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In the question which serves as the principal title of this
paper, an attentive ear may detect overtones of skepticlsm. The
instinctive response of one firmly convinced of the reaschableness
of 18,000 pounds ag a limid of the weight to be carried by a single
axle of a motor vehicle might conceivably be a somewhat bickering,
211, why pot 18,000 pounds?! '

The speaker will eschew the bickering response. Instead, he
will attempt a reascned answer to what he will assume to be a sincere
question, '

Some part of the heat that 1s generated in many discussions of
the question doubtless arises out of misunderstanding between the
disputants as to the precise nature and purpose of tho limitation in
dispute,

The 18,000~-pound axle lead limit is a limit preseribed by law
in 34 States as a regulation binding upon the operation of present
vehicles over prescent roads, its purpose the protection of the oxiste
ing road system against undue wesr and tecar. It may also be regarded,
and is sc regarded by many who have no other than the public interest
in view, as a limit of the weight which roads should now bo designed
to support, and hence az continuing limit upon the design and loading
of vehicles, .

Primarily a Regulatory Limit

It will be of advantage in our discussion clearly te distinguish
these two concepts of the nature and purpose of the limitation. Accord-
ingly, let us first consider the nccessity, or may we preferably say,
the advisability of 18,000 pounds as a limit regulatory of present vehi-
cle operation for the prevention of unduc wear and tear of existing roads.

What are the roads which the 18,000¥pound axle load limit is
intended to protect? What arc thelr character and their condition?

In some of the comment of opponents of the limit the assumption
gseems implicit that all, or the only considerable part of all heavy
vehicle movement is confined to the primary highways. It is apparently
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assumed also that the primary highways are preponderantly of such design
as tc withstand, without undue distress, the application of axle loads
exceeding 18,000 pounds in such numbers and frequency as they are likely
to cccur. There Is some vagueness as to just where the 1limit above
18,000 pounds is to be placed, and observaticn indicates that there are
operators cf vehicles who may suppose that the orly limit to be
respected should be one of their indivicdual choice, bs it 20,000 or
nowards of 40,000 pounds.

Bub, for the moment let us confine bur attention to the particu-
larity and the charscter and the condition of the roads which the
~ 18,000-pound axle load limit is intended to protect.

Roads in Need of Protection

Certainly they consist of the upwards of 350,000 miles of primary
State highwayg. But they do not consist of these crly. They includs a
gubstantially greater mileage of secondasry and even tertiary roads, over
which the heavicr vehiecles are regularly cperated in significant numbers.
There are, for cxample, some 500,000 miles of sccondary and lesser rcads
over which milk colicction trucks cperate daily. These trucks are defi.
nitely not light wchicles. Therc axle loads may, and do reach and sur-
pass the 1limit of 18,000 pounds. There are also the tank trucks that
regularly deliver gasolire and heating 0il to farms and commmnities on
loeal roads. Tac mileage of such roads effectoed by these oporations
cannot be closely dimensioned, tut it is considerable; and these vehi-
cles also have the petential and the actuality of axlic loading up te and
beyond 18,000 pounds.

Coal is moved regularly by motor truck from mines to econsumers in
heavy lcads over scceondery and lesser roads, as well as primery highwoys.
Send ond gravel pits and stone quarriss are very often located on local
roads, and the loszds of thess construction meterizlse--among the hoaviest
cbserved on our highways—-must perforce be moved over the local, as well
as the primary recsds, In parts of the country logging operations, like-
wise generative of hoavy oxlo leading, utilize secondary and legser
roads to perhaps a greater extent than primery highweys.

Nor ecan it presently be assumed, as once it could with some assur~
znee, that the movement of farm producs, arising largely frem origins on
lceal reads, is a movement zecomplished in light wshicles. Meny of the
vehicles operated by formers' coorcrative organiseations and by the middle-
nen tuyers of farm producc, are hoavy vehicles, and vehicles of heavy
axle loading as, also, is the modern mechanized cquipment of agrieulture
itself, which is by no means confined to ths ficlds and farm lanes.

and, then, there are times vhon, with scasonal load restrictions
cnforecd on primery highueys in recognition of their tempororily froste
weakoned condition, drivers of wehicles that would be rated as toco heavy
in their axle loads fer the primary roads, find other and less dili-
gently petrolled routes te their destinations viz the legser rosds.
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So, it is definitely not correct to assume that a limit of axle
loading is required sclely for the protection of primary highways upon
which the heavier vehicle loading may be presumed tc be confined, The
need of protection extends also to a large mileage of local secondary
and lesser roads.

Character and Condition of Roads Vary

Turning now te the character of the roads that require protec-~
tion~wroads which, as we have observed, are of secondary and lesser,
as well as primary classification, it is perhaps unnecessary te labor
the point that a great part of the secondary and lesser mileage is of
relatively frail comstruction. That is a matter of common knowledge.

However, there appears to be an impression abroad that the pri~
mary highway system of the United Staftes is rather uniformly improved
in such mamner as to enable it to serwve, without undue distress, a
heavy vehicle traffic of considerable proportiong. More particularly,
there appears to be the impression that axle loads excecding 18,000
pounds in such numbers as they may and do occur, do not agctually con-
stitute a threat of undue wear and tear of the primary highway system.
Again, it may be observed in passing, the magnitude of the excess over
18,000 pounds and the froquency of such excessive leading presumed to
be feasible, arc apparently not particularized in the minds of those
.who believe that the primory roads will withstend such applications,
‘whatever they may be.

This Impression is markedly errcnecus. The primary highwey sys-
tem of the country is not all of one kind., It is not all of one condi-
tion. It is not all of onc age. Iis character and its qualities are
the antithesis of these, It is s system of wide diversity in type of
construction, in the dimconsions of its design, in the condition of its
surfaces and foundations, and (particularly relevant to the present
discussion) in its lozd supporting capacity. The variation is not o
condition of regional occurrence. The roads of one State are not all
of strong design, those of zmother of lesser strength. The age, the
type, the condition, the strength of the highwey system in every Slate,
the primary, as well as the sccondary and lesser roads, vary from '
short section to relatively short section of every individusl route
composing the systems '

Some of these widely veriant sections of road doubtless have
strength sufficient to cnable them to withstand without appreciable
effcet applications of axle loads exceeding 18,000 pounds in high fre-
gueney. Among these the magnitude of load they will so withstand
varies, ILarge parts of the highway system, more particularly the pri-
mery highway system, are believed to be able to withstand, without
undue wear and tear, the operation of vehicles with axle loads of
18,000 pounds in practically unlimited frequency, 5Still larger parts
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- suffer deflinite damage when subjected to axle loads of 18,000 pounds and
less, the extent of the damage varying with the season and the frequency
of the heavier load applications.

If, then, the highway system that requires for its protection a
regulation of the axle loads of wehicles is of such diversity of strength
and condition, how does it occur that a particular limit of axle loading--
18,000 pounds--is chosen to afford the desired protection? The question
appears to be reasonable, Obviously, considering the gualities of the
situation as described, it can receive no wholly indisputable answer. It
can, and does find a reasonable answer,

18,000 Pounds Not an Arbitrary Limit

Eighteen thousand pounds, as & limit of vehicle axle leading, is
not, as some have said, just a figure materiszlized out of thin air, As
a measure of road protection, it has a greater validity than ancother
limit for which some preference is expressed. I refer to the limit of
22,400 pounds, which is established by law in 6 States. That limit has
its origin in nothing other than the fact that long years age the desir-
able limit of loading of a solid rubber tire was considercd to be
800 pounds per inch of width., The width of the widest tire then manu-
factured being 14 inches, the maximue desirable weight per tire turned
out ‘to be 11,200 pounds, and the desirable combined loading of two tires
on cne axle, 22,400 pounds. This limit, which had some relevance to a
“type of tire neo longer cxtensively used, has not now, and never has had,
any rationally predetermined relation to the supporting capacity of
existing roads.

In contrast, the 18,000~pound axle load limit has definite basis
in the estimated safe supporting capacity of a particular type of road
of a particular dimension. The type is a widely prevalent type——conecrete.
The dimension is a preponderant dimension of roads of thet type--en edge
thickness of 9 inches, '

The cstimate of the safc axle load capacity of concrete pavements
of 9-inch edge thickness is based upon the mathematical theery of the
behavior of slabs supported on elastic foundations, as developed particu-
larly by the late Dr, H. M. Westergaard, confirmed and supplemented by
numerous tests and experiments made both before and after Westergaordls
demonstrations,

The Bates Road Test, conducted by the Division of Highways of the
Department of Public Works and Buildings of Illinois in 1922 and 1923,
ves one of the earliest, and is perhaps the most widely known of the many
experiments that have been made. It is only one of many experiments that
have becn made, all with the same purpose and similar results, including
an extended scries of tests by the Burecau of Public Reads at Arlington,
Virginia.
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To atiempt a recital of the findings of these tests in detail
would unpardonably extend the length of this paper; and for an audience
of engineers such a recital is assumed to be unnecessary. BReports of
the more significant tests have teen published. They can be studied
and understood by engineers.

. Tt will suffice here to deseribe the nature of the evidence
developed by the tests and the mathematical theory.

The Bates Road Tesi

The ploneer Bates Road Test was a traffic test of a road con-
structed for the experiment. Included in the road were 68 experimental
pavement gsections of varying material composition and design. Twenty-
nine of the sections were paved with concrete of various thickness,
design and composition, some with, and seme without reinforeement.

These varying sections were subjected to a controlled test traf-
fié consisting of Liberty trucks equipped with solid rubbor tires,
Starting with a loading of the vehicles which resulted in an application
of 2,500 pounds by each rear wheel, & number of trips over the several
scctions was made with that Joading. Subsequently, the loading was
incereased to apply succcssively bty a substantlal rumber of trips at cach
lead, various whesl loads, ranging up to 13,000 pourds, corrcsponding te
gn axle load of 26,000 pounds. ' .

Some of the pavement types represented worc severely damaged and
virtually destroyed under the lighter increments of load. In the case
of some of the types it was difficult to discern a rclation between the
pavement behavior and the magnitude of the axle load, In the case of
the sections Involving conerete cither as a base cr a surface, hewever,
such a relation could be cobgerved, and it was most clearly discsirnable
in the czss of the concerste pavement sections, These scntions could be
obsorved to crack under the leading, and the incremcnts of loading ot
which cracks formed in sections of the soveral thicknesscs and designs
represented, could be taken as an approximatc reasurc of trneir strength
or load supporting capmeity. '

Anzlyzing the results of the tests at their conclusion,
Clifford Older, Chisf Engineer of the Division of Highways, drcow o reloe
tion {figurc 1) boctucen the cige thickness of the slab-type pavepment
seetions and the magnitude of the rospective vheel loads at which sige
rifieant cracking occurred in the slabs of cach thickness, This relation
he found te conform closely with the egquation:

———

a = Tf%g, in which

'd = the depth of the pevement in inches

W = the wheel load in pournds

s = the modulus of rupture of the material

of the slab in cross bending.
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The determined modulus of rupture of the concrete of which the
slabs were formed averaged at 700 pounds per square inch or better,
This, according to the relation expressed, would indicate that a slab
of é~inch edge thickness should be cracked by a wheel load of 9,000
pounds; and the 6-inch slabs cracked under wheel loads of that magnl-
tude or a little less.

The Effect of Fatigue

It was recognized that the cracking or failures observed in the
tests were the result of a comparatively infrequent application of
load, DMogt of the increments of load were applied only 3,000 times,
In the whole test, with wheel loads increasing from 2,500 to 13,000
pounds, a total of 50,000 load applications, was the maximum experi-
enced by any test sectlonD .

It was ¥mown that concrete, in common with other materials, is
subjeet to fatigue, and will eventually fail under some repetition of
stress which it will withstand once or a few times repeated.

To test the ability of concrete to withstand repeated stress, a
rmachine was devised to apply repeated loads to concrete beams. From
the tests made with this deviee, Older drew the following conclusions,
which he roported in a peper presented before the Amorlcan Seciety of
Civil Engineers in 1924:

"Flain concrete beams or slabs will sustain without
failure from bending ar indefinite number of repetitions
of a load if the tensile fiber stress induced 1s less than
50% of the modulus of rupture. At the present time
{(December 1, 1923) there are in the fatigue machine test
beams that have withstood without failure about 5,000,000
repetitions of a load sufficient to produce a fibor stress
of approximately 50% of the modulus of rupture.

