detailing requirements

Details and detailing of concrete reinforcement wili con-
form to ACI 315. Engineering and placing drawings for
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reinforced concrete structures
For seismic areas, the design and de
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be gi given to detailine reinforcing
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taiis wili conform to
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heads which provide bearing for simply supported mem-
bers to preclude splitting or breakoff of the beanng sur-
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shown on the drawings

nown on the drawings.



3-1. Introduction

This chapter prescribes criteria for the design of structural
steel, open-web steel joists, and cold- formed steel struc-
tural members for buildings.

3-2. Basis for design

a. General. Structural framing systems and elements of
buildings will be designed in accordance with the accepted
industry standards listed below. The type of steel and unit
dxmensxon, (bay size, story, helgnt etc.), the system for

structural framing, and the ueSigﬁ method used will be

based on a comparative economic chldv and will be those

that result in the least cost for the requued structure.
b. Buildings.
(1) Structural steel.
(a) AIIowabIe stress de sign (ASD).
ins
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ments), thc AISC Ced f tandard 7P‘ract1ce and efer-
enced standards published by the AISC will apply.

(b ) Load and reszstance facror desxgn (LRFD ). Th

y

............ £.
using separate factors for each load type and for

resistance mechanism rather than the ge nerally used a
able stress design (ASD) method. The
characterized by the use of unfactored “workmg” loads in
conjunction with a single factor of safety applied to resis-

tance. The new principle provides a more uniform

3
¥

callal e £ 11 Leoal mdar gasiae ading
réuaoiity 1or au steéel structures umaer vculuua luau1115
cendi[ionc ce most applicable building codes have

or will recognize LRFD as an alternate steel
bulldmg de51gn method to the current allowable stress
design rules, use of LRFD will be allowed as an optional
design method for mxhtary desxgn prolects

¢) Plastic design. Analysis and design of steel struc-
tures on the basis of plastic design, as described in ASCE
Pl cr'g Design in Steel and AISC Plastic Design of Braced

(2) Open-web steel ]osts and joist g:rders. Open-web
steel joists and joist gxrders will be desrgned in accordance
with Steel Joist Institute (SJI) Standard bpccmcauons,

1. [y M

e A MLt e d W alakse Tobklag fac an Alote am
Load Tables, and Weight Tables for Steel Joists and Joist
Girders

(3) Cold-formed steel structural members. Cold-
formed steel structural members to be used in buildings will
be designed in accordance with the American Iron and
Steel Institute (AISI) Specification for the Design of Cold-

Qoo —a —

Formed Steel Structural Members.

cordance with the AISI Manual for Structural Applica-
tions of Steel Cables for Buildings. The factor of safety
wxu be increased up to 5 (based on ultimate) ) for threaded

( 6) Metal building systems. Refer to chapter 7 for
design criteria for metal building systems.
(7) Crane runways and supports.

(a) Stops and bumpers. As used in the following
discussion, stops refer to rigid assemblies installed at the

of the heel Stop s engaging o the p f the crane are
recommended. Requirements for the desxgn of crane
stops are controlled largely by the desxgn of the crane
bumpers. Toward that end, procurement documents for

I} | U PP RPNPORR IO a dacigrnad in
cranes will mandate that crane bumpers be designed in
acmrda ce with requ irements of the Occupational Safety

- Bumpers will be capable of s stopping the crane (not
including lifted load) at an average deceleration of no
more than 3 feet per second per second with the crane

_______ et

40 percent of rated speed. The forces to be resisted by the
stops will either be indicated by the crane manufacturer
or determined as set forth in Whiting Corporation Over-
head Crane Handbook.

{b) Deflections. Ver
unway girders will be limite
Manufacturer s Association of Amenca (CMAA) 70 and
74. Horizontal deflection will be checked to assure com-
patibility with clearance between flanges of double-

flanged wheels and bearing area of single- flanged wheels.

a. General. When steel members are to be exposed in
areas of heavy industrial pollution, salt spray, salt air, or
are to be embedded in corrosive sonls, a corrosion en
gineer will be consulted to recommend mate rials, protec-

S re

tion, or both and to review design drawings to assure the
durability of the structure. When appropriate, an in-

3-1
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creased thickness, i.c., corrosion allowance, will be used
to attain the required service iife. For additionai discus-

...... A v M ren
sion and guidance in designing for corrosive conditions,

see the National Association of Corrosion Engineers
(NACE) Corrosion Handbook and other relevant NACE
publications as well as NAVFAC M0-306.
b. Design provisions. Conform to the following where
appiicabie:
/1) Box-chanad mamhere will he desioned co that all
{4) OX-52apSa csigne

inside surfaces may be ieadily inspected, cleaned, and
painted, or they will be closed entirely.

(2) In outdoor structures, the flanges of two (back to
back) angle members, if not in contact, will have a mini-
mum separation of 3/8 inch.

(3) Pockets or depressions in horizontal members of
outdoor structures will have drain holes or will be filled
with concrete, mastic, or grout. Positive drainage will be
provided away from exposed steel. Column bases will be
terminated on concrete curbs or piers above grade, and
tops of curbs or piers will be pitched to drain.

/4) Staal cheat niling chonld be canned with concrete

(77 Deva SULLS pRiilip SV rr
to eliminate rapid corrosion of the exposed end.

(5) Where extremely corrosive conditions exist, con-
sideration should be given to providing cathodic protec-
tion in addition to protective coatings for steel piling

CKPUbCU uudcl Wlel.

(6) If cathodic protection is not installed initially,
consxderatnon should bc given to providing bonded cables
to simplify future connection of cathodic protection for
steel piling exposed under water.

( 7) Structurai members embedded in concrete and

vt
exterior railing, handrails, fences, guardrails, and anchor

bolts will be coated with zinc or coal tar enamel. Coating
will extend at least 6 inches beyond the embedded portion.
Where coated anchor bolts are used, a reduction in bond
strength when estimating pull out resistance should be
considered.

(8) Iaslancﬂ nf A-cumnlor mnfnlc eg., alnmln“m and

steel, will be by use of fiber or plastic pads, by use of
nonmetallic coatings, or by other means as approved by the
appropriate headquarters.

c. Use of corrosion-resistant steel conformingto ASTM A
242 or A 588 (weainering sieeis).

(1) These steels will not be used in an unpainted
condition in areas where the atmosphere contains salt
spray. This applies even to locations remote from a body
of salt water if experience demonstrates that the prevailing
winds can carry salt-laden air into contact with the struc-
ture.

(2) Thcsc steels Shnnld not hp ncpr‘ in a seawater

environment. Only limited benefit, e.g., improved fatigue
resistance, will be derived. Plain carbon steel (ASTM A
36) is frequently a better choice.
(3) These steels will not be used in buried structures
uniess coaied.
d' L’Se f ctool roanformino tn ACTAM 4 69‘0' See NAV.
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FAC DM-25 for
steel.

r requirements regarding use of this type
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e. Use of stainless steel (ASTM A 666).
(1) These steels will not be used in sait spray zones.
£9) Thaca ctanle unll nat ha ncad if huriad ar if likalv
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to become buried. In general, accelerated corrosion will
occur under washers in an aqueous environment if contact
with oxygen is precluded.

(3) See AISI Stamlcss bteel (,o Formed Structural

RS, | ==t mme e e bt la

ucsngn Manual as the basic ucugn reierence 10r Siaimdcss
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3-4. Expansion and contraction joints

Expansion and contraction jointing of steel structures, in-
uuumg details around embedded columas and clearance
over and adjacent to nonbearing construction, will be such
that neither temperature nor lateral or vertical deflection
movements of the structural system will adversely affect
the related construction. A double column arrangement is
the preferred method of establishing an expansion joint.
Consideration will be given to the effects of lateral move-
ment of long structures due to thermal expansion and
contraction. Expansion joints for buxldmgs will be
provided as set forth in chapter 2. However, spacing may
be increased based on any special conditions of the local
climate, exposure, or type of framing system selected. Ad-

tinemnl Awerineicine 1atetbe wnl o e inmn~tueac

a: Mk s 3ad ot tha
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of T-, L-, U-shaped and other irregularly shaped buildings

and when a change in the type of foundatlon construction
creates potential for significant differential settlement

which could impact the building framing system.

The total thickness of design sections subject to wear will
be increased beyond that required to meet stress require-
ments. The amount of such increase will be based on the

aL . X_ . _

malcrlax anOlVC(.l, lllC 1rcqucm,y 01 use, dﬂu e UCblleU
Fchmatnc nf ﬂ'\n wear rpqlnrp;ﬂpnf unll }\e
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based on previous experience or accepted practice for the
application. Use of replaceable wear plates should be
considered where extremely severe conditions exist.

cAﬂnnp ‘-fn
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3-6. Climatic considerations

a. Arctic and Antarctic zones. For carbon steel, the
transition from ductile to brittle behavior occurs within
temperatures to be expected in Arctic and Antarctic
zones. The lower ductility normally is not important, but
if toughness is critical as for bridges, nonredundant, or

athar cnanial ctrnot
cther special structures, consideration will be given to the

requirements of ASTM A 709. In addition, and especially
if obtaining proper steel to minimize toughness concerns
is unlikely, structures subject to impact should be designed
considering the following factors:

(1 } Avoiding “stress risers” is imporiani. As ex-

(a) Provide ample fillets.



(b) Two thin plates with welds offset are better

than one thicker plate with a thicker weld.

(2) Welding is a particular concern. Use bolted
joints if feasible. Take precautions to eliminate gas and
impurities in welds. Proper preheating and post cooling
are essential.

(3) Low-carbon steels and nickel-alloy steel show
better toughness at low temperature than do carbon
steels.

b. Tropical zones. The effects of increased tempera-
tures, as in tropical zones, on the load capacity of steel
members may be neglected.

c. Steel exposure to weather. Structural steel for build-
ings will be permanently exposed to weather only where
overall efficiency and economy result and where the main-
tenance cost of the exposed steel has been fully evaluated
and is acceptable or where exposed steel is required by the
architectural concept. Weathering steel may be used sub-
ject to providing means to control or conceal the effects
of runoff staining of surrounding surfaces which occurs

TM 5-809-2/AFM 88-3, Chap. 2

during early exposure of weathering steel. Temperature
affante duiia ta aveacnra af tha ctenatural ctaoal framing
VLIVLLY UUL LU CAPUDUWIL UL LUL DUt uLtulal Jtbll daliung,
system will be analyzed and necessary adjustments in-
cluded.

3-7. Elevated temperatures

a. Hot-rolled carbon steel. Up 0 150 degrees F, strength
of steel will be assumed to be the same as the strength at
normal temperature. Above 150 degrees F, the yield
strength decreases with increasing temperature. See table
3-1 for properties of steel at elevated temperatures. For
steels not listed, a manufacturer will be consulted to obtain
strength values for elevated temperatures.

b. High strength and heat treated steels. The effect of
elevated temperatures on high strength and heat treated
steels should be thoroughly investigated. For example,
quenched and tempered materials will undergo radical
changes in their mechanical properties as well as toughness
when subjected to temperatures above 500 degrees F.

