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FOREWORD
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for T/0 Material Applications." The OCE Technical Monitor is Mr. R. H.
Barnard.
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Principal Investigator for the project. Mr. P. A. Howdyshell is Chief
of MCand Dr. G. R. Williamson is Chief of MS.
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APPENDIX A:

DESCRIPTION OF RELIABILITY METHOD
USED TO DEVELOP CRITERIA FOR
STATIC LOAD CASE

Theoretical Framework

Studies of existing traditional structural codes have shown that
the conventional safety factor approach and corresponding design cri-
teria are not entirely rational and can lead to inconsistencies in
structural reliability. Reliability-based design principles offer a
more rational approach to design criteria development. Rational cri-
teria development should explicitly account for the many underlying
uncertainties present in the structural resistance and load functions.
The framework adopted for use in this study was the second moment re-
1iability analysis, which considers both the mean and variability of
the resistance and loading random variables.

The resistance R and load effect Q (a load effect is a force such
as a moment or shear) are random variables assumed to be statistically
independent and to follow a log-normal distribution.* The 1imit state
occurs when R < Q, or, equivalently when 2nR < 2nQ. The corresponding
approximate 1imit state probability P is!

2 (R /Q )
pf = - & __n__Em___m__ [Eq A]]
Ve + VS
where ®(X) = cumulative probability distribution of the standard
normal distribution evaluated at X
Rm = mean resistance

* Limit state probabilities which are relatively large (2 0.001) are
not sensitive to the assumed distribution type. See A. H-S. Ang,
“Structural Risk Analysis and Reliability-Based Design," Journal
of the Structural Division, American Society of Civil Engineers
(ASCE), Vol 99, No. ST9 (September 1973).

' A. H-S, Ang.
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QM = mean load effect
VR = coefficient of variation (COV) of resistance
VQ = COV of the load effect.
The safety index B (beta) defined by: 3
i an(R /Q )
B=¢](1-pf)= ‘—‘"'/_2_—_:2:m [Eq A2]
Vp + VQ

T ——

is the value of the standard normal variate at a cumulative probability
of (1 - pf). As shown in Figure Al, beta can be interpreted as the
number of standard deviations between the mean of 2n(R/Q) and the point
at which the limit state is reached. 1

To estimate the total variability, the member resistance R can be
expressed as:

R = R MFP [Eq A3]

where M, F, and P = factors accounting for the uncertainties in mate-
rial strength, fabrication (tolerances, geometry, etc.), and strength
prediction (variation in predicted versus actual strength results
caused by using approximate instead of exact formulas, etc.), respec-
tively. Rn = the nominal resistance. The COV of R is

Vg = V2 + sz V2 [Eq A4]

M P

where VM’ VF’ and VP = COVs of M, F, and P, respectively.
The load effect Q for the dead plus live (D + L) load case is
assumed to be of the form

Q = E(D+1L) [Eq A5]

12
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Figure A1, Definition of safety index B.




where E* = a factor accounting for the uncertainties in structural
analysis (including assumptions made)
= the dead load effect
L = the live load effect caused by vehicles and their

payloads.
Using the first order theory, the COV of Q for the D + L load
case is

2 T
o Vp(O /L) + V]

Ve = V4
YONE R

[Eq A6]

where VD = COV of dead load effect
VL = COV of live load effect
VE = COV of E
Dm,Lm = mean dead and live load effects, respectively.

The value of the ratio of the nominal code load effect Qn to mean
load effect Qm for the D + L load case can be shown to be

(/L) + (L /L)
Qn/Qm = (Dm/l-m) S [Eq A7]

where Dn and Ln = the nominal dead and live load effects, respectively.
(A nominal value is one obtained using a code or specification load.)

The ratio of the mean resistance to the mean load effect (Rm/Qm)
needed to calculate beta in Eq A2 for members can be developed as
follows. The nominal resistance Rn is:

R, 2 FSQ [Eq A8]

where FS = nominal code factor of safety defined by

* The mean of E is assumed to be one.

14
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BS . » R » 3 0F [Eq A9]
fnu = nominal ultimate stress

Fa = base allowable stress for permanent bridges

Q, = nominal code Toad effect.

