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FOREWORD

The cost of bridges and other highway structures is not only a function
of the sizes and weights of the heavier motor vehicle loads to which they are
subjected but also the frequencies with which the various intensities of these
loads are applied.

More accurate knowledge concerning the stress producing effects of the
various heavy vehicle types and loadings, and their expected frequencies,
should contribute toward a reduction in the cost of these structures through
the establishment of minimum design standards which are consistent with
practical needs.

Certain of the complexities involved in these problems have been removed.

Trucks and bridges can be brought to a common denominator. The
method presented for accomplishing this and all pertinent data along with
a discussion on estimating the occurrence of various weight concentrations in
traffic appear in this publication.

It is hoped that the technical and nontechnical publics whose problems
touch on these fields shall avail themselves of it.
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SUMMARY

The rating of heavy motor vehicle types and loadings—such as those re-
ported by a local, state, or national loadometer survey—in terms of equivalent
H truck loadings, equivalent H design loadings, equivalent concentrated loads
or any other convenient standardized loads can be accomplished by evaluating
some stress producing effect on a bridge type and then finding the gross
weight required on a standard vehicle to produce the same effect.

Tables and charts are provided for rating most any type of heavy vehicle—
irrespective of its wheel base length, number and spacing of axles, or distribu-
tion of load among the axles—ordinarily encountered in highway traffic, in
terms of standardized equivalent loads.

It was observed that the Poisson distribution yields mathematical answers
which are sufficiently accurate in many practical situations for estimating the
frequencies of various intensities of highway loads or loading equivalencies,
and for evaluating their stress producing effects on simple span bridges and
other highway structures.



INTRODUCTION

This bulletin has been prepared for the convenience of those who are con-
cerned with one or more problems associated with the sizes, weights, and
frequencies of heavy motor vehicles commonty used for heavy trucking opera-
Lons in present-day highway traffic. It was prepared in response to the long-
standing and increasing needs of engineers and others for factual information,
principles, and methods that might be used as an approach to the analysis and
solution of certain of these problems.

In recognition of these needs, and as a partial contribution toward their
fulfillment, it presents the results obtained from a rather extensive investiga-
tion of highway loads and their stress producing effects (based on maximum
bending moment) on simple span bridges of various lengths, and undertakes
to show how this information may be used for analyzing and solving several
tyvpes of these problems. And, by way of showing how this approach is re-
lated to certain other elements which must be taken into account in the study
of heavy motor vehicle problems and their influence on highway and bridge
provision requirements, it also presents a brief discussion of some of the more
important considerations involved in the establishment of minimum standards
for the design, construction, or rating of highways and bridges for given traffic
conditions.

The results of these studies not only provide the means for solving several
interesting problems pertaining to the stress producing characteristics of the
more common heavy vehicle types and loadings and for measuring their effects
in terms of equivalent loads, but they also include a wide variety of basic data
that should prove to be of value in the study of similar or related problems
that are not considered in this report. The problems selected here for special
consideration will be discussed later in more detail.

It requires but little reflection to appreciate the fact that the problems
associated with the sizes, weights, and frequencies of heavy motor vehicles
ordinarily encountered in highway traffic are both numerous and varied. Their
influence not only extends into practically every phase of highway design,
construction, maintenance, and administration, but also into the fields of high-
way economics and motor transport, and even into the design and manufacture
of heavy motor vehicles and other transportation equipment. The scope of
this bulletin, however, is limited to a comparatively small segment of these
problems; namely, those whose solutions are related in one way or another
to the stress producing characteristics of highway loads or their effects on the
load carrying capacity of simple span bridges of various lengths.

The main objectives of this work are:

1. To furnish, arrange, and catalogue the factual information and other
background material required for quickly and accurately determining the stress
producing characteristics of the more common heavy vehicle types and loadings
on simple span bridges of various lengths.

2. To outline and discuss the method proposed for converting a given
heavy vehicle loading into an equivalent load whose stress producing effects
on various span lengths are the same as those for the given vehicle loading.
For this purpose, heavy vehicle loads may be converted into equivalent H
truck loadings, equivalent H-S truck loadings, equivalent concentrated loads,
or equivalent loads based on any other standardized design vehicle or arbi-
trary loading that might prove to be desirable as a basis of measure or com-
parisen.

3. To illustrate how the use of equivalent loads provide a simple yet
rational means for analyzing the relative frequencies, or fiequency distribution,
of various intensities of heavy vehicle loads for given traffie conditions.
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2 METHOD OoF CONVERTING HEAVY MOTOR VEHICLE LOADS

4. To show how the frequency distributions of various intensities of
equivalent leads obtained from the heavy vehicle data reported by a local,
state, or national loadometer survey provide a quantitative measure of the
level or levels of heavy motor vehicle operation at those stations or on those
routes covered by such surveys.

5. To introduce and explain the use of some of the more elementary
statistical methods which have been found appropriate for determining the
frequencies of various intensities of equivalent vehicle loadings for given
traffic conditions.

6. To point out and discuss certain potential uses for the above mentioned
data that are not specifically covered by the foregoing objectives.

The substance of these objectives may be summarized rather briefly by
saying that the over-all objective of this bulletin is to develop a mathematical
procedure, based on accepted engineering principles, for the rating of the
more common heavy vehicle types and loadings in terms of standardized
equivalent loads; and to show how the frequency distributions of various in-
tensities of these equivalent loads provide a simple precise and yet rational
means for measuring the level or levels of heavy motor vehicle operation
corresponding to various traffic conditions.

Since the principal function of this bulletin is to serve as a reference,
handbook, or catalogue of highway loads, and their stress (moment) producing
effects on simple spans, and for the rating of heavy vehicle types and load-
ings in terms of equivalent loads, more than half the volume is devoted to the
presentation of tables and charts for these purposes. The major portion of
the remaining half consists of tables and charts pertaining to the analysis of
heavy motor vehicle operation in 1942. The frequency distributions of equiv-
alent H truck loadings and equivalent concentrated loads shown in these
studies were based on the sizes and weights of the heavy vehicles reported by
the special loadometer survey of 1942. For these reasons, the text material
has been purposely held to a minimum, most of which is in explanatory articles
of Part I and Part III.

For convenience, the presentation and discussion of this material has been
divided into six parts. Part I deals with the development and use of equiva-
lent loads as a means for measuring heavy motor vehicle operation. Part II
presents the reference tables and charts for the identification and rating of
heavy vehicle types and loadings in terms of equivalent loads, and for de-
termining the maximum moment produced by such vehicles on simple span
bridges of various lengths. Part III undertakes to show how the Poisson
distribution formula correlates with the measurement of the frequency dis-
tribution of various intensities of equivalent heavy motor vehicle loads on
various spans and how the results of such studies provide a quantitative
measure of heavy motor vehicle operation. Part IV presents a study of the
observed frequency distributions of equivalent H truck loadings, as obtained
from the heavy vehicle data reported by the 1942 loadometer survey, and
compares the results with the calculated frequencies based on the Poisson
frequency distribution formula as discussed in Part III. In a similar manner,
Part V presents a study of the observed and calculated frequency distributions
of equivalent concentrated loads based on the same heavy vehicle data as that
used to obtain the frequency distributions given in Part IV. In fact, the only
difference between Parts IV and V is that the observed and calculated fre-
quency distributions given in Part V are based on equivalent concentrated
loads instead of equivalent H truck loadings as shown in Part IV. The bulletin
then closes with the brief summary and conclusions given in Part VI.



Part 1

DEVELOPMENT AND USE OF EQUIVALENT LOADS FOR
MEASURING HEAVY MOTOR VEHICLE OPERATION

1. PERMISSIBLE VEHICLE WEIGHTS ON ROADWAYS AND BRIDGES

1.1 General

The over-all objective of this bulletin, as was discussed in some detail in
the introduction, is to develop a rapid yet simple and accurate mathematical
procedure for the rating of heavy motor vehicle types and loadings, such as
those reported by a loadometer survey, in terms of equivalent H truck loadings
or any other convenient standardized equivalent loads; and to show how the
frequency distributions of these equivalent loads provide a rational means for
measuring the level or levels of heavy motor vehic’'e operation corresponding
to given traffic conditions. In order to accomplish these ends, it is first
necessary to find a satisfactory method of converting a given heavy vehicle
loading into an equivalent design load.

This may be accomplished by evaluating some stress producing effect,
such as maximum moment or shear, caused by the given vehicle on, say, a
40-foot simple span bridge and then finding the gross weight required on,
say, a standard H truck to_ produce the same effect. For example, if the
given vehicle caused a maximum moment on this 40-foot span of 259.5 kip-
feet (see AASHO moment table) it would produce the same maximum bending
stress as an H 15 truck. On this basis, therefore, the given vebicle would
be rated as an equiva'’ent H 15 truck loading on a 40-foot simple span bridge.
In a similar manner, the given vehicle could be rated in terms of an equivalent
H-S truck loading, equivalent concentrated load, or any other standardized
equivalent load as may be desired. Moreover, since the maximum moment
produced by any given standardized vehicle or loading on a given span bears
a constant relationship to the maximum moment produced by any other
standardized loading on the same span, any given vehicle that has been con-
verted into either an equivalent H truck loading, an equivalent H-S truck
loading, or an equilavent concentrated load, on a given span, can easily be
rated in terms of either of the other two equivalent loadings simply by using
the conversion coefficients as explained in Article 13.

Owing to the fact that it is the bending stresses that ordinarily determine
the load carrying capacity of simple span bridges, the maximum moments
produced by heavy vehicle types and loadings on simple spans of various
lengths are used in this bulletin as a basis for the determination of equiva-
lent loads. The tables and charts given in Part II provide the means for
quickly determining the maximum moment produced by heavy vehicle types
and loadings on various spans and also for converting them into equivalent
loads. The use of this material will be more fully explained in Article 5.

Another important use of equivalent loads is that of determining per-
missible vehicle weights on bridges of various lengths and design designations.
If the H loading equivalent of a given vehicle on a 40-foot span were known,
for example, it would then be a simple matter to decide whether or not it
should be permitted to pass over, say, an H 15 bridge of that length. The
over-all problem of determining permissible vehicle weights on roadways and
bridges, however, is not a simple one. And though no attempt will be made
here to cover all the elements involved, it is believed that a brief weview of
some of the more important considerations which must be taken into account
in the study of these problems will contribute toward a better appreciation

3
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of their importance. Such a review is given in the remaining sections of
this article.

1.2 The Need For Better Understanding of Heavy Motor Vehicie Problems

The maximum size and weights of heavy motor vehicles that should be
permitted to operate over the Nation’s highways and bridges are subjects
that have been of major importance for many years to highway ofticials,
legislative bodies, commereial truckers, and the manufacturers of heavy motor
vehicles and other transportation equipment. An almost inconceivable amount
of very careful and painstaking study and experimental work has been done
on these subjects, particularly during the past thirty or forty years. The
importance of these subjects has been increasing year by year along with
and at a pace which approximately parallels the rapid increases in commercial
trucking operations that have taken place since the end of the first World
War. Many able investigators have made valuable contributions to our present
store of information on these subjects, but much more research and study
will be required to find the ultimate answers to many of the problems pertain-
ing to the sizes and weights of heavy motor vehicles and their effects on the
construction and maintenance costs for safe and adequate highway facilities.

For the benefit of those who are not altogether familiar with these prob-
lems or the developments leading up to present-day regulation of motor
vehicle sizes and weights, it should be explained that many elements of these
problems are of a highly controversial nature. And owing to the faect that
certain of these matters are of a controversial nature, it should be further
explained that the reason for discussing them here is to contribute, if possible,
toward a better understanding of some of the issues involved rather than to
arrive at any specific recommendations concernitig the economic justification
of any particular level of permissible axle loads and gross loads that should
obtain for given traffic conditions.

The reasons for controversy, however, are not difficult to find since they
arise mainly from the different points of view and conflicting interests of
(1) those whose business would benefit from either heavier permissible axle
loads or gross vehicle weights or both and (2) those (mainly highway officials
and legislative bodies) who are charged with the duty and responsibility of
providing protection for existing as well as new highway facilities in such
ways as to insure their maximum economic! life.

In the planning of new facilities, for example, highway officials must
not only decide on the maximum permissible axle loads and gross leads to be
accommodated, but they must also estimate or otherwise determine the ex-
pected frequencies of various intensities of these loads before the actual design
of such facilities can even be started. After these matters have been settled
and a new facility has been built, it is then the duty of some appropriate
regulatory body to see to it that loads in excess of those for which the facility
was designed are not permitted.

From a practical point of view, even the layman will agree that thicker
pavements and stronger bridges are required to support or sustain heavier
loads, and, as a consequence, that highway and bridge provision will cost more
to accommodate the heavier loads than would otherwise be required for light
loads. In general, what he fails to understand is that the cost of highway
and bridge provision is not only a function of permissible axle loads and gross
loads, but is also a function of the anticipated frequencies of various inten-
sities of these loads. If the truth of these facts, which are accepted as com-
monplace by highway and bridge engineers, could be explained to the layman
in such a way as to leave no doubt of their validity in his mind, one of the
major sources of misunderstanding and controversy concerning the necessity
of imposing maximum limitations on axle loads and gross loads would auto-
matically be eliminated.

H, 8. Fairbank, *‘Sizes and Weights of Motor Vehicles Reqguire Economie Study.” CIVIL
ENGINEERING, June, 1949, pp, 40-43.
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1.3. Effects of Heavy Axle Loads on Roadway Surfaces and Foundations

Insofar as the design of roadway surfaces and foundations are concerned,
the deteriorating effects of repeated excessive axle loads can be explained
rather easily by briefly describing the procedure recommended by competent
highway authorities for evaluating the effects of repeated applications of
various intensities of these loads. Concrete, for example, like other structural
materials, is affected more by repeated critical stresses than by a single stress
of the same magnitude. This effect, for want of a better name has been
called “fatigue.” Figure 1.1 shows the fatigue behavior of concrete subjected
to repeated bending stresses such as those which occur in pavements during
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the passage of a heavy axle load. This curve is in agreement with Illinois
Highway Department studies, which are the most extensive studies available
on the fatigue behavior of full-sized concrete specimens under repetitions of
flexural stress, and it is also in agreement with current pavement design
practice. This curve shows the relationship between ultimate strength and
the number of stress repetitions required to induce failure in a concrete
pavement.

Perhaps the best way to explain the meaning of this curve (Figure 1.1)
would be to avoid the complications involved in an actual design by applying
it to an overly simplified illustration. The vertical scale shows the value of
flexural stress measured in terms of percent of ultimate flexural strength of
concrete and the horizontal scale shows the number of stress repetitions to
induce failure. The ultimate flexural strength of concrete ordinarily used
for pavements is somewhere in the neighborhood of 700 psi. So if 700 psi
concrete were used, then 700 psi would represent 100 percent of its ultimate
flexural strength. In connection with this fatigue strength curve (Figure 1.1)
it will be noted that a concrete pavement can withstand an indefinitely large
number of stress repetitions provided the stress does not exceed about 50
percent of its ultimate strength. In the case of 700 psi concrete, this means
that it would not fail from repeated load applications so long as the stress
resulting from such loads does not exceed 350 psi, which would be the design
stress on about 50 percent of its ultimate strength. On the other hand, if the
repeated load were increased to such an extent that each application would
result in a stress equal to 60 percent of the ultimate strength, or 420 psi, a
fatigue failure would be expected to occur after about 22,000 repetitions of
this load. Now if this repeated load were increased still further so that each
application produced a stress equal to 75 percent of the ultimate strength or
700 x .75 = 525 psi, it would require only about 2,000 repetitions to cause a
fatigue failure.

If this illustration were expressed in terms of a 700 psi concrete pave-
ment that had been designed for an indefinitely large number of applications
of 18,000-pound axle loads based on a design stress equal to 50 percent of the
conecrete’s ultimate strength or 350 psi, then it would not fail as a result of
fatigue, irrespective of how many applications of load were applied to it
provided they did not exceed the 18,000-pound axle load for which it was
designed. Another way of describing this pavement would be to say that
its strength was such that a single application of a certain excessive axle
load would produce a stress equal to 100 percent of its ultimate strength, or
700 psi; and if such a load were actually applied to this pavement it would
be expected to fail the first time. The significant thing to note in connection
with this pavement design, though, is that even comparatively small increases
in axle loads in excess of the 18,000 pounds for which it was designed would
rather quickly induce fatigue failure.

With respect to fatigue action, therefore, it can be stated more specifically
that, as the applied load on a pavement increases from the design load to a
load which is of sufficient magnitude to cause failure in a single application,
the resulting stresses increase. Then, for each stress increase that is above
or beyond the design stress provided, there is an accompanying decrease in
the number of load applications which will induce fatigue failure.

Although it would be out of place here to undertake a detailed discussion
of pavement design, the relationship between repeated loads and fatigue
action, as indicated in Figure 1.1, can be illustrated by analogy rather simply.
For example, suppose that a plain concrete member, such as a simply supported
rectangular beam, is made of such size that a single 18,000-pound concentrated
load applied at its mid-span will produce a maximum flexural stress equal
to 50 percent of its ultimate strength. If it is now assumed for the purpose
of this example that the curve in Figure 1.1 represents the relationship be-
tween repeated loads and fatigue action for isolated beams of this kind, then
if a number of them were tested in the laboratory it would be found that they
could withstand an indefinitely large number of repetitions of the 18,000-
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pound load without causing a fatigue failure. On the other hand, if the
appiied load were inereased to a point where it produced a maximum flexural
stress equal to 60 percent of the concrete’s ultimate strength, it will be seen
that about 22,000 repetitions of this load would be expected to induce a
fatigue failure. Similarly, if the applied load were increased to a point where
it would produce a maximum flexural stress equal to 75 percent of the con-
crete’s ultimate strength, only about 2,000 repetitions would be required to
cause a fatigue failure.

The above examples—even though they are overly simplified—will not
only serve to illustrate the most up-to-date thought on pavement design
practice but also to demonstrate the serious damage to roadway foundations
and pavements that can result from axle loads which are but a few percent
in excess of those used for their design.

In order to avoid complicating the discussion of these examples, nothing
was said about “pumping” and its deteriorating effects on concrete pave-
ments and their supporting foundations or subgrades. Pumping is defined?
as the ejection of water and subgrade soil through joints, cracks and along
the edges of pavements caused by downward slab movement actuated by the
passage of heavy axle loads over the pavement after the accumulation of free
water on or in the subgrade. No attempt will be made here to go into the
details of pumping action and how it contributes to the structural failure of
concrete pavements and subgrades. For the present purpose of this discussion
it is only necessary to point out that pumping failures do not occur on roads
where there are no heavy axle loads. This was one of the conclusions? re-
ported by the Highway Research Board which was arrived at after about six
yvears of research studies by a committee of outstanding engineers under the
chairmanship of Harold Allen, Principal Materials Engineer, Public Roads
Administration. On this point, the committee’s report says: “The data
collected show conclusively that the repeated passage of heavy axle loads is
the primary activating element in pumping at joints and cracks in concrete
pavements.” Specific cases pertaining to the effects of heavy ax'e loads on
pumping could be cited at almost any length but the following quotation from
this committee’s report will suffice since it is typical:

“The general effect of traffic on pumping has been demonstrated in a
number of ways. On many of the four-lane highways surveyed practically all
of the pumping was found in the outside lanes which are used by the slower,
heavily loaded trucks, whereas little if any pumping was found in the inner
lanes used by the faster and lighter traffic. This effect is further evidenced
by instances where heavy traffic on one lane of a two-lane highway has pro-
duced pumping, while the lighter traffic on the other lane has produced none.
An outstanding example of this was found on US 81 near Salina, Kansas. On

this road and the northbound traffic was composed of loaded tank trucks from
a refinery area and the southbound lane carried the returning empty trucks.
Practically all of the pumping was found on the northbound lane where an
average daily commercial axle count was 349 axles under 10,000 1b. and 275
axles over 10,000 1b., of which 155 were over 14,000 lb. and 10 were over
18,6GG 1b. Almost no pumping was found on the southbound lane where the
average daily commercial axle count was 506 axles under 10,000 1b. and only
38 axles over 10,000 lb. of which but 17 were over 14,000 1b. and 3 were over
18,000 1b.”

Other authoritative evidence running intec hundreds of pages could be
given concerning the design, construction, and maintenance of roadway sur-
faces and foundations, but the preceding discussion should be sufficient to
demonstrate conclusively that both the minimum standards for highway pro-

2, 1‘Eirxa] Report of Committee on Maintenance of Concrete Pavements as Related to the Pumping
Action of Slabs, Highway Research Board, Vol. 2&, heavy axle loads are the primary activating
clement in pumping at joint and cracks in conerete pavements, pp. 281-310.
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vision and the useful life of a given facility are not only a function of per-
missible axle loads but are also a function of the anticipated frequencies of
various intensities of these loads.

1.4 Permissible Vehicle Weights on Simple Span Bridges

The vehicles that are of particular interest in connection with these studies
are the various types of heavy-axle trucks and other vehicle combinations
whose axle-loads, axle-group loads, or gross weights are considered sufficiently
heavy to influence the design of bridges and other highway structures. Heavy
vehicles are defined as those with one or more axles weighing 18,000 pounds
or more; or, based on gross weight, all single-unit trucks weighing 26,000
pounds or more, and all other combinations weighing 34,000 pounds or more.
These were the gross weights used in the 1942 loadometer survey as the
dividing line between light-freight vehicles and heavy-freight vehicles by the
Planning Survey Divisions of the several State Highway Departments and
the Bureau of Public Roads.

After many years of study, the American Association of State Highway
Officials formulated a “Policy Concerning Maximum Dimensions, Weights and
Speeds of Motor Vehicles to Be Operated Over the Highways of the United
States” which was adopted Apnl 1, 1946. The standards recommended by
this policy are as follows:

(1) WIDTH

No vehicle, unladen or with load, shall have a total outside width in
excess of 96 inches.

