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) Mr. R. H. Barnard was the OCE Technical Monitor

The research was conducted by the Construction Materials Branch (MSC) of the
f Materials and Science Division (MS), U.S. Army Construct ion Engineering Research
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) P. A. Howdysheli is Chief of MSC and Dr. G. R. Williamson is Chief of MS.

4 Contractors contributing to the study were R. C. Moody of the U.S. Department of
Agriculture Forest Service, Forest Products Laboratory, Madison, WI and W. W.
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RECOMMENDED DESIGN CRITERIA Specification 117-74~ and Product Standard (PS)
FOR GLUED-LAMINATED TIMBER 56-73,’ which cover glued-laminated timber fabri-
HIGHWAY BRIDGES IN THEATERS cated from Douglas fir, Western larch, Southern
OF OPERATION pine, and California redwood.

Approach
1 INTRODUCTION . ..Appropriate reliability models were developed to

analyze and evaluate the safety levels and consist-
Background ency of existing permanent structural design criteria

Engineer troop units in the theater of operations for glued-laminated timber bridge members. The
(T/O) are assigned diverse construction missions models were then used to develop recommended
which often have critical completion date require- I/O bridge design criteria for glued-laminated
ments. Many of these missions Involve erection or timber members for the dead plus live static load
assembly of standard prefabricated components case.
such as those available for buildings and tactical

• bridges, while others require construction using con- Chapter 2 summarizes the development of the
ventional materials and components design criteria (the development and justifications

for the criteria are detailed In Appendices A through
• The Army Facilities Components S mtem (AFCS) E of Volume II) Chapter 3 presents the recoin-

contains standard designs for many structures that mended design criteria, and Chapter 4 provides a
T/O troop units may be required to construct. The design example. Chapter 5 presents the conclusions
AFCS publication TM 5-302, ‘ and its related logisti- and recommendations.
cal references TM 5-30P and TM 5-303,~ contain

• many standard structural desig ns using both stand-
ard and prefabricated components, along with bills SUMMARY OF DESIGN
of materials and construction practice guidance. CRITERIA DEVELOPMENT

• These manuals greatly reduce the planning and
design effort required to comp lete a construction This report presents a rational basis for develop-
assignment. ing consistent design criteria for short-life struc-

tures . “Consistent” means that the probabili ty or
However, design criteria for military bridges using chance of reaching a limit state (limit state proba-

glued-laminated timber are currently unavailable . biity) of a structural member is compatible with the
Since the design life of T/O structures is typically other limit state probabilities of that member or
from 2 to 5 years, use of civilian structural design other members.
codes, which are generally based on a 50- to 75-year

• design life and relatively high levels of reliability, can Member-resistance and structural loading data
result in unnecessarily conservative and uneconom i- were combined to determine existing and recom-

-

. 

cal desig ns for the limited performance needs of I/O mended limit state probabilities and their corre-
structures. sponding safety index values. First order reliability

-. theory and best estimates of central tendency (aver-
Objective age values) coupled with measures of dispersion

(coefficients of variation) of the resistance and load
The objective of this stud y is to develop design were used to compute the safety index values. These

criteria recommendations for glued-lam inated tim- safety index values were computed for permanent
ber members in I/O highway bridges subjected to and temporary structural elements and used as

• dead plus static live loads. The types of glued-lami- guides in determining recommended alk,wahk
nated timber to be considered are those specified by stresses for the static failure mode. Rccommcnded
American Institute of Timber Construction (AITC) criteria for temporary bridges were determined to

‘Arnn ’ Facilities Compo eests System WVS)—Desijn. ~~tand.ni Sgwci~kag,tmj ~i.e .Sgn,rg ,wl (,IarJ l.amimn,,i
• TM 5-302 ~Depariment of the Army. 1973). Timber ofDou~lss Ff r Western Larek Sv*,hemI’inr. .md C.b2.4rnn Facilities Components System (AFCS) —Planning. ftmslm RedWood. Alit 117.74 (Amerk ~an lngj,ui,, ,,I Timher

~~~~ ~~~~~ ~~~~~~~~~ of the Army. 1973). Construction IAITCJ , 1974 .
‘Aeon Facilities Components System (.4FCM Logistic Data and ‘VeArmt.r, Prt,ducg Standard PS 36-73 ~~W Sgn,ct~~~ (1N,~~Hills o~Masvrials. TM 5-303 (Department of the Army, 1973) . Laminated TiA,&rer (AITC, 1973).

~~~~~~~~~ _•J_;___•__ — -•--~~ — •.--——--.-.- • ~-— - - - - -
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yield safety index values which will provide adequate nature of I/O bridges. The safety levels correspond-
safety relative to the safety levels and performance of ing to the recommended criteria for T/O bridges

• permanent bridges, while reflecting the bridges’ loaded with their normal or maximum loads are
temporary nature. com parable to or exceed those corresponding to

permanent civ il ian bridges loaded with their marl-
It was assumed in the criteria development that mum loads. However, the safety levels corresponding

adequate fabrication, assembly. and erection proce- to the recommended criteria for I/O bridges loaded
dures are used. Special provisions and criteria are with their normal or maximum loads are below those
recommended when lower quality fabrication , corresponding to permanent bridges loaded with -•

assembly , and erection practices are likely to occur . their normal loads. In summary, the recommended
criteria should result In acceptabl y safe temporary

Stringer weight savings of about 15 percent result bridges compared with current permanent civilian
from using the recommended I/O bridge design bridges loaded with their maximum loads.
criteria rather than using the permanent bridge
allowable stresses with the design procedures in This discuss ion of safety is based on the assump.
Chapter 3. tion of adequate fabrication , assembly, and erection

practices; the safety of a briage can be reduced
significantl y by low quality fabrication , assembly,

~ RECOMMENDED DESIGN CRITERIA and erection practices (see the FabrIcatloui, Ausein-
s) FOR AFCS BRIDG ES bly, Erecdoss,andRamfllng sectionof this chapter).

Scope Material weight of glued-laminated timber
string ers in I/O bridges designed using the recom-

The following criteria are recommended for use in mended criteria will typically be about 15 percent
designing temporary T/O bridges using glued-lami- less than when designed using permanent bridge
nated timber. Temporary bridges have desig n lives allowable stresses with the procedures recommended
of 2 to 5 years (bridges whose failure would have un- in this chapter.
usually severe consequences are not considered
temporary, even thoug h their design lives may be 2 Use of the recommended criteria rather than the
to 5 years). The maximum deviation from these permanent criteria to prevent static failure will be
criteria shall not exceed 2 percent (on the uncon- cost effective if the material , transportation, labor,
sers ative side) of the indicated design requirements. and storage cost savings exceed the cost of imple.

• menting the criteria (see the Impismen tadon section
The following criteria are based on AITC 117-74, of this chapter).

• PS 56-73, and the 1973 National Design Spec j flca-
n on (NDS)fo,- Stress Grade Lumber and It., Fasten - Use of the recommended criteria appears reason-
ings,’ except as modified herein. The criteria apply able, provided that the temporary steel and timber
to highway bridges only ; they do not apply to rail- bridges used in the past have been acceptably safe
road bridgei~. and have performed satisfactorily. The decision to

use the recommended criteria is to be made by the
Safety , SavIngs, and Cost EffectIveness AFCS Office at the Office of the Chief of Engineers

-
~ (DAEN-FEE-A).