Table 3-1. Properties of steel at elevated temperatures.

Yield Strength Tensile
Type of Temperature 0.2% Offset Strength Elongation
Steel in Degrees (ksi) (ksi) (in2in.) (%)
ASTM A 36 80 36.0 64.0 37
300 30.2 64.0 25
500 278 63.8 28
700 254 57.0 35
900 215 440 42
1100 16.3 252 50
1300 7.7 9.0 71
ASTM A 242 80 54.1 813 31
200 50.8 76.2 31
400 476 76.2 27
600 411 813 24
800 399 76.4 28
1000 352 52.8 21
1200 20.6 27.6 48
Elongation
(in1in.) (%)
ASTM A 588 80 586 78.5 30
(High Temp) 200 513 79.5 28
400 50.4 74.8 24
600 425 777 24
800 376 70.7 25
1000 326 46.4 26
1200 179 233 48
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3-8. Connections

will be 2 minimum of two

a  Rolted connoctione Ther
WIS T D e Aldwa s WYV
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{ od
fasteners in any connection (not including pinned or
welded conncctxons) except for secondary bracmg mem-
bers such as lacing and battens and except for incidental
connections (not including primary bracing members) not
proportioned on the basis of caicuiated stress.
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with the AISC Manual of Qteel (‘ngsg:ggugg and

American Welding Soci

3-9. Structural steel identification

mom b n mand b o

In TESpOnSE 10 a 0ea 10 Stangaraize
the desionations and nomenclature of structural steel
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shapes, AISI developed a system of designations. In
gcncral, the dcmgnatlons employ an initial letter to indi-
cate the shape followed by numerals to indicate the size
and weight. Typical examples are:

Designation

m t lucmuy SUr UCllﬂ'al lcClS

A 242 Blue

A 283 Grade D Orange

A514 Red

A 529 Black

A572 Grade 42 Green & White
A 572 Grade 50 Green & Yellow
A 572 Grade 60 Green & Gray

ACTIO LNl O
A D/ aidde oo

\J[BBII G Dlue

W27X114
S24x90 C10x30
L4x3xi/4

WT1Qv2N
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Proper designations for structural steel shapes are listed in
the AISC Manual of Steel Construction.

3-4

A 588 Blue & Yellow
A 709 Grade 50 Green & Yellow
A 709 Grade 50 W Blue & Yellow
A 709 Grade 100 Red

A A IS d e AN ll [= P |

A 1UY Orale 1UUvY nea & vrange

ASTM A 500, A 501, and A 618 structural steel tubing are
marked by rolling, die stamping, ink printing, or pa'mt
stenciling to show the manufacturer’s namc, brand, or
teadamasl. ciza and thisl o4 .
ulradviuaihn, QILC aliu LIUuCALL

grade letter,

Qepn

cels is glven in American
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CHAPTER 4
WOOD

4-1. Introduction

This chapter prescribes criteria for the design of wood
buildings. Properties of wood and other considerations

influencing design including design of plywood elements
and built-up members, wood preservation, termite con-
trol, fire retardant treatment, and climatic influences are
presented References are made to appropriate design

standards and specifications. The use of timber construc-

..... M ~rvmcidor twmme ~F ~ors

tion will consider typ€ 01 OCCupancCy ana will meet (ne 1ir
protection criteria and requirements set forth in MIL-

HDBK 1008A.

4-2. Basis for design

Yoo L. __ T 1 1 .0 1 . LT |

a. Lumber and timber. Lumber and timber include

gluedlaminated members.

ber and gluedlaminated timber, exc ept as m _Qd_l_f_ ed in this
manual, will be based on the Amencan Institute of Timber
Construction (AITC) Timber Construction Manual. The
National Forest Products Association National Design

-y

opeculcauon for Wood Construction is Dy reference a part

of the AITC Timber Construction Manual and gives
i igni ineered ti construc-
de ailed criteria for designing engineered timber construc

towers.
(1 ) Sealers. Where feasible, seasoning checks in the
ends of timber pieces instailed in an unseasoned condition

e Py JU g e bbac venn A€ ol el T
should be minimized by the use of end coating or sealers.
(2) Connections. Connections will be detailed to per-

mit penodlc tightening,

(3) Hardware. Bolt holes for drift bolts will be bored
with a bit having a diameter 1/8 inch less than the bolt
diameter.

L. _ 7 MD_____ 12

b. Plywood. Plywood elements will be d

ing to the American Plywood A.,cwmxa.-e

lesigned accord-
ion {APA) Plywood
Design Specification. Fire-retardan treated plywood will
not be used in Army facilities exce p onstructural ap-
plications which are not subject to elevated temperatures
or hlgh humidity Fire-retardant treated plywood will not
be usea in any part of the roof or roofing system

ghtwood trusses in roof construction.

(1) Light metal plate connected wood trusses will be
designed so that they conform to Truss Plate Institute
(TPI) Design Specification for Metal Piate Connected
Wood Trusses. Care will be taken to assure that trusses are
fabricated in conformance with TPI Quality Standard for

2QLL LAt RaaUL NGNS WAL 231 g vy

Metal Plate Connected Wood Trusses.

L!‘ll. SSes or Qlued-nml?d trussed rafters may be used as

.

. .

(2) Glued-trussed rafters will be desngned according

to Midwest Pian Service, NWPS-9, or the method and data
described in the Purdue University Agricultural Experi-

iﬁ
ion Research Bulleting No, 714 and Ng. 727

TATY QAINE AN, Tl

(3) Wood trusses will be braced in accordance with
TPI Commentary and Recommendations for Bracing
Wood Trusses.

(4) Provisions will be made to assure that handling
and erection of wood trusses is performed according to
TPI Commentary and Recommendations for Handling
and Erecting Wood Trusses.

d Bndgmg. Floor joists, roof joists, and rafters of build-
ings will be laterally supported by permanent cross bridg-

ing installed at intervals not exceeding 8 feet. Under the

following conditions, bridging may be omitted for design
floor loadings of 40 pourxds per square foot or less and clear

(1) When tongue and groove wood strip finish floor-
ing is installed at nght angles to joists over a subfloor.

(2) When 25/32-inch tongue and groove wood strip
finish ﬁooring is installed at right angies directly to joists

nnnnn PR S
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{3) When another tvne of
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a plywood underlayment which is applied over a subfloor.

spans of 15 feet or less:

4-3. Design stresses

a. Structurai and framing

mem
f. + + 1
s for wood used for structura

tn
p£8
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D
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res
sociation National Design Specxﬂcauo f
struction and Wood Structural Design Data. Design
allowable stresses will be established from the National
Forest Products Association documents based on species

t

I pllcatlons mdxcat d.

(1) For smgle-mcmber uses, the minimum allowable
unit stresses for stress-grade lumber will be 1,000 pounds
per square inch (psi) for Fb, extreme fiber in bending, 525
psi for Ft, tension parallel to grain; 875 p51 for Fc, com-

?.’558!0.’! pa.'aﬂe! to grain; and 1,200,000 PSiior ©, moauius

of elasticity.

(2) For repetitive-member uses, the minimum allow-
able unit stresses for stress-grade lumber will be 1,200 psi
for Fb, extreme fiber in bending, and 1,200,000 psi for E,
modulus of elasticity.

5. Phywood. Design s d u
turally will be in acc rdance with the allowable unit stres-
ses in APA Plywood Design Specification.
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wili be in accordance with the

bers. Design stresses
” Timber Construction
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The following criteria will be used to select lumber species
and grade for structural members of all projects: suitability
for the proposcd structure, economy, and avaiiabiiity in the
particular project location.

a. Domestic species of lumber.

(1) Stress grade lumber. Design values will be in ac-
cordance with the species and grade selected from Nation-
al Forest Products Association National Design
Specification for Wood Construction. Where preservative
treatment is required, selection of species should consider
ease and effectiveness of treatment.

(2) Nonstress grade lumber. Nonstress grade iumber
may be used for miscellaneous framing such as nailers,
caps, bucks, grounds, sleepers, blocking, bridging, plates,
and furrings. Such members will be standard grade or

hottar ' “m‘\nr tr\ '-\n nen/‘ fnr etnde unll ‘-\a etnr‘_nrnrln nr
Uviivia . SLUUD i Uil auv U
better.

(3) Plywood. Plywood for general application will be
of species groups 1, 2, or 3, as classified in the APA
Plywood Design Speciﬁcation. Plywood of specics group

4 may be considered for appiications such as siding where

it ic nat decionad tn carrv ralonlatad ctraccac
AL AS LUL VUSRIV LU WALl ) VGV WIAlvG D voovs.

(4) Durability. See United States Department of
Agriculture (USDA) Wood Handbook for durability data.
(5) Grade marking. Domestic lumber and timber
should be grade marked by an agency recognized by the

Acasn—iomnca T owaelon Comande A M s
Aluciicaun L-UIHUCI Staularad \,uuumucc

b. Nondomestic species of timber.

(1) Properties. Many nondomestic species of timber
are suitable for construction work. Some have very high
strength and are more durable than softwoods. Resis-
tance to attack by marine borers is ciaimcd for some
speaes, but performance data suggesi that such resistance
is not reliable.

(2) Applications. Items of particular interest con-
cerning application of these species are:

(a) Pressure preservative treated Apitong (dip-
terocarpus grandiflorus bianco) is highiy suitable for wood
piling and utility poles.

Ih) The trnpn"nl woods lnnl ('lncha hnuaa\ na% or

Palomara ( Calophyllum mophyllum), Ahgao ( Prcmna ob-
tusifolia), Fago (Ocbrosia oppositifolia), Yacal (Hopea,
Sborez, and Isoptera species), Molave (Vitex parviflora
J uss) and Chopag (chrocarpos odoraturus) are satisfac-

nl vamn
IUly lUl mUDl au uuuuu UsSCcs.

(c) The following trapical woods, on Guam, should

be uscd only when const.rucuon is to bc of a temporary
nature: Coconut (Cocs nucifera), Dugdug (Artocarpus
sp.), Nunu (Ficus prolixa), Yoga (Elacocarpus joga), and
Faya (Tristiropsis obtusanguia)

V2 SNNY | SRS B S Qo ol _______.t__
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dividual nondomestic c?pmpe should be obtained from the
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Allowable stresses should be one-

potential supplier.

4-2

fourth to one-third of the ultimate strcngths The designer
snoum regard characteristics as published by the suppiier

-]
[+
€
[
£
C
£
[«
.
E
v
-
1}
-
C
B
-
g
1%
-
[}
C
-
5
E
c
C
E

4-5. Climatic considerations.