(Note: It is recognized that certain conditions inherent in the design of
vehicles suggest the desirability of 102 inches as a standard of maximum
width. The existence of numerous bridges and a large mileage of highways
too narrow for the safe accommodation of vehicles of such width precludes
the present adoption of the higher standard of width. The State Highway
Departments and Public Roads Administration are urged to give consideration
to the desirability of eventual provision for the accommodation of vehicles
102 inches in width in planning the reconstruction of Federal-aid and State
highways.)

(2) HEIGHT

No vehicle, unladen or with load, shall exceed a height of 12 feet, 6 inches.

(3) LENGTH

(a) No single truck, unladen or with load, shall have an over-all length,
inclusive of front and rear bumpers, in excess of 35 feet.

(b) No single bus, unladen or with load, shall have an over-all length,
inclusive of front and rear bumpers, in excess of 40 feet, provided that a
bus in excess of 35 feet in over-all length shall not have less than 3 axles.

(c) No combination of truck-tractor and semi-trailer, unladen or with
load, shall have an over-all length, inclusive of front and rear bumpers, in
excess of 50 feet.

(d) No other combination of vehicles shall consist of more than two
units, and no such combination of vehicles, unladen or with load, shall have an
over-all length, inclusive of front and rear bumpers, in excess of 60 feet

(4) SPEED

(a) Minimum speed. No motor vehicle shall be unnecessarily driven
at such slow speed as to impede or block the normal and reasonable movement
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of traffic. KException to this requirement shall be recognized when reduced
speed is necessary for safe operation or when a vehicle or combination of
vehicles is necessarily or in compliance with law or police direction proceeding
at reduced speed.

(b) Maximum speed. No truck shall be operated at a speed greater
than 45 miles per hour. Passenger vehicles may be operated at such speeds
as shall be consistent at all times with safety and the proper use of the roads.

(c) Vehicles equipped with solid rubber or cushion tires shall be opera-
ted at a speed not in excess of 10 miles per hour.

(5) PERMISSIBLE LOADS
(a) No axle shall carry a load in excess of 18,000 pounds.

(Note: An axle load shall be defined as the total load transmitted to the
road by all wheels whose centers may be included between two parallel traverse
vertical planes 40 inches apart, extending across the full width of the vehicle.)

(b) No group of axles shall carry a load in pounds in excess of the
value given in the following table corresponding to the distance in feet
between the extreme axles of the group, measured longitudinally to the
nearest foot. The loads shown in Table 1.1 are based on the equation
W = 1025 (L-+24) — 3L

(¢) The maximum axle and axle-group loads recommended in para-
graphs (a) and (b) above are subject to reasonable reduction in the discretion
of the appropriate highway authorities during periods when road subgrades
have been weakened by water saturation or other cause.

(d) The operation of vehicles or combinations of vehicles having di-
mensions or weights in excess of the maximum limits herein recommended
shall be permitted only if authorized by special certificate issued by an ap-
propriate State authority.

The extent to which the above axle load limitations are recognized official-
ly is indicated by the fact that in 1949 the axle load limit of 18,000 pounds
was fixed by law in 34 states. In the remaining states and the District of
Columbia the legal axle load limit varied from 19,000 to 22,400 pounds.

According to Section 5(b) of the present AASHO policy, which includes
the permissible axle-group loads shown in Table 1.1, it will be seen that the
maximum permissible load on any individual axle is recommended not to
exceed 18,000 pounds and on tandem or dual axles about 4 feet apart the
permissible gross load is limited to 32,000 pounds. These loads were estab-
lished because it is generally agreed that roadway foundations and pavements
can be protected against undue overstress, fatigue failure, or other premature
injury simply by limiting the load that may be carried on a single axle or
on tandem axles which are about 4 feet apart. For roadway foundations and
pavements, therefore, the problem of permissible loads is mainly concerned
with the load carried by single and by tandem axles, irrespective of the total
gross load carried by the entire vehicle.

The problem of determining permissible vehicle weights for bridges,
however, is not as simple as it is for roadway foundations and pavements.
This is because the critical stresses produced in bridges by heavy vchicle loads
are influenced by a number of other factors beside the permissible loads that
may be carried by single and tandem axles. These variables not only include
the number and spacing of axles and the distribution of gross vehicle weight
among the several axles and groups of axles, but they also include the span
length of the bridge. And since the critical stresses in bridges are influenced
by so large a number of variables, it will be readily seen that the problem of
determining permissible axle-group loads and gross vehicle weights, that will
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Table 1.1
PERMISSIBLE LOADS AS RECOMMENDED BY AASHO POLICY ADOPTED APRIL 1, 1846
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4 32,000 22 45.700 40 60,800

5 32,000 23 46,590 41 61,580

6 32,000 24 47.470 42 62,360

7 32,000 25 48,350 43 63,130

& 32,610 26 49,220 44 63,890

9 33,580 27 50,090 45 64,650

10 34,550 28 50,950 46 65,400

11 35,510 29 51,800 47 66,150

12 36,470 30 652,650 48 66,890

13 37,420 31 53,490 49 67,620

14 38,360 32 74.330 50 68,350

15 39,300 33 55,160 51 69,070

16 40,230 34 55,980 52 69,790

17 41,160 35 56,800 53 70,500

18 42,080 36 57,610 54 71,200

19 42,990 Ryl 58,420 55 71,900

20 43,900 38 59,220 56 72,590

21 44,800 39 60,010 57 73,280

not produce stresses in excess of those permitted by design specifications,
resolves itself into one that is anything but simple.

After long and careful consideration of all the factors entering into this
problem, the permissible axle-group loads, as given by Table 1.1 in accordance
with the recommendations of present AASHO policy, were established at such
a level that they will not only result in maximum stresses which will not
exceed those presently specified for use in the design of new bridges but, at
the same time, will not endanger the safety of existing bridges or produce
excessive overstresses that would result in premature injury or unduly shorten
their economic life as a result of fatigue. And though this table of permissible
axle-group loads and gross vehicle weights provides a practical guide for
heavy motor vehicle operation, it gives no clue as to the actual stresses pro-
duced by any particular vehicle type or loading on a bridge of given length.

The method developed herein for converting heavy vehicle loads into
equivalent loads, however, not only provides a rational procedure for rating a
given heavy vehicle in terms of its stress producing effects on a simple span
bridge of any particular length, but it also furnishes the means for determin-

ing permissible vehicle weights on bridges of various lengths and design
designations. The essential features of the method can be outlined and ex-
plained rather briefly by discussing them in connection with the equivalent
load rating of a particular vehicle, and its stress producing effects on a
particular bridge of given length and design designation.

Suppose, for example, that a Type 3 truck, having a gross vehicle weight
of 42.0 kips and whose axle loads and spacings are as shown in Figure 1.2, is
under consideration. And for this truck, suppose it is desired to know the
H-equivalency rating of this vehicle and also whether or not it should be
permitted to pass over a particular two-lane simple span bridge, 60 feet in
iength, that had been designed for an H 15 loading in accordance with the
1949 AASHO Standard Specifications.

In order to rate this truck in terms of an equivalent H truck loading it is
only necessary to find the weight of a standard H truck that will produce
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AXLE LOAD
KIPS == -~  10.30 31.50
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TYPE 3 TRUCK NUMBER 18
NOTE: SEE INDEX TABLE 6.2  MAXIMUM MOMENTS
PRODUCED BY THIS TRUCK ARE GIVEN IN TABLE 7.2 AND 8.2

Figure 1.2

the same maximum moment on a 60-foot span as the given vehicle. By
making the detailed calculations or by consulting Table 7.2, it will be found
that the given vehicle will produce a moment of 525.8 kip-feet on a 60-foot
span. And since it would require an H-truck weighing 38.6 kips or 19.3 tons
to produce the same moment on this span, the given vehicle would be rated
as an equivalent H 38.6 (kip) truck loading or an equivalent H 19.3 (ton)
truck loading on a 60-foot span.

By referring to the AASHO policy permissible axle-group loads given
by Table 1.1, it will be found that the truck shown in Figure 1.2 does not
exceed the axle-group loads indicated and, therefore, would be permitted to
pass over the 60-foot bridge of H 15 loading design. This, in spite of the
fact that the given vehicle has an equivalent rating of 19.8/15.0 = 1.32 times
or 32 percent more than that of an H 15 truck, immediately raises the question:
How does one arrive at the conclusion that it would be permissible for an
equivalent H 19.8 truck to pass over a 60-foot bridge of H 15 loading design?
This seemingly contradictory situation may be explained by saying that all
bridges, designed in accordance with AASHO specifications, are constructed
in such a way as to include a certain stipulated reserve load carrying eapacity
as a safety precaution against unintentional or illegal overloads and also to
provide for legal but infrequent heavy loads such as these indicated by the
permissible axle-group loads in Table 1.1.

Perhaps it would contribute to a better understanding of overloads and
their effects on bridges if it were explained that an increase of, say, 40 percent
in the live load and impact moments on a given bridge does not result in so
large an increase in the total moment. This is because the dead load moment,
which in most cases is a considerable part of the total moment, for a given
span always remains the same and, therefore, a given percent increase in only
the live load and impact moments would not result in so great a percent in-
crease in the total moment. And though this line of reasoning provides a
qualitative answer to the question, it is not sufficiently specific for one to
arrive at a rational conclusion concerning the actual amount of overstress
that may be involved in any particular situation. In other words, though the
qualitative answer is satisfactory so far as it goes, it gives no information
as to the degree in which the reserve load carrying capacity of a given bridge
is called upon to function during the passage of any particular heavy vehicle
load. Once the H-equivalency of a given vehicle on a particular span has
been determined, however, its numerical rating will provide a satisfactory
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answer for most practical cases but, even so, it is still not sufficiently specific
to indicate the probable magnitude of overstress involved in any particular
situation.

Owing to the fact that the dead load of a bridge varies with both the span
and the type of construction, it is not possible to relate the H-equivalency of a
given vehicle with a specific amount of overstress that would be exact for all
types of construction. However, if the amount of overstress for a given
span and H-equivalency is determined on the basis of the lightest possible
type of construction, the answer would be exact in the sense that it would
represent the maximum possible magnitude of overstress since it would not
be exceeded in another heavier type bridge of the same span.

For example, suppose it is desired to know the amount of overstress
produced by the Type 3 truck, shown in Figure 1.2, on the above described
60-foot bridge of H 15 loading design. If it is now assumed that this bridge
is of a light construction type, consisting of a concrete deck supported by
simple span steel stringers, the dead load moment would account for about
50 percent of the total design moment.

For a 60-foot span, the AASHO moment table shows that the H 15 lane
loading would control and produce a maximum live load moment of 418.5
kip-feet per lane, to which a 27 percent allowance must be added for impact.
The total moment for which this bridge must be designed, therefore, would
be as follows:

H 15 loading design moments in kip-feet for 60-foot span

Live load moment Mo, == 4185
Impact moment = .27 X 418.h — M, = 113.0
Dead load moment == 418.5 4+ 113.0 — M., = 5315
Total design moment M. == 1063.b

This design moment may now be compared with the total moment produced by
the 21 ton Tvpe 3 truck shown in Figure 1.2 which is as follows:

Live load moment M, = 5258
Impact moment — .27 X 525.8 — M, — 142.0
Dead load moment = 418.5 L 113.0 = Mu. = 531.5
Total moment Moo, = 11993

The given vehicle, together with the allowance shown for impact, therefore,
produces bending stresses which are 1199.3/1063.5 =— 1.13 times or 13 percent
in excess of the basic design stresses. On this basis, it could be concluded
that the given vehicle would not cause an overstress in excess of 13 percent on
any 60-foot simple span bridge that was designed in accordance with the
1949 AASHO specifications. Even though it is not within the province of
this report to recommend any particuler percent of overstress that should not
be exceeded, it would be safe to say that a 13 percent overstress caused by
an infrequent heavy vehicle load would not be considered as an undue
encroachment on the reserve load carrying capacity of a bridge whose reserve
capacity compared favorably with that required by present-day design
specifications.

One of the more important points brought out by this example, however,
is that even though the given vehicle has an H-equivalency of 32 percent in
excess of an H 15 truck, it would cause no morc than a 13 percent overstress
on a 60-foot bridge of H 15 loading design. This will, in some measure,
explain the reason why the present AASHO policy has established the level
of permissible axle-group loads in Table 1.1 at a point where the maximum
live load and impact moments resulting from them will not be more than
about 43 percent in excess of those caused by an H 15 design loading. In
other words, the permissible axle-group loads in Table 1.1 establish the
maximum level of heavy motor vehicle operation at a point where the
maximum live load and impact moments produced by them on any span will
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AXLE - GROUP - LOADS ON BRIDGES OF H LOADING DESIGN

GRAPH SHOWS MAXIMUM PERMISSISLE WEIGHTS ON ANY GROUP OF AXLES
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MORE MOMENT ON ANY SPAN THAN THE H LOADING INDICATED

140 T T )
i |
77777 i ) ! /]
} ! ‘ H40—7\>//
I |
120 o i
! : i
100 /7/
wn
a
<
| :
5 80 ‘i i
o / ://i_ASHo POLIGY] |
S : ' “
w i // (AP‘RlL ‘ ‘946_)'_\’/
% / / ; ,//:
e
% 60 \ / . S /,,f/ antll —
= / P LH20 | HIS
z / P ! ! ‘
o 7 - | % ;
-~ . ‘/
40— 7 /71 /
-~
T L ‘-HO—>/_/
A —
7 _/ _/'/ H7.5 _:b-—-/—/"‘
fo"" [
20 —— — o
/
’/_/‘/
6]
o] 10 20 30 40 50 60

OUTSIDE AXLE SPAGING OF ANY GROUP OF AXLES — FEET

Figure 1.3

not exceed those required for an H 21.5 loading design. A comparison of
the permissible axle-group loads in Table 1.1 with other H loading designations
is shown graphically by the dashed line in Figure 1.3. The proper interpre-
tation of this figure, however, requires a little explanation.
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Explanation of Figure 1.3 and Table 1.2

In connection with this investigation of heavy vehicle loads, it was found,
for any normal distribution of gross load among the several axles of a group,
that the maximum permissible weight on any group of axles, such that it
would not produce more moment on any span than a standard H design
loading of given designation, could be estimated rather accurately by use
of the following equation’

W=1[ Vv C 4+ La’d + VvV La/4 ]? 1.1
in which
W — Maximum weight in kips on any group of axles such that it
will not produce more live load moment on any span than a
standard H design loading corresponding with the lane loading
constants, C and a, in Equation 1.1.

L = Distance in feet between the extremes of any group of axles.

C = Concentrated load in kips corresponding to H lane loading
designation under consideration.

a = Uniform load in kips per foot corresponding to H lane loading

designation under consideration.

Note: If pounds instead of kips are used for the constants C and a, in
Equation 1.1, the weight, W, will also be in pounds.

‘Henson K. Stephenson, “‘Determination of Permissible Vehicle Weights on Bridges of H Loading
Design,” AASHO Proceedings, Washington, D.C., 1949, pp. 144-185.
Table 1.2
VEHICLE WEIGHTS ON BRIDGES OF H LOADING DESIGN

Axle Groun—Loads—Kips

Dist. Retween

Extremes of Critieal Designed Standard H. Loading
Any Group Span S
of Axles L Feet 10 15 20 30 40 50
Feet
4 12.80 39.30 52.40 65.50
6 16 33 42.69 56.92 71.15
8 19.53 45.15 61.00 76.26
10 22.50 48.60 64.80 81.00
12 2533 51.33 68.44 85.55
14 28.05 53.94 71.92 89.90
16 30.68 56.46 75.28 94.10
18 33.24 58.92 78.56 98.20
20 36.74 61.32 81.76 102.20
22 88.21 63.69 84.92 106.15
24 40.62 66.00 88.00 110.00
26 4300 68.28 91.04 113.80
28 45.37 70.56 94.08 117.60
30 47.69 72.78 97.04 121.30
32 50.60 75.00 100.00 125.00
34 52.30 77.22 102.96 128.70
36 54.56 79.38 105.84 132.30
38 5682 81.54 108.72 135.90
40 50.06 83.70 111.60 139.50
42 61.28 85.83 114.44 143.05
44 63.50 87.96 117.28 146.60
46 65.69 90.06 120.08 150.10
48 67.90 92.19 122.92 153.65
50 70.06 94.26 125.68 157.10
5 72.03 05.72 127.72 159.65
54 74.41 98.43 131.24 164.05
56 76 58 100.53 134.04 167.55
58 8.73 102.60 136.80 171.¢0
60 §0.87 104.64 139.52 174.40

Note: For any normal distribvtion of load amoeng the individual axles, this table shows the
maXimum gross weights which may be carried on any group of axles such that they will not
produce more moment on any span than the design standard H loading indicated. The critical
span S, in this table. is the span on which the moment produced by the axle-group load indi-
cated becomes more nearly equal to that produced by the corresponding H loading. On all
other spans, less or greater than 8. the moment preduced by the axle-group load indicated is
aiways less than that produced by tho correspending H loading.
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Equation 1.1, therefore, is the general expression used for determining the
solid line axle-group load curves shown in Figure 1.3. In fact, Equation 1.1
was first used to determine the axle-group loads for each of the H loading
designations shown in Table 1.2 and then plotted in Figure 1.3.

In Figure 1.3, it will be noted that the permissible axle-group-loads rec-
ommended by the AASHO policy (dashed line), throughout the entire range
of wheel base lengths, are about 1.43 times or about 43 percent more than
those indicated for the H 15 loading. In other words, the present AASHO
policy permits axle-group loads and gross vehicle weights which will not pro-
duce live load and impact moments on any span in excess of those that would
result from an H 21.5 design loading.

In the second column of Table 1.2, it will be noted that the eritical span,
S in feet, is given for all loads, irrespective of magnitude, that may be car-
ried on a given length of wheel base. This critical span S is the span on
which the maximum live load moment produced by the axle-group load indi-
cated becomes more nearly equal to that caused by the corresponding H design
loading and, on all other spans, less or greater than S, the moment produced
by the axle-group load indicated will always be less than that caused by the
H design loading of corresponding designations. Perhaps the most interest-
ing thing to note in this connection is that the length of the critical span is
not influenced by the magnitude of load but only by the wheel base length of
the axle-group on which the load is carried.

From a practical standpoint this means that if a given heavy vehicle were
being investigated to determine its most serious stress (moment) producing
effects on bridges of various lengths and H loading design, only those critical
spans corresponding to the wheel base lengths of its various axle-groups need
be considered. On all other spans, less or greater than the critical span for
each axle-group load, the reserve load carrying capacity would be greater
than that for the length corresponding to the critical span.

1.5 Closure

The preceding discussion of permissible vehicle weights on roadways and
bridges, though it is in no sense complete, will serve in a general way to indi-
cate the nature of several of the more important problems associated with
the sizes, weights, and frequencies of heavy vehicle types and loadings, and
how they are related to highway and bridge provision. It will also serve to
outline the method suggested here for the rating of heavy vehicles in terms
of equivalent loads as an approach to the problem of correlating heavy motor
vehicle operation with highway and bridge provision. The development and
use of the tables and charts given herein for converting heavy vehicles into
equivalent loads will be discussed in more detail in Article 5.

2. AXLE LOAD AND GROSS LOAD TRENDS

From a very small beginning in about 1900 the use of motor vehicles has
increased almost continously ever since. Motor vehicle registrations were
but 78,800 in 1905, passed 10 million in 1921, crossed the 20 million mark in
1926, exceeded 30 million in 1939, and numbered more than 40 million in 1949,
Although no figures are available as yet for this year, the number of regis-
trations will probably pass the 50 million mark in 1951. A breakdown of
these registrations from 1920 through 1949 into passenger cars, buses, and
trucks is shown in Table 2.1.

Since it is the growth in use of motor freight vehicles that is of partie-
ular interest in connection with these studies, the important thing to note in
Table 2.1 is the relative increase in the number of truck registrations as com-
pared with total registrations. In column 5 of this table it will be seen that
trucks accounted for 12.0 percent of all registrations in 1920 and increased
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Table 2.1
MOTOR VEHICLE REGISTRATIONS IN UNITED STATES

(Excluding publiely owned vehicles)

Year Passenger Buzes Frucks Total
Cars Number e of total

1920 8,151,522 1) 1,107,639 12.0 9,239,161
1925 17,439,701 17,808 ) 12,5 19.940,724
193 22,872,745 40,507 13.3 26,531,999
1935 22,494,884 58,004 14.0 26.220.743
1940 27,372,347 T2.641 14.3 32.035.424
1945 25,691,434 3 15.8 30.638.429
1946 28,100,168 16.9 33,945,817
1947 30,71%,852 17.4 37,360,463
1948 35,261,454 17.8 40,622,264
1949 36,433,674 18.0 44,670,588

Source: Bureau of Public Roads MV—1 tables.

(1) Registration of buses not recorded separately.
2Fercentage based on an estimated 157,000 buses among the 8,236,914 buses and trucks
reported.

steadily year by year through 1949 when trucks accounted for 18.0 percent
of all motor vehicle registrations. These percentage increases, however, do
not tell the full story. It would be more significant, perhaps, to point out
that the 8,099,914 trucks registered in 1949 represent a 740 percent increase
over the 1,107,639 registered in 1920, whereas the 36,433,674 passenger car
registrations in 1949 represent but a 448 percent increase over the 8,131,522
registered in 1920.

Referring again to Table 2.1, it not only shows that the total number of
trucks continues to increase but the ratio of trucks among total registrations
also continues to inerease. However, it is not so much the increasing num-
bers of trucks as it is the continued increases in their sizes, gross loads, and
axle loads that accounts for the growing concern in the subject of permissible
vehicle weights and how they are related to highway and bridge provision.

These comparisons will not only serve to establish the present trend in
the use of motor freight vehicles but also to emphasize the need for more and
better information for dealing with the problems associated with their sizes,
weights, and frequencies.

There was some concern during the early twenties over the damage being
done to the highways by what was then considered to be heavily loaded trucks.’
Relatively few of the gross vehicle loads or axle loads recorded in truck-
weighing operations conducted during this period, however, would be consid-
ered serious in accordance with present standards. Most of these loads were
carried on solid tires which were more damaging than the pneumatic tire of
today, and also legislation had not yet been enacted which would permit wide
use of vehicle combinations with multiple axles. The advent of the pneumatic
tire, the enactment of favorable legislation, and the design and construction
of thicker pavements virtually eliminated this earlier concern and by 1931
there were rarely any loads carried on the highways heavy enough to over
tax their structural capacity.