In the past , increased allowable stresses for static
loading have been permitted for tempora ry steel lmpl5mlfltatiofl
string er bridges .’ The safety levels corresponding to
the allowable stresses and/or design procedures for The recommended criteria are based on modiflca-
temporary glued-laminated stringer bridges were tions to existing (A1TC 117-74 and 1973 NDS) allow-
evaluated and used to determine acceptable design able stresses for permanent structures. The recoin-
criteria and procedures which reflect the temporary mended criteria require use of the military design

loads and procedures (as opposed to allowable
_ _ _ _ _  stresses) giten In TM 5-312 and modified herein.

Naf lonalf lesigt. Spec ~f lcatloa f or Stress GradeLumber and t h ence, the recommended criteria are Intended for
Fast enings (National Forest Products AssocIatIon. 1973). 

____

- 

- ‘Milàaty F ixed Dndge& TM 3-312 (1)~pa~ fl~eft  ~~ 
use by bridge design utficu.. , aid not by combat engi.

- - - December 1968), with changes I and 2. lii th~ field. The ~iIEtl$ psckags required

8
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by a bridge design office would consist of these cu- loads, includ ing wind, water, ice, and earthquake,
teria (Chapter 3), which in turn require the use of are not covered.
modified TM 5-312 design loads and procedures and
the mod ified AITC 117-74 and 1973 NDS allowab le The procedures given in TM 5-312 for determin-
tres lug the design loads and the moments and forces

used In the design of bridge members and fasteningsFabrication , Ass.mbly, ErectIon shall be used, except a’~ modified herein.
and HandlIng

The two load cases used in the design process—theThe recommended criteria are based on the normal vehicle crossing load case and the cautionassumption that fabrication , assembly, and erection crossing load case—are described in Table 4-3 ofquality and tolerances are comparable to those used TM 5-312. Normal crossings are convoy(s) consistingin U.S. permanent construction. The recommended of vehicles not exceeding the posted bridge class. Aallowable StresSeS shall be reducefi accordingly f~’ caution crossing consists of a single line of vehicleslow quality fabricat ion, assembly, or erection. Fabri- crossing a oneS or two -lane bridge on the bridge - •

cation , assembly, and erection shall be in accord- centerline. Each vehicle is spaced at 150 ft or moreance with AITC 117-74 and the AITC Timber Con- and shall not be more than 1.25 times the normalstruction Manual.• Necessary precautions, including posted bridge class. Additional details are given inprovision of adequate support and bracing to pTOteCt Section IV, Chapter 4, of TM 5-312 and Paragraphagainst buckling and other erection problems, shall 2.54 of FM 5-36.’be taken during erection.
The current procedure in TM 5-3 12 proportionsHandling precautions shall be taken , especially all members, fastenings, and connections on thefor laminations which will be subjected to tensionS 

basis of the normal class loading. The followIngduring service. Notching the bottom of stringer ends recommended procedure, however, requires that(e.g., to lower the elevation of the roadway) shall not they be proportioned on the basis of either thebe permitted. normal or caution load cases, as specified.
ServIceability Flexural Members and Flexural Splices—Designing

• Because the criteria recommendations are based for Bending or Lateral Buckling in Stringers
on limit state strength only , serviceability require-
ments , including deflection , are not covered by the The live load moments corresponding to normal
criteria~ they shall be imposed as judged necessary. class crossings found in Appendix D of TM 5-312

shall be used to proport ion the flexural members or
Preservative Treatments flexural splices for bending and lateral buckling .

In warm , moist areas, preservative treatment may The current procedure for stringer design given Inbe necessary to insure a 5-year life for members in Paragraph 6-5 of TM 5.312 shall be used , exceptground contact, e.g., abutments, pilings, etc. if 
~~~~ that the recommended formulas in Table 1 shall besereative treatment is not feasible, consideration u~~ to det~~nine the effective number of stringe rs.should be given to specifying all heartwood decay-

resistant sPecies.se Shear In Stringers, Bearing Forces at Stringer Ends.
— • - and Forces in Stringer End Connection FasteningsLoads , Mom.nts , and Forces’

• The recommended criteria apply to the dead plus The live load shear fo rce In stringers, bearing
live load case (vehicle plus payload weight). Other forces at ends of stringers, and forces In stringer end
_ _ _ _ _ _  

connection fastenings shall be determined by using
‘Timber Construction Manual. 2nd ed. (AITC. 1974) . the larger force resulting from the normal or caution
TypicaIly. the bottom laminations in stringers.

• 
- “For moie information see “Decay Resistance,” Wood Hand-

book: Wood as an Engineering Materi aL Forest Service Agileul-
— tm-al Handbook No. 72 (Department of Agricukure, Forest ‘SI conversion factors for all units of measurement used in this

Products Laboratory 1974). • report ire given at the end of the report.
t in certain cases, unrealist icall y low loads, moments, and ‘Rout. Reconnaissance and C1assftcation~ FM 5-36 (Depict-

Ibsces can result lithe current procedures in TM 5.312 ate used. ment o( the Army, May 1965).
1 -  

9 -
~~

-,—-~ •-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~ ~~~

-
~~

---
~~~~~~~~~~~  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •— •- -- - - -—-i---- ~~~—•-~.~~~~~~~~~~——•-—-•—-•



--- —- -- --  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ - - 
- - - _ - • ~- - - - 

•

Re~~~~~~~~ Eqoatlosu sad cueu~ TM 5-312 P~~ ~~~, D.J—...U., the ~~ sth.N~~ or.Ie~le.m.

• Cun at TM S.3l2Equadess - ____

Single lane: N, —: + (Eq 6-7a) Single lane: N, — c1 -  + II

Iwo lanes: N2 N5 or N, N, (Eq 6.7b) Two lanes : N, — c1 P451 or N, — N,

whichever is smaller whichever is smaller

where N, - el~ ctive number of stringers for single.lanc bridges
S5 — center-to-center st ringer spacing in feet

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

c - reduction factor given in Table 2

Table 2 (1) Dead Load Shear. The dead load shear per
Vm s. aducdoa Fader e° us.~i i~ n~~s.~~~~ iis~~~s. stringer is determined as for a steel stringer bridge

(Table 1) for Determining the Effeethe Nember.fSlekgan using

Rado of Bddge Thor Width v(est.ts SD “DL (EquatIon 6-12)

Brldgs Deck Type W/L ~ 1.0 W/L > 1.0 (2) Live Load Shear,

Glued-laminated timber or concrete 1.0 0.75
Nailed-laminat ed timber , plank, or (a) Effective shear per stringer, vjj, f lu-

multiple-layered 0.90 0.70 glued-laminated timber stringers. The effactive live
load shear per stringer, vjj ~, must account for the

°The factor c accounts for the reduction m lateral load distribu- shear per stringer due to loads near the support as —

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ m~~~~
’ well as load s out on the span . It can be assumed that

their span length . the wheel or track loads which are at or near a sup-
port will go directly into the stringer (with the deck

crossing load cases. The shear for single-lane bridges assumed to act as a series of simple beams) and the
is based on the caution load case; for two-lan e loads which are out on the span will be distributed
bridges it is based on either the normal load case or, laterally in a manner similar to moment The effec-
if larger, the caution load case. The following proce- t ire live load shear per stringer vij~, in kips shall be
dure (revised -Paragraph 6-6, TM 5-312) shall be determined from Table 3.