"FPor loads causing fiber stress in excess of 50% of
the modulus of rupture, the tendency to failure incrcases
rapidly with the incrcase of this excess of stress. TFor
instance, loads causing fiber stresses of about 60% ¢f the
medulus of rupturc, rcpeated a few thousand times {rarely
mere than 30,000) will cause failure; for stresscs in
excess of 70% of the modulus of rupture, only a few hun-
dred repctitions (rarely more than 5,000) are required."

In view of these findings Older su gggsted that the value of s
that should be used in the cquation d =\[3¥, in the design of concrete

pavemonts expected to withstaend numerous appllcatlons of specific maxi~
mum loads, should be a value no greater than 50% of the modulus of
rupture of the concrete., If, then, the modulus of rupture be assumed
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at the common value of 700 pounds per square inch, the indicated slab
thickness required for the safe support of 9,000-wheel loads (18,000~
axle loads) would be 8.8 or, practically, 9 inches.

In disparagement of the Bates Road Test, it has often been
remerked that the test pavement sections were laid directly on a typi-
cal Tllinois black s¢il, imperfectly drained., Iet it here be observed
that a large part of the existing I1linois highway system and similar
parts of the systems of other States have foundations of approximately
the same character,

It is also remarked that the Bates Road Test vehicles were
equipped with solid rubber tires, not with low-pressure pneumatic tires
such as we use today. The Bates Road vehicles were equipped with solid
rubber tires; and the vehicles were driven at a speed between 12 and
15 miles per hour, It is one of the findings of later tests, particu-
larly the impaot tests conducted at Arlington, Virginia, by the Bureau
of Fublic Roads, that the impact force delivered to a road surfacs by a
vheel passing over an obstruction on the reoad, is approximately the
samc for a solid-~tired vehicle driven at 12 to 15 miles per hour and
for a high-pressure pneumatic-tired vehicle driven at 40 milcs per hour
(figure 2), The impact delivered by a balloon-tired vehicle is of a
slightly lower order.

Bates Reoad Conclusions Confirmed by Later Study

The Bates Road Test was a ploneer test. In many respects it 4id
not measure up to the requirements of = thoroughly scientific test. But,
let me add at once, that the principal pavement design conclusions drawm
from this pionser test have been remarkably confirmed by 21l later itests
much morc scientifically conducted, and by the mathematicazl theories of
slab dcsign of lator develiopment.

load and Warping Stresses Combine to Producc Failure

We now know that the critical stresscs developed in conecrete pave-
ment slabs arce not those cngendered by leoad alone, but the conjunction of
load stresses with temperature warping stresses. We know this from meny
measurements of the actual strains produced in pavements by loads and by
warping., And we know that the combined stresses in various parts of a
pavement slab reach fatiguing magnitudes for pavements of various thick-
ness under approximately the same loads that Older concluded to be criti-
cal, This statement is made with reference to pavements as they are now
built, laid on foundations of the better sort now existing, and subjected
to balloon-tired traffic. It is instanced by tables 1 teo 4, inclusive,
which give stress values calculated by the Westergaard formilae, cmpirie-
cally medified to accord with actual strain measurements, to be expected
in slabs of various thickness when subjected to wvarious static loads and
corresponding impact forces.
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Table 1l,~~Combined stresses for lcad at slab corner and
partial subgrade support (corner werped upward).

Slab Dual wheel load Tire sizew ‘ Stress
thickness | Static | Impact dual Ioad | Warping | Combined

Inches Pounds Pounds Inches Pounds per square inch
8,000 10,000 10,0020 373 29 402
7 9,000 11,250 11,00-20 404 29 433
10,000 12,500 12,00-20 436 29 465
11,000 13,750 12,00~22 456 29 485
g 8,000 10,000 10.00~-20 304 ' 32 336
2,000 11,250 - 11.00-20 330 32 362
16,000 12,500 12,00-20 357 32 389
13,000 13,750 12.00~22 381 32 413
8,000 16,000 10.00~20 255 34 - 289
9 9,000 11,250 11.00~20 278 34 312
10,000 12,500 12.00~20 300 34 334
11,000 13,750 - 12.00-22 319 34 353
g,000 10,000  10,00-20 217 37 254
10 9,000 11,250  11.00-20 237 37 274
10,000 12,500  12,00-20 257 37 294,
11,600 - 13,750 12,00-22 278 37 315

Westergaard corner formula {empirically modified)

k = 200
E = 4,500,000
= 0,15



-9 -

Table 2,--Combined stresses for lead at interior off lz2~foot
by 20~foot slab with full temperature warping
(afternoon of hot day).

Slab Dual wheel load Tire size- Stress _
thickness | Static | Impact dual Ioad | Warping | Combined
Inches Pounds Pounds - Inches Pounds per square inch

8,000 10,000 10.00--20 - 150 232 . 382

9,000 11,250 11.00-20 165 232 397

7 10,000 12,500 . 12,00-20 178 232 410
11,000 - 13,750 12,00-22 192 232 L4

8,000 10,000 -10.00~20 117 254 371

. 9,000 13,250 11.00-20 128 254 382

g 10,000 12,500 12,0020 139 254 393
11,000 13,75C 12,00-22 150 254, 404

8,000 10,000 10,00-20 Q4 R 368

9,000 11,250 11.00-20 104 274 378

9 10,000 12,500 12,00~20 113 274 387
11,000 13,750 12,00-22 122 274 396

10 8,000 10,000 10.00.20 79 284 363
9,000 11,250 11,00-20 87 284 371

10,000 12,500 12,00-20 9% 284 378

11,000 13,750 12,00-22 102 284 386

Westergaard formuia for interior loading

200
4,5500,000
0.15
0,05 -
1.75

Hea 8
o onon o
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Table 3.-~Combined stresses for load at transverse edge of
12~foot by 20-foot slab with full temperature
warping (afterncon of hot day). No load
transfer across joint.

Slab | Dual wheel load | Tire size- Stress
thickness | Static | Impact dual Load | Warping | Combined
Inches Pounds Pounds Inches Pounds per square inch

8,000 10,000 16.00-20 304 41 345

9,000 11,250 11,00-20 333 41 374

7 10,000 12,500 12,0020 358 41 399
11,000 13,750 12,00-22 389 41 430

&,000 10,000 10,00-20 237 38 275

9,000 11,250 11,00-20 260 38 298

8 16,000 12,500 12,00~20 280 - 38 318
11,000 13,750 12,0022 307 38 345

8,000 10,000 1C,00-20 191, 36 227

9,000 11,250 11.00-20 211 36 R4T

9 10,000 12,500 12.00-20 227 36 263
11,000 13,750 12,0022 246 36 282

8,000 10,000 10,0020 158 31 189

9,000 11,250 11.00~20 173 31 204

10 10,000 12,500 12,00-20 18 31 - 218
11,000 13,750 12.00-22 203 31 234

TWestergsard formula for edge loading (modified to provide full tire area
on slab) '

= 200
E = 4,500,000
= 0,15
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Table 4.~~Combined stresses in a l12-foot by 20-foot slab of
thickened-edge design {9-inch edge, 7-inch center),

Siab Dnal wheel load Tire size- Stress
thickness | Static | Impact dual’ load | Warping | Combined
Inches Pounds Pounds Inches Pounds per square inch
Corner
Pon TG 8,000 10,000 10,0020 311 31 342

9,0G0 11,250 11.00.-20 339 31 370

10,000 12,500 12,0020 381 31 412

11,000 13,750 12,00-22 388 31 419

Interior

9~7-9 8,000 16,000 10.00-20 150 232 382
9,000 11,250 11.00-20 165 232 397

10,000 12,500 12,00.20 178 232 410

11,000 13,750 12,0022 192 232 424

Transverse edge

979 8,000 10,000 10,00~20 304, 4 345
9,000 11,250 11,0020 333 41 374

10,000 12,500 12,00-20 353 41 399

11,000 13,750 12.00-22 389 4 430

Westergaard formmulae adapted to thickened-edge cross section

200
4,500,000
0.15
0.05
1.75

nowon o

k
E
A
Z
L
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The great majority of the concrete pavements now sxisting are of
a quality no better, and rest upon support no mere firm than is assumed
in these tables, The preponderant cross—sectional design is of the
9-7-O-inch dimensions. Many existing pavements are of lesser support-
ing strength; few will suprort a heavier load.

Conerete Roads Overtaxed by loads Exceeding 18,000 Founds

It geems clear to a highway engineer that the great majority of
the countryls existing concrete pavements are overtaxed by axle loads
exceeding 18,000 pounds., Jdccordingly, highway engineers are not sur-
prised when their observation and daily experisnce indicate that as the
numbers of such excessive leoads have multiplied in recent years, the
occurrence of concrete pavement failure has alarmingly increased, and
the cost of maintenance of the existing pavements has increased in like
disturbing progression,

Without detail of descripbticon roference is made here to three
charts, figures 3, 4, and 5, which compare the maintenance cost expori-
ence oh pairs of New Jersey concreic highways of clesely similar physieal
characteristics but differing in each pair in the magnitudes of traffiec
loads applied to them. A fuller description of thesc charts may be
found in Appendix III, entitled Road Damage by Trucks in New Jersey, of
a statement mede by Commissioner MacDonald of the Burcau of Public Roads
in Hearings before the subcommittee of the Senate Committee on Inter~
state and Foreign Commerce pursuant to S. Res. 50, June 27, 1950.

The goneraticon of increased maintenance cost of concrete pavements
by the operation of increasingly heavy vehicles as indicated in these
New Jersey cases is the result commonly experienced in various degrees in
all States. The increascd costs tell the same tale as the scientific
tests and mathomatical analyses, and a2s many obscrvations of the differ-
ence of behavior of roads and parts of reads subjected to moderately and
excessively heavy wvehiclos in all parts of the country. The tale is that
our concrete roads--most of themw-are overloaded, their lives shortened
and their maintcnance costs largely inergased by the multiplication of
axle loading over 18,000 pounds,

The Marylaﬁd Road Test

At this moment the attontion of motor mamufacturcers (and I pre-
sume their automotive engineers), of motor truck operators, and highway
enginecers the country over, is focused on an accclerated traffic test of
a road in Southern Maryland, The road is a typical mesh-reinforced con-
crete road with 12-foot lanes of 9-7-9~inch cross section, laid on a
subgrade of about average character. It is being subjected in four of
its parts to a controlled traffic of vehicles which motor monufacturers
have donsted and petroleum producers are fueling, The vehicles operat-
ing over the four separate parts arc respectively two~axle vehicles with
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18,000~ and 22,400~-pound maximum axle weights and three-axle vehicles
with 32,000~ and 44,300~-pound tandem-axle weights., I trust it will not
be deemed a prejudgment of the results of this tesgt, which has still
some two months to run, if I restate here the expectation I held before
the test was begun, that it will simply confirm the conclusions that
have been drawn from the previous tests and observations. '

Tests of Flexible Pavements Projected

It has not escaped the notice of the speaker that all that has
been offered as reason for the 18,000-pound axle lecad limit as a measure
of protection for existing highways has been based on an accumulated
knowledge of the behavior of one type of highway. This has been neces-
sary if the reasons were to be stated in quantitative terms. The effects
of load on other types of pavement have not been quantitatively deter-
nined as they have for the concrete type. Although a general kmowledge
of the behavior of flexible~type surfaces suggests no likelihood that
they react to differences in loading in s manner markedly different from
concretoc pavements, the obvious faet that comparative tests of a satis-
factory naturc have not been made is not caleulated to discourage the
free asscrtion that all would be differcnt were all our roads of the
flexiblewsurface type. '

Belatedly to seck the facts in this regard it is the intention of
State highway officials to arrange for at least one, and perhaps two con-
trolled traffic tests of flexible-type pavement at an early date. The
divising of appropricte methods of measurement of the effect of lozd in
this case prescnt some problems which prebably can be satisfactorily
solved., Uhen suitable nmeasures srce copplied, it is, in the speaker's
opinion, tc be expacicd that they will revesl rclations not essentially
difforent from thosc dewmonsirated to exist in the behavier of rigid
pavencnis.

In the meantime, therc is the evidence that our pavements of an
extensively used type——paovements that rate among all of the existing
pavements cortainly in the class of the stronger--that these pavements in
the grecter part of their cxisting mileage are overtaxed, arc shortencd
in their useful lives, and are mninteinable only at moterially increased
expense when the axle loads of vehieles risc in substontial frequeney
above the 18,000 pounds for which most of them have actually been designed.
This, as it appears to a highway engineer—-I mey add, to nearly all high-
way enginecrs, te a. substantisl segment of the American publie, its law-
makers and its governors--this it appears is a sufficient answer. from one
point of view to the question, "Why 18,000 pounds?® It scoms to supply
sufficiont recason to justify the 18,000~-pound axle load limit 2s a measure
for the protoction of existing highways fron unduc wear and tear.
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18,000 Pounds as a Design Limit

If, now, we may briefly consider the 18,000-pound limit in its
other aspect-—as an assumed axle weight to be used by engineers as a
basis of future road design--we will speak in less positive accents.

