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DESIGN CRITERIA FOR THEATER Since the design life of T/O structures is typically
OF OPERATIONS STEEL HIGHWAY from 2 to 5 years, use of civilian structural design
BRIDGES codes, which are generally based on design lives of 50

to 75 years and relatively high levels of reliability,
VOLUME I can result in unnecessarily conservative and uneco-

nomical designs for the limited needs of I/O struc-

1 tures. In addition, environmental conditions which
INTRODUCTION can adversely affect the performance of structura l

materials , such as low temperatures in arctic
Background regions, shou ld be taken into account.

Engineer troop units in a theater of operations Purpose
(T/O) are assigned diverse construction missions
which often have critical completion date require- The purpose of this report is ( I )  to develop appro.
ments. These missions often involve erecting or priate reliability models and evaluate the reliability
assembling standard prefabricated components , levels and consistency of current military structural
such as those available for buildings and tactical steel design criteria for T/O bridges in light of thei r
bridges, or constructing structures using conven- 2 to 5 year design life and environment , and (2) to
tional materials and components. formulate , in a ~mple format , recommendations for

design criteria for T/O structural steel bridge
The Army Facilities Components System (AFCS) members and fasteners , based on reliability con-

conta ins standard designs for many of the structures cepts.
that T/O troop units may be required to construct.
The AFCS Technical Manual (TM) 5.3021 and its Approach
related logistical references TM 5.3012 and TM
5-303,~ contain many standard structural designs Appropriate reliability models were developed to
which use both standard and prefabricated compo- analyze and evaluate the safety levels and consist-
nents. These manuals , which also contain bills of ency of existing structural design criteria for steel
materials and construction practice guidance , (rolled shapes) members and fasteners for bridges.
greatly reduce the amount of planning and design The models were then used to develop static , fatigue,
effort required to complete a construction assign. and brittle fracture criteria for T/O bridge members
ment. and fasteners subjected to dead plus live loads.

However , T/O construction for which prefabri- Chapter 2 summarizes the development of these
cated materials and/or standard designs are not design criteria. (A ppendices A through I in Volume
available is also required . Engineers in the field must II describe and justify the design criteria develop.
plan and design such structures for particular mis- ment and recommendations in detail.) Chapter 3
sions using as gu idance such references as TM presents the recommended design criteria for AFCS
5-312,~ FM 5.35,5 TM 5-744,’ and TM 5-882-2.~ bridges designed by bridge design offices. Chapter 4

provides the recommended design criteria for
________ 

bridges designed in the field by combat engineers.
‘A rmy Facilit ies Components System C4FCS)—Designs. Chapter 5 provides an example of the use of the

TM 5-302 (Department of the Army. September 1973). criteri a presented in Chapters 3 and 4. Chapter 6
‘Army Facilities Components System (AFCS) —Planning. evaluates the existing TM 5-3 12 criteria for the static

TM 5.301 (Department of the Army. September 1973). load case , and Chapter 7 presents the study ’s conclu-
‘Army Facil ities Components System (AFCS) —Logistic Data sions and recommendations

and Bills of Materials. TM 5-303 (Department of the Ar my.
September 1973).

1Miitary F&red Bridges. TM 5-3 12 (Department of the Army, Technology Transfer
December 1969). with changes I and 2.

‘Engineers Reference and Logistical Data. FM 5-35 (Depart. The research in this report impacts on TM 5-312,
ment of the Army, ApnI 1971). FM 5-34,’ FM 5-35 and TM 5-301, -302, and -303.

‘Structural Steelwork. TM 5-744 (Department of the Army.
October 1968)

‘SrnsctNraJ Design—Emergency Construction. TM 5.882-2 ‘Engineer Field Data. FM 5-34 (Department of the Army.
(Department of the Army. August 1963). December 1969).
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2 SUMMARY OF DESIGN CRITERIA practices are used; special provisions and criteria are
DEVELOPMENT recommended when lower quality fabrication ,

assembly, and erection practices are likely to occur.
The report provides a rational basis for developing

consistent design criteria for short-life structures. A Significant materials and labor savings can result
consistent design is one in which the probability or from using the recommended T/O bridge criteria
chance of reaching a limit state (limit state proba- rather than permanent brid ge criteria. (See Safety,
bi lity) of a str uctural element (member , fastener , or SavIngs, and Coat Effectivenes, in Chapter 3.)
connection) is compatible with the other limit state
probabilities of that element or other elements in the
struct u re. ~~ RECOMMENDED DESIGN CRITERIA

~
) FOR AFCS BRIDGES

For the static failure mode, member resistance
and st ructura l loading data were combined to deter- Scope
mine ex isting and recommended limit state proba-
bilities and their corresponding safety index values. The criteria presented in this chapter are recom-
Best estimates of central tendency (average values) mended for use in designing I/O steel girder and
coupled with measures of dispersion (coefficients of truss-type bridges’ which have design lives of 2 to 5
variation) of the resistance and load were used to years and are fabricated from hot-rolled steel dc-
compute the safety index values using first order reli- ments. The maximum deviation from the recom-
ability theory. These safety index val ues, which were mended criteria shall not exceed 2 percent (on the
computed for permanent and temporary structural unconservative side) of the indicated design require-
elements, were used as guides in determining recom- ments.
mended allowable stresses. Recommended criteria
for the static failure mode for temporary bridges The criteria apply to hot-rolled and fabricated
were determined so as to yield safety index values (built-up) shapes, including standard wide flange
which provide adequate safety relative to that of past shapes as well as plate girders , trusses, and appro-
temporary and permanent bridges, while reflecting priate fasteners and connections. These criteria do
the bridges’ temporary nature . not cover composite girders, hybrid girders, box

girders, tapered members, members subjected to
For the fati gue failure mode, the limit state proba- combined bending and axial force , biaxial bending,

bility of surviving a given number of fatigue load torsion , doubly nonsymmetric shapes, and friction
cycles was calculated . This limit state probability joints.
was compared for both permanent and temporary
bridges and used as a basis for developing the fatigue Unless otherwise noted, all references to the
allowable stress ranges. The recommended I/O American Association of State Highway and Trans.
fati gue allowable stress ranges should provide ade- portation Officials (AASHTO)’ and the American
quate safety and performance relative to permanent Institute of Steel Construction (AISC)1° refer to their
bridges while accounting for the temporary nature of 1973 and 1969 specifications , respectively. The
the T/O bridges. The limit state probabilities and
corresponding allowable stress ranges were devel-
oped based on: ( I) the fatigue resistance of details at - . -Girder design shall be subject to the Association of State
which fatigue may control the design , and (2) the Highway and Transportation Officials (AASHTO) requirements
stress ranges or loading frequency history and the of Articles 1.7.68 through 1.7.74 except as herein modified; truss
number of cycles of loading to which these details are design shall be subject to the AASHTO requirements of Articles
subjected . 1.7.75 through 1.7.89 except as herein modified. in Articles

1.7.69 and 1.7.88. the values of the limits of compressive bending
stress or axial compressive stress specified as 0.55 of the minimum

Brittle fracture, an unstable crack growth failure , specified yield stress F~ shall be taken as 0.66 F7.
which usuall y occurs at low temperatures . is covered ‘Standard Specif ications f ar Highway Bridges. 11th ad.
by inc reasing the material toughness requirements (Ame~~ *n Association of State Highway and Transportation
and/or reducing the allowable static tensile stress. Offi HTOI, 1973).

“Specsf lcati ~~ f a r the Design. Fabr ication and Er,ct,on of
Structural Steel f it, Buildings (American Institute of Steel Con.

The crite ria development assumed that adequate stri,~~,~~ lAlSCl. 1*9), with supplements 1 (1970), 2(1971), and
fabrication , assembly, and erection procedures and 3 (1974)

8
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grades of steel to which the criteria in this chapter loaded with their normal loads. Thus, th e recom-
apply are those covered by the AASHTO speciflca- mended criteria should result in acceptably safe
tion , except that the specified minimum steel y ield temporary bridges when compared with military
point shall not exceed 50 ksi. ’ temporary bridges of the past and current perma-

nent civilia n bridges loaded with their maximum
Member and fastener criteri a are provided for the loads.

dead plus live load (vehicle weight plus payload) case
and the associated impact effects. Other loads, in- This determination of safety was based on the
eluding wind, water , ice, and earthquake, ar~ not assumption that fabrication , assembly, and erection
covered, practices are adequate; if this assumption is not

valid, the bridge’s safety can be significantly re-
Appropriate criteria for permanent bridge struc- duced. (Sec the Fabrication, Assembly, and Erection

t ures, such as AASHTO or AISC. can be used for section of this chapter.)
steel members and fasteners in temporary bridges
not covered by the criteria recommended herein, When criteria recommended in this chapter for
provided the recommendations in the Loads, Mo- I/O bridges are used , material weight for stringers
nseuts, and Forces section of this chapter are used. ’ (standard rolled shapes under static load) will typi-

cal ly be from 15 to 20 percent less than when perma-
For permanent military bridges, the most recent nent bridge (AASHTO) allowable stress criteria are

AASHTO requirements are recommended , provided used with the design procedures recommended in
the AASHTO requirements are used with the recom- this chapter. Stringer weights obta ined using the
mendations in the Loads, Moments, and Forces see- recommended criteria compare to those obtained
tion of this chapter.” using existing TM 5-312 criteria as follows:

The recommended criteria apply to highway 1. Similar weights are obtained when concrete or
bridges and do not cover railroad bridges. glued-laminated timber decks are used in environ-

ments which are not cold.
Safety, Savings, and Cost Effectiveness

2. Slightly increased weights are obtained when
In the past. increased allowable stresses for static using the recommended criteria if nailed-laminated

loading have been permitted for temporary bridges timber , plank , or multiple-layered plank decks are
(TM 5-312). The safety leveist corresponding to the used in environments which are not cold .
allowable stresses and/or design procedures in TM
5-312 for temporary bridges were evaluated and used 3. Significantly increased weights are obta ined
to determine recommended design criteria which re- when using the recommended criteria for bridges in
fleet the temporary nature of T/O bridges . Hence , cold envi ronments.
the recommended criteria should result in temporary
bridges which are at least as safe against static col- Weight savings result ing from using the criteria
lapse as temporary bridges constructed using TM recommended in this chapter rather than using per-
5-312 allowable stresses and procedures. The safety manent (AASHTO) bridge allowable stresses with
levels corresponding to the recommended criteria for the recommended design procedures in this chapter
T/O bridges loaded with their normal or maximum are 0 to 10 percent for axially loaded compression
loads are comparable to or exceed the safety levels members (typical) and 33 percent for tension
corresponding to permanent civilian bridges loaded members.
with their maximum loads, but are lower than the
safety levels corresponding to permanent bridges In certain cases, the recommended allowable

stresses for fasteners exceed the permanent
(AASHTO and AISC) stresses for fasteners . These
increased allowable stresses will save labor during

S1 conversion factors for aH units of measure used in this re- fabrication and erection by reducing the number of
port are given at the end of the report, bolts and bolt holes required.
~~In certain cases, unrea list ically low loads, moments, and

forces can result if the current procedures in TM 5-312 are used.
?Sce Append~~s A through D of Volume II of this report for Use of the recommended T/O criteria to prevent

details of the safety analyses . static failure will be cost effect ive if the material ,

9
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transportation, labor , and storage cost savings and erection practices, the recommended criteria are
exceed the cost of implementing the criteria (see the based on the assumption that fabrication , assembly,
Implementation section of this chapter) . Use of the and erection quality and tolerances are comparable
recommended criteri a appears reasonable , provided to U.S. permanent construction. Fabrication .
that the temporary bridges used in the past have assembly, and erection shall be in accordance with
been acceptably safe and have performed satisfac- TM 5-744 . Weld qu ality shall be in accordance with
tori ly. The decision to use the recommended criteria the latest American Welding Society (AWS) require-
is to be made by the AFCS Office at OCE (DAEN- ments.11 The recommended allowable stresses shall
FEE-A) . be reduced for lower quality fabrication , assembly,

or erection. Field welding and field riveting of I/O
Past design criteria and procedures for temporary structures are not recommended ; bolting shall pref-

brid ges have not required consideration of fati gue erabl y be used. The necessary precautions during
failure or brittle fracture failure (failure due to un- erection shall be taken , including provision of ade-
stable crack propagation which usually occurs at quate support and bracing to protect against buck-
cold temperatures) . Hence , inclusion of fatigue and ling and other erection problems.
brittle fractu re failure in the design process should
increase the safety of the temporary bridges , pro- Serv iceability
vided the failure mode is by fat igue or brittle frac-
ture. Use of the fatigue and brittle fracture criteria The recommended criteria are based on limit state
will be cost effective if the savings which result from strengt h only. Serviceability requirements , including
the inc reased safety exceed the additional labor , in- deflection and permanent set (yielding under service
cluding im plementation (see the Implementation loads) are not covered by the criteria. (Deflection re-
section of’ this chapter) , and material costs incurred. quirements are covered in Paragraph 6-4, TM 5-312.)

It should be noted that there recentl y has been a Loads, Moments, and Forces
growing awa reness of the problems associat&I with
both fatigue and brittle fracture failures . Fatigue The procedures given in TM 5-312 for determin-
failure can occur in a relatively small nu mber of load ing the design loads, moments, and forces used in
cycles , part icularl y in certain types of bridge connec- the design of bridge members and fasteners shall be
tions and details. Brittle fracture failures have used, except as modified herein .
occurred in civilian structures , and are most likely to
occur in fri gid environments , especially in structures Two load cases shall be used in the design process.
subjected to heavy impact loading. They are described in TM 5.312 (Table 4-3 “Types

of Crossings,” p 4-13) and consist of the normal
Implementation vehicle crossing load case and the caution crossing

- load case. Normal crossings are convoy(s) consisting
The recommended criteria are based on modifica- of vehicles not exceeding the posted bridge class. A

tions of existing (AISC and AASHTO) allowable caution crossing consists of a single line of vehicles
stresses for permanent structures and of the military crossing a one- or two-lane bridge on the bridge
design loads and design procedures given in TM centerline. Each vehicle is spaced at 150 ft or more
5-312. Hence, the recommended criteria are in- and shall not be more than 1.25 times the normal
tended for use by bridge design offices rather than by posted bridge class. Additional details are given in
combat engineers in the field. (See Chapter 4 for cri- Section IV , Chapter 4, of TM 5-312 and Paragraph
teria for bridges designed by combat engineers.) 2-54 of FM 5~3ô.~
Thus, the criteria “package” required by a bridge
design office would consist of these criteria, which in Although the current procedure in TM 5-312 pro-
turn require the use of modified TM 5-312 design portions all members, fasteners , and connections on
loads and procedures and modified AISC or
AASHTO allowable stresses. ________

‘tStructur-ul Welding Code. 01.1-75 (Amer ican Welding
Fabrication, Assembly, and Erection Society (AWS I).

ln certain cases , unrealisticall y low loads , moments , and
forces can result if the current procedures in TM 5-312 are used.Because the safety of a bridge can be reduced ‘tRoute Reconnaissance and Classification. FM 5-36 (Depart-

significantly by low-quality fabrication , assembly , ment of the Army. May 1965).

10
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the basis of the normal class loading, the procedure in kips from Table 3. excluding
recommended here requires that they be propor- impact.
tioned on the basis of either the normal or caution
load cases, as specified . Based on the above, the total design shear is:

Fl exurul Members and Flexural Splices— VDLDesigning for Bending or Lateral Torsional v + v1, j  f Eq 2JN5Buckling in Stringers

IRevised Eq 6-14b ,The live load moments corresponding to normal TM 5-3121class crossings found in Appendix D of TM 5-312
shall be used to proportion the flexural members or where v = total desi gn shear per stringerflexural splices for bending and lateral torsional in kipsbuckling. VDL = total dead load shear in k ips

N5 = total number of stringers inThe current procedure for design ing steel stringers bridge.given in Paragraph 6-5 of TM 5-312 shall be used,
except that the recommended formulas in Tables 1 Tension Members. Axially Loaded Compressionand 2 of this report shall be used to determine the Members, and Associated Fasten erseffective nu mber of stringers. and Connections

Shear in Stringers and Shear . Compression. The forces in tension members, axially loaded
or Tension in Stringer Connection Fasteners compression members, and their associated fasten-

ers and connections shall be the larger of the forcesThe live load shear force in stringers and shear , produced by the normal or caution crossing loadcompression , or tension in stringer connections shall cases.be determined by using the larger force resulting
fro m the normal or caution load cases. The shear for Impact
single-lane bridges is based on the caution load case ,
whereas for two-lane bridges it is based on either the The procedure to account for impact given in TM
normal load case or , if larger , the caution load case. 5-312 shall be followed .The following revision to Paragraph 6-6, TM 5-312,
shall be used to determine the shear force in Allowable Stresses—Static Load Casestringers and the shear , compression , or tension in
stringer connection fasteners: Members

6-’ Shear Check (Shear Design) Stringers—Bending and Lateral Torsional Buck-
ling. The temporary allowable bending stress ~bt

a) Steel Stringer Bridges for tension and compression on extreme fibers of
members (compact) satisfying Section 1.5.1.4. I~~ of

(2) Live Load Shear. The maximum shear load- the 1969 AISC specification is:
ing for one stringer (VTJ) occurs when the
vehicle is near the abutment or support. The Fbt =0.83 Fy IEq 3]
value of the total live load shear in kips (VLI)
is obtained from the shear curves of Appendi- where F~ minimum specified yield stress.
ces D-4 and D-5 in TM 5-312. The value of
v11, the total live load shear per stringer , in- The temporary allowable bending stress Fbt for
cluding a 15 percent increase for impact , is: tension and compression on extreme fibers for all

other members (including flexural splices) is:
VLL =l.15 vLL lEq i ]

Fbt =I.2O Fb IEq4I
where 

~LL total live load shear per stringer “Tempor ary” iefrrs to a 2- to S-year design life.
in kips, including impact •~The moment redistribution provision in AISC 1.5.1.4. 1 shall

vLL = live load shear force per stringer not be permitted .

11
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T.bIsl

Rc.~~~~~~d end C.nsmt TM 5-312 Eqsad.m I. , D.i.. ... ~~~~ the Eflscdve Nenber.I S*a~~ sn

C s,.( TM 5-312 ~q-~~
4 en 5.- -

— 
~~d Equ.tIs

Single-lane: N, -~ - + I (Eq 6-la) Single-lane: N, cf~— + II

Two-lane: N, — N5 or N, — N, (Eq 6.7b) Two-lane: N3 cf~ N~ or N, N,

whichever is smaller, whichever is smaller.

where N, effective number of stringers for single-lane bridges
S5 — cente r-to~cente r stringer spacing in feet

N~ = number of stringers
N, effective number of stringers for two-lane bridges

c — reduction factor given in Table 2.

T.bk2

V.m .s .1 Red-ctl.. F.e.e e Used l~ R.co.. ,m..d.d Fo,nwIu F~t = 0.36 Fy (Eq Sj
I.. De ar.~ iog Effective Ns ber of Stxla en (T.bk 1)

AxIally Loaded Compreuslon Members. The al-
lowable temporary compressive stress Fat shall be

La.Sth (W/L) determined by modifying the allowable stress Fa of
the 1973 AASHTO specif ication as f ollows:

B.idge fleek Type W/L~~ 1.O W/L> 1.O
Pat =~ *~a (Eq 6]

Glued-laminated timber or concrete 1.0 0.75
Nailed-laminated timber , plank . or

multiple-layered 0.90 0.70 where Fa = AASHTO allowable stress for compres-
sion in concentrically loaded columns

‘The factor c accounts for the reduction in lateral load dist nbu- (Article 1.7.1 AASHTO)
tion when using nailed-laminated timber, plank. or multiple-
taycred decks and/or bridges which are very wide compared to and c1 is defined by the following:
their span length.

