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Structural Effects of Heavy-Duty Trailer 

on Concrete Pavement 

A SUPPLEMENTAL'INVESTIGATION TO ROAD TEST ONE-MD 

EARL C. SUTHERLAND and HARRY D. CASHELL, 
Engineers in Charge of Instrumentation and Tests, Road Test One-MD•• 

After completion of the controlled traffic tests and the scheduled strain and 
deflection studies for trucks scheduled on Road Test OneMD a study of similar 
nature was made with a heavy-duty militarytractor and semi-trailer combina-
tion that was designed for the special purpose of transporting heavy army tanks 
over highways. There was a total of 5 axles in the tractor -trailer combination, 
the combined weight being 83, 000 and 198, 800 lb. when unloaded and loaded, 
respectively. The axle weights varied from 13, 250 to 23, 000 lb. for the un-
loaded condition and from 19, 290 to 46, 720 for the loaded condition. 

For control purposes the loaded 18, 000-lb. single and 44, 800-lb. tandem 
axle trucks were tested simultaneously with the,trailer. Tests were made at 
two joints, the first a nonpumping joint on the granular soil subgrade and the 
second a pumping joint on the fine-grained soil subgrade. 

Several series of tests were -made in which the placement of the vehicle, 
with respect to the edges of the pavement, was 'varied. 

The data obtained in these tests indicated that, (1) the most critical stresses 
and deflections occurred when the vehicles were traveling near the outside 
edges of,  the pavement in the vicnity of the corners, (2) the critical stresses and 
deflections caused by the trailer in an unloaded condition were approximately° 
the same as those for the 18, 000-lb. single axle truck and appreciably less than 
those caused by the 44, 800-lb. tandem axle, (3) the critical stresses and de-' 
flections caused by the loaded traile•r were appreciably greater than those caused 
by'both the 18, 000-lb. single and the 44, 800-lb. tandem' axle trucks and .(4) 
the critical stresses' and deflections along the outside edges' of pavement are 
reduced appreciably when the outside wheels of the vehicle are placed approx-
imately 3 or 4 ft. from the outside edge of the pavement. 

The outside wheel of the 23, 000-lb. front axle of the trailer combination 
tracked at a greater distance from the edge of the pavement than those of the 
other trailer axles and control trucks. Thus, for the corner loading, the stresses 
and deflections for this axle were proportionately less, with respect to load, 
than those of the other trailer axles and control trucks. 

ON completion of the scheduled investi-
gation with conventional motor trucks on 
Road Test One-MD, a supplementary study 
was made to obtain information on stresses 
and deflections caused by a vehicle with 
heavier 'axle loads. The study was made 
with a heavy-duty military tractor-and-
semitrailer combination designed for 
transporting heavy army tanks over high-
ways and furnished by the' Department of 
Defense. For control purposes, com-
parative data were obtained with two con- 

ventional motor trucks, one with an 18, 000-
lb. single-axle load and one with a 44, 800-
lb. tandem-axle load. These trucks fol-
lowed in line with the army vehicle during 
most of its test runs. 

Figure. 1 shows two views of the military 
tractor -trailer combination loaded with 
a number of concrete blocks. The spac-
ing and arrangement of the wheels and axles 
are shown in detail in Figure 2. Axle 1 on 
the' front of the tractOr hs two'single-tired 
wheels, and the spacing between these 



wheels is less than that between the outside 
wheels of the other axles. Tandem Axles 
2 and 3 on the rear of the tractor have two 
dual-tired wheels on each axle and tandem 
Axles 4 and 5 on the rear of the trailer 
have four single-tiredwheels on each axle. 

The over-all length of the tractor-semi-
trailer combination was 59 ft. while the 
over-all width was approximately 11 ft.  

tation are given in the report of Road Test 
One-MD' and will be described only briefly 
in this report. 

The pavement was 24 ft. wide, divided 
into two 12-ft. lanes by a longitudinal joint 
and was reinforced with a 59-lb. welded 
wire fabric. The cross-section of each 
lane was 9-7-9-in, and of the double 
parabolic type. The pavement was divided 

Figure 1. Arty traj ler loaded to rated capacity with concrete 
blocks. 

TaN' I 

Tire, oheel and axle-toad data pertatntng to the 
military tractor, semliraiter combination. 

Number Type 	Size 	'rrauer Trailer Loaded 
Axle of wheels of 	01 	unloaded 

natniter per axle tire 	tire 	Ante Wheel Axle liT" 
weight weight weight weight 

in. 	lit. iii. lb. lb. 

I 2 Slngie 	14x24 	22,000 11,500 19,200 9,645 
2 2 Daai 	t4s24 	16,750 8,375 42,740 21,370 
3 2 Duall4x24 	16,759 8,375 44.300 22,150 
4 4 Sisgie 	14x24 	13,200 3.312 45,750 11,438 
5 4 Stogie 	14x24 	13.200 3.312 40,720 11,680 

Cross wright 	 83,000 198,800 

Note: 00-pxi. intlation pressure in an tires. 

The unloaded and loaded axle and wheel 
weights of the tractor-trailer combination, 
together with certain data pertaining to the 
tires, are listed in Table 1. The gross  

weight of the combination was 83,000 lb. 
unloaded and 198, 800 lb. when loaded. 

The structural design of the pavemeht, 
the strength and other properties of the 
concrete, the soil types and properties of 
the subgrade and details of the instrumen-
into 40-ft. slab lengths with expansion 
joints at intervals of 120 ft. and two inter- 
mediate contraction joints. 	All of the 
transverse joints had load transfer in the 

Report on Road Test One-MD, Highway Research Board 
Special Report 4 (1952). 
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form of 3/4-in. round dowles spaced 15 
in. center to center. The longitudinal 
joint was of the butt type with %-in. -di-
ameter tie bars, 4 ft. long, spaced 4 ft. 
center to center. 

The pavement might be considered to 
have a strength at its corners and longi- 

is shown in Figure 5. The basic measur-
ing element is an aluminum-alloy strip 
with resistance-type strain gages cemented 
to the upper and lower surfaces. The 
gages measure the strain as the element 
deflects with thepavement and, bycalibra-
tion, provide a measure of pavement 

AXLE NUMBER 

Figure 2. Plan showing the placement of the wheels and axles of 
the heavy-duty, military tractor- semitrailer combination tested. 

