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Mr, Sykes, gentlemen. I don't know how many of you are like our chairman--
wholly unfamiliar with the Maryland Road Test, and don't know what it is, or what
its purposes were. There nas been a good hit of report of it in the press, in
the technical magazines, and in the irade press, and a great deal of that report
has been somewhat far afield from the facts. In fact, I expect that what I
shall say to you teday by way of comment on the test will be the first public
expression about the test that will have been made by a person fully cognizant
of all of the results that were obtained in the test. It was only last week, on
Thursday and Friday, that the commitiee advisory to the Highway Research Beard
which was in control ¢f the test met for the consideration of draft reports
covering the entire experience in the test. 3o, until last week, a1l of the
facts of the test were not available to anyone. Therefore, today I have the
priviiege of talking to you for the first time with a full knowledge of what
went on in the test and what has been gleaned from it in the way of fact and
conclusion.

I think it is guwits appropriate that this ovportunity to discuss the test
in all of its fullness should occur at the time of a medting of a division of the
Council of State Governments, because the conception of the test, the origina=
tion of the test, resulted from a meeting instigated by the Council of State
Governments. It was, I recall, Mr. Bane, who in 1949, persuaded Governor Lausche
of Ohio %o call a meeting of representatives of the govermments of the States of
East~North Central area and the Middie Atlantic and New Fngland areas,--areas in
which there had been at that time a very considerable develorment of the opera-
tion of meotor trucks of rather heavy gross weight and axle loads. The purpese
of the meetingz was to consider what measures the states, severally and together,
should tszke in the light of what was occurring in the operation of vehicles of
the larger weights over the roads. A iwo-day meelting ensued at the end of which
those stztes, or some of those that were represented at the meeting, decided to
form themselves into a new organization of a permanent character which they
called the Interregioral Council on Highway Transportation. And that Council, as
one of its first projects, decided to undertake the Maryland Road Test.

The purpose of the test was a limited purpose, The experience of the states
prior to that time was based upon a general observation of the behavior of their
roads and a knowledge cf the maintenance costs of the roads. Their experience
had indicated to practically all of the engineers of those states that a certain
amount of damage was occurring on the rocads which could be attributed ito no
other cause directly and immediately than the heavy loading of vehicles and,
particularly, a heavy loading of the axles of vehicles. It had besn observed,
for example, that the pavements in the outer lapes of dual highways, where largely
the traffic of heavy vehicles is concentrated, that those lanes became damaged to
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a greater extent and in a shorter time than the inner lanes, which are used to

a greater extent for the passing of heavier wvehicles by lizghter vehicles., It
had zlso been observed that, where on a two-lane road there was known to be a
heavier movement in one direction--we!ll say loaded vehicles outbound from manu-
facturing plants--a heavier traffic in one direction than the other, the damage
caused or observed on the heavier side of the rcad was greater than on the lighter
side of the road. It is nabtvral to couple those facts together and to assums--as
mest engineers did--that the greater damage was the result of the heavier lcad-
ing known or telieved Yo exist from a general imowledge of the character of the
traffic. But, it was impossible on the basis of what was then known, to assign
any specific damage to any specific weizht of vehicle. You see, the traffic
consisted of a wide range cf weilghts-~of both light vehicles and heavy vehicles,
and between the lighiest and the heaviest there would ususliy be a rainbow
gradation from one weight to the other. Yow, when you see damage of the sort
that is caused by heavy loads, you can feel fairly sure that a heavy load has
been responsitle, but whati heavy lozd? What particular weight of vehicle, in
what frequency of operation is the cause of vhat degree of damage? That couvld
not be answered on ths basls of the generzl kmowledge that existed at the time
of this meeting in Chio, and it was for the purpose of obtaining a more specific
body of fact which would attach certain evidence of damage to the cperation of
certain weights of venicles, so that there could be a close relation established
between the weight of the vehicie or its axles and the behavior of the road,
that this road test was undertaken. The purpose wes just that limited. The
purpose of the Maryland Road Test, I want to emphasize, was not to determine
whether or not we should build our fubure highways for this weight of vehicls or
that weight of vehicle. The purpose of the Maryland Road Test was not to deter-
mine the economic necessity of loads greater or smaller than those now moved.
The Maryland Test was not intended, and will not tell you what should be the
maximum size or weight of vehicle, which 1f permitted to operate, would result
in the lowes®t cost of transportation. The purpose of the Maryland Test was
limited to the determiration of the effects upon a typical road of certain
spacific axle loeading,

The axle loadings that were used in the test 211 were iderntical with limits
of axle load which are provided in the laws of one or more states. There were
four axle-loading conditions represented: first, a singie axle load of 18,000
pounds--that is a load which is the limit permitted in the laws of, I believe,
about 3l states; second, a single 2xle lcad of 22,L00 pounds--~that is a limit in
1 believe, about 11 states, clustered mainly along the Atlantic Seaboard; third,
a tandem axle loading--and you know a tandem axle is two axles close together--

& tandem axle load of 32,000 pounds, 16,000 pounds on each axle; and fourth, a
tendem axle load of 44,800 pounds, 22,400 on each of those axles. Now, as I said,
all of those loads that were used in the test were limits of loads carried in the
laws of some of the states.

