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FOREWORD 

The progressive increases in both the numbers and 
frequencies of heavy axle loads and gross vehicle weights 
characterizing heavy motor vehicle operation during the 
past few years have emphasized the need for rapid and 
accurate methods for evaluating their effects on pro­
posed and existing bridges and other highway structures. 
Research thinking has therefore been directed to serving 
this need. This has provided a simple, yet accurate 
method for evaluating the degree of overstress that would 
be produced in any of these proposed or existing bridges 
as a result of present-day highway loads. It is hoped 
that its detailed presentation in this publication will 
serve as a partial contribution toward the solution of 

: certain problems associated with these loads and their 
stress producing effects on bridges and other highway 
structures. 
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SUMMARY 

The degree of overstress (or undersb'ess) that would 
be produced at some critical point in a given highway 
bridge can be determined by comparing the total stress 
(dead load, live load, and impact) resulting from the 
passage of any particular heavy vehicle with the total 
design stress used at the same point. This is accomp­
lished by converting a stress function such as moment, 
shear, or direct stress into an equivalent design load 
which is then used with any desired allowance for impact 
to determine the design £tress ratio produced by it at 
some critical point in the bridge. 

viii 



Part I 

INTRODUCTION 

This bulletin presents a rather simple, yet accurate method for determin­
ing the degree of overstress (or understress) that would be produced at some 
critical point in a given highway bridge by any particular heavy vehicle un­
der consider·ation. Its object is to provide a rational procedure whereby the 
total stress (dead load, live load, and impact), resulting from the passage of 
any particular· heavy vehicle, may be quickly and accurately compared with 
the total design stress used at the same point in the given bridge under con­
sideration. 

The method involves but two basic operations which may be described 
briefly as follows: 

1. Based on some stress function such as moment, shear, or direct stress, 
the given heavy vehicle under investigation is converted into an equivalent 
design load on the particular span or bridge under consideration. The given 
heavy vehicle may be converted into an equivalent H truck loading, equivalent 
H-S truck loading, equivalent concentrated load, or some other equivalent load 

· based on any other arbitrary standardized loading as may be desired. 

2. The equivalent design load, corresponding to the given heavy vehicle 
on the particular span or bridge under consideration, is then used with any 
desired allowance for impact, to determine the design stress ratio produced 
by it at some critical point in the bridge. For example, if the passage of a 
particular heavy vehicle, with the desired allowance for impact, resulted in a 
design stress ratio of X=l.20 at some critical point in a given bridge, it would 
mean that the total stress for these conditions would be 1.20 times the total 
stress used fol' the design at that point. Another way to interpret this de­
sign stress ratio, X=1.20, would be to say that the giveN heavy vehicle would 
produce a 20 percent overstress at the point under consideration. 

This mdhod is perfectly general. That is, the method is not limited to 
any particular type of stress, type of bridge, or type of construction: it is 
equally valid for moment, shear, direct stress, or any other stress function 
used for· the stress analysis and design of all types of simple span and con­
tinuous bridges. Although the method is perfectly general, the development 
of it as presented in this report is limited to an investigation of the overstress 
or understress in simple span bridges which result from the maximum bending 
moments produced by equivalent H truck loadings of various weights. The ma­
terial presented is thus limited because once the method has been developed 
and demonstrated, based on maximum bending moments, it would be but a 
simple matter to duplicate the procedure using some other stress function 
such as shear or direct stress. 

Bending moment is the stress function selected to illustrate the develop­
ment and use of the method because it is the bending stresses that ordinarily 
determine the load carrying capacity of most highway bridges, which inci­
dentally are predominantly simple spans of some 60 feet or less in length. It 
might be mentioned also that it is the spans of medium length, say from about 
50 to 80 feet, which are more frequently subjected to overstress in bending 
as a result of the passage of the heavier gross vehicle weights. 

The tables and charts presented herein, for determining the degree of 
overstress (or understress) in bending produced by equivalent H truck load­
ings of various weights, are based on the lightest type of construction ordinar­
ily used for simple spans of H 15 loading design in order to minimize the ef­
fect of dead load on total stresses. The reason for this is, of course, that the 
smaller the ratio of dead load stress to total design stress the greater will 
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be the relative effect of live load and impact stresses produced by a given 
heavy vehicle, particularly when they are in excess of those used in the orig­
inal design. From a practical standpoint, therefore, this means that the design 
stress ratios-that is, the degrees of overstress or understress-indicated by 
the tables and charts given herein for equivalent H truck loadings of various 
weights are all on the conservative side. The only exceptions to this general 
statement would be for H 15 design simple spans of the lightest possible type 
of construction, such as a steel !-beam span with minimum thickness concrete 
deck; in which case, the design stress ratios would be about the same as those 
given by the tables and charts. 

In Part II, the need of a method for determining the degree of overstress 
produced in highway bridges by present-day heavy motor vehicle loads is brief­
ly discussed. Part III outlines the manner in which the stress producing char­
acteristics of heavy vehicle types and loadings are measured in terms of equiv­
alent design loads. Then in Part IV, the method for determining the degree 
of overstress in bridges produced by typical highway loads is developed and 
discussed. The use of the method is also illustrated in Part IV by showing 
the numerical work involved in the solution of several typical problems. The 
use of the method for determining the overstress produced in simple span 
bridges by six of the more common heavy vehicle types is illustrated in Part 
V, and the report then closes with Part VI which presents a number of tables 
and charts for solving a wide variety of practical problems associated with 
the determination of overstress in simple span deck girder bridges produced 
by present-day heavy motor vehicle types and loadings. The notations used 
in this report are given in Appendix A, and the coefficients for converting 
equivalent loadings on simple spans of various lengths are given in the tables 
and charts of Appendix B together with a brief explanation of their use. 



Part II 

NEED OF METHOD FOR DETERMINING OVERSTRESS 
IN HIGHWAY BRIDGES 

The maximum sizes and weights of motor vehicles that should be permit­
ted to operate over the nation's highways and bridges are matters which, for 
some years, have been of more than ordinary concern to practically everyone 
associated with the planning, construction, and maintenance of present-day 
highway facilities. The problem of determining maximum sizes and weights 
of vehicles is twofold. In the one case the strengths and capacities of present 
highway facilities must be taken into account; and in the other, the strengths 
and capacities that should be provided in new facilities, to accommodate both 
present and future traffic, must also be given due consideration.' The present 
bulletin, however, is concerned with the stresses produced by equivalent de­
sign loadings in existing bridges rather than the load carrying capacities that 
should be provided in newly constructed facilities. 

In an effort to provide a reasonable solution to the first part of this prob­
lem- that of establishing maximum permissible vehicle sizes and weights 
consistent with the load carrying capacities of existing highways and bridges 
-the American Association of State Highway Officials undertook an exten­
sive investigation of existing highways and bridges which resulted in the 
adoption by the association of a "Policy Concerning Maximum Dimensions, 
Weights and Speeds of Motor Vehicles to be Operated Over the Highways of 
the United States" dated April 1, 1946. This policy is in effect at the present 
time and is sometimes referred to simply as the AASHO Policy of 1946. The 
maximum sizes and weights of motor vehicles recommended by the present 
AASHO Policy are summarized briefly in Table 2.1. 

Table 2.1 

AASHO RECOMMENDATIONS OF 1946 FOR 
MAXIMUM MOTOR VEHICLE SIZES AND WEIGHTS 

Maximum width of vehicle 
Maximum height of vehicle 

Maximum length of vehicle: 

Single trucks 
Single busses (with 2 axles) 
Single busses (with not Jess than 3 axles) 
Truck-tractor semitrailer combinations 
Other combinations (not more than 2 units) 

Maximum loads on vehicles: 

Single axles 
Groups of axles - tabulated loads, 'IV, 
varying with distance, L, between ex­
treme axles of any group, measured to 
the nearest foot, ranging from 32,000 
lb. for axles spaced 7 ft. or less apart, 
to 73,280 lb. for all axles within a 
distance of 57 ft. all in accordance with 
the formula W=l025 (L+24) - 3U 

96 in. 
12 ft. 6 in. 

35 ft. 
35 ft. 
40 ft. 
50 ft. 
60 ft. 

18,000 lb. 

32,000 lb 
to 

73,280 lb. 

1 Fairbank, H. S., "Sizes and Weights of Motor Vehicles Require Economic Study," Civil Engi­
neering, pp. 40-4:1, June, 1949. 

3 
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Although the group axle loads indicated in Table 2.1 provide a reasonable 
guide for determining in maximum gross vehicle weights that should, in gen­
eral, be permitted on existing highways and bridges, they give no clue as to 
the actual stress that would be pr·oduced at some critical point in a given bridge 
by some particular· vehicle type and loading. This, together with the contin­
ued trends toward more frequent and heavier axle loads and gross vehicle 
weights' have served to emphasize the need for accurate, yet simple and rapid, 
methods for analyzing the effects of both the magnitudes and frequencies of 
these heavier loads on existing highways and bridges. 

As a partial contribution toward and as an approach to the solution of 
certam of these problems, the authors prc,sented in a pl'im· publication,:: a 
method for measuring the stl·ess producing characteristics of any given heavy 
vehicle in terms of some equivalent design loading such as those defined by 
the AASHO Design Specifications. For example, if a given heavy vehicle 
produced the same maximum bending moment on a 50-foot simple span bl'idge 
as a standard H truck weighing 26.7 tons, it would be rated as an equivalent 
H 26.7 truck which, based on moment, would provide an accurate measure of 
its stress pr·oducing char·acteristics on that span. It was also pointed out in 
Bulletin :.J o. 127 that the fr·equency distributions of equivalent design loads 
obtained by this method from data reported by a loadometcr survey would 
similarly provide a convenient means for appraising the cumulative effects 
of heavy motor vehicle operation on those sections or routes covered l.Jy such 
survey. 

Although the H truck equivalence or the H-S truck equivalence of any 
particulm· vehicle on a given span provides an accurate measure of its stress 
producing character·istics, this information within itself gives no hint as to 
the total stresses which result from its passage over the given bridge under 
consideration. \Vhat is needed, therefore, is a simple method for evaluating 
the maximum total str·ess, which results from the passage of any particular 
heavy vehicle, in such a way that it may be directly compared with the total 
design stress at the point under consideration in the given bridge. The ma­
ter·ial presented in following parts of this report has been prepm·ed in the 
hope that it will serve as a partial contribution toward the fulfillment of 
this need. 

2Lynch, J. T .. and Dimmick, T. B., "Axle Loads and Gross Load Trends," Public Roads. Vol. 
25, No. 12, February, 1950. 

3 Stephenson, Henson K., and Cloninger, Kriss, Jr., ":Mc>thod of ConYerting Heavy Motor Ve­
hicle Loads into Equivalent Design Loads on the llasis. of Maximum Bending 1\Ioments," Bulle­
tin No. 127, Texas Engineering Experiment Station, 1952. 



Part III 

HEAVY MOTOR VEHICLE LOADS MEASURED IN TERMS 
OF EQUIVALENT DESIGN LOADS 

The method for measuring the stress producing characteristics of heavy 
motor vehH:Ies, as 1wesented in Station Bulletin No. 127,4 is based on the ob­
servation that each of the many variations of heavy vehicle types and load­
ings has one thing in common-the capacity to induce a stress (bending, shear, 
o1· direct) of definite and calculable magnitude at any particular point in a 
given bridge. Consequently, a bl'idge of given type and span can be made 
to serve as a sort of weighing device by which the maximum stress (bending, 
shear, m· direct stress) produced by any given heavy vehicle can be directly 
compared with that produced by any other vehicle or arbitrarily standardized 
loading. However, rather than directly com11aring the actual stresses pro­
duced by a given heavy vehicle with those produced by others, it would be 
more convenient to appraise the stl·ess producing effects of a given vehicle 
if they were expressed in terms of some arbitrary or standardized loading. 