Truck-tractor M26A1, semitrailer M15A1. 

tudinal edges equal to that of a uniform 
thickness slab of approximately 8 or 8'/2 
in. The average slab thickness at the 
points where the transverse joint-edge 
tests were made was approximately 7. 3 
in. 

Core and beam specimens were removed 
from the pavement both prior to and after 
traffic testing. Strength tests on these 
specimens showed that the concrete in this 
pavement was of average quality as com-
pared to concrete in pavements of similar 
age. Also, the variations in strength be-
tween the different parts of the pavement 
were no greater than those normally found 
in other concrete pavements. 

All strains in the pavement were meas-
ured with SR-4, Type A-9 (6-in. -length) 
electrical-resistance strain gages. The 
strain gages were cemented to the surface 
of the pavement (Fig. 3) and sealed against 
moisture. All gages were checkedfor bond 
and for resistance to ground just prior to 
use. The strain values were recorded 
with a direct-inking oscillograph, shown 
in Figure 4. The frequency response of 
the oscillograph was sufficiently high to 
record accurately strains at vehicle speeds 
up to 40 mph. 

Slab deflections were obtained simul-
taneously with the strain measurements. 
The device used to measure the deflections  

deflection. The fixed end of the measuring 
element was attached to a concrete pedestal 
cast in the shoulder near the pavement 
edge. 

PROGRAM OF TESTING 

The tests with the military tractor-
trailer combination were made at two 

Figure 3. A 6-in. SR-4 strain gage is 
cemented to surface of pavement. 
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expansion joints. The first was between 
Slabs 44 and 46 in a section of the pave-
ment supported by a deep granular sub-
grade, and no pumping had been observed 
at this joint during the entire period of 
traffic testing. The AASHO Designation: 
M 145-49 of the soil at this location was 

positions on the pavement to provide in-
formation on this point. These were: 

Placement I, the trailer positioned near 
the outside or free edge of the pavement. 
With this placement the outside edges of 
the contact areas of the outside wheels of 
the tandem axles tracked at a distance of 

Figure 4. Direct-inking oscillograph equipment and switching 
panel used in measurement of strain. 

A-la. The second joint, between Slabs 
102 and 104, was located on subgrade 
material having an AASHO Designation: 
M 145-49 of A-6. At the time the tests 
with the military trailer were started 
pumping had developed at this joint, but 
the slabs on either side of it had not 
cracked. A structural failure occurred 
during testing, but fortunately it did not 
seriously affect the results of the study: 
This development will be discussed further 
when he data from the tests at this joint 
are presented. 

The magnitude of the stresses and de-
flections that are caused by a vehicle 
moving along a pavement may vary greatly 
depending upon the transverse placement 
of the vehicle. For example, a heavy 
vehicle traveling with its wheels near the 
edges of the pavement, especially the 
outside edges, is potentially more destruc-
tive to the pavement than one of equal 
weight traveling with its wheels at some 
distance from the edges. Since heavy-duty 
vehicles, such as the trailer used in this 
study, travel on highway pavements only 
occasionally, it is possible that on those 
occasions the vehicles might be placed 
in the transverse position least likely to 
cause structural damage to the pavement. 
In this trailer study, tests were made with 
the vehicles in three different transverse  

6 in. from the longitudinal free edge of 
the pavement. 

Placement II, the trailer positioned 
symmetric ally straddling the longitudinal 
joint. 

Placement Ill, the trailer positioned 
at some distance from the outside or free 
edge of the pavement. In this case the 
outside edges of the contact areas of the 
outside wheels of the tandem axles were 
kept at a distance of 30 in. from the longi-
tudinal free edge of the pavement. 

	

. 	. 

	

' 	. 

Figure 5. Electrical deflection-measuring 
device at corner of pavement slab. 
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The strains and deflections that de-
veloped at the free edge were measured 
at the same points as for the free-edge 
loading of Placement I. 

Stress.and Deflection at Free Edge 

For each vehicle placement the load-
strain and load-deflection studies were 
divided into several cases of loading, as 
follows: 

PLACEMENT I 

Free-Edge Loading 

With a wheel load acting at the longi-
tudinal free edge of the slab at a consider- 

Longitudinal Joint-Corner Loading 

With the vehicles symmetrically strad-
dling the longitudinal joint, critical strain 
was measured along the longitudinal joint 
edge of the slab in the vicinity of the corner. 
The position of the strain gages and the 
wheels of an axle for this loading are shown 
in Figure 9. 

PLACEMENT IH 

fSTROIN GAGES 

Figure.60 Position of wheels and location 
of strain gages for measurement of criti-

cal strains for free-edge loading. 

able distance from any corner, critical 
strain was measured either directly under 
or immediately . adjacent to the load in a 
direction parallel to the free edge of the 
slab. The position of the strain gages and 
wheels of an axle for this loading are shown 
in Figure 6. 

Deflections were measured at the mid-
point of the free edge of the slab, that is, 
20 ft. from a transverse joint. 

Corner Loading. 

With a wheel load acting in the im-
mediate vicinity 'of. an outside joint corner, 
critical strain. was measured along the 
longitudinal free edge of -the slab in the 
vicinity of the corner. The position of the 
strain gages and wheels of. an  axle for this 
loading are shown in Figure 7. 

Deflections were measured at the slab 
corners on both sides of the transverse 
joint. 	 . 	V  

PLACEMENT II 

Longitudinal Joint-Edge Loading 

With the vehicles symmetrically strad-
dling the longitudinal joint, critical strain 
was measured at a point on the longitudinal 
joint edge some distance from any corner 
and in a direction parallelto the edge. The 
position of the strain gage and the wheels of 
an axle for this loading are shown in Fig-
ure 8. 

Stress and Deflection at Corner• 

The strains and deflections that developed 
at the outside joint corner were measured 
at the same points as for the corner load-
ing of Placement I. 