The mean resistance Rm can be written as

Rn = (Ry/R) R [Eq A10]

Using Eq A8 in A10 and dividing the result by Qm results in the
expression for Rm/Qm for members:

R/Q = (Ry/RFS(Q,/Q,) [Eq AN

The ratio Rm/Qm can be expressed in terms of a base allowable
stress for permanent bridges Fa and the allowable stress factor Y,
which is used as a multiplier to increase Fa“ The result using Eq A9
in A1l and applying Y is:

R/Q, = (R/R(F/IYF,1(Q/Q,)  [Eq Al2]

where Y = allowable stress factor defined as the ratio of the allow-
able stress used to the base allowable stress for permanent
bridges F,. (Note that YF, is a modified allowable stress.)
An alternate form of Rm/Qm used for fasteners and connections can
be found in terms of the ratio of the mean ultimate stress fm to the
base allowable stress Fa as follows. The mean resistance Rm is:

Rm = Gfm [Eq A13]

where fm = mean ultimate stress

15




G = geometrical shape property, such as section modulus or
cross-sectional area; for conventional permanent design,
it is defined as

6'2 OJF, [Eq A14]

Substituting Eq A14 into A13, dividing by the mean load effect
Qm and using Y results in

Ry/Q, = (f,/DVF,1)(0,/Q) [Eq A15]

Method for Developing Allowable
Stresses for Temporary Bridges

Using the procedure described above and the information on resis-
tance and load assumptions in Appendices B and C, beta values (called
"permanent" beta) were computed for permanent bridge allowable stresses
(referred to as "permanent" stresses)., Beta values (called "temporary"
beta) were then computed for temporary bridges, based on an increase
in the permanent allowable stress. This increase in permanent stress
is represented by the allowable stress factor Y (Eq A12 and A15),
which is defined as the ratio of the increased (modified) allowable
stress to the base permanent allowable stress Fa. For a given load
case and resistance, the permanent allowable stresses were increased
(Y-increased) until the permanent and temporary beta values agreed
within acceptable 1imits, while a minimum temporary beta level was
maintained. The permanent and temporary beta values were tabulated
and graphed to provide easier interpretation. To expedite the graphing,
a digital computer-plotter combination was used.

Care was taken to insure that adequate minimum beta levels were
maintained and that these levels were relatively close to the perma-
nent criteria beta levels. Thus both the magnitude of beta and the
difference between the permanent and temporary beta values were of key
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importance in establishing meaningful reliability levels and corres-
ponding design criteria.

The question of the sensitivity of the design criteria recommen-
dations to the probabilistic assumptions used to calculate beta is
significant and deserves discussion,

The beta values are sensitive to the assumptions of the nominal
to mean load effect ratios Qn/Qm, Dn/Dm’* and Ln/Lm as well as the
load effect COVs VQ, VD’ and VL' Beta increases as the nominal to
mean load effect ratio increases and decreases as the COV of the load
effect increases. The assumptions concerning a given load effect be-
come particularly significant when that load effect is predominant com-
pared to the other types of load effects in a given load case. To
illustrate, the beta values for the D + L load case become particularly
sensitive to live load assumptions when the Dm/Lm is very small., That
is, the live load effect is predominant over the dead load effect.

Beta values are also sensitive to the resistance assumptions for
the mean Rm and COV VR' Beta values increase when larger values of
Rm and lower values of VR are used.

The sensitivity of beta to the probabilistic assumptions can be
reduced in several ways. "sase" betas for key or significant struc-
tural elements for permanent criteria can be established through a
process called calibration. These "base" betas reflect the reliabil-
ity levels of permanent structural elements which have been in use and
have been structurally adequate for a long period of time. The "base"
betas can be used as a basis for comparing beta values for temporary
criteria. Hence, the comparison is made on a relative basis, result-
ing in a partial reduction in the sensitivity of beta to the probabil-
istic assumptions. In addition to using temporary beta values, the
difference between permanent and temporary beta is used. Differences
in beta will not be as sensitive to the assumptions, since a given

¥ 1In this study, D, was assumed to be equal to O (see Appendix C).
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change in assumptions affects permanent and temporary beta values
similarly.