State-wide highway planning surveys were started in 1935 and during
the period 1936-37 nearly all of the States conducted truck-weighing opera-
tions giving for the first time comprehensive data from which an accurate
analysis could be made of the frequency of occurrence of heavy gross loads
and axle loads operating on our highways.

During the years 1938-41 only fragmentary data were collected concern-
ing truck weights and axle leads, but with the beginning of World War II the

5J. T. Lynch and T. B. Dimmick, ““Axle Loads and Gress Load Trends,” PUBLIC ROADS, Vol.
25, No. 12, February, 1950,
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The trends® indicated by the analysis of this data are shown graphically
in Figures 2.1, 2.2, and 2.3 which were taken from Public Roads for Decem-
ber 1950. Figure 2.1 gives the average weight for loaded and empty trucks
and truck combinations for a prewar year, generally 1936 or 1937, and for
the years 1942 through 1949 inclusive. It can be seen that the single unit
trucks gradually increased in weight from the prewar period until about 1945
and then leveled off or declined slightly during the following years so that
the over-all increase in average weight for the years reported amounted to
only about 12 percent. On the other hand the average weight of the truck

§T. B. Dimmick, ‘“Traffic Trends on Rura! Roads in 1949, PUBLIC ROADS, Vol. 26, No. 5,
December, 1950.
NUMBER OF HEAVY GROSS WEIGHTS PER 1,000 TRUCKS
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NUMBER OF HEAVY AXLE LOADS PER 1,000 TRUCKS
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combinations, both loaded and empty, has consistently increased from the
1936-37 period through 1949 for an increase of almost 50 percent. The in-
crease for single unit trucks and truek combinations for the same period was
approximately 57 percent, a higher percentage than for either type separately
because of the larger proportion of truck combination in the latter years.

Figure 2.2 shows for the United Stat-s as a whole the number of gross
weights of 30,600 pounds or movre, 40.000 pounds or more and 50,000 pounds
or more per 1,000 vehicles from the prewar years (generally 1936 or 1937)
through 1649. The trend of frequency of these loads continues to climb up-
ward although there was some decreuse in the freguency of the 50,000 pound
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loads or more in 1949 as compared with 1948. For the period of this study
it can be seen from Figure 2.2 that there was a 12 percent increase in the
gross loads of 50,000 pounds or more, a 7 percent increase in the gross loads

of 40,000 pounds or more, and a 3 1/2 percent increase in the gross loads of
30,000 pounds or more.

Along with the tremendous increase in the number of heavy trucks and
the frequency of gross loads of 30,000 pounds or more, there has been a sim-
ilar rise in the frequency of heavy axle loads. This can be seen from fig-
ure 2.3 which shows the number of axle loads of 18,000 pounds or more, 20,000
pounds or more and 22,000 pounds or more per 1,000 vehicles for a prewar
year and for the years 1942 to 1949 inclusive. And it can be seen that the
frequency for each of the three groups of axle load increased steadily through
1948 and then declined slightly in 1949. The axle loads of 18,000 to 20,000
pounds showed significant increases in frequency of occurrence, but the great-
est inerease in frequency was for axle loads of 22,000 pounds or more. These
axle loads (22,000 pounds or more) increased in frequency from 2 per 1,000
vehicles in the prewar period to 17 per 1,000 vehicles in 1949 for an increase
of 750 percent.

A study” of heavy axle load frequencies by regions indicates that the most
favorable situation exists in the Western regions while the worst conditions,
at the present time, exist in the New England and Middle Atlantic regions.
Legislation in the Western regions permits the advantageous distribution of
loads on vehicle combinations of five or more axles whereas in the Eastern
parts of the United States legislation is such as not to be conducive to the use
of more than three or four axles. This is illustrated in Figure 2.48 which
gives the cumulative frequency of axle loads whose gross weights were equal
to or greater than stated values based on the loadmeter surveys of 1942,
For example, it can be seen from Figure 2.4 that over 32 percent of the heavy
vehicle axles in the East weighed 18,000 pounds or more as compared with
about 7 percent in the West. Similarly it shows that about 13 percent of the
heavy vehicle axles in the East weighed 21,200 pounds or more as compaved
with only about 1 percent in the West. For the United States as a whole it
will be seen that about 20 percent of the heavy vehicle axles weighed 18,000
pounds or more and that 5 percent of the heavy vehicle axles weighed 21,200
pounds or more. The analysis? of later surveys substantiates the findings
given in Figure 2.4.

Concern over the tremendous increases in the frequencies of the various
intensities of these heavier axle loads stems from the fact that all but an in-
significant part of our present highway system was not designed to accomo-
date either the magnitude or the frequencies of these loads, as shown in Fig-
ure 2.3, which have characterized heavy motor vehicle operation in the United
States since about the beginning of the second World War. It would seem,
therefore, that the only way in which our present highway facilities can be
adequately protected is to regulate the maximum axle load and gross loads
which will be permitted to operate and, at the same time, provide for some ef-
fective means of enforcement. Legislation which would permit lengths to
be such as to encourage wider use of vehicle combinations with multiple axles
would undoubtedly do much to alleviate the present condition. Legislation
which would encourage the use of vehicle combinations with multiple axles
would not only tend to reduce the weights carried on individual axles’® but,

7, SHenson K. Stephenson and A. A. Jakkula, “Highway Loads and Their Effects on Highway
Structures Based on Traffic Data of 1942, Texas Enginecring Experiment Station Bulletin
No. 116, 1950.

3J. T. Lynch and T. B. Dimmick, “Axlc Loads and Gross Load Trends,” PUBLIC ROADS, Vol.
25, No. 12, February, 1950,

10Henson K. Stephenson and A. A. Jakkula, “Highway Loads and Their Effects on Highway
Structures Based on Traffic Data of 1942, Texas Engineering Expecriment Station Bulletin
No. 116, Part III, 1950, pp. 113-127.
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at the same time, it would permit the realization of reasonable increases in
pay load that would not be detrimental to either our present roadways or
bridges.

3. INFLUENCE OF HEAVY MOTOR VEHICLE OPERATION ON HIGH-
WAY AND BRIDGE PROVISION

Earlier in this report, it was pointed out that many elements of the prob-
lems associated with the sizes, weights, and frequencies of heavy motor ve-
hicles, and their respective effects on the costs of building and maintaining
highways and bridges, are of a highly controversial nature. It was also point-
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ed out that since certain of these matters are of a controversial nature, the
reason for discussing them here is to contribute, if possible, toward a better
understanding of some of the issues involved rather than that of arriving at
any specific recommendations concerning the economic justification of any
particular level of permissible axle loads and gross loads that should obtain
for given facilities or traffic conditions.

Practically everyone, including the advocates of larger and heavier ve-
hicles, will agree that more substantial subgrades, thicker pavements, and
stronger bridges are required to support the heavier loads than would be re-
quired to accommodate the lighter loads. But there is still another element
which must be taken into account in the design of highways and bridges that
is not so well-known or understood. This element for want of a better name
has been called “fatigue.” This term is used to describe the ability of a strue-
tural material to withstand repeated applications of various intensities of
load. The curve shown in Figure 1.1, for example, shows the number of rep-
etitions of a given stress required to produce a fatigue failure in a concrete
pavement. And though the number of stress repetitions required to produce
a fatigue failure would not necessarily be the same as shown in Figure 1.1,
the fatigue curves for other structural materials are quite similar.

The curve in Figure 1.1, for example, shows that a concrete pavement
can withstand an indefinitely large number of stress repetitions provided the
stress does not exceed about 50 percent of its ultimate flexural strength. It
also shows that but a comparatively small number of stress repetitions in ex-
cess of this amount is required to produce a fatigue failure. More specifi-
cally, it will be seen from this curve that if the repeated stress were increased
only to, say, 60 percent of the concrete’s ultimate flexural strength, it would
be expected to fail in fatigue after about 22,000 applications of the load pro-
ducing this stress. Other examples could be cited, of course, but they would
only differ in detail. The main point to be brought out here is that the design
of highway facilities—whether they be subgrades, pavements, bridges, or
other structures—is not only a function of the maximum axle loads and gross
loads to be accommodated but is also a function of the expected frequencies
of various intensities of these loads. Therefore, if the truth of these facts,
which are well-known to highway and bridge engineers, could be effectively
explained to the layman, it is believed that one of the principal sources of
misunderstanding would be measuvably lessened or perhaps eliminated en-
tirely.

This assignment, however, will not be so simple as it might appear at
first glance. To the trucking operator, for example, who is accustomed to
hauling excessive loads, the idea of fatigue failure might seem farfetched in-
deed. This would not be an unnatural reaction because he has actually seen
many heavy loads pass over both pavements and bridges without their pro-
ducing any visible signs of distress or failure. However, if some way could
be devised that would clearly explain to him the truth of fatigue failure and
certain other deteriorating effects of excessive overloads, he would at least
be in a better position to understand that certain limitations on maximum
axle loads and gross loads are necessary in the public interest to insure the
maximum economic life of the Nation’s highway facilities.

The relationship between excessive loads and fatigue failure is one of
the more important elements involved in the over-all problem of permissible
vehicle sizes and weights, but there are others that are quite as important
for which a better understanding is also urgently needed. The deteriorating
effects of pumping, for example, is another of these elements that should be
more clearly explained. An authoritative reportl! on this subject was briefly
discussed in Article 1.3. The effects of vehicle sizes on geometric design and
highway capacity are also among these elements but their influence on the

11Final Report of Committee on Maintenance of Concrete Pavements as Related to the Pumping
Act}on of Slabs, Highway Research Board, Vol. 28, heavy axle loads are the primary acti-
vating element in pumping at joint and cracks in concrete pavements, pp. 281-310.
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cost of highway and bridge provision is somewhat more involved and there-
fore more difficult to determine than those previously mentioned.

Although the above discussion is in no sense complete it is believed to
be sufficient to indicate some of the major sources of controversy and mis-
understanding pertaining to the determination of, and the necessity for, the
regulation or limitation of maximum permissible vehicle sizes and weights.
In the final analysis, however, the solution of these problems will depend in
large measure on evaluating the effects of heavy motor vehicle operation on
the costs of highway and bridge provision, and apportioning those costs in
an equitable manner among the various classes of highway users. A vast
amount of work has already been done and is still being done along these lines
both in the fields of engineering research and highway economics, but much
more will be required to find equitable answers that will be acceptable to
everyone concerned.

Some indication as to the nature of these problems and the effects of
heavy motor vehicle operation on the cost of highway and bridge provision
may be had from a report’* recently submitted to the United States Senate.
This report includes the results of two different studies made by the Colorado
and New Jersey State Highway Departments respectively which clearly re-
flects the road damage resulting in these States from heavy truck operation.
The results'® of the studies made by the Colorado Highway Department were
as follows:

“ROAD DAMAGE BY TRUCKS IN COLORADO

Mr. A, V. Williamson,
District Engineer, Public Reads Administration,
New Customs House, Denver, Colo.

Dear Sir: The following information in connection with damage to high-
ways by heavy loads is transmitted for your information.

At the outbreak of World War II the legal load limits on Colorado high-
ways were 18,000 pounds on a single axle, 24,060 pounds on a two-axle vehicle,
34,000 pounds on a three-axle vehicle, and W = 700 (L 4 40) on a combination
of vehicle and trailer with a gross load of 63,000 pounds.

On September 18, 1943, the Governor of Colorado on account of war neces-
sities by proclamation granted permission for the issuance of certificates of
operation for vehicles to carry extra legal weights on Colorado highways. By
January 20, 1944, 493 such certificates had been issued. These certificates
included some for axle loads up to 23,655 pounds and some for gross loads up
to 84,000 pounds.

Early in 1944 maintenance superintendents started to complain that these
heavy loads were severely damaging the road surfaces, and as the months
passed by their complaints grew louder.

In the late fall of 1944 the task of determining exactly what damage was
being done by these overloads was assigned to the maintenance division.

After considerable study it was decided that the concrete pavements pre-
sented definite means of determining whether or not damage was actually
being causea. It was further determined that definite data could be secured
by making parallel crack surveys on pairs of concrete sections comparable as

12Themags H. MacDanald, ““A Factual Discussion «f Motortruck Operations,” Dept. of Com-
merce, Bureau of Publiec Roads, Superintendent ¢f Doecuments, U. S. Govt. Printing Office,
Washington, D. C

33Themas H. MacDerald, A Factual Discussion of Mctortruck Operations,” Dept of Com-
merce, Bureau of Mublic Roads, Superintendent of Doecuments, U. S. Govt. Printing Office,
Wagshingten, D. €., Appendix 1I, pp. 76-79.
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regards bases, design, age, strengths of pavement concrete, and other pert-
inent characteristics. Of each pair, one was to have few or no permitted
overloads in regular operation. The other was to have as many regular over-
loads in operation as possible. It could reasonably be assumed that each
would develop about the same percentage of cracks from common causes, and
it could also reasonably be assumed that those sections bearing the over-
loaded vehicle would develop a larger percentage of cracks than the one that
had no overloads. After considerable detailed investigation four such pairs
of comparable sections were decided upon, the crack surveys were made and
the results of those surveys shown in the accompanying tabulation speak for
themselves and confirm the prognosis.

A big percentage of the surveyed slabs carrying overloads was on State
Highway 2 between Sterling and Julesburg. On this section for the years
1941, 1942, and 1943 the average cost of surface maintenance was $29.36 per
mile per year. On the same road the average cost of surface maintenance
for 1944, 1945, and 1946 was $59.59 per mile per year.

A notable example of damage from heavy loads to bituminous surfaces
was on State Highway 13 from Craig, north, to the Wyoming State line. A
1 1/2” x 20’ bituminous surface was placed on this road in 1938 and gave gen-
erally good service until 1945. In 1945 major developments started in the
Rangely oil field, and a big percentage of the oil well drilling equipment was
transported from Wyoming to Rangely. This movement continued through-
out the winter of 1945-46, and by the spring of 1946 this road was in a de-
plorable condition. The base had failed over all the road, which had not been
previously stabilized, and the bituminious surface was in exceedingly bad con-
dition. The road was in such condition that during the summer of 1946 it
was necessary to stabilize the base and relay the surface. The new surface
being a 2” mat 22" wide.

The following costs indicate clearly the damage this road suffered:

Maintenance costs for 38 miles

1945 Normal routine maintenance ... ... $ 8,381.37
1945 Special maintenance (betterments) ... ... 6,888.99
Total e 15,270.36
1946 Normal maintenance ... ... 6,261.17
1946 Special maintenance (betterments) . ... ... 193,059.77
Total...ooooo e e 199,320.94

Trusting this information may have some value, I am,
Very truly yours,

James D. Bell,
Assistant State Highway Engineer,

D. N. Stewart,
Maintenance Engineer,

s

Various agencies of other states have made studies similar to that of the
Colorado Highway Department which differ somewhat in the details of their
findings; however, these studies do agiee that heavy vehicles may be held
responsible for a large percentage of the total costs of building and main-



Table 3.1

COLORADO STATE HIGHWAY DEPARTMENT—-TABULATION SHOWING COMPARATIVE RATES OF PROGRESSIVE CRACKING IN CONCRETE
PAVING SLABS. EACH PAIR CONSISTS OF PROJECTS OF COMPARABLE CHARACTERISTICS, ONE OF WHICH CARRIES
MANY OVERLOADS DAILY, THE OTHER CARRYING ONE OR LESS
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Pair No. 1: Percent Percent Percent Percent
FAP 287-A-3 on State Highway 2 between Wiggins and Fort Mor-
gan, Slabs 18 feet wide, 60 feet long, with deformed metal center
Jjoints dewclled.  Built in 1928 .. . ... e 998 47 45 84 79 9.4 33 53.77 16.3 305
FAP 251-C on State Highway 7 ,L ut Boulder., Slabs are 18 by
G0 feel with weakened plane center joint, no steel, Built in 1928.... 1,505 645 1 95 7.5 .8 23 5.1 2.2 412
Pair No. 2:
FAP 286-1 between Eaton and Ault on State Highway 2. Slabs 18
by 60 feet with center joint, without steel. Built in 1931 ... ... 1,372 428 a7 70 28.8 4.1 48 34.6 7.2 360
SP 766-1931 on State Highway 14 east of Fort Collins, Same
tion and age us above.. ... e X 560 190 0 85 1.43 .168 45 .95 21 210
Pair No. @
FAP 122-R-3 on State Highway 2 between Ovid and Julesburg.
Same section above except that slubs are 20 fect wide. Built
in 1933 535 165 42 50 30.7 6.1 44 34.9 7.9 321
FAP 79-BR on bmte ngh\xdy 4 bLtVJt‘t’ﬂ (mlumdo qpllng\ dl\d
Peterson Field. Same scetion as uabove. Built in 1033 2,340 960 1 49 9 0 59 3.03 513 165
Pair No. 4:
FAP 175-AR-6 on Stlate Highway 2 between Crook and Red Lion,
20 feet wide, expansion joints 90 feet apart, dummy joints 30
feet uapart making slabs 30 feet long with center joint, All joints
dowelled.  Built in 1937 . . 380 120 42 90 18.8 2.1 42 19.8 4.7 1,349
Weld County 3 pereent project b\nlt on llth Aw in (neeley in
1935, Same section as next above with a little less steel. This is
a busy city street ... e s *50 0 58 0 0 63 4.7 73 87

*Busses only.

NOTES.-—No. 1. All slabs are 6 1/2 inches thick at center, 9 inches thick at edges. No. 2. All surveys were made between Deec. 1,
on a sketch of each slab. Changes in cracks found by check surveys were recorded

1, 1945, No. 3. All cracks found on original survey were recorded
on same sketches. Tabulation was caleulated from these sketches.

Figures unchecked and subject to revision.

1944, and July
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taining highway facilities. It is beyond the scope of this bulletin, however,
to undertake to pass judgment on these findings. They are submitted here
merely to indicate the studied conclusions that have been arrived at as a re-
sult of authoritative investigations into the effects of heavy motor vehicle
operation on the cost of highway and bridge provision.

4. EQUIVALENT LOADS PROVIDE THE MEANS FOR RATING HEAVY
MOTOR VEHICLE TYPES AND LOADINGS

Since about the beginning of the second World War, both the numbers
and weights of heavy axle loads and gross loads have increased at such a
rapid rate (see Figures 2.1, 2.2, 2.3), it has become more and more urgent
that suitable procedures and techniques be devised for dealing with certain
of the problems, associated with the operation of heavy motor vehicles and
their effects on the design, construction, maintenance, and economic life of
our present and future highway facilities. In recognition of these needs and
as a partial contribution toward their fulfillment, it was pointed out in Ar-
ticle 1.1 that the over-all objective of this bulletin is to develop a simple yet
accurate mathematical procedure for the rating of the stress producing ef-
fects of heavy vehicle types and loadings in terms of some convenient but
standardized equivalent loads, and to show how the frequency distributions
of these equivalent loads provide a rational means for measuring the level
or levels of heavy motor vehicle operation corresponding to given traffic con-
ditions such as those reported by a local, state, or national loadometer survey.

It was also pointed out that in order to accomplish these ends, it is first
necessary to find a satisfactory way for converting a given heavy vehicle load-
ing into an equivalent load, and that this could be done by evaluating some
stress producing effect—such as maximum moment, shear, or floor beam re-
action—caused by the given vehicle on a simple span bridge of definite length
and then finding the gross weight required on, say, a standard H truck to
produce the same effect. For example, if a given vehicle caused a maximum
moment of say 445.6 kip-feet (see AASHO moment table) on a 50-foot span
it would be the same as that produced by an H 20 truck. And on this basis,
the given vehicle would be rated as an equivalent H20 truck loading on a
50-foot span. The given vehicle could quite as easily be rated similarly in
terms of an equivalent H-S truck loading, equivalent concentrated load, or
any other standardized equivalent load that might prove advantageous as a
basis of comparison for the particular purpose under consideration. The
simplest procedure, however, would be to first convert the given vehicle into
an equivalent H truck loading for the span under consideration, and then rate
it in terms of either of the other standardized equivalent loadings by use of
the conversion coefficients given and explained in Article 13.

Perhaps it should be mentioned again also that another of the more im-
portant uses of equivalent loads is that of determining maximum permissible
vehicle weights on bridges of various lengths and design designation. For
example, it would be but a simple matter to determine whether or not a given
vehicle should be permitted to pass over an H1b5 bridge of given length if the
H loading equivalent of the given vehicle were known.

The method described in Artiele 1.1 for converting heavy vehicle types
and loadings into equivalent loads, or for determining permissible vehicle
weights, is the principal subject for this bulletin and is presented here for
the first time. It gives answers which are mathematically correct for the
10,424 cases covered by the tables and charts presented in Part 1I, and ans-
wers which compare favorably with slide-rule accuracy for those cases where
values are obtained by interpolation. The basis upon which the method is
developed together with the tables and charts that have been prepared to
facilitate its use are discussed in some detail and more fully explained in the
articles of Part 1I which follow immediately.



Part 11

METHOD FOR RATING HEAVY VEHICLE LOADS
IN TERMS OF EQUIVALENT LOADS

5. BASIS FOR CONVERTING HEAVY VEHICLE LOADS INTO
EQUIVALENT LOADS

5.1 General

As pointed out in the preceding articles, it is generally agreed that road-
way subgrades and pavements can be protected against undue overstress,
pumping, fatigue failure, or other premature injury simply by limiting the
load that may be carried on a single axle, or on tandem axles which are less
than about 4 feet apart. For roadway subgrades and pavements, then, the
problem of permissible loads is fairly simple since it is mainly concerned with
the loads carried by single axles and by tandem axles of about 4 feet spacing,
irrespective of the total gross load of the vehicle.