~ I 
used to determine the shear force in stringers, the
bearing forces at stringer ends , and the f orces in (b) Design live load shear per stringer, vij ,,
stringer end connection f astenings. f or glued-laminated timber stringers. Tests with

tinuI,er beams indicate that the shear failure will
- ‘  6-6.~ Shear Check (Shear Design) occur when a concentrated load is at some constant

distance from the support, rather than when the load
c. Glued-Laminated Timber Stringer Bridges is just off the support , the location that produces
Compared to steel stringers, glued-laminated max mum shear. This is caused by the concentrated

timber stringers are relat ively lower in horizontal load tend ing to compress the fibers, thus Increasing
shear strength. Thus, shear can be critical in glued- the horizontal shear strength. When the load is

• laminated timber stringers, and the horizontal shear moved off the support a distance of about the depth
stress often controls the allowable design load , par- of the stringer, the optimum condition for shear
ticularly for short spans. failure exists. Thus, the value of the efièctlve live

load shear per stringer, vj j ,, should be reduced
paragraph 6-6b shall be ret itled Solid-Sawn Timber Stringer accordingly. The design live load shear per stringer,

Bridges. vuj,, in kips, is:

10
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T.b1 3

Vain. of F~sed,s U,. L.sd Sheer Fore, per Stringer, vjL
- 

~LL for Sk~~e Lass,’ k~ s “IL~ ~~~~ I~~s,.. 
~~

Wheeled $~ 
V1~~~_ V ~ S5 —2 V

~~W
_ V A

vehiel~ 1.2Sf (0.5 + ~
)VA + 

N
~~~~~~~~~

11 (—
~~

--- - )V~ + —~~~~~
- - - - )

- Tracked V 1~~~ s~— 2
vehicle l.2S(- - -~—-) 

~~~~~~~
where: wheeled vehicle shear in kips as given in Appendices D.4 and D-7~ of TM 5-312

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

V
A 

the heaviest axle load in kips as given in column 3t of Appendix D.1 ofTM 5-312

S5 — stringer spacing in ft

- 
N, • effective number of stringers for single lane given in Table I
N, effective number of stringers fo r doub le lane given in Table I.

‘The coefficient of 1.25 is used to adjust shear from normal crossing case to caution crossing case.
For the double-lane ease, vkshall be computed for both single and double lanes and the larger value of v~~~shall be used .

tEntries In Append,x D.7anTcolumn 3 of Appendix D-I aie given in tons and must be converted to kips.

L — d)~ Columns. Con,p~iessioi. and Tension Members,vu., - 
~
—t-- vT i~, but not less than 0.75 ~~~ and Their Associated Fastening s and Connections

(Revised Equation 6-17) The forces in compression or tension members
- 

• and their associated fastenings and connections shall
where v~j  — design live load shear per - stringer in be the larger of the forces produced by the normal or

kips caution crossing load cases.
L = bridge span In ft
d depth of stringer in ft Impact

I vh~., — effective live load shear per stringer
from Table 3. The procedure to account for Impact (no increase) 

*given in TM 5-312 shall be followed.
(3) Total Shear Per Stringer. .The total design

shear, v, for a glued-laminated timber stringer is: Allowable Stresses—Members
• - 

~DI. + v~j ,  The allowable stress for members in temporary
T/O bridges shall be found from

j where v — total design shear per stringer in kips
I ~DL — dead load shear per stringer In kips f — MF IEq 13
I vu. design live load shear per stringer in

- I kips. where f - allowable stress for members In tempo-
- rary bridges

t The rest of the shear design procedure shall be the M — modification factor found In Table 4
j  “ same as that given in subparag raphs (4) and (5) of F — AITC 117-74 allowable stresses for

- 
- 

• - Paragraph 6.6b, Timber Stringer Bridges of members for the dead plus live load case
~- TM 5-312. for 10 years of continuous or cumulat ive

11
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Tahle 4 loading (i.e., for permanent bridges) shall be used
Kscoeessnd.d Modinceu~~ r~~~ M for members, except that 70 percent of the AITC

117-74 allowable stress for tens ion shaft be used.
_ _ _ _  V.he. Of M Criteria for fastenings and Joints and all other
Bendin 1 ~ criteria (except allowable stresses for members) shallg be as specified by NDS for permanent bridges; a
Shear 1.15 load duration of 10 years of continuous or cumula-
Compression parallel to gralnt ’ 1.15 five loading shall l~e used. Recommendations given
Compression perpendicular to grain 1.15 in the Losã, Memants, and Faeces section of this

chapter shall be used .°°Column buckl ing 1.00

• 
- Tension parallel to grain 0.80 Modulus of E~ast lcltyt

Modulus of elasticity values for deflection checks
‘App ropriate member moments and forces shall be determined and column design shall be taken from AITC 117-74.

as specified in the Lands, Mseessb, and Forces section .
“App lies to fully braced columns only . i.e.. when buckling can-

not occur.
DESIGN EXAMPLE

loading; F shall include all NDS modifi- 
- - -callous of stresses (except load duration) The following example of the design of glued-

including moisture content, size effect laminated stri ngers for an AFCS bridge is based on
(for bending ), lateral stabili ty (for bend- the criteria given in Chapter 3. Additional refer-
ing), buckling (compression members ), ences ’° commonly used in glued-lamina ted timber
and bearing , design for permanent structures are suggested.

Depending on the application, bridge stringers Design of Glued-Laminated Timbertreated with an oil-base preservative and having a Stringer Bridge
waterproof deck may be designed with dry-use
stresses for bending and shear. However , wet-use Design class SO, two-lane bridge, glued-laminatedstresses shall always be used for compression per- stringers, nailed-lamin ated timber deck , single 60-ftpendicular to grain , span, stringer timber: Souther n pine 24 F.3 combi-

nation , dry conditio n of use.
Criteria for Fastenings and Joints ,
and Other Criteria Not Covered Herein

Criteria for fastenings and joints , and other cii- - - -

teria not covered herein , shall be as specified by NDS to axi a l tension parallel to grain and not to tension due

for permanent bridges; a load duration of 10 years of ~~~~~~~~~~ 

vases. uniealistlcaHy low loads , moments, andcontinuous or cumulative loading shall be used . forces can result if the current procedures in TM 5-3i~ ate used.
IThis sect ion applies to temporary bridges and bridges having

Criteria for Bridges Having Unusually unusually high consequences of failure.
High Consequences of Failure “Glulan, Bridge Sj~atems Plans (AITC. 1974); Timber Con-

• • struction Manual. 2nd ed. (AITC. 1974); Natkmal Design Specifi’ - 
-

• . . cation / li~ Stress Grade Lumber and Its Fasteni ngs (NationalFor bridges whose failure would have unusually Forest ‘roduc ts Associat ion. 1973); and Standard Specirficatiotss• severe consequences, the AITC 117-74 allowable /brHighwny8rldges (American Association of State Highway and
stresses for 10 years of continuous or cumulative Transpo rtatio n Officlala. 1973).