Now, for what reason did we want to know the relative effects of those loads?
Cbviously, there exists in all of our states a very considerable mileage of road
that was built, not yesterdsy, or last year, but quite some time ago, and built
over a considerszble period. The development of traffic employing these heavy
axle loads is, however, a matter of fairly recent occurrence, It wasn't until
ahout 1940 that we began to see on the highways of the country generally any
considerable number of axle loads in excess of 18,000 pounds., In fact, it was
principally the effect of the second World War that set us on the path of
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increasing axle loading., Because of the necessity te accomplish as much trans-
portaticn as possible with a lindted rumber of vehicles, the states were urged
1o waive their axle lead 1imits to permit the heavier loesding of vehicles. And,
as a result of that release from the restrairts of laws and also as & resuit of
the necessities of the time, there grew up 2 practice of heavier loading of
vehicles and that practice nas teer continued into the post~war period, with
evidence that because of the possibilities of reduced operating costs inherent
in larger gross weignt gnd larger psy loads, the truckding irdustry finds it
profitable to load mere heavily and is pressing to be permitted tc load more
heavily. Where the axle load limit is 18,000 pounds, the pressure is to get it
& Hittle higher. Where it is a 1ittle higher, the pressure is to get it still a
Iittle higher. And, up tc the point where the indusiry finds it is no longer
profitable to increase the load, I presume we can expect thet seif-interest on
the part of the industry, as well as its desire to be of servics to the public,
will ceuse 1t te press for vhat it considers to be the permission necessary to
enable it to perform a transportation service of maximum economy.

The quastion of what is maximum ecoromy, &t whai point of loading that
cceurs, is a matter that has aost been aznswered in any objective wsy, and it was
not dealt with in the Marylmd Road Tes®t. It is 2 guestion that cannot be
answered colely from the point of view of the operating costs of the vehicle
because the reduction in the operating cost of the vehicle which comes with
increased size is coffset in some measure by the ircreased cost ol the road which
is necesgsary to supprort the hezvier wvehicle. So that the final determiration
of where the highest econcwy lies must rest upon a balancing of ihe tendency
to reduce operating costs wita increase of vehicle size and the tendency to
increase road cests with the incrsase of vehicle size at some point. Possibly
by future studr and ailter a good meny further tests, we might arrive at a deler-
nination of the optimum economy of axle loading, and at a decision zs to what
mazzizmum loading is conducive to an opbimum economy of hicghwey transporiztion.
That was noit~<-: want to repeat againe--the surpose cf this test. The purpese of
this $est wac solely that of determining the effect, as clearly as possibvle,
upon what was regarded as a typlecal concrete rcad of certain axle lcads--those
that I have described--znd thae reiative effects of those lcads. And the reason
for determining those relative effects was to provide some guldance to highway
departments and legislatures, with which fo meet and consider the demands for
heavier loading from the point of view of the accountable eflects of those
demznded heavier weighis upon the existing road system. I lmegine we can build
roads for any weight of vehicle., We can't, of course, bulld a rcad for an indef-
inite welght of wehicle. 3But the thing we are confronted with now is that we
have many roads buili; the roads are out there on the ground. They must periorm
a service over a reascnable periocd., S0 we want o lmow what will be the relative
effects of lightsr and heavier axie loads upon those exisbting rozds. What will
te the probability, or the peossibility, of fuiure 1lifs in those existing roads
if we permit leading of one weight or another, and specifically, certain weights?

That was the puwrpeose of the Marvland test, and only that, Whan the Inter-
regional Council decidad to carry on ine test, it alsc deecidad to call upon the
Highway Research Beoard--z branch of the National Resesrch Council with a reputae~
tion for unbiased research--io conduct the research. The stales that were
represented=-~11l of them and the District of Columbiaz, and the Bureau of Public
Roads-~each contribuled a certain amount of money; the manufacturers of motor
vehicles promised and did coniribute the vehicles that were used in the test.
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These vehicles were assiened to that tesit only and operated under contrelled
conditions. Tha petroleum industry agreed to and did contribute the gasoline
znd the oil used and there werz some other contributions, and z11 of them were
pooled to carry on this test.

The test was directed by the Highway Resezrch Board with the advice of a
conmittee appcinted by the Board which wes representative of the of the parti-
¢ipating states, the Bureau of Public Hoads, and the cooperating Industiries.

So, there was a joint industrial and state represeriation in tkis adviscry group
that at all stages was consulted in the planming and operation of the test.