New roads can be built for heavier lecads more cheaply than old
roads can be operated under them. The building of the new roads will
be extended over a somewhat prolonged peried. The greater capital out-
lay will probably make possible a reduction of the current expense of
the highway system which climbs higher and higher by the propu151on of
ex09551ve loads on highways built for lighter loads.

This other aspect of the guestion presents a cemplex economic
problenm which should receive careful attention.

At present, about 5 percent of all motor trucks and combinations
‘as they are operated have axle loads exceeding 18,000 pounds. To a cer-
tain extent this percentage is affected by the presence of the legal
limits, though only recently has thero beon much evidencc that these
limits are widely noticed.

It may be that if the legel constraint were removed morc vehicles
would be operated with axle loads of greater magnitude. The number in
any case would be but s minute percentago of all the vehicles operating
over the highway system, including passenger cars-~for a1l of which the
highways arc provid'ed°

The root incentive to heavier axle loading would remaln, as it is,
the desire te move more payload in one vehlclo.

The first questlon to be answered-~and it is a question that auto-
motive engineers arc most competent to answer--is whether it is necessary
to increase axle loading in order efficiently to inecrease payload. On
two-axle vehicles the answer is obvious; but what is tho eeonomic future
of the two-axle vehicle?

Vehicle Operating Savings Offsct by Higher Road Costs

If the answer to this first question indicates that some increase
of axle loads is desirablec in relation to the cconomy of wvehicle cperation,
then how much increzse is desirable? We will romember, of course, that
with increasc of axle load, in cleser relation than with increased peyload
achicved without exle load increase, the cost of road building will increasec.
The increased highimy cost must be accepted on many thousands of miles of
‘highway, It will be necessitated solely by the heavier wehicles--rclatively
few in numboer at moste-that utilize the increased axle loading, Tho, but
the owners of these few vehiecles, are to pay this increase of road cost?
Will the realizable vehiclo-operating economies be sufficient to compensate
the heavier charge for road use? These arc the economic guestions,
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extremely complex in their manifold implications, that must be puzzled
out before we can come to satisfactory conclusions regarding the second
aspect of our toplecal question,

. If, in closing, I need give earnest of my interest in the finding
of a satisfactory answer teo this larger question, I need only mention,
I hope, the research that has been undertaken with precisely that cbject,
under the guidance of a committee of the Highway Research Beoard of which
I am chairman, a committes on which distinguished members of your Socicty
are serving in cooperation with representative truck and bus operators
and highway engineers. Results of a first phase of this research, con-
ducted in Pennsylvania, have, I believe, been presented before c¢ne of
yvour meetings by Mr, Carl Sasl., A second and more difficult phase is just
beginning. It is of the uimost importance, in my cpinion, that we find
means to accelerate our somecwhat lagging steps; and I pledge you my earh-
est best to do so.
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WHY 18,000

LB? AXLE LOA
ON HIGHWAY DESIGN AN

Herbert S. Fairbank, s of rusiic rosds

This paper was presented at the SAE Nat'l Transportation Mtg., New York City, Oct. 16, 1950.

N the question which serves as the principal title
1 of this paper, an attentive ear may detect over-
tones of skepticism. The instinctive response of
ane firmly convinced of the reasonablenesg of
13,000 Ib as a limit of the weight to be carried by
a single axle of a motor vehicle might conceiv-
ably be a somewhat bickering, “Well, why ot
18,000 th ?”

The speaker will eschew the bickering response.
Instead, he will attempt a reasoned answer to what
he will assume to be a sincere question.

Some part of the heat that is generated in many
discussions of the question doubtless arises out of
2 wisunderstanding between the disputants as to
the precise nature and purpose of the limitation.

The 18,000-1b axle load limit is a limit prescribed
by law in 34 states as a regulation binding upon
the operation of present vehicles over present
roads, its purpose being the protection of the exist-
ing road system against undue wear and tear. It
may also be regarded, and is so regarded by many
who have no other than the public interest in view,
as a limit of the weight which roads should now
be designed to support, and hence a continuing
limit upon the design and loading of vehicles.

It will be of advantage in our discussion clearly
to distinguish these two concepts of the nature and
purpose of the limitation. Accordingly, let us first
consider the necessity, or may we preferably say
the advisability, of 18,000 1b as a limit regulatory
of present vehicle operation for the prevention of
undue wear and tear of existing roads.

What are the roads which the 18,000-1b axle load
limit is intended to protect? What are their char-
acter and their condition? ‘

In some of the comment of opponents of the
limit the assumption seems implicit that all, or
the only considerable part of all, heavy vehicle
movement is confined to the primary highways. It
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is apparently assumed also that the primary high-
ways are preponderantly of such design as to
withstand, without undue distress, the application
of axle loads exceeding 18,000 1b in such numbers
and frequency as they are likely to occur. There
is some vagueness as to just where the limit above
18,000 1b is to be placed, and observation indicates
that there are operators of vehicles who may sup-
pose that the only limit to be respected should be
one of their individual choice, be it 20,000 or up-:
wards of 40,000 1b. .

But, for the moment let ug confine our attention
to the particularity and the character and the
condition of the roads which the 18,000-1b axle load
limit is intended to protect.

Certainly they consist of the upwards of 350,000
miles of primary state highways. But they do not
consist of these only. They include a substantially
greater mileage of secondary and even tertiary
roads, over which the heavier vehicles are regu-
larly operated in significant numbers. There are,
for example, some 500,000 miles of secondary and
lesser roads over which milk collection trucks
operate daily. These trucks are definifely not light
vehicles. Their axle loads may, and do, reach and
surpass the limit of 18,000 1b. There are also the
tank trucks that regularly deliver gasoline and
heating oil to farms and communities on local
roads. The mileage of such roads affected by these
operations cannot be closely dimensioned, but it is
considerable; and these vehicles also have the
potential and the actuality of axle loading up to
and beyond 18,000 1b.

Coal is moved regularly by truck from mines to
consumers in heavy loads over secondary and lesser
roads, as well as primary highways. Sand and
gravel pits and stone quarries are very often lo-
cated on local roads, and the loads of these con-
struction materials - among the heaviest observed

123



on our highways — must perforce be moved over
the local, as well as the primary roads. In parts of
the country logging operations, likewise generative
of heavy axle loading, utilize secondary and lesser
roads to perhaps a greater extent than primary
highways.

Nor can it presently be assumed, as once it could
with gome assurance, that the movement of farm
produce, arising largely from origins on local
roads, is a movement accomplished in light vehi-
cles. Many of the vehicles operated by farmers’
cooperative organizations and hy the middleman
buyers of farm produce, are heavy wvehicles and
vehicles of heavy axle loading, as, also, is the mod-
ern mechanized equipment of agriculture itself,
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which is by no means confined to the fields apg
farm lanes.

And, then, there are times when, with seasong)
load restrictions enforced on primary highways i,
recognition of their temporarily frost-weakeneq
condition, drivers of vehicles that wonld be rafeg
as too heavy in their axle loads for the primg
roads find other and less diligently patrolled routeg
to their destinations via the lesser roads.

So, it is definitely not correct to assume that 4
limit of axle loading is required solely for the pro.
tection of primary highways upon which the
heavier vehicle loading may be presumed to be con-
fined. The need of protection extends also to 3
large mileage of local secondary and lesser roads,

Turning now to the character of the roads that
require protection —roads which, as we have ob-
served, are of secondary and lesser, as well ag
primary, elassification, it is perhaps unnecessary
to labor the point that a great part of the sec-
ondary and lesser mileage is of relatively frail con-
struction. That is a matter of common knowledge.

However, there appears to be an impression
abroad that the primary highway system of the
United States is rather uniformly improved in such
mannear as to enable it to serve, without undue dis-
tress, a heavy vehiele traffic of considerable propor-
tions. More particularly, there appears to be the
impression that axle loads exceeding 18,000 1b, in -
stch numbers as they may and do oceur, do not-
actually constitute a threat of undue wear and tear
of the primary highway system, Again, it may he
observed in passing, the magnitude of the excess
over 18,000 1b and the frequency of such excessive
loading presumed to be feasible are apparently not
particularized in the minds of those who believe
that the primary roads will withstand such appli-
eations, whatever they may be. _

This impression is markedly erroneous. The pri-
mary highway system of the country is not all of
one kind. It is not all of one condition. It is not all
of one age. Its character and its gqualities are tlhe
antithesis of these. It is a system of wide diversity
in type of construction, in the dimensions of itg de-
gign, in the condition of its surfaces and fomqa-
tions, and (particularly relevant to the present dis-
cussion) in its load-supporting capacity. The varia-
tion is not a condition of regional oecurrence. The
roads of one state are not all of strong desigh
those of another of lesser strength. The age, the
type, the condition, the strength of the highway
system in every state, the primary, as well as the
secondary and lesser roads, varies from short se¢-
tion to relatively short section of every individual
route composing the system.

Some of these widely variant sections of road
doubtless have strength sufficient to enable tl}em
to withstand without appreciable effect applicd-
tions of axle loads exceeding 18,000 lb in high
frequency. Among these the magnitude of lo#
they will so withstand varies. Large parts of the
highway system, more particularly the primar¥
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nighway system, are believed to be able to with-
stand, without undue wear and tear, the operation
of vehicles with axle loads of 18,000 lb in prae-
#ieally unlimited frequency. Still larger parts sufier
definite damage when subjected to axle loads of
18,000 1b and less, the extent of the damage vary-
ing with the season and the frequency of the
keavier load applications.

If, then, the highway system that requires for
jts protection a regulation of axle loads of vehicles
is of such diversity of strength and condition, how
does it cecur that a parficular limit of axle load-
ing — 18,000 Ih — is chosen to afford the desired pro-
tection? The guestion appears to be reasonable.
Obviously, considering the qualities of the situa-
tion as described, it can receive no wholly indisput-
able answer. It can, and does, find a reasonable
answer.,

As a limit of vehicle axle loading, 18,000 Ib is not,
as some have sald, just a figure materialized out of
thin air. As a measure of road protection, it has a
greater validity than another limit for which some
preference is expressed. I refer to the limit of
22400 Ib, which is established by law in six states.
That limit has its origin in nothing other than the
fact that long years ago the desirable limit of
Ioading of a solid rubber tire was considered to be
800 Ib per in. of width. The width of the widest
tire then manufactured being 14 in., the maximum
desirable weight per tire turned out to be 11,200
Ib, and the desirable combined loading of two tires
on ohe axle, 22,400 1b, This limit, which had some
relevance to a type of tire no longer extensively
used, has not now, and never has had, any ration-
ally predetermined relation to the supporting ca-
pacity of existing roads.

In contrast, the 18,000-Ib axle load limit has
definite basis in the estimated safe supporting ca-
Pacity of a particular type of road of a particular
dimension. The type is a widely prevalent type —
Concrete. The dimension is a preponderant dimen-
Slon of roads of that type —an edge thickness of

in.

The estimate of the safe axle load capacity of
concrete pavements of 9-in. edge thickness is based
Upon the mathematical theory of the behavior of
slabs supported on elastic foundations, as devel-
oped particularly by the late Dr. H. M. Wester-
gaard, confirmed and supplemented by numerous
tests and experiments made both before and after
Westergaard’s demonstrations.

The Bates road test, conducted by the Division
of Highways of the Department of Public Works
and Ruildingy of Iilinois in 1922 and 1923, was one
of the earliest, and is perhaps the most widely

ToWn, of the many experiments that have been
Wade. It is only one of many experiments that have

€eN made, all with the same purpose and similar
results, including an extended series of tests by the

Ureau.of Public Roads at Arlington, Va,

To attempt a recital of the findings of these

S in detail would unpardonably extend the
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HE 18.000-1b axle load limit is prescribed by
law in 34 states to protect our roads against
undue wear and tear.

The philosophy and reasoning behind the im-
position of this limit are discussed by the author,
who is a public official,
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length of this paper, and for engineers such a re-
cital is assumed to be unnecessary. Reports of the
more significant tests have been published. They
can be studied and understood by engineers.

Tt will suffice here to describe the nature of the
evidence developed by the tests and the mathe-
matical theory,

Bates Road Test

The pioneer Bates road test was a traffic test of
a road constructed for the experiment. Included in
the road were 68 experimental pavement sections
of wvarying material composition and design.
Twenty-nine of the secticns were paved with con-
crete of various thickness, design, and composition,
some with, and some without, reinforcement.