Several rough checks on the validity of the assumptions can be
performed. One check is to determine whether the assumptions result
in permanent beta values which appear to be reasonable in terms of
their associated reliability level or 1limit state probabilities
(Table Al1).

Recent work in steel and concrete has resulted in guidelines for

ranges of beta. For example, if for a given load case a computed beta
value is significantly Tower for one element than other similar struc-
tural elements, the assumptions should be questioned.

When using the beta analysis, trends and situations which result
in Tow or unusual reliability levels can be identified. The recom-
mended design criteria can then be chosen to account for these trends.

The method is realistic because it considers load and resistance
together. Nominal loads and allowable stresses for the design of tem-
porary bridges can be chosen which account for their temporary nature
and yet result in reliability levels reasonably close to levels in

temporary and permanent bridges which have performed adequately in
the past.

Thus, the reliability method presented provides a quantitative
tool for identifying permanent and temporary criteria which result in
unusually low or high reliability levels. The method, when combined
with traditional engineering judgment and experience, can be used to
systematically develop consistent design criteria for temporary bridges.
Use of the criteria should result in safe and satisfactory performance
of temporary bridges, provided that adequate fabrication, erection,
and construction practices are used.

Format
Both load and resistance factor design (LRFD) and working stress
design (WSD) criteria are possible. The WSD format was chosen because

18
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Table Al

Limit State Probabilities for Beta Values from 0.5 to 3.0

Limit State

B Probability Reliability
0.00 0.5000 0.5000
0.50 0.3085 0.6915
0.60 0.2743 0.7257
0.70 0.2420 0.7580
0.80 0.2119 0.7881
0.90 0.1841 0.8159
1.00 0.1587 0.8413
1.25 0.1056 0.8944
1.50 0.0668 0.9332
1.75 0.0401 0.9599
2.00 0.0228 0.9772
2.25 0.0122 0.9878
2.50 0.0062 0.9938
2.75 0.0030 0.9970
3.00 0.0013 0.9987

Fcr the development of beta see C. A. Cornell, "A Probability-
Based Structural Code," Journal of the American Concrete Insti-
tute, Vol 66, No. 12 (1969), pp 974-985,

19




the existing permanent (AASHTO and AISC) codes could te used by modi-
fying them in those areas which would result in increased unifornity,
decreased cost, and/or improved performance. The remaining criteria
can remain unchanged. The WSD format is currently used in military
bridge criteria and hence requires a minimum of change in current
procedures. In contrast, an LRFD format would require assignment of
resistance factors to all resistances and load factors to all load
types.




APPENDIX B:

RESISTANCE ASSUMPTIONS USED IN
RELIABILITY METHOD FOR STATIC
LOAD CASE

This appendix describes the development of the resistance assump-
tions needed for the reliability analyses described in Appendix A.
Table Bl shows the ratio of mean to nominal resistance Rm/Rn, the COV
of resistance VR’ and the nominal factor of safety FS used in the
equations in Appendix A for members. The ratios of the mean ultimate
stress to the allowable stress fm/Fa (Eq Al15) and Vp are given in
Table B2 for fasteners and connections. The information in Table B2
is based on Appendix G.

To aid in the analysis of the fasteners and connections, the fm/Fa
values were organized into four groups based on their VR values. In-
stead of treating every resistance in Table B2, representative resis-
tances were analyzed for each group; these resistances are designated
by daggers in Table B2, The relationships for the mean strength of
fasteners in combined tension and shear and corresponding VR values
are given in Table G14 of Appendix G.