Because of time limitations, only a 
limited number of tests were made with 
the trailer in Placement Ill, i. e., with the 
outside wheels 30 in. from the longitudinal 
free edge of the pavement. However, in 
the main testing program for trucks, pre-
viously reported, comprehensive tests were 
made at several joints on both the granular 
nonpumping and the fine.-grained pumping 
subgrades in which the placement of the 
outside wheels of the vehicle was varied 
from 6 to30in. from the longitudinal free 
edge. That report .c.ontains grap.hs showing 

COSGITIONAL 

\OR \ 
	OIOTCTIOO OF TRAFFIC 

- • • \\ \ 	
. . DURING REDO 

TOANSVYOSE\\
JOINT  
	9 	 V  

. 	 " I\ 	STRAIN DOSE IOPP000I 
MUTELY O FROM EOGEI 

Figure 7.. Position;.of wheels and location 
of strain gages for measurement of criti-

cal strains for corner loading. 

the percentage reduction in the strains and 
deflections at the outside edges and corners 
of the pavement as the placement of the 
vehicle wheel with respect to .the free edge 
of the pavement was increased; 

The data obtained in the limited tests 
made with the trailer in the 30 in. place- 



ment were in agreement with comparable 
data obtained in the main testing program 
with the motor trucks. For this reason, 
the stress and deflection relations for the 
.30-in, placement of the military trailer, 
shown later, were obtained by making use 
of the stress and deflection relations de-
veloped in the earlier truck tests of the 
main program and the limited data obtained 
with the military trailer in Placement Ill. 

In addition to the load-strain and load-
deflection studies described under the 
three transverse vehicle placements, a 
study was made of the critical strain that 
develops with a wheel load acting at the 
transverse joint edge of the pavement and 
at some distance from any corner. For 
this case of loading, the critical strain 
was measured directly under the wheel load 
and in a direction parallel to the transverse 

Figure 8. Position of wheels and location 
of strain gages for measurement of strains 

for longitudinal joint-edge loading. 

joint edge. Measurements were made with 
the vehicles at several different transverse 
positions, as indicated by the location of 
the gages shown in Figure 10. The posi-
tion of the wheels of an axle for one trans-
verse placement is shown also in the figure. 

Transverse joint-edge stresses are 
small under vehicle wheels acting in the 
immediate vicinity of a longitudinal edge 
of the pavement but increase progressively 
with increase in the distance of the wheel 
load from the longitudinal edge. For dis-
tances greaterthan approximately 36 in. 
a maximum stress value is reached, and 
this value remains more or less constant 
for loads acting at other positions along the 
transverse joint edge. 

The transversej oint- edge stresses shown 
later in this report apply for, all wheel loads 
positioned approximately 36 in. or more 
from any longitudinal edge of the pavement, 
irrespective of the transverse placement 
of the vehicle. 

The trailer tests were made with the 
vehicles operating at creep speed and 30 
mph., creep speed representing a vehicle 
speed of approximately 2 mph. Two com-
plete sets of data were obtained for each 

Figure 9. Position of wheels and location 
of strain gages for measurement of criti-
cal strains for longitudinal joint-corner 

loading. 

test. The tests were made during the 
period between 9:30 p. m. and 6 a. m., 
because the condition of temperature warp-
ing in a pavement slab is usually more 
constant during this period than during the 
daytime and because load stresses and de-
flections in the vicinity of the edges of a 
pavement slab are more critical at night 
and early morning when the slab edges are, 
as a rule, warped upward. 

The trailer data were obtained on two 
successive nights at each of the two joints 
tested. 

DISCUSSION OF FACTORS AFFECTING 
INTERPRETATION OF TEST DATA 

In the main Road Test One-MD investi-
gation, the range and increment of the axle 
loads of the trucks were such as to be more 
suitable for establishing certain basic re-
lations than was possible with the axle 

Figure 10.. Positionof wheels and location 
of strain gages for measurement of criti-
cal strains for transverse joint-edge 

loading. 



loads of the trailer. Since some of the 
characteristics of these basic relations, 
shown in the first published report, are of 
importance in the interpretation of the data 
obtained in the tests with the military 
trailer, reference will be made to them in 
the following discussion. 

night when the edges of the pavement were 
warped upward. Under conditions of up-. 
ward warping, as the magnitude of the load 
is increased, the resulting deflection causes 
the pavement to come more and more into 
contact with the subgrade, and this in-
creasing degree of subgrade support, in 
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Figure 11. Comparison between the critical stresses caused by 
the loadings shown for the military trailer, and for thecontrol 

trucks for free-edge loading, granular soil. 

Departire from Linearity 

The load - stress and load:-  deflection 
relations were found to depart slightly 
from linearity for the free-edge case of 
loading and quite radically from linearity 
for the corner case of loading. The load-
stress relations for the transverse joint-
edge case of loading were found to be linear 
in some cases and to depart somewhat 
from linearity in others, depending upon 
the degree of warping in the pavement and 
the support afforded by the subgrade at the 
time the tests were made. The above state-
ments apply for both single-and tandem-
axle loadings of the 'main test program. 

The departure of the load-stress and 
load-deflection relations from linearity, 
for- certain cases of loading, is associated 
with the fact' that the - tests were made at  

turn, causes progressively less deflection 
for each additional increment of load. 
Thus, it may be concludedthat the observed 
departures from linearity are the reult of 
a changing condition of slab support as the 
magnitude of the load increases.' Since 
warping in a concrete ,pavement 'slab is 
more pronounced in the vicinity of the joint 
corners, the load-stress and load-deflec-
tion relations for this case of loading show 
greater departures from -linearity than do 
those for the'other cases. 

In the main testing program, load-
stress and load-deflection relations were 
not established for the longitudinal joint-
edge nor'for the longitudinal joint-corner' 
loadings. It is only reasonable to expect, 
however, that the relations for these load-
ings' would show the same tendencies to de-
part from linearity as were found for the 



corresponding loadings at the free edge of 
the pavement, although perhaps to a some-
what lesser degree. 

It is believed that the above discussion 
furnishes an explanation for the observed 
fact that, in the tests with the military 
trailer, the measured strains and deflec-
tions usually did not increase in direct 
proportion to increases in axle weight, as 
will be noted in the graphs presented. 