.
~~
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Procedure 
- Remarks (References refer to TM 5-312 unless other-

wise noted)

I. Design Loads (60-ft span) - .

a. Ii,ad Lotad -

W DL =X+ L (Y 4 :W) Equation b- l

WbL uu

~5OO +bO I7+O.4(SO)J Tab le b-1

WDL~
1112l2O ib/ft 2.l2kip%/ft

MDL 
W DLLZ (2.12)(6O)~ Equation 6-2

-954 k1p-ft

VDL 
WDLL 2 12(60) Equation 63

=63.o kips

j b. Live Load

M LLW
=l23S kip-ft Appendix D.6

ML~~ = 1338 kip-ft - Controls Append ix 1)-b

V LLW 
= 89.5 kips Appendix 0-7

VL~~, 89.2 kips Appendix D-7

2. Stringer Selection

• ) a. Effective Stringers

• For a class 50 two-lane bridge , the minimum Table 6-2 ., ~
p~

. - width is 24 ft 0 In. Maximum stringer spacing
is6ft 0in.

The minimum number of stringers (N,) is 4

N, — +1— 
~4~- 

+1 —5 Equation 6-Sa

H -

- 13
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The effective number of stringers for a two-
lane bridge (N,) is

N, — cf~- N,J or N, — N1 Table 1 in Chapter 3 of this report .

whichever is smaller

N,1u’c(!+lJ Table 1 in Cbapter3ofthis report.

c=O.90 Table 2 in Chapter 3 of this report . The reduction
• factor c corresponds to W/L < 1.0 and a nailed -
laminated timber deck.

N,—O.9O(~~ +1I—1.65

N, —O.9OI~45)1 = 1.69 or

N, =N 1 = 1.65

Use smaller of N,or N,

Therefore: N, = 1.65 • -

b. Design Moment, m

m — mDL + mLL Equation 6-9a

M DL M~~m = -i--— +i-i s N,

_ 954 +1338 jm--~- i~ 5’

= 190.8+810.9 ‘

m=1001.7kip-ft

c. Required Section Modulus

Sr — 
m

1~
2) 

Equation 6-10

Allowable bending stress

fb=MFb Equatlonlln Chapter 3 of thls report w here M— I.
modificat1on factorlnTable 4 and Fb~~ a1lOwable 

• 

-

AITC 117-74 bending stress (assuming adequate
lateral support)

IA
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Fb — CF(2400) Fb for Southern pine. 24F-3 combination, dry is:
Fb = C F(2400)

CF — ( 1  2/d)” CF — size effect factor given in Section 903-F NOS.

d —depth of member, in.

To obtain an estimate of Fb and f1, assume

CF=O.85

Thenfb=(1.35)(O.85)(2400)

— 2754 psi —2.75 ksi
I’

The required section modulus based on —
2.75 ksi is

~~~ m(12) (1OO1.7)(12) - Equation 6-10

— 4371 in.3 

2.75

TrialSection:
b(width) — 10.75 in. (actual dimension) Also see table In AITC 117-74 titled “Structural
d(depth) ~‘49.5 in. (actual dimension) Glued-Laminated Timber Section PropertIes”

CF = (12/49.5)” —0.85

Therefore 
~b —2.75 ksi is correct

and S~. 4371 in.’

t s=~4~
_ (10.7

~~
49S)’

6 6

H -

S>S~,

Therefore, trial section is adequate for bend-
ing. assuming adequate lateral support

3. Shear Check

a. Dead Load Shear
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b. Live Load Shear

v~~ — (!~f.~)vj j ,  but not less than 075 vjj ~ Equation 6-l7of TM 5-312 as revised in Chapter 3of
this report.

Wheeled Vehicle, Single Lane.

vjj - 1.25ft0.5 + ~
)VA + ( W 

)J Table 3, Ch4pter 3 of this report.

S5 —6. Oft

VA -40 kips Appendix 0-1, Column 3

VLLW 
—89.5 kips

N1 —1.65 (

— 1.25[(0.5 +~~~)40 + (89
~
5
~~

40)J

—71.9 kips

i’LL, Wheeled Vehicle, Double Lane:

i’LL = (4-)VA +()~~~~~~~~~~ Table 3, Chapter 3 of this report .

N, —l. 65

i’LL = (~-~--~)4O + (893 —40)

—~~.7kip s

i’LL’ Tracked Vehicle, Single Lane: J . .

SI

i4
~~

—1.25 ( 2 Table3,Chapter 3ofthisreport.

• 
V~~1, 89.2 kips

892VLL .25 ( _) ’558k1P5

i’LL. Tracked Vehicle, Double Lane:

S5 —2 
____r i’LL — (..-

~
--)VL~~, Table 3, Chapter 3 of this report.

S,—6.O ft

...Z — .. • . .. _ _.~~~~~~~
_ ._

~ ~~~~~~~~ • .—• ——— • ‘ — • ‘.~~~~~ ‘ ‘ ‘  . — — 
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vj =(~j?)89.2~~59.5kips

Use largest i’LL for single and double lanes Table 3, Chapter 3 of this report.
and wheeled and tracked vehicles;

Therelore i’LL — 71.9 kips

The live load shear then becomes:

,
~~~~~ 

~~60 ~_(4~ 5/12) )73~9 Equation 6-17 ofTM 5-312 as revised in Chapter 3 of
this report.

but not less than 0.75(71.9)

— 
— • v

~~, 
—0.93(71.9) —67.0 kIps

/ and 67.0 klps >0.75(71.9) kips

Therefore, i’LL .67.0 klps

c. Total Design Shear
- 

i’ = “DL + v~~ — 12.7 + 67.0 Chapter 3 of this report.

- — 79.lkips

d. Effective ShearArea 
- 

-•

— Avr — i:.. EquatIon 6-19

f~— MF~ Equation 1, Chapter3ofthisreport.

M-1.15 Table 4,Chaptet3ofthisreport.

For Southern pine, combination 24F-3

F~ — 200 psi • Allowable AITC 117-74 shear stress , F~ —~~~~ psi

~~—1.15(2O0)—230psi

—0.230 ksi

• 1 79.7Av~~~~~~~ 346 sq ln.

A,ofb lO.7Sin.,

• d—49 .S in.sectlon:
H

A~-~~bd Equatlono-20

L
17
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— ~-(l0.75)(49.5) “ 354.75 sq in.

A~>A~ Shear O.K .

4. The deck must be designed and the actual dead
load versus the assumed dead load checked;
appropriate changes in section modulus and
shear area, if necessary , must then be made. The
deflection and lateral bracing must be checked,
the fastenings and joints must be designed, and
the bearing must be checked.

~ CONCLUSIONS 3. The criteria , design procedures, and material
~~ AND RECOMMENDATIONS specifications are given In Chapter 3 ~ r AFCS

bridges. In Chapter 3, modified design loads sad
procedures given In Th1 5-312 sad modified AITC

c i 117-74 allowable stresses are recuwmended. TheCISC US ~na 
- 

recommendations in Chapter 3 for APCS bridges are
• intended to be used by engineers in bridge disige

1. Design criteria, procedures, and material offices, and not by combat engineers In the field.
specifications developed using state-of-the-art meth-
odologies should result in adequate safety and per- c~~~~~~~~~n
formance for T/O glued-laminated timber stringer
highway bridges. (Volume 11 presents the develop- 1. The design criteria, procedures, and material
ment and justificat ion of the criteria.) specifications given in Chapter 3 should be con-

sidered for use in the design of AFCS T/O bridges.
2. Bridge stringer material weight savings of

about 15 percent result when using the recom- 2. ConsIderation should be given to the develop-
mended T/O bridge design criteria rather than using ment of procedures, criteria, and material specifics-
permanent bridge allowable stresses with the design tions for the design of glued-laminated timber decks
procedures recommend ed in Chapter 3. for T/O glued-lam inated timber stringer bridges.