A site for the road was selected in Southern Maryland near the town of La
Platz on U, 8. Route No. 30i. There, there was found a ssction of concrete
pavement one and one-tenth miles long, which by reason of the fact that there
was a way around it by another read, could be cut off from use by normal trafiic,
It could be isoiated~=the traffic could be routed around it, That one and onew
tenth mile of concrete rozd, then, was chosen s the test specimen and over it
the following vehiclas were operated: two with single axle loads of 18,000
pounds; two with single axle loads of 22,LC0 pouwnds; two with tandem lozds of
32,000 pounds; and two with Lk, 800-pound tandems. The one and one~tenth miles
was first divided into two approximate halves--actuzlly, one part of it was
longer than the otiaer. The south end was one~half mile long exactly; the north
end was six-tvenths of a mile long. On the south end, cone of the two lanes was
made the specimen to be tested by 18,000-pound single axle load vehicles. The
other, immediately adiscent to it, was the specimen to be {ested by the 22,400~
pound single axle load vehicles. At the other end of the rcad, the two lanes
were subjecited to the two tandem axle vehicles. '

The pavement was built originally ir 1943, sc that when the test began in
June 1950, it was then abcut nine years old, 1In those nine years it had been
subjected, of course, tc 211 the forces of nature that couid be brought %o bear
on it in that period--to heat and cold, to frost, etc. Al the time of ths begin-
ning of the test, the road was in very good condition. It was not a badly
eracked road; in fact, it was a road that was very little cracked. There were
some exceptions to that, In two places the rozd had been constructed on a3 fairly
deep £i11 and, scmetime in the prior history of the road, there had been a set-
tlement of the fill and the slabs of the road had been mudjacked, or brought up
to grade, and in the process of agttempting to correct their alignment and offsed
the =ffects cf the settlement that had occurred, the slabs were cracked by the
upward pressure of the mud that was pumped under them. Those places had been
cracked and, thersfeore, those parts of the rozdé were excluded from the test.
There had been scwme other cracking that hed formed, Lut a very little amounte-
I11Y tell you later just what that cracking amounted to. So the road at the
begimming of the test was a road that hzad been in existence for nine years and
- was in a very good condition.

The road in its prior history, sc far as we have been able to determine, had
been subjecied to a light traffic. A traffic count and 2 weighing operation made
Just vefore the beginning of the test showed that at that time there was no
traffic in a day-leng test with axle loads in excess of 18,000 pounds on the road.
This was before the test. So, it had been subjected to a fairly light traffic.
Therefore, when this heavier test traffic was put on the road, the road was
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perhaps feeling the effacts of such heavier traffic in considerable frequency

for the first time in i%s history. And, if in its previous history it had not
cracked, and in its test history it should crack, that, it was felt, would be
indication that the difference in the behavior of the road bafore and after was
pretty clearly attributable to the change in the character of tie leading applied
to the road. Bear that in mindl '

Kow, in order that you may have some firsthand impression of what this road
was and the way in which the test was conduveted, I think I can give you that
impression best--rather than by attempiing to describe it in words-<by using the
movie which I brought with me, which will show you just what happened on the
road up to the time of the ending of the itraffic test.

At this point, I want to absolve the Highway Research Board and anybody
else--including any of the other participants in the tést--of responsibility for
anything that I say or anything that's in this picture. Uhat I say is my
responsibility--what you see in the picture is the responsibility of the Bureau
of Public Roads. We made the picture.

I would like to say that this picture is a production print--it is not
finished or ready for release, The picture as you willsee it here this afternoon
represents only that phase of the test wp Lo ihe end of the control-trafiic
operaticn, We intend to extend the picture, to introducs into it in the form of
animated pictures and model demonstrations the results of the observations that
were made of the character of the solil underlying the pavement, of the stresses
and the strains and the deflections which resulted in the pavement slabs, as a
result of the passsze of these various loads, to interpret as clearly as possible
the causes of the behavior of the road which you will see in the picture to
follow.

Now we may have the picture: (At this point the moving picture on the
Haryland Road Test was shown with comments, from time to time, by Mr., Fairbank.)

Well, that is what happened during the period of the controlled-traffic
tests. That covered a period of six months--June o December 1950. Since that
time, a year and a half nearly, the engineers that conducted the test have heen
analyzing the detalled observations of what occurred during the time of the test.