Relative Influence of Single and Tandem 
Axles 

Another fact, established in the main 
investigation, that applies to the data of 
this supplementary study is the relativ. 
influence of single and tandem axles on the 
magnitude of stress and deflection for the 
various cases of loading. The load-stress 
relations of the main report showed that a 
tandem axle, with a weight double that of 
a single axle, caused a moderately greater 
stress for the corner and transverse joint-
edge cases of loading than was caused by 
the single-axle weight. For the interior 
and free-edge cases of loading, however, 
the tandem-axle weight caused a smaller 
stress than was caused by the single-axle. 
The load-deflection relations showed that 
the tandem -axle weight caused a moderately 
greater deflection for the corner case of 
loading than was caused by the single axle, 
as was the case with stress. For the free-
edge case of loading, however, the tandem-
axle weight-caused the greater deflection, 
which is contrary to the relation found for 
stress. 

Deflection Cycles of Tandem Axles 

A study of oscillograph recordings show-
ing the manner in which pavement slabs 
deflected at the corner and free edge under 
a moving tandem-axle loading indicated 
little, if any, tendency for such weights to 
create more deflection cycles than single-
axle weights. For the corner case of load-
ing there .was a slight recovery of the de-
flected slab between the front and rear 
axles of the tandem set, but for the free-
edge case of loading there was none. Thus, 
for free -edge loading, tandem-axle weights 
cause but a single deflection, and for prac-
tical purposes, the same is true for corner 
loading. 

LOAD-STRESS AND LOAD-DEFLECTION 
DATA FORTHE TRAILER INPLACE-
MENT I,SLABS ON THE NONPUMPING 

GRANULAR SOIL 

In the conversion of measured strains to 
stress values a modulus of elasticity of 
5 million psi. was used, this being a fair 
average as determined by tests on cores 
and beams removed from the pavement. 
All stresses are extreme fiber values at 
the surface of the pavement, a small cor-
rection having been applied to the observed 
strains in cases where the gages were 
placed slightly below the surface. 

The modulus of rupture of the concrete 
specimens removed from the pavement ex-
ceeded 700 psi. with few exceptions. Thus, 
for this pavement a working stress of 350 
psi. is considered tobe within safe limits. 

There were no cracks or other forms of 
structural failure in the slabs adjacent to 
the joint on the granular nonpumping sub-
grade at which the tests were made. Also, 
no indication of pumping was observed in 
this area during the entire period of traffic 
testing. 

Freer-Edge Loading 

The stress data for the free -edge loading 
for the slabs on the granular nonpumping 
subgrade are shown in Figure 11. The 
comparative stresses caused by the two 
control trucks having 18,000-lb. single-
and 44, 800-lb. tandem-axle weights, re-
spectively, are on the left while those 
caused by the five axles of the military 
tractor-trailer are on the right. In this 
figure, and in those to follow, the stress 
values shown for the 44, 800-lb. tandem-
axle control truck are the maximum in-
ducedby either axle of the tandem set. The 
stresses in the upper graph are for the 
trailer unloaded, and those in the lower 
graph are for the trailer loaded. 

The control trucks were loaded for both 
sets of tests, that is, those with the trailer 
unloaded and with it loaded. During the 
two nights of testing, only small differences 
were observed in the stresses and deflec-
tions caused' by the axles of the control 
trucks, indicating little variation in the 
condition of warping in the pavement slabs 
between the two nights. For this reason, 
the stress values shown for these trucks 
for all cases of loading related to the granu - 
lar soil are averages of the two nights. 
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Figure 12. Load-stress relations plotted 
with respect to axle weight to study the 
effect of the two types of tandem axles 
for free-edge loading on granular soil at 

creep speed. 

paring the stresses caused by this axle 
weight with those caused by the several 
tractor -trailer axles. 

It was pointed out in the discussion of 
Figure 2 that the wheels of Axle 1 track at  

a distance of approximately 15 in. farther 
from the edge of the pavement than the out-
side wheels of the other axles. This is the 
reason that the stresses caused by this 
axle were less than might be expected when 
compared with those for the other 'axles, 
especially the 18, 000-lb. single-axle con-
trol truck. This off-tracking of the wheels 
of Axle 1 influences the stresses for other 
cases of loading, as well as the one under 
discussion. 

With the trailer unloaded (Fig. 11) the 
creep-speed stresses for the several trac-
tor-trailer axles are much less than gen-
erally accepted design limits (50 percent 
of the modulus of rupture of the concrete) 
and appreciably less than those caused by 
the 18, 000-lb. 'control axle which, except 
possibly for Axle 1, is as would be ex-
pected. 

With the trailer loaded, the creep-speed 
stresses' for all of the tractor -trailer axles 
are below generally accepted design limits. 
For Axle 1 the stress is much less and for 
Axles 2, 3, 4, and 5 appreciably greater 
than that caused by the 18,000-lb. control 
axle. 

It will be noted that the creep-speed 
stresses are somewhat greater than those 
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Figure 13. Comparison between the critical stresses caused by the 
loadings shown for the military trailer and for the control trucks 

for corner loading, granular soil. 
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for. 30 mph. As shown in Special Report 
4, this is generally true for all of the cases 
of loading, for both stresses and deflec-
tions. However, a few exceptions were 
found, in both the main and this supplemen-
tary study, in the stresses for the corner 
cases of loading at joints on the pumped 
fine-grained soil. In this discussion, em-
phasis will be placedupon the creep-speed 
values; the-influence of speed on stresses 
and deflections caused by loads will be 
discussed after the presentation of the basic 
data. 

As mentioned earlier in the discussion 
of Figure 2, the two sets of tandem axles 
of the tractor-trailer have different wheel 
and tire arrangements. That is, - the front 
tandem, Axles 2 and 3, has two dual-tired 
wheels on each axle, while the rear tan-
dem, Axles 4 and 5, has four single-tired 
wheels on each axle. To study the effect 
of these different arrangements on stress, 
the creep-speed data presented in Figure 
11 are replotted in Figure 12 with respect 
to axle weight. When plotted in this man-
.ner, the load-stress relations show, only 
a small difference in the stress between 
the two types of wheel arrangements for 
.any given axle weight. In other words, 
It is indicated that the distribution of an 
axle load to the pavement by four single-
tired wheels does not appreciably reduce 
the critical free-edge stress below that 
caused by the more-common two-wheeled 
axles with dual tires. 