These varying sections were subjected to a con-
trolled test traffic consisting of Liberty trucks
equipped with solid rubber tires. Starting with a
loading of the vehicles which resulted in an appli-
cation of 2500 1b by each rear wheel, a number of
trips over the several sections was made with that
loading. Subsequently, the loading was increased to
apply successively by a substantial number of trips
at each load, various wheel loads, ranging up to
13,000 1b, corresponding to an axle load of 26,000
1b.

Some of the pavement types represented were
severely damaged and virtually destroyed under
the lighter increments of load. In the case of some
of the types it was difficult to discern a relation be-
tween the pavement behavior and the magnitude
of the axle load. In the case of the sectiong involv-
ing concrete either as a base or a surface, however,
such a relation could be observed, and it was most
clearly discernable in the case of the conerete pave-
ment sections. These sectiong could be observed to
erack under the loading, and the increments of
loading at which cracks formed in sections of the
several thicknesses and designs represented could
be taken as an approximate measure of their
strength or load-supporting capacity.

Analyzing the results of the tests at their con-
clusion, Clifford Older, chief engineer of the Divi-
sion of Highways, drew a relation (Fig. 1) between

125 -



Table 1 - Combined Stresses for Load at Slab Corner and
Partial Subgrade Support (Gorner Warped Upward)

Slah Dual Wheel Load, Ib, Stress, psi
Thickness, ———-———- Tire Size-
in. Static Impact Bual, in. Load Warping Combined
7 §,060 10,000 10.00-20 373 25 402
9,000 11,250 11.00-20 404 29 433
10,080 12,500 12.00-20 436 29 485
11,008 13,750 12.00-22 456 29 485
8 8,000 10,000 ), 00-20 3cd 32 338
9,000 11,250 11.00-20 330 - 32 362
10,000 12,500 12.00-20 357 32 389
11,000 12,750 i2.00-22 381 32 N3
9 8,000 10,000 10.00-20 255 34 289
9,000 11,258 11.00-20 278 34 312
10,000 12,500 12.00-20 300 34 334
11,000 13,750 12.95-22 319 4 383
10 8,000 10,000 10.00-20 217 37 254
9,000 11,250 11.00-20 237 37 274
10,000 12,500 12.00-20 257 37 234
11,000 13,750 12,00-22 278 37 315

Wastarggaad corner formula (empirically modified):

k
E = 4,500,000
& = D0.15

Table 2 — Combined Stresses for Load at Interior of 12-Ft by 20-Ft
$iab with Fuli Temperature Warping (Afterncon of Het Day)

Slab Dual Wheel Load, Ib. Stress, psi

Thickness, — Tire Size~

in. Static Impact Dual, in. Load Warping Combined

7 8,000 10,000 10.80-20 150 232 382

9,000 1,250 11.00-20 165 232 397

10,000 12,500 12.00-20 178 232 410

11,000 13,750 12.00-22 192 232 424

8 8,000 10,000 10.00-20 117 254 an

9,008 11,250 11.00-20 128 254 382

10,080 12,500 12.00-20 139 254 393

11,000 13,750 12.00-22 150 254 404

9 8,000 10,000 10.00-20 94 274 368

9,000 11,250 11.00-20 104 274 3re

10,080 12,500 12.06-20 113 274 3ar

11,000 13,750 12.00-22 122 27 306

10 &,000 10,000 10,060-20 79 284 263

@, 080 11,250 1. 85-20 87 284 mn

10,000 12,500 12.00-20 94 284 k1]

11,000 13,750 J2.00-22 nz2 284 8%

Wasterg%ad fermula for interior foading:
E = 4 500 aoo

z=dw
L1175

the edge thickness of the slab-type pavement sec-
tions and the magnitude of the respective wheel
loads at which gignificant cracking occurred in the
slabg of each thickness. Thig relation he found to
conform closely with the equation:

where: .
3W

d =
8

d = Depth of pavement, in.

W = Wheel load, Ib

s = Modulus of rupture of material of slub in cross bending

The determined modulus of rupture of the con-
crete of which the slabs were formed averaged 700
psi or better. This, according to the relation ex-
pressed, would indicate that a slab of 6-in. edge
thickness should be cracked by a wheel load of
9000 Ib, and the 6-in, slabg cracked under wheel
loads of that magnitude or g little less.

Effect of Fatigue

It was recognized that the cracking or failures
observed in the tests were the result of a com-
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paratively infrequent application of load. Most of
the increments of load were applied only 3000
times. In the whole test, with wheel loads increas-
ing from 2500 to 13,000 1b, a total of 50,000 load
applications was the maximum experienced by any
test section.

It was known that concrete, in common witk
other materials, is subject to fatigue, and wil
eventually fail under some repetition of stress that
it will withstand once or a few times repeated.

To test the ability of concrete to withstand re-
peated stress, a machine was devised to apply re
peated loads to concrete beams. From the tests
made with this device, Older drew the following
conclusions, which he reported in a paper presented
before the American Society of Civil Engineers in
1924

“Plain-conerete heams or slabs will sustain with-
out failure from bending an indefinite number of
repetitions of a load if the tensile fiber stress in-
duced is less than 50% of the modulug of rupturs
At the pregent time (Dec. 1, 1923) there are in the
fatigue machine test beams that have withstoed
without failure about 5,000,000 repetitions of a
load sufficient to produce a fiber stress of approxi-
mately 50% of the modulus of rupture.

“For loads causing fiber stress in excess of 50%
of the modulus of rupture, the tendency to failure
increases rapidly with the increase of this excess of
stress. For instance, loads causing fiber stresses of
about 60% of the modulug of rupture, repeated a
few thousand times (rarely more than 30,000) wil
cause failure; for stresses in excess of T0% of the
moedulus of rupture, only a few hundred repetitions
(rarely more than 5000) are required.”

In view of these findings Older suvgested that
the value of 8 that should be used in the equation

W
~——, in the design of concrete pavements
8

expected to withstand numerous applications of
specific maximum loads, should be a value no
greater than 50% of the modulus of rupture of the
concrete. If, then, the modulus of rupture be as-
sumed at the common value of 700 psi, the indi-
cated slab thickness required for the safe support
of 9000-wheel loads (18,000-1b axle loads) would
ke 8.8 or, practically, 9 in.

In disparagement of the Bates road test, it has
often been remarked that the test pavement sec-
tions were laid direetly on a typical Illinois black
goil, imperfectly drained. Let it here be observed
that a large part of the existing Illinois highway
system and similar parts of the systems of other
states have foundations of aboutthesamecharacter.

It is also remarked that the Bates road test ve-
hicles were equipped with solid rubber tires, not
with low-pressure prneumatic tires such as we use
today. The Bates road vehicles were equipped with
solid-rubber tires; and the vehicles were driven at
a speed between 12 and 15 mph. It is one of the

d —
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fndings of later tests, particularly the impact tests
ondugted at Arlington, Va., by the Bureau of
Public Roads, that the 1mpact force delivered to a
road surface by a wheel passing over an obstruc-
tion on the road is approximately the same for a
solid-tired vehicle driven at 12 to 15 mph and for
a high-pressure pneumatic-tired vehicle driven at
4)mph (Fig. 2). The impact delivered by a balloon-
tired vehicle is of a slightly lower order.

Bates Road Conclusions Confirmed

The Bates road test was a pioneer test. In many
respects it did not measure up to the requirements
of 4 thoroughly scientific test. But, let me add at
once that the principal pavement design conclu-
gions drawn. from this pioneer test have been re-
markably confirmed by all later tests much more
scientifically conducted, and by the mathematical
theories of slab design of later development.

Failure from Load, Warping Stresses Combined

We now know that the critical stresses developed
in concrete pavement slabs are not those engen-
dered by load alone, but the conjunction of load
stresses with temperature warping stresses. We
know this from many measurements of the actual
strains produced in pavements by loads and by
warping. And we know that the combined stresses
invarious parts of a pavement slab reach fatiguing
magnitudes for pavements of various thickness
umder approximately the same loads that Older
concluded to be critical. This statement is made
with reference to pavements ag they are now built,
1aii on foundations of the betfer sort now existing
and subjected to balloon-tired traffic. It is instanced
by Tables 1 to 4, which give stress values calculated
by the Westergaard formulas, emnpirically modified
to accord with actual strain measurements to be
expected in slabs of various thickness when sub-
jected to various static loads and corresponding
impact foreces.

The great majority of the concrete pavements
now existing are of a quality no better, and rest
upon support no more firm than is assumed in these
tables. The preponderant cross-sectional design is
of the 9-7-8-in. dimensions, Many existing pave-
ments are of lesser supporting strength; few wiil
support a heavier load.

Concrete Roads Overtaxed

It seems clear to a highway engineer that the
great majority of the country’s existing concrete
pavements are overtaxed by axle loads exceeding
18,000 Ib. Accordingly, highway engineers are not
surprised when their observation and daily experi-
ence indicate that, ag the numbers of such exces-
:give loads have multiplied in recent years, the oc-
currence of concrete pavement failure has alarm-
ingly increased, and the cost of maintenance of the
existing pavements hag increased in like disturbing
progression.

Without detail of description reference is made
Yol.
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Table 3 - Combined Stresses for Load at Transverse Edge of
12-Ft by 20-Ft Siab with Fuli Temperature Warping
(Afternoon of Hot Day), No Load Transfer across Jeint

Slab Dual Whes! Load, Ib. Stress, psi
Thitkness, —_ Tire Size-
in, Static Impact Pual, in, Load Warping Combined
7 8,000 10,000 10.00-20 304 4 345
9,000 11,250 11.00-20 333 a 74
10,000 12,500 12.00-20 358 41 358
11,000 13,750 12.00-22 389 Lal 430
B §,000 10,000 10.00~20 237 38 215
9,000 11,250 11.00-20 260 a8 298
10,000 12,500 12.00-20 280 38 38
11,000 13,750 12.00-22 W07 k] M5
9 8,000 10,000 10.00-20 m ] 2
9,000 11,250 11,0020 211 i 247
18,000 12, 51i¢ 12.400-28 227 38 253
11,000 13,750 12.00-22 246 ]
10 8,800 10,000 10.00-20 158 31 189
9,000 11,250 11.00-20 173 i 204
10,000 12,500 12.00-20 187 3t 218
11,000 13,750 12.00-22 203 n 234
Westerga-aa';d formula for edge loading (modified to provide full tire area on slab):
= 4 5[]0 il

s=0

Tabie 4 - Combined Stresses in 12-Ft by 20-Ft Siab of
Thickened-Edge Design (9-In. Edge 7-In. Genter)

Slab Dual Wheel Load, th. Stress, psi

Thickness, —r—————tmm—e— Tire Size- -
n. Statie Impast Dual, in. Load Warping Combined
Corner
9-7-9 8,000 10,000 . 10.00-20 3 31 342
9,000 11,250 11,00-20 338 3 370
10,000 12,500 12.00-20 381 31 412
11,000 13,750 12, 00-22 338 3t 419
Interior
9-7-9 8,000 10,000 10.00-20 150 232 382
9,000 11,250 11.06-20 165 232 397
10,000 12,500 12.90-20 178 232 410
1,000 13,750 12,00-22 192 232 424
Transverse Edpe
9-7-9 8 080 10,000 10,0020 304 41 345
,000 11,250 11.00-20 333 41 an
10 ‘oto 12,500 12.00-20 388 41 399
11,000 13,750 12.00-22 38¢ 41 430
Wes‘kergggrl;d formulas adapted to thickened-edge cross-section:
= 4,500,000
A8
= 0.05
=1.751

here to Figs. 3, 4, and ‘5, which compare the main-
tenance cost experience on pairs of New Jersey
concrete highways of clogely similar physical char-
acteristics but differing in each pair in the magni-
tiides of traflic loads applied to them. A fuller de-
scription of these charts may be found in Appendix
III, entitled “Road Damage by Trucks in New
Jersey,” of a statement made by Commissioner
T. H. MacDonald of the Bureau of Public Roads in
hearings before the subcommittee of the Senate
Committee on Interstate and Foreign Commerce
pursuant to 8. Res, 50, June 27, 1950.

The generation of increased mamtenance cost of
concrete pavements by the operation of increas-
ingly heavy vehicles as indicated in these New
Jersey cases is the result commonly experienced in
various degrees in all states. The increazed costs
tell the same tale as the sclentific tests and mathe-
matical analyses, and as many observations of the
difference of hehavior of roads and parts of roads
subJected to moderately and excessively hea,vy ve-
hicles in all parts of the country. The tale is that
our concrete roads — most of them — are overloaded,
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their lives shortenad, and their maintenance costs
largely increaszed by the multiplication of axle
loading over 18,000 1b.