For A 36 steel (with minimum yield stress of 36 ksi)
where Fb = the allowable bending stress as specified

in Table 1.7.1 of the 1973 AASHTO c1=1.23— [O.O025 (KL’/r)~ [Eq 7~
specif lcations- *

provided that
For members not satisfying Section 1.SA.4.1 of

AISC, the requirements which cover compressive L’/r ~ 120
bending stress and bracing length requirements
given in Table 1.7.1 of AASHTO are recommended where L’ = length of member in inches (Article 1.7.1
to replace the corresponding requirements given in AASHTO)
Paragraph 6-9 of TM 5-312. r = least radius of gyration of member in

inches (Article 1.7.1 AASHTO)
Shear In Stringers. The allowable temporary shear K = effective length factor defined in Article

stress F~ on the gross°’ section of stringers is: 1.7.134(2) of AASHTO.

________ For other steels with a minimum yield stress
1n determining the AASHTO allowable stress Fb, the 20 per- (in ksi)

cent increase in allowable stress provided in Footnote (I) of Table
1.7.1 of AASHTO shall not be permitted. 

c — 1 23 — (0.000415 (KL’/r) y’T] (Eq 8j“Gross section for shear of rolled shapes loaded in the plane of Y
the web shall be taken as the product of the overall depth and the
thickness of the web, provided F~ (50 ksi and L’/r ( 120.

12 
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Table 3

Vi1 . .1 Us. Load Sb.., Fecre per S*s~~psr, r~~ , Exeleslag I pact

for Sfogls L.ne’ (kipe) valor Doable Lane” (k~ s)

Wheeled S5 
V LLw

_ V A S,—2 VIj ~~
_ V A

vehicle I.2SI(O.S+_-)V A +(
~
_-_

~
-_-------_)l (— -)V A +( —)

32 N, S~ N,

Tracked ~~~~ S5 — 2
vehicle l.25(_

~±
_

~
)

where V
Lk, — wheeled vehicle shear in kips, as given in Appendices 13-4 and Dit of TM 5-312

VL~~ = tracked vehicle shear in kips, as given in Appendices 13-5 and D.7t of TM 5-312

— the heavi est axle load in kips, as given in column 3t of A ppendix D-l of TM 5-312

— center-to-center stringer spacing in feet

N, effective number of stringers for single-lane bridge defined in Table I

N, — effective number of stringers for two-lane bridge defined in Table I.

‘l’he coefficient of 1.25 is used to adjust shear from the normal crossing case to the caution crossing case.
“For the double lane bridge case. vLI shall be computed for both single and double lanes and the larger value of 1’LL shall be used.
tThe entries in Appendix 13-7 and column 3 of A ppend ix D-l are given in tons, which must be converted to kips.

TensIon Members. The allowable temporary ten- the base metals being joined. Partial-penetration
su e stress on the net section of tension members is groove welds subject to compression or tension
0.73 F~. parallel to the ax is of the weld shall also be propor-

tioned for the same allowable stresses as the base
Searing on Projected Area of Bolts and Rivets, metals being joined . Partial-penetration groove

The allowable temporary bearing stress on the pro- welds subject to tension normal to the axis of the
jected area of bolts and rivets is 2.00 F~. where F~ is weld shall not be used. Weld quality shall be in
the minimum yield stress of the connected material accordance with AWS requirements. 13

Fasteners and Connections The use of high-strength bolts shall conform to the
provisions of the specifications for structural joints

Table 4 gives the recommended temporary allow- using American Society for Testing and Materials
able stresses for bolts and shop rivets. Table 5 gives (ASTM) A 325 or A 490 bolts as approved by the Re-
allowable shear stresses for shop and field welds search Council on Riveted and Bolted Structural
(fillet welds), and Table 6 provides allowable stresses Joints. 14 except as modified herein.
for bolts and shop rivets under combined tension
and shear. Installat ion of high-strength bolts shall be by the

turn-of-the-nut method or by load-indicating wash-
Low-quality fabrication , assembly, and erection ers. Installation of A 307 bolts shall be by the turn -

procedures , particularly as related to fasteners and of-the-nut method. The rotations for installation by
connections, can significantly reduce overall bridge the turn-of-the-nut method , after all bolts have been
safety. Hence, bolting is preferred over welding; field brought to a snug condition , shall be applied in
welding is not recommended, but if it is used , ade- accordance with Table 7.
quate weld quality shall be maintained . Field rivet-
ing is not to be used.

“Structunti Welding Code. DI.l-75 (AWS ).

Full-penetration butt welds or groove welds , ‘Specjf lcation j br Structural Joints Uas,g ASTM .4 325 ciA
490 Bolts. Approved by the Research Couiicil on Riveted and

whether subjected to tenston or compressIon , shall 5~Ited Structural Joints of the Engineering Foundat ion. Febru-
be proportioned for the same allowable stresses as ary 4. 1976.

13 
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Table 4
Ra~~~- -- 1 4 AI.wable Strs...i Is, Uebu d Sbus Ihub ~~~~. 