Corner Loading 

The stress data for the corner case of 
loading for slabs on the granular nonpump-
ing subgrade are given in Figure 13. The 
wheels of Axle 1, being at a greater dis-
tance from the edge of the pavement than 
are the outside wheels of the other axles, 
cause stresses for this axle which are less 
than mightbe expected when compared with 
those for the other axles on the basis of 
axle weight. 

With the trailer unloaded, the stresses 
for the several tractor-trailer axles are 
much less than the usually accepted design 
limits and, except for Axle 2, appreciably 
less than those caused by the 18, 000-lb. 
control axle, the stresses for Axle 2 being 
approximately equal to those caused by the 
control axle. 

With the trailer loaded, the stresses 
are still appreciably less than normally  

accepted design limits and, for several of 
the axles, considerably greater than those 
caused by. the 18,000-lb. control axle. 

It will be noted that the critical stresses 
for the front axles of each of the two sets 
of tandems, (Axle 2 and Axle 4) are higher 
than those for companion rear axles (Axle 
3 and Axle 5). This condition is usual for 
tandem-axle loadings where the critical 
strain for corner loading is measured in 
the slab on the forward side of the joint 
with respect to the direction of test traffic, 
as was done in this study. The reason for 
this is that when the front axle of a tandem 
set is acting on the forward slab in a posi-
tion to cause maximum tensile stress (see 
Fig. 7) the rear axle is on the slab on the 
opposite side of the joint, where it exerts 

Figure 14. Load-stress relations plotted 
with respect to axle weight to study the 
effect of the two types of tandem axles 
for corner loading, granular soil, creep 

speed. 

little influence at the maximum stress 
point for the front axle. In contrast, 
when the rear axle of the tandem pair is 
acting on the forward slab in a position 
to cause maximum tensile stress, the 
front axle has moved forward to the im-
mediate vicinity of the maximum stress 
point for the rear axle. In this position 
the front axle causes a compressive stress 
which compensates, in part, for the ten-
sile stress caused by the rear axle. This 
does not mean that. the front axle of a 
tandem set always causes the maximum 
stress for corner loading. If critical 
strains in the approach slab were to be 
considered, the maximum tensile stress 
would develop with the wheels of the rear 
axle nearest the joint. 

The stresses determined for the front 
axles of the tandem sets (Axle 2 and Axle 
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4) are plotted in. Figure 14 to show more 
clearly the load-stress relations with re- 
spect to axle weight. 	 . 

distance from the edge of the pavement 
than did the outside wheels of the other 
axles.- 
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When plotted in this manner, it is evi-
dent that, for the corner case of loading, 
the axle with the four single-tired wheels 
is more effective in stress control than 
one with the two dual-tired wheels. For 
example, for a 45,000-lb. axle load, the 
stress caused by Axle 4 with four single-
tired wheels is approximately 20 percent 
less than that for Axle 2 with two dual-
tired wheels. 

Deflection, Free-Edge Loading 

Deflection measurements were made 
simultaneously with the stress measure-
ments for the free-edge and the corner 
cases of loading. 

The measured deflections for the free-
edge case of loading for slabs on the non-
pumping granular subgrade are shown in 
Figure 15. As was found for stresses for 
this case of loading, the deflections for 
Axle 1 are influenced by the fact that the 
wheels of this axle tracked at a greater 

It will be noted that a single deflection 
value is given for each tandem set, because 
as stated earlier, tandem axles at a- normal 
spacing cause only a single deflection for 
this case of 'loading. 

The deflections for the several tractor- 
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Figure 16. Load-deflection relations 
plotted with respect €o axle weight to 
study the 'effect of the two types of tan-
dem axles for free-edge loading, granular 

soil creep speed. 
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trailer axles are considered to be small 
with the trailer both unloaded and loaded. 
With the trailer loaded, the deflections for 
the tandem axles do, however, exceed 
greatly those caused by the single 18, 000-
lb. control axle. 

the deflection for the rear axle of each 
tandem set is slightly larger than those for 
the front axle. As mentioned earlier, only 
a slight recovery of the deflected slab takes 
place between the front and rear axles of 
the tandem set. Thus, although a separate 
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Figure 17. Comparison between the critical deflections caused by 
the loadings shown for the military trailer and for the control 

trucks for corner loading, granular soil. 

,The deflections for the two tandem sets 
of axles are plotted in Figure. 16 with re-
spect to axle weight. The magnitude of the 
deflection appears tobe more a function of 
the axle weight than of the wheel weight, 
since the deflection caused by Axles 4 and 
5 with four single-tired wheels are only 
slightly smaller than those caused by Axles 
2 and 3 with two dual-tired wheels. Thus, 
for the free-edge case of loading, a distri-
bution of the load to the pavement through 
four single-tired wheels is not an effective 
means for reducing edge deflections. 

Deflection, Corner Loading 

The deflection data for the corner load-
ing are shown in Figure 17. Here again the 
deflections for Axle 1 are influenced by the 
position of the wheels. of this axle as com-
pared to that of the 'wheels of the other 
axles. It will be noted that in each case  

deflection value is shown for each axle,, for 
practical pui"poses a single value with mag- 

ITT' JiT 
.020 - - - 

I .010 

/ . '• 

' 
AXLE WEIGHT -THOUSANDS OF POLULOS 

Figure.18. Load-deflection relations 
plotted with respect to axle weight to 
study the effect of the two types of tan- 
dem axles for corner loading, 	granular 

soil, creep speed. 



13 

nitude equal to that of the rear axle would 
be justified. 

The deflections for the several tractor-
trailer axles are small with the trailer un-
loaded and approach or slightly exceed those 
caused by the 18,000-lb. control axle. 
Even with the trailer loaded the deflections 
are considered to be only moderate, al-
though appreciably greater than those 
caused by the 18,000-lb. control axle.  

tion were discussed earlier in connection 
with Figures 8 and 9. 	- 

Longitudinal roint-Edge Loading 

A strain -. gage important in the study of 
this case of loading failed during the prog-
ress of testing, making it impossible to 
complete the' tests. However, a complete 
set of data were obtained on the pumping 
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Figure 19. Comparison between the critical stresses caused by the 
loadings shown for,the military trailer and for the control trucks 
for longitudinal joint corner loading, granular soil. The stresses 
for the trailer are with the vehicle straddling the longitudinal 
joint whjle those for the control trucks are for an outside-corner 

loading. 

actions for the two tandem sets 	fine-grained soil and will be 
with esnpct'tn nxleweihtin - later. 