Maryland Road Test

At thizs momenti the atientiotr of motor manu-
facturers (and I presume their automotive engi-
neers), iruck operators, and highway engineers the
country over iz focused on an accelerated traffie
test of a road in sounthern Maryviand, The road is 2
typical mesh-reinforeed concrete road with 12-{t
lanes of 9-7-9-in. cross-seetion, leid on & subgrade
of about average character. It ig being subjected in
four of its parts te a controlled traffic of vehicles,
which motor manufacturers have donated and
petroleum producers are fueling. The vehicles ap-
erating over the four separate parts are, respec-
tzve]y, 2-axle vehicleg with 18,000- and 22,400-1b
maximum axle weights and 3-axle vehicles with
32,000~ and 44,800-b tandem-axle weights. I trust
i will not be deemed a2 prejudgment of the resullz
of this test, which has still some twoe months to
run, if I restate here the expectation I held before
the fest was begun, that it will simply confirm the
conrecluzions that have been drawn from the pre-
vious tests and obzervations.
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It has not eseaped my notice that all that has
heen offered as reason for the 1%,000-1b axle load
iimit as a measure of protection for existing high-
ways haz been hased on an accumulated knowledge
of the behavior of one type of highway. This has
been necessary if the reasons were o he ghated in
gquantitative terms. The effects of lozd on cther
types of pavement have not been gquantifatively de-
fermined as they have for the goncrete iype. Al
though & general knowledge of the hehavior of
flexihle~-type surfaces suggestas no likelitheod thet
they react fo differences in loading in a manner

‘markedly ditferent from concrete pavements, the

obvious fact that comparative tests of o sakis-
factory nature have not been made i not czlen-
lated to diseourage the free assertion that all would
be different were all our roads of the Hexible-sur-
face type.

Belatedly seeking the facts in this regard, state
highway afficials intend to arrange for at least
one, and perhaps two, controfled traffic tests of
flexible-type pavement at an early datz. The divis-
ing of appropriate methads of measurement of the
effect of load ir this case presents some problems
which probably can be satisfactorily solved. When
guitzble measures are applied, it is, in my opinion,
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to be expected that they will reveal relations not
essentially different from those demonstrated to ex-
ist in the behavior of rigid pavements.

In the meantime, there is the evidence that our
pavements of an extensively used type — pavements
that rate among all of the existing pavements cer-
tainly in the class of the stronger — that these pave-
ments in the greater part of their existing mileage
are overtaxed, are shortened in their useful lives,
and are maintainable only at materially increased
expense when the axle loads of vehicles rise in
substantial frequency above the 18,000 Ib for which
most of them have actually been designed. This,
as it appears to a highway engineer — I may add, to
nearly all highway engineers, to a substantial seg-
ment of the American publie, to its lawmakers, and
to its governors —is a sufficient answer from one
point of view to the question, “Why 18,000 1b?” It
seems to supply sufficient reason to justify the
18,000-1b axle load limit as a measure for protee-
tion of existing highways from undue wear and tear.

18,0600 Lb as Design Limit

If, now, we may briefly consider the 18,000-1b
limit in its other aspect-as an assumed axle

weight to be used by enginecers as a hasis of future
road design — we will speak in less positive accents.

New roads can be built for heavier loads more
cheaply than old roads can be operated under them.
The building of the new roads will he extended over
a somewhat prolonged period, The greater capital
outlay will probably make possible a reduction of
the current expense of the highway system which
climbs higher and higher by the propulsion of ex-
cessive loads on highways built for lighter loads.

This other aspect of the question presents a com-
plex economic problem which should receive eare-
ful attention.

At present, about 5% of all trucks and combina-
tions as they are operated have axle loads exceed-
ing 18,000 1b. To a certain extent this percentage
is -affected by the presence of the legal limits,
though only recently has there been much evidence
that these limits are widely noticed.

It may be that if the legal constraint were re-
moved more vehicles would he operated with axle
loads of greater magnitude. The number, in any
case, would be but a minute percentage of all the
vehicles operating over the highway system, in-
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eluding passenger cars — for all of whieh the high-
ways are provided,

The root incentive io heavier axle loading would
remain, ag it is, the desire to move more payload
in one vehicle.

The first guestion to be answered ~and it iz a
guestion that antomotive engineers are most com-
natent to answer —is whether it is necessary to
increage axle loading in order efficiently to increase
payload. On 2-axle vehicles the answer is obvious;
but what iz the economic future of the 2-axle
vehicle ?

Operating Savings Offset by Higher Road Costs

If the answer to this fivst gquestion indicates that
some Increase of axle loads is desirable in relation
to the economy of wvehicle operation, then how
much increage is degirable? We will remermber, of
course; that with increase of axle load, in closer
relation than with increased payload achieved with-
out axle load increase, the cost of road huilding will
increase. The increased highway cost must be ac-
cepted on many thousands of miles of highway. It
will be necessitated solely by the heavier vehicles —
relatively few in number at most — that utilize the
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‘increased axle leading. Who, but the owners of

these few vehicles, are to pay this inerease of road
cost? Will the realizable vehicle-operating econ-
omies be sufficient to eompensate the heavier
charge for road use? These are the economic gues-
tions, extremely complex in their manifold implica-
tions, that muost be puzzled out before we can come
to satisfactory conclugions regarding the second
agpect of our topical question.

If; in closing, I need give carnest of my interest
in the finding of a satisfactory answer to this larger
question, I need only mention, I hope, the research
that has been undertaken with precisely that ob-
jeet, under the guidance of a committee of the
Highway Research Board of which I am chairman,
a committeec on which distinguished members of
your Scciety are serving in cooperation with rep-
resentative iruck ard bus operators and highway
engineers. Results of a first phage of this research,
conducted in Pennsylvania, have been presented
before the SAT: by Carl Saal. A second and more
difficult phase is just beginning. It is of the utmost
importance, in my opinion, that we find means to
accelerate our somewhat lagging steps; and I
pledge you my earnest best to do so.
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DISCUSSION

Compares Truck Usage
over Highway and in City

—Howard L. Willett, Jr,
Willett Co.

E know that we all have the same end in view. Mr.

Fairbank as a representative of the Federal Govern-
ment i8 charged by the Constitution with encouraging com-
merce between the states. We commercial members of the
gociety make our bread and butter from the commerce
petween the states, so we are all trying to encourage and
promote it. With this common goal in mind, cur only point
of disagreement or controversy; then, is, how this can
pest be done.

Mr. Fairbank says, in essence, that it is cheaper to
puild new roads designed to carry loads in excess of 18,000
ib than it is to repair the present system when it is damaged
by the pounding of overloaded trucks. !

He further states that these roads built to carry heavy
loads should be paid for by the heavy trucks that make
them necessary. This is certainly a logical approach, but
when we hear about trucks paying for something, we be-
come very allergic to it because for years we have been
paying for things we never received. I am not going to
touch on the diversion of highway funds, which is only
prohibited by law (although not by practice) in 21 states,
but rather explain the difference between truck usage over
the highway and in the city.

My company is primarily engaged in local and contract
cartage in metropolitan Chicago, the charter motor coach
business, and, as a member of the National Truck Leasing
System, the truck leasing business. We operate in the
Chicago metropolitan area and use the streets of the con-
tiguous municipalities that comprise our area. We do not
use the highways that Mr. Fairbank is talking about ex-
cept for the few open miles between Qary and Indiana
Harbor, and so forth. We are not alone in this usage of
our streets since there are 84,000 trucks domiciled in
Chicago that use these same streets. There are an addi-
tional 50,000 trucks in the nearby suburbs whose cccupa-
tion keeps them in this metropolitan area almost exclu-
sively. There are only 10,000 to 12,000 trucks that enter
and leave the area daily to use the highways that the
author is talking about.

Thus, 904, of the trucks in the area use the metropolitan
streets and only 109 use the highways. We, in this
metropolitan area, have been paying for the highways
downstate for a long time, and would dislike very much to
pay for extra-special highways that we would never use
since they are to be built for special trucks that we don't
even possess. I am sure this same condition exists through-
out the country.

The number of trucks that could use these highways is
striefly limited. Contrary to the author's statement, milk
from the farmers is picked up in cans by 1- or 134-ton
trucles, brought to a country collecting station, where it is
tested for butter fat and cooled before being brought to
the city in big bulk tank trucks, which use only the main
highways,

Large, heavily loaded gasoline trucks do not deliver to
farmers and therefore do not ordinarily use the secondary
or fertiary roads. They deliver to bulk plants, where the
fuel is loaded into small trucks for ultimate delivery to
the consumer.

As a matter of fact, only a small percentage of the
trucks built in the United States are large enough to
carry 18,000 Ib on an axle. Thiz small percentage could

] r? stretched to 8¢; only by extreme and severe overload-

g.
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Our plea, then, is to consider where the bulk of the trucks
operate, how large most trucks are, and spend our time
and effort in this direction.

Let ns not tar all trucks with a brush that fits only a
very few. Let us, in spending, get the bestest for the
mostest.

Pledges Cooperation of Truck Operators
In Program to Determine Best Limitation

- Juluis Gaussoin
Silver Eagle Co.

S a truck operator and the president of a state trucking
association, it is unthinkable that I would bhe disinter-

ested — when the very continuation of my occupation de-
pends on the existence of, and permission to use, a reason-
ably good highway system —which is now a sizeable
portion of the established trucking industry’s investment
in business.

The author has not started a direct condemnation pro-
ceedings against the truck operators, the highway engi-
neers, or the highway builders, but his paper may start
movements in such directions — to the end that all highway
users will be alerted, some with reasonable, and others with
radical attitudes.

It is our duty as citizens —and particularly as an engi-
neering society — fo concern ourselvés with the economie
impaet of unreasonably reducing the useful life of our
present highways and legislating out of use all vehicles
that appear to be abusive of highways. .

Fundamentally, there are two approaches that may be
used to solve this controversy, and they appear to spring
from extreme viewpoints: )

1. Determine the optimum axle weight that will permit
the most economical movement of a ton-mile of payload;
then build all highways to accomodate such axle loads. Of
courge, pregent highways must be repaired or replaced as
they deteriorate.

2. Determine what axle weight causes highway deleriora-
tion, then make all such axle weights unlawful. ]

At first, it may appear that such determinations would
be unreasonably and irreconcilably far apart, but it is to
be hoped that such is not the case.

This discusser believes that straing imparted by ex-
tremely heavy axle loads to tires, springs, frames, axles,
and highways - to the point that all are stressed to near
their yield point — will bring about such short life that low-
cost transportation will not be achieved. :

The optimum economic axle weight should be studied
and an attempt made to make a definite determination;
and other studies made to find out what, if any, additional
highway costs would permit the use of optimum economical
axle loads. The economics of gross loads have been studied,
but this does not supply the answer to the axle load
problem.

The reasonable trucker, surely, should be willing to com-~
promise, if necessary, so that his total cost of highway
usge, depreciation of highway equipment investment, and
operating expenses would permit him to move ton-miles
of payload at lower cost —if and when such determinations
have been reasonably and reliably determined.

Since both truck equipment and highways are made by
man, and serve no useful purpose unless used, they can be
considered expendable, with maximum economic use from
both. We should be careful not to make a determination .
based entirely on what we new have, which inclides errors
of the past and could close the door on future progress and
efficiency. . S ) ;

The highways and the trucking industry serve the people
ag a whols, but the best interests of these péople will not
be served if we tie oursélves so tightly to the past that-
there is no room to take advantage of improvements' imx
highway and vehicle desigt;, The wmakimum &bility of
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mmnimum-strength mghways should not be used to met
axle load limitations—and, on the othzr hand, the maxi-
mum abilily of the largest axles probably would be an
unrzasonable basis upon which to set highway construc-
tion standards.

When the best overall axie weight hag been determined,
greal savings can accrue to the truck operator, such as the
possibility of eliminating conflicting state load laws, uni-
form and cheaper tires and paris, easier procurement of
parts and lower inventory, better designed and lower cost
eguipnient, higher resale value, lower depreciation cost
because of the present obsolescence probability with chang-
ing state laws, and the possibility of eliminating gross load
laws, as such, so that the maximun economical uge could
be made of each axle.

The truck operater is now in a vulnerable position, and
he i3 vitaily concerned ir this matter. He can quit buying
trucks or tires of any particular make that do not serve him
well, buf he must use the only highways.