On the other hand though, the problem of determining permissible loads
for bridges is somewhat more involved. This is due to the fact that the
critical stresses produced in bridges by heavy vehicle loads are influenced by
no less than six variables, whereas the stresses in subgrades and pavements
are influenced mainly by the intensity of single or tandem axle loads. The
six variables which must be taken into account in the calculation of ecritical
stresses for simple span bridges are as follows:

1. Span length of bridge
Gross weight of vehicle

‘Wheel base length of vehicle

2
3
4. Number of axles
5. Spacing of axles
6

Distribution of gross weight among the axles.

If all of these variables are taken into account by use of conventional meth-
ods, the only way in which the stress producing characteristics or effects
of various heavy vehicle types and loadings on a given bridge can be deter-
mined accurately is by making a complete analysis of the stresses, for that
particular bridge, produced by each individual vehicle under consideration.
And though such an analysis for any particular vehicle or loading on a given
span is not difficult, it is, to say the least, tedious and time consuming. The
unfortunate thing about such analyses, however, is that the resuits obtained
from them cannot be translated readily into general conclusions which can
be used for determining the stress producing charaecteristics of, or the per-
missible vehicle weights for, other vehicle types and loading or for spans of
different length.

What is needed, therefore, is a simplified method for evaluating the stress
producing effects of heavy vehicle types and loadings, or their permissible
weights, by which usable answers of any desired accuracy might be obtained
without having to resort to the tedious and time consuming procedures re-
quired by the presently available conventional methods. As a result of the

27
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investigations that have been carried out as a part of the research work on
this project, a method has been developed for solving certain of these prob-
lems by which usable answers may be obtained without making any calcula-
tions at all in many cases, and but a few simple calculations in others, depend-
ing on the particular problem under consideration and the degree of accuracy
desired.

5.2 Basis For Method of Converting Heavy Motor Vehicle Loads Into
Equivalent Design Loads

This method is based on the fact that it is the bending stresses which
ordinarily determine the load carvying capacity of simple span bridges. There-
fore, any convenient proceduve that may be used for finding the maximum
bending moment produced by a particular heavy vehicle or loading on a given
span, provides a simple yet effective means for measuring the stress produe-
ing effects of this particular vehicle or loading on the given span. Thus, after
the bending moment produced by a particular vehicle on a given span has been
determined, this moment can then be compared with that produced by one of
the AASHO standard design trucks, or that produced by a single concentrated
load, thereby converting the given vehicle into an equivalent H truck load-
ing, equivalent H-S truck loading, or an equivalent concentrated load as may
be desired.

The method provides answers which are exact for the 1300 odd trucks and
combinations upon which the tables and charts in the present bulletin are
based; and very closely approximate answers for any other vehicle for which
values are obtained by interpolation. These tables and charts deal with the
stress producing effects caused by 14 of the more common heavy vehicle types
ordinarily encountered in present day highway traffic'® (see Figure 6.1) on
simple span bridges up to 100 feet in length. These include the 2- and 3-axle
single unit trucks; 6 types of truck-tractor semitrailer combinations with
from 3 to 6 axles each; 4 types of truck-trailer combinations with from 4 to
6 axles each; and 2 types of truck-tractor semitrailer trailer combinations
with 5 and 8 axles, respectively. All of these heavy vehicles, with the ex-
ception of the 8-axle truck-tractor semitrailer trailer combination, were re-
ported in the 1942 loadometer survey. The 8-axle combination was included
for two reasons. First, it represents a realistic possibility, that is, it is quite
probable that a vehicle of this type may be employed at present or in future
trucking operation; and second, the stress producing characteristics of all
other combinations having 5 to 8 axles, which may be encountered and which
were omitted from this discussion due to their relatively infrequent occur-
rence, may be closely approximated by interpolation betwcen the 5 and 8 axle
combinations included in this analysis.

Owing to the fact that the six variables previously listed, which must
be taken into account in the calculation of critical stresses for simple span
bridges, may have an infinite number of values and may be combined with
each other in an infinite number of ways, it is obvious that the maximum
moment produced by any particular vehicle on a given span would represent
but one of an infinite number of possible values. For this reason, it would
net be practical to undertake to determine the maximum moments that would
result from all possible combinations of these variables. These difficulties
may be overcome, however, by grouping certain of the variables in such a
way as to cover all of the practical cases likely tc be encountered and then
separate these groups into cells that are close enough together to give ac-
curate results, either directly or by interpolation, and yet far enough apart
to keep the total number of cells as small as possible consistent with the de-
gree of accuracy desired.

1sHenson K. Stephenson and A. A. Jakkula, “Highway Lceads and Their Effects on Highway
Structures Based on Traffic Data of 1942,” Texas Engineering Experiment Station Bulletin
No. 116, January, 14950.
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In accordance with this procedure, the 14 heavy vehicle types mentioned
above, and shown in Figure 6.1, were selected for special study. A breakdown
of each vehicle type was then made by varying wheel base length, spacing of
axles, and the axle load ratios—that is, the ratios or percentages of gross
vehicle weight carried by the several axles—in such a way as to cover all
types and variations of practical trucks and combinations encountered in or-
dinary highway traffic. It will be noticed that, with the exception of the
2- and 3-axle trucks, the number of axle load ratios has been limited to three,
irrespective of the number of axles included in the vehicles under considera-
tion. This was done since, in the preliminary examination of a large number
of each of the heavy vehicle types, it was established that the use of more
than three axle load ratios did not significantly change the resulting maxi-
mum moments. The reason for this obtains from the fact that, as the num-
ber of axles increases and the ratio of gross load on each axle decreases, the
maximum moment produced by such a vehicle on a given span approaches,
as a limit, the maximum moment produced by a load of equal weight on the
same span which is uniformly distributed over a length equal to the wheel
base length of the given vehicle.'” Also, any increase in the number of axle
load ratios over the three used would have increased the number of cells to
a point where there would have been a prohibitive number of calculations as
well as a set of tables and charts that would prove to be too voluminous for
practical use.

Gross vehicle weight is then eliminated as a variable by the use of these
axle load ratios or percentages of the gross vehicle weight carried on the
several axles, in lieu of the use of actual weight, thus permitting the use of
unit weights or vehicles weighing one kip each. This simplification is pos-
sible since the maximum moment produced by a particular vehicle on a given
span is directly proportional to its gross weight, therefore, moments pro-
duced by a particular vehicle on a given span may be obtained merely by mul-
tiplying the moment in kip-feet for a vehicle of unit weight by the gross
weight of the same vehicle in kips.

The breakdown for the Type 2 truck (2-axle single-unit truck), for ex-
ample, is covered by the 36 variations of wheel base length and loading dis-
tribution shown in Index Table 6.1. This table shows 6 different lengths of
wheel base, varying in 2-foot increments from 10 to 20 feet, and for each
wheel base there are 6 different percentage distributions of gross weight be-
tween the two axles, making a total of 36 variations or cells. Thus, if the
wheel-base length and the percentages of gross weight on each axle were
known for any practical 2-axle truck, it could be classified by fitting it into
one of the 36 cells or by interpolation between the two cells nearest to it.
To use a simple illustration, suppose it was desired to classify a Type 2 truck
reported by a loadometer survey as follows: wheel-base length of 18 feet;
gross vehicle weight of 24,000 pounds with 7,200 and 16,800 pounds on front
and rear axles, respectively. Since this truck carries 30 percent or .30 of
the gross load on the front axle and 70 percent or .70 on the rear, it would
be classified by Table 6.1 as a Type 2 truck, Number 28 hereafter designated
as a 2-28. To further illustrate, suppose it is desired to classify a Type 2
truck reported by a loadometer survey having a wheel base length of 17 feet
and a gross vehicle weight of 24,000 pounds, with 6,480 and 17,520 pounds on
the front and rear axles, respectively. In this case the truck carries 27 per-
cent or .27 of the gross load on the front axles and 73 percent or .73 on the
rear axle. Referring again to Table 6.1 it is found that the .25-.75 loading
distribution to the front and rear axles respectively, more nearly approxi-
mates the given vehicle than any other, so that for a 17-foot wheel base the
given truck would be classified as a 2-23 or a 2-29. The final choice would
be a 2-23. This results from the fact that the shorter wheel base will give a
somewhat greater moment than the given truck and would be on the side of

*3Henson K. Stephenson, “Determination of Permissible Vehicle Weights on Bridges of H
Loading Design,”” AASHO Proceedings, Washington 4, D. C., 1949, pp. 144-135.
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safety, whereas a 2-29 with a longer wheel base would give a somewhat les-
ser moment than the given truck.

A breakdown similar to this was made for each of the 14 heavy vehicle
types as shown in the identification index Tables 6.1-6.14. The breakdown
for the Type 3 truck, given in Table 6.2, has 42 cells; the Type 2-S1 truck has
126 cells, and so on, and all 14 vehicle types account for a total of 1303 cells
from which to choose when undertaking to identify and classify any particular
vehicle of known wheel-base length, number and spacing of axles and loading
distribution.

Span lengths of 10, 20, 30, 40, 50, 60, 80, and 100 feet were then decided
upon and the maximum moment produced by each of the 1303 vehicles on each
length of span was calculated. Thus, the general problem of determining
the maximum moments produced by heavy vehicle types and loadings on sim-
ple span bridges is reduced. by this procedure to consideration of 10,424 cells
for each of which the maximum moments have been calculated. These 10,424
moments are included in Tables 7.1-7.14. In addition to giving the maximum
moment for each of the 10,424 cases, these tables also give the axle group
which produces the moment, the axle number under which the maximum mo-
ment occurs, and the distance this critical axle is placed to the right or left
of the mid-span for obtaining the maximum moment. Tables 7.1-7.14—one
for each of the 14 vehicle types considered—provide the fundamental infor-
mation for determining the stress producing effects of heavy vehicle types
and loadings on spans of various lengths, which in turn provides the means
of rating them in terms of equivalent H truck loadings, equivalent H-S truck
loadings, or equivalent concentrated loads, as may be desired. These tables,
as well as the other tables and charts included in Parts II, III, IV, and V,
and how they are used, will be more fully explained in the remaining sec-
tions of this article. For the time being, however, the above discussion is be-
lieved to be sufficient to outline the procedure employed herein for measur-
ing the stress producing effects of heavy vehicles and converting them into
equivalent loadings.

The ratings of heavy vehicle types and loadings in terms of equivalent
H or H-S truck loadings, or equivalent concentrated loads not only provide
a simple yet accurate means for determining permissible vehicle weights for
bridges of various lengths and design designations but they also provide a
convenient and rapid means for analyzing the frequency distributions of var-
ious intensities of heavy vehicle loading equivalents on bridges of different
lengths. Such frequency distributions as these, which have been determined
from the heavy vehicle data reported by a loadometer survey, furnish a quan-
titative measure for evaluating the level or levels of heavy motor vehicle
operation associated with various traffic conditions. In turn, these distribu-
tions may be interpreted as an index to highway transport for correlating
the various levels of heavy motor vehicle operation with minimum standards
for highway and bridge provision. The results of such an analysis are given
and discussed in Parts IV and V which include the observed and calculated
frequencies of equivalent H truck loadings, and also the observed and calcu-
lated frequencies of equivalent concentrated loads, based on the heavy vehicle
data reported by the special loadometer survey of 1942.

5.3 Description of Tables And Charts For Converting Heavy Vehicles Into
Equivalent Loads

The tables and charts in Part II are concerned with the maximum mo-
ments, equivalent H truck loadings, equivalent H-S truck loadings, equivalent
concentrated loads, and permissible vehicle weights associated with 14 of the
more common heavy vehicle types, ovdinarily encountered in present-day high-
way traffic, on simple span brides up to 100 feet in length. A drawing of
cach of these 14 vehicle types is shewn in Figure 6.1 and a break-down of each
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type into cells or variants is given by the identification index Tables 6.1-6.14,
as follows:

Vehicle No. of Table Vehicle No. of Table
Type Cells Number Type Cells Number
2 35 6.1 3-S3 105 6.8
3 42 6.2 2-2 144 6.9
2-S1 126 6.3 2-3 90 6.10
2-82 108 6.4 3-2 90 6.11
2-83 90 6.5 3-3 99 6.12
3-81 90 6.6 2-81-2 96 6.13
3-82 112 6.7 3-52-3 84 6.14

Total Number of Cells = 1303

It will be noted that each of the 1303 trucks listed in these tables is of
unit weight and may be thought of as weighing one kip (1000 pounds) each.
In fact, all of the tables and charts in Part II are based on vehicles of unit
weight or vehicles weighing one kip each. This elimination of gross vehicle
weight as a variable is made possible by the fact that the maximum moment
produced by a given vehicle on a simple span bridge is directly proportional
to its gross weight. In other words, once the maximum moment caused by
a particular vehicle of unit weight on a given span is known, the actual mo-
ment produced by it on that span is obtained simply by multiplying the unit
weight moment by the gross weight of the vehicle under consideration.

After a given vehicle has been classified as to vehicle type and truck
number in Tables 6.1-6.14, its stress producing characteristics and effects may
then be determined from one or more of the remaining tables of Part II. Be-
fore undertaking to discuss the use of these tables and charts, however, a list
of their titles is included here for convenient reference and also because they
are somewhat self explanatory. They are as follows:

Tables 7.1 -7.14; Controlling Conditions for Maximum Moments on Simple
Span Bridges

Tables 8.1 -8.14; Summary of Maximum Moments Produced by Vehicles of
Unit Weight on Simple Span Bridges

Figures 9.1 -9.14; Maximum Moments and Equivalent H Truck Loadings for
Vehicles of Unit Weight on Simple Span Bridges

Tables 10.1 -10.14; FEgquivalent H Truck Loadings for Vehicles of Unit Weight
on Simple Span Bridges

Tables 11.1-11.14; Gross Load Required for Various Truck Types and Load-
ings to Produce Same Moment As Standard H Truck of Unit Weight on
Simple Span Bridges

Tables 12.1-12.14; Equivalent Concentrated Loads Required to Produce Same
Moment as Heavy Vehicle Types of Unit Weight on Simple Span Bridges

Table 13.1 and Figure 13.1; Conversion Coefficients for Equivalent Loadings
on Simple Spans of Various Lengths

Note: Equivalent H truck loadings, equivalent H-S truck loadings, and equiv-
alent concentrated loads may be converted from any one of these to
either of the other by using the proper conversion coefficient as given
by Table 13.1 or Figure 13.1.

5.4 Use of Tables and Charts For Converting Heavy Vehicles Into Equivalent
Loads

Perhaps the simplest way to explain the use of the tables and charts de-
scribed above would be to investigate several typical situations that could
easily arise in connection with some particular heavy vehicle loading. Sup-
pose, for example, that the vehicle in question is a 3-axle truck-tractor semi-
trailer combination (Type 2-S1 truck) having a gross weight of 45,000 pounds



32 METHOD OF CONVERTING HEAVY MOTOR VEHICLE LOADS

with 9,060 pounds on the front axle and 18,000 pounds on each of the other
two, and with axle spacing front to rear of 8 feet and 16 feet, respectively,
making an over-all wheel-base length of 24 feet. The first step toward ans-
wering questions concerning this vehicle would be to identify it in accordance
with the index Tables 6.1-6.14. Thus in Table 6.3, a Type 2-S1 truck having
the same axle spacings as this vehicle, with 20 percent of its gross weight on
the front axle and 40 percent on each of the other two will be found among
the 126 variations for this vehicle type. In the fourth column from the left
it will be seen that Truck Nos. 8 through 14 are for a vehicle with a 24-foot
wheel base and axle spacings front to rear of 8 feet and 16 feet, respectively.
In the next three columns to the right (columns 5, 6, and 7) it will be seen
that Truck No. 13 is the one that fits the vehicle described above with 20 per-
cent of the gross load on the front axle and 40 percent on each of the other
two. So this vehicle would be classified as a Type 2-S1 truck—No. 13. In
Table 6.3 it will be noted that there are a total of 126 variations of wheel-
base lengths, axle spacings, and distributions of load among the axles which
are arranged in such a way as to approximate almost any practical Type 2-Si
truck that might be encountered in highway tiraffic.

Now, suppose it is desired to know the maximum moment produced by
this Type 2-S1-13 (Type 2-S1 truck-—No. 18) on several different span lengths;
say on 30-, 50-, and 80-foot simple span bridges. This information will be
found for Type 2-S1-13 in Table 7.3. For the 30-foot span it shows that a
truck like this one will produce a maximum bending moment of 3.734 kip-feet
for each thousand pounds of gross vehicle weight. It also shows that this
maximum moment would occur when axles 1 and 2 are on the span and when
axle 2 is placed 1.333 feet to the right of the mid-span. For the 50- and 80-
foot spans, similarly, it will be seen that the maximum moment occurs under
axle 2 in each case when all three axles are on the span and axle 2 is placed
2.400 feet to the left of the mid-span; the maximum moments being 8.615
kip-feet and 16.072 kip-feet, respectively. In most cases, however, it is only
the maximum moment caused by a vehicle on a given span that would be of
interest. For this reason, as well as that of making the study of this infor-
mation more convenient, the maximum moments for all the vehicle types and
loadings shown in Tables 7.1-7.14 are summarized in Tables 8.1-8.14, respec-
tively. For example, the maximum moments for the Type 2-S1-13, as given
in Table 7.3, are summarized in Table 8.3.

It might be added that Tables 7.1-7.14 and Tables 8.1-8.14 are sufficiently
extensive to cover practically any vehicle type, number of axles, wheel-base
length, and loading distribution among the axles ordinarily encountered in
present-day highway traffic. From these tables the maximum moment caus-
ed by any of these vehicles on spans up to 100 feet in length may be rapidly
and accurately determined. In many cases, it is only desired to know the
maximum moment caused by a particular heavy vehicle on a given span. In
other cases, however, just knowing the maximum moment caused by a vehicle
on a given span would not be too informative. But if this maximum moment
were measured in terms of the load required on a standard H truck to pro-
duce the same moment on the same span it could be readily interpreted in
terms of an equivalent H truck loading, which would be very informative. This
operation of converting a given truck into equivalent H truck loading is ac-
complished simply by dividing the maximum moment produced by the given
truck on a given span by the maximum moment produced by the standard
H truck on the same span. For example suppose it is desired to know the
equivalent H truck loading on the 100-foot span for a Type 2-S1 truck weigh-
ing 30,000 pounds with 6,000 pounds on the front axle and 12,000 pounds on
cach of the other two, and an axle spacing front to rear of 8§ feet and 12 feet
resulting in an over-all wheel base of 20 feet. Without any other information
it would be necessary to calculate the maximum moment produced by the given
vehicle on the 100-foot span, which in this case is found to be 654.78 foot-kips,
and the moment produced by the standard H truck weighing 30 kips on the
100-feot span is found to be 708.60 foot-kips. The equivalent H truck load-
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ing for the given truck when determined as outlined above would be EHTL =
654.78 = 708.60 = .924, which means that the standard H truck would only
have to be loaded with .924 x 30 kips = 27.72 kips to produce as much moment
as the given truck. In other words, the given truck would be rated as an
H13.86 truck with respect to its stress producing characteristics based on mo-
ment. A summary of the equivalent H truck loadings for all the heavy ve-
hicle types, loadings, and span lengths are given in Tables 10.1-10.14 and a
brief explanation of their use follows immediately.

As an example in the use of Tables 10.1-10.14, suppose it is desired to
know the equivalent load rating for a gross vehicle weight of 45,000 pounds
on the Type 2-S1-13 (Type 2-S1 truck—No. 13) on the 30-, 50-, and 80-foot
spans. The equivalent H truck loadings for this vehicle based on a gross
load of one kip are to be found in Table 10.3 and for the spans in question
they are as follows:

Equivalent H Truck Loadings in Kips for a Type 2-8S1 Truck—
No. 13 Weighing 45,000 Pounds

Gross Vehicle Span Length Feet
Weight-Kips 30 50 80
1.¢0 606 173 863
45.00 27.2 34.8 38.8

This means that the Type 2-S1-13 weighing cne kip would produce as much
moment on a 30-foot span as a standard H truck weighing 0.606 times as
much as the given vehicle, or 606 pounds. In other words it would produce
60.6 percent as much moment as a standard H truck of the same weight. Or,
better perhaps, it would produce the same moment on a 30-foot span as a
standard H truck weighing 60.6 percent as much. The given Type 2-S1-13,
therefore, would produce as much moment on a 30-foot span as a standard H
truck weighing 45,000 x 0.606 — 27.2 kips = 13.6 tons; and, for this span it
would be rated as an equivalent H13.6 truck loading. On the 50- and 80-foot
spans, similarly, it would be rated as an equivalent H17.4 truck loading and
an equivalent H19.4 truck loading, respectively.

Similar information, concerning maximum moments and the rating of
heavy vehicle types and loadings in terms of equivalent H truck loadings on
spans up to 100 feet in length, may be obtained graphically from Figures
9.1-9.14. No further discussion of these charts are believed to be necessary
here, however, since they are explained in some detail in the text of Article 9.

In addition to the rating of heavy vehicle types and loadings on various
spans in terms of equivalent H truck loadings, as was done in the preceding
examples, there is another type of typical problem that often arises in con-
nection with the load carrying capacity of certain bridges of given length
and design designation. This is the problem of determining the maximum
gross weight that should be permitted on any particular vehicle such that it
might safely pass over a simple span bridge of given length and design rating.
There are a number of variations to this problem of permissible vehicle weight,
of course, but a few illustrative examples is all that is believed to be necessary
to show how the tables may be used.

Example 5.1. Use of Tables 7.1-7.14 for Rating Heavy Vehicles

Given: A simple span bridge 50 feet long has a load carrying capacity
such that it should not be subjected to a greater moment than that caused by
an H20 truck. Suppose it is desired to know the maximum gross load that
may be carried over this bridge by a Type 3-S2 truck with axle spacing, front
to rear, of 12 feet, 4 feet, 12 feet, and 4 feet, respectively, making an over-
all wheel-base length of 32 feet, if it is assumed that the gross weight is
so distributed that each of the 5 axles will be equally loaded.

