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REPCRT ON MARYLAND ROAD TEST ONE-MD

Road tests conducted near La Plata, Maryland have produced results which
ghow that heavily loaded trucks making freguent trips have hastened deteri-
oration of the concrete pavement under test. This test project, which has
been identified ag Maryland Road Test One-MD, was in operation from June 23
to December 28, 1950 with continuous truck traffic under countrolled conditions.
Although bruck traffic was stopped on December 23, much remaing to be done
before finsl conclusions will be drawn. AU present, miscellaneous strain and
deflection tests with various load combinatlons are under way. & detailed
goll survey will bg completed and additional quality tests performed on the
concrete to supplement preliminary data.

Thig research project was proposed by the Interregional Counclil on
Highway Transportation which was formed at Coluwbus, Ohio on December 5 and
6, 1949. The project is being administered and supervised by the Highway
HBesearch Board of the National Academy of Sciences through a small Project
Executive Committee and an Advisory Committee, both umder the Chairmanship
of the Assoclate Director of ths Board, Mr. lred Burggraf. The Project
Executive Committee includes H. S. Falrbank; T. J. Kauer, and A, S. Gordon.
The Advisory Committee includes one representative from each participating
state, one representative from the Bureauw of Public Hoads, one representa-
tive from the Automoblle Manufacturers Asscciation, one from bthe American
Trucking Assoclation, and one representative from the Depariment of the Army.
Other members appointed by the Highway Research Board include the Chairman

of the Highway Hesearch Board's Department of Economics, Finance

" Based on general news release by Highway Research Board covering progress
on Meryland Road Test One-MD, dated January 11, 1951 and papers presented
at the 30th Annual Meeting of the Highway Research Board, Januvary 9-12,
1951 by H. W, Crum and A, Taragin. By permission of the Board.
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and Administration, and of the Department of Design. Mr. A. Taragin of the
Bureau of Public Roads is Project Engineer. The participating states are
Connecticut, Delaware, I1linois, Kentucky, Maryland, Michigen, New Jersey,
QOhio, Pennsylvania, Virginia, Wisconsin, and the District of Columbia,

The cost of this projecl is shared by the participating Sitates in
monetary contributions; by the Bureau of Public Roads in providing test
equlpment, instrumentation, and personnel to conduct tests and supervige
the vroject; by the petroleum industry in providing gasoline, oil and grease;
and by the truck manufacturers of the Automobile Manufacturers Association

in providing the test vehicles.

Objectives

The principal object of the test is to determine the relative effects,
on & particular concrebe pavement, of four different axle-loadings on two
vehicle types. Information such as will be secured from this experiment is
greatly needed for use, (1) in appraising the load-carrying capacities of
existing concrete pavementsy (2) for use in designing new pavements; and
{7) to provide fundamental data which may be uged in framing eguitable legis-

lation Lo govern highway transportation.

GENERAL PROJECT INFORMATION

The tests were conducted on & 1.1 mile section of portland cement con-
crete pavement on U3-301 located approximately 2 miles sgouth of La Plata
in southern Maryland. The pavement, congiructed in 1941, one lane at a tine,
wae nine years old when tests were started, and in excellent condition. It

carried a normal traffic load of 2,400 vehicles per day, of which 14 percent
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are commercial vehicles, 8 to 7 percent of these being heavy vehicles. The
truck tests during the S-month pepiod have produced more ther twenty {times as
much damage as nine years of normal traffic. Before the test, only 283 feet

of cracks due to loads had appeared. The accelerated traffic tests have

added 4,905 linear feelt of cracks.