For this pm·pose a standard H truck, H-S truck, single concentrated load, 
or any other ab1·itrary loading could be used as might be desired. In the 
present report, however, the standard H truck loading is used as a basis for 
measm·ing the stress producing characteristics of all other vehicles because 
the load canying capacities of most existing highway bridges are rated in 
terms of the H loading design. And, as p1·eviously discussed, bending mo­
ment is the stl·ess function selected to illustrate the development and use of 
the method presented herein for measuring overstress because it is the bend­
ing stresses that ordinarily determine the load carrying capacity of most 
highway bridges. 

It should be mentioned here that the overstress resulting from any other 
equivalent loading, such as an equivalent concentrated load, equivalent H-S 
tl·uck loading, or equivalent H-S design loading, can be determined by con­
verting these equivalent loadings into an equivalent H truck by use of the 
conversion coefficients given in tabular and graphical form in Appendix B. 
Table B.l and Fig. B.l give the conversion coefficients based on maximum 
moments, and Table B.2 and Fig. B.2 give the conversion coefficients based 
on maximum shear. A brief explanation, together with several example prob­
lems, is included with the tables and charts presented in Appendix B. 

On a 40-foot simple span, for example, if it was determined that a given 
heavy vehicle produced a maximum moment of 346.0 kip-feet, with no allow­
ance for impact, it would be found to be the same as the maximum live load 
moment p1·oduced by an H 20 truck on the same span. Based on its capacity 
to produce bending stresses in a simple span having a length of 40 feet, there­
fore, the given heavy vehicle would be converted into or rated as an equiva­
lent H truck loading weighing 20 tons, or simply an equivalent H 20 truck 
loading. ln a similar manner, if a given heavy vehicle produced as much 
direct stress in a particular member of a given through truss bridge as an 
H 21.6 truck, it would be rated as an equivalent H 21.6 truck loading in so far 
as its capacity to produce direct stress in that particular member is concern­
ed. The logic would be similar for any type of stress or stress function at 
any point that might be of interest in any type of simple span or continuous 
bridge. The manner in which these equivalent design loads can be used for 
determining the degree of ove1·sh·ess, or design stress ratio, produced by any 
given vehicle at some particular point in a given bridge is explained in some 
detail in the following article. 

4 Stephenson, Henson K., and Cloninger, Kriss, Jr., "Method of Converting Heavy Motor Ve­
hicle Loads into Equivalent Design Loads on the Basis of Maximum Bending Moments,'' Bulle­
tin No. 127, Texas Engineering Experiment Station, 1952. 

5 



Part IV 

METHOD FOR EVALUATING OVERSTRESS IN HIGHWAY 
BRIDGES PRODUCED BY HEAVY MOTOR VEHICLES 

The method presented here for evaluating overstress (or understress) can 
be developed on the basis of any stress or stress function F-such as moment 
M, shear V, or direct stress P-as may be desired. However, since all of the 
tables, charts, and other supporting material included herein are based on 
maximum dead load, live load, and impact moments in simple spans, it is be­
lieved that the discussion will be somewhat simplified if the development of 
the method is also based on maximum moments in simple spans. Through­
out the following development, therefore, wherever any one of the symbols 
for moment M appears, it may be replaced with the corresponding symbol 
for shear V, or direct stress P, if one finds it desirable to develop similar ex­
pressions for dealing with overstress (or understress) based on either of those 
stress functions. Similarly the symbol F may be used in these expressions as 
a general term for any type of stress or stress function. 

Based on the bending moments M for one lane in a simple span bridge, 
the dead load ratio Rn is defined as the ratio that the maximum dead load 
moment Mn bears to the total moment MT used for the design of the par­
ticular bridge under consideration. Symbolically, therefore, this dead load 
ratio would be given by the following equation. 

Mv 
Rn=-- ------------------------------------------- _______ _4.1 

MT 
Similarly, the live load ratio Rr. is defined as the ratio that the sum of the 
live load and impact moments KMr. bear to the total design moment MT. Sym­
bolically, therefore, the live load ratio would be given by the following equa­
tion. 

KMr. 
R~,=-- -- ------------ ______________________ _4,2 

MT 
in which ML is the maximum moment for one lane produced by the standard 
live load of given designation as described and required by the design speci­
fications for the particular span length under consideration; K is the coeffi­
cient by which the live load design moment Mr. is increased to include the 
specified allowance for impact. That is, K = 1.00 + I, \vhere I is the impact 
fraction as determined by the AASHO formula I=50/(S+125) and S is 
the length in feet of the portion of the span which is loaded to produce max­
imum stress in the member. 

Since the sum of the design dead load, live load, and impact moments for 
a given span is equal to the total design moment, the sum of the dead load 
and live load ratios must equal 1.00 or 

KML-+- Mn MT 
1.00 = R~, + Rn = -----------------------------------------: ...... 4.3 

MT M-,. 
By referring to Eq. 4.3, it will be seen that if the sum of the live load and 
impact moments CK'M'L, produced' on the given span by the particular ve-
5 The coefficient C==l.OO if the bridge is loaded with identical vehicles, one vehicle only in each 

lane, and so placed to produce maximum stress. If only the given vehicle is on the bridge 
at one time, however, the coefficient C in general will be less than 1.00. In this C'ase, C is 
the ratio of the maximum live load stress produced by one vehicle in one Jane only to that 
produced by one vehicle in each lane simultaneously. K'=(l.OO+I'). in which I' is the im­
pact fraction allowed for the loading under consideration and may be> varied from zero to full 
impact, depending on speed and other loading conditions. M'L ==the maximum live load for 
one lane produced by the given vehicle on the given span. 

6 
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hicle (either identical vehicles, one in each lane simultaneously, or one vehicle 
in one lane only) is different from KMr., the ratio of the total actual moment 
M'T, resulting from the passage of this vehicle (or vehicles), to the total de­
sign moment MT will no longer equal 1.00. If CK'M'r, is greater than KMr., 
this ratio will be greater than 1.00; if CK'M'r. is less than KMr, the ratio 
will be less than 1.00. This ratio of the total actual moment M'r, resulting 
from the passage of a given vehicle (or vehicles) to the total design moment 
MT, is defined as the design stress ratio X. Thus, if the sum of the live load 
and impact moments CK'M'r. produced by a particular vehicle (or vehicles) 
on a given span results in a design stress ratio X=l.15, it would mean that 
this loading would produce a 15 percent overstress on the given bridge. Sim­
ilarly, if the passage of a particular vehicle over a given bridge results in a 
design stress ratio X= .90 in a given member, the member would be under­
stressed by 10 percent as compared with the stress for which it was designed. 
Therefore, if the live load plus impact moments KMr. in Eq. 4.3 is replaced 
by the sum of the live load and impact moments CK'Mr. produced by the given 
vBhicle (or vehicles, if all lanes are loaded simultaneously), it results in the 
general equation for determining the design stress ratio X as follows: 

CK'M'r.+ Mn 
X=---- ---------------------------------------------------------------------------------_4.4 

MT 

Now in the following development it will be convenient to note from Eq. 
4.2 that 

KMr. 
MT = -- ------------------------------- ----------------------------------------------------------------4.5 

Rr. 
It will also be convenient to note that 

KMr. 
Mo = MT - KMr. = -- - KMr. ___ ---------------------------------------------------_4.6 

Rr. 

Now by using the values for MT and Mn in Eq. 4.5 and Eq. 4.6, respectively, 
and rearranging Eq. 4.4, it will be found that 

XMT- Mn KMr.(X- Rn) 
M'r.=----- --------------------- ----------------------··4.7 

CK' 

But since M'1. is the live load moment for one lane produced by an equivalent 
H truck loading of H tons on a given span, it follows that 

H N1 
-- = - ·-·-····-·-----····-·······-----··----·······----····-···---·---·-··--···----------------------_4.8 
M'r" M1 

in which Mr is the moment for one lane produced on the given span by a 
standard H truck of N1 tons; N1 being the H-design designation or rating 
of the bridge under construction. For example, for an H 15 design bridge, 
N1=15, and for an H 20 design bridge N1=20, irrespective of span length. 

Now from Eq. 4.8, it will be seen that 

N1M'r. 
H = -- _______ ------------------------------------------------------------------------------------·-4.9 

M1 

But by substituting the value of M'r. from Eq. 4.7 into Eq. 4.9, the equivalent 
H truck loading becomes 

N1KML(X- Rn) 
H=-------- ·-··-----------·-·-··--·-----· -·····-··--·--···-·········---············_4.10 

MlRLCK' 
from which the design stress ratio is given by 

HMrR1.CK' 
X= + Rn ·---······------ ---------------·---·-·-·---····--·····-·--······.4.11 

N1KM~. 
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Although the equation for the design stress ratio X as given by Eq. 4.11 
may appear somewhat complicated at first glance, it is actually a very simple 
straight line equation of the form 

in which: 
y=mz +b .......................................................................................... .4.12 

y =the ordinate X 
m =the slope (M1RrCK') I (N1KML) 
z =the equivalent H truck loading abscissa H, and 
b =the dead load ratio Rn. 

Based on any type of stress or stress function the general equations cor­
responding to Eq. 4.10 and Eq. 4.11, respectively, become 

and 

N,KF,(X- Rn) 
H= 

F1R~.CK' 

HF1R~.CK' 
X=------+ Rn. 

N1KFr. 

............ .4.13 

. ............ .4.14 

in which F is a general term indicating stress or stress function such as mo­
ment M, shear V, or direct stress P. The subscripts and prime notations 
used with these stress functions have the same correponding meaning as those 
used and explained above for moment. 

In connection with the above equations, it might be added th<~t Eq. 4.10 
provides a simple means for determining the maximum equivalent H truck 
loading that might be permitttd to pass over a given hridgt', such that the 
resulting design stress ratio X would not exceed some predetermined allow­
able value. Similarly, Eq. 4.11 provides a simple means for determining the 
design stress ratio X- that is, the degree of overstress or understress- that 
would rt>sult from the passage of some particular heavy vehicle (or vehicles) 
over a g·iven bridge of known design rating. 

The use of Eqs. 4.10 and 4.11 will be illustrated presently by applying 
them to several typical situations having to do with overstress (or under­
stress) in a conventional type of simple span bridge of H 15 design, con­
sisting of a concrete deck of minimum thickness supported by steel stringers 
(beams or girders). For sake of discussion it will be assumed that the steel 
stringers in this bridge are of such size that the maximum design stress in 
bending is the same as that permitted by the design specifications or 18,000 
psi. 

Before undertaking to illustrate the use of Eqs. 4.10 and 4.11, however, 
a few words concerning the evaluation of the coefficient C for simple spans 
of conventional type with concrete deck supported by steel stringers, might 
be in order. If the stress producing effects of any particular vehicle are 
being investigated and one vehicle identical to the given vehicle is considered 
to be in each lane simultaneously, the maximum bending stress will occur in 
an interior stringer when one line of wheels of the vehicle in one lane is 
placed over the stringer and one line of wheels of the vehicle in the adjacent 
lane are placed 4 feet from the stringer in question and all vehicles on the 
span are so placed as to produce maximum moment. For this condition of 
loading, the coefficient C = 1.00, which is its maximum value for all lanes 
loaded with identical vehicles, one to each lane. However, if only the given 
vehicle is on the bridge at one time, the coefficient C in general will be less 
than 1.00. In this case the value of C is equal to the ratio of the maximum 
live load stress produced by one vehicle in one lane only to the maximum live 
load stress produced by one vehicle (identical to the given vehicle) in each 
lane simultaneously. 

If the deck of the bridge described above is assumed to act as a simple 
beam between stringers, then the value of the coefficient C for one vehicle 
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in one lane only at one time, and for one vehicle in each lane simultaneously 
would be as shown in the following table. 