By consulting the identification index Table 6.7, it will be seen that this
vehicle would be classified as a Type 3-82-48 (Type 3-S2 truck—No. 48). The
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problem here is to find the gross weight that might be carried by this vehicle
such that it would not produce more moment on a 50-foot span than an H20
truck. By consulting an AASHO moment table it will be found that an H20
truck causes a moment of 445.6 kip-feet on a 50-foot span. And in Table
7.7 it will be found that one kip on the above Type 3-52-48 moving from right
to left produces a moment of 7.713 kip-feet on this span when all 5 axles are
on the span and axle No. 3 is placed .800 feet to the left of the mid-span This
shows that a gross weight of 445.6/7.713 = 57.6 kips on this vehicle, or 11.52
kips per axle, produce the same moment as an H20 truck. The gross vehicle
weight thus indicated is more than would ordinarily be permitted by the
AASHO policy (see Table 1.1) but this policy is designed to protect many of
the older bridges that are not capable of safely supporting a vehicle load such
as this one. However, insofar as this particular bridge is concerned, the per-
missible gross weight for the Type 3-S2-48 under consideration would be 57.6
kips. And thus loaded, this vehicle would be rated as an equivalent H20
truck loading.

Example 5.2 Use of Tables 8.1-8.14 for Rating Heavy Vehicles

Given: A simple span bridge 50 feet long, the same as for Example 5.1,
has a load carrying capacity such that it should not be subjected to a greater
moment than that caused by an H20 truck. Suppose it is desired to know the
maximum gross load that may be carried over this bridge by the Type 3-S2-
48, described in Example 5.1, such that it would be rated as an equivalent
H20 truck loading.

In Table 8.7 it will be seen that a one kip load on a Type 3-52-48 will
produce a moment of 7.713 foot-kips on a 50-foot span and the AASHO mo-
ment tables show that an H20 truck will produce a moment of 445.6 kip-feet
on the same span. Therefore, a gross weight of 445.6/7.713 = 57.6 kips on
this vehicle would cause it to be rated as an equivalent H20 truck loading.

Example 5.3 Use of Tables 10.1-10.14 for Rating Heavy Vehicles

Suppose it is desired to know the gross load for a Type 3-5S2-48 (Type
3-S2 truck—DNo. 48) as described in Example 5.1, that would cause it to be
rated as an equivalent H20 truck loading on a 50-foot span.

Tables 10.1-10.14 show the equivalent H truck loadings which result from
various heavy vehicle types and loadings of unit weight on spans up to 100
feet in length. In Table 10.7 it will be found that a gross vehicle weight of
one kip for Type 3-S2-48 on a 50-foot span produces the same moment as
0.692 kips on a standard H truck. Therefore, a gross load of 40.0/.692 =57.6
kips on this vehicle will produce the same moment as an H20 truck, and for
this load the above Type 3-52-48 would be rated as an equivalent H20 truck
loading on a 50-foot span.

Example 5.4 Use of Tables 11.1-11.14 for Rating Heavy Vehicles

Suppose it is desired to know the gross load for a Type 3-S2-48 (Type
3-S2 truck—No. 48) as described in Example 5.1, that would result in its be-
ing rated as an equivalent H20 truck loading on a 50-foot span.

Tables 11.1-11.14 show the gross loads required for various heavy vehicle
types and loadings to produce the same moment on simple spans as a standard
H truck weighing one kip. And in Table 11.7 it will be found that a gross
vehicle weight of 1.445 kips for the Type 3-S2-48 on a 50-foot span produces
the same moment as 1.000 kip on an H truck. Therefore, a gross load of
40 x 1.445 = 57.6 kips on this vehicle will produce the same moment as an
H20 truck, and for this load the above Type 3-S2-48 would be rated as an
equivalent H20 truck loading on a 50-foot span.

Use of Equivalent Concentrated Loads

In the preceding discussion it was shown how the tables presented herein
may be used for converting heavy vehicle types and loadings into equivalent
H truck loading on simple span bridges up to 100 feet in length. The dis-
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cussion thus far has been confined to equivalent H truck loadings because it
is but a simple matter to convert a given heavy vehicle into an equivalent
H-S truck leading once its H truck loading equivalent has been determined
for any particular span. The coefficients for converting one type of equiva-
lent load into another on various spans ave given in Table 13.1 and Figure
13.1, and their use will be taken up immediately after the present discussion
of equivalent concentrated loads.

Although the use of either the H or the H-S truck loading equivalents
will provide a convenient means for measuring the stress producing effects
of heavy vehicle types and loadings on simple spans of various lengths, there
are certain advantages associated with the use of equivalent concentrated
loads that might also be worthy of consideration when selecting an appro-
priate basis for comparison. The maximum moment produced by a single con-
centrated load on a simple span, for example, can be expressed by a very sim-
ple equation; namely,

M = PS/4 5.1
in which M = maximum moment in kip-feet

P = concentrated load in kips

S = span length in feet

In this equation, it will be noted for any given load, P, the maximum mo-
ment, M, is a continuous function which varies directly with the span length,
S.  On the other hand, the maximum moments produced by the H and H-S
trucks on simple spans are neither continuous functions nor do the moments
vary directly with the span. This is owing to the fact that the wheel-base
length, spacing of axles, and the distribution of load among the axles must
all be taken into account when arriving at an expression forr maximum moment
for either of the design trucks. For these reasons, equivalent concentrated
loads not only provide an absolute basis for comparing the stress producing
characteristics of one vehicle with those of another on the same span, but
they also permit direct comparisons of these effects from one span to another
that would not be so simple if the effects were measured in terms of the H
or H-S truck or other arbitrary loading.

The use of the H or H-S truck as a basis for comparison, though, would
not only have the advantage of being familiar to everyone but also of coin-
ciding with presently used design loadings and bridge ratings. However, if
these design loadings should be changed in the future—and it is possible that
they will—their present advantages would not be so great. On the other
hand, comparisons based on the use of equivalent concentrated loads would
not be affected by one or more future changes in either the loads or pro-
cedures used for design.

It is possible of course to rate bridges—irrespective of their design des-
ignations—as well as heavy vehicles in terms of any standardized loading
that might be selected for the purpose. As to whether one loading or another
should be used as a basis for comparison in any particular case, however, is
a matter that can only be determined after all the advantages and disadvant-
ages associated with each of them, respectively, have been very carefully con-
sidered. At this stage, it is perhaps too carly to say whether one or the
other of the above mentioned loadings would ultimately prove to be the more
satisfactory. For sake of uniformity, though, if it should develop that but
one loading be selected as a standard for comparisons, it would seem from
this discussion that the use of equivalent concentrated loads might well be
included among those chosen for further investigation.

For those who would like to investigate the velative merits of using one
or another of these loadings, the frequency distributions of equivalent load-
ings given in Parts IV and V, which were obtained from the loadometer sur-
vey data of 1942, should prove to be of special interest. The frequency dis-
tributions given in Part IV are based on equivalent H truck loadings and
those in Part V are based on equivalent concentrated loads.
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The information required for measuring the stress producing effects of
heavy vehicle types and loadings on simple spans in terms of equivalent con-
centrated loads is given by Tables 12.1-12.14. The use of these tables will
be explained by applying them to a simple illustrative example.

Example 5.5 Use of Tables 12.1-12.14 for Rating Heavy Vehicles in Terms
of Equivalent Concentrated Loads

For the Type 3-S2-48 (Type 3-S2 truck—No. 48) having a gross weight
of 57.6 kips described in Example 5.1, suppose it is desired to know the equiv-
alent concentrated load that would produce the same maximum moment as
this vehicle on a 50-foot span.

In Table 12.7 it will be found that a Type 3-32-48 weighing 1.00 kip will
produce the same maximum moment on a 50-foot span as a single concentra-
ted load of 0.617 kips. Therefore, a single concentrated load of 57.6 x 617 —
35.5 kips would produce the same moment as the given vehicle and, on this
basis, it would be rated as an equivalent 35.5 kip concentrated load on a 50-
foot span.

Incidentally, it was shown in Example 5.1 that this vehicle would produce
the same moment on a 50-foot span as an H20 truck. In other words, the
given vehicle weighing 57.6 kips would produce the same maximum moment
on a 50-foot span as 40.0 kips on a standard H truck or a single concentrated
load of 35.5 kips.

6. IDENTIFICATION INDEX OF HEAYY VEHICLE TYPES
AND LOADINGS

The tables and charts given in Articles 6-13 (Part II) are concerneil
with the maximum moments, equivalent H truck loadings, equivalent H-3S
truck loadings, and equivalent concentrated loads associated with the numer-
ous possible variations in wheel-base lengths, numbers and spacings of axles,
and the distribution of gross vehicle weight among the axles, for 14 of the
more commonly used heavy vehicle types, ordinarily encountered in present-
day highway traffic, on simple span bridges up to 100 feet in length. Each
of these 14 vehicle types, together with the standardized notation used for
their identification, is shown in Figure 6.1.

The numerals used in this notation, which is shown opposite and to the
left of each diagram, indicate the number of axles in each of the one or more
units within a given vehicle assembly. When a semitrailer is included within
a vehicle, it is identified by the letter S, followed by the numeral which in-
dicates its number of axles. The Type 2 truck and the Type 3 truck, for ex-
ample, are single-unit trucks with 2 and 3 axles each, respectively. Double-
unit vehicles may be one of the truck-tractor semitrailer combinations or one
of the truck-trailer combinations; the three-unit vehicles may be one of the
truck-tractor semitrailer trailer combinations. The Type 3-S2 truck, for ex-
ample, consists of a 3-axle truck-tractor with a 2-axle semitrailer; and the
Type 3-S2-3 truck is made up of a 3-axle truck-tractor with a 2-axle semi-
trailer followed by a 3-axle trailer.

A breakdown of each of these 14 vehicle types into cells or variants is
given by Tables 6.1-6.14, as follows:

Table Vehicle No. of Tal:le Vehicle No. of
Number Types Cells Number Types Cells
6.1 2 36 6.8 3-83 105
6.2 3 42 6.9 2-2 144
6.3 2-S1 126 6.10 2-3 90
6.4 2.82 108 6.11 3-2 90
6.5 2-83 90 6.12 3-3 90
6.6 3-S1 20 6.13 2-51-2 96
6.7 3-S2 112 6.14 3-82-3 84

Total Number of Cells == 1303
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IDENTIFICATION OF FREIGHT VEHICLE TYPES

TYPE TYPICAL VEHICLE TYPE TYPICAL VEHICLE
2 A B 3-%3 A B C D EF
IWHEEL BASE | wreew Base |
- ; OAN O O)
3 A B C e-e LCA; B C o}
|[WHEEL BASE | wheeL Base |
H 1
- () O ;; - E; OO OO0
2=sl A B ¢ e—3 A B G 0 E
WHEEL BASE | WHEEL BASE |
= bl
2-S2 PO c oD 3-2 A BC D E
WHEEL BASE | whHeEeL BasE |
r~ 1
2=s3 | % B ¢ DE 3-3 A BGC D EF
| WHEEL BASE | I WHEEL BASE |
I 1 |2 1
3—gi % % 2-si-2 6 O o0 O
A B G D
WHEEL BASE L WHEEL BASE
~ "l
3-s2 EA %5 55 3-52-3 % 000 GG
WHEEL BASE WHEEL BASE

l l

Figure 6.1



Trueck numbers 1 to 36 represent 36 combinations of various
wheel base lengths and axle loadings.

Table 6.1

INDEX TO THE TYPE 2 TRUCKS WEIGHING
ONE KIP EACH

L.=WHEEL BASE

a, a2

J

' ®

TYPE 2 TRUCK
b3 Loading o4 Loading
~ —E '% © on Axles = E E © on Axles
25| g | K |55 23| Kis

HZ | Bm a az HZ | Ba ar ax
1 10 .45 55 19 16 45 Rt
2 10 .40 60 20 16 40 .60
3 10 .35 .65 21 16 .35 65
4 10 .30 70 22 16 .30 70
5 10 25 15 23 16 25 75
6 10 .20 &0 24 16 .20 80
7 12 .45 b5 25 18 .45 .55
8 12 40 .60 26 18 40 .60
9 12 ¢ .35 .65 27 18 35 .65
10 12 .30 70 28 18 30 10
11 12 25 .5 29 18 .25 75
12 12 .20 .80 30 18 .20 80
13 14 .45 .55 31 20 .45 55
14 14 .40 .60 32 20 .40 .60
15 14 .35 .65 33 20 35 .65
16 14 .30 70 34 20 .30 .70
17 14 .25 5 35 20 .25 .75
18 14 .20 .80 36 20 .20 .80

Table 6.2

INDEX TO THE TYPE 3 TRUCKS WEIGHING ONE KIP EACH

Truck numbers 1 to 42 represent 42 combinations of various wheel base

lengths, axle spacings, and axle loadings.

L =WHEEL BASE
X 4’
a, |/202 |/202
)
2 3
TYPE 3 TRUCK
& Wh. Base Loading ? Wh. Base Loading

2 and Axle on Axles a2 and Axle on Axles
é g 77781),8}1.7"3',i,, Kips é g Spacing K_ips
E,Z [ X L a1 a2 B4 X L a1 a:

1 10 14 40 .60 22 16 20 .40 .60

2 10 14 .35 .65 23 16 20 .35 .65

3 10 14 .30 .10 24 16 20 30 W70

4 10 14 25 15 25 16 20 25 .75

5 10 14 20 .80 26 16 20 .20 .80

6 10 14 .15 .85 27 16 20 .15 .85

7 10 14 .10 .90 28 16 20 10 .90

8 12 16 .40 .60 29 18 22 40 .60

9 12 16 .35 .65 30 18 22 .35 .65
10 12 16 .30 10 31 18 22 .30 .70
11 12 16 .25 .75 32 18 22 .25 75
12 12 16 .20 .80 33 18 22 .20 .80
13 12 16 .15 .85 34 18 22 .15 .85
14 12 16 19 90 35 18 22 .10 90
15 14 18 40 .60 36 20 24 .40 .60
16 14 18 .35 .65 37 20 24 .35 .65
17 14 18 .30 .70 38 20 24 .30 10
18 14 18 .26 .76 39 20 24 .25 .75
19 14 18 .20 .80 40 20 24 .20 .80
20 14 18 .15 .85 41 20 24 15 .85
21 14 18 .10 .90 42 20 24 10 .90
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Table 6.3
INDEX TO THE TYPE 2-81 TRUCKS WEIGHING ONE KIP EACH
Truck numbers 1 to 126 represent 126 combinations of various wheel base lengths,
axle spacings, and axle loadings.
L=WHEEL BASE
X i X
. g, 92 03‘
O ®
TYPE 2-S1 TRUCK
4| Wheel Base Load On 1 % | Wheel Base | Load On 4 | Wheel Base Load On
,:é.g and.Axle A)fles .:é.-cz J and.AxIe ‘ A)fles -] and_Axle A)'(les
S E| Spacing Ft. Kips S £ | Spacing Ft. Kips S E | Spacing Ft. Kips
£z X X L la; ar a3 ;Z— X X L ja: a: ag ;:2 "X X L | a1 a: as
1 8 12 20 .10 .30 .60 43 12 12 24 .10 .30 .60 &5 16 8 24 .10 .30 .6C
2 8 12 20 .10 .40 .50 44 12 12 24 .10 .40 .50 86 16 8 24 .10 .40 .50
3 8 12 20 .10 .45 .45 45 12 12 24 .10 .45 .45 87 16 B 24 .10 .45 45
4 8 12 20 .10 .50 .40 46 12 12 24 .10 .50 .40 88 16 & 24 .10 .50 .40
5 8 12 20 .20 .30 .50 47 12 12 24 .20 .30 .50 89 16 8 24 .20 .30 .50
6 B 12 20 .20 .40 .40 48 12 12 24 .20 .40 .40 90 16 & 24 .20 .40 .40
7 8 12 20 .20 .50 .30 49 12 12 24 20 .50 .36 91 16 & 24 .20 .50 .30
& 8 16 24 .10 30 .60 50 12 16 28 .10 .30 .60 9. 16 12 28 .10 .30 .60
9 8 16 24 .10 .40 .50 51 12 16 28 .10 .40 .50 9 16 12 28 .10 .40 .50
10 8 16 24 .10 .45 .45 52 12 16 28 .10 .45 .45 94 16 12 28 .10 .45 .45
11 8 16 24 .10 50 40 53 12 16 28 .10 .50 .40 95 16 12 28 .10 .50 .40
12 8 16 24 .20 .30 50 54 12 16 28 .20 .30 .50 96 16 12 28 .20 .30 .50
13 8 16 24 .20 .40 .40 55 12 16 28 .20 .40 .40 97 16 12 28 .20 .40 .40
14 8 16 24 .20 .50 .30 56 12 16 28 .20 .50 .30 98 16 12 28 .20 .50 .30
15 8 20 28 .10 .30 .60 57 12 20 32 .10 .30 .60 99 16 16 32 .10 .30 .60
16 8 20 28 .10 .40 .50 58 12 20 32 .10 .40 .50 100 16 16 32 .10 .40 .50
17 8 20 28 .10 .45 .45 59 12 20 32 .10 .45 .45 101 16 16 32 .10 .45 .45
18 g8 20 28 .10 .50 .40 60 12 20 32 .10 .50 .40 102 16 16 32 .10 .50 .40
19 8 20 28 .20 .30 .50 61 12 20 32 .20 .3¢ .50 103 16 16 32 .20 .30 .50
20 8 20 28 .20 .40 .40 62 12 20 32 .20 .40 .40 104 16 16 32 .20 .40 .40
21 8 20 28 .20 .50 .30 63 12 20 32 .20 .50 .30 105 16 16 32 .20 .50 .30
22 8 24 32 .10 .30 .60 64 12 24 36 .10 .30 .60 106 16 20 36 .10 .30 .60
23 8 24 32 .10 .40 .50 65 12 24 36 .10 .40 .50 107 16 20 36 .10 .40 .50
24 & 24 32 .10 .45 .45 66 12 24 36 .10 .45 .45 108 16 20 36 .10 .45 .45
25 8 24 32 .10 .50 .40 67 12 24 36 .10 .50 .40 109 16 20 36 .10 .50 .40
26 8 24 32 .20 .30 .50 68 12 24 86 .20 .30 .50 110 16 20 36 .20 .30 .50
27 B 24 32 .20 .46 .40 69 12 24 36 .20 .40 .40 111 16 20 36 .20 .40 .40
28 8 24 32 .20 .50 .80 70 12 24 386 .20 .50 .30 112 16 20 36 .20 .50 .30
29 8 28 36 .10 .30 .60 71 12 28 40 .10 .30 .60 113 16 24 40 .10 .30 .60
30 8§ 28 36 .10 .40 .50 72 12 28 40 .10 .40 .50 114 16 24 40 .10 .40 .50
31 8 28 36 .10 .45 .45 73 12 28 40 .10 .45 .45 115 16 24 40 .10 .45 .45
32 8 28 3 .10 .50 .40 74 12 28 40 .10 .50 .40 116 16 24 40 .10 .50 .40
33 8 28 36 .20 .30 .50 75 12 28 40 .20 .30 .50 117 16 24 40 .20 .30 .50
34 8 28 36 .20 .40 .40 76 12 28 40 .20 .40 .40 118 16 24 40 .20 .40 .40
35 & 28 36 .20 .50 .30 77 12 28 40 .20 .50 .30 119 16 24 40 .20 .50 .30
36 12 8 20 .10 .30 .60 78 12 32 44 .10 .30 .60 120 16 28 44 .10 .30 .60
37 12 & 20 .18 .40 .50 79 12 32 44 .10 .4¢ .50 121 16 28 44 .10 .40 .50
38 12 K 20 .10 .45 .45 &0 12 32 44 .10 .45 45 122 16 28 44 .10 .45 .45
39 12 8 20 .10 .50 .40 &1 12 32 44 .10 .50 .40 123 16 28 44 .10 .50 40
40 12 8 20 .20 .30 .50 82 12 32 44 .20 .30 .50 124 16 28 44 .20 .30 .50
41 12 8 20 .20 .40 40 83 12 32 44 .20 .40 .40 125 16 28 44 .20 .40 .40
42 12 8 20 .20 .60 .30 84 12 32 44 .20 .50 .30 6 16 28 44 .20 .50 .30
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Table 6.4
INDEX TO THE TYPE 2-S2 TRUCKS WEIGHING ONE KIP EACH
Truck numbers 1 to 108 represent 108 combinations of various wheel base lengths,
axle spacings, and axle loadings.
L=WHEEL BASE -
X | X' a’
. d, ‘EE_ Vpds |20y
1
' ® ® O
TYPE 2-S2 TRUCK

5| Wheel Base Load On % | Wheel Base Load On & j Wheel Base Load On
&2 and Axle Axles =2 and Axle Axles = and Axle Axles
g S Spacing Ft. Kips § g _S}mcing Ft. | Kips 1 g { Spacing Ft. Kips
;Z X X L ia: a: a3 | =2 \' X X L lar a: ag ;Z ’ X X L |a; a: a3