21
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Table B2

Fastener and Connection Information

Group Identification hscr!ptlm' Mean Ultimgte Al bie Stress f/F
Number (See Stress, f:" f.“'?lsi except M-
Table Gi3) {kst except where noted)
where noted)
roup 1, ¥y 1 A 490 tension’ 122.0 se.0™ 2.26
bolts and 2 A4%0 s, s, R 76.0 32.0"" 2.38
rivets
3 A490 S, T, TR 58.1 225" 2.58
s A207S, T, R 26.0 10.0 2.60
5 A 502 Grade 2 S, TF 53.0 20.0 2.65
6 A 325 Tension 100.3 3.0 2.79
7 A 3255, S, TR 56.2 20.0 2.81
8 A 490 S, S, PL 90.0 32.0™ 2.8)
9 A3255, T, TR 43.0 15.0™ 2.87
10 A 502 Grade 2 S, PL 58.0 20.0 2.90
n A307S, T, PL 29.1 10.0t* 2.91
12 A 502 Grade 1 5, TR’ 0.3 13.5 3.06
13 A490 S, T, PL 68.8 25" 3.06
14 A307s, s, R 3.0 1.0 3.09
15 A 307 Tension 50.0 15.3 3.27
16 A 502 Grade 2, ten- 89.0 2.0™ 3.30
sion
7 A307S, S, PL 8.0 n.o 3.45
18 A 325, S, PL 69.5 20.0 3.47
19 A 35S, T, PL 53.2 15.0™" 3.55
20 A 50 Grade 1 tensfon  71.0 0.0t 3,55
21 Bearing 435 F, 122, 3.57
2 A 502 Grade 1, S, PL* 49,7 13.5 3.68
Group 11, Vo 23 Double-plane truss type 1.50 F C.55 F 2.713
=0.14 tension connection y y
Connected Material
(tension members) 24 Flat-plate type connection1.62 Fy 0.55 F’ 2.95
Graup 111, ¥g 25 enot 86.6 a.0™ 2.62
=018
shop welds % £100 82.6 0.0 2.75
(shear) ++
27 £90 7.6 2.0 2.87
8 80 721 2.0t 3.00
29 £70 65.6 21.0™ 3.12
30 e60' 58.7 18.0™ 3.26
Group 1V, Vg n ene' 86.6 3.0t 2.62
- 0.27
fleld welas 32 £100 82.6 3.0t .78
(shear) +4
n £90 7.6 2.0 2.87
u £80 7.1 2.0M 3.00
3% €70 65.6 2.0t 312
+
3 €60 58.7 1.0t 3.26
* S = shear; S, T = shear, threads in shear plane; S, S, » shear, threads not in shear plane;

PlLe= flat-plate type connection L < 50 1n.; TR = doub) commec! v
* f and F, values for bolts and rivets based on Mul‘m:. iz i

+ entative resistance.
++ F, based on AISC; values of F, without ++ based on AASHTO.
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APPENDIX C:

DEVELOPMENT OF STATIC LOAD ASSUMPTIONS
FOR RELIABILITY METHOD

This appendix describes the load assumptions needed for the re-
1iability analysis described in Appendix A.

The value of the coefficient of variation (COV) accounting for
uncertainties in structural analysis VE was assumed to be 0,05.2

Dead Load (D)

It is reasonable to assume that the nominal dead load effect Dn
based on the code specifications is approximately equal to the mean
dead load effect Dm. Hence,

B =g [Eq C1]

The COV of the dead load effect VD can be treated as including
the uncertainty of the dead load (e.g., load, psf) VD], and the uncer-
tainty in the transformation of the dead load into a dead load effect
(e.g., moment, axial force, etc.) Vpg- Galambos and Ravindra?® esti-
mate that VDl and VDz are equal to 0.04, Based on their values

Yoo VD] + VD2 = 0.06 [Eq C2]

Allen* estimates that VD equals 0.07 for the Canadian code develop-
ment. A value of 0.06 was chosen for VD for this study.

% T. V. Galambos and M. K. Ravindra, Load and Resistance Factor De-

sign Criteria for Steel Buildings, Research Report No. 18 (Struc-

tural Division, Washington University, 1973).

T. V. Galambos and M. K. Ravindra, Load and Resistance Factor

Design Criteria for Steel Buildings.

* D. E. Allen, "Limit States Design--A Probabilistic Study,"
Canadian Civil Engineering Journal (March 1975).