Stringer 
Spacing 

Feet 

4 
5 
6 
7 
8 
9 

10 

Table 4.1 

VALUE OF COEFFICIENT C FOR VARIOUS STRINGER 
SPACING AND LOADING CONDITIONS 

One Vehicle 
in One 

Lane Only 

One Vehicle 
in Each Lane 

Simultaneously 
-~----------------- ----

1.000 
.833 
.750 
.726 
.714 
.705 
.700 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

From this table it will be seen that if only the given vehicle is considered 
to be on the span at one time, it would rarely produce more than 75 percent 
as much live load stress as would result from one vehicle, identical to the 
given vehicle, in each lane simultaneously. For this reason a value of C = 
.75 for one vehicle in one lane only at a time will be used in the examples 
and other supporting material ·which follow. 

EXAMPLE 4.1 

GIVEN: A 60-foot simple span bridge of H 15 design with mm1mum thick­
ness concrete deck on steel stringers so spaced that the loading coefficient 
C = 1.00 for all lanes loaded and C = .75 for one lane loaded. Other per­
tinent design information is as follows: 

Design Live Load Moment 
Impact Coefficient 
Assigned Impact Coefficient 
Numerical Bridge Rating 
H 15 Truck Moment 
Ratio KMr, /Mr 
Ratio MD/MT 

Mr,=418.5'K 
K = 1.27 
K' =Variable 
N, =15 
M,=409.0'K 
RL= .495 
RD= .505 

REQUIRED: Determine the maximum permissible equivalent H truck load­
ing such that it would not produce an overstress in excess of 20 percent (i.e. 
design stress ratio X= 1.20) in an interior stringer for 

A. One vehicle in each lane with full allowance for 
impact, that is K' = K. 

B. One vehicle in each lane with no allowance for 
impact, that is K' = 1.00. 

C. One vehicle in one lane only with full allowance for 
impact, that is K' = K. 

D. One vehicle in one lane only with no allowance for 
impact, that is K' = 1.00. 

SOLUTION: The solution to this problem can be obtained either by direct 
use of Equation 4.10 or by reading the values from the charts and tables pre­
sented in Part VI. The use of each method is illustrated below. 

SOLUTION BY EQUATION 4.10 

N,KML(X- RD) 
H= ----------------············--------------····················4.10 

M,Rr.CK' 
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4.1A: Maximum equivalent H truck loading required f'?r design stress ratio 
X= 1.20, one vehicle in each lane (C = 1.00) With full allowance for 
impact (K = K'). 

Substituting values into Equation 4.10 as given above gives 

15 X 1.27 X 418.5 ( 1.20 - .505) 
H = = 21.5 Tons 

409.0 X .495 X 1.00 X 1.27 

Therefore, an equivalent H 21.5 truck placed in each lane of the given bridge, 
with full allowance for impact would be required to produce an overstress of 
20 percent. 

4.1B: Maximum equivalent H truck loading required for design stress ratio 
X= 1.20, one vehicle in each lane (C = 1.00) with no allowance for 
impact (K' = 1.00). 

Substituting values for this loading condition into Eq. 4.10 gives 

15 X 1.27 X 418.5 ( 1.20 - .505) 
H = = 27.3 Tons 

409.0 X .495 X 1.00 X 1.00 

Therefore, an equivalent H 27.3 truck placed in each lane of the given bridge 
with no allowance for impact would be required to produce an overstress of 
20 percent. 

4.1C: Maximum equivalent H truck loading required for design stress ratio 
X=1.20, one vehicle in one lane only (C=.75) with full allowance 
for impact (K'=K). 

Substituting values for this loading condition into Eq. 4.10 gives 

15 X 1.27 X 418.5 ( 1.20 - .505) 
H = -28.7 Tons 

409.0 X .495 X .75 X 1.27 

Therefore, an equivalent H 28.7 truck placed in one lane only of the given 
bridge with full allowance for impact would be required to produce an over­
stress of 20 percent. 

4.1D: Maximum equivalent H truck loading required for design stress ratio 
X= 1.20 one vehicle in one lane only ( C = . 75) with no allowance 
for impact ( K' = 1.00). 

Substituting the values for this loading condition into Equation 4.10 gives 

15 X 1.27 X 418.5 ( 1.20 - .505) 
H = = 36.4 Tons 

409.0 X .495 X .75 X 1.00 

Therefore, an equivalent H 36.4 truck placed in one lane only of the given 
bridge with no allowance for impact would be required to produce an over­
stress of 20 percent. 

Condition of 
Loading 

Example 4.1A 
Example 4.1B 
Example 4.1C 
Example 4.1D 

SUMMARY OF RESULTS BY EQUATION 4.10 

Equivalent H Truck Required to 
Produce a 20 Percent Overstl·ess 

H 21.5 
H 27.3 
H 28.7 
H 36.4 
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SOLUTION OF EXAMPLE 4.1 BY CHARTS AND TABLES 

The values of equivalent H truck loadings required to produce an over­
stress of 20 percent in the given bridge may be obtained by referring to the 
tables and charts presented in Part VI. The numerical values of the equiv­
alent H truck loadings as well as the tables and figures from which these val­
ues may be obtained are presented in the following table. 

SUMMARY OF RESULTS OBTAINED FROM CHARTS AND TABLES 

Condition of 
Loading 

Table 
Number 

Figure Equiv. H Truck Required to Produce a 
Number 20 Percent Overstress in Given Bridge 

---~~---·------

Example 4.1A 
Example 4.1B 
Example 4.1C 
Example 4.1D 

EXA:\IPLE 1.2 

6.1 
6.2 
6.3 
6.4 

6.1a or G.5f 
6.1f or 6.5f 
6.2a or 6.6f 
6.2f or 6.6f 

H 21.6 
H 27.4 
H 28.7 
H 36.5 

G IVE;'II: The bridge described in Example 4.1. 

REQUIRED: Determine the percent of overstress or unclerstress (i.e., the 
design stress ratio X) resulting from the passage of an equivalent H 24.5 
truck over the given bridge for 

A. One vehicle in each lane (C = 1.00) with full allow­
ance for impact (K' = K). 

B. One vehicle in each lane (C = 1.00) with no allow­
ance for impact (K' = 1.00). 

C. One vehicle in one lane only (C = .75) with full allow­
ance for impact (K' = K). 

D. One vehicle in one lane only (C= .75) with no allow-
ance for impact (K' = 1.00). 

SOL UTI ON: The solution to this problem may be obtained either by use of 
Equation 4.11 or by reading the values directly from the charts and tables 
presented in Part VI. The use of each method is illustrated below. 

SOLUTION BY EQUATION 4.11 

Hl\LRLCK' 
X= + Rv ·-- .. ·--.............. -.................................... .4.11 

N,KML 

4.2A: Design stress ratio resulting from the passage of an equivalent H 24.5 
truck in each lane simultaneously (C = 1.00) with full allowance for impact 
(K'=K). 

X= 
24.5 X 409.0 X .495 X 1.00 X 1.27 

15 X 1.27 X 418.5 
+ .505= 1.30 

Therefore, an equivalent H 24.5 tl'Uck placed in each lane of the given bridge, 
with full allowance for impact would produce an overstress of 30 percent. 

4.2B Design stress ratio resulting from the passage of an equivalent H 
24.5 truck in each lane simultaneously ( C = 1.00) with no allowance for im­
pact (K' = 1.00). 

24.5 X 409.0 X .495 X 1.00 X 1.00 
X=------------+ .505 = 1.13 

15 X 1.27 X 418.5 

Therefore, an equivalent H 24.5 truck placed in each lane of the given bridge, 
with no allowance for impact would produce an overstress of 13 percent. 
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4.2C: Design stress ratio resulting from the passage of an equivalent H 24.5 
buck in one lane only (C = .75) with full allowance for impact (K' = K). 

24.5 X 409.0 X .495 X .75 X 1.27 
X=------------ + .505 = 1.10 

15 X 1.27 X 418.5 

Therefore, an equivalent H 24.5 truck placed in one lane only of the given 
bridge with full allowance for impact would produce an overstress of 10 per­
cent. 

4.2D: Design stress ratio resultiing from the passage of an equiYalent H 24.5 
truck in one lane only (C=.75) with no allowance for impact (K'=l.OO). 

24.5 X 409.0 X .495 X .75 X 1.00 
X=------ ------- + .505 = .97 

15 X 1.27 X 418.5 

Therefore, an equivalent H 24.5 tl·uck placed in one lane only of the given 
bridge with no allowance for impact would produce an understress of 3 per­
cent, that is, the total stress ·would be B7 percent of the design stress. 

SU:\1MARY OF RESULTS BY EQUATION 4.11 

Condition of 
Loading 

Example 4.2A 
Example 4.2B 
Example 4.2C 
Example 4.2D 

Design Stress 
Ratio X 

1.30 
1.13 
1.10 

.97 

SOLUTION OF EXAMPLE 4.2 BY CHARTS AND TABLES 

The values of the design stress ratio resulting from the passage of an 
equiYalent H 24.5 truck over the given bridge may also be obtained by re­
ferring to the tables and charts presented in Part VI. The numerical values 
of the design stress ratio X, as well as the tables and figures from which these 
values are obtained, are presented in the following table. 

SUMMARY OF RESULTS OBTAINED FROM CHARTS AND TABLES 

Condition of 
Loading 

Example 4.2A 
Example 4.2B 
Example 4.2C 
Example 4.2D 

Table 
Number 

6.1 
6.2 
6.3 
6.4 

Figure Stress Design Ratio X Resulting from 
Number Passage of An Equivalent H 24.5 Truck 

6.1a or 6.5f 1.29* 
6.1£ or 6.5f 1.13* 
6.2a or 6.6f 1.10* 
6.2f or 6.6f .97* 

*By interpolation of tabular values. 



Part V 

OVERSTRESS IN SIMPLE SPAN BRIDGES PRODUCED BY 
TYPICAL HEAVY MOTOR VEHICLES 

The continued growth of commercial traffic together with the almost in­
credible increases in both the numbers and frequencies of various intensities 
of heavy axle loads and g1·oss vehicle weights, during the past ten or twelve 
years, has served to emphasize the need and to create an increasing demand 
io1· a simp'e, yet ac(:urate procedure fo1· measuring the degree of ovel·sh·ess, if 
any, produced by these loads on both the new and existing bridges of our 
present highway system. As a partial contribution toward the fulfillment 
of this need, therefore, the method outlined in Part IV is presented in the 
hope that it will provide a rational approach to the solution of certain of the 
more pressing problems assoc;ated with the stress producing characteristics 
of present-day heavy vehicle loads and how they are 1·elated to the load cany­
ing capacity and safety of proposed and existing bridges and other highway 
structures. 

One of the problems, for example, that frequently arises in the bridge 
division of a highway department is that of determining whether or not a 
given heavy vehicle should be permitted to operate over some particular bridge 
(or bridges) on a given route. For sake of simplifying the discussion, sup­
pose the bridge under consideration is a 60-foot simple span of H 15 design 
consisting of a concrete deck supported by steel stringers which are so spaced 
that the maximum live load moment produced in an interior stringer by one 
vehicle only amounts to 75 percent of that produced by identical vehicles in 
each lane. Also assume that the ratio of dead load bending stress to the 
total design bending stress, say 18,000 psi, is 0.505 as shown in Fig. 5.2. With 
this information at hand, the first step in the solution of this problem would 
be to determine the H-equivalency of the given vehicle on a 60-foot simple 
span. This is done by finding the maximum live load moment for one lane 
produced by the given vehicle on this span; say it is 749.65 kip-feet. Either 
by calculation or by interpolation in Figs. 6.3 or 6.4, it will be found that this 
vehicle produced as much moment as an H truck weighing 27.5 tons. There­
fore, based on moment, it would be rated as an equivalent H 27.5 truck on a 
60-foot span. 

For these conditions, then, the design stress ratio that would result from 
any one of several loading conditions, including various allowances for im­
pact, could readily be determined by means of Eq. 4.11. For this case, how­
ever, no calculations are necessary since the desired information can be ob­
tained directly from Fig. 6.5f for one equivalent H 27.5 truck in each lane 
with various allowances for impact, and from Fig. 6.6f for one equivalent H 
27.5 truck in one lane only with various allowances for impact. Briefly, the 
results of such an investigation would be as given by the following table. 