Climatic influences for coid and tropicai regions are as
follows:

a. Cold region conditions. For cold region limitations,
see TM 5-852-9/AFR 88-19, Volume IX for Army or Air
Force projects. Engineering properties usually are not
appreciably affected when wood is subjected to extremely
fow temperatures.

b. Tropical Conditions. Engineering properties of wood
are not appreciably affected in tropical climates. Rot and
incect attacks, however, are aggravated in tropical humid
areas, and all timber for permanent construction in tropi-
cal areas should be preservative treated except local native
hardwood as discussed herein. Structural bonding to
other materials should be by means of epoxy resin ad-
hesive. Bonding of wood to wood can be made by a
variety of adhesives, such as those covered in Mil. Spec.
MIL-A-22397 for marine or severe outdoor use and Fed.
Spec. MMM-A-181 for general purposes.

¢. Abnormai weiting and drying of floors. In areas of

I’\lnlt‘ltnnc where flanre ara cuhientad tn ahnarmal watting
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and drying, wood framing members will be set on founda-
tion walls or piers at least 4 inches above the floor level.

4-6. Fire retardant treatment

Recommendations in TISDA Wood Handbook and in Na-
tional Fire Protection Handbook should be followed.
Pressure impregnation is the preferred treatment. Also,
see Nationai Fire Protection Association 703.

4 = m a4 a H
4-/. l1ermite control

Termite control measures will be used in areas prone to
termite infestation. Soil will be treated with commonly
accepted products prior to construction.

4-8. Special consideration

a. Anchorage. Roof systems will be adequately
anchored to their support to prevent uplift and shear from
wind and seismic forces. Exterior frame walls will be

securely attached to the foundations Minimum anchorage

“..“ La 11 Al Al
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on center, Althouoh 1/2-inch balts are cnﬂ'mpnr anchaor
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bolts less than 3/4-mch diameter are not recommcnded,
due to the possibility of stripping the threads of the bolt
with hand wrench and the difficulty of replacing anchor
boits embedded in concrete.

U DOIt replacemceit. DOitS wll‘ DC CmDCClGCQ ll’l casi- ln"
nlama concrete to the minimnm Anntl}s indicated in tahla
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2—2 and not less than 15 inches in unit masonry walls and



piers. Bolts will be placed not more than 12 inches from
corners of the building and not more than 12 inches from
the ends of sill members. Each bolt will be provnded with

at least one standard 2-inch diamete

£
square washer, 1/8 inch thick, or the e

4-9. Built-up members

Built-up members include those which are mechanicaiiy
connected assemblies of smaller timber elements designed
to act as a single unit. The effectiveness of a mechanically
connected, built-up member is, in part, related to the orien-
tation of the interfaces between its component parts and
the direction of load application. It is generally accepted
that mechanically connected, buiit-up members are not as
effective against load, deflection, or both as are solid tim-

bers or glued, built-up members. This type construction is

seldom used in current construction and will be considered
only when more conventional approaches are not available.
When used, machanically connected, built-up members
will be designcd in accordance with National Forest

......... Toal 1 sciom Qrmanifiane: [ 73
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Waood Construction and armapnnrl mrhmtrv p[nc[ ce. Par-

ticular attention will be given to the details of interconnect-
ing components parts so that the assembly will act reliably
as a unit.

4-10. Piywood members

a. Built-up plywood girders. The following precautions
will be taken in designing built-up plywood girders:

(1) Allowable shear stress between flanges and web
will not exceed 0.14 times allowable stress in horizontal
shear.

(2) Web stiffeners will be screwed or glued to webs
and in contact with both flanges. The stiffener thickness
will be at least 6 times the thickness of the web; the
width/thickness (b/t) ratio of the stiffener will not exceed
8; and the minimum stifferner thickness will be 3/8 inch.
Stiffeners will be as wide as the flange. Spacing will be

pqual to or less than 2 tYmes the clear distance between

flanges.

(3) Wood blocks (bearing stiffeners) will be provided
at points of concentrated load or bearing, or both.

(4) For deep girders, allowable stresses will be
reduced to account for lack of lateral support of the center
rs as compared to the flange fibers.

QS VRN PRI U AT 2l a
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(5) Web material should have species group I face
plies but need not necessarily conform to marine and
stuctural I grades.
b. Stressed-skin panel' In bending , tension, and com-

............. tdae ~nly
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to the span.

c Exposure. Where exposed to weather or in humid
location, e.g., toilets and shower rooms, use exterior grades
of plywood.

4-11. Glued, built-up (including laminated)

v ts (w wed lumber)
will conform to th reqmrcments “for such components as
previously indicated, except as follows:

a. Transverse joints. Transverse joints in the planks may
be considered as transmitting stress if finger joints having

a alaes + th
a slope no steeper than 1 to 10 are used. Joints will be

spaced not less than 24 times the lamination thickness in
areas of maximum stress. In lesser stressed areas, spacing
may be reduced linearly in proportion to relative stress.
Butt joints will not be used for structural members.

b. Mechanical fasteners. Mechanical fasteners may be
used in fabricating glued construction as necessary to hold
connected elements until the adhesive cures. Mechanical
fasteners , however , will not be considered as transferring
any portion of the required stress when present in conjunc-
tion with adhesive. The movements required to develope
the stength of mechanical fasteners are inconsistent with
those permitted in giued joint

¢. Exposure. Glued- 17,,,,,med members may be used in
exterior exposure and under conditions of exposure to
moisture and biologically destructive agents. When used
in such applications however, the adhesives and perserva-

tive treatment used will be appropna[e for the conditions

~f a
of exposure. See AITC Timber Construction Manual.

4-12. Treated wood members

The use of treated timbers is recommended under the

following conditions subject to the following requirements.

P Pracarvatiue tr
a. Preservative treatment. Preservative treatment will

be in accordance with the American Wood Preservers
Association (AWPA) Book of Standards. Note the follow-
ing recommendations.

(1 ) Cerosote and creosote sou'utions are not recom-
mended where color, odor, or exudation of the preservative
may be undesirable. Waterborne or oilborne preservatives
in volatile solvents should be used.

(2) Where cleanliness and paintability are required,
preservatives should be of the waterborne type or the
oilborne type in volatile solvents.

(3) Quality marking should be provided on all treated
lumber.

b. Structural framing. Pressure preservative tretment
for timber should be used under the following conditions
of exposure:

(1) All wood in contact with ground or water.

7

(2) Wood in contact with masonry or metal, where
conduction or condensation creates problems.
(3) Roofstructures (framing and sheathing) installed

over enclosed swimming pools or in building structures
where high humidities prevail.

(4) Areas in or near shower rooms, galleys, sculleries,
iundry rooms, and coid-storage rooms.

£
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(5) Areas of 'basementiess 'buiidings in close proximity

o <ot de
o the soil, where moisture and termites can attack struc-
iral elements

(6) All lumber within 18 inches of the ground in
slab-on-ground or crawlispace houses (basementlcss).
(7) All structural wood members in regions where

s

[

dry—wood termites prcvaii
(8) On waterfront structures, as specified in NAV-

FAC DM-25

A SANS aravaTdade

c. Fabricate before treatment. To the extent practicable,
framing for treated wood structures should be prefabri-
cated before treatment. For assemblages, consider the
feasibiiity of fabricating and assembiing the structurc, then
disassembling, treating, and reassembling. When un-
a"G'd"'b" ﬂcld cuts field_hnlac ate unll ha ﬁnld [‘rﬂn{nr‘
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with preservative before assembly.

ite requirements. Staif bioiogists shouid be con-
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information on wood- -destroving pests at the specific
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almmnum structural systems and membcrs for bulldmgs
The contents cover general topics related to aluminum
structural design for buildings such as connections, bend-
ing stresses, craci: control, and corrosion problems A

mbbmlou Ul SpCC!.llb M—uuum d.!lu §pCCldl UCSlgn cOon-
siderations is also included
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S-2. Basis for design

Structural framing systems and elements of buildings will
be designed in accordance with the following accepted

Aliminum Accaciatinn ctandarder Cnanificatinne far
Auubiihuilll AdsUiauli SuaiiGarGs.  spliuitaudns iOf

Aluminum Structures, Commentary on Specifications for
Aluminum Structures, Engineering Data for Aluminum
Structures, Aluminum Standards and Data, and Illustrative
Examples of Design. Aluminum Association Specifica-
tions for Aluminum Structures using aliowabie stresses for
building type structures will be used.

5-3. Design considerations

a. Modulus of elastici
aluminum is about 1/3 tk

requires special investigatio
o g

all cnr\nhna and bucklin

‘2

The modulus of elasticity of
of steel, theretore aluminum
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ckling a
three times that of steel. Refer to the Alummu Associa-
tion Specifications for Aluminum Structures for con-
sideration of buckling and crippling modes of failure.

b. Yield strength. There are varymg yxcld strengths for
aluminum alloys. Yieid suengms for aluminum alloys are

+ b
based on 0.2 percent offset since the stress-strain curve h
re

no well defined vield point like mild steel. Since
often (depending on alloy) very little difference between
yield and ultimate strength of aluminum, designs should
particularly consider secondary stresses. Such stresses

have cumuiative effects with each other and with pnmary

cfmascams smse 2ol n.ce oLl —nb a b ) t'.._ wnli f 1.
SIrSSSEs wWitilout uic pUl ulial 101 I1Cl1ICI ﬂU[Hldlly dad>-
sociated with vield of materials. In addition, stress risers

such as notches should be avoided.

¢. Welding heat. Welding heat lowers the strength of
most aluminum alloys in a region within about 1 inch of the
weld. All aluminum alloys are not weldable. Weldability

of the material Demg considered will be verified.
C

d. Coeﬁic:ent of thermal expansion. The coefficient of
thermal expansion of aluminum is about twice that of steel.

Because of a lower modulus of elasticity, however, stresses
in aluminum alloy structures resulting from temperature
changes or misalignments of parts often are lower than
those in steel structures.

e. Compatibility. Composite action or interaction with
steel or concrete framing involves problems of incom-
patibility due to the difference in coefficients of thermal
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expansion, modulus of elasticity, and chemical reactivity.

f. Fire protection. Published fire resistance ratings of
aluminum structural elements are unavailable. Except in
speclal cnrcumstances, aluminum should not be used in

PO, cwlars Oo P .

pnmary siructural elemenis where fire resisiance raungs
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temperatures as low as 200 degrees F.

5-4. Expansion and contraction joints

Criteria for expansion and contraction joints will be similar

amuramante far ctaal in shantar 2
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a. General characteristics. General characteristics of all
aluminum aiioys inciude the foilowing:
(1) Light weight.

(2) Ease of workabilitv, fabrication

) s Ui WOIRAQUy, sQuiila a.

(3) Corrosion resistance.

(4) Low maintenance cost.