— -
~~~~ ~J s~~~f o 2*ru...’ for lebu d Shup Rise..

S.Wee~ d w C . bL..d Tusub. s.d Shear
Fast..., T~~~. Sb.., Pie..” Sb..r T,s.s+

Type (kid) Lt ~ 50 ~~tt (kit) Fast..., Types p~~ ——----~-d Atl...ble $t~~~~~ (kit)
(kit)

— Dab.
* 307 * 307

Shank~ 
+ 23.7 17.6 16.0 Shank” Ftt —42 — l.9F5tt (23.7; F5tt ( 17.6

Threads0 23.7 14.0 12.5 Threads4 —32 — 1.9F5 (23.7; F,( 14
A 325

Shank + + 48.6 32.0 27.0 A 325
flrtads 48.6 24.7 21.0 Shank” Ft ‘83— I.9F,(48.6; F5 (32

A 490 Threads~ F1 65—l.9F5 (48.6; F5 (24.7
Shank ++ 59.4 43.2 36.8
Thread,0 59.4 32.6 28.1 A 490

A 502 Shank” Ft — 112— I .9F5 (59.4; F5 (4.3.2
Grade 1 33.0 23.0 19.6 Threads9’ F1 — 8 5 -- l.9F5 (59.4; F5 (32.6
Grade 2 41.8 28.0 26.0

Shop Rivets
‘Based on nominal diameter.

“Flat-plate type connection. A 502 Grade I F1 —44 — I .bF, (33; F5 (23
tL = length between extreme fasteners measured parallel A 502 Grade 2 F — 56—I 6F5 (41 .8; F~ 

(28to line of tensile steels .
ttFor L >50 in.. reduce allowable shear stress by 20 percent.
+ Double-plane truss type connection. ‘Based on nominal diameter.

+ +Tht.eads excluded from shear plane . “Threads excluded from shear plane.
41mreads not excluded from shear plane. allowable tensile stress on f astener in presence of shear

st ress. F,.
ttFs shear stress on fastener.

Table S + Threads not excluded from shear plane.
Reeemm..ded Allowable Shear S*....ss for Shop

and Field Weld. (for AFCS Bridges) Loads, Moments, and Forces section of this chapter
Shop Weld Field Weld are used.

Allowable Stress AIIow.ble Stases’
Required Electrode (hal) (kit) DeSigfl Ciltetla to Pi vent 8ifttl ~ Fractu lS

E60 20.7 12.6 Brittle fracture is a type of catastrophic failure
E70 23.1 that usually occurs without prior plastic deformation
E90 27:0 16:2 and at extremely high speeds (as high as 5,000 ft/

sec). The fracture is usually characterized by a flat
“I’he field engineer may deem it necessary to further reduce fracture surface (cleavage) with little or no plastic

t hese values if unusually low-quality fabrication is expected , deformation ; it usually occurs at average tensile
stress levels below those of genera l yielding. Al-
though brittle fractures are not as common as

To inspect for proper tightening of bolts installed fati gue, yielding, or buckling failures, when they do
by the turn-of-the-nut method , the inspecting occur , they may be more costly in terms of human
wrench shall be applied to the tightened bolt and the life and/or property damage; they can lead to cata-
torque necessary to turn the nut or head less than 5 strophic failures of structures with little or no prior
degrees (approximately I in. at 12-in, radius) in the warning and a consequent loss of load-carrying
tightening direction shall be determined . This ability. In contrast , failures by general yielding in
torque shall be greater than the bolt installation in- tension are preceded by considerable deformation,
spection torques in Table 8. and the members can still carry loads. Thus, the

consequences of failure by brittle fracture are much
For all fastener and connection criteria not greater than those of general yielding; specific design

covered herein, the latest AASHTO criteria are precautions should be taken in 1/0 struct u res to
recommended , provided the procedures in the avoid this type of structural failure.

14
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Table 7 be potential fracture initiation sites. e.g., weld flaws,
N.t R$ai4..e for mneta1.~-.OfBelta mismatches , holes, intersecting plates, and arc

— strikes, etc.; and (3) the selection of suitable materi-
Turn of Nut Frees Snag C..~*’  als. Unfortunatel y , large . complex structures

(welded or bolted) cannot be designed or fabricated
Both Outer Faces Both Outs, Face, w ith out discontinuities , althoug h good design and.f Belted Part. .f Belted Patti

Nonnal to BoltAxie SIoped Not Mose fabrication practices can minimize the original size
Thanl*20 Fvo. and number of these discontinuities. It is realized

Bolt Length No, al to Bolt Asia that stress concentrations or discontinuities will be
present , bu t the designer assumes that the structural

Up to and including materials will y ield locally and redistribute the load4dia. l’J (l20degrees) 2/3 (240 degrees)
More than 4 but not in the vicinity of the stress concentrations or discon-

exceeding 8dia. 1/ 2 ll8Odegrees) 5/6 (300degrees) tin uities. The selection of materials and allowable
More than 8 but not stress levels is based on the realization that cracklike

exceeding I2dia . 2/ 3 (240degrees) I (3b0dcgrees) discontinuities in large , complex structures may be

“~Snug” is the condition which insures that the parts of the present or may initiate under cyclic loading and that
some level of notch toughness is desirable.joint are brought into good contact with each other.

At low temperatures , the maximum stress levels
Table S for all primary tension load-carrying members and

flex ural members subjected to tensile stresses shallSuggested Torque. for Bolt lna*alladou L~pecdon’ be the same as those previously developed in the
bupeetlo. T~~ ue t-As Allowable Stresses—StatIc Load Case section, but

Nominal Bolt reduced for low temperatures , in accordance with
Size (bs ) A 307 Bolt. A 325 Bolt. A 490 Bolt, the factors given in Table 9. This reduced stress is

referred to as the “service-temperature-adjusted ”1/2 50 100 125
5/8 100 200 250 maximum allowable tensile stress. The reduction
3/4 175 350 440 factors in Table 9 for a given service temperature
7/8 285 570 715 range are based on the req uirement that if repeated

425 850 1.070 loadi ngs (fati gue) cause a crack to propagate , the
1 1 - 8  525 1,050 1.500 safety of the structure against brittle fracture will be

‘These torques are average values based on the use of new approximately the same for all of the steels. How-
bolts. Adjustments may be necessary if old or rusted bolts are ever , if the stress range at the location in question is
used , or if bolts with a lubricant are supplied. In these instances sufficiently low, a fatigue crack may not develop and
the provis ions of the sitecifications of the Research Council on the “service-temperature-adjusted” maximum allow -
Riveted and Bolted Structural Joints sha ll be followed to establish able tensile design stress will provide a design lessnew inspection torque values.

susceptible to brittle fracture . The three zone steel
types shown in Table 9 conform to the S4 supple-

While the number of brittle fractures in structures mentary requirements of ASTM A 709,~ which in-
such as bridges or buildings is small , the overall dude three temperature zones for the AASHTO
safety and reliability of these structures can be toughness requirements. 1’

• improved significantly by rather small changes in
material specifications , design considerations, and Meeting these requirements will insure that the
fabrication control. steels have a moderate level of notch toughness at the

indicated temperat ures and tha t if designed and
As a general rule , the designer must properly pro- fabricated properly, the structures should perform

portion his structure to prevent failure by tensile satisfactorily during their 5-year lifetime.
overload (yielding or ductile fract ure), compressive
instability, and stable crack growth (for example,
arising from fatigue) or unstable crack growth
(brittle fracture). Design to prevent brittle fracture “Standard Spet ’.flc*uion Jbr Stru ctur a l Steel f br  Bndges.
usually requires (I ) using a relatively low allowable A 709.74 (American Society for Testing and Materials . 1974).

“Standard Spec(fications itir H (g kway Rndges (American
tensile stress ; (2) the elimination (insofar as possible) Association of State Highway and Transportation Officials.
of structural details that act as stress raisers and can 1973).
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Table 9
T.... .rat.. Ie~~cd.. Fade,. lee bl,x~~u AI.wable Static T~~~s Dsti~~ St...

at L.v T..,.,.. ~*u,s.

RmMctl... Varies. far Surdee Ti g.1.,..l .. .1

Sisel Typ.’ —31°Fss —SO°F — 1°Fto—30°F +32Wto0°F .b se 32°F

Zone Ill 1.0 1.0 1.0 1.0
Zon~ll 0.8 1.0 1.0 1.0
Zone I 0.6 0.8 1.0 1.0
General (no

toughness

— 
control) Not permitted 0.6 0.8 1.0

•The three zone steel types conform to the S4 supp lementary requirements of ASTM A709-74~

Secondary structural members and primary corn- 4. For service temperatures less than 0°F mini-
pression load-carrying members need not meet the mize any impact effects such as dropping of loads or
AASHTO notch toughness requirements , but shall sudden stops of traveling vehicles. Because rate of
meet all other ASTM1’ requirements for the steel, structural loading affects the resistance to fracture of

struct ura l steels, lower loading rates are desirable.
Weld metals used to fabricate 1/0 structures

shall meet the AASHTO toughness requirements of 5. Avoid using very thick plates. Thick plates in-
the steels joined. Weld-metal impact-test specimens crease the constraint ahead of any cracks and create
shall be fabricated and tested in accordance with a more unfavorable stress condition.
AWS testing procedures.1’ in addition , all apphca-
ble AWS requirements for the qualification of weld- 6. Avoid using complex structural details that act
ing procedures shall be followed . Heat-affected zone as stress concentrations. Not only is the stress in-
notch-toughness specimens are not required for creased , but the probability of cracks growing from
these steels. discontinuities is increased.

Several genera l recommendations dealing pri- 7. Use drilled holes for bolted construction,
manly with the fabrication and use of T/0 struc- coupled with machined edge preparation to mini-
tures will improve the overall safety and reliability of mize the formation of small cracks that might result
such structures . These are: from sheared or flame-cut edges.

I. Use bolted construction rather than welded Design Crite ri a for Fatigue
construction wherever possible, especially in the
field. - In contrast to design for static loadings, which is

in terms of loads and static load capacity, fatigue
2. Avoid using sheared plates. Use proper proce- design requires consideration of (1) the details at

dures for flame cutting of plate edges, so that small which fatigue may control the design, (2) the stress
edge irregularities are minimized, ranges or loading frequency history to which these

details will be subjected , (3) the number of cycles of
3. Use multiple load-path structures such as loading to which the details will be subjected, and

stringer bridges with many individual beam mem- (4) the allowable fatigue stress range based on the
bet’s rather than large, deep box girders with fewer preceding three factors.
individual members. Failure of a single member of a
multiple load path structure may not necessarily lead in general, fatigue is taken into account by means
to failure of the structure, of a fatigue check of the static design. If the fatigue

requirements are not satisfied, the members must be

“Annual Book of Standards (American Society for Testing and modified or redesigned to satisiS’ the fatigue require-
Materials, current edition). meats as well as the static load requirements. The

“Specsficatioe, f oe Mild Steel Covertd Arty Welding Ekctrodes. following section outlines the steps to be followed In
AWSA5. HAW S). a design check for fatigue.

16
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Design Check Proc dur. for Fatigue tive detail in question will be subjected during the
life of the structure . These member forces and

- Fatigue-stress limitations stresses shall be determined in accordance with the
requirements in the section on Loath, Moment., and

a. identify the points of possible fatigue failure Forces. (Minimum and maximum stresses are the
by the detail number shown in Figure 1 and listed in algebraic values of stress.)
Table 10 (e.g., No. 5—.end of cover plate, No. 7—
point of stiffener attachment, etc.). b. The fatigue resistance of the detail is ade-

quate , provided that (1) the maximum tensile stress
b. Define the load type to which the fatigue- is less than the “service-temperature-adjusted ”

sensitive detail will be subjected (Type I , II , 111, or maximum allowable static tensile design stress of
iV of Figure 2). If information is not available to step f above, (2) the minimum stress, if compressive,
determi ne the load type. use of load Type Ill is does not exceed the allowable static compressive
recommended . design stress of step g, and (3) the maximum range

of stress is less than the maximum allowable fatigue
• c. Determine the number of cycles of loading design stress range of step d. If any of the values are

expected during the life of the structure (< 50,000, exceeded , the detail in question must be redesigned.
< 100,000, < 500,000, or < 2 ,000,000) (Table 11).

The basic fatigue limitations and their relation-
d. Determine the maximum allowable fatigue ships to the static and brittle f racture design require-

design stress range on the basis of the values estab- ments can be illustrated in a diagram1’ of the type
lished in steps a, b, and c by shown in Figure 3, which presents the limitations in

(1) Determining the load-type factor CL from terms of the minimum and maximum stress. The
Table 12. limitations of steps d throu gh g are shown in the

(2) Determining the maximum allowable fatigue diagram for a given detail , load type, and number of
design stress range Sr using Eq 9: cycles as identified in steps a, b , and c. Any corn-

bination of conditions which falls within the region
S~ = CLS (Eq 9J marked “acceptable stress area” (such as point A),

meets all of the static and fatigue design stress
where S = base allowable stress range given in requirements. However , conditions such as repre-
Table 13. sented by point B, which meet all static design stress

limitations but exceed the maximum allowable
e. Determine the maximum allowable static fatigue stress range requirement , require a design