Teat Pavement

The test pavement consists of two 12-fi. lanes of concrets each having
9.7-9-1n, crosg secitlons, both reinforced with 53.4-31b. per square foot
wire mesh consisting of No. 2 wires spaced 6 inches longltudinally and 12
inches in a trangverse direction. The 9-7-%-in. cross section means that
each lane ig 9 inches thick st the sldes and 7 inches thick in the center.
Expansion joints are spaced at 120-ft. intervals with twoe intermediate
contrection joints at 40-f%. spacings. Dowel bars 3/4-in. in diameter at
lﬁmin; spacing, have been placed in all transverse joints; The adjacent
lanes are tied togeiher with tie bars 4 ft. long, spaced at 4-ft. intervals.
The pavement, in load-carrying capacity, is considered by the Buresau of Public
Roade offilcials to be sgimilar to that of a great majority of pavements built
throughout the United States.

Concrebe Wuallity

The average flexural strength of the concrete at the time of test was
723 pel. At geven days after constructlon, flexural sirength tests gave a
vialue of 455 pei. The average compressive strength df the concrete, based
on coreg Laken just prior to tests was 6,944 psl. Test cores at age of 4
wonths gave compressive strengih ol 4,838 pei. The average modulus of

elasticlity of the concrete at time of test was 4,300,000 psi.



Soil Characteristics

Preliminary soll surveys indlcate that approximately 15 percent of sub-
grade soile {mainly at the south end under Sections 1 and 2) heve granular
characteristics and that the remainder are fine-grazined plastic soils. The
fine-grained solils have been found comparable to soils found under "pumping®

pavement 8 in Illinois, Indiana, North Carolina, and Tennessee.

TEST PROCEDURE

In its operation, the test consists primarily of comparing the relative
effects on parallel adjoining lanes of two types of trucks, one type being
two-axle units with rear single axles loaded to 18,000 and 22,400 pounds,
reapectively; and the other type being three-axle units with rear tandem
axles loaded to 32,000 and 44,800 pounds, respectively. These axlie loads
were selected because they represgent present loading conditions on highways.
The single 18,000-1b. axle load is the limit recommended by the American
Assoclation of State Uighway Officials and is the limit now imposed by a
majority of the states, It is also the basic design load for practically
all existing pavements. The 22,400-1b. single axie load is now in effect
in a few eastern states. The 32,000-1b. tandem axle load 1lg the generally
recognized limit for ftandem axle loadings. Typical test trucks are shown

in Figures 1 and 2%
’

The 1.1 mile experimental project was divided into four test sections;
see Figure 1, The first section, which is the west lane of the southern
half-mile of the one-mile pavement under test, has been subjected to 18,000~1b°

gingle axle loads. The gecond section, which ig the adjacent east lane of
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the southern half-mile, was subjected to 22,400-1b. single axle loads. In
this manner, it is possible to compare directly the behavior of the pavement
in Sections 1 and 2, since the only major wvariable between the sections is the
axle loadings of the test trucks. Similarly, the behavior of Section 3, the
west lane of bhe northern Q.8 mile with the 32,000-1b. tandem axle loads, can
be compared directly with Section 4, the adjacent lane carrylng the 44,800-1b.
tonden axle loads,

Truck Operations

Two trucks with the same load characteristics were assigned to each test
section. The trucks entered their respective test sectilons at about 10 mphs
accelerated ag fast as possgible to about 38 mph. and degelerated in gear to
about 10 mph, before negotialing the turn-around.

The operations of all test trucks were continuous on a 24~hour per day,
seven day per week basils, except as it was necessary to interrupt operations
for vehicle pavement maintenance and service, for meals and rest stops for
the drivers, and for special girain and deflection tests. The frequency of
axle loads per hour of operating time for the six month test period was 80
fer Bections 1 and 2, and 60 and 58, resepsctively, for Sections % and 4.

fiheel load pogilbicons were varied from the edge of slab to 2 feet in from
the edge. One application was made with the outslde of the tire at the edge
cf the pavement; one applicetlon with the oﬁtside of the tire 2 feet in from
Low oedre, and three applications with the outside tire between the two
wositiong. These positions were indicated in the truck cabs by electrically-

operated glgnal lights.