(5) Lack of spark generation (with most materials).
(6) High electrical and heat conductivity
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b. Structural alloys. Alloys used for structural applica-
tions of aluminum will be limited to those for which desngn
specifications are available. For comparative charac-
teristics of these alloys, see Table 1 of Aluminum Associa-
tion Engineering Data for Aluminum Structures.

a. General. Aluminum has a higher resistance to cor-
rosion than the usual alloys of structural steel, but it is not
an assurance against corrosive attack. For exampie

_________ U Nt 1 [ SO S S G
dlununum €moeaaeain o lIl condacCt wi

alkaline mater nlc or diccimila
aixaing maitceriais, or aissumuar m

under moist condmons will corrode unless isolation is
provided. See the Aluminum Assocxatlon Specifications
for Aluminum Structures for precautions and require-
ments. It should also be noted that if oxygen is precluded

from contact with alummum (Duned or under plastic

consult Inco-Limited Useful Guxdelmcs in the Selection
of Corrosion Resistant Materials for Marine Service,
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Marine Technological Transcript 3. Certain alloys (prin-

cipaﬂy in the 5000 serics, €.g. 5086, 5456, and 6061) have

given excellent service when of proper temper.

~ waa.-hna trantreont Drntpnhup treatments ench ae
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cladding, anodizing, special coatings, and others will be
considered for treal treaung aluminum exposcd to corrosive
conditions. Refer to publications of the Aluminum As-
sociation and NACE for further discussion and guidance

d. Isoiation. Aluminum will be isolaied or otherwise

nrntantad te anealicatiane invnlnng anntast unth diccimilar
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metals, with concrete, or with alkaline materials such as
soap, detergents, ashes, or lye. Isolation from dissimilar
metals will be achieved by coating the contact surfaces
with a heavy coating of zinc chromate pigment, synthetic
resin type paint. Aluminum surfaces which are to be in

PIrSEILYS =11l v 2 hanewr ~ana

o ah
contact witn concréeie or moriar wiu 0< giVen a neavy coatl
of alkali resistant bituminous naint. Refer to Aluminum
£ r 1! pamn

Association Specifications for Aluminum Structures for
specific guidance in safeguarding aluminum in contact
with dissimilar materials.

5-7. Connections

a. Minimum connections. There will be a minimum of
two fasteners in any connection (not including pinced or

5-2

welded connections) except for secondary bracing mem-
bers such as lacing and battens and except for incidental
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b. Steel bolts. Stainless steel bolts (and washers) may be
used in aluminum structures without precautions for cor-
rosion isolation. Steel bolts (not stainless) may be used if
galvanized or cadmium plated and if fitted with galvanized
or cadmium-plated washers. Cadmium plating is no
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c Eccentncuy Effects of eccentricity in connections will
be considered as set forth in the Aluminum Association
Specifications for Aluminum Structures.

d. mstaaanon Care shouid be taken not to over torque
alisesatcans e bnlea AAlohdamireme Aionilfida s lan sicad ac a
a.lumuu.uu DUILD. lVlUlyUUC AULIL UIDULLIUC ludy UC uwluadxa
!ubn or threads to m....l.n.z--.i._c the required torque.

bc accordance w1th AWS D1.2.



6-1. Introduction

This chapter prescribes the criteria and procedures for the
design of metal roofing and siding for buildings.

6-2. Definitions

Metal roofing and siding are cold-formed, fluted, metal
sheets designed to support loads perpendicular to the
plane of the sheeis. Normally the sheets arc used in all
metal structures and are installed exposed to the weather.
Roofing as defined in this chapter will not be construed as
sheet metal roofing to be placed on sheathings. The
various types of configurations vary with each manufac-

turer.
on_ i g ol oae Mool aievnd chonte ara
a. Regu y curved sheets. Regularly curved sheets are
sheets that have conventional smooth regular flutes svm-

SacCls Luu;

metrical about the neutral axis regardless of depth or
curved shape. Shapes may be parabolic, sinusoidal, or any
other arc- tangent type continuous curve.

b. Regul'arl‘y folded sheets Reguiariy foided sheets are
sheets that have flutes with ugul.-aﬁyc or slanted webs

folded with or without flats symmetrical about the mid-
depth axis regardless of depth or shape. Flutes may be
rectangular, trapezoidal such as the ribbed type, triangular
such as the V-beam type, or any other equally folded

continuous conﬁguration
C. urcgucuu iy Juo&d shezu Ier cg&lar l‘y’ folded sheets are

sheets with noht-anole
hana - s

ferent flat w:dths at the top and bottom or with ﬂats only
at the top or bottom. Depths will be uniform on major
flutes with intermediate stiffened flutes permitted. The
basic compiete pitch of the system of flutes will be repeated
regularly.

d. Standing seam metal roof system. A standing seam
metal roof (SSMR) system is a unit composed of metal
roof panels, attachment clips, insulation, metal deck
(where used), subpurlins (where used) and fasteners that
attach clips to the supporting structural members. Also

toolidad ac ot of tha
included as part of the SSMR system are the ridge, gable

trim, eave trim, gutters, scuppers, facia, soffit and flashing
necessary to produce a complete roof system. The SSMR
system elevates panel side laps above the general plane of
the surrounding roof area and above the water path. Hold-
down clips are frequently used to elevate roof sheets above
their supporting purlins to allow insulation to pass between
these two elements with minimal compression. The ex-
terior panels of SSMR systems are not to be considered for
diaphragm action.

e. Architectural standing seam roof. An architectural
standing seam roof is an architectural metal roofing ap-

—lind 1503 cohetont A . R
plicd over a solid substrate underlayment. Itis specified for

mansards, fascias and roof slopes of 3:12 or greater. The
design requirements in this manual do not apply to ar-
chitectural metal roofing.

6-3. Basis for design

Unless otherwise prescribed herein, the design of roofing
and siding will be in accordance with the followmg
a. Steel. AISI Specification for the Design of Cold-
Formed Steel Structural Members.
b. Aluminum. The Aluminum Association Specifica-

s far A -
tions for Aluminum Structures.

6-4. Design stresses

The minimum yield stresses and design moduli of elasticity
to be used as a basis for acsxgn will oe as follows:

Steel: Fy = 33,000 psi; E = 29. sx108 psi

Aluminum: Use Fy and E as determined from Aluminum
Association Specifications for Aluminum Structures.
The above mechanical properties for steel are based on
ASTM A 570, Grade 33, and ASTM A 611, Grade C.
Properties for aluminum alloy vary with alloy type and heat

Roohng and sxdmg will be designed to support dead live,
under

and wind loads. Midspan d Kimum
t
t

decion lnad will he limited
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Design of rooﬁng will include consndcratxon of the effects
of the maximum allowable deflection of roofing under
maximum design loads. The maximum net inward and
outward ioads used in the design wiil be indicated on the
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The design of roofing and siding will conform to the design
specifications and guidance referenced except as modified
herein.

a. Deflection. Maximum deflection for metal roofing
and siding under full dead and live and/or wind loads will
not exceed 1/180th of the span between supports. Maxi-
mum deflections will be based on sheets continuous across
two or more supports with sheets and fully free to deflect

nemd antoba

U 10LdLC.
b. Thickness. The minimum

as follows:

1 thickness of sheets will be

6-1



TM 5-809-2/AFM 88-3, Chap. 2

Roofing* Siding
Aluminm 0.032 inch 0.032 inch
Steel-Plain 24 gauge 24 gauge
Painted Protected  (0.0239 inch) (0.0239 inch)

*Except that roof panels will be 22 gage (0.03 inch) thick
minimum in building areas with uplift pressures greater
than 60 psf.

c. Roof slopes. Metal roofing will not be used on sl opes

less than 1-1/2 in 12 cxcept as follows:

(1) Slopcsaslowas1/4in12maybeusedwith
mechamcally cnmped standmg seam roofs except in lnghly
COITOSIVC envxronmen(s wnel'e me mlmmum wm Dc -U 4 in
12

(2) Height of all corrugations at overlap for adijacent
roof sheets or standing ribs of snap seam panels shall be
not less than 2 inches for roof having a slope less than 2 in
12, 1 inch for roofs having a siope of 2in 12 but less than 3

m LL, or UL incn lOf I'DOIS navmg a Sl()pc Ol J ln iz or

d. Spacing of supports and length of sheets. Supports for
fluted roofing and siding sheets will be laid out to provide
equal or approximately equal multi-span conditions in-
sofar as practicabie considering maximum iength of sheet

at 30 fCGL fUl rumy lauuuca, auu I—J ICCI. lU[ l"\ll' rurw
facilities. Sheets in excess of 30 feet, although available,
require design provisions for thermal expansion and con-
traction.

e. Diaphragms and shear walls. Panels thinner than 22
gage are noi permiited for diaphragms or shear walis. The
roof or wall system will have the ability to transmit
diaphragm loads as dependent upon the strength, stiff-
ness, panel configuration, fastening method, and condi-
tion of installation. The preferred methods for resisting
lateral loads are cross-bracing, rigid frames, or wind
columns. For buildings with cranes, roof and/or wall

diaphragms will oot be allowed. The exterior panels of
standing seam roofs are not to be considered for

diaphragm action.
f- Standing seam metal roof systems.
(1) In cases where the structure is not a complete
meiali building sysiem, the supporting structurai system for

the roof will be designed by the engineer of record (EOR).

For in-house work, the EOR is the Chief of Engineering
for the office performing the design. When the supporting
structural system is designed by the EOR , the supporting
members shouid be desxg:ed runmng perpendxcular tothe

o0 fTM £aL

SSMR. ii ihe designing engineer is using ihe metai deck as

a Aln?'\rnm '\A un" emmﬁl tkn prcmvhes ond a{tackmcnf

of the metal deck. If the supplier of the SSMR system
elects to submit their supporting structural system in place
of the system designed by the EOR, the supplier must
furnish a complete structural analysns of the supportmg
system to the EOR ifor approvax This anaiysis must show
that the supporting structure is adequate to carry all loads

6-2

imposed upon it and meet all the requirements of the
design criteria. Ifa SSMR system deviates from any of the
rcqmrcmcms ngcn in suoparﬁgrapn (J ) l;nroug'n (9) 'DCIOW,
Y‘H‘ cvcfpm un“ I‘\p I'pctpﬂ mn nrrnrrl:\nnn unth thc r‘nrps Gf
Engmeers test (Appendix D).

(2) When designed by an A/E or an in-house desig-
ner, the design wind uplift pressure and dimensions of
edge and corner zones wiii be shown  on an isomctric view
of the roof which will be included on the contract urawmgs
When designed by a metal building supplier, the isometric
view will be shown on the shop drawings submittal and the
as-built drawings. This includes all areas of the roof; i.c.,
ridges, edges and corners.