3
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Live Vehicle Load and Payload (L)

Permanent (AASHTO) Bridge Assumptions--
Loads, Allowable Stresses, and Ln/Lm
Values

Normal and overload crossings for permanent (American Association
of State Highway and Transportation Officials [AASHTO]) bridges were
analyzed and used to compute "base" betas to compare with the betas
for temporary criteria. Vehicle loads for normal crossings are based
on hypothetical loads given in Article 1.2.5 of AASHTO.®> The allow-
able stresses for the normal crossings correspond to the current AASHTO
allowable stresses for permanent bridges (Y = 1.0, where Y is the ratio
of the allowable stress used to the base permanent bridge [AASHTO]
allowable stress). Overload crossings covered under Article 1.2.4 of
AASHTO require that any H or HS truck load (except H20 and HS20) shall
be increased 100 percent and applied in any single lane without concur-
rent loading from other lanes; the combined dead, live, and impact
stresses shall not be greater than 150 percent (Y = 1.50) of the allow-
able stress for normal crossings. Articie 1.11.1 of AASHTQ, which
covers overload under permit, specifies that the allowable tensile
stress shall not exceed 75 percent of the yield point of structural
steel members and the compressive stresses shall be checked on a cor-
responding basis.

I11egal overloads which occur can, in certain situations, cause a
more severe overload effect than permitted overloads. For example, the
force in a compression or tension member with permitted overloads for
single vehicles can be less than that produced by two vehicles side by
side, one at the legal weight 1imit and the other exceeding the legal
Timit. A representative hypothetical illegal overload consisting of a ve-
hicle 50 percent above the legal 1imit weight alongside a legal 1limit

Unless otherwise specified, all references to AASHTO refer to Stan-
dard Specifications for Highway Bridges, 11th Ed. (American Associa-
tion of State Highway and Transportation Officials, 1973).




weight vehicle on a two-lane bridge was chosen for analysis in this
report.

In summary, for permanent (AASHTO) bridges, a value of 1.0 was
used for Y for normal crossings. In the case of the overload design
condition of Article 1.2.4 of AASHTO, a value of 1.50 was used for Y.
For the AASHTO overload under permit provision of Article 1.11.1, Y
equals 1.36 (= 0.75 Fy/0.55 Fy) was used for plastic moment Mp develop-
ment in a fully braced stringer (0.75 F_ was assumed for compressive
stress for Mp). A Y value of 1.0 was used for the chosen hypothetical
illegal overload, which assumes the bridge was designed based on
AASHTO stresses for normal loading and then illegally overloaded.

To determine the ratio of the nominal code live load effect to
the mean maximum lifetime live load effect Ln/Lm’ which is used in Eq
A7 of Appendix A, the mean maximum lifetime live load LLm(e.g., axle
load in tons) must be estimated. In reality there is only one LLm
value for all the load cases. For comparative purposes, however, it is
convenient to calculate beta values for each load case considered by
assuming a reasonable LLm value. As a result, the following assump-
tions for LLm were made. For the overload crossing case, based on
AASHTO Article 1.2.4, LLm was assumed to be equal to the truck load
corresponding to a normal crossing, increased by 100 percent. For the
case of overload under permit (AASHTO Article 1.11.1), LLm was assumed
to be equal to the truck load causing the maximum allowable stress
perﬁitted (75 percent of the yield point in tension). For normal
crossings, LLm was assumed to be equal to the truck load corresponding
to normal crossings. For the illegal overload case, LLm was assumed
equal to the bridge loaded with a vehicle 50 percent over the legal
1imit alongside of a legal weight vehicle.

For a typical two-lane, concrete deck, steel stringer AASHTO
bridge, the AASHTO lateral load distribution formulas result in
stringer moments which are, on the average, about 10 percent

26
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conservative.® Thus, for crossings covered under AASHTO provisions
(normal and overload of Articles 1.2.4 and 1.11.1), an Ln/Lm value of
1.10 is reasonable for stringer moment. For the illegal overload
case chosen, an Ln/Lm value of 0.73 (= 1.10/1.50) is reasonable for
stringer moment. For shear, tension, and compression members, it is
assumed that the AASHTO procedure for determining the member force is,
on the average, the true member force. Thus, for crossings covered
under AASHTO provisions, Ln/Lm was assumed to be 1.0. For the illegal
overload case, Ln/Lm values of 0.67 (= 1,0/1.50) for shear and 0.80
(= 1.0/[(1.0 + 1.5)/2]) for tension and compression members were as-
sumed.