About 1400 samples of soil were taken from beneath the mile-long pavement.
I don't suppose there is a piece of pavement in the country in which the under-
lying support condition is so well known as it is now on that pavement. TFourteen
hundred samples of soil were taken and 6,000 tests were run on those samples of
soil. There were 12,000 measurements of strain and deflecticn that had to be
analyzed, and all that kept the engineers busy for this year and a haif since
the completion of the tests. But it was necessary that we go through with that
analysis of what occurred in order that we would be in a position to determine
with accuracy, to what extent the fallures that occurred and were observed in
the traffic tests were actually due-~and in what manner they were due-~te the
application of the load. In the meantime, while there has been no knowledge on
the part of anyone except those that were immediately concerned with the conduct
of the tests of the actual facts that were developed except as they were evident
in this cracking record which you have now seen, there has been a great deal of
report of what went on in the test, what its purposes were, what the resulis
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were, that has sppeared in the newspzpers, in the techniczl and the trade
nagazines, and much of this report has been misrepresentative both of the purpose
of the test and of the resulits obtained in the test. There has teen a great

dezl that has been said with 211 the appezrance of complete knowledge that hes
been based on no knowledge at all. There has been a great deal that has been
szid very vositively, as fact, wihich has not been fzct at all.

In order that you mecy understanc the character of some of those reporis, I
want to refer t¢ a few of them., And then I want to compare the statemenits made
with the actual facts. It has been widely heralded recently that a consulting
engineer, employed by a traller manufacturing company--a man of high reputaticn--
has made a study of the road and of the test and that he pronounced the test 2
failure. That has been circulated aXl over the United States. It comes to us
in press clippings every week from this state, that sizte, and all over. The
fact that this consulting engineer--as I say, a man of high reputation~-the fact
that he did not say the test was a failure, and ¢r being informed that he was
being represented as having sald so, completely disclaimed responsibility for the
statement--the fact that he did not =ay the test was a failure but, on the con-
trary, said that the test was a most useful test, a mosi informative test, and
one from which there was a great deal to be gained in the determination of the
effects of loads, that fact will not caich up with the repeated statement that
this consulting engineer said that the test was a failure.

The subgrade underlying the road originally was believed to bes a corrected
or stabilized subgrade. Before we had gone very far, after the first soll iestis
ked Yeen made, we found that the subgracde had not been stabilized throughout; in
fact, there had been a rather incomplete effort to stabilize it. 4and, as I'11
tell you later, the characier of the subgrade was at one end very geod and
through the rest of the length of the road, not good at all. I'1ll go inte that
a little later.

But the statement has been made and repeated frequently, that the pavement
was laid on muck. Muck! Muck means something like marsh--marsh is something
very soft. You, ladies and gentlemen, saw the piciure of the trenches thatl wsre
cut along the full length of the road immediately after the test was concluded.
vid that look like muck? That soil sicod up there hard and firm when it was dug
vertically by the trenching machine. But the siatement is made and repeated all
over the country that this rcad was built on muck; and so the test was not fair.

The cross secticn of the pavement was & rather wnusual one, Fach lane had
thickened edges on both sides of the lane--92 inches at the outside edge, 9 inches
at the longitudinal joint and, by parabolic transition between those two thick-
ered edges, 7 inches in the center. Now, there is a great desl of thickened edge
pavement hut not much that is thickenad in both lanes. Generally, the culside
edges of the two-lane psvemsant are constructed about ¢ inches thick and the
tnickness at the center joint is macde seven inches or some reduced thicxness.

So, this 9-7-9 double parabolic cross seciicon was a rather urusual one. What-
ever the effect of the %-7-9 dovble parabolic deslign wes--~in my Judgment it was
perhaps to make the pavement somewhat stronger-~it did not result, as has been
asserted, in an entrapment of water on the subgrade. The stavement that it did
hzs beesn made by people whe didn't know whether there was any such entrapment of
water or note It has been made to discredit the test., The fact is thai the scil
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moisture tests and the examination of the subgrade where slabs were removed for
that purpose, show that there was no such water entrapment,

It has also been asserted that the distribution of the traffic transversely
across the road was abnormal; that there was a greater amount of loading applied
near the outside edges of the pavement than is normally the case in a rcad in
zetual use. You saw in the mobion plcture an animated representation of the
transverse distribution of the traffic on the test lenes compared with a normal
transverse distribution on an ordinary highway. It turns out, regardless of what
the originzl intent in distributing the traffic was, that in the actual applica-
tion of loads, the transverse distribution of those loads near the outer edges
of the pavement was very similar to the transverse distribution as it occurs on
a normal road.

Now I think I've said pravionsly that before this test was made the road
had probsbly bsen subjected to very little traffic of axle weight exceeding
18,000 pounds. In the tests, the loads were applied with very considerable
frequency. The two single axle loads were zpplied with an average frequency of
about 1,300 a day. The two tandem axle loads were applied with an average
frequency of around 900 applications a day. That's many more applications of
these heavier loads than had occurred on the rcad prior to the test. In fact 1s
is almost infinitely more, because previcusly tine road had been subjected to
almost no loads of these magnitudes. The fact is that this was an accelerated
test--it was designed as an accelerated test. We had to get the relative effects
of these loads in a reasonabls length of time, We couldn't spread the traffiec
test out cver ten years. We wanted to compare the effects of these loads in a
short period, so we had to muitiply the number of applications of the lead.