I express the view of many truck operators, and of at
least one state trucking association, when I pledge our
continued interest in and support of studieg to determine a
best overall econormic axle load limitation. T pledge further
that we will support legisiation and promote programs to
reduce the frejuency of overlosding.

We can probably agres that illegal loads may not bhe
actual overloadsa in certain cases, and, in some instances,
overstressing is actually unot illegal, due to improper legis-
Iation. Some are definitely of the opinion that certain stales,
through the acts of the legislafors, have so restricted types
of -equipment that greater than normal highway deteriora-
tion has been the aciual end result.

Let us look forward, construciive in criticism, coopera-
tive, open to the views of others. Let us season cur judg-
ment in stndying how 10 build and maintain highways and
eguipment 1o operate upon these highways, Let us do these
things t¢ the end that the public will he better served and
af a lower cost - permitting a capable, sufficient, and profit-
ahle highway trucking industry.

. West Coast Operators Favor
18,000-Lb Axie Load Limit

- L. E. Kassebaum

Consolidafed Frefghtways, lnc.

N commenting on such a controversial subject, it 'is

questionabla if much more could be added to the volume
of information that hes alveady been published. Mr. Fair-
bank has outlined to us the reasons why a definite Bimit
ig proposed as an individual axle load limit. It can very
briefly and simply be expressed also by a sentence in a
subtitle of an arficle appearing in “Western Construction
News,” dated June 15, 1950, which read, “Because most
concrete pavements are ¢ in. thick and 9-in. pavements are
designed for 9000-1b wheel loads.” Perhaps this explana-
tion also emanated from Mr. Fairbank's office,

It is comrendable that the pyrpose of the 18,000-1b axle
limit, prescribed by law in 54 stabes, is for the protection
of the existing reoad system against undue wear and tear.
A miore liberal view is mot inconceivable for axle limits
in the future, More comment on this phase may be in order
later.

No exception can he taken to the faet that all our
country’s highways are in need of protection. There must
be thousands of miles of roads within the category of
500,060 miles of secondary and lesser roads feeding Lhe
rural districts that would not at the present time with-
stand the 18,000-1b axle pregently proposed. The expanding
economy of our counfry requires that highway facilities
follow the population. The preseni-day mechanized farms
require better roads to ecneble the farmer to use trucks
of & capacity® that will allow him to operate efficiently. It
is realized that the expenditure to bring secondary roads
i1p to standard would he staggering.
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In the Northwest we are faced with the problem of
maintaining highways to stand up under the wear ang,
tear imposed by logging trucks. Moat operations of these
vehicles are on secondary highways which in many Cagay
do not stand up under normel or 18,000-1b axle loading‘
hut overloading and weather also take their toll. Some {)f,
the larger logging operators hawve built private roagds
thereby getting around the restrictions, regulationg, ]j:
censes, and taxation imposed by gavernmental agencies
One such road is a 20-mils streteh in Oregon built wity
12-in. gravel and a light bituminous surface. Bquipmeny
grosging 242,000 1b i operated over the route. Angther
private road 33 miles long is being constructed in northern
California, which will accommedate .gross loads up o
200,000 h. Of courge the axle loadings are far in excess of
18,000 1b. The mention of private roads is nol with the
thought of inereasing axle Ymits on primary or other
highways bui as a matter of information only. 1t is en.
tirely possible that some worth-while data could be de-
veloped from the methods of construction and effect of
extreme axle weights.

Please do not assume from what has already been said
that axle weights in excess of 18,000 lb are being adve-
cated at 1he present tims. We of the West Coast are ad-
vocates of the 18,000-I1b axie and diligently try fo live
within the law. It is frue that almost any operator at some
time or another will find himself in viclation of axle over-
leading, regardless of all precaution taken, Western carriers
as a group, using Western equipment, are the lesser viola-
tors of overloading and are proponenis of rigid enforce-
ment and adeguate penalties. In trying to iive within the
law {the 18,000-1b axle)} it has been necessary to experi-
ment with and develop equipment that will produce the
most revenue per mile, consistent with oparating costs.

At the present time you will find in the West some 4
wheel trucks with 4-wheel trailers, a considerable number
of dual or €-wheel tractors with a dual-axle semi-trailer,
and also some 6-wheel trueks and G-whee! full trailers.
There is 4 tendency at the present time to go to a 4vwhesl
tractor, a single-axle semiirailer, and 2-axle full-trailer
combination, commonly known as doubles. 8ize and weight
are two of the primary factora governing the efficient op-
eration of motor trangportation. Both are essential for the
hanling of general freight.

All 11 of the Western states have adopted the 18,000-1b
axle limifation and all but two of our states officlally
permit at least 32,000 1b on tandem axles. The variations
come in the limitation of loadings on axle groups and on
overall comhination grosses. The Western Highway Insti-
tute, represented hy John L. Springer, president, which
represents the operators in that area, has presented to the
Western Association of State Highway Officials the fol-
lowing: :

1. The 18,000-1b limitation for single axles.

2. A graduated scale ranging from 32,000 b to 46,400 b
for gxle group spacing between 4 £t and 18 f£t.

3. A gradiates scale up fo a maximum of 6,800 P
for gross loads based on the overall spacing tetween the
first and last axles of combinations.

Somewhers recently appeared an articie to the effect that
the 1%4000-1b axle load restriction is the maximum thai
ever will be considered by AASHO and the FRA, even foF
the 40,000 miles of new interstate highways to be cob-
structed. In referring to Mr. Fairbank's original remarks
that the 18,000-1b limitation was for the protection of
existing highways, it would appear that 18,000 Ib would
not. necessarily be the maximum capacity desired. If prog-
ress is to continue in this country, with further increases
in population, and with technological improvements, thers
should be no maximum that waould stifie advancement.

If the highway officials and legistatures of some states
feel that the people's best interest would be served by e¥
ceeding the limits of an 18,000-lb axle, there ghould he RO
opposition.
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Further, it might be well to quote an article from a book-
let entitled “Highway Transportation Story,” published by
the National Highway Users Conference. It mentions roads
on Federal Aid Systems, as follows: “The Federal Govern-
ment is interested in many of these roads because of the
gbligation impoged in the U. 8. Constitution to provide for
the national defense, to establish post roads, to encourage
ecommerce among the states, and to promote the general
welfare.! On July 3, 1960, in “Transport Topics” there was
an article by Henry C. Flynn, who quoted Thomas H.
MacDonald, Commissioner of the U. 8. Bureau of Public
Roads, as follows: “The minimum requirements of struc-
tural and capacity design of the major routes to serve
national interests must be equated to the foreseen needs
of the national defense”

Unguestionably all the members of AASHO have been
fully informed of axle limits necessary for defense needs;
lkewise the Bureau of Public Roads staff must have the
same information, Knowing this, and also having in mind
their duty to the public, and considering all the economic
factors that must be observed, one cannot help but feel
that they have done their best to arrive at a practical
golution to the axle problem,

It is only fitting that all interested groups, organiza-
tions, committees, and individuals help to secure the adop-
tion of axle weights as outlined a2s a national program and
put an end to the *war of the axles.”

Why Not More
Than 18,000 Lb?

~A. B, Gorman
Esso Standard Qil Co.

THINK Mr, Fairbank's paper has been very well pre-

pared. It iz concise, definite, and well argued, and I am
sure has been very informative to all of us. Before touching
on it, I will discuss some other material.

Fig, A shows the Merritt Parkway in Connecticut, which
is about 12 years old. No trucks are allowed on this road.
Notice the large crack in the slab and the spalled surface,

Fig. B shows another view of the same Parkway. Notice
particularly the long longitudinal cracks — again the spalled
surface,

In Fig. C we see asphalt concrete being placed on the
pavement to put it back in shape.

Fig, D is a view of the approach to Interborough Park-
way at Northern Boulevard in New York. See how the
spalled concrete hag heen patched with asphalt and then
the disintegration continued behind the patch. This road is
about 18 years old. No trucks - just passenger cars — use it.

Fig. B shows the entrance to Hutchinson River Parkway,
Westchester., ‘This piece of road 15 about 11 years old.
Again just passenger cars-—no trucks use it.

In Fig, ¥, we show a section of the old Pelham Bay
Parkway in Mt. Vernon, This concrete iz about 25 years
old. No trucks — just passenger cars use it. Notice the bad
disintegration.

Fig, G i3 a view of the Henry Hudson Parkway. This
road is about 12 years old. No trucks use it - just pas-
senger cars. Notice the transverse cracks in the slahs.

Now we are finished with the purely passenger-car roads,

The pavement shown in Prig. H is used by both trucks and
Passenger carg. Jt is the entrance to the Brooklyn Battery
Tunnel here in Manhattan. The reason I am showing it is
that this concrete is only six months old, I believe that no
one will blame this damage on trucks —nor can the condi-
ton of these road surfaces: buckled pavement in Reading,
Pa, (Fig. I), buckled pavement in Pittsburgh, Pa. (Fig. 1),
Pavement in Pittshurgh, Pa., damaged by water (Fig. K).

The pavement shown in Fig. L collapsed before it was
Opened to the public.” As some wag remarked, “It coliapsed
before even a velocipede rode over it.” No passenger car
Mor truck had touched it. The explanation was butter clay
under the surface. o
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Fig. A - Section of Merritt Parkway, Connecticut

After a guick look at these pictures, I-|___thinl?t="“ we can
safely draw this generalization: various forces damage
pavements. Regardless of specific causes, it is quite obvious
that other forces than truck axle loadings do break up
pavements. Please note I say “pavement” instead of “road.”
Propaganda against truchs is trying to establish two myths.
The first is: big trucks are bresking up our roads. Now it
may bhe true that some of the trucks are brealking up some
of the pavements some of the time, but it is not true that
all of the trucks are breaking up all of the pavements all
of the time, which is what the propagsndists would have
us believe when they echo the chorus: big trucks are break-
itz up our highways.

We've seen some of the bad examples, let's see some of
the good ones.

The sign shown in ¥ig. M tells its own story and that
of Fig. N, which shows the oldest concrete road in New
Jersey, built in 1912, Please note the longitudinal cracks.
This old road need make no apologies for them; for remem-
ber the Merritt Parkway, a pasgenger-car road, also had
them, and this old road is still doing duty as Jersey high-
way No. 24 - 38 years old.

Fig. O gives a view of the famous Pennsylvania Turnpike.
A beautiful road over which you can travel from one end
to the other at a mile a minute. Fig. P shows another part
of the same road.

U. 8. highway No. 1 in New Jersey, near Elizabeth, is
shown in Fig. Q. This road has very heavy truck concen-
tration. The slab in the foreground is 10 in. thick laid in
1928, doing a wonderful job.

The same road southbound and the same story about the
stab is illustrated by Fig. R.

Now I want to show a road that is unique. Fig. S
shows a section of U. 8., 22 in Pennsylvania just going out
of Eagton toward Bethlehem. The section of concrete under
the truck is a new section laid three years ago when the
street was widened. The concrete I am referring to ia
to the left of the truck. This original piece of pavement
was laid in 1915, originally a single slab 16 ft wide and
about 6 in. thick. So here we have two adjacent pave-
ments, one three years old where the truck is standing,
and the other one on the side of the truck, 85 years old,
built before anyone thought of truck transportation. U. 8.
22 has very heavy truck traffic of the kind that you see
in the picture.

Outside the city, the pavement has been covered with
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asphalf and made 20 £t wide. The line on the leff in Fig. T
shows the original edge of {he concrete, and there hag been
a2 layer of asphalt extended 2 ft beyond that. There is a
similar addition of 2 ft on the other side of the concrate
pavement. )

Fig. U iz another view. The strip on the leff is the new
3-year-old pavement. The sirip on the right is the 35-year-
old pavement. ) ’

Fig. V¥ gives a close-up view of the two pavements. The
one on the left is the old one, the one on the right is the
new 3-year-olt pavement. Notice the guentities of stone
ir the surface of the old pavemeant. The question as to why
this pavement has lasted so long and has been 50 service-
able, so sirong, and carried such a burden of truck traffic
seems ta be answered by the fact that when the pavement
wag built, the custom was to use & coarse ground cement,
and not to wash the sand. This hasy stood the test of time,
weather, and very heawy truck traffic. Later on, road
builders disconiinued the use of coarse ground cement and
used other technigues.

From the entire series of pictures, I think we can draw
another generalization: some pavrements are more durable
thanr others. Assuredly, as you can see, they are.

Now affer seeing such a variety of pavement conditions,
ene Brst wonders what was the source of the {dea of an
18,000-1h axle limifation. In all the diversity of quality
which T have shown you, where {8 the unity among these
varioug pavements to give rise to the concept of an 18,000-
i axle limitation? Obviously it isn't there. Now, if it’s
that difficult to see in the pavements I've shown you (all
af which, except the three at Pittsburgh, are within a 74-
mile radius of New York), how much more difficult is it
to see it in the pavements of the six-million square mile
area of the United States.