18
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- SI CONVERSION FACTORS

1ff 0.3048 m Ikip -ft— 1.3558 kNm

1 ft-lb — 1.3558 Nm I ksi “ 0.69 kN/cm’

t in. — 2.54cm 1 sq in. .6.4516cm’

I hip — 4.448 kN (°F —32) 5/9 — °C

I.

4

H
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RECOMMENDED DESIGN CRITERIA Specificat ion 117-74’ and Product Standard (PS)
• FOR GLUED-LAMINAT ED TIMBER 56.73,~ which cover glued-laminated timber fabri-

HIGHWA Y BRIDGES IN THEATERS cated from Douglas fir , Western larch, Southern
OF OPERATION pine, and California redwood.

j Approach
I INTRODUCTION Appropr iate rel iabil ity models were developed to

analyze and evaluate the safety levels and consist-
• Background ency of existing permanent structural design criteria

Engineer troop units in the theater of operat ions for glued-laminated timber bridge members . The
(T/O) are assigned diverse construction missions models were then used to develop recommended
which often have critical completion date require- T/O bridg e design criteria for glued-laminated
ments. Many of these missions involve erection or timber members for the dead plus live static load
assembly of stand ard prefabricated components case.
such as those available for buildings and tactical
bridges, while others require construction using con- Chapter 2 summarizes the development of the
vent ional materials and component s. design criteria (the development and justifications

for the criteria are detailed in Appendices A through
The Army Facilities Components System (AFCS) E of Volume II ). Chapter 3 presents the recom-

contains standard designs for many structures that mended design criteria, and Chapter 4 provIdes a
T/O troop units may be required to construct . The design e%amp le. Chapter 5 presents the conclusions
AFCS publication TM 5-302, and its related logisti- and recommendations .
cal references TM 5.3012 and TM 5-303,~ contain
many standard structural designs using both stand-
ard and prefabricated components , along with bills SUMM ARY OF DESIGN
of materials and construction practice guidance. CRITERIA DEVELOPMENT
These manuals greatly redu ce the plannin g and
design effort requir ed to complete a construction This report presents a rational basis for develop-
assignment. ing consistent design criteria for short-life struc-

tures. “Consistent” means that the probability or
However, design criteria for military bridges using chance of reaching a limit state (limit state probe-

glued-laminated timber are curre ntly unavailable. bility) of a structural member is compatible with the
Since the design life of T/O structures is typically other limit state probabilities of that member or
from 2 to 5 years , use of civilian structural design other members .
codes , which are generally based on a 50- to 75-year
design life and relatively high levels of reliability, can Member-resistance and structural loading data
result in unnecessarily conservative and uneconom i- were combined to determine existing and recom-
cal designs for the limited performance needs of 1/0 mended limit state probab ilities and their cone-
structures. sponding safety index values. First order reliability

theory and best estimates of central tendency (aver
ObjectIve age value s) coupled with measures of dispersion

(coefficients of variation) of the resistance and load
• • The objective of this study is to develop design were used to compute the safety index values. These

criteria recommendations for glued-laminated tim- safety index values were computed for permanent
ber members in T/O highway bridges subjected to and temporary structural ckments and used as
dead plus static live loads. The types of glued-lami- guides in determining recommended aik,wahk
nated timber to be considered are those specified by stresses for the static failure mode. Recommended
American Institute of Timber Construction (AETC) criteria for temporary bridges were determined to

~Arms Fac i/ itks Compo nents System (AFC.S)—Desiga. S~w.dw~ .rgwct/k.nons liw Sgrinti.rui (siim,I imø,i.ulfr,l
rM 5.302 (Department of the Army. 1973). Timber of I) ow j g s  Fir. Weirn, Imerk .‘èmth. ,,, I~~r. amI (lb

‘4r,,n Faci lities Components System t.4FCS) —Planning. f im,i. kedwond ~ APIC 117.74 (Amerka. , InaIIufr .,I timbrr
• . TM 5-301 (Department of’ the Army. 1973). Cøn~tructlon IAITCI, 1974).

8.1s a I M : 3 mnerno fffie Anny 1973)
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yield safety index values which will provide adequate nature of T/0 bridges. The safety levels correspond-
safety relative to the safety levels and performance of ing to the recommended criteria for T/0 bridges
permanent bridges, while reflecting the bridges ’ loaded with their normal or maximum loads are
temporary nature. . comparable to or exceed those corresponding to

permanent civilian bridges loaded with their maxi-
It was assumed in the criteria development that mum loads. However, the safety levels corresponding

adequate fabrication , assembly. and erection proce- to the recommended criteria for 1/0 bridges loaded
dures are used. Special provisions and criteria are with their normal or maximum loads are below those

• recommended when lower quality fabrication, corresponding to permanent bridges loaded with
assembly, and erection practices are likely to occur. their normal loads. In summary, the recommended

criteria should result in acceptably safe temporary
Stringer weight savings of about 15 percent result bridges compared with current permanent civilian

from using the recommended T/O bridge design bridges loaded with their maximum loads.
criteria rather than using the iwumaaent bridge
allowable stresses with the design procedures in This discussion of safety is based on the assump.
Chapter 3. tion of adequate fabrication, assembly, and erection

practices; the safety of a brioge can be reduced
• significantly by low quality fabrication, assembly,

~ RECOMM ENDED DESIGN CRITERIA and erection practices (see the Fabrication, Assent-
• ‘~) FOR AFCS BRIDGES hiy, Erection, and Haniling section of this chapter).

Scop Material weight of glued-laminated timber
stringers in T/0 bridges designed using the recom-

The following criteria are recommended for use in mended criteria will typically be about 15 percent
designing temporary T/O bridges using glued-lami. less than when designed using permanent bridge
nated timber. Temporary bridges have design lives allowable stresses with the procedures recommended
of 2 to 5 years (bridges whose failure would have un- in this chapter.
usually severe consequences are not considered
temporary, even though their design lives may be 2 Use of the recommended criteria rather than the
to 5 years ). The maximum deviation from these permanent criteria to prevent static failure will be
criteria shall not exceed 2 percent (on the uncon- cost effective if the material, transportation, labor,
ser~ ative side) of the indicated design requirements. and storage cost savings exceed the cost of imple-

• menting the criteria (see the lap emuntadsu section
The following criteria are based on AITC 117-74, of this chapter ).

PS 56-73, and the 1973 National Design Spec~fica-
tion (NDS) for Stress GradeLumber and Its Fasten- Use of the recommended criteria appears reason-
ings.’ except as modified herein. The criteria apply able, provided that the temporary steel and timber
to highway bridges only ; they do not apply to rail- bridges used in the past have been acceptably safe
road bridges. and have performed satisfactor ily. The decision to

use the recommended criki-la is to be made by the• Safety , Sav ings, and Cost Effectiveness AFCS Office at the Office of the Chief of Engineers
• (DAEN -FEE-A).

In the past, increased allowable stresses for static
loading have been permitted for temporary steel implementation
stringer bridges.’ The safety levels corresponding to
the allowable stresses and/or design procedures for The recommended criteria are based on modifica.
temporary glued-laminated stringer bridges were lions to existing (AITC 117-74 and 1973 NDS) allow-
evaluated and used to determine acceptable design able stresses for permanent structures. The r~cou~-criteria and procedures which reflect the temporary mended criteria require nec of the military design

loath and procedures (as opposed to allowable
stresses) gken in ft 5-312 and modified herein.