Table C1 summarizes the resistance, crossing type, Y, and Ln/Lm
assumptions for the AASHTO bridges.
Temporary (Military) Bridge Assumptions--
Loads, Allowable Stresses, and L /L
Values

For temporary bridges, the normal and caution (overload) crossings
(described in TM 5-3127) were analyzed. The normal crossing consists
of convoy(s) of vehicles not exceeding the posted bridge class. A cau-
tion crossing consists of a single line of vehicles, crossing a one- or
two-lane bridge on the bridge centerline; the vehicles are spaced at
150 ft* or more and shall not exceed 1.25 times the normal posted class.
The caution crossing is recommended as the largest overload to be per-
mitted. Al1 discussion, analyses, and criteria recommendations assume
that the normal and caution crossings are the only two types of cross-
ings permitted.

' W. W. Sanders and H. A. Elleby, Distribution of Wheel Loads on

Highway Bridges, Report No. 83 (National Cooperative Highway Re-

search Program, 1970).

7§é§§ary Fixed Bridges, TM 5-312 (Department of the Army, December

* SI conversion factors for all units of measure used in this report
are given at the end of the report.

7
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Table C1

Summary of Load Assumptions Used

*
Load Bridge Specification Crossing Type Resistance ,, L /L Y
Case Type (Loading Used) (Failure Mode) R
No.
] P AASHTO Overload M, LTB, FLSPL 1.0t 150
* (Article 1.2.4) P + ++
2 P AASHTO Overload with M 1.10 1.36
Permit (Article P
1.11.1)
+ t
3 P AASHTO I111egal Overload M ,LTB 0.73 1.00
. P (1.1/1.5)
.'.
4 P AASHTO Normal (civilian) M _,LTB,FLSPL 1.10 1.00
crossing P
#
5 T Military Normal and cau- M ,LTB, FLSPL 1.35 21.00
™ 5-312 tion** military P
crossings
6 P AASHTO Overload Shear, Tens. 1.00 1.50
(Article 1.2.4) Comp.
7 P AASHTO I1legal overload®  Shear 0.67 1.00
(1.0/1.5)
+
1o Tens., Comp. 0.80 1.00
8 P AASHTO I11egal overload e p aAiTs +
1.03/2))
9 P AASHTO Normal (civilian) Shear, Tens. 1.00 1.00
crossing Comp.
10 T Military‘” Normal or caution Shear, Tens. 1.00 21.00
military crossing Comp.
used--choose which-
ever produces lar-
¥ er force
1 T Military orce due to nor- Shear, Tens., 0.80 20.75
; mal military cross- Comp.
ing used

*
*

P = permanent (AASHTO)bridge; T = temporary military bridge.

Mp = plastic moment, fully braced beam; LTB = lateral torsional buckling; FLSPL =
f?exural splice; Tens. = tension members and associated fasteners and connections;

Comp. = compression members and associated fasteners and connections.

Based on typical two-lane concrete deck, AASHTO steel stringer bridge.

¥=].36 actually applies only to tensile stress, but was used for tension and compression
or Mp.

Corregponds to a two-lane bridge lToaded with a vehicle 50 percent over the legal
limit alongside a legal-weight vehicle.

Both normal and caution crossings assumed to produce the same maximum moment; see

Appendix H.

Based on solid deck (concrete or glued-laminated panel); see Appendix H.
Assumes use of recommended procedure to determine shear force given in Appendix I.

28
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The allowable stress factor Y for the temporary bridge criteria
was varied until reasonable agreement was attained between the beta
values for permanent and temporary bridges (see Eq A2, A12, and Al5
of Appendix A).

In the case of military temporary bridges, the mean maximum 1life-
time load (not load effect) was assumed to be that corresponding to the
critical crossing load (not load effect). By critical is meant that
crossing, either normal or caution, which results in the largest load
effect.