SUMMARY OF RESULTS

At present, proper comparison of pavement behavior in Sections 1 and 2
wnder single axle loading with that in Sectlons % and 4 under tandem axle
loadings, cennot be made until the charucteristics of the subgrade soil
under each pavement slab have heen detgrmimed snd other variables such as
rate of load application have been studied in detail.

A11 pertinent data must be carefully analyzed and considered before final
conclusions will be draw. A final report is expecied to be ready by June,
1251, However, certain facts relative to the behavior of the test have
already been established. The more significant observatlons which may be
made {rom the test resulte up to December 23, 1350, affer gix months of
continuous operation, are as follows:

1., Soil tests made on samples cbtained throughout th& length of the
pavement adjacent te the pavement edges and under certain sections of the
pavement, indicate that there is reasonable uniformity in the soils on the
twe oides of the pavement.

<. DBaged on these same soil tests, there is found to be a definite
relationchip between goil Lypes and pavement behavior. The more sand and
gravel in the soil, the betier it supports the road surface and the less
cracking develops. The subgrade scilsg on this project are typleal of the
soile underlying a very extensive mileage of concrele pavement throughout
the countbry.

. The prograss of cracking and depression of Joints in the test
sectiong has a definite relationship to the cccurrence of pumping. Previous
research and obgservation hag shown that four basgic conditions muct be present
simulbaneously %o ecreate a pumping glab. They are: (1) freyuent heavy
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axle loads; {2) subgrade soils of such a nature that they may pump throuéh
open joints or cracks or ab pavement edges; (3) free water under the pavement;
and (4) joints or cracks in the pavement. These conditions were present on
this project and pumping resulted.

4, Based on both guality tests and dimension measurements, the con-
crete in the test sections is of good sitrength and of the required thickness.

5. All four sections have been damaged to the extent shown in Table I,
Rate of crack development is shown in Figure 2.

The project as a whole has demonsirated two noteworthy facts (i) the
inter-dependence of all units of the road structure: surface, base, and
subgrade in the performance of ites load-carrying function and (2) the
benefits of cooperation by a number of diverse sagencies in research on a
problem of mutual impqrtance by pooling their support under the direciion
of an independeat inatitution devoted solely to the development of facis
and new knowledge.

Additional information which will be of great value to designeré of
future pavements and Lo those charged with evéluating the load~carrying
ability of existing pavements, is belng obtained by means of strain measure-—
ments of the pavement under various loads and by measurement of the strains
induced by warping of the slabs dus to temperature differentials between
the top and bottom of the concrete.

To securs complele answers o the many questions involved in the inter-
relationship between loads, pavements, and subgrades, additional test projects
under other conditions will be neregsary. It is planned to undertake such
projects on both bituminous and portlanﬁ cement concrete types of pavement

under other typical conditions.



TABLE I

MARYLAND ROAD TEST ONE-MD
Damage to Pavement as of Decewber 25, 1850

Amount of Slab Cracking:

44,800 1b, tandem axle loads have
" cracking than 32,000 lb. tandem

22,400 1b. gingle axle loasds have
racking than 18,000 1b. single

Number of Cracked Slabs:

44,800 1b, tandem axle loads have
in Sec. 4.

52,000 lb. tandem axle loads have
in Sec. B.

Depresged Jointea:

44,800 1b, tandem axle loads,
32,000 Ib. tandem axle loads,

zle axie loads,

22,400 1b. 1
le axle loads,

18,000 1b.

™m
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produced 1l times more)
axle loads. )

produced 6 times more )
axle loads.

cracked 96% of slabs )

)

cracked 27% of slabs )

80% of joints depressed,
10% of joints depressed,

22% of joints depressed,
o

2% of joints depressed,

k=)

Trins #ade

s T s

20,000 to 92,000 truck
loads over a 4-mo. period.

35,000 to 238,000 truck
loads over a 5-mo. pericd.

92,000 truck loads to
October 13, 1950.

Sec, 4) 84,000 truck
Sec. 3}  loads.

Sec. 2) 157,000 truck
Sec. 1} loads,
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