Table 5.1 

DESIGN STRESS RATIOS FOR 60-FOOT SIMPLE SPAN BRIDGE OF 
H 15 DESIGN FOR SPECIFIED LOADING CONDITIONS 

One Equivalent H 27.5 Truck in 
Each Lane Simultaneously 

Full Allowance 
for Impact 

1.39 

No Allowance 
for Impact 

1.20 

13 

One Equivalent H 27.5 Truck in 
One Lane Only 

Full Allowance 
for Impact 

1.17 

No Allowance 
for Impact 

1.03 
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From this information, if it was decided that a 39 percent overstress 
was too much and the possibility of its occurrence was sufficiently great, 
the vehicle might be required to reduce its speed, to say 5 mph, while 
on the bridge, in which case, the overstress would probably not exceed 
about 20 pe1·cent. But with only the given v<>hicle on the span at one time, 
the overstl·ess with full allowance for impact would be about 17 percent 
and with reduced speed the overstress would likely be about 3 or 4 percent. 
And though the decision in a case of this kind would depend somewhat on 
traffic conditions, it could be made on a realistic basis if reliable information 
of the type given in Table 5.1 were readily available. 

It might be suggested that the type of information given in Table 5.1 
can be made readily available for any particular bridge simply by determining 
the equivalent H tl·uck loadings (or other standard loading) to which it might 
be safely subjected unde1· certain typical or c1·itical loading conditions that 
one might consider appropriate for his present or future purposes. The 
number of loading conditions and the degree of overstress accompanying them 
that should be determined and made available for any particular bridge, of 
course, is largely a matter of individual judgment and preference. The com­
pilation of such overstress data for any particular bridge, therefo1·e, could 
be made as elaborate or as simple a3 one might elect to have them or 
consider appropriate for his needs. 

In any case though, it would seem that the minimum number of data 
for a given b1·idge should include the permissible equivalent H truck 
loadings that would obtain for maximum allowable overstress corresponding 
to each of the four loading conditions given in Table 5.1. For bending 
stresses, these values of equivalent H truck loadings for the various loading 
conditions and permissible overstress can be easily dete1·mined from Eq. 
4.10. For any type of stress Ol' stress function, including moment, similar 
data may be obtained by use of the more general expression as given by 
Eq. 4.13. For simple span deck girder bridges, however, no calculations are 
necessary since any or all of these and related data may be obtained directly 
from the tables and charts given in Part VI. With the aid of tables and 
chmts, such as those included in Part VI, therefore, it would not be difficult 
to prepare a catalogue or a card index for the bridges on a given route or 
system which would include all pertinent data for each bridge pertaining to 
its load carrying capacity and permissible loads for various loading conditions 
that might be necessary for future investigations. 

Such a catalogue or index, covering all of the data for each bridge 
pertaining to its load carrying capacity and permissible loads for various 
traffic and loading conditions, would undoubtedly contribute much toward 
the analysis and solution of certain of the more pressing problems that 
have been brought about as a result of the tremendous increases in the 
numbers and frequencies of heavy axle loads and g1·oss vehicle weights 
which have characterized heavy motor vehicle operation during the past 
dozen years. This type of information, for example, would also provide a 
simple, vet effective means for investigating the cumulative effects of 
present-day heavy vehicle operation on the load carrying capacity and 
safety of the existing bridges on a given route or system. Once the H­
equivalencies of the heavy vehicles reported by a loadometer survey had 
been determined, the numbers and relative frequencies of these equiva­
lent loadings would provide the necessary information for investigating the 
cumulative effects of repeated overstress on a given bridge or bridges. 

Pedwps the simplest way to illustrate how the method outlined in 
Part IV may be used for investigating overstress produced in bridges of 
a given type and class would be to apply it to a typical situation. For 
this purpose, a rather complete study is presented, herewith, of the maximum 
bending stress effects produced in simple span deck girder bridges of H 15 
design by the six heavy vehicle types and loadings shown in Fig. 5.1 The 
sizes and weights of each of these six vehicle types, represent the average 
of the 10 heaviest vehicles of the type among those reported by the nation­
wide loadometer survey of 1942. 
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SIZES AND WEIGHTS OF SIX HEAVY VEHICLE TYPES REPRESENT­
ATIVE OF HEAVIEST VEHICLES REPORTED BY THE 1942 LOAD­

OMETER SURVEY 

The Dimensions and Weights Given for Each Vehicle Represents 
the Average of the Ten Heaviest Vehicles of the Type Reported. 

10,100 LBS 

~ 
VI= 49,673 L!!S 

,~.·"·9 "' "l" "': .. 1t}'"" 
TYPE 2 HEAVY FREIGHT VEHICLE TYPE 3 HEAVY FREIGHT VEHICLE 

TYPE 2- S I HEAVY FRElGHT VEHICLE 

W:63,264 LBS 

TYPE 2-52 HEAVY FREIGHT VEHICLE 

8,090 LBS 17,290 LBS 17,540 LBS 

5 

13.7' 

TYPE 3-Sz HEAVY FREIGHT VEHICLE 

9,850 LBS 

16.7' 

TYPE 3-3 HEAVY FREIGHT VEHICLE 

Figure 5.1 
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The bridges selected for this study consist of a concrete deck of 
minimum thickness supported by unencasecl steel beams which are so spaced 
that the maximum live load bending stress produced in an interior stri11ger 
by a single vehicle in one lane only will amonnt to 7:5 pel'cent of iha t 
produced by identical vehicles in each lane simultaneously. The reason 
for selecting this type of construction is br:'cnuse the ratio of dead load 
stresses to total design stresses is smalle1· than would obtain for any 
of the heavie1· types of construction such as reinforcell concrete deck 
girder spans or simply supported deck spans in v:hich the supporting steel 
beams are encased in concrete. On this basis, therefore, any conclusions 
anived at concerning the stress p1·oducing effect of a given vehicle on 
any particular bridge will tend to be on the conservative rathc·r than the 
unsafe side. 

F'or example, if the maximum dead load bending- stress in an interior 
stringer of one of the simple spans described above amounts to 0,000 psi 
and the maximum stress resulting from the desig-n live loud and impact 
amounts to 9,000 psi, the dead load sh'l'SS of 9,000 psi ,,·ould reprc~l'nt 
50 percent of the 18,000 psi tobl design stress. Now if smne other 
loading resulted in a 100 percent increase in the live load and imvact 
stress or 18,000 psi, then the total stress would be increased to 27,000 
psi which would represent a 50 percent overstress as compared with the 
design stress. In this case it will be seen that a 100 percent increase 
in the live load and impact design stress will produce a 50 percent over­
stress. However, in a similar bridge of heavier construction, a 100 per­
cent increase in the live load and impact design stress would result in 
a lesser degree of overstress. In a given bridge, for example, if the 
dead load stress is 12,000 psi and the live load and impact design stress 
is G,OOO psi, the dead load stress would represent two-thirds of the total 
design stress of 18,000 psi. In this case, if another loading resulted 
in a 100 percent of the live load and impact design stress or 12,000 psi, 
the total stress would be 24,000 psi which would represent an overstress 
of 25 percent. F'rom these data it will be seen, therefore, that the de­
gree of oversh·ess produced by any particular heavy vehicle or loading will 
be greatest in those bridges where the ratio of dead load stress to 
total design stress is a minimum, that is to say in the lighter types of 
construction such as the simple span deck girder spans described above. 
F'or this minimum type of light construction, the ratio of dead load stress to 
total design stress and the ratio of live load plus impact stresses to total de­
sign stress for each span of H 15 design up to 100 feet in length are substan­
tially the same as those indicated by the curves given in F'ig. 5.2. 
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ESTIMATED PERCENT OF TOTAL DESIGN STRESSES REPRESENTED 
BY LIVE LOAD PL L'S IMP ACT AND DEAD LOAD STRESSES FOR 

SIMPLE SPAN DECK GIRDER BRIDGES OF H-15 DESIGN 
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The first step involved in investigating the bending stress effect!' pro­
duced on simple spans by the heavy vehicle shown in Fig. 5.1 is that of de­
termining the maximum moments for one lane produced by each of these ve­
hicles on each span under consideration. The pertinent data resulting from 
this operation are given in Table 5.2. This table gives the gross vehicle 

Table 5.2 

CONTROLLING CONDITIONS AND MAXIMUM MOMENTS IN SIMPLE SPANS PTWIHTCED 
BY SIX TYPICAL VEHICLE TYPES REPHESENTATIVE OF HEAVIEST VEHICLES 

REPOHTED BY THE 1942 LOADOMETER SURVEY 

Thl! dimensions and \Veighb given for each Yt:hicl(• repre;;.;E?nts the a\'erage of ihP ten hea\'i< ;,;t 
vehicles of the tyve n'ported. 

-------------

Truck type 2 2-Sl 2 S2 
G. v.-w-:-----· -~3s,:;or;-- --49-,673---,;"·''"g f-i:i,:!f-iG 
----------------·-- -
Wh,•el Base L 

G 
N 

10 B 
M 
G 
N 

20 H 
M 

14Y 
2 
2 
0 

63.02 
2 
2 
0 

126.04 
1--2 

1 K.S :~2.2 

2- :l :J 4 
2 ~ ;; 

.9SL r ; .O"L 
62.9-1 77.:-l? ":G.l2 

-------~---~ ----
2-3 8 4 

2 a 3 
.9~L r, 1.02L 
158.41 1-54 .. 57 1- 2.18 
--~-~-------------

1-3 :l-4 
2 

2.12R .~2R 

3--82 

4U.c 

·1--,) 

4 
.£l9L 
i) ;; . r:. ~) 
4 :) 

4 
.99L 
1-10.\1 ! 

4--3 

.~WL 

8 3 
,"-fi,:)l.<.() 

:.' ;; 
2 
I. 

71 

:::-;) 

.HJL 
lZ~. 7G 

2-4 
;J 

1.{)' L 
195.38 25G.5G 2:)1Yfl ------'::c=------=-: ---------------- :227. " :::14, j1 _:___ __ .=_ _____ _ 

1-2 l-3 1-3 2---.: ~ ,) ::. -1 

2 2 
2.12R .82R 3.91L 2.-.I<R 
282.45 :JK0.50 :325.03 ;<.:5.:;-; 

:---~------:-1--;-2c-____ l_:-3-----l- ;,--~---- 2 j 

2 2 3 
2.12R .R2R 
369.80 504.4~ -------------· 

8.91L 
4H:J.46 

1--2 1-:J 1-6 

2./~R 
4i<:l.99 
1-l 

2 -;) 
4 

·1.4511 

2 2 2 :) 
2.12R .H2R :i.91L 4.22R 3.19L 
4G7.57 __ 62:--8-;;.5c-6 ____ !l_>4:--;~.iJ:i _6_2_9_.1_> ____ (1~ _ _1!:4!) 