1 & 8 20 .10 .30 .60 37 12 8 24 10 .30 .60 73 16 8 28 .10 .30 .60

2 8 8 20 .10 .40 .50 3% 12 g8 24 10 .40 .50 74 16 8 28 .10 .40 .50

3 8 8 20 .10 .50 .40 39 12 8 24 .10 .50 .40 75 16 ] 28 .10 .50 .40

5 & 8 20 .20 .40 .40 41 12 8 24 .20 .30 .50 76 16 8 28 .20 .30 .50

4 8 8 20 .20 .30 .50 40 12 8 24 .20 .40 .40 77 16 38 28 .20 .40 .40

6 8 & 20 .20 .50 .30 42 12 8 24 .20 .50 .30 73 16 8 28 .20 .50 .30

7 & 12 24 .10 .30 .60 43 12 12 23 (16 .30 .60 79 16 12 32 .10 .30 .60

8 8 12 24 .10 .40 .50 44 12 12 23 10 .40 .50 80 16 12 32 .10 .40 .50

9 8 12 24 .10 .50 .40 45 12 12 23 .10 .50 .40 K1 16 12 32 .10 .50 .40
10 8 12 24 .20 .30 .50 46 12 12 23 20 .30 .50 32 16 12 32 .20 .30 .50
11 8 12 24 20 .40 .40 47 12 12 28 .20 .40 .40 83 16 12 32 .20 .40 .40
12 8 12 24 .20 .50 .30 43 12 12 28 .20 .50 .30 R4 16 12 32 .20 .50 .30
13 8 16 28 .10 .30 .60 49 12 16 32 .10 .30 .60 85 16 16 36 .10 .30 .60
14 8 16 28 .10 .40 .50 50 12 16 32 .10 .40 .50 86 16 16 36 .10 .40 .50
15 8 16 28 .10 .50 .40 51 12 16 32 10 .50 .40 87 16 16 36 .10 .50 .40
16 3 16 2% .20 .30 .50 52 12 16 32 .20 .30 .50 88 16 16 36 .20 .30 .50
17 8 16 28 20 .40 .40 53 12 16 32 .20 .40 .40 89 16 16 36 .20 .40 .40
18 & 16 28 .20 .50 .30 54 12 16 32 .20 .50 .30 90 16 16 386 .20 .50 .30
19 8 20 32 .10 .30 .60 55 12 20 36 .10 .30 .60 91 16 20 40 .10 .30 .60
20 8 20 32 .10 .40 .50 56 12 20 36 .10 .40 .50 92 16 20 49 .10 .40 .50
21 8 20 32 .10 .50 .40 57 12 20 36 .10 .39 .40 93 16 20 40 .10 .50 .40
22 g8 20 32 20 .30 .30 58 12 20 36 .20 .30 .50 94 16 20 40 .20 .30 .50
23 8 20 32 .20 .40 .40 59 12 20 36 .20 .40 .40 95 16 20 40 .20 .40 .40
24 8 20 32 .20 .50 .30 60 12 20 36 .20 .50 .30 96 16 20 49 .20 .50 .30
25 8 24 36 .10 .30 .60 61 12 24 40 .10 .30 .60 97 16 24 44 .10 .30 .60
26 8 24 36 .10 .40 .50 62 12 24 40 .10 .40 .50 93 16 24 44 .10 .40 .50
27 8 24 36 .10 .50 .40 63 12 24 40 .10 .50 .40 99 16 24 44 .10 .30 .40
28 8 24 36 .20 .30 .50 64 12 24 40 .20 .30 .50 100 16 24 44 .20 .30 .50
29 8 24 36 .20 .40 .40 65 12 24 40 .20 .40 .40 101 16 24 44 .20 .40 .40
30 8 24 36 .20 .50 .30 66 12 24 40 .20 .50 .30 102 16 24 44 .20 .50 .30
31 8 28 40 .10 .30 .80 67 12 23 44 .16 .30 .60 103 16 28 48 .10 .30 .60
32 8 28 40 .10 .40 .50 68 12 28 44 .10 .40 .50 104 16 28 43 .10 .40 .50
33 8 28 40 .10 .50 .40 69 12 28 44 .10 .50 .40 105 16 28 48 .10 .50 .40
34 8 28 40 .20 .30 .50 70 12 28 44 .20 .30 .50 106 16 28 48 .20 .30 .50
35 8 28 40 .20 .40 .40 71 12 28 44 .20 .40 .40 107 16 28 48 .20 .40 .40
36 8 28 40 .20 .50 .30 72 12 28 44 .20 .50 .30 108 16 28 48 .20 .50 .30
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Table 6.5

INDEX TO THE TYPE 2-83 TRUCKS WEIGHING ONE KIP EACH

Truck numbers 1 to 80 represent 90 combhinations of various wheel base lengths,

axle spacings, and axle loadings.

Wheel Base Load On Wheel Base

_“g\ ) | 5] : | Load On | 5 Wheel Base‘ Load On
FESUINIE S I A R
5E P i £ 5 Spacing | D 2 5 i Spacing Ft. | Kip
£z X X' L |ai a a:; &2 X X L la as a: | 22| X X L | a1 a: as
1 8 8 24 .10 .225 .675 31 12 8 23 .10 .225 .675 61 16 3 32 .10 .225 .675
2 8 8 24 .10 .30 .60 32 12 & 23 .10 .30 .60 62 16 8 32 .10 .30 .60
3 8 8 24 .10 .40 .50 33 12 8 23 .10 .40 .50 63 16 8 32 .10 .40 .50
4 8 8 24 20 .20 .60 34 12 8 23 .20 .20 .60 64 16 8 32 .20 .20 .60
5 8 8 24 .20 .30 .50 35 12 8 23 20 30 50 65 16 & 32 .20 .30 .50
6 8 8 24 20 40 40 36 12 8 28 .20 .40 .40 6 16 & 32 .20 .40 .40
78 12 28 .10 .225 .675 37 12 12 32 .10 .225 .675 6T 15 12 36 .10 .225 .65
8 8 12 2% .10 .30 .60 3% 12 12 32 10 .30 .60 6% 16 12 36 .10 .30 .60
9 R 12 28 .10 .40 .50 89 12 12 32 .10 .40 .50 69 16 12 36 .10 .40 .50
10 8 12 28 .20 .20 .60 40 12 12 32 .20 .29 .60 50 16 12 36 .20 .20 .60
11 8 12 28 .20 .30 .50 41 12 12 32 .20 .30 .50 1 16 12 36 .20 .30 .50
12 8 12 28 .20 .40 .40 42 12 12 32 .20 .10 .40 72 16 12 36 .20 .40 .40
13 8 16 32 .10 .225 .675 43 12 16 35 .10 7316 16 40 .10 .225 675
14 8 16 32 .10 .30 .60 44 12 16 36 .10 .30 .60 T4 16 16 40 .10 .30 .60
15 8 16 32 .10 .40 .50 45 12 16 36 .10 .40 .50 75 15 16 40 .10 .40 .50
16 & 16 32 .20 .20 .60 46 12 16 36 .20 .20 .60 76 16 16 40 .20 .20 .60
178 16 32 .20 .30 .50 47 12 16 36 .20 .30 .50 77 16 16 40 .20 .30 .50
18 8 16 32 .20 .40 .40 4% 12 16 35 .20 .40 .40 T8 16 16 40 .20 .40 .40
19 & 20 36 .10 .225 675 49 12 20 40 .10 .225 .675 79 16 20 44 .10 .225 .675
20 % 20 36 .10 .30 .60 50 12 20 40 .10 .39 .50 80. 16 20 44 .10 .30 .60
21 8 20 36 .10 .40 .50 51 12 20 40 .10 .40 .50 =t 16 20 44 .10 .40 .50
22 8 20 36 .20 .20 .60 52 12 20 40 .20 .20 .60 82 16 20 44 .20 .20 .60
23 % 20 36 .20 .30 .50 53 12 20 40 .20 .30 .30 83 16 20 44 .20 .30 .50
24 % 20 36 .20 .40 .40 54 12 20 40 .20 .40 .40 ®4 16 20 44 .20 .40 .40
25 8 24 40 .10 .225 .675 55 12 24 44 .10 .225 675 85 16 24 48 .10 .225 675
26 & 24 40 .10 .30 .60 56 12 2¢ 44 .10 .30 .60 36 16 24 48 .10 .30 .60
27 8 24 40 .10 .40 50 57 12 24 44 .10 .40 .50 87 16 24 48 .10 .40 .50
2% 8 24 40 .20 20 .60 58 12 24 44 .20 .20 .60 ®#3 16 24 48 .20 .20 .60
20 % 24 40 .20 .30 .50 59 12 24 44 .20 .30 .50 9 16 24 43 .20 .30 .50
30 & 24 40 .20 40 .46 60 12 24 44 .20 .40 .40 90 16 24 48 .20 .40 .40
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Table 6.6
INDEX TO THE TYPE 3-S1 TRUCKS WEIGHING ONE KIP EACH
Truck numbers 1 to 90 represent 90 cembinations of various wheel base lengths,
axle spacings, and axle loadings.
I L=WHEEL BASE -
Lox A SR
) a, II/ZGE il/202 SR
| ©
TYPE 3-SI TRUCK
%] Wheel Base Load On % | Wheel Base Load On % 1 Wheel Base Load On
%—g and_Axle A)fles %2 and_Ax]e A)fles .ﬁ—ﬂ | and.AxIe A¥lgs
E g Spacing Ft. Kips E E Spacing Ft. | Kips 5 g lﬁpqgﬂg Ft. Kl_ps
Bzl X X' L |a: a: as | &2 X X' Liai a» a3 | HZ ‘ X X' L |at a: as
1 8 12 24 .10 .40 .50 31 12 12 28 .10 .40 .50 61 16 12 32 .10 .40 .50
2 8 12 24 .10 .50 .40 82 12 12 28 .10 .50 .40 62 16 12 32 .10 .50 .40
3 8 12 24 .10 .60 .30 33 12 12 28 .10 .60 .30 63 16 12 32 .10 .60 .30
4 8§ 12 24 .20 .40 .40 2 12 12 28 .20 .40 .40 64 16 12 32 .20 .40 .40
5 8 12 24 .20 50 .30 35 12 12 28 .20 .50 .30 65 16 12 32 .20 .50 .30
6 & 12 24 .20 .534 .266 36 12 12 28 .20 .534 .266 66 16 12 32 .20 .534 .266
7 8 16 28 .10 .40 .50 37 12 16 382 .16 .40 .50 67 16 16 36 .10 .40 .50
8 8 16 28 .16 .50 .40 38 12 16 32 .10 .50 .40 68 16 16 36 .10 .50 .40
9 8 16 28 .10 .60 .30 39 12 16 32 .10 .60 .30 69 16 16 36 .10 .60 .30
10 g 16 28 .20 .40 .40 40 12 16 32 20 .40 .40 70 16 16 36 .20 .40 .40
11 8 16 28 .20 .50 .30 41 12 16 32 .20 .50 .30 71 16 16 36 .20 .50 .30
12 8 16 28 .20 .534 .266 42 12 16 32 20 .34 266 72 16 16 36 .20 .534 .266
13 8 20 32 .10 .40 .50 43 12 20 36 .10 .40 .50 73 16 20 40 .10 .40 .50
14 & 20 32 .10 50 .40 44 12 20 36 .10 .50 .40 74 16 20 40 .10 .50 .40
15 8 20 32 .10 .60 .30 45 12 20 36 .10 .60 .30 75 16 20 40 .10 .60 .30
16 8 20 32 .20 .40 .40 46 12 20 36 .20 .40 .40 76 16 20 40 .20 .40 .40
17 8§ 20 32 .20 .50 .30 47 12 20 36 .20 .50 .30 g 16 20 40 .20 .5¢ .30
18 8 20 32 .20 .534 .266 48 12 20 36 .20 .534 .266 78 16 20 40 .20 .534 .266
19 8 24 36 .10 .40 .50 49 12 24 40 .10 .40 .50 79 16 24 44 .10 .40 .50
200 8 24 36 .10 .50 .40 50 12 24 40 .10 .50 .40 80 16 24 44 .10 .50 .40
21 8 24 36 .10 .60 .30 51 12 24 40 .10 .60 .3 &1 16 24 44 .10 .60 .30
22 8 24 36 .20 .40 .40 52 12 24 40 .20 .40 .40 K2 16 24 44 .20 .40 .40
23 8 24 36 .20 .50 .30 53 12 24 40 .20 .50 .30 &3 16 24 44 .26 .50 .30
24 8 24 36 .20 .534 .266 54 12 24 40 .20 .534 266 &4 16 24 44 .20 .534 .266
25 8 28 40 .10 .40 .50 55 12 28 44 .10 .40 .50 85 16 28 48 .10 .40 .50
26 8 28 40 .10 .50 .40 56 12 28 44 .10 .50 40 8 16 28 48 .10 .50 .40
27 8 28 40 .10 .60 .30 57 12 28 44 .10 .60 .30 87 16 28 48 .10 .60 .30
28 8 28 40 .20 .40 .40 58 12 28 44 .20 .40 .40 &8 16 28 48 .20 .40 .40
29 8 28 40 .20 .50 .30 59 12 28 44 .20 .50 .30 89 16 28 48 .20 .50 .30
30 & 28 40 .20 .534 .266 60 12 28 44 534 .266 80 16 28 48 .20 .534 .266

.20
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Table 6.7
INDEX TO THE TYPE 3-S2 TRUCKS WEIGHING ONE KIP EACH
Truck numbers 1 to 112 represent 112 combinations of various wheel base lengths,
axle spacings, and axle loadings.
L=WHEEL BASE N
L X iﬁ’ X 3
a, /23, |i/23, 1/2Qy )I/2Qy
L i
®© ® 6 ® 6
TYPE 3-52-TRUCK
| Wheel Base i Load On | & | Wheel Base Load On | % - Wheel Base Load On
% ] and.Axle A?fles .ﬁ 2 and. Axle A’}fles | 2 2 and.Axle J A).des
5 §: Spacing Ft. Kips = g Epavmng_lit_._i Kips ‘ = g | Spacing Ft. Kips
£Z X X L |a;, a: a5 22| X X L ja a: a; | &2 X X L |ai a: as
1 & 12 28 .10 .30 .60 43 12 12 32 .10 .30 .60 25 16 16 40 .10 .30 .60
2 g 12 28 .10 .40 .50 44 12 12 32 .10 .40 .50 &6 16 16 40 .10 .40 .50
3 & 12 28 .10 .45 .45 45 12 12 32 .10 .45 45 87 16 16 40 .10 .45 .45
4 8§ 12 28 .10 .50 .40 46 12 12 32 .10 .50 .40 &R 16 16 40 .10 .50 .40
5 & 12 28 .20 .30 .50 47 12 12 32 .20 .30 .50 89 16 16 40 .20 .30 .50
6 8 12 28 .20 .40 .40 48 12 12 32 .20 .40 .40 90 16 16 40 .20 .40 .40
7 8 12 28 .20 .50 .30 49 12 12 32 .20 .50 .30 91 16 16 40 .20 .50 .30
& & 16 32 .10 .30 .60 50 12 16 36 .10 .30 .60 92 16 20 44 .10 .30 .60
9 g8 16 32 .10 .40 .50 51 12 16 36 .10 .40 .59 93 16 20 44 .10 .40 .50
10 8 16 32 .10 .45 45 52 12 16 36 .10 .45 .45 94 16 20 44 .10 45 .45
11 & 16 32 .10 .50 .40 53 12 16 36 .10 .50 .40 95 16 20 44 .10 .50 .40
12 & 16 32 .20 .30 .50 54 12 16 36 .20 .30 .50 96 16 20 44 .20 .30 .50
13 & 16 32 .20 .40 .40 55 12 16 36 .20 .40 .40 T 16 20 44 .20 .40 .40
14 & 16 32 .20 .50 .30 56 12 16 36 .20 .50 .30 9% 16 20 44 .20 .50 .30
15 & 20 36 .10 .30 .60 7 12 20 40 .10 .30 .60 99 16 24 .48 10 .30 .60
16 & 20 36 .10 .40 .50 58 12 20 40 .10 .40 .50 100 16 24 4% .10 .40 .50
17 & 20 36 .10 .45 .45 59 20 40 .10 .45 45 101 16 24 48 .10 .45 .45
18 & 20 36 .10 .50 .40 60 2 20 40 .10 .50 .40 102 16 24 43 .10 B0 .40
19 & 20 36 .20 .30 .50 61 12 20 40 .20 .30 .50 103 15 24 43 .20 .30 .50
20 & 20 36 .20 .40 .40 62 12 20 40 .20 .40 40 104 16 24 43 20 .40 .40
21 8 20 36 .20 .50 .30 63 12 20 40 .20 .50 .50 105 16 24 48 .20 .50 .30
22 & 24 40 .10 .30 .60 64 12 24 44 10 .30 .60 106 16 23 52 .10 .30 .60
23 ] 24 40 .10 .40 .50 65 12 24 44 .10 .40 50 107 16 2R 52 .10 .40 .50
24 8 24 40 .10 .45 .45 66 12 24 44 (10 45 45 108 16 28 52 .10 45 .45
25 & 24 40 .10 .50 .40 67 12 24 44 10 .50 .40 109 16 28 52 .10 .50 .40
26 & 24 40 .20 .30 .50 65 12 24 44 20 30 .50 110 16 28 52 .20 .30 .50
27 8 24 40 .20 .40 .40 69 12 24 44 .20 .40 .40 111 16 28 52 .20 40 .40
28 R 24 40 .20 .50 .30 70 12 24 44 20 .50 .30 112 16 28 52 .20 .50 .30
29 & 28 44 .10 .30 .60 71 12 28 48 .10 .30 .60
30 ] 28 44 .10 .40 .50 72 12 28 48 .10 .40 .50
31 8 28 44 .10 .45 .45 73 12 28 43 .10 .45 .45
32 & 28 44 .10 .50 .40 74 12 28 48 .10 .50 .40
33 & 28 44 .20 .30 .50 75 12 28 48 .20 .30 .50
34 8 28 44 .20 .40 .40 76 12 28 48 .20 .40 .40
35 8 28 44 .20 .50 .30 7 12 28 4% .20 .50 .30
36 12 8 28 .10 .30 .60 78 16 12 36 .10 .30 .60
7 12 8 28 .10 .40 .50 79 16 12 36 .10 .49 .50
38 12 8 28 .10 .45 .45 80 16 12 36 .10 .45 .45
39 12 8 28 .10 .50 .40 81 16 12 36 .10 .50 .40
40 12 8 28 .20 .30 .50 82 16 12 36 .20 .30 .50
41 12 8 23 .20 .40 .40 83 16 12 36 .20 .40 .40
42 12 g 28 .20 .50 .30 84 16 12 36 .20 .50 .30




44 METHOD OF CONVERTING HEAVY MOTOR VEHICLE LOADS

Table 6.8

INDEX TO THE TYPE 3-S3 TRUCKS WEIGHING ONE KIP EACH

Truck numbers 1 to 105 represent 105 combinations of various wheel base lengths,

axle spacings, and axle leadings.

L:=WHEEL BASE
X & X' 4 . 4
+— LAl i
. a, _'/202 o0, l‘/303 !;‘/‘303 «‘/3;03

O] ®

TYFE 3-€3 TRUCK

B g Wheel Base | Load On 5 1 ‘Wheel Base Load On % | Wheel Base | Load On
i Sa;lgi;i\xigt‘ l }]\()g]e;s 1 %-g | Sand.Ax;gL ?{)gles f-g sand.Axngt ' 1}%{)}(19:
2 5| Sp: 4 ips 5 £ | Spacing ips 7 £ | Spacing Ft. DS
E2 X X L a1 = ar izl X X L a a a2 X X L e ar as
1 8 12 32 .10 .30 .60 36 12 12 36 .10 .30 .60 71 16 12 40 .10 .30 .60
2 8 12 32 .10 .36 .54 37 12 12 36 .10 .36 .54 72 16 12 40 .10 .36 .54
3 & 12 32 .10 .40 .50 388 12 12 86 .10 .40 .50 73 16 12 40 .10 .40 .50
4 8 12 32 .10 .50 .40 39 12 12 36 .10 .50 .40 74 16 12 40 .10 .50 .40
5 8 12 32 .20 .30 .50 40 12 12 86 .20 .30 .50 75 16 12 40 .20 .30 .50
6 8 12 32 .20 .40 .40 41 12 12 86 .20 .40 .40 76 16 12 40 .20 .40 .40
7 & 12 32 .20 .50 .30 42 12 12 36 .20 .50 .30 7 16 12 40 .20 .50 .30
8 8 16 36 .10 .36 .60 43 12 16 40 .10 .30 .60 78 16 16 44 .10 .30 .60
9 8 16 36 .10 .36 .54 44 12 16 40 .10 .36 .54 79 16 16 44 .10 .36 .54
10 8 16 36 .10 .40 .50 45 12 16 40 .10 .40 .50 80 16 16 44 .10 .40 .50
11 8 16 36 .10 .50 .40 46 i2 16 40 .10 .50 .40 81 16 16 44 .10 .50 .40
12 8 16 36 .20 .30 .50 47 12 16 40 .20 .30 .50 82 16 16 44 .20 .30 .50
13 8 16 36 .20 .40 .40 48 12 16 40 .20 .40 .40 83 16 16 44 .20 .40 .40
14 8 16 36 .20 .50 .30 49 12 16 40 .20 .50 .30 84 16 16 44 .20 .50 .30
15 8 20 40 .10 .30 .60 50 12 20 44 .10 .30 .60 85 16 20 48 .10 .30 .60
16 8 20 40 .10 .36 .54 51 12 20 44 .10 .86 .54 86 16 20 48 .10 .36 .54
17 8 20 40 .10 .40 .50 52 12 20 44 .10 .4¢ .50 87 16 20 48 .10 .40 .50
18 8 20 40 .10 .50 .40 53 12 20 44 .10 .50 .40 88 16 20 48 .10 .50 .40
19 8 20 40 .20 .30 .50 54 12 20 44 .20 .20 .50 89 16 20 48 .20 .30 .50
20 8 20 40 .20 .40 .40 55 12 20 44 .20 .40 .40 90 16 20 48 .20 .40 .40
21 8 20 40 .20 .50 .30 56 12 20 44 .20 .50 .30 91 16 20 48 .20 .50 .30
22 8 24 44 .10 .30 .60 57 12 24 48 .1¢ .30 .60 92 16 24 52 .10 .30 .60
23 8 24 44 .10 .36 .54 58 12 24 48 .10 .36 .54 93 16 24 52 .10 .36 .54
24 8 24 44 .10 .40 .50 59 12 24 4% .10 .40 .50 94 16 24 52 .10 .40 .50
25 8 24 44 10 .50 .40 60 12 24 48 .10 .50 .40 95 16 24 52 .10 .50 .40
26 8 24 44 .20 .30 .50 61 12 24 48 .20 .30 .50 96 16 24 52 .20 .30 .50
27 8 24 44 20 .40 .40 62 12 24 48 .20 .40 .40 97 16 24 52 .20 .40 .40
28 8 24 44 .20 .50 .30 63 12 24 48 .20 .50 .30 98 16 24 52 .20 .50 .30
29 8 28 48 .10 .30 .60 64 12 28 52 .10 .30 .60 99 16 28 56 .10 .30 .60
30 8 28 48 .1 .36 .54 65 12 28 52 .10 .36 .54 100 16 28 56 .10 .36 .54
31 g 28 48 .10 .40 .50 66 12 28 52 .10 .40 .50 101 16 28 56 .10 .40 .50
32 8 28 48 .10 .50 .40 67 12 28 52 10 .50 .40 102 16 28 56 .10 .50 .40
33 8 28 48 .20 .30 .50 68 12 28 52 .20 .30 .50 103 16 28 56 .20 .30 .50
34 8 28 48 .20 .40 .40 69 12 28 52 .20 .40 .40 104 16 28 56 .20 .40 .40
35 8 28 48 .20 .50 .30 70 12 28 52 .20 .50 .30 105 16 28 56 .20 .50 .30