So, let us refer to the paper that has been presented.
Mr. Fairbenk takes as his criterion the Bates rcad fest
made in Illinois in 1922 and 1923. He mentions other tests
but he  devotes most space to the Batfes {est and the
formulas it, plus Jater tests, produced; and of the Bates
lest, he. szys, "The principal pavement design conclusions
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p. B - Another section of
Merritt Parkway

drawn from this pioneer test have been remarkably con-
firmed by all later {ests much more gsclentifically con-
ducted, and by the mathematical theories of slab design
of tater development.” Mr. Fairbank gives as the im-
portant formula evolved from the Bates test the following:

3w

§

d =

whers:
d = Depth of pavement, in,
Wheel load, b

s = Modulus of rupture of material of slab in cross-bending

The curve af the left of Fig. 1 of My, Fairbank’s papsr
is taken from the actval data of the Bates tests and the
modulus of rupture established by these data was 732
However, later tests made on concrete beams established
a decision that concrete beams will stand indefinite repeti-
tive loads if the load is not over 50% of the indicated
moduhits and so from this, the eurve at the right was
developed; and this seems to be the basis for the HORO-ib
wheel or the 18,000-1h axle z2s & maximum load en a $-in.
pavement. The curve runs out of bounds above 9 in. in
thickness for the veagon I asswme that there was no pave:
ment used in the Bates test of greater thicknesg than
9 in, Notice that, in the formulas, the denominator of the
fraction in the curve on the right is only half of the value
in the one on the left, 366. This is ihe accepted formule.
I want to make clear what this formuls represents, and
I am now drawing on Mr. MacDonald's statement before
the Myers Committee, known as Senate Committee 50, It
expresses, “the relation between the depth of a simple
cantilever beam and the magnitude of the weight it will
support at its exireme free end” Thls formula is used
because it was found that the cormers of the test section
were often warped upward. as a result of the difference
in temperature of the upper and lower surfaces of ihe
slabs. At such time the corners of the slabs were withotl
support of the subgrade, hence the use of the cantileveT
beam formula. A rough illustration of the idea is shown in

w
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pig: W and Fig, X So you can see that thiy formula applies

ip gorners of the pavernent when the pavemeut is nof rest-

Ling on the subgrade. As to the formula, I have nothing
to say. M. Fairbanlk takes it as hiy criterion and atiests
fo ity validity." What I do sa¥ is that if the formula is
valid, certain econclusionsg inevitahly follow.

The Bates test censitituted a very progressive step. It
was a real effort to get facts and, as a result, many states
pegan buliding heavier pavements than they had been and
alse permitted lifting axle weights frem 15,000 and 15,000
B to 18,000 b, Thisz was genuine progress and has con-
pibuted much to the development of lower cost distribution
of goods throughout the country. ’

As muech 28 we have exjoyed this progress, howsver, the
viewpoint szems now be have changed and, far from :he
aope of further advanzemen:, we are row faces with tha
prospéct of & nation-wide limitation of 18,000 ib per akle.
1t is this notion that I want to discuss. I also want to
point oul soms of the harm it will do to our country and
to say that it {s negative thinking.

Auntomotive engineering thoupht in load-carrying ca-
pacily, as expressed by actual results, is alreay more than
5044 ahead of nighway engineering thought, as expressed
by the Bureau of Public Roads in terms of a natien-wide
axle limitation of 18,000 Ib. Trucks with 28 000~ and 29,000-
v axles are reing operated with speed and safety. The
question iy econamic — not strietly engineering. It i eco-
nomic with the need of expert engineering assistance.
Engineering-wiseg, there is nothing to prevent the manufac-
ture of stronger pavements, as can be ecasily seen from
the Bates formula:

3w
P ‘L;

end Bt foymuty raised 4o the xeomd power:

P LA
W6 122
w = {22d¢

Fig. € - Asphalt concrate repair
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Those who remember their “analyt™ will recognize ihis
as their oid {riend the parabola. Working out values from
the formula and plotting the curve horizontally for each
ineh of depth and extending it past the limit of the 8-in.
slab, we arrive at the curve shown in Fig. Y. 1t is cbvious
from the nature of the curve that strength wvaries much
more rapidly than thickness. Notice glso the weight value
for a 9-in. slab 18 a 9800-lb- wheel or an axie load of
19,800 1b, not 18,000 1b, Thoge interested in the measure
of the strength pained by each additional ineh of thickuess
can ascertain it by taking the frst derivative of the egua-
tion, which gives the formuia for the rate of change of
slab strength for each ineh of depth:

o= 12243
du = utd
dd

This again brings out the fact of the proportionately
greater increase in strength for gach increase of unit thick-
ness, Thus, the gain from 8 to 10 in. would be approXi-
mately 4800 1p per axle and a 10-in, slak would support
a 24,400-1h axle, and the inerease from 0 to 11 in. in slab
thickness would give an increase in strength of over HO00
b per axle, thus permitting a 29,500.1b axle for an 11-n,
slab. So, if the formula is valid, it is guite possible to
make stronger pavements and g great gain in strength is
achieved from a &light increase in deplh.

One of the inigoities of a nation-wide ¥mitation of 18,000
W is the penaltics it imposes on intrastate traffie. I do
not have gpace to develop tils phase of the subject except
to say that the penalties are severe on any state which
hgs & strong internal ecenomy. An aifempt to set up
& natlom-wide limitation of 18,000 Th wauld seem to imply
that we have come to the end of an era. In Fable A are
shown investments in representative roads of certain dif-
ferent times., The one marked A is fromn Louisiana reads
byilt in the Twenties and typifies that peried. There was

F
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Fig. B - Apamach to Intedbo-ough Parkway in New York

tremendous expansion in automobile production angd hard-
surface road programs were in motion all over the country.
The idea was to get the pegple ont of the mud. A job was
done with iremendous haste —either hard surfaces were
placed over existing roads built for horse and buggy speeds
ar nzw roads were .afd with somz adeanez n curves and
vigibility. Altogether, it was a grand Joh. The autamobiles
of the day were, generally speaking, able to utilize most
of their power cepacity and the rosds ag built took cave of
the situation. :

But now the advancing fechnologies of the rubber, anto-
maotive, and petroleum indastries have created automobiles
which have mada most of these roads obaclete. In multi-
tudinons instantes, corves are sharp, sighting distance for
passing is inadegquate, safety condilions with moderate
traffic density are poor, and modern automaobkiles cannot he
used at anything Jike their power capacity. Conseguently,
most of these roads ave obgolete today irrespective of any
consideration about axle loading.

Also, these three industries have created the modern
heavy-duly truck and brought to an snd a period uriqus
in the world’s history. About 125 years aga, our railvtoads
put the stage coach, the carters, and most of the canals
out of business. Bul now the modsrn truck iz taking mouch

2 T B A AR

Fig. F -Section of ofd Pelham Bay Parkway
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Fig. E —Fatrancz to Hutchinson Rivar Parkway

tonnage from the railroads., Most of us grew up wheh the
highways were used only for private passenger traffic,
except for short team delivery, and some of us feel irked
when a truck gets in front of us on the highway, as though
it had no right there, but the fact is the modern truck has
restored to the highway ona of ig ancient funciions, Due
to trucks, highwaye are again what they have been since
time imamemorial - arteries of cemmerce.

My, Fairbank's paper poses two questions. One is, “What
axle ipads shall generally be carried on existing highways?”
As I showed from the number of pictures of verious roads,
many of these ¢ld pavements are disintegraling anyway,
so thz: in substantial measure these roads, if traffiz re
quires it, will have to be rebuilt irrespective of possible
iruck dathage. Such being the case, I feel that any state
that wanis to help ifs own internal economy, when it
repairs these old roads, should aim for not lesg than 22,400
b, and if its present limit iz 22,400, for a higher mark
Many old concrete roads, if still ugable from the standpoint
of visibility, curves, and so on, can have the pavements
renewed by leveling the siabs and filing the woids with
lguid asphalt and surfacing with asphall concrete. Recant
bids in Pennsylvania for such work were $23,000 a iile
for a 20-ft width. We must remember, in dealing with

Fig. G —Sectian of Henry Hudson Parkway
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{his question, that we are talking about the vital supply

‘a vast segment of our population. In many states, such
lgs Tennessee, two-thirds of the towns and villages have
o other supply but truck.

Any increase in truck expense by axle restrictions must
pe passed on to the consumer, not as truck freight, but
a8 truck freight plus wholesaler and retailer markups.
porced to choose between increased taxation fo provide
oads to carry the traffic on the one hand and rising
suck costs and markups on the other, 1 believe T would
yote for the belfer roads because low truck rates benefit
AL;L the people. Somewhere between producer and con-
sumer, a truck handles the product — sometimes all the way.
The first step in such a program of better roads would be
abgolute non-diversion of all highway funds. The second,
the ruthless overhauling of many agencies that dispense
the money for road building—to prevent a repetition of
the many errors of the past—such as that road down in
Maryland, of which state I happen to be a native—1I refer
to U. 8. 40. A section of it was built over a swamp. T
pave driven over that read many times and heard the
glabs rattle from the weight of my car. Mistakes like this
and inadequate drainage are tough on the taxpayers. Pre-
‘yenting them should help relieve the tax burden. As to
the roads that are obsoclete and have to be replaced with
new highways, this poses the second question, and I will
come to that a little later.

The road identified az B in Table A is the Pennsylvania
Turnpike. The investment per mile, $462,000, is many times
that of the Louisiana rcad. When the turnpike was built
ten years ago, it was the most advanced design in the
United States for safe, high-speed operation. Why did the
turnpike come into existence? DBecause public facilities
financed through taxation were not keeping pace with the
growth of traffic, and the turnpike appeared to supply the
need. I think it is safe to assume that the more the public
facilities lag: behind traffic needs, the more numerous will
be the toll roads. The turnpike furnishes us with evidence
to attack the other myth the propagandists want us to
believe, and that is that big trucks do not pay their way.
A big truck pays 6¢ per mile to use the turnpike, and yet
the truck pays it because of its great savings per hour.
Trucks are glad to use the turnpike. ILast year about
60% of the toll revenue of the Pennsylvania Turnpike came
from trucks. Trucks not only paid their way, but in addi-
tion, there was collected on the turnpike more than one-
half million dollars in gasoline taxes from turnpike users.
This tax money was turned over to the State of Pennsyl-
vania and turnpike users received absolutely no return for
it. Will the authors of the myth—big trucks do not pay
their way —assert that they do not pay their way when
they use the Pennsylvania Turnpike? ,

The road designated as C is the New Jersey Turnpike
currently being built. The investment will be cloge to two
million dollars a mile, and it should perform & superb
service of expediting traffie through northern Jersey.

Now let us lock at the cost of the pavement in relation
to the total investment in the highway shown in Table A.
In the Louisiana Highway, investment in pavement repre-
sented 719 of the investment in highway. This tremendous
Percentage no doubt gives rise to the belief that the pave-
ment is the road and creates the illusion of the sanctity
of pavements. Highway engineers who built these roads
can justifiably think of the pavement as the road, and
Wwhen they think of a truck breaking up a piece of pave-

Table A - Investment in Highways

Highways
A B 4]
Tolal Investment per Mile, §  $29,000  $462,000  $1,900,000 (est.)
Investment in Pavement as
%% of Total Investment 7 15 8 (est.)
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ment, they declare hig trucks are breaking up our high-
ways.

In the Pennsylvania Turnpike, the investment in pave-
ment is only 159 of the total investment. There is a lot
of highway here beside the pavement. In the New Jersey
Turnpike, it is estimated that the investment in pavement
will be only 8% of the total investment. Isn't it obvious
from this that a vast change has faken place in the rela-
tive importance of the pavements? Isn't it apparent that
the structure of the highway is now analagous to the strue-
ture of the truck, that the pavement now is -simply the
wearing surface of the highway, just as tires constitute
the wearing surface of the truck? And as such shouldn't

Fig. H - Entrance to Brooklyn Battery Tunnel

Fig. | - Buckled pavement in Reading, Pa.
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it be relatively just as expendable as the tires of the
truck, in the service of providing the consuming public
with lowest cost transportation by highway?