The defb 
are plotted  - ..' 
Figure 18., This figure shows that the de-
flections for the axles with four single-tired 
wheels are somewhat less than those for 
the 'axles with two dual-tired, wheels, the 
decrease at a 45, 000-lb. axle weight being 
approximately 10 percent 

LOAD-STRESS RELATIONS FOR THE• 
TRAILER IN PLACEMENT II, SLABS ON 

THE NONPUMPING GRANULAR SOIL 

The positions of. the wheels of. the crit-
ical axles and strain gages for the cases of 
loading studied in this part of the investiga- 

presented 

Longitudinal]'oint-CornerLoading 

The stress data for the longitudinal joint-
corner loading for slabs on the nonpumping 
granular soil are contained in Figure 19. 
It will be 'noted that the stresses for the 
control trucks as shown in this figure are 
for the outside corner case of loading. 
Thus, the stresses for the several tractor-
trailer-axles with the vehicle straddling the 
longitudinal joint are compared with those 
'developed by the control trucks acting near 
the longitudinal free edge of the pavement. 
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The stresses with the vehicle straddling 
the longitudinal joint are influenced by two 
important factors not encountered with the 
vehicle in a normal position on one lane of 
the pavement. In the first place, the vehi-
cle is supported by the, two slabs on oppo-
site sides of the longitudinal joint; in the 
second place, the wheels of the vehicle act 
on the pavement at a greater distance from 
the longitudinal joint edge than they do from 
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Figure 20. Load-stress' relations plotted 
with respect to axle weight to study the 
effect of the two types of tandem axles at 
longitudinal joint for corner loading, 

granular soil, creep speed.  

the free edge with the vehicle in a normal 
position on one lane. The distances from 
'the center of the wheels of the various axles 
to the longitudinal joint are: for Axle 1, 
41 1/2 in.: for Axles 2 and 3, 49 in. ; and 
for the inside wheels of Axles 4 and 5., 
14 in. 

With the trailer unloaded, the stresses 
for the several tractor-trailer axles are 
much less ,than normally, accepted design 
limits and also muchiess than those caused 
by the 18, 000-Jb. control axle acting at the 
outside corner (see Fig. 19). 

With the trailer loaded, the stresses for 
the tractor-trailer axles are much less than 
normally accepted design limits and, for 
Axles 2 and 4, somewhat greater than those 
caused by the 18, 000-lb. control axle acting 
at the outside corner. 

For the reason previously discussed for 
the outside-corner loading of Placement 
I, the stresses for the front axle of each 
tandem set are greater than those for the 
rear axle. 

In Figure 20 the maximum creep-speed 
stresses for .the tandem axles are plotted 
to show the load-stress relations and to 
compare the critical stresses for the two 
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types of tandem axles. Unlikethose of the 
outside corner (Fig. 14) these relations 
show that the stresses for Axle 4, with the 
four single-tired wheels, are higher than 
those for Axle 2, with the two dual-tired 
wheels. This reversal is associated with 
the fact that the inside single-tired wheels 
of Axle 4 are closer to the longitudinal 
joint than the dual-tired wheels of Axle 2. 

It is of interest to compare the maximum 
stresses that developed under the longitu-
dinal joint-corner loading with those that 
developed under the outside-corner loading. 
For example, at a 45, 000-lb. axle weight, 
the maximum stresses for the axles with 
the dual-tired wheels, Axles 2 and 3, are 
approximately 40 percent less at the longi-
tudinal.joint corner than at the outside joint. 
corner. Correspondingly, the stresses 
for the four-wheeled axles with single tires, 
Axles 4 and 5,, are 15 percent less at the 
longitudinal joint corner than at the out-
side-joint corner. 

As just mentioned, however, Axle 2 
caused the maximum stress at the outside 
corner, whereas Axle 4 caused the maximum 
stress at the longitudinal joint corner. 
Thus, based on a 45, 000-lb. axle weight 
and the maximum stress for any axle, the 
stresses that develop under the longitudinal 
joint-corner loading are apporximately 30 
percent less than those that develop under 
the outside-corner loading. 

LOAD-STRESS AND LOAD-DEFLECTION 
DATA FOR THE TRAILER IN PLACE- 

MENT III, SLABS ON THE NONPUMPING 
GRANULAR SOIL 

With the vehicle in the 30-in, placement 
(Placement Ill) stresses and deflections 
were measured only at the free edge and 
outside corner of the pavement. However, 
because of the widthof the trailer, stresses 
for such a vehicle placement may be higher 
at other points of the slab, for instance, 
the longitudinal joint edge. This possibil-
ity will be 'discussed later after the pre-
sentation of all data. 

Stresses at Free Edge 

The stresses that developed at the lon-
gitudinal free edge of the pavement with the 
vehicle in the 30-in. ' placement are given 
in Figure 21 for slabs on the nonpumping 
granular subgrade. The light-weight, hor-
izontal, dashed lines indicate the magnitude  

of the creep-speed stresses at the free edge 
of the pavement for the 18, 000-lb. control 
axle positioned in Placement I, i. e., 6 in. 
from the free edge. 

It will be noted that, with the vehicles in 
the 30-in, placement, the stresses that 
developedat the free edge of the pavement 
were quite small for all of the tractor-
trailer axles, as well as for those of the 
control trucks. 

Stresses at Corner 

The stresses that developed at the out-
side corner with the, vehicles in the 30-in., 
placement are shown in Figure 22. For 
both the trailer and the control trucks, 
these stresses are approximately 40 per-
cent less than the corresponding stresses 
that developed when the vehicles were 
positioned for the corner case of loading 
of Placement I and also appreciably below 
generally accepted design limits, with the 
trailer both unloaded and loaded. 

Deflections at Free Edge 

The deflections measured at the free 
edge of the pavement with the vehicles in 
the 30-in, placement are shown in Figure 
23 for slabs on the nonpumping granular 
subgrade. These deflections are approxi-
mately 50 percent less than those that de-
veloped with the vehicles in Placement I,' 
or 6 in. from the free edge. The deflec-
tionsfor both the trailer and the control 
trucks are definitely low, but with the 
trailer loaded the deflections for the tan-
dem 'axles slightly exceed those caused by 
the 18, 000-lb. control axle acting 6 in. 
from the free edge. 