(3) SSMR systems wiil have mechanicaily crimped
sidelap seams at panel to panel connections. A mechani-
cally crimped seam is one where the interlocking of the two
panels is accomplished by a mechanical device forming or
repositioning the metal. Any manufacturer wishing to use
a system that does not have mechanically crimped sidelap
seams must demonstrate by testing in accordance with
appendix D that the sidelap seams will not open under
application of the most severe factored wind uplift pres-
sure. This data must be submitted to the EOR for review
and approval.

(4) Hold down clips will be capable of self adjust-

ment for ihe full anticipaied thermai movemeni. The max-

1 ranaa far tharmal varmant usll h
imum temperature range for thermal movement will be

stated in the project specifications. The clips will have the
movement slots centered at the time of installation. The
calculations to determine the maximum anticipated ther-
mal movement will be included with the shop drawings.

Carefully designed expansion joinis may be necessary on

lono span roofs (1m feet or greater),

e “Qviy

( 5) There wxll be a minimum of two fasteners (usually
screws) per hold down clip. As a confirming test, each
fastener will be capable of resisting the tributary area load
of the clip times the design wind upiift pressure applicable
to that portion of the roof times a factor of safety of 2.25
per screw. Results of the test will be submitted along with
the shop drawings.

(6) Single fasteners will be allowed if the supporting
structural members are prepunched or predrilled. As a
confirming test, the fastener wili be capable of resisting the
tributary area load of the clip times the design wind uplift
pressure applicable to that portion of the roof times a safety
factor of 3.0. Results of the test will be submitted along
with the shop drawings.

(7) Fasteners (screws) will be equipped with metal
backed neoprene, or similar type material, washers that

will assure the proper torque of the screws by observation

of the comnression in the neonrene

225 TSN SSSAS 222 1A PR,

(8) The supporting structural member spacing will
not exceed 2’- 6" on center at the corner, eaves, and edges
of the roof and 5’- 0" maximum for the remainder of the
mid fieid roof area. Edge members for vertical support are
requircd oa all perimeter walls.

(9) Cold formed cunnnrt! o structural members will

worala A0 20008 S S5 Dta WL L Gl AAEVARIU

have a minimum thnckness of 16 gage and a minimum



6-7. Minimum required section properties for
fluted sheets
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foot width of fluted sheets for single-span, two-span, and
three or more span conditions as apphcablc will be indi-
cated on the drawings . For the usual roofing and siding
apphcatxons, the section propcmcs that must be indicated
are the minimum effective moment of inertia per foot

undth tha minimnm t‘nhlrnpcc nf chppte Qﬂt‘ m-numnm
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section modulus per foot width for both aluminum and
steel sheets if an option is allowed. For presentation of
necessary information and data on the drawings, see table
6-1.

a. Design considerations. T
nme £ A nend £ & ooy ha nea ata a t
ULLd U~*r aliu U~J, ul(l] Ue WO LU AIG L
properties of regularlv curved sheet: In some snecia
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cases, fluted rooﬁng and siding may be required to perform
additional structural functions, for example to provide
diaphragm action when subject to design loads. The struc-
turai evaiuations and design of fluted sheets in most spe-
mial nnons v M ha hacad nc nettacia docneibhad hocaloe axmd

Cidi Cascs Wil OC DASCa O Critdria acsCrioca nerciin anda on
sound engineering nnnmnlec Desion of dmnhraomc for
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earthq_uake areas will conform to TM 5-809- 10/AFM 88-3
Chapter 13.

b. Determination of minimum required section properties.
The minimum required scction properties will be deter-

Lol o £ M a2 2
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) Minimum reguired moment gf inertia. For the
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The Blodgett formulas
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(1
usual case where the design load is a uniformly distributed
load, the minimum required effective moment of inertia
per foot width (I) based on the deflection limit under full
load (span 1ength, L, divided by 180) can be determined

N

TM 5-809-2/AFM 88-3, Chap

6-8. Determination of actual section properties
of available fluted sheets

a. General To assure comnlete comnliance with desion

NTCisi woe v MU PAVLY VARG WAl vvu-b.-

criteria prescribed in this manual and to provide economi-
cal design and an equitable section comparison, proper-
ties of various available fluted sheets will be determined in
accordance with the procedurcs listed bei

b. Seciion propemes Section

unclad cheet The moment of
unciag snpecl. 1 moment ol

of various fluted sheets may be determined by any of the
methods specified below:
(1) Regularly curved sheets.
(a) Section propcrtics may be determined in ac-
cordance with the Iouowmg formulas derived b rroressor

Moment of inertia, ig4/ft. of width.
Section modulus, in."/ft. of width.
Width, (12 inches).

Thickness of sheet, inches.

Where 1

~ T wn
wonounon

Denth inchac (dictance from to
L€pin, INCaCs (gistance rom Q]

[>%
]

crest of corrugation to the top surface of
valley of corrugation).

L .l _ £ 17 ___ !
Dy the Iouowmg formulas:
Single spa:: I =234 wL3!E q 6-1)

-2 3 T2 7
Two equal spans: I =097wL/B (eq 6-2)
Three or more
equal spans: I=124wL /E (eq 6-3)

Where I = Effective moment of inertia, in ~ per foot of width
B =Modulus of elasticity, psi.

w = Uniformly distributed design load, pounds per linear
inch per foot width.
L =Span, center to center of supports, inches.
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i 3. v
will be determined hv dividing the maximum moment
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resulting from critical dcsum loads by the allowable stres-
ses. The allowable desngn stresses will be based on the
maximum allowable stresses for the specific metal which
will provide the minimum effective section modulus.
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A,
ected. Acceptable values of moment of inertia and
section modulus of several types of fluted steel sheets are
tabulated in an article from ASCE Civil Engineering
magazine, “Sectional Properties of Corrugated Steel
Sheets Determined by Formuias.”

{b) Section propemes may be determined in
cordance with the “linear method” in the AISI Su

1n-
ordance with the “linear method in the AISI Sup
plementary Information on the Specification For the
Design of Cold-Formed Structural Steel Members.

(c) When the pitch of flutes (distance from center

=
w
.

ac-

to center of flutes) equals 2.67 inches and the total depth
(d+t) equals 7/8 inch, the section properties may be
comnuted hv the followine formnlac
computed by the following formulas
2
I =015bd (eq 6-6)
21
S = (eq 6-7)
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From: "SECTIONAL PROPERTIES OF CORRUGATED STEEL SHEETS
DETERMINED BY FORMULAS" by Don S. Wolford, Civil
Engineering, Feburary 1954,

Figure 6-1. Cross section of typical arc-and -tangent

giving symbois used.
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From: *SECTIONAL PROPERTIES OF CORRUGATED STEEL SHEETS
DETERMINED BY FORMULAS' by Don S. Wolford, Civil

Feburary 1954
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Figure 6-2. Factor Cs plotted against pitch-depth ratio at
various web angels.

(2) Regularly and irregularly folded sheets.

/) Sact: o un
a) Section properties of steel sheets will be com-

p ccordance with AISI Supplementary Informa-
tion on the Spccxficauon for the Dcsxgn of Cold-Formed
Structural Steel Members or by other conventional
methods based on full cross section per foot of width

except where the use of th e “effective design width” con-
P —ann:-nal

Th o
pt is required. 1ne efiecti ive dCSisu width will be deter-

2.8

Design of Cold-Formed Steel Structural Members. The
maximum compressive stress, f, to be used for determina-
tion of the effective width under “load determination” in

A TOY

Section 2.3.1.1 of the AISI specmcauon will be taken as

chH?‘ dnad p'nc |“In lnat‘ l\“f

not more than 20,000 psi maximum, regardless of the actual
stress and regardless of the increase of allowable stresses
for wind or seismic loads. For deflection, the effective
width under the “deflection determination” formula will be

ined in accordance with AISI Specification for the

tha tiinl et
the actual stress under the
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From: *'SECTIONAL PROPERTIES OF CORRUGATED STEEL SHEETS

DETERMINED BY FORMULAS® by Don S. Wolkforag, Clvit
Englneering, Feburary 1954,

Figure 6-3. Factor Cs plotted pitch-depth ratio at various
web angles.

(b) Section proterpies of aluminum sheet will be
computed by conventional methods based on full cross
section per | foot of width except for deflection wherc the

CIICCUVC Wlutu Lunu:pl WIu Uc uacu das xcquu cu m accor u-
ance with the Aluminum Association QanFrahnn for

VWitdl IV SAiuiaiiiiiuiii L asSuULa&uaUii Laaalaaal A

Aluminum Structures. Acceptable sccuon properties of
various available aluminum building products are tabu-
lated in table 6-2.

Avoid locating mechanical and electrical equipment on
and penetratmg through the roof. Ifitisa bsolutely neces-

enouch above the de

Vugii UV he de

a
airs under the units. Walkways will be provnded ifaccess
to the equipment is a requirement.

6-10. Load test

r‘onornl In

a. General. In sp or

configurations of the ﬂuted sheet s are uch that value
cannot be properly calculated for the safe load-carrying
capacity and deflection in accordance with the procedures

T
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specified herein, the structural performance will be estab-
lished from the evaluation of load tests. Uniess specified
otherwise, load tests for steel sheets will be in accordance
with AISI Specification for the Design of Cold-Formed
Steel Structural Members, and for aluminum sheets, the
Aluminum Association Specifications for Aluminum
Structures. Testing will consider uplift and loadings ap-
plicable to edges and corners as appropriate. Test proce-
dures will be subject to approval by the appropriate
headquarters. Load tests on structural performance will
meet the strength and deflection requirements in the above
referenced publications except as modified herein. Tests
will also include an evaluation of the adequacy of water-
tightness at laps and seams when subject to full dead and
live loads or wind loads. Load test results and evaluation
data wili be submitied for approvai.

b. Modified ASTM E 330 test. Underwriters
Laboratories, Inc. (UL) 580 test classifies roof systems. It
does not determine the load carrying capacity of a par-
ticular roof system. The ASTM is developing a standard
for an air pressure test that will approximate the load
carrying capacity of a roof system. ASTM E330 has been
modified by the Corps of Engineers to test flexible metal
panels. Until the ASTM standard on SSMR systems is
published, the Corps of Engineers’ “Test Methads For
Structural Performance Of Standmg Seam Metal Roof
Systems By Uniform Static Air Pressure Difference” (Ap-
pendix D) will be used to determine the load carrying
capacity of a SSMR system that requires testing. If the

COMADY ccbm e Bl b e el A o ol e T oLt
DOLVIR SYDICHI UTVIALCS LIUL LOT UOMPN ICYUL THITUL L LIS
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chapter, the SSMR system will be tested in accordance
with the Corps of Engineers’ test (Appendix D). 1t is
recommended that the specifications require the manufac-
turer to test each SSMR system once in accordance with
with the Corps of Enginners’ test. The test may also be
required if the building is identified by the user as a critical
building and the designer wants to proof test the SSMR
system.