That fact has been utilized for purposes of discrediting the test. It is sald
that this road was subjected to a traffic which isn't ever experienced on any
road. That isn't true either. There are heavy traific roads in many of our
states which carry as much and more traiffic of the heavier axle loading as the
test road. For example, just yesterday I looked over some of the weighings that
have been made on roads in some of the Northern States., On a road in New Jersey,
I found 2,500 applications of loads over 18,000 pounds a day. That's twice what
we had on the test road. In Massachusetts, I found roads on which there zre
1,000 applications a day--practically up to what ws had on the test road. In the
Southern States-~lMorth Carclina, for example--I didn't find so many applications
of loads above 18,000 pounds. Whether or not that means that your trucking
indusiry does riot feel the necessity of operating at more than 18,000 pounds or
whether your enforcement of the law in North Carclina is unusuvally perfecte-I
don't know. 3But the fact is that the weighings of traffic as they were made on
tiie reads of Herth Carolinz, do not disclose any large number of applications

in excess of 18,000 pounds.

The fact that the south end of the road on which the single axle loads were
applied was shorter than the north end of the road on which the tandem axle
loads were applied has also been selzed upon te discredit the test. They say,
of course there was more cracking under the Lh,B800-pound load than under the
18,000 pounds-~the bk,B8C0-pound lane was longer than the 18,000-pound lane.
Well, the answer to that is that the amcunt of cracking on each of the lanes~--
caused by each of the test loads--has been expressed in terms of the amount per
LO-foot slab. And the comparison, instead of becoming better, from the stand-
point of the heavier load, becomes worse. As you saw in the picture, the 4l,800-
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pound axle losd, tandem axle load, compared with the 22,1:00-pound, gave =z ratio
of 1 to 6. UYhen we compare the effecis of those lecads, slab by slab, in crack-
ing per forty-foot slab and on the same kind of pumping subgrade, we find gz
ratio of 1 to Te

The difierernce in the number of applicztions is a valid erivicism of the
test. On the scuth end the single axie loads were applied more Ireguently
than on the north end where the tandem axles were applied. If we had had as
nany aspplications of the tandem axle loads as we had of the single axle loads,
the relative effect as demonstrated of these tandem axle lozds would have been
ever greater than those that are pictuwred in the film. For, as yvou know, the
tandem axle lcads in spite of their smaller number of applicaticns caused much
mere cracking than the single axle loads. If We had as many applications of ths
tandem axles as of the single, then the comparison would have been worse from
the standpoint of the tandem axles.

Ancther criticism that has been made is the road before the test was already
cracked to a certair extent. It was. Thers were scne cracks--I've told you
sbout some that were cazused by the effort to raise a few of the glabs on the
fills that nad settied., These, as I said, were excluded from consideration in
the test, but there wesre some other cracks that had formed before the test was
begun. In lane one--thatls thz lane that was subjected to the 18,000-pound
axle loads and which wes 2 hzlf mile long--there were 31 feet of cracks. GSince
the lane is 12 feet wide, there was enough cracking in the haif-mile length of
lane one to be eguivalent to two and cne-half cracks across the lane.

That's how much that lane was cracked before the test. Similarly, lane iwo,
which was the 22,400-pound axle load lane, had 71 feet of crascks. That's the
equivalent of a crack clear across the lane in gbout six slabs in the half mile.
Lane three had 30 feet of cracking, and lane four had 62 feet; about the equi-
valent of 5 cracks across the 12-foot slabs. That was the amount of cracking
that existed befcre the test.

The cracking which resulited from the application of the test loads was
given briefly in the picture. I'IL repsat it for you. In the entire operation
from June to Decemper, 196 feet of cracks were measured in lane one--that's the
18,000«pound lane. In lane two, the 22,400-pound lane, 1,269 fest--a 1 to 6
retio. In lane three, up to December 23, the 32,000-pound tanden =xle lans,
1,050 feet. As you saw in the picture, the traffic had to be stopped on lane
four on October 13, It was found necessary to halt the traffic in order to
preserve one or two slzbs of the road for purpeses of stress measurement. If
the test traffic had veen contirued there would have been no uncracked slabs ic
work with in a few days. So we had to stcp tha traffic on October 13, and =zt
that date lane four had 3,700 feet of cracks and iane three 300 feet. That's =
1 te 12 ratio.