‘National Deap Sp,cIf icatknfo rStr.u Gra deLuinberasd Its the re mmended ~rfter1a are intended forFaste,th,gs (National Fotest Products AssocIation, 1973). 
_____

• ‘Millta,y Flied Dddge& TM 5-312 (Depi tnent ci tbe use by bridge design offices, and not by combat api-
December 1968) , wIth changes I and 2. neon in the field . Ths criteria “pm*agn” required

• $

‘ ___________ 
_ _ _ _
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by a bridge design office would consist of these cr1- loads, including wind, water, Ce, and earthquake,
tena (Chapter 3), which in turn require the use of are not covered.

• modified TM 5-312 design loads and procedures and
the modified AITC 117-74 and 1973 NDS allowable The procedures given In TM 5-312 for determin-
stresses. Ing the design loads and the moments and forces

Fabrication , Assembly, Erection , used I~ the design of bridge members and fastenings

and Handling shall be used , except as modified here in .

The recommended criteria are based on the The two load cases used In the design process—the
assumption that fabrication , assembly, and erection normal vehicle crossing load case and the caution

quality and tolerances are comparable to those ~~~ 
crossing load case- —are described in Table 4-3 of

at U.S. permanent construction . The recommended TM 5-312. Normal crossings are convoy(s) consisting
allowable stresses shall be reduceØ accordingly for of vehicles not exceeding the posted bridge class. A
low quality fabrication , assembly, or erection . Fab ri- caution crossing consists of a single line of vehicles
cation , assembly , and erection shall be in accord - crossing a one- or two-lane bridge on the bridg e
ance with AITC 117.74 and the AITC Timber Con- centerline. Each vehicle is spaced at 150 ft or more
struction Manual.’ Necessary precautions, including and shall not be more than 1.25 times the normal

provision of adequate support and bracing to protect posted bridge class. Additional details are given in

against buckling and other erection problems , shall Section IV, Chapter 4, of TM 5-312 and Paragraph
be taken during erection . 2-54 of FM 5-36.’

Handling precautions shall be taken , especially The current procedure in TM 5-312 proportIons
for laminations which will be subjected to tensions all members, fastenings , and connections on the
durin g service: . Notching the bottom of stringer ends basis of the normal class loading. The following
(e.g., to lower the elevation of the roadway) sJ,aii not recommended procedure, however, requires that
be permitted. they be proportioned on the basis of either the

normal or caution load cases, as specified .

• Serviceability Flexural Members and Flexural Splices—Designing
Because the criteria recommendations are based for Bending or Lateral Buckling in Stringers

on limit state strength only, serviceabIlity require-
• ments, including deflection , are not covered by the The live load moments corresponding to normal

• 
• 

~~• criteria; they shall be imposed as judged necessary. class crossings found in Appendix D of TM 5-312

Prese rvative Treatments 
shall be used to proportion the flexura l members or
flexural splices for bending and lateral buckling .

In warm , moist areas , preservative treatment may
be necessary to insure a 5-year life for members In The current procedure for stringer design given in
ground contact , e.g., abutments , pilings , etc. If pre- Paragraph 6-S of TM 5-312 shall be used , except
servative treatment is not feasible , consideration that the recommended formulas in Table I shall be
should be given to specifying all heartwood decay- used to determine the effective number of stringers .
resistant specles.as 

- •

Sheat hs Stringers, Bearing Forces at StringerEnds.
Loads, Moments , and Forces l and Forces in Strhvs,r End Connection Fastenings

The recommended criteria apply to the dead plus The live load shear force in stringers bearin
live load case (vehicle plus payload weight). Other forces at ends of stringers, and forces in stringer en~
_ _ _ _ _ _  

connection fastenings shall be determined by using
‘Timber Constn.dllon Manual, 2nd ed. (AITC, 1974) . the larger force resulting from the normal or caution
Typically. the bottom laminations In stringers.

sopor more Information see “Decay Resistance.” Wood Fien d-
book: Wood as an £ngb,eering Material, Forest Service Agricul-

No. 72 (Department of Agricukure, Forest •Sl conversion factors for all units of measurement used In this
cry, ). • report are given at the end of the report

~ certsin cases, un reaft:dcaliy low 
~~~~ 

rn , and ~~~~~~~~ FM 5.36 (Depart-

_
~~~~~~~

— 
~~~~~~ ~~~~~~~~~~~~~~~ _________ ~~-



T~~~~~~~~~~~~~~~~~~~~~ ’ •

Tahes i
Recommended EqualS... and Cuns~ TM 3-312 Eq~.d.~a for DJ_ ..~~~ *s ~~sdlvs Numbir of Stelugess

Cenoot Thl S-3l2 Eqsmads R&~ —~~d Eq..JS.as

5 5
• SIngle lane: N , + I (Eq 6-7u) Single lane: N, — ci- - + I I

• S 
S5

Two lanes: N2 N, or N, — N , (Eq b-7b) Two lanes: N, ..cf~ P451 or N, N,

whichever is smaller whichever is smaller

where N , - effective number of stringers for single-lane bridges
55 center-to-center stringer spacing in feet
N5 number of stringers
N, - effective number of stringers for two-lane bridges

c - reduction factor given in Table 2

Table 2 (1) Dead Load Shear. The dead load shear per
Values otRaducik. Factor c Used hi Recoamsuded Forumies stringer is determined as for a steel stringer bridge

(Table 1)f.e Deseresluhig *b Effective Number of Stitogees using

Ratio of Reldgs Floor WIdth v
(0 14S . to leWis Span VDL (EquatIon 6-12)

- 
&ldgs Deck Type W/L ~ 1.0 W/L > 1.0 (2) Live Load Shear.

Ghied.laminated timber or concrete 1.0 0.75
Nailed-laminated timber, plank , or (a) Effect ive shear per stringer, vj,~, f or

multiple-layered o.~o o.io glued-laminated timber strr *gers. The effective live
load shear per stringer, vj j ,, must account for the

‘The factoec accounts for the reduction in lateral load distribu- shear per stringer due to loads near the support as
non when using nailed -laminated timber , plank , or multiple-
layered decks and/or bridges which are very wide compared to well as loads out on the span. It can be assumed that
their span lengrh. the wheel or track loads which are at or near a sup-

port will go directly into the stringer (with the deck
crossing load cases. The shear for single-lane bridges assumed to act as a series of simple beams) and the
is based on the caution load case; for two-lane loads which are out on the span will be distributed
bridges it is based on either the normal load case or, laterally in a manner similar to moment. The effec-
if larger, the caution load case. The following proce- tive live load shear per stringer viL In kips shall be

• dure (revised -Paragrap h 6-6, TM 5-312) shall be determined from Table 3.
used to determine the shear force in stringers, the
bearing forces at stringer ends, and the forces in (b) Design live load shear per str inger, VIj ,

stringer end connectio n fastenings , for glued-laminated timber stringers. Tests with
timber beams indicate that the shear failure will

6~6.* Shear Check (Shear Design) occur when a concentrated load is at some constan t
• distance from the support , rather than when the load

c. Glued-Laminated Timber Stringer Bridges is just off the support , the location that produces
Compared to steel stringers, glued-laminated maximum shear. This is caused by the concentrated

timber stringers are relativel y lower in horizontal load tend ing to compress the fibers, thus increasing
shear strength. Thus, shear can be critical in glued- the hor izontal shear strength. When the load is
laminated timber stringers , and the horizontal shear mcwed off the support a distance of about the depth

• 
‘ I stress often controls the allowable design load , par- of the stringer, the optimum condition for shear

• • ticular ly for short spans . failure exists. Thus, the value of the effective live
load shear per stringer , vij,, should be reduced

• •• 

• 
• •Pa ragraph 6.bb shall be retitled Solid-Sawn Timber St.i,sger ~~orduutg ly. The design live load shear per stringer,

Bridges. V1j , in kips, i1
• 10