For a stringer moment, Appendix H shows that Ln/Lm for a wide
variety of temporary single-lane military bridges ranges between 1.10
and 1.6]1 with an average of 1.35; for double-lane bridges Ln/Lm ranges
from 1.00 to 1.75 with an average of 1.38. The major difference be-
tween single- and double-lane bridges is that for single-lane bridges
the caution overload crossing is the critical load case, whereas for
double-lane bridges the normal crossing, with more than one vehicle in
adjacent lanes on the bridge, is the most critical. To use a single
allowable stress for both single- and double-lane bridges, an average
value of Ln/Lm = 1.35 was chosen. It should be noted that this value
of Ln/Lm was based on a "solid" deck assumption. Concrete or glued-
laminated timber panel decks are considered solid; nailed-laminated
timber, plank, or multiple-layered decks are not. Appropriate reduc-
tions in Ln/Lm for decks which are not solid are given in Appendix H.
The Ln/Lm value of 1.35 was also based on a width of bridge floor to
span length ratio (W/L) of less than one. Appropriate reductions in
L,/L,, when W/L > 1.0 are given in Appendix H.

The current military procedure for determining shear force (given
in TM 5-312 and discussed in Appendix I) can significantly underesti-
mate the mean shear load effect. To prevent this, a recommended pro-
cedure for determining shear force is given in Appendix I. Use of the
recommended procedure was assumed in all of the analyses and discus-
sions in this report. If the recommended shear procedure of Appendix I
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is used, Ln/Lm is assumed to be 1.0; this value corresponds to using
the larger of the shear forces caused by the normal or caution cross-
ings. For comparison, an Ln/Lm value of 0.80 was also used. The 0.80
value could occur if the "1.25" coefficient in Table I2 of the shear
procedure in Appendix I were reduced to 1.00. Thus, the 0.80 value
would result when the shear force for a normal crossing was used, but
actually a caution crossing produced a shear force 25 percent greater
than the normal crossing. Considerable reliability differences can
result for Ln/Lm = 0.80 or 1.0.

Determination of the force in tension or compression members is
primarily based on statics. Hence, depending on many factors includ-
ing the number of lanes and their corresponding classes, either the
caution or the normal load cases--whichever results in the largest
tensile or compressive force in the member--can be critical. For ex-
ample, in a single-lane bridge, the caution crossing is usually cri-
tical, whereas for a bridge having two lanes of equal class, the normal
load of two vehicle convoys would be critical. An Ln/Lm value of 0.80
represents a tension or compression member design based on normal cross-
ing vehicle forces; the member, however, is actually subjected to a
caution loading which results in a tensile or compressive force in the
member 25 percent higher than the normal crossing force. A tension or
compression member design based on the larger force caused by either
the caution or normal crossings, however, results in an Ln/Lm value of
1.0. If, as in the current design procedure of TM 5-312, the normal
load case is used to proportion the compression members, then Ln/Lm can
range between 0.80 and 1.0. Since the allowable stress is currently
not reduced for an Ln/Lm value of 0.80, considerable realiability dif-
ferences can result for Ln/Lm = 0.80 or 1.0. Hence, both Ln/Lm = 0.80
and 1.0 are analyzed.

Table C1 summarizes the resistance, crossing type, Y, and Ln/Lm
assumptions for temporary bridges.
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Coefficient of Variation Assumptions
for Live Load Effect for Permanent
and Temporary Bridges

The COV of the live load effect VL can be treated as consisting
of the uncertainty VL] in the vehicle load (e.g., axle weight in tons)
and the uncertainty VL2 in transforming the live load into a load ef-
fect (e.g., moment in ft-kips). That is:

RS [Eq C3]

L L1 L2

Table C2 gives values of le for temporary bridges for various
nominal classes of military vehicles as defined in TM 5-312. The cal-
culations are based on a normal distribution for the maximum lifetime
vehicle c]ass* (assumed equal to 1.25 x nominal vehicle c]ass*) and
that 95 percent of the maximum c]ass* vehicles fall within 1.25 x upper
c]ass** boundary and the lower c]ass?* boundary. The vehicle c1ass**
boundaries were chosen to include any variation in the c]assification*
process, including combination of vehicle c]asses,* temporary classifi-
cation,* overload (1.25 x normal class) determination, and discrepan-
cies between the hypothetical and actual vehicle loads, including
vehicle spacing (longitudinal) and vehicle dimensions. Except for
very low vehicle classes, VL] ranges from 0.10 to 0.12. A value of
VL] = 0.11 was assumed representati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>