One of the points that has been made--perhaps most effectively-~in criticisnm
of the test, has been that the road was not maintzined. They say that the itsst
simply demonstrates what everyone knows will happen when a road subjected to
a great deal of heavy traffic is not maintained., The fact is that the maintenance
cf that mile of road in six months cost about $2,750. Thatls at the rate of
#5,000 a year, a very substantial sum. What they actually mean is that the road
was not undersealed., As the picture pointed out, the cracking of the pavement
was closely associated with the phenomenon of pumping. Fumping causes the
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removal of subgrade soile. Id did *hat on this pavement. And those who find
fault with the manner in which the test was conducted say that that pumping
should not have been permitted to continue. The fact that it was permitted to
continue was the result of a deliberate decision. Remember that one of the
measures of the relative effects of these axle loads~-a readily visible measure
--Was to be the relative amount of cracking caused in each of the lanes by the
different vehicles. If, after the pumping had proceeded 2 while, it had been
possible perfectly to fill the void created by pumping a little bituminous
material under the slab, and to do so without cracking it {(which, as you have
seen, had previously occurred on this very recad), it might have been possible to
prevent the road from cracking, but then there would have been no measure of the
relative effects of these various loads. So the fact that the pumping was
allowed to continue and that subsezling was nol practiced was in line with the
deliberate purpose of the test, and affected equally and relatively the lanes
supjected to all four test loadings. We didn't underseal any of the lanes, and
the fact that there was more pumping on the heavier than on the lighter side is
evidence of the greater pumping effect of the heavier loading. The heavier
loading caused a faster removal of the subgrade soil. A1l of the loads were
heavy enough to causz cracking cf the slabs after they had been undermined, but
the heavier loads, by causing a more rapid undermining as well as by the greater
concrete stresses they induced, caused the cracks to form earlier and with
greater frequency. The result was a greater amount of cracking in the same time
under the heavier loading than under the lighter loading, *thereby affording a
relative measure of the effects of the different icads. That was the purpose
and plan of the test; and the fact that subsealing was not used as a maintenance
measure is not a valid criticism of the test, but was simply inherent in the
method of the test that was used.

Now, I think T can summarize the many tests and observations that were made
subsequent to the completion of the traffic test in a very few words.

First, as te the character of the subgrade; there were five general
classes of soil, classified as Al, A2, AL, A6, and A6-7. An Al soil is a
granular material of very firm and stzbie character, not affected by water. It
does not have much fine material in it arnd is, therefors, not susceptible to
purping. An A2 soil is alsc a granular material, not quite as good as the Al,
but still a very good subgrade material. Al soil generally makes only a fair
subgrade material, and in the A6 and A7~6 classes you find the silts and clays,
and the silty clays, most of them pumpable materials, which are definitely poor
materials for the subgrade of a road.

How here are the facts that were found about the subgrade of the test road,
There was no Al or A2 soil--that is, good soil--under the lanes that were sub-
Jected to the tandem axles, none at all, Under the lanes that were subjected to

the single axles-~both of them, the lighter one and the heavier one--there was
some soil of that character. Referring to lane one, which was the 18,000-pound
lane, 27 per cent of the length of the lane was underlain by a gravelly soil,
classified as Al. Of the adjacent 22,L0C-pound lane, 25 per cent of the length--
almost the same percentage as in the 18,000-pound lane--was on this same good
soil. Of the A2, which is the other good soil, there was only 2 per cent under
lane one (18,000 pounds) and & per cent under lane two (22,L00 pounds). Taking
the two good soils together, there was 31 per cent of the length of the 22,00~
pound lane and only 29 per cent of the 18,000-pound land that was on good soil.
So the advantage lay with the side of heavier loading. Of the AL soil, there
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was very little anywhere on the road. This class of soil, normally a fair sub~
grade material, occurred on this road mainly at the point of transition irom

cut to fill. At those points it generally contained some reoot material. Critics
of the test have not falled to note this econdition, but the fact is that the Ah
soll constituted a very small part of the length of the subgrade. Under the two
single axle lanes, it constituted L per cent of the length of the lanss. Under
the two tandem axle lanes, it constiiuted 1l per cent. The greater part of the
road in all four lanes consisted of soils of the A6 category. These were silty
clays; they were bad soils, pumpable soils. In the 18,000-pound lane 56 per cent
of the subgrade was composed of this bad soil; of the 22,L00-pound lane i%
composed 5l per cente-again a slight advantage in favor of the heavier side. In
the tandem axle lanes, 68 per cent of the length of the 32,000-pound lane, and
€5 per cent cf the Ll,000-pound lane was underlain by this bad soil-~once more a
slight advantage for the heavier side. The rest of the subgrade was made up of
soil of the A7-6 class, a soll quite similar to the A6 soil, but of this there
was only a little under any of the lanes.