tensile design stress for the details in question. In modification.
some instances, the type of steel available or to be
used may necessitate reducing this stress for low RECOMMENDED DESIGN CRI TERIA
service temperatures . See step f. FOR BRIDGES DESIGNED BY COMBAT

ENGINEERS
f. Select the appropriate temperature reduction

factor from Table 9 for the steel type to be used , and Bridges designed by combat engineers (combat
apply it to the maximum allowable static tensile engineer bridges) are often designed and fabricated
design stress (found in the Allowable Stresses— in the field. In comparison , AFCS bridges (Chapter
Static Load Case section) to obtain the “service- 3) are intended to be designed and fabricated
temperature-adjusted” maximum allowable static according to U.S. civilian practice. Because of the
tensile design stress. difficulties of designing and fabricating structures in

the field, the design process for combat engineer
g. If appropriate, determine the maximum bridges must be relatively simple , and the fabrica-

allowable static compressive design stress for the tion quality may be lower than that of AFCS bridges.
detail in question. It is recommended that special guidance be provided

for the combat engineer in identifying and solving
2. Fatigue-stress check

a. Determine the minimum stress, maximum “W. H. Munse, Fatigue of Welded Steel Stru cture., (Welding
stress, and range of stress to which the fatigue-semi- Research Council, 1964).

17
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Table 10

De.erlpdss .(St,u. t~~.l DstaIle fee Fa*lg~~ D..1.

Gs.as.l Detal Example
_______ Skuads. Ms.. (Figure II’

Plain material Base metal plate or rolled sections with rolled or cleaned surfaces. l(l).’ 1(2).”
2(l). t 2(2)t

Built-up Base metal and weld metal in members, without attachments , built up of plates or shapes connected by 3,4,6
members continuous fillet welds or full penetration groove weldt parallel to the direction of applied stress.

Base metal at end of partial length welded cover piates having square or tapered ends, with or without S
welds across the ends.

Calculated flexural stress at toe of welds on girder webs or flanges adjacent to welded transverse stiffen- 7
cr5.

Mechanically Base metal at net section of high.str cngt h bolted connect ions, except bearing-type connections subject 8
fastened to stress reversal , and axially loaded joints which induce out-of -plane bending in connected material.
connections

Base metal at net section of other mecha nicall y fastened jo ints. tt 9(1)

Shear on fasteners of mechanically fastened joi nts. t t 9(2)

Groove welds Base metal and weld metal in or adjacent to full penetration groove welded sp lices , with or without 10.11,12.13
transitions having slopes no greater than Ito 2½. when reinforce.-ent is not removed.

Base metal or weld metal in or adjacent to full penetration groove welds in tee or cruciform joints. 14

Base metal at details attached by groove welds subject to transverse and /ot longitudinal loading. IS

Weld metal of partial-penetration transverse groove welds , based on effective throat area of the weld or 16 +
welds.

Fillet-welded Base metal at ends of intermittent fillet welds. 24
connect ions Base metal at junction of axially loaded members with fillet-welded end conne ct ions. Welds shall be 17.18.19(1).

disposed about the axis of the member so as to balance weld stresses . 20(l)

Continuous or intermittent long itudinal or transverse fillet welds (except transverse fillet welds in tee 19(2).2l
joints ) and continuous fill et welds subj ect to shear parallel to the weld axis in comb ination with shear
due to flexure.

Transverse fillet welds in tee j o ints. 20(2)

Miscellaneous Base metal adjacent to short (2-in , maximum length in direction of stress) welded attachments. 22,23.24.25
details

Base metal adjacent to longer fill et-welded attachments (8-in - maximum length in direction of stress). 26

Base metal at plug or slot welds. 27(l)

Shear on plug or slot welds. 27(2)

‘These examples are provided as guidelines and are not intended to exclude other reasonably similar situations . Details Nos . 9(l). l9(l).
20(l), and 27(1) wide for stress in the base metal; l9(2), 20(2), and 27(2) provide for stress on the throat of the weld; and 9(2) provides
for shear on the fasteners .
“For base metal (Detail No. I. Figure I). 1(1) and 1(2) refer to minimum yield strengths of 36 and 50 ksi. respectively.
tFor rolled sections (Detail No. 2. Figure I), 2(l) and 2(2) refer to minimum yield strengths of 36 and 50 ksi. respectively.

ttWhere stress reversal is involved, use of A 307 bolts is not recommended.
+This detail not recommended,

19
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Tablell T.bkJ3

F,s~~~ q .1 La.~~g I. , Vail... U’.. I... Allowable Sues. R..ge $

Cycles per Day fee LIfe of Detail’ B... Allowable Ste... Rmpe (kit)
N.. sICyels.

M...f Cyke. lye., S yeazi lOysa,. 2Oyeaz,
50,000 100,000 500,000 2,000,000

50.000 l37 27 14 7
100,000 274 55 27 14 1(l) 45,3 42.2 35.8 31.0
500.000 1,370 274 137 69 1(2) 59.1 54.3 44.5 37.5

2.000.000 5.480 1,096 548 274 2(l) 46.8 42.1 32.8 26.5
2(2), 52.8 47.1 36.2 28.8
3 43.0 38.0 28.4 22.1
4 56.1 43.6 24.3 14.7

Table 12 S 25.3 20.3 12.2 7.9
6 56.1 43.6 24,3 14.7CL’ Factors 7 36.4 29.9 18.9 12.7
8 47.7 43.6 35.3 29.4
9(1) 27.1 24.7 19.8 16.5Load I. acr Io .s  9(2) 37.5 34.1 27.5 22.8Type S.eFIgur.2) CL 10 37.8 30.8 19.2 12.7 

—
II 40.6 33.9 22.3 15.5

I Primarily light weight vehicle crossings—S0 per- 1.90 12 35.2 27.7 15.9 9.8
cent of vehicles crossing weigh less than 0.3 of 13 42.1 36.1 25.3 18.6
the maximum permitted vehicle weight. 14 34.2 27.9 175 11.7

IS 25.0 20.5 12.9 8.6II Primarily medium weight vehicle crossin8s—50 1.35
percent of vehicles crossing weigh more than 0.5 lb  * ** “

17 25.2 20.6 12.9 8.6of the maximum permitted vehicle weight.
18 17.0 12.9 6.7 3.9

Ill Primarily heavy weight vehicle crossings—SO 1.00 19w 23.9 21.3 16.3 12.9
percent of vehicles crossing weigh more than 0.7 19(2) 23.5 21.0 16.0 12.7
of the maximum permitted vehicle weight. 20(1) 36.5 29.1 17. 2 10.9

20(2) 16.7 14.3 10.1 7.4IV All vehicle crossings are the maximum per- 0.75
2l 36.2 32.6 25.6 20.8mitted vehicle weight.
22 44.7 34.6 19.1 11.5
23 35.9 29.0 17.7 11.5• If sufficient information to determine the load type is not
24 35.9 29.0 17.7 11.5available, use Load Type Ill.
25 40.6 30.8 16.3 9.4

potential problems associated with lower quality 26 26.7 22.2 14.4 10.0
fabrication , assembly, and erection practices which 27( 1) 20.1 17.4 12.3 9.1

27(2) 21.8 18.7 13.0 9.6may be used in combat engineer bridges.
‘For description of details see Figure I and Table 10.

The following sections in Chapter 3 also apply to “This detail not recommended.
combat engineer bridges: Scope; Safety, Savbip,
and Cost Effectiveness; and ServlceabHlty. and bearing on the projected area of bolts and rivets

are incl uded under allowable stresses for members .
Members—Static Load Case

Fasteners and Connecti ons—Stat ic Load Case
The following procedures and criteria from Chap-

ter 3 are recommended for members for combat The procedures and criteria in the Loads, Mo-
engineer bridges: menus, and Forces section in Chapter 3 are recom-

mended for fasteners and connections for combat
1. Procedures and criteria given in the Loads, engineer bridges.

Moments, and Forces section.
Bridge safety can be reduced significantl y by lack

2. Allowable stresses in the Members subsection. of quality control in the fabrication , assembly, and
Note that tension members° (connected material) erection procedures. especially with respect to

fasteners and connections in bridges designed and‘The field engineer may deem it necessary to reduce the allow-
able stress for connected material if unusually low quality field fabricated in the field. Hence, lower allowable
fabrication is expected. such as flame-cut holes. etc. stresses are recommended , except for field welds, for

22
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combat engineer bridges as compared to AFCS Fatigue and Brittle Fracture Design Criteria
bridges (Chapter 3).

In some instances, particularly when a design
For static design . the most recent AASHTO cri- must be done under field conditions , it may not be

teria for all fasteners , con nections, and details , possible or desirable to include a direct check for
except shop and field welds , are recommended. fatigue and brittle fracture in the design. In those in-
Table 14 gives the allowable shear stresses for shop stances , the following procedure , which includes re-
and field welds (fillet welds) for combat engineer duction factors which provide for bri ttle fracture and
bridges. For lower quality fab rication , assembly, an approximate adjustment for the effects of fatigue,
and erection, the allowable stresses for fasteners and shall be followed.
connections shall be red uced as jud ged necessary by
the field engineer. 1. Determine the minimum service temperature

to which the structure will be subjected .Table 14

Recommended Allowable Shear Sire.... for Shop 2. The maximum allowable static tensile° designs.d FIeld Wekir for Combat Engineer Bridge.
stress , as determined for members in combat engi-

Required Shop Weld Field Weld neer bridges under static load , shall be reduced in
Elictrode Allowable Sire.. Allowable Sties.’ accordance with the factors given in Table 15.(kal) (kil)

E60 18.0 12.6 3. Whenever possible, fillet-welded connectionsE70 21.0 13.6
E80 24.0 15.6 should be avoided when severe fatigue loadings
E90 27.0 16.2 (significant reversal of stress) are expected.

‘The field engineer may deem it necessary to further reduce
Table ISthese values if unusually low’quality field fabrication is expected .

Reduction Factor, for Maxlm~m Allowable Static Ten.lle Design
Bolting is preferred over welding. Field welding is SIreu at Low Temperature. (FIeld Design)

not recommended , but if it is used, adequate weld
YIeld Reduction Factor, for Minim um ServIcequality shall be maintained . Field riveting is not to of Steel Temperalurest ofbe used. (kal)

...l°Fto 4O°F ~f32 oFtoO eF Abo ,e32°FFull penetration butt welds or groove welds,
whether subjected to tension or compression , shall .6 0.60 0.80 1.00
be proportioned for the same allowable stresses as 50 0.45 0.60 0.75
the base metals being joined . Partial-penetration (Low-alloy)

100 Thistypc ofsteel shall not be used.groove welds subject to compression or tension
parallel to the axis of the weld shall also be propor- 

~Se~~ice temperatures between —3 1°F and —60°F require the
tioned for the same allowable stresses as the base use of ASTM A 709-74 Zone Ill type steel and design in accord-
metals being joined . Partial-penetration groove ance with the fatigue provisions of Chapter 3.
welds subject to tension normal to the axis of the Because of the importance in fatigue and brittleweld shall not be used . Weld quality shall be in fracture of the geometry of the details in a structureaccordance with AWS requirements.2° 

and of the stress range and temperature to which a
The use of high-strength bolts shall conform to the detail is subjected , rather severe but simple adjust -

provisions of the specifications for structural joints ments are provided in Table 15. As a result, some
using ASTM A 325 or A 490 bolts as approved by the details under some loading conditions will have in-
Research Council on Riveted and Bolted Structural creased resistance against fatigue and fracture; how-
Joints. 21 except as modified herein, ever , even details having the lowest fatigue resistance

can be expected to resist at least 10,000 cycles of very
The installation and inspection of bolts shall be as severe loading (represented by Type Ill in Figure 2).

specified in Chapter 3. Other details having higher fatigue resistance can be
expected to provide longer lives.

“Stn ~cturul Welding Code. Dl . 1-75 (AWS ).
“speeificaf ion fin’ Stngctio ’al Joints Using ASTM A 325 or

A 490 Rafts, approved by the Research Council on Riveted and _________

Bolted Structural Joints of the Engineering Foundation. Febru- ‘Refers to primary tension load-carrying members and flexural
at~r 4, 1976. members subjected to tensile stresses ,

23
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Implementation in Exist ing Technica l The recomm ended criteria for tasteners and con-
and Field Manuals nections can be incorporated into Appendix E-l and

Chapter 9 of TM 5-3 12 and Chapter 14 of FM 5-35.
It should be noted that FM 5-34 does not currentlyThe three primary manuals used by combat engi-

neers for temporary bridge design are FM 534 provide design criteria for fasteners and connections
FM 5-35, and TM 5-312. The recommended static , for steel st ringers.
fati gue, and brittle fracture criteria for members ~ 5 DESIGN EXAMPLEScombat engineer bridges can be incorporated into
Chapter 6 and A ppendix E-l of TM 5-312. Static Load Case

Due to the emp hasis on expedient bridge design in The following is a revision of the example in Para-
FM 5-34, it is suggested that the recommended cr1- grap h 6-Il  of TM 5-312. It reflects use of the criteria
teria for members be incorporated into FM 5.34 as in Chapters 3 and 4 and applies to both AFCS and
follows: the static criteria for bending and shear in combat engineer bridges.
stringers presented in Chapter 3 can be used to con-
struct a table for stringer selection similar to Table Design of Steel Stringer Bridge Superstructure
7-3 of Chapte r 7 of the current FM 5.34. It would in-
clude the moment and shear capacity and maximum .~-~-_ L1’60’ r L ed .,..,.1
bracing spacing requirements. If desired , the reduc-
tion factors in Table 15, which account for fatigue
and brittle fracture , ca n be incorporated in the
stringer selection table. The recommended proce-
dures in Chapter 3 (Loads, Moments, and Forces C RETE

AaUTMENTsection) for determining the effective number of ABUT~~ NT 
~~~stri ngers and the shear force can be incorporated sijpp~~y