METHOD FOR RATING HEAVY VEHICLE LoApRs 45
Tablie 6.9
INDEX TO THE TYPE 2-2 TRUCKS WEIGHING ONE KIP EACH
Truck numbers 1 to 144 represent 144 combinations:of various wheel base lengths,
axle spacings, and ax'e loadings.
| L= N
E XX ]
! |
a ta
1 1 ”1]3
Q) 5
g
3" Wheel Base Load Gn | 5§ Wheel Base | Load On T Wheei Base | Load On
A=, and Axle Axles ‘%’*‘: and Axir Axles and Axi» Axles
_5 E‘W ip: B ‘ = §_, Sparipg E[ b Kips Spacing Fr. | Kips
=z'X X' C Lia a: a; |=z&’ C : C Lia: a: ay
1 12 = 2 ¢ 10 .20 70 4% 16 2 & ]38 .10 .20 .70
2 12 8 % 23 .10 .39 .60 50 16 A ¥ X 36 .10 .30 .60
3 12 % 8 2% .10 40 .50 51 18 & % R 36 .10 .40 .50
4 12 ¥ ¥ 2% 20 .20 60 H2 1s R X 2036 .20 .20 .60
5 12 8 & 28 .20 .30 .50 53 16 % ¥ 236 .20 .30 .50
6 12 2 ¥ 28 20 40 40 54 16 R R X356 .20 .40 .40
To1Z2 12 % 32 .10 .20 .70 55 16 12 % 3 40 .10 .20 .70
] 12 12 8 32 .10 .30 .60 46 16 12 % & 40 .10 .30 .60
9 12 12 8 32 .10 .40 50 57 16 12 % 3 40 .10 .40 .50
1) 12 12 ¥ 32 .20 .20 .60 58 16 12 2 2 40 .20 .20 .60
11 12 12 8 32 20 .30 b0 59 18 12 X 2 40 .20 .30 .50
12 12 12 ¥ 382 .20 .40 .40 60 1v 12 % X040 .20 .40 40
13 12 16 8 36 .10 .20 .70 61 16 16 3 ] 44 10 .20 7D
14 12 16 8 36 .10 .30 60 62 16 16 X 2 41 .10 .30 .60
15 12 16 8 36 .10 .40 50 63 16 16 & X 44 10 .40 .50
16 12 16 8 36 .20 .20 60 64 16 16 4 2 44 .20 .20 .60
17 12 16 8 36 .20 .30 50 65 16 16 8 3 44 20 30 50
18 12 16 8 36 .20 .40 40 66 16 16 % 8 44 20 .40 .40
19 12 20 % 40 .10 .20 .70 67 16 20 R 8 48 .10 .20 .70
20 12 20 8 40 .10 .30 .60 63 16 20 R® 3 48 .10 .30 .60
21 12 20 & 40 .10 40 .50 69 16 20 A 2 48 10 .40 .50
22 12 20 8 40 .20 .20 .60 70 16 20 3 3 48 .20 .20 .60
23 12 20 8 40 .20 .30 .50 71 16 20 % 3 48 .20 .30 .50
24 12 20 8 46 .20 .40 .40 72 16 20 3 243 .20 .40 .40
25 12 8 12 32 .10 .20 .70 73 16 8 12 12 40 .10 .20 .70
26 12 8 12 32 .10 .30 .60 T4 16 8 12 12 40 .10 .30 .60
27 12 8 12 32 .10 40 50 75 16 8 12 12 40 .10 .40 .50
2% 12 % 12 32 .20 .20 .60 76 16 3 12 1240 .20 .20 .60
29 12 8 12 32 .20 .30 .50 77 16 ¥ 12 12 40 .20 .30 .50
306 12 8 12 32 .20 .40 .40 T3 16 8 12 12 40 .20 .40 .40
31 12 12 12 36 .10 .20 70 7% 16 12 12 12 44 .10 .20 .70
32 12 12 12 36 .10 .30 .60 80 16 12 12 12 44 .10 .30 .60
33 12 12 12 36 .10 .40 .50 81 16 12 12 . 2 12 44 .10 .40 .50
34 12 12 12 36 .20 .20 .60 €2 16 12 12 40 .20 .20 .60 130 20 12 12 44 .20 .20 .60
35 12 12 12 36 .20 .30 .50 83 16 12 12 40 .20 .30 .50 131 20 12 12 44 .20 .30 .50
36 12 12 12 36 .20 .40 .40 84 16 12 12 40 .20 .40 .40 132 20 12 12 44 .20 .40 .40
T 12 16 12 40 .10 .20 .70 85 16 16 12 44 .10 .20 .70 133 20 16 12 48 .10 .20 .70
38 12 16 12 40 .10 .30 .60 86 16 16 12 44 .10 .30 .60 134 20 16 12 48 .10 .30 .60
39 12 16 12 40 .10 .40 .50 87 16 16 12 44 .10 .40 .50 135 20 16 12 48 .10 .40 .50
40 12 16 12 40 .20 .20 .60 88 16 16 12 44 .20 .20 .60 136 20 16 12 48 .20 .20 .60
41 12 16 12 40 .20 .30 .50 89 16 16 12 44 .20 .30 .50 137 20 16 12 43 .20 .30 .50
42 12 16 12 40 .20 .40 .40 90 16 16 12 44 .20 .40 .40 138 20 16 12 48 .20 .40 .40
43 12 20 12 44 .10 .20 .70 91 16 20 12 48 .10 .20 .70 139 20 20 12 52 .10 .29 .70
44 12 20 12 44 .10 .30 .60 92 16 20 12 48 .10 .30 .60 140 20 20 12 52 .10 .30 .60
45 12 20 12 44 .10 .40 .50 93 16 20 12 48 .10 .40 .50 141 20 20 12 52 .10 .40 .50
46 12 20 12 44 .20 .20 .60 94 16 20 12 48 .20 .20 .60 142 20 20 12 52 .20 .20 .60
47 12 20 12 44 .20 .30 .50 95 16 20 12 48 .20 .30 .50 143 20 20 12 52 .20 .30 .50
48 12 20 12 44 .20 .40 .40 96 16 20 12 48 .20 .40 .40 144 20 20 12 52 .20 .40 .40
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Table 6.10
INDEX TO THE TYPE 2-3 TRUCKS WEIGHING ONE KIP EACH
Truck numbers 1 to 90 represent 90 combinaticns of various wheel base lengths,
axle spacings, and axle lcadings.
o L=WHEEL ELSE
X c : X a’
e ¢ ;/303 /3% /a0
O] @ @ ©®© ©®
TYPE 2-3 TRUCK

g Wheel Base | Lead On | 5 Wheel Base Load On ;‘ Wheel Base | Load On
BE shmanebe | Kie  EE somdme ‘ Bl shacimpbe. | Kawe
55| _Sp g Ft. | ips EE pacing Ft. £|_Spacing Ft. _ ips
=Zi X _X' C Ljar a: az =z X X C L‘a1 ZIX X’ C L. ari a: ay

112 8 8 32 .10 .20 .70 31 16 § 8 36 .10 .20 .70 61 20 & & 40 .10 .20 .70

2 12 8 8 32 .10 .30 .60 32 16 8 & 36 .10 .30 .60 62 20 & & 40 .10 .30 .60

3 12 8 & 32 .10 .40 50 233 16 & & 36 .10 .40 50 63 20 8 8 40 .10 .40 50

4 12 8 8 32 .20 .20 .60 34 16 8 K 36 .20 .20 .60 64 20 K& R 40 .20 .20 .60

5 12 8 & 32 20 .30 50 35 16 8 8 86 .20 .30 50 65 20 8 8 40 .20 .30 .50

6 12 i2 8§ 36 .10 .20 .70 36 16 12 & 40 .10 .20 .70 66 20 12 8 44 .10 .20 .70

7 12 12 8§ 36 .10 .30 .60 37 16 12 ¥ 40 .10 .30 .60 67 20 12 8 44 .10 .30 .60

& 12 12 B 36 .10 .40 50 38 16 12 K8 40 .10 .40 .50 68 20 12 8 44 .10 .40 .50

9 12 12 8 36 .20 .20 .60 39 16 12 8 40 .20 .20 .60 69 20 12 & 44 .20 .20 .60
10 12 12 8 36 .20 .30 .50 40 16 12 8 40 .20 .30 .50 70 20 12 8 44 .20 .30 .50
11 12 16 & 40 .10 .20 .70 41 16 16 8 44 .10 .20 70 71 20 16 8 48 .10 .20 .70
12 12 16 8 40 .10 30 60 42 16 16 & 44 .10 30 60 72 20 16 8 48 .10 .30 .60
13 12 16 8 40 .10 .40 .50 43 16 16 & 44 .10 .40 .50 T3 20 16 & 48 .10 .40 .50
14 12 16 ¥ 40 .20 .20 .60 44 16 16 & 44 .20 .20 .60 T4 20 16 8 48 .20 .20 .60
15 12 16 & 40 .20 .30 50 45 16 16 8 44 .20 .30 50 75 20 16 8 48 .20 .30 .50
16 12 8 12 36 .10 .20 .70 46 16 & 12 40 .10 .20 70 76 20 8 12 44 .10 .20 .70
17 12 8 12 36 .10 .30 .60 47 16 8 12 40 .15 .30 .60 77 20 & 12 44 .10 .30 .60
18 12 8 12 36 .10 40 .50 48 16 & 12 40 .10 .40 .50 TR 20 & 12 44 .10 .40 .50
19 12 8 12 36 .20 .20 .60 49 16 8 12 40 .20 .20 .60 79 20 R 12 44 .20 .20 .60
20 12 8 12 36 .20 .30 .50 50 16 & 12 40 .20 .30 .50 &0 20 8 12 44 .20 .30 .50
21 12 12 12 40 .10 .20 .70 51 16 12 12 44 .10 .20 .70 K81 20 12 12 48 .10 .20 .70
22 12 12 12 40 .10 .30 .60 52 16 12 12 44 .10 .30 .60 82 20 12 12 48 .10 .30 .60
23 12 12 12 40 .10 .40 .50 53 16 12 12 44 .10 .40 .50 &3 20 12 12 48 .10 .40 .50
24 12 12 12 40 20 20 .60 H4 16 12 12 44 20 20 60 &4 20 12 12 48 .20 .20 .60
25 12 12 12 40 .20 .30 .50 55 16 12 12 44 .20 .30 .50 85 20 12 12 48 .20 .30 .50
26 12 16 12 44 .10 .20 .70 56 l6 16 12 4% .10 .20 .70 &6 20 16 12 52 .10 .20 .70
27 12 16 12 44 .10 .30 .60 57 16 16 12 4% .10 .30 .60 K7 20 16 12 52 .10 .30 .60
28 12 16 12 44 .10 .40 .50 58 16 16 12 4% .10 .40 .50 K& 20 16 12 52 .10 .40 .50
29 12 16 12 44 .20 .20 .60 59 16 16 12 48 .20 .20 .60 &9 20 16 12 52 .20 .20 .60
30 12 16 12 44 .20 .30 .50 60 16 16 12 48 .20 .30 .50 90 20 16 12 52 .20 .30 .50
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Table 6.11
INDEX TO THE TYPE 3-2 TRUCKS WEIGHING ONE KIP EACH
Truck numbers 1 to 90 represent 90 combinations of various wheel base lengths,
axle spacings. and axle loadings.
L=WHEEL BAST
X 4 | G X!
. a, 20, l‘/glc e i 121G, ':;-'?_l’:},
O, ONCINC, ®
TYPZ 3-2 TRUWCK
5| Wheel Base Load On %] Wheel Base T.oad On \ %1 Wheel Base Load On
=) and Axle Axles o8 and Axle Axles =42 and Axle Axles
§ gi Spacing Ft. Kips é 5 _Spacing Ft.. Kips | § g Spacing Ft. Kips
~ZiX X" C Ljlar a: a3 &I X XV;C Liar a» a3 (#Z|X X C L | at a» a3
1 12 12 8 386 .10 .40 .50 31 16 12 8 40 .10 .40 .50 61 20 12 8 44 .10 .40 .50
2 12 12 % 36 .10 .50 .40 32 16 12 & 40 .10 .50 .40 62 20 12 8 44 .10 .50 .40
3 12 12 % 36 .10 .60 .30 33 16 12 & 40 .10 .60 .30 63 20 12 8 44 .10 .80 .30
4 12 12 8 36 .20 .40 .40 34 16 12 8 40 .20 .40 .40 64 20 12 8 44 .20 .49 .40
5 12 12 ® 386 .20 .50 .30 35 16 12 8 40 .20 .50 .30 65 20 12 8 44 .20 .50 .30
6 12 16 8 40 .10 .40 50 86 16 16 8 44 .10 .40 .50 66 20 16 8 48 .10 .40 .50
7 12 16 8 40 .10 50 .40 37 16 16 8 44 .10 .50 .40 67 20 16 &8 48 .10 .50 .40
& 12 16 8 40 .10 .60 .30 38 16 16 8 44 10 .60 .30 638 20 16 8 48 .10 .60 .30
9 12 16 8 40 .20 .40 .40 39 16 16 & 44 .20 .40 .40 69 20 16 8 48 .20 .40 .40
10 12 16 & 40 .20 .50 .30 40 16 16 8 44 .20 .30 30 70 20 16 & 48 .20 .50 .30
11 12 20 8 44 .10 .40 .50 41 16 20 8 43 .10 .40 .50 71 20 20 8 52 .10 .40 .50
12 12 20 % 44 .10 .50 .40 42 16 20 8 48 .10 .30 .40 72 20 20 8 52 .10 .50 .40
13 12 20 R 44 .10 60 .30 43 16 20 8 43 .10 .60 .30 73 20 20 R 52 .10 .60 .30
14 12 20 8 44 .20 .40 .40 44 16 20 8 48 .20 .40 .40 74 20 20 & 52 .20 .40 .40
15 12 20 8 44 .20 .50 .30 45 16 20 8 48 .20 .50 .30 75 20 20 8 52 .20 .50 .30
16 12 12 12 40 .10 .40 .50 46 16 12 12 44 .10 .40 .50 76 20 12 12 48 .10 .40 .50
17 12 12 12 40 .10 .50 .40 47 16 12 12 44 .10 .50 40 77 20 12 12 48 .10 .50 .40
18 12 12 12 40 .10 .60 .30 48 15 12 12 44 .10 .60 .30 78 20 12 12 48 .10 .60 .30
19 12 12 12 40 .20 .40 .40 49 16 12 12 44 .20 .40 .40 79 20 12 12 48 .20 .40 .40
20 12 12 12 40 .20 50 .30 50 16 12 12 44 .20 .50 .30 80 20 12 12 48 .20 .50 .30
21 12 16 12 44 .10 .40 .50 51 16 16 12 48 .10 .40 .50 81 20 16 12 52 .10 .40 .50
22 12 16 12 44 .10 .50 .40 52 16 16 12 48 .10 .50 .40 X2 20 16 12 52 .10 .50 .49
23 12 16 12 44 .10 .60 .30 53 16 16 12 43 .10 .60 .30 83 20 16 12 52 .10 .60 .30
24 12 16 12 44 .20 .40 .40 54 16 16 12 48 .20 .40 .46 84 20 16 12 52 .20 .40 .40
25 12 16 12 44 .20 .50 .30 55 16 16 12 48 .20 .50 .30 85 20 16 12 52 .20 .50 .30
26 12 20 12 43 .10 .40 .50 56 16 20 12 52 .10 .40 .50 86 20 20 1z 56 .10 .40 .50
27 12 20 12 43 .16 .50 .40 57 16 20 12 52 .10 .50 .40 87 20 20 12 56 .10 .50 .40
28 12 20 12 43 .10 .60 .30 58 16 20 12 52 .10 .60 .30 88 20 20 12 56 .10 .60 .30
29 12 20 12 48 .20 .40 .40 59 16 20 12 52 .20 .40 .40 &9 20 20 12 56 .20 .40 .40
30 12 20 12 48 .20 .50 .30 60 16 20 12 52 .20 .50 .30 90 20 20 12 b6 .20 .5) .30
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Table 6.12

Truck numbers 1 to 90 represent 9¢ combinations of various wheel base lengths,

axle spacings,

and axle loadings.

L=WHEEL BASE
X L4 o . x’ PO
L Jf'/eﬂz i'/2,02 /05 Y303 |1/
D 0 ® ©
TYPE 3-3 TRUCK

4| Wheel Base | Lead On 5| Wheel Base Load On ¢ Wheel Base Load On
f'g and Ax]c Axles -;Jé and Axle ‘ Ayx.]ejs .f-g and Axle Axles
R M@}Egi\ Kips z5 Sp ac mg B Kips _|25 Spacing Ft. Kips
£z|X X"C Llar a as |EZiX X C Liar a: as G4 X X C L | a1 _a:_as
1 12 8 12 40 .10 30 .60 31 16 & 12 44 .10 .80 .60 61 20 8 12 48 .10 .30 .60
2 12 8 12 40 .10 .40 .50 32 16 & 12 44 .10 .40 50 62 20 8 12 48 .10 .40 .50
3 12 8 12 40 .10 .50 .40 33 16 & 12 44 10 .50 40 63 20 & 12 48 .10 50 .40
4 12 8 12 40 .20 30 50 34 16 K 12 44 .20 .30 50 64 20 & 12 48 .20 .30 .50
5 12 8 12 40 .20 .40 .40 35 16 & 12 44 20 .40 .40 65 20 8 12 48 .20 .40 .40
6 12 12 12 44 .10 .30 .60 36 16 12 12 4% .10 .30 .60 66 20 12 12 52 .10 .30 .60
7 12 12 12 44 .10 .40 .50 37 16 12 12 48 .10 .40 .50 67 20 12 12 52 ,10 .40 .50
8 12 12 12 44 .10 .50 40 38 16 12 12 4% .10 .50 .40 68 20 12 12 52 .10 .50 40
9 12 12 12 44 .20 .30 .50 39 16 12 12 48 20 30 .50 69 20 12 12 52 .20 .30 .50
10 12 12 12 44 .20 .40 .40 40 16 12 12 4% 20 .40 .40 70 20 12 12 52 .20 .40 .40
11 12 16 12 48 .10 .30 .60 41 16 16 12 52 .10 .30 .60 71 20 16 12 56 .10 .30 .60
12 12 16 12 48 .10 .40 .50 42 16 16 12 52 .16 .40 .50 72 20 16 12 56 .10 .40 .50
13 12 16 12 48 .10 .50 .40 43 16 16 12 52 .10 .50 .40 73 20 16 12 56 .10 .50 .40
14 12 16 12 48 .20 .30 .50 44 16 16 12 52 20 .30 .50 74 20 16 12 56 .20 .30 .50
15 12 16 12 48 .20 .40 .40 45 16 16 12 52 .20 .40 .40 75 20 16 12 56 .20 .40 .40
16 12 8 16 44 .10 .30 .60 46 16 & 16 48 .10 .30 .60 76 20 8 16 52 .10 .30 .60
17 12 8 16 44 .10 .40 .50 47 16 & 16 48 .10 .40 50 77 20 8 16 52 .10 .40 .50
18 12 8 16 44 .10 .50 .40 48 16 8 16 48 .10 .50 .40 78 20 & 16 52 .10 .50 .40
19 12 8 16 44 .20 .30 50 49 16 ¥ 16 48 .20 .30 .50 79 20 8 16 52 .20 .30 .50
20 12 8 16 44 .20 .40 .40 50 16 & 16 48 .20 .40 .40 &0 20 8 16 52 .20 .40 .40
21 12 12 16 48 .10 .30 .60 51 16 12 16 52 .10 .30 .60 81 20 12 16 56 .10 .30 .60
22 12 12 16 48 .10 .40 .50 52 16 12 16 52 .10 .40 .50 82 20 12 16 56 .10 .40 .50
23 12 12 16 4& .10 .50 .40 53 16 12 16 52 .10 .50 .40 83 20 12 16 56 .10 .50 .40
24 12 12 16 48 .20 .30 .50 54 16 12 16 52 .20 .30 50 84 20 12 16 56 .20 .30 .50
25 12 12 16 48 .20 .40 .40 55 16 12 16 52 .20 .40 .40 85 20 12 16 56 .20 .40 .40
26 12 16 16 52 .10 .30 .60 56 16 16 16 56 .10 .30 .60 &6 20 16 16 60 .10 .30 .60
27 12 16 16 52 .10 .40 .50 57 16 16 16 56 .10 .40 .50 &7 20 16 16 60 .10 .40 .50
28 12 16 16 52 .10 .50 .40 58 16 16 16 56 .10 .50 .40 88 20 16 16 60 .10 .50 .40
29 12 16 16 52 .20 .30 50 59 16 16 16 56 .20 .30 .50 89 20 16 16 60 .20 .30 .50
30 12 16 16 52 .20 .40 .40 60 16 16 16 56 .20 .40 .40 90 20 16 16 60 .20 .40 .40
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Table 6.13

INDEX TO THE TYPE 2-81-2 TRUCKS WEIGHING ONE KIP EACH

Track numbers 1 i¢ 96 represent 96 combinations of various wheel base lengths,

axle spacings, and axle loadings.