- ~~~~~~~~~~~~ ~~~~
_
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Tb1 3
V.5.. of Effective Live Lead Shear Force par S4r~~~r, vj L

“LL f.r S~~~s J~~~~~ k~~. vftfrz Ombi. I~~~~°° k~~s

Wheeled S~ 
Vuw ~

1A S5 — 2  V~~~~, 
— VA

vehicle 1.251(0.5 #
~~

)V A + 1
~~~~ N, H (—j ;-- )V A + 

~~~~~~~~~~~~~~~~ 
-

- Tracked s~~2
vehicle l.25 (-- --j ---) (

~j
—_) VLj1 

-

where: ~~~~~~~ wheeled vehicle shear in kips as given in Appendices D-4 and D.7t of TM 5.312

VL~~, — tracked vehicle shear in kips as given in Appendices U-S and D-7~ of TM 5-322

-
‘ VA — the heaviest axle load in h i ps as given in column 3t of Appendix D-1 of TM 5-312

S5 — stringer spacing in ft

N 1 effective number of stringers for single lane given in Table I

N2 — effective number of stringers for double lane given in Table 1.

°The coefficient of 1.25 is used to adjust shear from normal crossing case to caution crossing case.
° For the double-la ne case. v~ shall be computed for both single and double lanes and the larger value of v~~ shall be used .
tEntries in Append ix D-7a1(column 3 of Appendix D-J are given in tons and must be convened to hips.

_ L— d , , Columns, Compression and Tension Members,vii (—i—)
~’i. 

but not less than 0.75 
~~~~~~ and Their Associated Fastenings and Connections

(Revised Equation 6-17) The forces in compression or tension members
and their associated fastenings and connections ~‘hall

where “LL = design live load shear per stringer in be the larger of the forces produced by the normal or
kips caution crossing load cases.

L = bridge span in ft
-
- 

- d depth of stringer in ft Impact
“LL = eff ective live load shear per stringer

from Table 3. The procedure to account for impact (no increase) • 
-

given in TM 5-312 shall be followed. • -

(3) Total Shear Per Stringer. .The total design 
- 

• -

shear, v, for a glued-laminated timber stringer Is: Allowable Stressea—Mimbors

~

- I v vDL + *~L The allowable stress for members in temporary
T/O bridges shall be found from

where v=tota l design shear per strlngerinkips
“DL — dead load shear per stringer in kips f MF IEq 11 :.
v~j  design live load shear per stringer In

kips. where f allowable stress for members in tempo.
rary bridges

The rest of the shear design procedure shall be the M — modification factor found In Table 4
same as that given In subpara graph s (4) and (5) of F — AITC 117-74 allowable stresses for 4Paragraph 6-6b, Timber Stringer Bridges of members for the dead plus live load case
TM 5-312. for 10 years of continuous or cumulative

11
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TabI. 4 loading (i.e., for permanent bridges) shall be used
Recos.asend.d M.dlfi~.th. F~~~~ M for members, except that 70 percent of the AITC

117-74 allowable stress for tension shall be used.
P.sJs~wiI VO5.eofM Criteria for fastenings and joints and all other
Be d’ 1 ~ criteria (except allowable stresses for members) shallII Ing 

be as specified by NDS for permanent bridges; a
Shear 1.15 load duration of 10 years of continuous or cumula-
Compression parallel to grain” 1.15 tive loading shall I~e used. Recommendations given
Compression perpendicular to gra in 1.15 in the Losub, Moments, and Forees sectIon of this

chanter shall be used °Column buckling 1.00

Tension paral lel to grain 0.80 Modulus of Elastlcltyt
Modulus of elasticity values for deflection checks

‘Appropriate member moments and forces shall be determined and column design shall be taken from AITC 117-74.
as specified in the Lead., M....ts, s.d Far es. section.
“App lies to fully braced columns only . i.e.. when buckling can-

not occur. 4 DESIGN EXAMPLE
loading; F shall include all NDS mod ifi 

-

____

cations of stresses (except load duration) The following example of the design of glued-
including moisture content, size effect laminated stringers for an AFCS bridge is based on
(for bend ing), latera l stability (for bend- the criteria given in Chapter 3. Addition al refer-
ing), buc kling (compression members), ences’° commonly used in glued-laminat ed timber
and bearing. design for permanent structures are suggested.

Depending on the application , bridge stringers Di&9n óf Giuid-Lamlnat,d Timbertreated with an oil-base preservative and having a 5td~~er Bridge
waterproof deck may be designed with dry-use
stresses for bending and shear. However , wet-use Design class 50, two-lane bridge, glued-laminated
stresses shall always be used for compression per- strin gers , na iled-lamina ted timber deck , single 60-ftpendicular to gra in, span , stringer timber: Southern pine 24 F-3 combi-

nation , dry condition of use.
CrI t ria for Fastenings and Joints ,
and Other Criteria Not Covered Herein

Criteria for fastenings and joints , and other cr1- 
-

teria not covered herein , shall be as specified by NDS ‘Refers to axial tension parallel to grain and not to tension due

for permanent bridges ; a load duration of 10 years of ~ 
cases, unreal isticall y low loads, moments, andcontinuous or cumulative loading shall be USed. forces can result if the current procedures in TM 5-312 ate used.

tThis section applies to temporary bridges and bridges having
Criteria for Bridges Having Unusually unusually high consequences of failure.
High Consequences of Failure 1’Glulam &sdge S*tem: Pl aits (AITC . 1974); Timber Con’

strucf lon Manual. 2nd ed (AITC. 1974) ; National Design Specifi’
- cation f or Stress Grade Lumber and Its Fasteni ngs (NationalFor bridges whose failure would have unusually FOI~ St Products Association, 1973); and Standard Spec jf lcat ions

severe consequ ences, the AITC 117-74 allowable for Highway Bridges (American Association of State Highway and
stresses for 10 years of continuous or cumulative Transportation OfficIals. 1973).

_ _ _ _ _ _ _ _  
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Procedure Rensar ks (References refer toTM 5-312 unless other-
wise noted)

1. Design Loads (60-f t span) - .

a. l)i’ad Load

W DL =X+L (Y+ZC ) Equa lion b- l

WbL = 500+ô0 (7 + OA(50) J Tab le b— l

I Wk =2120 lb/ft =2.l2kip s/ft

M DL 8 
~ (2.12)(60)2 

Equation 6-2

.1 = 954 kip-ft

VDL 
WDLL 2.12(60) Equation 6-3

-i I
/ —63.6 kips

b. Live Load

M LLW = 1235 kip-ft Appendix D-6

( ML~~ = 1338 kip-ft ‘-Controls Appendix D-6

VLL = 89,5 kips Appendix D-7

~‘LL.1~~89’2 kips Append ix D-7
- 

- 
2. Stnnger Selection

) a Effective Stringers

For a class 50 two-lane bridge, the minimum Table 6-2 *

“ ~- width is 24 ft 0 in. Maximum stringer spacIng

‘ 1 - is6ft0in.

The minimum number of stringers (N5) is

N5~~-~!+1~~
2
~~ +1=5 Equationb5a

r~.
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The effective number of stringers for a two-
lane bridge (N 2) is

N2 =cI~-N sJ orN 2 — N 1 Table 1 in Chapter 3ofthis report.

whichever is smaller

Tabk l ln Chapter3ofthis report.

c = 0.90 Table 2 in Chapter 3 of this report. The reduction
factor c corresponds to WIL < 1.0 and a nailed-
laminated timber deck .

N 5 =0.90(~~ +11= 1.65

N 2 — 0.90(~-(5)J 1.69 or

N2 =N 1 —1. 65

Use smaller of N 2 orN 2

Therefore: N2 = 1.65

b. Design Moment. m

m = m DL +m~,.[ Equation 6-9a

M DL M~J
“S ~‘2

954 1338m= T +j -~~

= 190.8+810.9 ‘

m= 1001.7kip-ft 4

c. Required Section Modulus

= Equation 6-10 1. 

-

Allowable bending stress. 
~b

- i  
. fb =MF b Equatlonlin Chapter 3 ofthis rspost whereM .

modification factor In Table 4 and Fb - allowable
AITC 117-74 bendIng stress (assuming adequate
lateral support).

14
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Fb = C~(2400) Fb for Southern pine, 24F-3 combination, dry is:
Pb Cp(2400)

J CF = (I 2/d)1” CF size effeCt factor given In Section 903-F NDS .

d — depth of member. in.

To obtain an estimate of Fb and ~b assume

I CF =O.85

Then fi3 =(1.35) (0.85)(2400)

= 2754 psi = 2.75 ksi

The required section modulus based on ~b =
2.75 ksi is

Sr !!~i~
) (1001:7X12) Equation 6-10

I =‘4371 1n .3

/ Trial Section:
- 

b(width) = 10.75 in. (actual dimension ) Also see table in AITC 117-74 titled “Structural
d(depth) 49.5 in. (actual dimension ) Glued-Laminated Timber Section Properties ”

CF = (12/49.5)2/5 —0.85

j  Therefore ~b —2.75 ksi is correct
= I and Sr 437l ifl .3

bd2 (10.75)(49.5)~S=— , -— =6 6

= 4390In.3

S>S r

Therefore, trial section is adequate for bend-
ing. assuming adequate lateral support

• 3. Shear Check

• a. Dead Load Shear

vLL
_

ç.
u1.

$