---;c;----1-2 1-3 1 '' 1-4 I 5 
2 2 :J :3 

2.12R .k2R :l.91L 4.22R :J.EIL 
545.45 752.70 ~n4J,O jS,Lfi9 ~I>U1~ 

--~----~:..:._---~~ -----·----------- --
1 2 1 3 1-3 1- ·\ 1 ,) 

2 2 2 3 
2.12R .82R 3.91L 4.22R :1.1!1L 
fi33.4:l 876.7H 966.14 94(U'3 1061.-10 

---;c;---- 1 2 1-3 1_::3-- 1=-1 ----1 ;) 

2 2 2 

1.(-i,><L 
3'12.•iG 

2-G 
.j 

.:JI:R 

~ (:; 
.1 

.36R 

1 () 
4 

2.31 R 
,-.;fij ..J~ 

----------
1 (-i 

4 
2 'il R 
10~2.51 

] l:i 

2.!2R .H2H :J.91L 4.2211 :].l!lL 2 :llH 
721.4R 1000.91 112~.Hi 10f,7.41 l240 .. 5::_c1:__ __ -=-L::.:'!_:t7_:_·'_c() 

---~---_:_::_1--=-2=-------i~-~-------1~--~--- 1-4 1_:_:; ]-(j 

2 2 2 3 4 
2.12R .82R 3.91L 4.22R 2.19L 2.31R 

________ 809.57 1125.09 12!)0.45 125~ -·~:'~'k ___ ~l4~''~'~·'~(~l ___ 1_.>1:!.2!! 

All dimensions are in feet ani! moment~ arc in kip-feet. 
G. V. W.-Gross vehicle weight in pounds. 
G--Axle group causing maximum moment, thus, 1 ::) means axlC'3 1. 2, 3. 
N--Number of critical axle under ·which maximum moment occurs. 
B Distanee to right or ll'ft of mid-span to point of maximum ·moment. 
M-Maximum moment. 

weight, wheel base length, controlling conditions, and maximum moments for 
each of the six vehicles on each even 10-foot span from 10 feet to 100 feet 
in length. In each case the table gives the axle group G required to produce 
maximum moment, the axle number N under \Yhich the maximum moment oc­
curs, the distance B in feet that the critical axle N is placed to the right or 
left of mid-span, and the maximum bending moment in kip-feet produced by 
this loading. 

The second step is that of converting each of the Yehicles on each span 
into an equivalent H truck based on the moments given in Table 5.2. This 
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is accomplished by finding the weight of standard H truck in tons that would 
be required to p1·oduce the same moment on the same span as that given in 
the table. These H-equivalencies can be calculated or taken directly by in­
terpolation from Figs. 6.3 or 6.4. The results of this operation are given in 
Table 5.3 for each vehicle on each span in the column entitled, equivalent H 
truck loading-tons. 

The third step is that of determining the design stress ratio resulting 
from each vehicle, on each span for each condition of loading under consider­
ation. In the present case, the four leading conditions under consideration 
are: 

Case 1: 
Case 2: 
Case 3: 
Case 4: 

One vehicle in each lane with full allowance for impact. 
One vehicle in one lane with full allowance for impact. 
One vehicle m each lane with no allowance for impact. 
One vehicle 111 one lane with no allowance fo1· impact. 

With the equivalent H truck loadings, as already determined in Step 2 and 
shown in Table 5.3, and the dead load design stress mtios from Fig. 5.2, the 
design stl·ess ratio for each of the several vehicles, span lengths, and loading 
conditions can now be calculated by usc of Eq. 4.11, or they may be read di­
rectly fl'Om any one of the following three sets of figures: Figs. 6.1 - 6.2, 
Figs. 6.3- 6.4, or Figs. 6.5- 6.6. The use of these figures is explained in con­
nection with the numerical examples in Part IV, therefore, no further discus­
sion of the matte1· is believed to be necessary at this point. The design stress 
ratios resulting from this operation are given in Table 5.3. 

Although the design stress ratios as given in Table 5.3 are quite infor­
mative, a better visual comparison of the stress producing effects of the 
several vehicles with each other is obtained when these data are presented 
graphically as shown in Fig. 5.3a and Fig. 5.3b. The design stress data pre­
sented in Table 5.3 and in Figs. 5.3a- 5.3b are complimentary to each other 
and no doubt provide a better basis for interpreting overstress information 
when used together than could be obtained from either of the two used sep­
arately. 

In Table 5.3 it will be seen that under the most severe conditions of load­
ing-that is Case 1, when one vehicle is placed in each lane in exactly the 
proper position for maximum moment and with full allowance for impact­
the maximum overstress produced by any of these vehicles on any span is 32 
percent. This maximum overstress of 32 percent would be produced on a 
GO-foot span if one of the Type 3-82 trucks were placed in each lane simul­
taneously with full allowance for impact. For Case 2, however,-with one ve­
hicle in one lane only with full allowance for impact--it will be noted that the 
overstress nowhere exceeds the 11 percent overstress which obtains for the 
Type 3-82 truck and the Type 3-3 truck on the 60-and SO-foot spans, respec­
tively. Case 2, incidentally, is believed to represent approximately the most 
severe condition of loading likely to be encountered under ordinary traffic 
conditions. Actually though, under ordinary traffic conditions on main rural 
highways, with pneumatic tires and smooth roadway, it would seem logical 
to assume that the actual stresses produced would be somewhere between 
those indicated for Case 2, with full allowance for impact, and Case 4, with 
no allowance for impact. 
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Span 

feet 

10 
20 
311 
411 
50 
60 
'0 

lOll 

Table 5.3 

STRESS PRODUCING CHARACTERISTICS OF SIX HEAVY VEHICLE TYPES 
REPRESENTATIVE OF HEAVIEST VEHICLES REPORTED 

BY THE 19·12 LOADOJ\IETER St:RVEY 

Table shows equivalf'nt H truck Jc,adings for various ~nan lengths ; 
also percent of H 15 d(sign stre.sst'o> f(\r: 

Case- 1: 
Case 2: 
ca~ c a: 
Casp 4: 

One vehicle in each lane \.\·ith full allowance fc.r irr.p<,et. 
On{' YC'hiclc in one Ian~ with full allowancp fur impact. 
One vt:·hide in each lane with no allo\vance for impn;_·t. 
One veh.iele in one laz1e \viih no allowance for impact. 

Type 2 true}\: j Ty:Je :1 trllck 

GV\V=:JG,30G pound~..; \Vheelba.sc=14.~-~~~_:S;V\V.=:-t-!l,0:3 pnnnd:-; \VhL'elha:-:e=l~.~ fed 
£qn;v. 
n- rr. 
Lei g. 
Tons 

lfi.75 
15.75 
15.~0 
16.3.> 
1 G.G5 
lf)_BQ 
1 G.9,) 
17.10 

\ Percpnt of design ~tre~s 
I Ca~c Ca!:>e~-;--- Case 

1 2 ·l 

104 
llJ-1 
10-1 
105 
lOG 
105 

Q9 
95 

82 
~4 
k7 
~9 
~Jl 
91 
:--;~ 

HG 

GG 
71 
74 
7R 
1\1 
R3 
~<2 
81 

Enuiv. 

I 

H-Tr. 
Ldg. 
TLms 

l:J. {;) 
1~u.;o 
20.:-i.) 
22.Cf_i 
22.(i:) 

2:1_ 10 
z:L;-;:> 
28.85 

Pel·cent t•f rl.cs.ivn ,.,trc"'~ 
- ----------- -- ---- ---~~ 

Ca-;c Cas.c Cac.:e Ca:-;e 
1 2 :; 4 

101 ·:~ :-\:-) !)(-j 

L4 (j~l 1()1 .'-2 
12(i ]():J ) (1:) ;..-; 
] 2.-.; lUi I 0:' ~)1 

12~ 107 } ; ) ~ I iH 
12) 1< r; IOJ 9i) 
ll ,) "!\I:) 10:J \12 
]0,' Dh ~t9 ~)() 

-------------

----~----- Type 2-Sl truck I - --Type- 2 -S2-t~-n~;-- -

Span GV\V=:G5,3S9 pound_s \Vheclbac;;e=::J2.2 feet ; GVW.:.:::G3,26G pounds \Vhe-E>Jha~~'=:::.:);).7 fe,_.t 

feet i 1~f __ j_~:i~·~::n~~:: d~~~~~~- ~1~r-- :a:::~~;~:d~~;-'~~~:~ 
10 
20 
30 
40 
50 
60 
80 

100 

Span 

feet 

10 
20 
30 
40 
50 
60 
80 

100 

19.tl5 
19.:l5 
JR_7o 
lR. 75 
21.7;) 
23.05 
25.95 
27,30 

125 
122 
117 
115 
124 
127 
121 
11.1 

97 
9S 
96 
96 

105 
10'i 
105 
101 

99 
99 
!}8 
98 

107 
110 
lOR 
105 

7S 
81 
S2 
83 
92 
9i) 
\15 
94 

14.10 
1 7.R~ 
1~. i5 
19.95 
2L75 
23.10 
25.20 
2G.55 

95 
111 
117 
120 
124 
125 
119 
113 

/;} 
9~ 
9G 

100 
]();) 

106 
lOtl 
100 

76 
f\4 
9~ 

!Ill 
107 
109 
107 
)().! 

61 
77 
~2 
~6 

92 
95 
~l-1 

93 

Type 3-SZ truck I T~·pe 3 -3 truck 
GVW=75,650 pound~-Wh<>elbase=40.2 feet_ I GV\V=86,3BO pounds Whee1base=52.3 feet 

E.quiv. I Perce-nt of design :-::tre~s 

I 

Equiv. 

I 
Percent of design stress 

H-Tr_ 

I 
H-Tr. 

Ldg. Case Case Ca<;;e Case Ldg. Case Case Case Case 
Tons 1 2 3 4 Tons I 1 2 3 4 

13.95 94 74 76 60 12.75 87 69 70 56 
17.55 113 91 93 76 15.90 105 85 86 71 
18.4!) ] 15 95 97 81 17.40 111 92 93 7~ 
19,50 118 99 100 B5 19.20 117 9~ 99 ~5 
22,50 127 107 109 93 21.45 123 104 JOG 91 
25.70 132 ll1 115 99 24-60 130 110 113 97 
2H.50 127 110 113 99 29.10 129 111 115 100 
30.45 121 106 110 9K 32,10 124 108 113 100 
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STRESS PRODUCING CHARACTERISTICS OF SIX HEAVY VEHICLE 
TYPES REPRESENTATIVE OF HEAVIEST VEHICLES REPORTED 

BY THE 1942 LOADOMETER SURVEY 
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Case 1: One vehicle in each lane with full allowance for impact. 
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STRESS PRODI:CING CHARACTERISTICS OF SIX HEAVY VEHICLE 
TYPES REPRESENTATIVE OF HEAVIEST VEHICLES REPORTED 

BY THE 1942 LOADO:VIETER SURVEY 

Case 3: One vehicle in each lane with no allowance for impact. 
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Part VI 

TABLES AND CHARTS FOR EVALUATING OVERSTRESS 
PRODUCED BY HEAVY MOTOR VEHICLE LOADS 

ON SIMPLE SPAN DECK GIRDER BRIDGES 
OF H 15 DESIGN 

The tables and charts which follow provide the means for quickly deter­
mining the degree of overstress or understress (design stress ratio) in simple 
span deck girder bridges of H 15 design which results from the live load and 
impact stresses produced by any of the heavy vehicle types and loadings en­
countered in present-day highway traffic. The design stress ratios, indi­
cating the degree of overstress or understress, given by these tables and charts 
are mathematically correct for the dead load ratios shown in Fig. 5.2. And 
since the dead load ratios shown in Fig. 5.2 are based on the lightest type of 
construction commonly used for simple span bridges of H 15 design, any esti­
mate of overstress obtained from these tables or charts will be on the con­
servative side for the heavier types of bridge construction. For a more com­
plete treatment of this subject, the reader is refened to the discussion in 
Part V concerning the type of construction upon which the dead load ratios 
given by Fig. 5.2 are based. 

The tables and charts which follow consist of one set of tables-Tables 
6.1- 6.4-and three sets of charts-Figs. 6.1 - 6.2, Figs. 6.3- 6.4, and Figs. 
6.5 - 6.6-which will be discussed in the order of their presentation which is 
as follows: 

A. Discussion of Tables 6.1 - 6.4 ( 4 Tables-total) 
B. Discussion of Figs. 6.1- 6.2 (12 Figs.-total) 
C. Discussion of Figs. 6.3 - 6.4 ( 12 Figs.-total) 
D. Discussion of Figs. 6.5- 6.6 (20 Figs.-total) 

Each of these sets of tables and charts give similar data concerning over­
stress or understress-design stress ratio-in simple span deck girder bridges 
of H 15 design but the va1·iables are arranged somewhat differently in each 
set. The choice as to which set would be used in any particular case will 
depend on both the nature of the problem under consideration and the per­
sonal preference of the user. Only a casual examination of these several ar­
rangements of the variables, however, will be required to determine the set 
most appropriate for use in the solution of a given problem. 