into Section 11, Paragraph 7.5 of FM 5-34. Design
criteria for steel tension and axial compression mem- Co IItlOflS Specified :

Minimum service temperature: 0° to 32°Fbers are not currently provided in FM 5-34; hence,
implementation of criteria for these members into Steel type: F~ = 36 ksi
FM 5-34 is not treated herein, No ASTM toughness controls—see Tables 9 and 15

FIgure 6-24 (TM 5-312): Design class 70, two-way
If desired , the recommended criteria for members bridge , A 36 steel stringers with timber nailed-

can be incorporated into Chapter 14 of FM 5-35. laminated deck.

Remarks (References refer to TM 5-312 unless
otherwise noted)

I. Design Loads

a. Dead Load

W DL =x +L ( Y -+- zC) Equation 6-1

W DL =$OO + 80 13+O.2(70)J

W DL = 2160 lb/ft

W DLL’ 2.16(80)2M D =
~. 8 8 Equation 6-2

— 1730 kip-ft

24
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W DLL 2.16(80)
V DL = 2 2 

Equation 6-3

= 86.4 kips

b. Live Load

M LLW 
= 2450 kip-ft Appendix D-2

M U .,1. = 2550 kip-ft Appendix D-3

VLLW = 128 kips Appendix D-4

= 127 kips Appendix D-5

Tracked vehicle controls for live load moment.

2. Minimum Depth of Stringer

14
d = 

~~~~~~~~ 

Equation 6-4c

= (temperature reduction factor ) (0.83 Fy) Temperature reduction factor of 0.8 from Tables 9
or 15 of this report to account for the minimum serv-
ice temperature range of 0° to 32°F.

= (0.80)(0.83)(36 ksi) Base flexural stress for fully braced beam is 0.83 F~
(Chapter 3, Compact section , in accordance with

= 23.90 ksi Section 1.5.1.4.1 of AISC)

d = ~~~~-~~~~-- = 27.7 in. All sections less than 27.7 in. in depth are elimi-
nated .

3. Stringer Selection

a. Minimum Number of Stringers Initially design for minimum number of stringers.

For Class 70, WR 27 ft 0 in. minimum Figure 6.2 and Table 6-2

N~~=6

b. Effective Number of Stringers

WR 270 
-

~~~S5 = N~ —1 
— ft Equation 6-Sb I -

N 2 — c(~- N5J or N 2 = N 1 Table I of this report.

whichever is smaller

25
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N 1 — cIi- + 11 Table 1 of this report.

c — 0.90 This factor from Table 2 of this report corresponds
to W/L < 1.0 and nailed-laminated timber deck.

N 3 —0.90(~~~+ l J — 1 . 73

N 3 — O.%~ - (6)J = 2.03 or

N3 =N 1 = 1.73

Use smaller of N 1 or N 3

Therefore: N 3 =1.73

c. Design Moment. m

MDL 1730mDL — -j
~~~ — — 288 kip-ft Equation 6-6

-L1S M~~, -m~~ = Equation 6-8b

1.15(2550)mLL = 1.73 = 1692 kip-ft

m =m DL +m LL Equation 6-9a

in — 288 +1692 = 1980 kip-ft

d. Required Section Modulus

Sr = 
m(12) Equation 6-10
b

s _ (
~~

8
~

X 12) =~~~ in 3
r 23,9 -

e. Select Stringer (withou t cover plates)

S ) Sr Use W 36 x 280 AISC (p 2-7); section is compact with compression
flange laterally supported in accordance with Section

S=lO3Oin. 3 1.5.1.4.1 of AISC,

4. Shear Check

a. Live Load Shear Shear design procedure, Chapter 3, herein.

VLL l.lSvi~.,L Eq l a n d Table 3of this report.

_ _ _ _ _ _  _ _ _  ~~~~~~~ - . 
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Wheeled Vehicle Shear. Single Lane:

V —V

VIj =l.2S[(O.S +~ )VA +( N , ~ Table 3ofthis report .

VA —21 tons —42 kips Column 3, Appendix D-1

V LLW 
— 128 kips Vj~~~ in Appendix D..4

N1 = 1.73 From 3b. Effective Number of Stringers in this de-
sign example.

VLL ’~
I.2Sf(O.S+

~~
442+ j 7 3 1

=97 .lkips

Wheeled Vehicle Shear. Double Lane:

S —2 VLLW
_V A

YLL (
~~

_)VA +( N Table 3ofthis report .
s 2

= I(
5 .4_2 )42 + 

~~~ 
= 76.1 kips

Tracked Vehicle Shear, Single Lane:

V1~~ = 127 kips VL~~ in Appendix D-5

VLL = 1.25( 2
1
~
1) = 1 25(~~ -) Table 3 of this report .

= 79.4 kips

Tracked Vehicle Shear, Double Lane:

S — 2
VLL = ~~~~~ ~~~~~ 

= 

~~ 
~~~~~ Table 3 of this report.

= 80.Okips 4

Choose largest value of 
~LL for single- and double.

lane and wheeled and tracked vehicles.

Therefore, 
~LL —97.1 kips

The live load shear VLL is:

YLL 1.ISvLL I.lS(97.l) Eq 1 of this report.

—111. 7kip s

27
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b. Total Design Shear

VDLv _
~w_ +v LL Eq 2ofthis report .

‘v 9~~~+ 11l.7 126.1 kips

c. Shear Area Required

A v~~~~~~~~j~~~9.70 sq in. Equation 6.15
V f1, — F~ =0.36F~ ~.O.36(36 ksi) = 13 ksi from Chap-

ter3ofthis report .

Note that a W36 x 280 provides 32.3 sq in. of Shear area based on gross section (product of overall
shear area. - depth (36.5 in-I and web thickness 10.885 m l). AISC

p 1-28.
32.3 sq in. >>9.7O sq in.

Shear is not a problem.

5. Lateral Bracing

a. Maximum Unbraced Length. L

For compact shapes:

• Lc not to exceed 76bf/ fP , nor AISC 1.5.1.4. Ic

20.000/1(d/Af)FyI

For W36 X 280, bf=  16.595 in., d/A f 1.40 AISC pp 1-28 , 1-29

76bf/V”Pj = 210 in. = 175ft

20.000/1(d/Af)Fyl — 397 in. — 33.1 ft

Therefore, L~ = 17.5 ft

6. See TM 5-312 for remaining design, including
• Deck Design and the check of the actua l dead

load versus the assumed dead load; appropriate
changes in section modulus and shear area, if
necessary . must then be made.

7. Rolled Beam with Cover Plate for 80-ft Span
(Alternate Design)

‘The cover plate ezample illustrates only the cover plate design.
Other design requirements. including shear, deflection, lateral
bracing, deck design, and $ check of actual dead load versus
assumed dead load, must also be considered.

- - -—- —-.- 
- . _ _
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a. Cover Plate Area Required

Eq ô- l lb

S~ — 994 in. ’ S, 1r~en 3.d. of this design example .

b. Choose Rolled Beam

Try W36 X 194: S -665 in. ’.

d = 36.48 in..

I — l 2 .lOO in. 4 I — moment of inertia

994—665A~~ =— ~~-~~--—— 9.02sq ln.

Try 9in. x l  in. plate . Ap~ 9.OOsq in.

Check S of cover plated section:

Scp = 1/c = ~12.lO0+2(A ~~)y2J/c y = distance from plate centroid to neutral axis =

(36.48/2) + 0.5 = 18.74 in.
c = distance from top fiber to neutral axis = 19.24 in.
Scp = section modulus of cover plated section

S~~=18,421/I9.24=957in.3<994in.’

Since S~~ < Sr. try 10 in. X I in. plate.

S~~ =(l 2,100+2(10)(18.74)9/19.24

— 994 in.’

S~~ — S~ OK , Use 10 in. X I in. cover plate
top and bottom on W36 x 194

Length of cover plate: 0.8 x span length p 6.6

-0.NOx8O ft —64 ft

Fatigue D..lgn Examp~s (Cover Plated Beam) ends of the partial-length cover plates (Detail No. 5)
and at midspan (Detail No. 4 or 6). Figure 1 and

The following is an example of a fatigue design Table 10 identify these details.
check of the steel stringer bridge superstructure used
in the previous example. The steps in this example b. The loading type is specified as Type I (Fig-

are identified in the same manner as the check pro- ure 2).
cedure presented in Design Criteria for Fatigue in
Chapter 3. . c. The expected cycles of loading are specified as

500,000.
1. Fatigue—stress limitations

d. Based on steps a, b. and a, the maximum
a. The possible points of fatigue failure are at the allowable fatigue design stress ranges from Equation

29 
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9 and Tables 12 and 13 are (1) Both maximum stresses are equal to or less
than 23.9 ksi.

Detail No. 5—23.2 ksi ( C1 S — ( 1 .90)(12.2) —23.2)
(2) Since minimum stress is tensile, compressive

Detail No. 4 or 6 — 46.2 ksi (— ( 1.90) (24.3) — 46.2) stress need not be considered.

e. The maximum allowable static tensile design (3) The stress ranges are less than the allowable
— stress, 

~b — 29.88 ksi, from Chapter 3. 23.2 ksi at the end of the cover plate and 46.2 ksi at
midspan.

f. The “service-temperature-adjusted” maximum
allowable static tensile design stress 23.9 ksi , from Therefore , the fatigue resistance is adequate. If
Chapter 3. the loading had been Type IV, the allowable fatigue

stress range at the end of the cover plate would have
g. If the compression flange is laterally sup- been 9.15 ksi (0.75 X 12.2, Tables 12 and 13), and

ported , the compressive stress does not need to be the fatigue resistance of the stringer would not have
checked. been adequate at the end of the cover plate . To cor-

rect this, the cover plate would have to be extended
2. Fatigue stress check beyond the point where the stress range is 9.15 ksi.

The fatigue resistance of the midspan detail (No. 4
a. Minimum and maximum stresses or 6) is also not adequate for Type IV loading, since

the stress range of 20.4 ksi exceeds the allowable
W36 x 194 beam with two 10 in. x 1 itt . x fatigue stress range of 18.2 ksi (0.75 x 24.3, Tables
64 ft 0 in. cover plates. 12 and 13) ; this would require redesigning of the

basic section.
End of cover plate (Detail No. 5).

EVALUATION OF EXISTING TM 5-312
712,8 K x 12 , DESIGN CRITERIA FOR STEEL

Maximum stress:° 12.86 ks* 6 STRINGER BRIDGES

(tension) This chapter evaluates existing TM 5-3 12 criteria
‘K for the static load case. Because fatigue and brittle

Min imum stress:” 
103.68 x 12= 1.87 ksj fracture criteria are not covered in TM 5-312, they

cannot be evaluated.
(tension)

BendIng In Stringers
Stress range = 10.99 ksi ( 12.86-1.87)

Fully Braced Beams
Midspan (Detail No. 4 or 6)

For fully braced beams the current TM 5-3 12 cii-
x 12 , teria covering moment determination and allowable

Maximum stress: ‘23.90 ksi bending stress (0.83 F~ based on 1.5 x 0.55 F~)
should be adequate provided the following three con-

288 x 12 ditions are satisfied :
Minimum stress: 3.48 ksi

1. The section meets the requirements of Secuon
Stress range 20.42.ksi 1.5.1.4 .1’ of AISC .

b. Fatigue check 2. The deck is solid (glued-laminated timber
p.~neIs or concrete).

‘The 712.8 klp ft moment of the end of the cover plate is based
on a uniform load of 2.475 kips/ft , which is equivalent to the 3. The ratio of the bridge floor width (out-to-out)
maximum dead plus live load moment at midspan of 1980 kip-ft. to span length (W/L) is less than or equal to one.
“The 103.7 kip-ft moment at the end of the cover plate is based

on a maaimum load of 0.3(iO kips/ft. which is equivalent to the
dead load moment at midspan of 288 klp-ft . ‘Exclud ing the moment redistribution provision.
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If one or more of these three conditions are not met, (normal or caution crossings). the number of lanes.
the TM 5-312 criteria are judged unconservative and the type of member (flexura l . tension, or corn-
(i.e.. not safe). pression) the fastener is connecting. As a result , a

detailed evaluation was not performed. In addition ,
Later al Torsional Buckling criteria for A 325 and A 490 high-strength bolts, the

primary fasteners recommended in this report for
The lateral torsional buckling requirements for T/O bridges, are not given in TM 5-312.

compressive bending stress and bracing require-
ments given in Paragraph 6-9 of TM 5-312 appear to
be unconservative. The criteria become even more ~~ CONCLUSIONS
unconservative when: I AND RECOMMENDATIONS

I .  Nailed-laminated timber, plank . or multiple- Conclusions
layered decks are used.

The following conclusions were drawn from this
2. Heavy wide flang e shapes for stringers of about study:

200 lb/fl’ or more are used .
I. The current TM 5-312 criteria and procedures

3. The W/L ratio is greater than one. used in the design of T/O steel stringer highway
bridges can result in bridges which are potentially

Shesr In Stringers unsafe and/or perform poorly .

The current criteria in TM 5.3 12 for shear design 2. The static, fatigue, and brittle fracture design
in stringers. including the procedure to determine criteria, procedures. and material specifications
shear force and the allowable shear stress used , developed using state-of-the-art reliability-based
appear to be unconservative . The current shear force methodologies should result in adequate safety and
procedure in TM 5-312 is based on the normal cross- perf ormance f or TJO steel highway bridges. (See
in g load case. Hence, the criteria become even more Volume II for details of the development and justifi-
unconservative for the caution crossing load case. cation of the criteria presented in this volume.)

Compression and Tension Members 3. Material weight savings for steel stringers
(standard rolled shapes under static load) designed

The current criteria in TM 5-312 for compression using the criteria recommended in this report for
and tension member design. including the determi- T/O bridges rather than the permanent (AASHTO)
nation of the compressive and tensile forces and the bridge allowable stress with the recommended
allowable stress used , appear to be unconservative. design procedures in Chapter 3 typically range from
The compressive or tensile force used in design in 15 to 20 percent.
TM 5-312 is based on the normal crossing load case.
Thus, the criteria become even more unconservative 4. Stringer weights obtained using the recom-
for caution crossings on single-lane bridges. The un- mended criteria compare to those obtained using
conservatism of the TM 5-312 criteria also increases existing TM 5-312 criteria as follows:
for compression members having intermediate and

• high slenderness values, a. Similar weights are obtained when concrete or
glued-laminated timber decks are used in environ-

Fasteners and ConnectIons ments which are not cold.

Evaluation of the current TM 5-3 12 criteria for b. Slightly increased weights are obtained when
fasteners and connections depends on the actual using the recommended criteria, if nailed-laminated
force acting on the fastener and/or connection and timber, plank. or multiple-layered decks are used in
the allowable stress used. Based on the current TM environments which are not cold.
5-312 design procedure, the actual force acting on
the fastener will vary depending on the crossing type c. Significantly increased weights are obtained
________ when using the recommended criteria for bridges in
‘Based on stringer depths fo 33 to ~ in. cold environments.

31
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5. The criteria , design procedures, and material Army Facilities Components System (AFCS)—P !an-
specifications are given in Chapter 3 for AFCS fling. TM 5-301 (Department of the Army . Sep-
bridges. In Chapter 3. modified design loads and tember 1973).
design procedures given in TM 5-312 and modified
AISC or AASHTO allowable stresses are recom- Engineer Field Data, FM 5-34 (Department of the
mended ; thus , the recommendations in Chapter 3 Army, December 1969) .
for AFCS bridges are intended to be used by bridge
design offices . Engineers’ Reference and Logistical Data, FM 5-35

(Department of the Army, April 1971).
6. The criteria , design procedures , and material

specifications are given in Chapter 4 for bridges Military Fixed Bridges, TM 5-312 (Department of
designed in the field by combat engineers. Thus, the the Army. December 1969) . with changes I and 2.
recommendations in Chapter 4 can be incorporated
into the Army manuals , including TM 5-312 and Munse , W. H., Fatigue of Welded Steel Structures
FM 5-34, which are used by the combat engineer in (Welding Research Council , 1964).
the fie Ld to design T/O bridges.

Route Reconnaissance and Classif ication, FM 5-36
Rscomm.ndatlons (Department of the Army. May 196S).

The following recommendations are made: Spec(f ication for Mild Steel Covered Arc-Welding
Electrodes, AWSA5. 1 (American Welding Society

1. The design criteria, procedures, and material IAWSI).
specifications given in Chapter 3 should be con-
sidered for use in the design of AFCS T/O bridges . Specif ication f or Structural Joints Using ASTM

A 325 or A 490 Bolts, Approved by the Research
2. The design criteria, procedures, and material Council on Riveted and Bolted Structural Joints of

specifications for bridges designed in the field by the Engineering Foundation , February 4, 1976.
combat engineers given in Chapter 4 should be con-
sidered for incorporation in TM 5-3 12. FM 5-34, Specif ications for the Design. Fabrication and Erec-
and FM 5-35. tion of Structural Steel for Buildings (American

Institute of Steel Construction (AISCI, 1969) , with
3. Consideration should be given to the develop- supplements 1 (1970), 2 (1971), and 3 (1974).

ment of procedures, criteria , and material specifica-
tions for design of glued-laminated timber decks for Standard Spec~fication for Structural Steel for
I/O steel stringer bridges. Bridges. A 709-74 (American Society for Testing

and Materials, 1974).
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SI CONVERSION FACTORS

1 ft —0.3048 m I kip-ft — 1.3558 kNm

1 ft-lb 1.3558 Nm 1 ksi —0.69 kN/cm 2

I in. 2.54 cm 1 sq in. — 6.4516 cm2

1 kip = 4.448 kN (°F —32) 5/9 —

I

I

33

LI 1 .



~ --~ -~ -~ -~~~~~- - - - - .~~~~~~~~~~-—~~~~~— -—~~~~~~~ -~~~~~~~ - -.~~~~~~~~~~~~~~~ -~~~~ - -~~~~~

“SC

CERL DISTRIBUTION

PICItIeIIy Ars ena l US Army Eng ineer Dis tr ict US Army (r.qlneer Dlstr i .t

AIIM: 5*IPA-VP3 Pitt$ bw-gh W a lIa Wa lla
AIIM: Library AT IN: L ibrary

US my. Europe ATIN 0*PCD AIIM: Chief . Engr Div

ATTIS: MAIN ATIN: Chief . Engr Dlv A las k a
Philadelphia *119: LIbrary

Director of Facil itiet Eng i neering ATIN: Librar y AT IN : NPAD(-R

ADO New Y ork . NY 09827 AITN: Chief . MPEN-0

ADO Seattle. WA 98749 Bilti.Ore US Army Eng ineer Divisis ..
AITN: Library t j rope

OAAC~~~ sTir -CUR AIIM: Chief . Engr 0i~ 
AIIM: Tech nical L i b rary

APO New York 09710 ~4orf olk New Ingland
AIIN: Lib rar y AT IN: Libr ary

USA L iaiso n Detachwen t *119: 14*019-0 A IIN: Laboratory

AITN: Libr ary Huntington *119: Chi ef , MEOCU

New York . NY 10007 ATIN: Library North At lant ic
AIIM: Chief . Engr Div AT tN L ibra ry

US M il itary Academy W ilming ton ATTN Chief , 9*0(9

kIlN: Dept of Mechan ics ATIN : Chief . S*WCO-C Suu th Atl a nti c

AITM : Libra ry charleston *119: library
AIIM: Chief . Engr Div AI TN ; Laboratory

Chief of Engineers SavanMh ATTN Chi ef . SAD(N-TC

kIlN: DAEN-ASI-L (2) ATTN L ibr.ry Huntsville

*119: OAth-FEE-A ATIN: Chief . SASAS-L AT IN : Library (2)

*119: MEN-FEB Jacksonville A ITN : Chief . KNOtT-CS

MIll : MtJS-flSA *7Th : Libr ary *119: Chief , KNO tT -SR

*179: OAth-FEZ-A *119: Const. Dlv Lower Misslsslp,.i

ATTN : DA (N-ICZ-S (2) Mobile *119: Library

*119: DAIN-ROL AIIM : Library AT TN : Chief , 198(0-6

AIIM: DAEN-ZCP *7Th: Chief. SHM(N-D Ohio River

ATIN : M(M-PMS ( 12 ) *119: ChIef . 549(9-F kIlN: Laboratory

for forwardi ng to Nashvill e *119: Chief . Engr D iv

Nationa l Defense Headquarters AIIM : Chi ef , 0*9(0-F *119: Library

Director General of Construction Memphis North Central

Ot tawa . Ontario Kl*0K2 AIIM : Chief . Cbnst. Div hu N: Library

Cana da *119: Chief . 111110-0 Missouri River
V icksbul-g AIIM : L i bra ry (2 )

Canadian Forces L iaison Off icer (4 )  *119: Chief . Eng r Div AIIM: Chief . 40(0-6

U .S. Army Mob il ity (quipeent Lou isvil l e *119: LaboratOry
Research and Denelopeent C~~eiand *719: Chief. Engr Div Southwestern

Ft Belvoir , VA 22060 Detroit *119: Library
AIIM : LIbrary *119: laboratory

oin of Bldg Researc h AIIM: Chi ef, MCE (D-T *119: Chief . SWOED- IC. —I

National Research Council St. Paul South Pac i f i c

Montreal Road *119: Chief . (0-0 *119: Laboratory

Ottawa , Ontario. (1*0*6 AIIM: Ch ie f . ED-F Pac ific Ocean
ChIcago *119: thief . Engr D iv

A irports and Coast. Services Dir. *119: Chief . NCCCO-C *119: FM*S Branch

Tec hnical Information Reference *119: ChIef . NCC (D-F *119: Chief . P0010-li

Centre Rock Island North Pacific

tAOt. Transport Canada Bu ilding *119: Library *119: Laboratory

Place de Ville. Ottawa . Ontar io ATIN: Chief. Engr D IV *119: ChIef , Engr 0’.

Canada. (1* 098 *119: Chief , NCRED-F
St. louis Fac ilit i es Engineer

British Liaiso n Officer (5) AIIN: Library FORSC09
U.S. Army Mob ility (quipetiit ATIN: Chief. (0-0 F t Devens . 98 01431

Researc h and Developeent Center Kansas City F t McP her son . GA 30330

Ft BelvOir , VA 22060 AIIN : Library (2) Ft Sam HouStOn . TX 78214
AIIM: Chief , Engr DI~ F t Carson . CO 80913

Ft Be l vo i r. VA 22080 Onaha Ft Campbe ll , KY 42223

AIIM: ATSE-ID-IL (2) AIIM: Chief , Engr D lv Ft Hood. T O 76544

ATIN: Learning Resources tinter New Orleans I t lewis. WA 98433

*119: Kingean Bldg. Library AIIM: L ibrary (2) TRADOC
AIIM: Ch ief . 1184(0-06 Ft Di n . NJ 08640

US Army Foreign Science A Little Rock Ft Monroe, VA 2365 1

Tac k Center *119: Chief . Engr Div Ft Lee . VA 2380 1

AIIM: Cherlo tteseflie, VA 22901 Fort Worth Ft Gordon, GA 30905

AIIM : Far East Office AIIM: Library Ft McC lellan , AL 3620?

*119: SW?ED-D Ft (von . KY 40121

F t Monroe , VA 23651 AIIM : SWFED -F Ft Benjamin HCrrlson , I N 46216

*119: *119 Galveston Ft Leonard Wood, WI 6547 3

AIIM: *1(94140 (2) AIIM : Chief . S~~AS-L Ft Sill , OK 73503 -

ATTN : Chief . SWGCO-C Ft B liss. IX 799 16

Ft McPherson , GA 30330 AITN : Chief . S~~E0-DC KQ , 24th Inf . F t Stewart. 6* 3 13 1 3

AIIM : AF EN -FEB Albuquerque i~~. lo t In? . Ft Ril ey, KS 66442

AIIM: Library NQ . 5th In? , Ft Polk , L A 7 1459

Ft Lea. VA 2380) *119: Chief . Engr D iv HQ, 7th In? . Ft Ord. CA 93941

*119: DIXIC-D (2) LOs Angeles Wes t Point , NY 10996

ATIM: Library *119: 4(9-f

uSA-CRAIL AIIM: Chief . SPIED-F Ft Binn ing. GA 31905

San Franc isco R~1N: AIZB -Ft-t P

SISA-WES ATIII: Chief . Engr Dii. AIIM: AIZB-F (-BG

AIIM: Concrete Lab Sacr~~ento 
CACI.FL

AIIM : Soils $ Pavements Lab ATIN: Chief , SPK (D-0 *119: DFA ( (3)

*119: Library AIIM: Chief . SP(C0-C Ft Leaneneaorth . KS 66021

Far East ,~IC
6th us Army AIIM: Chief. Engr Div Dugway. UI 84072
*119: A8C-LG-( Japan USACC

*119: Library Ft Huac hoc a . *2 f581 3

I Corps (ROE/US) Group PortlAnd
*119: (Ad -EN AIIM: Library AF~ PRUU

APO Sen Francisco 96358 AIIM : Chief. 08-6 R ol llnq A FB, (it 20332
AIIM: Chief , FM- I

US Army Engineer District AliN: Chief , FM-2 Al C ivil tngr Center/tRI

Mew York Seattle ly nda ll AFB, FL 32401

*119: Ch ief , Design Br AIIM: Ch ief , NPSCO
Buffalo AIIM : Chief , NPSEN-FM L itt l e Roch AFR

AIIM: Libra ry AT3 lf: Chief . (9-08-SI *119: 314/DE((fMr. G i l lh ~n

Saudi Arabia
AIIM: Library

—-— 5
~~~~~~~~~~~~~~~~~~~~~~~~~~