¢. Component testing. It may be desirable to have the
clips and fasteners tested in a laboratory or the field by

meanc of der{‘f—h“" tension tests, Thic would serve to

check the connecuon of clips and fasteners to purlins and
subpurlins, and of the fasteners securing the roof purlins
to the building’s structural system. The test loading will be
the design wind uplift pressure increased by the ap-
propriaie facior of safety. The componenis shouid be
tested to the design load and cycled five times. There
should be no permanent deformation of the clips or loosen-
ing of the screws or other fasteners.

d. Re-roof guidance. For re-roof applications there
should be pull out tests to check the tensile strength of the
fasteners securing the roof purlins to the existing building’s
structural system. The test loading will be design wind
uplift pressure increased by the factor of safety discussed
earlier. The component(s) should be test loaded to the
factored design wind uplift pressure and cycled five times.
There should be no permanent deformation of the clips or
lossening of the screws or other fasteners. The contractor
will be responsible for these tests when they are required

MY iy S, [P S
1 L0C COULIdCt UUCUIIICIILD.
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7-1. Introduction

7-2. Definitions

a. Metal building systems. Metal building systems are
buildings which are supplied as a complete building unit.
Thawu ara to ha tha neadnct Af anae matal hnilding cunnliar
i u‘!’ mb W Uv uiv Pl WVULL UL VIV LIV ias uuu\uns auyyuul

This supplier will be responsible for the design, fabrication,

Bidete 4 e QISIDIC 101 LG UGSt 2allitalll

erection, inspection, and quality control of the structure.
b. Standard metal building systems. Standard metal
building systems are metal building systems that are
dcsigncd in accordance with “Low Rise Buiiding Systcms
AAAAA ti2 ) NS I ¥ PO | - I I NS 7 SRR S S PP Py
lVldlludl Uy UlgC lviCilal Duuuulg Ividiitlldueiluicid t\bbuuauuu
(MRMA\ These hmldmoe have an eave hmoht Pmml to or

less than 20 feet, or have ng.ld spans less than or equal to
80 feet. Typical examples of standard metal building sys-
tems include warchouses, pump houses, and servicing
facilities.

¢. Special purpose metal bu‘ ildir
ymvcp mcta! buﬂdlna cucte o
designed by the manufacturcr to meet loadmzs specified
by the Government. These buildings have an eave height
greater than 20 feet or rigid frame spans greater than 80
feet, or are buildings considered to be special application
due to factors other than size, such as use, replacement
alue of contents, or location. T'y"p.cal examples may be
large gymnasiums, aircraft hangars, maintenance shops, o
othcr large clear span mdustnal type buildings.

d. Custom metal buildings. Custom metal buildings are
metal bulldmgs which are dc51gned by an architect-en-
gineer firm for a specific set of circumstances; and although
they may utilize standard parts, they are not designed or
fabricated comnletelv bv the manufact

QULIAWS w.ur-v.v- <y —-

by the manufacturer as a metal building system.

<:
=
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/Il Standard metal buildine svstems. For standard

adslereladsr 7eletee Usesileelty S ywsllY Vi SGlaaaal

metal buxldmg systems, floor load combinations and pro-
cedures for developing the design loads will follow the
criteria in the MBMA publication “Low Rise Metal Build-
ing Systems Manual”. The following data will be used in
developing design loads:

{2) Dead loads. floor live 1

{és/ irvau 1Wvaus, i T ive

and ground snow loads will be in acc dance with TM

accordance with MBMA rcqmrcments
(b) Seismic zone will be obtained from TM 5- 809

10/AFM 88-3 Lnaptcr 13. Notc that TM 5-809-10/AF
QQ 2 f‘l..._.,._ 2 L Y nnd IR lastan A A
O0-J, Liuapicl 1o 1 11Cd> U 4.

(a] .
po 0
g Z =050int lateral forcc
equation for seismic loads in MBMA.

(c) Importance factors for wind and snow loads
will be obtained from ASCE 7. Importance factors for
AAAAAAA T A o211 L. ~lae.l_ .1 f. ... "TAA & ONNO 1NITATRA
bcbuu(, 104045 wll DC 0DL4d1NCy 11oim 1 1ivi D-0U”-1U/AT IV
88-3 Chanter 13, The buildin ned

ta
88-3, Chapter 13. T obtained
from this document for wind and snow loads and from TM
5-809-10/AFM 88-3, Chapter 13 for seismic loads.

(2) Special purpose metal building systems and custom
metal buddmgs For spccnal purpose metal bmldmgs sys-
tems and custom metal buildings, the load criteria in TM

5-809-1/AFM 88-3. Chapter 1 and TM 5-809-10/AFM 88-3
SJTOUTT L AV OO J, \JI‘GP A All\G L1VA OTOUIT LU/ 1V W'J

(‘hanter 13 will be used in lace of the MBMA load

crltcna.

b. Design of primary framing and structural members.
Refer to chapters 3 and 5 for design of steel and aluminum
members, respectively.

Eetnatma cmdl o d Py ) LI » Y YN S,

2 anct Lot £ Cne
C. Lxienior rouj anu waii covenng. IRCicr cuapicr 0101
ar

ateagorv will he nh
CgOory win 0C

desion of m
cesign of me

used in place of metal wall nanels the masonry must be
isolated from the metal buxldmg structure.

d. Roof slopes. Refer to discussion of roof slopes in
chapter 6.

tal roofing and urhna If masonry wall
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APTER 8

MINIMUM STRUCTURAL SYSTEMS FOR WIND LOADS

8-1. Introduction

This chapter prescribes the minimum general criteria for
structural systems required to resist wind loads. Refer to
TM 5-809-1/AFM 88-3, Chapter 1 for design wind loads.
This chapter does not include the criteria and the design
requirements for the structural systems needed to resist
other horizontal design loadings such as seismic and blast

lUdub.

8-2. Definitions

a. Structural member. The smallest part of alateral load
resisting system that is not part of a connection. Exampies
would be a beam or a column.

b. Structural element. The smallest complete and
separate structural part that reacts as a single unit to resist
lateral loads. An element is a moment resisting planar
assemblage of members and connections between mem-
bers. Elements may be oriented either vertically or

horizontally. Examples would be a panel of horizontal

bracing, a single shcar wall, or a planar moment resisting

c. Structural system. A group of elements that react
together to give lateral support to the building in all prin-
cipal directions.

(1) Vertical system. All of the vertical planar elements

of the building, such as all the shear walls on the first floor.
(2) Horizontal system. The horizontal planar element
or elements at any one level of the building, such as the roof
diaphragm of a single floor building.
(3) Total System. All vertical and horizontal

tural elements in the building.

d. Structural connection. The parts needed to attach the
elements and/or members of the building structure
together. Connections may be between members, as the
bolts or welds that attach beams to columns, or between
elements of systems as the ties attaching a diaphragm to a
shear wall,

e. Relative rigidity. This refers to the relative stiffness of
the elements of a system. This could be the relative stiff-
ness of all the shear walls in one principal direction, or it
could be the relative stiffness of buﬂdmgs systems, as thc
(.udpurdg;n rcnauvc lU u‘ic Ver! uuu ayalcm

rigiditv influences the manner in which the shear forces

1igateany yvadaLal Al Saabal AaRESSS

from the wind loadings are distributed from the horizontal
systems to the vertical systems of the total lateral support
system.

f- Deformation compatibiiity. This r

tinem that e hntisrnnes mancteiratiien M Armanto
ULV Uldal ULl UL UTLwltll nulidu utidi al vulidiiig CLICLILD,
su-h as exterior panels, and. the horizontal wind load resist-

ing structural system interaction is dependent on the

deformations of the structural systems due to design wind

The goals in the selection of the wind load resisting system
are simplicity in the structurai framing iayout and sym-
metry in the structural system reaction to design loadings.
The selections must consider the need for economy, func-
tion, reliability, and deformation compatibility with the
architectural and other nonstructural building elements
and features. The deflection or drift between adjacent
levels of the horizontal structural systcm (diaphragms) will

S Y

be limited to 0.005 times the story height.

8-4. Approved structural systems

The minimum structural elements and systems required to
resist the design wind ioads wiii be seiected from the
following:

a. Bearing wall system. A structural system wi
complete vcmcal load carrying space frame. Bearing walls
or bracing systems support gravity loads. Shear walls or
braced frames resist lateral loads.

b. Building frame system. A structural system with a

sall lat f;
essentiaiy compicte space irame that supports grav:t"

loads. Shear walls or braced frames resist lateral loads.

c. Moment resisting frame system. A structural system
with an essentially complete space frame that supports
gravxty loads. Moment resxstmg space frames resist lateral

loads prunaruy oy flexural action of structural members.

without

n

8-5. Alternative structural systems

Alternatives to the approved lateral load resisting systems
are permitted if it can be shown that the proposed struc-
tural elements and systems selected to resisi the design
wind loads can be analyzed using a rational structural
analysis, Also, the proposed elements and systems will
provide a clearly defined and completely interconnected
loading path that will transfer the horizontal wind loadings
through the system and to the foundation.

Q L
o=V. 10I DlUll

Diaphragm torsion may have to be considered in the design
depending upon the relative rigidity of the horizontal struc-
tural elements to the vertical structural elements. For

OCSlgn gumancc r(:lcr tothe uxdpnrdgm l()l'SlOndl requ er‘
mentcin TM S_.RNQ-1V/AFM R-2 Chan 12 Recoardlecc of
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the relative rigidities, the designer must also consider tor-
sion created by unsymmetrical wind loading when the cen-
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ter of loading does not coincide with the center of mass of
the structure.