A. Discussion of Tables 6.1 - 6.4 

Tables 6.1 - 6.4 give the equivalent H truck loadings in tons required to 
produce maximum bending stresses in an interior stringer, corresponding to 
a given design stress ratio, for four different conditions of loading. The 
four conditions of loading are as follows: 

1. One vehicle in each lane with full allowance for impact. (Table 6.1) 
2. One vehicle in each lane with no allowance for impact. (Table 6.2) 
3. O!Ce vehicle in one lane with full allowance for impact. (Table 6.3) 
4. One vehicle in one Jane with no allowance for impact. (Table 6.4) 

Depending on the loading condition under consideration, each of these tables 
may be used to determine either the H-equivalence required to produce a 
given design stress ratio or the degree of overstress or understress that would 
result from a vehicle (or vehicles) of given H-equivalence. 

For example, suppose it were desired to know the equivalent H truck 
loading that would be required, for each of the above four loading conditions, 

23 
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to produce an overstress of 20 percent-----<or a design stress ratio X= 1.20-in 
a 60-foot simple span deck girder bridge of H 15 design. The results would 
be as follows: 

Case 1: One Eq. H 21.6 Tr. in each lane with full impact. (Table 6.1) 
Case 2: One Eq. H 27.4 Tr. in each lane with no impact. (Table 6.2) 
Case 3: One Eq. H 28.7 Tr. in one lane with full impact. (Table 6.3) 
Case 4: One Eq. H 36.5 Tr. in one lane with no impact. (Table 6.4) 

Similarly, if it were desired to know the design stress ratio that would 
be produced, for each of the above loading conditions, by an equivalent H 
25 truck (or trucks) on the same 60-foot span, the results would be as follows: 

Case 1: From Table 6.1, the design stress ratio X= 1.31 
Case 2: From Table 6.2, the design stress ratio X= 1.14 
Case 3: From Table 6.3, the design stress ratio X= 1.11 
Case 4: From Table 6.4, the design stress ratio X= .98 

B. Discussion of Figs. 6.1 - 6.2 
Figs. 6.1- 6.2 give the design stress ratios produced by equivalent H 

trucks on simple span deck girder bridges of H 15 design for 12 different con­
ditions of loading. Six of these are covered by Figs. 6.1a- 6.1f which give the 
design stress ratios which result from six different allowances for impact 
when tho bridge is fully loaded; that is, when loaded with one vehicle in each 
lane and all vehicles (identical) are so placed as to produce maximum mo­
ment. The remaining six loading conditions are covered by Figs. 6.2a - 6.2f 
which give the design stress ratios which result from six different allowances 
for impact when the bridge is loaded with one vehicle in one lane only at a 
time. 

For example, suppose it were desired to know the design stress ratio 
that would be produced in a 60-foot simple span of H 15 design by one equiv­
alent H 25 truck in each lane with a 10 percent allowance for impact. By 
consulting Fig. 6.1d, it will be found that this loading will produce a design 
stress ratio X= 1.20 or an overstress of 20 percent. 

Other problems can be solved in a similar manner simply by selecting 
the figure corresponding to the loading condition under consideration. 

C. Discussion of Figs. 6.3 - 6.4 
Figs. 6.3 - 6.4 give the percent of design stress and the maximum mo­

ment in kip-feet produced by standard or equivalent H trucks having gross 
weights of from 10 to 60 tons on simple span bridges up to 100 feet in length 
for 12 different conditions of loading. Six of these loading conditions are 
covered by Figs. 6.3a - 6.3f which give the percent of design stress and max­
imum moment which result from six different allowances for impact when 
the bridge is fully loaded; that is, when one vehicle is placed in each lane and 
all vehicles (identical) are so placed as to produce maximum momrnt. The 
remaining six loading conditions are covered by Figs. 6.4a - 6.4f which give 
the percent of design stress and maximum moments which result from six 
different allowances for impact when the bridge is loaded with one vehicle 
in one lane only at a time. 

For example, suppose it were desired to know the equivalent H truck 
loading and percent of design stress for a 60-foot simple span bridge of H 15 
design resulting from the passing of one heavy vehicle in one lane only which 
produces a live load plus impact moment of 600 kip-feet and where the allow­
ance for impact is 15 percent. By consulting Fig 6.4c it will be seen that 
the given vehicle would be rated as an equivalent H 22.1 truck and would 
produce a stress equal to 99 percent of the design stress. 

Other problems of a similar nature can be solved simply by selecting the 
figure corresponding to the loading condition to be considered. 

D. Discussion of Figs. 6.5 - 6.6 
Figs. 6.5- 6.6 give the design stress ratios produced by equivalent H 

trucks on simple span deck girder bridges of H 15 design for each 10-foot 
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increment of span from 10 feet to 100 feet. Ten of these are covered by Figs. 
6.5a - 6.5j which give the design stress ratios for each span which results 
from six different allowances for impact when the bridge is fully loaded; that 
is, when loaded with one vehicle in each lane and all vehicles (identical) are 
so placed as to cause maximum moment. The remaining ten figures (Figs. 
6.6a - 6.6j give the design stress ratios for each span which result from six 
different allowances for impact when the bridge is loaded with one vehicle 
in one lane only. 

For example, suppose it were desired to know the design stress ratio that 
would be produced in a 60-foot simple span bridge of H 15 design by one 
equivalent H 25 truck in each lane with 10 percent allowance for impact. By 
consulting Fig. 6.5f, it will be found that this loading will produce a design 
stress ratio of X= 1.20 on an overstress of 20 percent. 

Other problems can be solved in a similar manner simply by selecting the 
figure corresponding to the loading condition under consideration. 

Table 6.1 

EQUIVALENT H TRUCK LOADING IN EACH LANE WITH FULL 
ALLOWANCE FOR IMPACT REQUIRED TO PRODUCE MAXIMUM STEEL STRESS 

CORRESPONDING TO GIVEN DESIGN STRESS RATIO 

I' = I K' == 1.00 + I =K c 1.00 

Span 10 20 30 40 50 6fJ 70 ~0 go 100 

RL .S62 . 7 45 .660 .595 .540 .495 .162 .435 .410 .~94 

K 1.30 1.30 1.30 1.30 1.286 1.27 1.256 1.244 1.2:l2 1.222 

MD 12.5 53.4 123.9 229.7 366.1 542.2 775.7 1056.7 1400.2 1762.0 

KML 78.0 156.0 240.5 337.4 429.8 531.5 666.1 813.6 973.0 1145.6 

M.r 90.5 209.4 364.4 567.1 795.9 1073.7 1441.8 1870.3 2373.2 2907.6 

~ 
1.50 28.7 25.1 26.4 27.6 28.9 30.9 34.2 37.7 41.5 45.9 
1.40 22.0 23.1 24.1 25.1 26.1 27.8 30.7 33.7 36.9 40.0 

I 1.30 20.2 21.0 21.8 22.6 23.3 24.7 27.1 29.7 32.4 35.0 
.8 1.20 18.5 19.0 19.5 20.1 20.6 21.6 23.6 25.6 27.8 29.9 -:;; 1.10 16.7 17.0 17.3 17.5 17.8 18.:) 20.0 21.6 23.3 24.9 ... 
~ 

~ 1.00 15.0 15.0 15.0 15.0 15.0 15.4 16.4 17.6 18.7 19.9 

~ .90 13.3 13.0 12.7 12.5 12.2 12.2 12.9 13.5 14.1 14.8 
~ .80 11.5 11.0 10.5 10.0 9.4 9.1 9.8 9.5 9.6 9.8 
"' -~ .70 9.8 9.0 8.2 7.4 6.7 6.0 5.8 5.4 5.0 4.7 

.60 8.0 6.9 5.9 4.9 3.9 2.9 2.2 1.4 .5 
0 .50 6.3 4.9 3.6 2.4 1.1 

Table 6.2 

EQUIVALENT H TRUCK LOADING IN EACH LANE WITH NO 
ALLOWANCE FOR IMPACT REQUIRED TO PRODUCE MAXIMUM STEEL STRESS 

CORRESPONDING TO GIVEN DESIGN STRESS RATIO 

I' = 0.00 K' == 1.00 + I' 1.00 c 1.00 

Span 10 20 30 40 50 60 70 80 90 100 

RL .862 .745 .660 .595 .540 .495 .462 .435 .410 .o94 

K 1.30 1.30 1.30 1.30 1.286 1.27 1.256 1.244 1.2:l2 l.U2 

MD 12.5 53.4 123.9 229.7 366.1 542.2 775.7 1056.7 1400.2 1762.0 

KML 78.0 156.0 240.5 337.4 429.8 531.5 666.1 813.6 973.0 1145.6 

MT 90.5 209.4 364.4 567.1 795.9 1073.7 1441.8 1870.3 2373.2 2907.6 

1.50 30.8 32.6 34.3 35.9 37.2 39.2 43.0 47.0 51.1 55.0 
~ 1.40 28.6 30.0 31.3 32.6 33.6 35.3 38.5 41.9 45.5 48.9 

I 
I 1.30 26.3 27.4 28.4 29.3 30.0 31.3 34.0 36.9 39.9 42.7 

:3 1.20 24.0 24.7 25.4 26.1 26.4 27.4 29.6 31.9 34.3 36.6 

" 1.10 21.8 22.1 22.4 22.8 22.9 23.4 25.1 26.9 28.6 30.4 ... 
"' ~ 1.00 19.5 19.5 19.5 19.5 19.:l 19.5 20.6 21.8 23.0 24.3 
... 
~ .90 17.2 16.9 16.5 16.2 15.7 15.6 16.2 16.8 17.4 18.1 

" .so 15.0 14.3 13.6 12.9 12.1 11.6 11.7 ll.R 11.8 11.9 

·~ .70 12.7 11.6 10.6 9.7 8.6 7.7 7.2 6.8 6.2 5.8 
~ .60 10.4 9.0 7.7 6.4 5.0 3.7 2.8 1.8 0.6 
0 .50 8.2 6.4 4.7 3.1 1.4 
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Table 6.3 

EQUIVALENT H TRUCK LOADING IN ONE LANE WITH FliLL 
ALLOWANCE FOR IMPACT REQUIRED TO PRODCCE MAXIMUM STEEL STRESS 

CORRESPONDING TO GIVEN DESIGN STRESS RATIO 

l' = I K' = 1.00 ~ I = K C .75 

Span 10 20 30 40 50 tio · 70 ."I.J DO IUO 

RL .862 .74.5 .660 .59.5 .540 .49.1 .462 .435 .410 .394 
-~~----~-------,--~ -- -------

K 1.30 1.30 1.30 1.30 1.2~6 1.27 1.2;)(j 1.244 1.2~\2 1.222 

Mn 12.5 53.4 123.9 229.7 366.1 :i·l2.2 jj;},j 1U5G.7 1100.2 17G2.0 

KML ltLO 15G:o 240.5 337.4 429.>' f:i::\1.5 (i()().l X13.1> !l/3.0 11<15.6 

MT 90.5 209.4 :l64.4 567.1 7\J5.9 1073.7 144Ui 1~70.:1 2373.2 2\l(J7.G 
- --- -------

31.6 33.4 3;).1 36Y :Jk.5 41.1 ;.< !.50 45.6 50.:J 5.1.:) G0.1 
1.40 29.3 30.7 32.1 33.5 :J.1.~ :n.o 40.~1 45.0 49.2 53.3 