Because of the difference in the lengih of the single and tandem axle
gections, and because of the differences in their subgrade support, it has not
been possible uwntil recently, with the completion of the detalled soil studies,
fairly to compare the effects of the tandem and single axles. 1t was always
possible with reasonable accuracy to compare the effects of one tandem axle with
the other, and one single axle with the cther-~those comparisons are made in
the picture--because the lanes compared were immediately adjacent to sach cother
and of the same length, and because transversely there was very 1little differ-
ence in the character of the soil under the road. But, longitudinaily, there
was a great difference in the scil, and until we had the precise determination
of the character of the soil and could take account of the length of the pavement
on the various soils, we could net with fairness and assurance compare the
effects of the tandem axles and the single axles. With the information now
available, we can reduce the cracking recorded to a common measure of so much
per forty-foot slab on soils of exactly the same character. In the report that
will soon appear that comparison will be made, mainly on the basis of the A6
soils, whiech were the bad scils. And the record as it comes out is something
like this: Up to October 13, when traffic was suspended on the heavy tanden
axie lane, the test having begun in late June--there had been no cracking at all.
on the porticn of lane one, the 18,000-pound lane, thal was lald on the bad A6
soil. On the adjacent number two lane, where the 22,L400-pound axle trucks were
operated, up to October 13 there had been an average of 13 feet of cracking per
forty~foot slab. On lane three, the lighter tandem axle lane-~32,000 poundsw=-
there had been an average of L feet of cracking per forty-foot slab. A1l of this,
bear in mind, was cn the same kind of soil, and all on the basis of the same
length measurement. And, now, let's look at the Lh,800-pound tandem lane. The
.average cracking there was 50 feet per forty-foot slab, up to October 13 when
operation of the trucks was sitopped.

Now, continuing, by December 23 the number one lane (18,000~pound lane)
had developed a few cracks. As a matter of fact, the first crack in thabt lane--
on the portion of it supported by this 46 soil--occurred on October 15, just two
days after traffic was stopped on the Ll 800-pound lane; and up to December 23,
the 18,000-pound lane had cracked an average of L Teet per forty-foot slab.
This indicates that by the end of the test the 18,000-pound lane had cracked very
little; the 22,400~-pound lane had cracked seven times as much; and the 32,000-
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pound lane--compared on the basis of the same soil and the same length-~had
cracked sbou* half as much as the 22,L00-pound lane and sbout four times as much
as the 18,000-pound lane.

Mow, let me refer briefly to some of the principal results that have come
out of the detailed examination of the siresses and deflections that occurred in
the road. A question as to which there has bsen some douvbt is that of the
relative effect upon a road of a single axle load and a tandem axle load. Earlier
tesis, made come years ago, generally under static loading, had resniled in an
accepted conclusion that if two loads are separated by as much as about four
feet, the effect of the combination of the two loads comprising the tandem would
be no greater than the effect of one of the loads acting separately. 1In recent
Years there has been some misgiving about that, and we have come to accept as a
working principle the idea thal about 32,000 pounds on tandem axles is azbout
equivaient to 18,000 pounds on a single axle, snd that equivalency has gotten
into the laws of 2 good many states. The resulis of these tests indicate that
that is not quite true. 'The results of the strain, stress and deflection
measurements made in the Maryland test indicate that the 32,000-pound tandem
axle load cauvsed damage o occur & little more rapidly than the 18,000-pound
single axle. This is true notwithstanding the fact that the 32,000~pound and
18,000-pound loads caused aimost exactly the same stresces in the pavement. The
reason is that the 32,000-pound tandem caused a greater deflection of the pavement
than the 18,000-pound single, and, the deflecticn being the stroke of the pump,
the pumping cceurred zt s faster rate under the 32,000-pound than under the
18,000-pound load. Although the two loads, under any given condition of support
produced the same stress, the support was removed by the 32,000-pound tandem load
at a faster rate than by the 18,000-pound single axle load, and so a cracking or
rupturing stress was reached earlier under the 32,000-pound lcad than under the
18,00C-pound load. That is a very significant conclusion. The indication is
that equivalence would occur at some tandem axle loading a little less than
32,000 pounds, but the test does not indicate what that equivalent loading would
be. The difference in effect of the 32,000- and 18,000-pound loads was not
particularly serious, and from the standpoint of practical application, the test
does not suggest that there should be any departure from the present acceptance
of the 32,000-pound tandem axle load and the 18,000-pound single axle load as
equivalents. But it does indicate that proposals to increase the 32,000-pound
}imit would take us in the wrong directicn; that is, they would result in g wider
disparity of effect between the tandem axle loading and the single axle loading.

Another result that comes out of the stress measurements which may be of
interest to you is that~-contrary to what may be supposed by some, bul entirely
surprising to those of us who have had the experience in our youth of skating
over thin ice--the effect of higher speed is not to increase stress in a pave-
ment but to decrease it. Vhen the trucks were operated at forty miles an hour
over this road the measured stiress generated in the concrete was less than when
they were operated at five miles an hour. The faster speed caused more than
20 per cent less stiress in the pavement than the slower speed. Now, the reason
for that is prcbably that a concrete pavement has weight and inertia. It has to
have & little time to yield under 2 icad. If a load passes over 1t so fasi
that the pavement doesn't have time to bend under the load, the stress that is
produced is less than that caused by a load that remains on it longer and bends
it more. So, the effect of speed--in the absence of impacte-~is to reduce the
stress caused by a load.
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But, what happens when there is impact? In this test, in which the traffic
was operated in both directions on each lane, the phenomenon of faulting at the
joints, which is characteristic of roads normally traveled, did not develop.