f— ’.. ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ — - - — - —
~~~~

- — — - . --.

“SC

Naval Fac i l it ies Engr C~~~and
AIIM: Code 04
AleaandrIà , VA 22332

Port Huene.e, CA 93043

*119: Library (Code LO8A )
AIIM: Morrell Library

Defense Docienentation Center (12)

Washington, 01
AIIM: Bldg Researc h Advisory BoA rd
AIIM: LIbrary of Congress (2)
*119: Federa l Aviation *~~inIs t rationAIIM: Dept of Transpo rtat ion Library
$119: lrans por tat lon Research Board

Engineering Soc ieties Library
New York , NY lOO)7

USA(S
Dept of Military Eng
Fived Bridge Section
AIIM : CPI Phillips
F t Be ln o ir . VA 22060

NAVFA C
HO Enqiveering and Design
St ructural Branc h
A le nandr ia , VA 22332

Dept of C ir~1 Eng ineering
AIIM: C. A . Corne ll
Massachuse tts Inst itute of

Iec hno loo y
Cambridge , MA 02319

Henry N. Rei tz
Consu lting Eng ineers
1 1 1 Sout h Meraaiec
St Louis , WI 63105

Gregory Gri ff i t h
815 Graham St
Lynchburq , VA 24504

Case Institu te Of lechnology
School of Eng inee rIng

Department of Solid Mechanics
and Structura l and Mechanical
Desi gn

*179: Fred Moses
Cleveland, OH 44106