8-7. Connections between elements

[ 28R WY IR lg WS VY W - -

Historically, when failures of horizontal load resisting
structural systems occur, the connections between the ele-

ments of the structurai sysrems have been either the cause

of the failure or a major contributing factor in the vast

majority of the failure events. The cost of providing the
connections between elements needed to resist design
wind loads is a very small percentage of the total cost of the
structural systems and an even more mslgmficant pcrccnt-

age of the total building cost. For these reasons, the con-

8-2

ns between the major stmctural elements of th

atmeal 1 -1 __ 4l ccocbon faccmncnt mala facand Anmnenta

lateral load l'l:&lbung byblcm \cxwpl reinforced concrete
frame connecti nne\ will regict the load combinations ner

VWARR ZLSLSL MAS AVASS SAUAIUVANGRINNIS vt

ASCE 7, except that 2.0 W will be substituted for W in the
basic load combinations. (For example, the load combina-
tion D+W becomes D +2W for dcsxgmng the connec-
tions only). However, the connection strength need not
exceed the ‘u‘e‘g‘u of the connected structural member.
This criteria is intended for low-rise buildings where the

unfactored wind loads are small and do not control the size
of the connection. Reinforced concrete moment frame
connections will meet the requirements in ACI 318. Seis-

o = ann an ~

mic design wiil conform to TM 5-809-10/AFM 88-3, Chap-
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This appendix applies to the design of lightly loaded slabs
on grade subject to typical exposure and subgrade condi-
tions and average conditions relative to concrete place-
ment, curing, and shrinkage.  This appcndix presents

=la_ . _al___ Lt _a_al ___ __af€._

aiternauve OCSlgll provisions to those set forth in cnap(cr 2

rﬂnnl‘(“nn f‘\'nl{ﬂﬁ&c l‘lpcln'n "\acﬂd on mnv:mllm llnnfsm h('le

load. Lightly loaded slabs on grade are those supporting
stationary live loads of not more than 400 pounds per
square foot, stationary concentrated line (wall) loads of
not more than 600 pounds per foot, or vehicle axle loads
of not more than 5,000 pounds. Typical exposure condi-
tinne rafort armnrlacatinne atharthon atenlana hangars
AL I Vi Wi UL IUVAGHVLLY ULVl uiail auylauc uausma

Ao in
J AL
s are not subiected to extremes of exposure and

where slabs are not subject
warping stresses are limited. Typical subgradc conditions
are characterized by sufficient underdrainage to prevent
frost penetration, the absence of a wet environment, i.c.,
volume change due to change in moisture content is
limited, and the absence of expansive soils. In addition,
typical subgrade conditions are deemed to include on nly

2L 3NV SO SevLanine 0 2

soils classified (according to ASTM D 2487) as either Class
ML, any of the S or G groups, or Class CH, CM, or CL
having a modulus of subgrade reaction (k) of 100 pounds
per cubicinch or greater Although slabs on gradc may be

PR S mm el o £ a0

ucsxgncu to pernorm sauuactoruy on suogr ades of lower

strength, design for such conditions is beyond the scope of

this appendix. Refer to TM 5-809-12/AFM 88-3, Chapter
15 for desxgn of slabs on grade subjected to hcavy loads.

B-2. Design requirements

Slabs will be designed for bending stresses due to uniform
loads and concentrated loads and for inplane stresses due

to subgrade drag. When appropriate for the type facxhty
being designed, slabs will be designed for the effects of
warehouse loadings involving aisles, posts and racks, etc.
In such instances, particuiar attention wiil be given to the
desiga for negative moment in aisles. Refer to PCA Publi-
cation “Slab Thickness Design for Industrial Concrete
Floors on Grade” and ACI 302.1R for slab thickness
design. For typical values of modulus of subgrade reaction
(required in computing the slab thickness), refer to TM

5-809-12/AFM 88-3, Chapter 15.

B-3. Subgrade drag (reinforcement)

Subgrade drag force will be calculated on the basis of a
coefficient of friction between the slab and subgrade of 1.5
for granular, loose, or soft subgrades susceptible to
pronounced indentation during construction. (Subgradc

[ V- %

drag force per foot width of slab is 0.5 times the weight of

clah nar canaras fant timae the lanath Af clah hatuwaon
SiaU pvid Syudiw iUUL WIUVS Wb il Ul sau sulwolin

control joints, times the coefficient of friction.) Lesser
values may be used if a smooth subgrade (plus or minus 0.5
inch deviation from a 10 foot straightedge) can be assured.
Ncglect transient loads in calculating drag force, but in-
ciude storage or other iong-term live ioads. Aliowabie
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the sur facc for control |omt spacmgs of less than 15 feet

Locate reinforcing at one-third the slab thickness below

the surface for control joint spacings of 15 feet or more.

Refe rto P(,A pubucauon “Loncrctc ﬂoors on (:round"
A

1‘[') £

Control joints should be located at all mterruptlons in the
siab and at 25 foot intervals. If coniinuous siabs are used,
the nravic alating to reinfarcament for suihorade drac
[S ¥ lw) Pl Ulﬂluls WV I viAMIVINA LIV 11U auusx auv Ulds
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m
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of the concrete. Crack control is provxded by the presence
of the reinforcement; aggregate interlock provides shear
resistance across the cracks. Where controi joints are used

under normal conditions, the following will be considered:

a. To reduce slab curl, erect walls and roof prior to
placing the slab.

b. Limit area of hand-placed concrete to 450 square feet
between joints.

¢. Limit ratio f 2
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TM 5-809-2/AFM 88-3,CHAP. 2

APPENDIX C
THICKENED SLAB DESIGN

C-1. Introduction

This appendix provides guidance on the design of thick-
ened slab on grade to support line loads such as partitions.
The allowable loads are based on the beams on elastic
foundation theory. See Beams On Elastic Foundation, by
M. Hetenyi.

C-2. Loading conditions

Partition loads are applied to slabs in the three conditions
shown in figure C-1.

Tabie C-1. Allowable Slab Line Loads.

B. LOAD NEAR FREE EDGE

A LOAD NEAR CENTER OF SLAB

C. LOAD NEAR KEYED OR DOWELED EDGE

Figure C-1. Conditions of loading.

C-3. Slab design

a. Tabular design loads. Maximum allowable load
values, Pc or P, , in pounds per linear foot that can be
supported by various slab thicknesses are given in table
C-1. Separate wall footings will be used to support loads
exceeding the table values. Values in table C-1 are based
on the concrete flexural strength indicated and k = 100
pounds per cubic inch, where k is the modulus of subgrade
reaction. Table C-2 may be used to estimate the values of
k.

Slab Pc (pif ), Load Near Center

Thickness  of Slab or Near Keyed Joint

t or Joint with Dowel or Pe(pif),Load
inches Tie Bar Near Free Edge
4 485 375

5 640 495

6 805 620

7 975 755

8 1,150 890

9 1,330 1,036

10 1,520 1,180

Tabulated loads are based on a modulus of subgrade reaction (k) of
100 pounds per cubic inch and a flexural strength of concrete = 650 psi.
The thickness of the slab for other values of k will be computed by
multiplying the thickness in Table C-1 by the factor;

100
k
Typical values of this factor are:
kpsi) 25 S0 100 250 300
Factor 1.3 11 10 08 08

For this application, the flexural strength of concrete has been assumed
equal to 9 VPc where fc is the specified compressive strength of
concrete (psi).

b. Width of thickened slab. The width of thickened areas
for slabs on grade which support line loads will be in
accordances with figure C-2. '

¢. Modulus of subgrade reaction. For the design of rigid
floor slabs in areas where no previous experience regarding
the floor slab performance is available, the modulus of
subgrade reaction, k, to be used for design purposes may
be determined by soil classification and moisture contents.
Table C-2 lists typical values of modulus of subgrade reac-
tions for various soil types and moisture contents ranges.

C<4. Examples

The following are examples of the application of informa-
tion included in this appendix.

a. Figure C-3. Slab design example 1, provides a way for
determining required thickness and width of thickening for
a line load located near the center of a slab.

b. Figure C-4. Slab design example 2, provides a means
for determining required thickness and width of thickening
for a line located near the edge of a slab.



Table C-2. Typical values of modulus of subgrade reactions.

Py

Module of Subgrade Reactions, k in ib/in”

for Moisture Contents of
1 5 9 13 17 21 25
to to to to to to to Over

Types of Mterials 4% 8% 12% 16% 20% 24% 28% 29%

Silts and clays — 175 150 125 100 75 50 25
Liquid limit > 50
(OH,CH,MH)
Silts and clays - 200 175 150 125 100 75 50
Liquid limits <50
(OL,CL,ML
Silty and clayey 300 250 225 200 150 = - -
sands (SM & SH)
Gravelly sands 300 + 300 250 - - - - -
(SW & SP)
Silty and clayey 300 + 300 + 300 - - - - -
graveis (GM & GC)
Gravel and sand 300+ 300+ - — - - - -

NOTE: k values shown are typical for materials having dry densities equal to 90 to 95 percent of the
maximum CE 55 density. For materials having dry densities less than 99 percent of maximum CE 55
densnty, values should be reduced by 50 lb/m except that a k of 25 ib/in” will be the minimum used

for design.

THICKENED SLAB WIDTH

* FOR T'THICKENING
* FOR 2" THICKENING
" FOR 3" THICKENING

€58 4¢ TCKENMG
+" THICKENING

FOR 5" THICKENING

ANCN MCAD ACMTE
LAY ViV

THICKENED SLAB WIDTH

2'-0" FOR 1'THICKENING

3'-0" FOR 2" THICKENING
4'-0" FOR 3" THICKENING
-0 FOR 2" THICKENING
6'-0" FOR 5" THICKENING

MIN tg >4.25h \]
j E—

i 15w

(MIN. 1-0")

C.SLABS LOADED NEAR A FREE EDGE
NOTE :

THE ABOVE IS BASED ON INFORMATION
PRESENTED IN TM5-809-12/AFMB8-3, CH.15.

Figure C-2. Width of thickened slabs.

GIVEN:

DETERMINE :
SOLUTION:

A MASONRY WALL WEIGHING 600 POUNDS PER
LINEAR FOOT IS LOCATED NEAR THE CENTER OF A

INCH S AR L-100 DQUNDS OER CURIC INCH.
RAB K CUBUS ¢ Lot

a4

THICKNESS AND WIDTH OF THICKENED SLAB

FROM TABLE C-1 FOR ALLOWABLE LINE LOADS NEAR
CENTER OF SLAB, SELECT t-5 INCHES FROM FIGURE C-2,
FOR 1" THICKENING (5" LESS 4") THE THICKENED SLAB IS 2'-0".

T

3. Siab design Exampie 1.



TM 5-809-2/AFM 88-3,CHAP. 2

GIVEN: AN 8" MASONRY WALL WEIGHING 600 POUNDS PER
LINEAR FOOT IS LOCATED NEAR THE EDGE OF A
4 INCH SLAB, k=100 POUNDS PER CUBIC INCH.

DETERMINE: THICKNESS AND WIDTH OF THICKENED SLAB.
SOLUTION: FROM TABLE C-1 FOR ALLOWABLE LINE LOADS NEAR

A FREE EDGE, SELECT t-6 INCHES FROM FIGURE C-2,
MIN. te-5": USE 6". FOR W=-8", THE THICKENED SLAB

WIDTH IS 12" (=1'-0" MIN)
LARLP N o B WL AR TU WINLY
W-BII

600 plf
N a P
N

6..
4
|

-0

Figure C-4. Slab design Example 2.