. t-wHEELBASE |
t X e X
4 ' :

Y d, 730, 1303

TYPE 2-S1-2 TRUCK

49

E ‘Whel Base | Lead On | 5| Wheel Base | Load On | 5 Wheel Base Load On
o anieh | RS o R RS of ST R
258 SN . EH 2 - 5 £| Spacing Ft. | ps
&zl X_X_Cgu,a‘_’iz_\&_x__c_ﬂu_ w |E2[X X ¢ LA ar a

1 8 10 &% 36 .16 .20 .50 33 12 10 8 40 .10 .20 .70 65 16 16 & 56 .10 .20 .70

2 8 10 ¥ 36 .10 .30 .60 34 12 10 & 40 .10 .30 .60 66 16 16 8 56 .10 .30 .60

3 8 10 & 3¢ .20 .20 .60 35 12 16 & 406 .20 .20 60 67 16 16 8 56 .20 .20 .60

4 4 10 8 36 .20 .30 .50 36 12 10 % 40 .20 .20 .50 68 16 16 8 56 .20 .30 .50

5 & 12 8 40 .10 .20 .70 87 12 12 & 44 .10 .20 .70 69 16 18 8 60 .10 .20 .70

6 8 12 8 40 .10 .30 .60 38 12 12 R 44 .10 .30 .60 70 16 18 & 60 .10 .30 .60

7 R 12 8 40 .20 .20 .60 39 12 12 & 44 .20 .20 .60 71 16 18 & 60 .20 .20 .60

8§ K 12 8 40 .20 .30 .50 40 12 12 8 44 20 .30 .50 72 16 18 & 60 .20 .30 .50

9 ® 14 H 44 10 20 T0 41 12 14 K& 48 .10 .20 .70 73 16 20 8 64 .10 .20 .70
10 % 14 8 44 .10 30 60 42 12 14 K 4% 10 .30 .60 74 16 20 8 64 .10 .30 .60
11 8 14 & 44 .20 .20 .60 43 12 14 K 48 .20 .20 .60 75 16 20 8 64 .20 .20 .60
12 8 14 R 44 .20 .30 .50 44 12 14 8 48 .20 .30 .50 76 16 20 & 64 .20 .30 .50
13 8 16 & 48 .10 .20 .70 45 12 16 & 52 .10 .20 .70 77 16 22 g 68 .10 .20 .70
14 8 16 K 48 .10 .30 .60 46 12 16 8 52 .10 .30 .60 78 16 22 8 68 .10 .30 .60
15 8 16 K 48 .20 .20 .60 47 12 16 & 52 20 .20 .60 79 16 22 K 68 .20 .20 .60
16 & 16 8 48 20 .30 .50 48 12 16 & 52 .20 .30 .50 &0 16 22 8 68 .20 .30 .50
17 8 18 K& 52 .10 .20 .70 49 12 18 & 56 .10 .20 .70 &1 16 24 & T2 .10 .20 .70
18 & 18 8 52 .10 .30 .60 50 12 18 8 56 .10 .30 .60 82 16 24 & 72 .10 .30 .60
19 8 18 R 52 .20 .20 .60 51 12 18 § 56 .20 .20 .60 &3 16 24 8 72 .20 .20 .60
20 & I8 R 52 .20 .30 .50 52 12 18 & 56 .20 .30 .50 84 16 24 8 T2 .20 .30 .50
21 8 20 ¥ 56 .10 .20 .70 53 12 20 & 60 .10 .20 .70 &5 16 26 8 76 .10 .20 .70
22 8 20 8 56 .10 .30 .60 54 12 20 & 60 .16 .30 .60 &6 16 26 8 76 .10 .30 .60
23 & 20 8 56 .20 .20 .60 55 12 20 8 60 .20 .20 .60 &7 16 26 8 76 .20 .20 .60
24 % 20 & 56 .20 .30 .50 56 12 20 8 60 ,20 .30 .50 &8 16 26 & 76 .20 .30 .50
25 & 22 8 60 .16 .20 .70 57T 12 22 & 64 .10 .20 .70 89 16 28 8 80 .10 .20 .70
26 & 22 8 ¢0 .10 .30 .60 58 12 22 & 64 .10 .30 .60 90 16 28 & 80 .10 .30 .60
27 8 22 ¥ 60 .20 .20 .60 59 12 22 & 64 .20 20 .60 91 16 28 & 80 .20 .20 .60
2 8 22 K 60 .20 .30 .50 60 12 22 § 64 .20 .30 .50 92 16 28 & RO .20 .30 .50
29 ¥ 24 8§ 64 .10 .20 .70 61 12 24 K 68 .10 .20 .70 93 16 30 8 84 .10 .20 .70
20 ¥ 24 8 64 .10 .30 .50 62 12 24 & 68 .10 .30 .50 94 16 30 8 84 .10 .30 .50
21 K 24 ¥ 64 .20 .20 .60 63 12 24 K €X 20 .20 60 95 16 30 8§ 84 .20 .20 .60
32 8 24 ¥ 64 .20 .30 .50 64 12 24 R &% 20 .30 .50 96 16 30 8 B4 .20 .30 .50

|
|
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Table 6.14
INDEX TO THE TYPE 3-52-3 TRUCKS WEIGHING ONE KIP EACH

Truck numbers 1 to 84 represent 84 combinations of various wheel base lengths,

axle spacings, and axle loadings.

_. L=WHEEL BASE _

[ - [ R

X i ' X 4_47*70 o

a ‘/202 V50, 1\/503 l/g,c3 ‘w/su] /50,
3. ) )

5606 ® GNO

¢ )

TYPE 3-52-3 TRUCK

Wheel Base | " Wheel Base Load On

o Load On %! Wheel Base Load On 5i
L and Axle Axles - and Axle Axles A2  and Axle Axles
3 Bl Spacing Ft. Kips 2 €| Spacing Ft. Kips ( S E| Spacing Ft. Kips
£2/X X ¢ Liar a w 62X X' € Lla a: a [€2/X X' C Lia o wa
1 & 8 ¥ 44 .05 .20 .75 29 12 8 8§ 4% .05 .20 .75 57 16 12 8 60 .05 .20 .75
2 8 8 B8 44 05 30 .65 30 12 & B8 438 05 .30 .65 b8 16 12 8 60 .05 .30 .65
3 8 8 8 44 10 .20 .70 31 12 8 8 48 .10 .20 .70 39 16 12 & 60 .10 .20 .70
4 8 8 8 44 .10 .30 .60 32 12 8 B 48 .10 30 .60 60 16 12 8 60 .10 .30 .60
5 8 10 8 48 .05 20 .75 33 12 10 8 52 .06 .20 .75 61 16 14 &8 64 .05 .20 .75
6 8 10 8 48 05 .30 .65 34 12 10 ® 52 .05 .30 .65 62 16 14 ¥ 64 .05 .30 .65
7T 8 10 & 48 .10 .20 .70 35 12 10 8 52 .10 .20 70 63 16 14 8 64 .10 .20 .70
g8 8 10 & 4% .10 .30 .60 36 12 10 8 52 .10 .30 .60 64 16 14 ¥ 64 .10 .30 .60
9 8 12 8 52 .05 .20 .75 37 12 12 8 56 .05 .20 .75 65 16 16 & 68 .05 .20 .75
10 8 12 8 52 05 .30 .65 38 12 12 8 56 .05 .30 .65 66 16 16 X 68 .05 .30 .65
11 8 12 & 52 .10 .20 .70 39 12 12 & 56 .10 .20 .70 67 16 16 R 63 .10 .20 .70
12 8 12 & 52 .10 .30 .60 40 12 12 8 56 .10 .30 .60 68 16 16 & 63 .10 .30 .60
13 8 14 8 56 .05 .20 .76 41 12 14 & 60 .05 .20 .75 69 16 18 8 72 .05 .20 .75
14 8 14 B8 56 .05 .30 .65 42 12 14 8 60 .05 30 65 70 16 18 8 T2 .05 .30 .65
15 8 14 8 56 .10 .20 .70 43 12 14 & 60 .10 .20 .70 71 16 18 ® 72 .10 .20 .70
16 8 14 8 56 .16 .30 .60 44 12 14 & 60 .10 .30 .60 72 16 18 8 72 .10 .30 .60
17 8 16 8 60 .05 .20 .75 45 12 16 8 64 .05 .20 .75 T3 16 20 8 76 .05 .20 .75
18 8 16 8 60 .05 .30 .65 46 12 16 8 64 05 .30 .65 T4 16 20 8 76 .05 .30 .65
19 38 16 8 60 .10 .20 .70 47 12 16 8 64 .10 .20 .70 75 16 20 8 76 .10 .20 .70
20 8 16 8 60 .10 .30 .60 43 12 16 3 64 .10 .30 .60 76 16 20 & 76 .10 .30 .60
21 8 18 8 64 .05 .20 .75 49 12 18 8 68 .05 .20 .55 77 16 22 8 R0 .05 .20 .75
22 & 18 8 64 .05 .30 .65 50 12 18 8 63 .05 .30 .65 T8 16 22 8 RO .05 .30 .65
23 8 18 8 64 .10 .20 .70 51 12 18 8 68 .10 .20 .70 79 16 22 8 80 .10 .20 .70
24 8 18 8 64 .10 .30 .60 52 12 18 & 68 .10 .30 .60 80 16 22 8 80 .10 .30 .60
25 8 20 B8 63 .05 .20 .75 53 12 20 & 72 .05 .20 .7 81 16 24 8 84 .05 .20 .75
26 8 20 8 68 .06 .30 .65 54 12 20 8 72 05 30 .65 82 16 24 8 84 .05 .30 .65
27 8 20 8 6% .10 .20 .70 55 12 20 8 72 .10 .20 .70 83 16 24 & 84 .10 .20 .70
28 8 20 8 63 .10 .30 .60 56 12 20 8 72 .10 .30 .60 84 16 24 8 84 .10 .30 .60
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7. CGNTROLLING CONDITIONS FOR MAXIMUM MOMENTS ON SIMPLE
SPAN BRIDGES

Tables 7.1-7.14 give the maximum moments produced by the 1303 varia-
tions of the 14 heavy vehicle types shown in the identification index Tables
6.1-6.14 on simple spans of 10, 20, 30, 40, 50, 60, 80, and 100 feet in length.
The maximum moments produced by each of the 1303 heavy vehicle types
and loadings on 8 different span lengths makes a total of 10,424 maximum
noments recorded in the 14 Tables 7.1-7.14. The table number corresponding
to each of the 14 heavy vehicle types is as follows:

Tabie Vehicle Table Vehicle
No. Type No. Type
7.1 7.8 3-S3
7.2 3 7.9 2-2
7.3 2-81 7.10 2-3
T4 2--S2 7.11 3-2
7.5 2-S3 7.12 3-3
7.6 3-S1 715 2-S1-2
79 3-S2 7.14 3-52-3

In addition to giving the maximum moment for each of the 10,424 cases
of vehicle type, loading, and span length, these tables also indicate in each
case: (1) the axle group which produces the maximum moment; (2) the
axle number under which the maximum moment occurs; and (3) the distance
this critical axle is placed to the right or left of the mid-span to coincide with
the position for maximum moment,

A detailed description of these tables and how they are used is given
in Articie 5.
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Table 7.1

CONTROLLING CONDITIONS AND MAXIMUM MOMENTS IN SIMPLE SPANS
PRODUCED BY THE TYPE 2 TRUCKS WEIGHING ONE KiP EACH

TYPE 2 TRUCK

Thirty-six wvariations in the Type 2 truck are given in this Table. Fach truck number. from
1 to 36, represenis a different combination of wheel base length. axle spacings., and ratios of
gross vehicle weight on each axle.

TruckNo. 1 L5
Wh. BaseL =~ 10 o 10
Load On a: .45 .30 25
Axles a. 55 .60 b5_ 0
G 2 2 2 2
10 N 2 2 2 2
B 0 0 0 0
M 1375 1500 1.625 1.750 _ 2000
TG 1-2 1-2 12 1-2 1-2
20 N 2 2 2 2 2 2
B 2.250R  2.000R 1.750R 1.500R 1.250R 1.000R
M : 2 3.403 3613  3.828  4.050 5
B G 1.2 1-2 12 =
30 N 2 2 2 2 2 2
B 1.750R 1.250R  1.000R 2.700R 2.400R 2.100R 1.30
M _ 5.852 65.302 653 5 5.547 5
G 1-2 1-2
ol 40 N 2 2 2 2 2 2 2 2
] B 1.750R  L500R  1.250R  1.000R 2.700R 2.400R 2.100R 1.800R
R M B.327  H.556 2789 9025 T.482 7744 ROL0 R.2981
g G 1-2 12 12 12 1-2 1-2 1-2 1-2
21 50 N 2 2 2 2 2 2 2 2
u B 2250R 2.000R 1.750R 1.500R 1.250R 1.000R 2.700R 2.400R 2.100R 1.8300R
M 10.350 10.580 10.810 11.050 11.280 11.520  9.946 10.220 10.490 10.760
G 1-2 12 1-2 1-2 12 1-2 1-2 1-2 1-2 1-2
60 N 2 2 2 2 2 2 2 2 2 2
B 2.250R 2.000R 1.750R 1.500R 1.250R 1.000R 2.7T00R £.400R 2.100R 1.800R
M 12.830 13.070 13.300 13.540 13.780 14.020 12420 12.700 12,970 13
G 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
80 N 2 2 2 2 2 2 2 2 2
B 2.250R 2.000R 1.750R 1.500R 1.250R. 1.000R 2.700R 2.400R 2.100R 1.800R
M 17.810 18.050 18.290 18530 13.770 19.010 17.390 17.670 17.960  18.240
G 1-2 12 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
100 N 2 2 2 2 2 2 2 2 2 2
B 2.250R 2.000R 1.750R 1.500R 1.250R 1.000R 2.700R 2.400R 2.100R 1.300R
M 22,800 23.040 23.280 23,520 23.770 24.010 22.370 22.660 22.940 23.230

All dimensions are in feet and moments are in kip-feet.
a1 and a:—Represent the ratio of gross vehicle weight on axles.

G—Axle group causing maximum moment, thus, 1-2 means axles 1 and 2.
N-—Number of critical axle under which maximum moment occurs.
B—Distance to right or left of mid-span to peoint of maximum moment.

M—Maximum moment.
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TABLE 7.1 (C‘(mtinued) B ~ o _
Truck No. 11 12 13 14 15 16 17 18 19 20
Wh. Base L 12 12 14 14 14 14 14 14 16 16
Load On a: 25 20 .45 40 35 .30 .25 .20 .45 .40
Axles az 75 .80 .55 .60 .65 .70 75 .80 .55 .60
G 2 2 2 2 2 2 2 2 2 2
10 N 2 2 2 2 2 2 2 2 2 2
B 0 0 0 0 0 0 0 0 0 0
M 1.875  2.000 1.375 1500  1.625 1.950  1.875  2.000 1.375  1.500
G 2 2 2 2 2 2 2 2 2 2
20 N 2 2 2 2 2 2 2 2 2 2
B 0 0 0 0 0 0 0 0 0 0
M 8.750  4.000 2750  3.000 3.250 3.500 3.750  4.000 2.750  3.000
G 1-2 1-2 1-2 12 1-2 1-2 1-2 1-2 1-2 1-2
36 N 2 2 2 2 2 2 2 2 2 2
B 1500R 1.200R 8.150R 2.800R 2.450R 2.100R 1.750R 1.400R 3.600R 3.200R
M 6.075  6.348  4.681  4.961  5.250 5547  5.852  6.165  4.332  4.641
G 1-2 1-2 1-2 12 1-2 1-2 1-2 1-2 1-2 1-2
2] 40 N 2 2 2 2 2 2 2 2 2 2
] B 1.500R 1.200R 3.150R 2.800R 2.450R 2.100R 1.750R 1.400R 3.600R 3.200R
= M 8.556  8.836  7.098  7.396  7.700  8.010  8.327 8.649 6724  7.056
5 G 12 1-2 12 12 12 12 1-2 1-2 1-2 1-2
S| 50 N 2 2 2 2 2 2 2 2 2
B 1.500R 1.200R 3.150R 2.800R 2.450R 2.100R 1.750R 1.400R 3.600R 3.200R
M 11.050 11.330  9.548  9.857 10.170 10.490 10.810 11.140  9.159  9.505
G 1-2 1-2 1-2 1-2 12 1-2 1-2 1-2 1-2 1-2
60 N 2 2 2 2 2 2 2 2 2 2
B 1.500R 1.200R 3.150R 2.800R 2.450R 2.160R 1.750R 1.400R 3.600R 3.200R
M 13.540 13.820 12.020 12.330 12.650 12.970 13.300 13.636 11.620 11.970
G 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
8 N 2 2 2 2 2 2 2 2 2 2
B 1.500R 1.200R 3.150R 2.800R 2.450R 2.100R 1.750R 1.400R 3.600R 3.200R
M 18530 18820 16.970 17.300 17.630 17.960 18.290 18.620 16.560 16.930
G 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
100 N 2 2 2 2 2 2 2 2 2 2
B 1.500R 1.200R 3.150R 2.800R 2450R 2.100R 1.750R 1.400R 8.600R 3.200R
M 23520 23.810 21.950 22.280 22.610 22.940 23.280 23.620 21.530 21.900
Truck No. 21 22 23 24 25 26 27 28 29 30
‘Wh. Base L 16 16 16 16 18 18 18 18 18 18
Load On a; .35 30 .25 .26 .45 .40 .35 .30 .25 .20
Axles  a: 65 0 .75 .80 A5 .60 .65 .70 75 .80
TG 2 2 2 2 2 2 2 2 2 2
10 N 2 2 2 2 2 2 2 2 2 2
B 0 0 0 0 0 0 0 0 0 0
M 1.625  1.750 1.875  2.000  1.375  1.500  1.625 1.750  1.875  2.000
G 2 2 2 2 2 2 2 2 2 2
20 N 2 2 2 2 2 2 2 2 2 2
B 0 0 0 0 0 0 0 0 0 0
M 3.250  3.500  8.750  4.000 2756 3,000 3.250  3.500 3.750  4.000
G 1-2 1-2 1-2 2 2 2 2 2 2 2
30 N 2 2 2 2 2 2 2 2 2 2
B 2.800R 2.400R 2.000R 0 9 0 0 0 0 0
M 4.961  5.292 5633  6.000 4125  4.500  4.875  5.250  5.625  6.000
G 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
o 40 N 2 2 2 2 2 2 2 2 2 2
& B 2.800R 2.400R 2.000R 1.600R 4.050R 3.600R 3.150R 2.700R 2.250R 1.800R
By M 7.396  7.744 8100 8.464  6.360  6.724  7.098  7.482 7.877  8.281
g G 12 1-2 12 1-2 12 12 1-2 1-2 12 1-2
S 50 N 2 2 2 2 2 2 2 2 2 2
B 2.800R 2.400R 2.000R 1.600R 4.050R 3.600R 3.150R 2.700R 2.250R 1.800R
y M 9.857 10.220 10.580 10.950 8778  9.159  9.548  9.946 10.350  10.760
G 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
60 N 2 2 2 2 2 2 2 2 2 2
B 2800R 2400k 2.000R 1.600R 4.050R 3.600R 3.150R 2.700R 2.250R 1.800R
M 12.330 12.700  13.070 18.440 11.220 11.620 12.620 12.420 12.830 13.250
G 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
80 N 2 2 2 2 2 2 2 2 2 2
B 2.860R 2.400R 2.000R 1.600R 4.050R 3.600R 3.150R 2.700R 2.250R 1.800R
M 17306 17.670 18.050 18.430 16.160 16.560 16,970 17.390 17.810 18.240
G 12 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2
100 N 2 2 2 2 2 2 2 2 2 2
B 2.800R 2.400R 2.000R 1.600R 4.050R 3.600R 3.150R 2.700R 2.250R 1.800R
M 22280 22.660 23.040 23430 21.11¢ 21.530 21.950 22.370 22.800 23.230
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TABLE 7.1 (Continued)
Truck No. 31 32 33 34 35 36
Wh. Base L 20 20 20 20 20 20
Load On a: .45 .40 .35 .30 .25 .20
Axles a: 55 .60 .65 .70 75 .80 -
G 2 2 2 2 2 2
10 N 2 2 2 2 2 2
B 0 0 0 9 0 0
M 1.375  1.500 1625 1.750  1.875  2.000
G 2 2 2 2 2 2
20 N 2 2 2 2 2 2
B 0 0 0 0 0 0
M 2.750  3.000 3.250 3.500  3.750  4.000
G 2 2 2 2 2 2
30 N 2 2 2 2 2 2
B 0 0 0 0 0 0
M 4125  4.500 4.875  5.250  5.625  6.000 i B
G 1-2 1-2 1-2 1-2 12 1-2
+ 40 N 2 2 2 2 2 2
g B 4500R 4.000R 3.500R 3.000R 2.500R 2.000R
Fe M 6.006 6.400 6.806  7.225  7.656  8.100
5 G 1-2 1-2 12 1-2 1-2 1-2
&1 50 N 2 2 2 2 2 2
B 4.500R 4.000R 3.500R 3.000R 2.500R 2.000R
) M 8.405  8.820  9.245  9.680 10.130 10.580 B B
G 1-2 1-2 1-2 1-2 12 12
60 N 2 2 2 2 2 2
B 4500R 4.000R 3.500R 3.000R 2.500R 2.000R
M 10.840 11.270 11.700 12.150 12.600 13.070
G 1-2 1-2 12 1-2 12 12
80 N 2 2 2 2 2 2
B 4.500R 4.000R 3.500R 3.000R 2500R 2.000R
M 15750 16.200 16.650 17.110 17.580 18.050 3 B
G 1-2 1-2 1-2 1-2 1-2 1-2
100 N 2 2 2 2 2 2
B 4.500R 4.000R 3.500R 3.000R 2.500R 2.000R
| M 20.700 21.160 21.620 22090 22.560 23.040
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Table 7.2

CONTROLLING CONDITIONS AND MAXIMUM MOMENTS IN SIMPLE SPANS
PRODUCED BY THE TYPE 3 TRUCKS WEIGHING ONE KIP EACH

L=WHEEL BASE
X 4

a, Y20, {0,

TYPE 3 TRUCK

Forty-two variations in the Type 3 truck are given in this Table. Each truck number, f