:§ 
1.30 27.0 28.1 29.1 30.1 :11.1 32.9 :l6.2 39.6 ·13.2 4ti.f) 
1.20 24.6 25.4 26.1 26.7 27.4 2~.7 :n.4 34.2 31.1 09.9 

" 1.10 22.:J 22.7 2:l.O 2:J.4 23.7 24.6 211.7 21-\.?\ 31.0 3:3.2 ... 
~ 
if. 1.00 20.0 20.0 20.0 20.0 20.0 20.5 21.9 23.4 24.9 26.5 

~ .90 17.7 17.3 17.0 16.7 16.3 16.:1 17.2 1~.0 
1 '·' 

lil.h 

" .80 1.5.4 14.6 13.9 13.3 12.6 12.2 12.4 12.7 12.;; 1:1.0 
-~ .70 13.0 11.9 10.9 9.9 8.9 k.1 7. 7 7.:~ 6.7 G.:l 
~ 

I 
.60 10.7 9.3 7.9 6.6 5.2 3.9 2.9 1.9 ,() 

Cl .50 8.4 6.6 4.9 3.2 1.5 
---------· - ·---·----------

Table 6.4 

EQUIVALENT H TRUCK LOADING IN ONE LANE WITH NO 
ALLOWANCE FOR IMPACT REQUIRED TO PRODUCE MAXIMUM STEEL STRESS 

CORRESPONDING TO GIVEN DESIGN STRESS RATIO 

I' = 0.00 K' = 1.00 + I' = 1.00 c .75 

Span 10 20 30 40 50 60 70 ~0 90 100 

R~, .862 .745 .660 .595 .540 .495 .462 .43G .410 .394 

K 1.30 1.30 1.30 1.80 1.2~6 1.27 1.25G 1.24·! 1.2:J2 1.222 
------

M" 12.5 53.4 12:!.9 229.1 366.1 542.2 775.7 1056.7 1400.2 1762.0 

7H.O 156.0 337.4 429.H 
·------·--

KML 240.5 5:ll.5 666.1 813.li 97:J.U 114.\.6 
---------

M.r 90.5 209.4 :164.4 567.1 7~5.9 1073.7 1441Y 1~70.3 z:n:J.2 2~107.6 
------~--

1.50 41.1 4:1.5 47.9 -19.5 52.:J ()~.2 73.4 ;.< 45.7 G7.:) 62.6 

I 1.40 38.1 40.0 41.7 43.5 44.H 47.0 51.4 fifi.9 60.7 6fi.2 

.S 1.30 35.1 36.5 :37.~ 39.1 40.0 41.H 15.4 4\1.2 5:l.2 57.0 
1.?0 3?.0 :n.o a:J.9 34.7 :35.2 :16.5 39.4 42.fi 4.).7 4R.H 

~ 1.10 29.0 29.5 29.9 30.4 :30.5 31.3 s:-L5 3S.8 :JH.2 40.5 

il 
1.00 26.0 26.0 26.0 26.0 25.7 26.0 27.5 29.1 30.7 32.:l 

.90 23.0 22.5 22.0 21.6 21.0 20.7 21.6 22.4 23.2 24.1 
.80 20.0 19.0 18.1 17.3 16.2 15.5 15.6 15.7 15.7 15.9 

.. .70 16.9 15.5 14.2 12.9 11.4 10.2 9.6 9.0 8.2 7.7 

61 .60 13.9 12.0 10.2 R.5 6.7 5.0 3.7 2.3 0.7 
.50 10.9 H.6 6.8 4.1 1.9 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 

c = 1.00 K' = 1.15 Span Length= Varies 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOI't IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQlJIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 

c = 1.00 K'= K = (1.00 +I) Span Length= Varies 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
E:}uivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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PERCENT OF DESIGN STRESS PRODUCED BY EQUIVALENT H TRUCKS 
ON SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN ONE LANE ONLY AND STATED ALLOWANCE FOR IMPACT 

Live Load Moments As Shown Are Those Produced by One Standard or 
Equivalent H Truck of Indicated Rating on Spans of Various Lengths 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMPACT 
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52 STRESS PRODUCING EFFECTS OF EQUIVALENT DESIGN LOADS 

DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMPACT 
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56 STRESS PRODUCING EFFECTS OF EQUIVALENT DESIGN LOADS 

DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
Sll\IPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE 

IN EACH LANE AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQLIVALENT H TRUCKS ON 
SI:\IPLE SPAN BRIDGES OF H 15 DESIG~ WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR IMP ACT 

c = .75 

2 

X I. 5 

(f) 
(f) 
W I. 0 
a:: 
1-
(f) 

z 
(.!) 

(f) 

w 
0 5 

f7 

0 
0 

~ 
~ ~ 

1...-:: ~ 
~ 

10 

K' =Varies 

; 

1 K = K' = I 30 v 
K' = 1.20 IY 1/ K' = Ll5 1\-

K' = 1.10-r._ IX v ~ !<' = 1.05 l)< fY ~ v K= 1.00---... 1\- .,/ 

r> v K ~ '/ v 
I/ /~ ~ ~ ,/ v k:: ~ ~ P' 

~ ~ v 
I/ :;.,;:: ~ ~v 

~ ~ ~ V' 

~ ~ ~ 
~ ~ ~ 
~ 

20 30 40 

H- TRUCK TONS 

Equations for Design Stress Ratio 

K = K' = 1.300; X= .0373 H + .255 
K' = 1.200; X= .0344 H + .255 
K' = 1.150; X= .0329 H + .225 
K' = 1.100; X = .0315 H + .255 
K' = 1.050; X= .0301 H + .255 
K' = 1.000; X= .0287 H + .255 

Figure 6.6b 

Span Length = 20' 

/ [/ v'/ )~ v 
v v v v / 

[/ v I/ v v 
v v 1/ 
v 

50 60 



TABLES AND CHARTS FOR EVALUATING OVERSTRESS 63 

DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR ll\lP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR IMPACT 

c = .75 

X 

Q 
f-
<! 
0: 

(j) 
(f) 

w 
0: 
t-
(f) 

z 
~ 
(j) 
w 
0 

2.0 

1.5 

1.0 

.5 v 

0 
0 

I 

I 

I 

~ 
~ ~ 

K' =Varies 

I K = K' = 1.286 - - ~ 
K'= 1.20 

K' = 1.15 ---='= 
K'= 1.10-"-

" ./ K' = 1.05 

K'= 1.00~ ""''\ / [X 
\. / )s ~ ~ 

/ .....:::: ~ ~ ~ v 
v ~ ~ ~ ~ :::--r 

/ ;.-::: ~ ~ :/' 
1/ ~ :§ f3 p-

I : t:d; :§@ ~ i 
' ~ ~ ~ ~ 

d.~ ~ 
~ 
I 

10 20 30 40 

H - TRUCK TONS 

Equations for Design Stress Ratio 

K = K' = 1.286; X= .0270 H + .460 
K' = 1.200; X = .0252 H + .460 
K' = 1.150; X= .0242 H + .460 
K' = 1.100; X= .0231 H + .460 
K' = 1.050; X = .0221 H + .460 
K' = 1.000; X= .0210 H + .460 

Figure 6.6e 

Span Length = 50' 

v v 
,/ v / 

v 
1\ v v ....-: v t:: / v 
K v v / ~ v / 

~ v t/ ~ v 
v vfo"" 

! 

I 

50 60 



66 STRESS PRODUCING EFFECTS OF EQUIVALENT DESIGN LOADS 

DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRLJCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR IMP ACT 
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DESIGN STRESS RATIO PRODUCED BY EQLIVALENT H TRLCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR IMPACT 
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DESIGN STRESS RATIO PRODUCED BY EQUIVALENT H TRUCKS ON 
SIMPLE SPAN BRIDGES OF H 15 DESIGN WITH ONE VEHICLE IN 

ONE LANE ONLY AND VARYING ALLOWANCE FOR IMP ACT 

c = .75 

X 

0 
~ 
<t 
0:: 

!/) 

2.0 

1.5 

~ 1.0 
0:: 
I­
I/) 

z 
(!) 

Ui 
w 
Cl 5 

0 

L,.o 

-
0 

t::;; I== 
~ 

:::;;-

10 

K' =Varies 

K = K'= 1.222 
K'= 1.20 

K'= 1.15 
K'= 1.10-r-, 

K'= 1.05 
K'= 1.00-r., 

I"'\ 

1:::::: 

k: ~ ~ ~ §:: 
1:::::::: ~ e:::: ~ .,.. 

~ r-
~ 

-. - ... 
20 30 40 

H-TRUCK TONS 

Equations for Design Stress Ratio 

K = K' = 1.222; X= .0149 H + .606 
K' = 1.200; X= .0146 H + .606 
K' = 1.150; X= .0140 H + .606 
K' = 1.100; X= .0134 H + .606 
K' = 1.050; X = .0128 H + .606 
K' = 1.000; X= .0122 H + .606 

Figure 6.6j 

['.._ 

~ 
f:::: 

Span Length = 100' 

'\ 

I"- ~ " 
' ~ ~ ~ 

I"\ 1'\ ' ....., ~ ~ 
~ ~ ~ ~ t:=: ~ 

~ ~ ~ ):::: I-
~ 

50 60 

j 



APPENDIX A 

NOTATIONS 

F = General term indicating stress or stress function. It includes all types 
of stress or stress functions such as moment M, shear V, direct stress 
P, and so on. Therefore, F in the general equations may be replaced 
by M,V,P, or other stress function as may be required for particular 
stress under consideration. The subscripts and primes for F have the 
same corresponding meaning as those given for moment M, shear V, and 
direct stress P. 

H = Equivalent H truck loading in tons. For example, if a given vehicle 
produces the same maximum moment (shear, or other stress function) 
in a given member as a standard H truck weighing 23.6 tons it would 
be rated as an equivalent H 23.6 truck loading, in which case H = 23.6 
(tons). 

H, =Equivalent H-S truck loading in tons. For example, if a given vehicle 
produces the same maximum moment (shear, or other stress function) 
in a given member as a standard H-S truck weighing 34.8 tons it would 
be rated as an equivalent H, 34.8 truck loading, in which case H, = 34.8 
(tons). 

I Impact fraction (maximum 0.30 or 30 percent) as determined by the 
AASHO f01·mula 

m which 
I=50/(S+125) 

S= Length in feet of the portion of the span which is 
loaded to produce the maximum stress in the member. 

I' = Impact fraction assumed in connection with the determination of the 
stress producing effects of any given vehicle under consideration. For 
example, if the speed of a given vehicle were limited, to say 5 mph, this 
impact fraction might be considered so small as to be negligible, in which 
case I' might be assumed equal to zero. Depending on traffic and con­
ditions, therefore, the impact fraction I' could be assumed at any reason­
able value between zero and the full impact allowance I as defined by 
the AASHO design specifications. 

K = (1.00 +I) = Coefficient by which the design live load moment (shear, 
or other stress function) is multiplied to obtain the live load plus im­
pact moment (shear, or other stress function) used for design. Thus, 
Kl\h would be equal to the live load plus impact moment used for de­
sign: similarly, KVL would be equal to the live load plus impact shear 
used for design. 

K' = (1.00 +I') = Coefficient by which the live load moment (shear, or other 
stress function) produced by a given vehicle is multiplied to obtain the 
live load plus impact moment (shear, or other stress function) produced 
on a given span or in a given member by the vehicle under considera­
tion. Thus, K'M'L would be equal to the live load plus impact moment 
produced on a given span by any particular vehicle under consideration. 

Mn =Dead load moment as included in total design moment. 

ML =Live load moment as included in total design moment. 

MT =Moment used for design or total design moment. 

M'r.=Live load moment produced by given vehicle under consideration. 
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M1 =Live load moment produced by a standard H truck of N 1 tons. 

N 1 =Numerical H design designation or rating of a given bridge in tons. 

N2 =Numerical H-S design designation or rating of a given bridge in tons. 
For example, N 2 = 27 for an H 15- S 12 design bridge. 