Deflections at Corner 

The deflections measured at the outside 
corner with the vehicles in the '30-in. 
placement 'are presented in Figure 24. 
These deflections are definitely low and do 
not exceed in any case those caused by the 
18 ,000-lb. control axle acting 6 in. from 
the free edge and, also, are approximately 
45 percent less than the correspondingde-
flections that. developed under the corner 
case of loading of Placement 1. 
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LOAD-STRESS DATA FOR THE TRAILER 
WI-IEELS ACTING AT THE TRANSVERSE 
JOINT EDGE, SLABS ONTHE NONPUMP- 

ING GRANULAR SOIL 

The stresses for the transverse joint-
edge case of loading for slabs on the granu-
lar, nonpumping subgrade soil are shown in 
Figure 25. These data represent an average 
of all values obtained for this case of load-
ing and, as explained earlier, are valid for 
wheels positioned approximately 36 in. or 
more from any longitudinal edge, irres-
pective of the transverse placement of the 
vehicle. In the tests for this loading the 
trailer was so positioned that the outside 
wheels of Axles 2, 3, 4, and 5 passed di-
rectly over the strain gages,- while the 
wheels of Axle ipassed a short distance to 
one side of the gages. Thus, the strains re-
corded for Axles 2, 3, 4, and 5 were maxi-
mum, while those for Axle 1 were prob-
ably somewhat less than those which ac-
tually occurred under the wheels of this 
axle. 

It will be noted that, with the trailer 
unloaded, the stresses that developed at the 
transverse joint edge for the several trac-
tor-trailer axles are much less than nor-
mally accepted design limits; for Axle 1, 
with two single-tired wheels, and Axles 2 
and 3, with two dual-tired wheels, they are 
somewhat larger than those causedby the 
18,000-lb. control axle; for Axles 4 and 5 
with the four single-tired wheels they are 
much smaller than those caused by the 
18, 000-lb. control axle. 

With the trailer loaded the stresses 
caused by the axles of the tractor-trailer 
are less than normally accepted design 
limits and also somewhat larger for Axles 
1, 4, and 5 and much larger for Axles 2 
and 3 than those caused by the 18,000-1b. 
control axle. 

It is evident from the data of Figure 25 
that the stresses for the transverse joint-
edge case of loading are more a function of 
the wheel than of the axle weight. This 
effect is shown more clearly in Figure 26, 
where the stresses for the two sets of tan-
dem axles, 2-3 and 4-5, are plotted with 
respect to axle weight. When plotted in 
this manner, it is apparent that the stress 
caused by the axle having the load distribu-
ted to the pavement through four single-
tired wheels is considerably less than that 
for the axle with two dual-tired wheels. 
For example, at a 45, 000-lb. axle weight,  

the stresses for Axles 4 and 5 with four 
single-tired wheels are approximately 35 
percent less than those for Axles 2 and 3, 
with the two dual-tired wheels. 

The critical stresses that develop at the 
transverse joint-edge of the pavement are 
those directly under the wheel load and in 
a direction parellel to the transverse joint. 
For this reason they are influenced by the 
width of the area of tire contact for a given 
wheel load. The comparison between the 
stresses induced by the two types of axles 
(Fig. 26) is affected by this factor, since 
the width of the effective tire contact area 
for the dual-tired wheel is appreciably 
greater and the radius of slab curvature is 
less than that-for the same wheel load ap-
plied through a single tire. To illustrate: 
With the axle weight constant, the stresses 

0 	5 	0 	5 	20 	25 	30 	35 	40 	45 	50 
AXLC WEIGHT - THOUSANDS DC POUNDS 

Figure 26. Load-stress relationspiotted 
with respect to axle weight to study the 
effect of the two types of tandem axles 
for transverse joint-edge loading, granular 

soil, creep speed. 

caused by the wheels of Axles 4 and 5 
would have been approximately 50 percent 
less than those caused by the wheels of 
Axles 2 and 3 had the width of effective 
tire contact area been the same for the 
wheels of the two wheel arrangements. 
Actually, because of the greater width - of 
contact area with the dual-tired wheels, 
the difference was only about 35 percent, 
as noted above. 

LOAD-STRESS AND LOAD-DEFLECTION 
RELATIONS FOR THE TRAILER IN 

PLACEMENT I, SLABS ON THE PUMPED 
FINE-GRAINED SOIL 

The joint selected on the fine-grained, 
soil had been pumping moderately for some 
time prior to testing with the tractor- 
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trailer, but the adjoining pavement slabs 
had survived, without structural failure, 
238, 000 applications of the 18, 000- lb. 
single-axle -weight test truck. 

fortunate, because after completion of the 
tests for the corner loading with the trailer 
loaded, a fracture occurred in the forward 
slab in the direction of test traffic. The 
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Figure 27. Comparison between the critical stresses caused by the 
loadings shown for the military trailer and for the control trucks 

for free-edge loading, pumping joint on fine-grained soil. 

Because of circumstances beyond con-
trol, this joint was tested with the trailer 
loaded before being tested with the trailer 
unloaded. This sequence proved to be un- 
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Figure 28. Load-stress relations plotted 
with respect to axle weight to study the 
effect of the two types of tandem axles 
for free-edge loading, pumping joint on 

fine-grained soil, creep speed.  

fracture was indicated by a considerable 
drop in the magnitude of corner deflection 
recorded for the last test run of the loaded 
trailer under Placement I, and on the first 
test run of Placement III, the gage at the 
longitudinal joint edge 3 ft. from the trans-
verse joint registered a strain that indi-
cated a stress far in excess of the modulus 
of rupture of the concrete. 

After completion of the tests with the 
trailer loaded, a close examination made of 
the pavement in the vicinity of the trans-
verse joint revealed a slightly diagonal 
crack, barely visible to the naked eye. It 
started at the outside edge of the pavement 
at a distance of 6 ft. from the transverse 
joint and ended at the longitudinal joint at a 
distance of 3 ft. from the transverse joint. 
At this point it passed throught the strain 
gage that had indicated the excessive strain. 