C3
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APPENDIX D
TEST METHOD FOR STRUCTURAL PERFORMANCE OF STANDING SEAM
METAL ROOF SYSTEMS BY UNIFORM STATIC AIR PRESSURE

DIFFERENCE

D-1. Scope test-pressure difference across the spccimen, and observ-

ing, measuring, and rccoramg the aenecuons, deforma-

a. This test method covers the determination of the tions, and nature of any failures of principal or critical

sz.--'-h--'-' formance of standing seam metal roof sys- members.

b. The propcr use of this test method requires a
knowledge of principles of pressure and deflection meas-

urement.
o MLl tncé caen ~ nonwlas A Asmeensmatiae to 1o
¢. 'Inis test method describes the apparatus to be used
for applying specific test loads uniformly distributed to a
specimen

d. The values stated in inch-pound units are to be
regarded as the standard. The metric equivalents of inch-
pound units may be approximate.

e. This test method may involve hazardo \
This test method does not

A dwSh adaveaaaiNe WBUSS

nmrnuenc and qupmcn!

purport to address all of the safety problems associated
with its use. It is the responsibility ‘of whomever uses this
test method to consult and establish appropriate safety and

hcalth praclices and dctcrminc the applicability of

a. Specimen - the entire assembled unit submitted for
test.

b. Test Load - t
sure (nositive or n

sure (positive 0
tested, expressed in
cals).

. Ultimate Load - the difference in static air pressure
(posmvc or negauvc) at which failure of the specimen

occurs, expressed in pounds per square foot {or pascals).
A Pormanont Nofarmatinn - the nPrmanPnf dienlace.

e L CIrTslisCras A/ UIITIGGIUN = AL pla

ment from an original position that remains after an ap-
plied load has been removed.

e. Failure - the inability to carry additional load, per-
manent scparatxon of the panels or of any of the component
parts or connections or when permanent

£ t t
sufficient to compromise the weather

Qv WSy

ahi :l'u
fauuay

D-4. Significance and use

a. This test method is a standard pro
mining structural performance under uﬁinoﬁﬁ static
pressure difference. This typically isin

the effects of wind loads on building roof surfaccs.

b. Design wind pressures will be given in the contract
documents. The maximum pressure required in this test
will be the dcsign wind uplift pressure mu]ﬁplied byafactor

PP, W T R SIS I S

of sarery of 1.65 or 140 pSI whichever is the iesser.

a. The description of the apparatus is general in nature;
any equipment capable of performing the test procedure
within the allowable tolerances is permitted.

D. IVIUJU’ Lumpuncnu
/I) Test chamber - A test cha

2058 Lislaris Tl A [est chamber or box v il

open ton upon which the specimen is installed. At least
one static pressure tap will be provided to measure the
chamber pressure and will be so located that the reading is
unaffected by the vcloc:ty of the air supply to or from the

T
'D
e}
o
J"

ox with an

- e L

chamber or any other air movement. The air supply open-
ing into the chamber will be arranged so the air does not
impinge directly onto the test specimen with any significant

velocity. A means of access into the chamber may be
provided to facilitate adjustments and observations after
the specxmcn has been installed. The test chamber or the
specimen mounnng frame, or both, must not defiect under

atactload i ciiok 4 mannan a nerforman
the test load in such a manner that the performance of the
specimen will be affected.

(2) Air system - A coatrollable blower, compressed
air supply, an exhaust system, or reversible controllable
blower designed to provide the requircd maximum air
pressure difference across the specxmen. The system wili

PR cepntlial Amcbnmé Ato cacncerima avamnaa fa

provide an essentially constant air pressure difference for

the required test period.

(3) Pressure-measuring apparatus - A device to
measure the test pressure difference within a tolerance of
+/-2%

(4) Deﬂecuon-measurmg apparatus - A means

ot
nnNn poy
+/- 0.01 inch

PR . a M. Af
i I}

mcasurmg GC[ICCUOHS Wllﬂlll a tolerance O
(0I5 mm)
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(a) Deflections will be measured at the midpoint
between supporting roof members. These measurements
will be taken along the standing seam and at the midpoint
of the panels between standing seams. Deflection of edge
mamhare that asa nmast Af tha rsanf cuctam wanll alen ha
muluuvla uuu aiv Pﬂll vl lub 11UV B’nlbu‘ Wil AV UV
measured at similar locations. Additional measurements

may be required by the specifier.

(b) When deflections are to be measured, the deflec-
tion gages will be installed so that the deflections of the
components can be measured without being muucncea by

~ooilhla movements ~Af ~ teenmthio thocmanioeac

D-6. Safety precautions

Take proper precautxons to protect the observers in the

................. T eLi_ a__&

cvcnl Ul dny lduurc. f'\l I.nc Prcbbul'cb u.scu m UAAS LOSL
mpthnﬂ considerable energy an and hazard are involved, Do

pHiie ¥

not permit personnel in such chambers during the tests.

D-7. Test specimens
. Cronimanc 2 be of suffic
a. Specimens will be of suffi
perfnrmanm- of all parts of the ¢

e "“' "J"“"“ A of 3l
feet by 20 feet). Conditions of structural support members
will be simulated as accurately as possible. All parts of the
test specimen will be full size, using the same materials,
details and methods of construction and anchorage as used
on the actual building. Two specxmens are required to

pprfr\rm the test, There will be one specimen -"C?cheﬂ{h

0‘2

the corner condition and a second specimen representing
the construction in the middle portion of the roof. The
second test may be waived by the EOR if the test with
members spaced at 5 feet on centers resists the wind

Pressurcs IOI' lnC pcnmcter arcas.

b. Width: Edge seals will not contain
ments that restrrct deflection of the test panels other than
the normal gable conditions.

Length Spacing of the supports will be the actual
spacmg of the panel spans being evaluated with ap-
propnate paneli overnangs, if any, at end supports. The

actad ic theaa and tha
ested is three and tne

manometers and deﬁection-measuring

I S TP LTSN
y not required, provided the instruments
r

their desion temnerature
12CIE CCSIgn iemperaliure

D-9. Required information

b. The duration of incremental and maximum loads (see
below).
c. The number and location® of required deflection meas-
urementis, discussed previously.

a. Fit the specimen upon the chamber opening. Sup-
port and secure the specimen by the same number and type
of anchors normaiiy used in mstaumg the unitona buxldmg

h T nlte lanlbacma thanaaa
U. 11 all 1IcaRage l‘.muugu lﬂc test apcul.ucu lb CM&IVC,

[al’rﬂv‘ r_p_av he ll(“(‘l 'ﬂ cover anv "fﬁt‘k( and 3n|ntc thrnngh
which the leakage is occurring. Tape will not be used when
there is a probablhty that it may srgmﬁcantly restrict dif-
ferential movement between adjommg members. Itis also
penmsslble to covcr the enure specrmen and mounting
panel with a single thickness of polyeth hi
than 6 m||= (ﬂ “K in \(ﬂ 152 mm\ Panele chanld he tectad

A GAIWAS SiiUwIW Uw tvotvu

in such a manner that 100% of the exposed panel surface
has a uniform static air pressure difference apphed giving
particular attention to insuring that this load is applied
between or behind all lrammg support members. The

PO TSI SN LIPS S S PO SR JRUHPY TP T G |
icLuinyuc ui dppuu 11 lb un tant m UIucCr udtl 1uu 1044
is permitted to be transferred to the specimen and that the

membrane does not prevent movement or failure of th

specimen. Apply the film loosely with extra folds of
material at each corner and at all offsets and recesses.
When the load is appiied, there will be no fillet caused by

ﬁgnﬁléss (0] § piasuc lum lna[ wm nave a Slgnulcanl CIICC[ on
the r

c. Install any required deflection-measuring devices at
thelr specrﬁed locations. A minimum of 6 points on the
load-deflection curve will be obtained.

d. Apply a nominal pressure cqual to at least four times
the welg,n( of the specimen. Use this nominal pres-

o Yrafaranca 7oen ‘AL\A” and 'nnArA sevitial rand
4c  ICICiChll 000 10a aiiG ICCUTG ilidal 1CaiG-

the app hgd load has been applied for 60 seconds
and until dial gauges indicate no further i increase in deflec-
tion. The next load, unless otherwise specified, will be a
load equal to one-quarter the design wind uplift load and
will be applied for not less than 60 seconds. Thereafter,

—n:‘--nn tha caecacciiea Facnmnan tanmaland nadtlhacw kol oo

ICUULL UL piedduLe dlflclc v 10 U 1Ual ailu LUiiCil UdLRA WL
“reference zero load”, Take rendmgs to r
permanent deformation or failure. Contmue t pply load-
ing in the specified increments reducing loading after each
increment back down to no load and then back to “refer-

ence zero load” until the esxgn wind uplift

t:.
('b
3.
3
]
-
T
4]

achieved. After completion of the above portion of the
tect reduce the nreccure diffarence to no load nnri then

IO AWHLLLY LAY pPAVoSuE v WAl VLY WU U avas ANE vasvan

back to “reference zero load”. Multiply the design wind
uplift load by the factor of safety. Usmg one third incre-
ments of this value, increase the load in three steps until
this factored load is reached. Follow the same procedurc

as used fo test to aesngn load. Hold the test at final load

far 2 minimum nf 60 carsnnde than radnca tha 't\nﬁ‘ tn Fares
10T a iyl U1 ou SCCONGAS uill ICGUlO uic 10ad (O Z8r 0.



If failure occurs prior to the full load, record the load at the
time of failure.

™ 11 ™»______a
D-11. Keéport

The report will include the following information:

a. Date of the test and the report.

b. Identification of the specimen (manufacturer, source
of suppiy, dimcnsions, model types, materials, and other

PRSPy

pcruucm l.ll.lUl lﬂdllUll }

snoned sccuon Drofiles. frammsz locatnon panel arrange-
ment, installation and spacing of anchoragc, and any other
pertinent construction details. Any modifications made on
the specimen to obtain the reported values will be noted on

sure differences, and permanent deformations at locations
specified for each specimen tested.
e. The duration of test loads, including incremental

A..A.-

f- A record of visual observations of performance.
g When the tests are made to check conformity of the
spcc1men to a particular specification, an identification or

thnt ceannifEnntl e

description of that specification.
h. A statement that the tests were rnnd_! ed i

cordnce with this test method, or a full descrip
deviations from this test method.

i. A statement as to whether or not tape or film, or both,
were used to seal against air ieakage, and whether in the

_______ 1. .0
]uugmcm Ul lllc test cugmccr, mc ldpc Or um muucnu:u

the results of the test

Lo 1 0%

j. If several essentially identical specimens of a com-
ponent are tested, results for all specimens will be
reported, each specimen being properly identified par-
ticularly with respect to distinguishing features or differing
adjusimenis. A separaie drawing for each specimen wiil

nat he reanirad ." all fl an-annn.- hatwoan tham ara natad
AMUL Uw l\vqm-l\v\‘ QAL BIAWE VIIVAYD UL YLV LUV al v uuULWLvuU

on the drawing provided.

k. The test will be performed by an independent testing
laboratory or at the manufacturer’s laboratory if an inde-
pendent Registered Professional Engineer witnesses the
test. In either case, the test report shall be signed and
conlad hu tha anatnaae wha untnaccad tha tact

aicu " e buyuccx wuu WILHCDODU LT LOOL.
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