P = Direct stress or axial force applied to a tension or comp1·ession member 
in a bridge ti·uss or other f1·amed structure, in pounds or kips as may 
be indicated. 

Pv =-Direct stress or axial force in a tension or compression member pro­
duced by dead load only, in pounds or kips as may be indicated. 

PL ='Direct stress or axial force in a tension or compression member pro­
duced by the design live load only, in pounds or kips as may be indi­
cated. 

PT =Direct stress or axial force in a tension or compression member pro­
duced by the total design load in pounds or kips as may be indicated. 

P'L =Direct stress Ol' axial force in a tension or compression member pro­
duced by any given vehicle unde1· consideration, in pounds or kips as 
may be indicated. 

Rv== (Mv/1\h) =Ratio of dead loacl moment Mn (shear, m· other stress func­
tion) to total moment l\h used for design. In terms of shear this ratio 
would be Rv = (VI,/Vr), and for other stress functions it would be ~im­
ilar. 

R~. = (KMr/MT) =Ratio of live load plus impact moment, KM1, (shear, or 
other stress function) used for design, to the total design moment, Mr, 
01· total moment (shear, or other stress function) used for design. In 
terms of shear, this ratio would be RL = (KV1/Vr), and for other stress 
functions it would be similar. 

Vn = Dead load shear as included in total design shear. 

Vr. =Live load shear as included in total design shear. 

V'L =Live load shear produced by given vehicle under consideration. 

VT = Shear used for design or total design shear. 

X =Ratio of live load+ impact + dead load moments (shear, or other stress 
function) to total design moment (shear, or other stress function, re­
spectively). 



APPENDIX B 

CONVERSION COEFFICIENTS FOR EQUIVALENT LOADINGS 

ON SIMPLE SPANS OF VARIOUS LENGTHS 

Owing to the fact that an H truck, an H-S truck, or a single concentrated 
load weighing one kip each produce maximum moments and shears, on a given 
span which are definite values, their relative magnitudes may be fully des­
cribed by the 1·atios that each one bears to the other two. Thus, if these 
ratios are known fo1· a given span, they may be thought of as coefficients 
which may be used for converting any one of the above loadings into equiv­
alent loadings measured in terms of either or both of the other two. These 
ratios or coefficients for certain selected spans up to 100 feet in length are 
given in Table B.l and Fig. B.l based on maximum moments and in Table 
B.2 and Fig. B.2 based on maximum shears. 

In Table B.l, for example, it will be seen that the coefficient based on 
maximum moment, for converting an equivalent H truck loading into an equiv­
alent H-S t.l'Uck loading on a 50-foot span is given as 1.28. This means that 
an H truck of given weight will produce 1.28 times as much moment as an 
H-S truck of equal weight on a 50-foot span. It also means that an H truck 
of given weight will p1·oduce as much moment as an H-S truck weighing 1.28 
times as much on a 50-foot span. More specifically, suppose a given heavy 
vehicle has been found to pl'Oduce the same moment on a 50-foot span as an 
H20 truck and 1·ated accordingly as an equivalent H20 truck loading. Now 
suppose it is dcsi1·ed to conve1·t the given heavy vehicle into an equivalent 

Table B.l 

CONVERSION COEFFICIE!\TS BASED ON MOMENTS FOR EQUJV ALENT 
LOADINGS ON SIMPLE SPANS OF V ARJOlTS LENGTHS 

For SPAN 

Converting 10 20 30 •10 ;')() GO 70 ~() 90 

EHT t() EHST 1.80 1.80 1.57 1.3~ 1.28 1.22 1.18 1.15 1.13 
EHST to EHT .S6 .56 .G4 .'7:2 .JS -~:2 ,)-;5 .K7 .s.~ 

EHT t:) ECL .80 .~0 .>'2 .KG .89 .91 .92 .93 .91 
ESL to EHT 1.25 1.25 1.22 1.1 G 1.12 1.10 1.09 1.07 1.07 

EHT to EHD 1.00 1.00 1.00 1.00 1.00 .98 .91 .f5 .so 
EHD to J<:HT 1.00 1.00 1.00 1.00 1.00 1.02 1.10 1.17 1.25 

EHT to EHSD 1.80 1.80 1.51 1.38 l.2R 1.22 1.1.' 1.15 1.13 
EHSD to EHT .56 .5G .64 .72 .iE< -~2 ,t-;5 .R7 .88 
-------
EHST to ECL .44 .44 .52 .62 .in .75 .78 . .Rl .oil 
ECL to EHST 2.25 2.25 1.91 l.GO 1."3 1.34 1.28 1.24 1.21 

EHST to EHD .56 .56 .64 .72 .78 .80 .77 . 74 . 71 
EHD to EHST 1.80 1.80 1.57 1.38 1.28 1.25 1.29 1.35 1.41 

EHST to EHSD 1.00 1.00 1.00 1.00 1.00 !.00 1.00 1.00 1.00 
EHSD to EHST 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ECL to EHD 1.25 1.25 1.22 1.16 1.12 1.08 .~.9 .D2 .~;) 

EHD to ECL .80 .80 .HZ .~6 .B9 .93 1.01 1.09 1.17 

ECL to EHSD 2.25 2.25 1.91 1.60 1.43 1.34 1.28 1.24 1.21 
EHSD to ECL .44 .41 .52 .62 . 70 .75 .78 .~1 .S:J 

EHD to EHSD 1.80 1.80 1.57 1.3~ 1.28 1.25 1.29 1.35 1.41 
EHSD to EHD .56 .56 .64 . 72 .7S -~0 .77 .74 .71 

EHT --Equivalent H truck loading. 
EHD--Equivalent H design loading. 
ERST-Equivalent R S truck loading. 
EHSD-Equivalent H-S design loading. 
ECL Equivalent concentratc'd load. 
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CONVERSION COEFFICIENTS FOR EQUIVALENT LOADINGS BASED 
ON MAXIMUM MOMENTS IN SIMPLE SPANS 
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Table B.2 

CO:\"VERSION COEFFICIENTS BASED ON SHEAR FOR EQUIVALENT 
LOADINGS ON SIMPLE SPANS OF VARIOUS LENGTHS 

For SPAN 

Converting 10 20 so 4 ~ 50 60 70 so 90 100 

EHT to EHST 1.~0 1.49 1.32 1.21 1.16 1.13 1.11 1.10 1.09 l.OH 
EHST to EHT .56 .67 .16 .~3 .86 -~8 .90 .91 .92 .93 

EHT to ECL .i<O .~fi .91 .9:1 .94 .95 .96 .97 .9H .9H 
ECL to EHT 1.25 1.16 1.10 1.08 1.06 1.05 1.04 1.03 1.02 1.02 

EHT to EHD 1.00 1.00 1.00 .96 .90 .H4 .79 .75 .71 .67 
EHD to EHT 1.00 1.00 1.00 1.04 1.11 1.19 1.27 1.3:l 1.41 1.49 

EHT to EHSD 1.80 1.49 1.32 1.21 1.16 1.13 1.11 1.10 1.09 1.08 
EHSD to EHT .56 .()/ .76 .83 .86 .88 .90 .91 .92 .93 

EHST to ECL .44 .58 .69 . 77 .81 .84 .87 .88 .90 .91 
ECL to EHST 2.25 1. 73 1.45 1.30 1.23 1.18 1.15 1.13 1.12 1.09 

EHST to EHD .56 .67 .76 .79 .77 .75 .72 .6~ .65 .63 
EHD to EHST 1.80 1.49 1.32 1.26 1.29 1.34 1.40 1.46 1.53 1.60 

EHST to EHSD 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
EHSD to EHST 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ECL to EHD 1.25 1.16 1.10 1.03 .95 .88 .83 .78. .73 .69 
EHD to ECL .so .86 .91 .97 1.05 1.14 1.20 1.28 l.:l7 1.45 

ECL to EHSD 2.~5 1.7:J 1.40 1.30 1.23 1.18 1.15 1.13 1.12 1.10 
EHSD to ECL .44 .5H .C9 .77 .81 .84 .87 .88 .90 .91 

EHD to EHSD 1.80 1.4!! 1.32 1.26 1.29 1.34 1.40 1.46 1.53 1.60 
EHSD to EHD .. 56 .67 .7G .79 . 78 . 75 .71 .6~ .65 .63 

EHT Equivalent H truck loading. 
EHD-Equivalent H design loading. 
EHST-Equivalent H-S truck leading. 
EHSD-Eqnivalent H ·S de..:ign loading. 
ECL-Equiva!ent concentrated load. 

H-S truck loading. This may be done by noting that 1.28 X 20=25.6 tons would 
be required on an H-S truck to produce the same moment as the given vehicle 
on a 50-foot span. The given vehicle, therefore, would be rated as an equiv­
alent 25.6 (ton) H-S truck loading or an equivalent 51.2 (kip) H-S truck 
loading. 

In a similar manner, if it were desired to convert an equivalent 51.2 (kip) 
H-S truck loading into an equivalent H truck loading on a 50-foot span it 
would be done by multiplying the H-S truck rating by the coefficient 0.78 as 
shown in the fifth column of Table B.1, or 51.2X.78=40.0 kips. This means 
that the given vehicle could be rated as either an equivalent 51.2 (kip) H-S 
truck loading, or an equivalent 40.0 (kip) H truck loading on a 50-foot span. 

Similarly, an equivalent 40.0 (kip) H truck loading may be converted into 
an equivalent concentrated load on a 50-foot span by multiplying the H truck 
rating by the coefficient 0.89 as shown in the fifth column of Table B.1, or 
40.0 X .89=35.6 kips. This means that the given vehicle would be rated as 
an equivalent 35.6 (kip) concentrated load on a 50-foot span. 

Referring now to Table B.2 it will be seen that the coefficient based on 
maximum shear, for converting an equivalent H truck loading into an equiv­
alent H-S truck loading on a 50-foot span is given as 1.16. This means that 
an H truck of given weight will produce 1.16 times as much shear as an H-S 
truck of equal weight on a 50-foot span. It also means that an H truck of 
given weight will produce as much shear as an H-S truck weighing 1.16 times 
as much on a 50-foot span. More specifically, suppose a given heavy vehicle 
has been found to produce the same shear on a 50-foot span as an H20 truck 
and rated accordingly as an equivalent H20 truck loading. Now suppose it 
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CONVERSION COEFFICIENTS FOR EQUIVALENT LOADINGS BASED 
ON MAXIMUM SHEAR IN SLVIPLE SPANS 
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1s desired to convert the given heavy vehicle into an equivalent H-S truck 
loading. This may be done by noting that 1.16 X 20=23.2 tons would be 
required on an H-S truck to produce the same shear as the given vehicle on a 
50-foot span. The given vehicle, therefore, would be rated as an equivalent 
23.2 (ton) H-S truck loading or an equivalent 46.4 (kip) H-S truck loading. 

In a similar manner, if it were desired to conve1t an equivalent 46.4 (kip) 
H-S truck loading into an equivalent H truck loading on a 50-foot span it 
would be done by multiplying the H-8 truck rating by the coefficient 0.86 
as shown in the fifth column of Table B.2, or 46.4X.86=40.0 kips. This 
means that the given vehicle would be rated as either an equivalent 46.4 (kip) 
H-S tl'Uck loading, or an equivalent 40.0 (kip) H truck loading on a 50-foot 
span. 

Similarly, an equivalent 40.0 (kip) H truck loading may be converted into 
an equivalent concentrated load on a 50-foot span by multiplying the H truck 
rating by the coefficient 0.94 as shown in the fifth column of Table B.2, or 
40.0 X .94=37.6 kips. This means that the given vehicle would be rated as 
an equivalent 37.6 (kip) concentrated load on a 50-foot span. 

From these illustrative examples, then, it will be seen that any given 
equivalent loading may be converted into any other loading equivalency simply 
by multiplying the rating of the given equivalent loading by the appropriate 
coefficient indicated for the span under consideration. 
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