When traffic moves over a road in one direction only in each lane, there is a
tendency for the edges of the slabs at the far side of the joints to be depressed
to a greater extent than the edges at the near side. Under this condifion the
wheels of vehicles drop from the higher slab to the lower slsb, and there is, of
course, a certain amount of impact. As I have said, that condition did not
develop in this test because the traffic ran in both directions, so what was the
far side of the joints in one direction was the near side in the other, 5o the
faulting effect was neutralized. However, at the end of the tests a faulted
cordition was simulated by laying a three-quarter inch plank the full length of
one slab and then driving the vehicle over that plank and letting it drop off at
the joint onto the next slab. When, under this condition, the stress was measur-
ed in the slzb onto which the vehicle dropped, it was found to be less than when
the vehicle moved directly from one slab to the other withoubt drop. Now that may
surprise you, but here's the way we can rationalize it. When the wheels of the
vehicle leave the higher slab, they may be for an instant up in the air, or, if
they are not actually in the air, at least their full weight is not on the ground.
The wheels below the springs tend to drop faster than the body of the truck zbove
the springs, so the springs tend to open up. When ithe wheels first come into

- contact with the lower slab the springs are in this extended position and the
full effect of the sprung load is not felt by the road. By the time the spring
is compressed again and the full weight of the vehicle comes down on the road,
the vehicle has moved onto the slab a certain distance, and in this latter posi-
ticn it causes less stress than it would have caused had its full load been
applied right at the itransverse joint., So, there you have a possible explana-
tion of the reason why under this condition a wheel dropping onto a slab with
unguestionable impact, caused less stiress than the same wheel rolling smoothly
onto the slab.

One more result of the siress measurements which you will possibly find of
interest was the fact that when the vehicles were operated with their wheels two
feet from the edge of the pavement the siress that was produced in the pavement
was just about half as great as when they were cperated with thelr outer wheels
only six inches from the edge. It appears that if we could keep the vehicles
away from the edges of our pavements they would cause much less stress and much
less pavement damage. 1t is the vehicles that travel near the edge of the pave-
ment that cause the greater damage, and, unfortunately, of course, these are
very often the larger trucks. They are practically forced inte that position
when the road is narrow, and few of our roads are so wide as to permit the
trucks to get very far inward. They ordinarily operate nesr the edge. If they
could be kept in a little and if our roads could be so designed as to encourage
that, we would doubtless find that they would have a less damaging effect on
the road. That might be done, as has been suggested, by building the concrete
road a little wider and covering the outside edge of it with the shoulder, which
would prevent the loads from getting out on the extreme edge of the concrete
slabse. If that were done, it would be done as a means of reducing the effect of
heavy axles and, of course, the additional cost of widening the road would
therefore be attributable to those heavier axles, and it should be borne by them.

In closing, I wish to emphasize that the serious cracking which developed
during the traffic tests occurred only on sections of the road in which the
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pavement was laid on fine grained soil, and occurred there in close association
with the development of pumping. The oniy really good soil that was present
enywhere under *the test pavement occurrsd only at the end of the road on which
the 18,000 and 22,.00-pound single axle trucks were operated. At the conclusion
of the traffic tests all of the test vehicles-wthe tzndem as well as the singie
axle vehicles--were operated over selected slabs laid on this good gravelly soil
for purposes of stress measurement. In addition, thare were included ameng the
venicles used for this purpose some which had single axle lcads as great as
30,000 pounds and *andem axle loads up to 60,000 pounds. In the slabs lald on
this good graveily soil none of these vehicles--not even those with the 30,000
and 60,000-pound axles--caused stresses of z sufficient magnitude to crack the
pavement. And, of course, we know that the pavement in these sections actually
was not cracked by the heaviest loads that were applied to it in the traffic
test. It appears, therefere, that if we had under all of our roads subgrades

as good as this gravelly soil provided, there would be no cause to fear the
operation cf most of the heavier wehicles now using owr roads. The fact is,
however, that we do not have soils of that chargtter under many of our roads.

On the contrary, there is widespread occurrence of soils of the A6 classifica-
tion on which the serious cracking oscurred in this test.

While this condition continues to exist, and that is likely to ke for a N
very considerable pericd, because it will be literally impossible to sirengthen
the support of 21l of cur pavements in a short time, the Maryland test indicates
very clearly that we should proceed with great caution in permitiing the opera-
tior of vehicles naving single axle lcads in axcess of 18,000 pounds and tandem
axle leads in excess of 32,000 pounds.