In this structure the pavement is no longer the highway.
it is only the wearing surface of the highway, and it loses
its air of sanctity and descends to ths prosaic atmosphere
of just another capital item to be used for the production
of further wealth and, as such, it can stand inspection on
whether it should be 9 in, thick, 10, 11, or 12 in. thick,
or whichever one is necessary to support the trafiie of the
most efficient design that antomotive engineers can create.
People in the business assert that it would cost 19% more
to Iay an 11-in, slab as compared with a 9-in, slab, and
according to the formula as shown before, an 1l-in. slab

{38

Fig. ] — Buckled pavement m
Pittsburgh, Pa. e
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would carry approximately a 29,500-1b axle load. Any time
we can get ghout 90% increase in strength for a 194
increase in investment, it gounds to me like mighty good
businesg, and even if the slabs generally should break after
10 or 15 years of service, the whole pavement, New Jersey
Turnpike, could be leveled and resurfaced with asphalt
canerete at current prices for just shout 395 on the original
investment. -

Now, answering {he second guesiion raised by Mr, Fair-
bank’s paper as to new roadg, I think we should shoot for
35,000 or 36,000-1b axle loadings. Automotive engineering
thought is already 509 ahead of expresged opinions in the
form of the 18000-1b axle, 2nd some Toorn should be left
for future development. The pavement is the botileneck.

Fig. K - Pavement in Pittsburgh
damaged by water
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Fig. Q - Y. 5. No. 1 neat Elizabeth, N. }. (northbound)

Fig. P - Another section of Pennsyivania Turnpike
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Fig. R - U. S. No. T near Elizabeth, N. ]. {southbound)

Fig. T - Section of pavement oulside of Easton, Pa.

So, as American highways have again become avteries of
coimmerce, what shall we do? Shall we be realistic and
build the kind of pavements needed to carvy the traffie, ar
shall we quietly acguiesce to a nation-wide axle limitation
and by default help put these shackles on the wheels of
American transport and help set up this road block in
the path of American econotic progress?

The econoimic aspect of the lHmitation is the disturbing
one. I think the greatest objection to the nation-wide axle
Timit is that it is out of step with the dynamic character
of the American economy. Our {ree enterprise system is
the greatest one aver devised by the mind of man for the
abundant supply of people’s needs and, briefly, this is the
way it works. American technology, with itg gening for
making better things cheaper, operating through mass
production and mass distribulion, reduces tosis: and then
American competition, with its thirst for sales outlets and
volume markets, reduces prices. This is the way that mar-
kets are expanded and more and more people receive the
benefits of the pgoods and services created. Tt isn't all
peaches and cream because inherent in the process is the
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Fig. 5 - Section of concrete on left was laid in 1915, near Easten, ba.
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Fig. U~ Another section of pavement outside of Eastan, Pa,

elimination of the ebsolete, the inefficient; but the net result
ia & higher gtandard of living for all the peaple. :

The key to it all is the increase in the productivity of
the individual, brought about by the increased efficiency
of each capital item at the time of its replacement, A truek
is in this class—so is & pavement. The pattern can D2
traced through industry after industry. At first, product}oﬂ
was low, quality poor, Technology improves quality, which
increases sales. Increased volume gives technology the
opportunity to reduce costs. Profits increase, which _at‘_
tracts additional capital into the business. Competitlf}ﬂ
increases, prices fall. It has happened over and over agaid
and the most recent case is the orange juice concentrate
business in Florida, which in a half dozen years has greatlitf
improved the quality, rendered a supericr service, and_ cu
in half the price of orange juice delivered to the America!
consumer. The proeess is now going-on in the television
business.

A nation-wide 18,009-1b limitation would be had enought
from an ecanomie point of view if it were of limited durd
tion, but apparently the thinking is otherwise. I quot®
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wom & recent Congressional Report entitled, "Highway
Nectts of the National Defense,” to the preparation of
which the Bureau of Public Roads contributed: “Since the
pecessities of efficient design and administraetion of the
pighway system reguire fixation of axle loading, the con-
dusion 18 strongly supported that 18,000-1b should be
gdopted as the maximum axle load permissible under the
Jaws of all states, that this limit without future increase
should be rigidly enforeed, and that highways built in the
quture should be designed for the normal support of axle
loads of that magnitude.” So the 18,000-1b nation-wide
limit is not of a temporary nature but is expressed in
werma of fixation.

Just think about that for 2 moment and Iet’s use our
memories. Suppose in 1922, at the time the Bates test was
made, that the rubbper industry, aviation, automotive, pe-
roleum, steel, chemical, and a number of others had de-
cided on a policy of fixation. Where would we be today
and what would we be doing and using? Well, for one
thing, the tires on our automobiles would last 4000 miles
each, if they didn’t blow out sooner. For airplanes we
would have something a ‘little better than the hoxiike
gtructures that the Wright brothers created, for automo-
piles most of us would be driving the Tin-Lizzie of sainted
memory, for gasoline we would be using the Hammer
prand, the magnificent development in the metallurgy of
steel would not have been available to us, the wonder drugs
and synthetic compounds that the chemical industry has
given us would have been denied us. Shall I go on? Whence
came the avalanche of bombs that contributed so much to
our victory in World War II? The explosive used was TNT,
and the foluol contained therein was made by synthesis
from petroleum, by a process developed since 1930. Without
It, we would not have had the TNT hecause byproduct coke-
ovens could have produced only a fraction of what was
needed. Fixation —the word has no place in the vocabulary
of the American economy. The American economy is a
living, moving, éxpanding, creative thing. Pixation means
stagnation - it means decay. By contrast, 809 of the sales
of one American corporation —a very large and old one,
which I will not identify except to say that it is not the
one with which I am affiliated - are of products which were
unknown 21 years agoe. This policy of fixation seeks to pour
a very important segment of our economy inte a permanent
mold, one that would deter and handicap the technical
development, which is the life blood of American industry,
and in hampering the free flow of goods from producer to
consumer would exact tribute from every American citizen.
This policy stands in the way of progress and says, STOP!
THIS IS THE END!

I am sure that among highway engineers there are just
as many capable and conscientious men as there are among
automotive engineers, and I believe that they are sincerely
trying to do their best from their point of view for what
they think is the good of the country, But I think it should
begin to be apparent to them that the building of pave-
Ments is not something which is separate and apart from
the dynamic nature of the American ecohomy, that any
part of it which holds back must of necessity in its way
hold back the totality — that it is just as necessary for the
baving business to evolve to a higher level of efficiency
and henefit to the public as it is for any other industry. I
Wwould Jike to suggest a new objective for road engineers
and allied groups. It is this: How te make betier pave-
Inents at lower cost.

I hope that road engineers and their associates will ac-
Cep_t this suggestion from a layman in the same spirit of

‘\t.iesn'e for public betterment in which it is given. In speak-
g of better pavements, there are two ways in which it
‘tan be done. The first is the way I mentioned before by
Making the slab thicker, and as one of the previous charts
Showed, a 12-in. slab would carry a 35,000-1b axle. The
additional thickness would cost more money, and I helieve
it would pay off in many places, but I think the right way
o get added strength iz to improve the quality of the slab

January 1951 Vol. 5 No. |

Fig. V-~ Close-up view of pavements shown in Fig. U~ pavement on
feft is 35 years old, that on right is 3 years old

without increasing the thickness. Fig. Z shows the weight
per axle that a slab would carry if the modulus of rupture
were doubled. If the modulus of rupture can he doubled by
improving the quality of the slab, then a 6-in. slab, accord-
ing to the formula, will carry a 17,500-1b axle and a B9-in.
slab will carry a 39,500-1b axle. Don’t you think this is an
objective worth shooting for? Do you think it is impossible
of achievement? I dow't. If any one shounld tell me that the
technology of America cannot succeed in thig attempt, I
would simply say that I don’t bhelieve it. American tech-
nology has solved too many difficult problems to be stopped
by a pavement. But we don't have to wait for developing
technology to take us past an 18,000-1b nation-wide limit.
There are a number of quality measures, such as coarse
ground cement, already within the range of present tech-
nology by which forward steps, at least experimental ones,
may be taken. How foolish to impede progress with an
arbitrary nation-wide limit when we already have many
advantages at our disposal.

I would like to mentjon a number of quality suggestions,
but space does not permit except for the most important,
one which I have laheled “quality jack pot.” It deals with
the element that amazes me about this whole question.
Ag a result of the Bates tests in 1922, pavement builders
raised their sights, Now in 1950 the Bureau of Public
Roads is still Iooking through the same sights that were
raised way back yonder, not only looking through them
now, but plans to keep on looking through them into the
indefinite future. Remember the words in the Congressional
Report, “This limit without fuiure increase” What has
been happening since 19227 Where are the ideas for better
pavements that must have arisen? Are we to believe that
among the paving contractors, egquipment manufacturers,
material manufacturers, state highway and county highway
boards there were no people that have any ideas for beiter-
ment? Surely there must have been many suggestions for
improvements. From this small army of men over a Span
of s0 many years there must have been thousands, literally
thousands, of suggestions for betterment. What has be-
come of them? More important, what has been done about
them? Well, that is water over the dam, and there isn’t
anything we can do about the past, but there is something
that should be done about the future.

The American people are entifled to the benefit of the
dreams, the imagination, the ereative ideas, the cold, hard
judgment based on facts and experience of these men about
better pavements, just as they are entitled to and recelve
the same from other industries. Not only is the public en-
titled to what T have mentioned, but the men themselves
are entitled to the right of recognition for their contribu-
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Fig. W - Application of Bates test Formula

Fig. X — Applicatien of Bates test formula
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tions. There mmst be some incentive to pull the light Lray,
under the bushel )

In all good faith, I suggest to the Bureau of Public Ropgy
that it annually set aside $100,000 of the American tx.
payerg’ money to be sef up as a prize fund for the begt
ideas from whatever source for making better Pavemen,
at lovwer cost. With this serk ol ircemtive, whethar ty,
Bureau of Public Roads provides it or someone else o
vides if, an atmagphere will he creatad that will eNCoUrgg,
beople to put their best efiorts into the solution of {hig
problem. What i3 necessary is the coneeniration of enmupy,
of the right kind of brain power on this problem to solve
it. I nelieve this Kind of meentive will start the bah rolling
and then we will see highway engingers side hy side wit,
autemotive engineers moving forward together in the evp
lution of low-cost highway transportation for a mon
bountiful livelihood for all Americans.

Author’s Closure
To Discussion

HESE fzcts remain: That there exists a $40,060,000,000

highway system of limited weight-supporting capacity
all its parts. To maintain i, replace it, and modernize 1t
in the state and et the rate veguired, that it may continue
to render & rezsonably efficient service to a rapidly increas.
ing traffic is a task that overreaches the revenues thus far
rajsed by rosd users and other hereficiaries. Every avoid-
able expense must be avoided,

It is idle io say that road surfaces should be regarded
uas expendable; they are so regarded. The guestion is, how
fast can they be expended, arnd replaced 7 It is equally idle
to insist that foundations should be better. The foundations
exist; we must get along with them until, in time, they
tan be betltered. !

With respect to the capaeity of road surfacss z.od feum-
dations, the eritical vehicular factors are the axle loady
and. fhe manner in which fhey are applied through wheels
and tires. )

By every test of highway administrative experience, en-
gineering analysis, and experiment, the 18,000-1b axle load
has been found to be the greatest that car be freguently
supporied by the mejority of our =oads, consistent with
the conservalive pelicy forced upon us by the revenues
available.

Tha latest of the experiments— Road Test One-MD-
performed on a road of surface type, divaensions, and foon-
dation conditiong ypleal of large parfs of the existing
highway system, resolves all doubts as fp the accuracy of
the judzmert that 18,000 1b is the praciicable limit of sup-
portable axie welght.

When most of the existing road system was buill, B
limit{ of 18,000 Tb covered most irick operators’ desires, a%
evidenced by actual truck operation. It ig exceeded now it
a rinute fraction of the total operation.

If axle loads heavier than 18,000 1b have an advantage
more worthy of consideration than the private gain of &
w=inority of sruek operators; if such heavier axle Joads ars
truly “in the public interest” new roads can he built to
support them. Highway engineers await the estahlishment
of the fael.

This highway engineer clings to the beliei that truek
operating economy is more closely associated with the
welght of the paylozd than with the weight that iy con-
centrated on 2 sing’e axla. All costs oF highway transpert
considered — the costs of the road and ihe costs of vehiche
operation —his conviction is strong that highest economy
is to be sought in the increase of pavload without increw_e
of axle load. As to the soundness of fhis judgment, investi-
gatlons now in progress shomld provide an angwer.

For the present, the question that might he yore usefully
weighed by tyuck operators, marufacturers, and autm!o'
tive engineers, as a highway engineer views it, at least, 19
Why not 18,800 1ot
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