~~~~~ 

Equatlon ô-12

12.7 klps
~

15 
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b. Live Load Shear

v~~ _ ( !~f .~4) vj j , , but not less than 0.75 Equation 6.17 ofTM 5-312 as revised In Chapter3of
this report.

vjL , Wheeled Vehicle. Single Lane: -

s V~jw
_V A

=1 .25[(0.5 + 
~~~~ + N1 

Table 3, Ch;pter 3 of thIs report .

S5 —6.O ft

V~~=40 kips Appendix D-1, Column 3

V~~~~=89.5 kips

N 1 = 1.65

1.25((0.5 +~j~)40 + (89~~~~~)]

=71.9 kips 
•

v L,  Wheeled Vehicle. Double Lane:

S 2  V~L — V AW Tab le 3, Chapter3ofthis report.S5 N2

N2 =1.65

6—2 89.5—40vLL (—~---- )4O+( 1.65

— 56.7 kips

ELi’ Trucked Vehicle. Single Lane:

VLL1 
___

2 Tabk 3, Chapter 3ofthlsreport.

V~~1.— 89.2klps 
~~~~~ ,. -p4.

89.2v,1—1.25 (—y--)—55. 8 kips

2’LL’ Trucked Vehicle, Double Lane:

S5 —2 
____

~ 
)Vu,r Table 3,Cbaptsr3ofthis tspoit.

L. S5 —6.0 ft

( 
16
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vu~~~~j -
2)89.2 ”159.5kips

Use largest ‘IL for single and double lanes Table 3, Chapter 3 of this repo rt .
and wheeled and tracked vehicles;

P Therefore 
~1~ 

— 71.9 kips

The live load shear then becomes:

60 ‘49 5/12) •

vj~~ — ( )71.9 Equation 6-17 of TM 5-312 as revised in Chapter 3 of
this report.

but not less than 0.75(71.9)

v~~ ”0.93(71.9) 67.0kIps

and 67.0 kips >0.75(71.9) kips

Therefor e. v~~ —67.0 kips

c. Total Design Shear

v .vD L +vIj~.l2.7 + 67.O Chapter 3ofthlsreport.

= 79.7kips

d. Effective Shear Area

Avr =~~ 
Equat lon ó-19

f,,-MF, 
Equatioii l, Chapter3o(thMi.port.

M ’-l.l S Table 4,Chapter 3ofthIreport. - •

For Southern pine, combination 24F-3

F~ — 200 psi • Allowab le AITC 117-74 shear stress, F, ~~ psi

~ — 1.1S(2OO)— 23Opsl L
—0.230ks1

79.7A, —~ -~~~— 346 sq in.

A~ofb — 10.7S in.,

d—49 .5 1n .sectlon :

A~ =}bd Equation b-20

17
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A 2 = (10 75)(49 5) =354 75sq in

A~>A, ShearO.K.

4. The deck must be designed and the actual dead
load versus the assumed dead load checked;
appropriate changes in section modulus and
shear area , if necessary , must then be made. The
deflection and lateral bracing must be checked ,
the fastenings and joints must be designed, and
the bearing must be checked .

5 CONCLUSIONS 3. The criteria, design procedures , and material
AND RECOMMENDATIONS specifications are given In Chapter 3 for AFCS

bridges. In Chapter 3, modified design loads and - 
-

procedures given in TM 5-312 and modified AITC
Concl alone 117-74 allowable stresses are recommended . TheU 

- 
recommendations In Chapter 3 for AFCS bridges are

- 
- intended to be used by engineers in bridge design

1. Design criteria , procedures, and material offices , and not by combat engineers in the field.
specifications developed using state-of-the-art meth- —

odologies should result in adequate safety and per- R.commassdatlons
formance for T/O glued-laminated timber stringer 

-highway bridges. (Volume 11 presents the develop- 1. The design criteria , procedures , and material
ment and justification of the criteria. ) specifications given In Chapter 3 should be con-

sidered for use in the design of AFCS T/O bridges. 
- 

-

2. Bridge string er material weight savings of - :

about 15 percent result when using the recoin- 2. Consideration should be given to the develop-
• mended T/O bridge design criteria rather than using ment of procedures , criteria , and material specifica-

permanent brid ge allowable stresses with the design tions for the design of glued-laminated timber decks
procedures recommended in Chapte r 3. for TfO glued-laminated timber strInger bridges.

‘1
- I

~LL • 
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• SI CONVERSION FACTORS

I f t  =0.3048 m I kip -ft—1.3558 kNm

1 ft-lb = 1.3558 Nm I ksi “0.b9kN/cni2

I in. = 2.54 cm I sq in. — 6.4516 cm2

I - 
I kip — 4.448 kN (°F —32) 5/9 °C
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