It would seem reasonable that a crack 
located as described and held tightly closed 
by wire-fabric reinforcement would not 
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have a great effect on the critical stresses 
caused by the transverse joint-edge case 
of loading and should have no effect on 
stresses that develop under the free-edge 
and the longitudinal joint-edge cases of 
loading. The decision was made, there-
fore, to obtain the data, as planned, with 
the trailer unloaded an to utilize as much 
of the data as possible rather than to start 
anew on another slab. This decision was 
influenced also by a time factor and by a 
doubt as to whether or not a test with the 

values are not influenced by the fracture 
that occurred during testing. 

For a given case of loading at the joint 
on the pumped fine-grained soil, moderate 
differences were observed in the stresses 
and deflections caused by corresponding 
control trucks on the'two nights of testing. 
These differences were probably associated 
with the progressive development of pump-
ing during the period of testing or with 
variations in the condition of warping in the 
pavement slabs between the two nights. 
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Figure 29. Comparison between the critical stresses caused by the 
loadings shown for the military trailer and for the control trucks, 

corner loading, pumping joint on fine-grained soil. 

heavily weighted axles of the tractor-
trailer could be carried to completion at 
another pumping joint without a similar 
mishap. 

In the discussion that follows a state-
ment is made under each case of loading 
regarding the possible effect that the frac-
ture in the slab could have on the magni-
tude of the strain and deflection values 
reported., 

Free-EdgeLoading 

The stress data for the free-edge case 
of loading for slabs on the pumped fine-
grained soil are given in Figure 27, These 

The differences were of sufficient mag-
nitude to make it desirable to show sepa-
rately, for all cases of loading related to 
the fine-grained soil, comparable stresses 
and defléctions measured for the control 
trucks on each of the two nights, rather 
than average values as was done for the 
joint on the granular soil. 

The data show that with the trailer un-
loaded, the stresses for the several tractor-
trailer axles are much less than generally 
accepted design limits and much less than 
those caused by the 18,000-lb. control 
axle. With the trailer loaded, the stresses 
for the'tractor-trailer axles are less than 
generally accepted design limits and, for 
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Axles 2, 3, 4, and 5, somewhat greater 
than those caused by the 18,000-lb. con-
trol axle (see Fig. 27). 

The stresses for the two sets of tandem 
axles of the tractor-trailer are plotted 
with respect to axle weight in Figure 28. 
As observed, at a 45, 000-lb. axle load, 
the stresses for Axles 4 and 5, equipped 
with four single-tired wheels, are ap- - / - - - - 0 / - 

10 	5 	20 	25 	30 	35 	40 	45 	50 
AXLE VIGIGIIT - ThOUSANDS OF PGI4DS 

Figure 30.. Load-stress relations plotted 
with respect to axle weight to study the 
effect of the two types of tandem axles 
for corner loading, pumping joint on fine- 

grained soil, creep speed.  

proximately 10, percent less than those 
for Axles 2 and 3, equipped with two dual-
tired wheels. 

Corner Loading 

Figure 29 shows the stress data for the 
corner case of loading for slabs on the 
pumped fine-grained soil. The stress val-
ues for the trailer loaded were obtained 
just before the slab fractured and, there-
fore, are not infirenced by the failure, 
whereas those for the unloaded trailer were 
obtained after the fracture occurred.. It 
will be noted (Fig. 29) that two sets of stress 
values are shown for the unloaded condition. 
The lesser value in each case is computed 
directly from measured strain after the 
fracture of the slab had occurred. The 
greater value was obtained in each case by 
multiplying the lesser value by a ratio. 
This ratio, based on the data for the con-
trol trucks, is a measure of the change in 
critical stress for the corner loading as 
observed before and after the slab fracture 
occurred.' It is the best estimate that 
could be made of the stress that would have 
obtained had theslab fracture not occurred. 
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It is evident by the data of Figure 29 that 
the crack caused a marked reduction in 
stress for the corner loading. For this 
reason, in the discussion of the data for 
this loading, the corrected or estimated 
stress values will be those referred to in 
the case of the unloaded trailer. 

The stress values shown in Figure 29 
are considerably higher than those shown 
earlier in Figure 13 for the same case of 
loading for slabs on the granular nonpump-
ing soil. With the trailer unloaded, the 
stresses for four of the five tractor -trailer 
axles exceed usually accepted design limits 
but do not exceed stresses caused by the 
18, 000-lb. control axle. With the trailer 
loaded, the stresses exceed usually accep-
ted design limits for all axles and, for Axles 
2 and 4, greatly exceed those caused by the 
18, 000-lb. control axle. The stresses for 
Axles 2 and 4 are of sufficient magnitude to 
indicate impending structural failure. Fail-
ure did occur several test runs later. 

It will be noted (Fig. 29) that the creep-
speed stress values are less in some in-
stances and greater in others than the 30-
mph. values. As mentioned earlier, this 
behavior is not unusual for the corner 
loading at joints on pumped fine-grained 
soil. 

The stresses for Axles 2 and 4, with the 
trailer both loaded and unloaded, are plotted 
with respect to axle weight in Figure 30. 
It is indicated that at a 45,000-lb. axle 
weight the stress for Axle 4, with the four 
single- tired wheels, is approximately 18 
percent less than that for Axle 2, with the 
two dual-tired wheels. 

Deflection-Corner Loading 

The deflection data of the corner load-
ing for slabs on the fine-grained soil are 
shown in Figure 31. It will be noted that 
the deflections for the front and rear axles 
of each tandem set are approximately the 
same. 

With the trailer unloaded, the deflections 
for all of the trailer axles are considered 
to be greater than desirable, but they do 
not exceed those for the 18, 000-lb. control 
axle. With the trailer loaded, the deflec-
tions are greater than desirable for Axle 1 
and excessively large for Axles 2, 3, 4, 
and 5. For Axles 2, 3, 4, and 5, the de-
flections are much greater than those for 
the 18, 000-lb. control axle. 

The deflection data for the two sets of  

tandem axles are plotted with respect to 
axle weight in Figure 32. Only a small 
difference is noted in the deflections caused 
by the two types of axles, those for the 
axles with four single-tired wheels being 
the smaller. 

LOAD - STRESS RELATIONS FOR THE 
TRAILER IN PLACEMENT II, SLABS ON 

THE PUMPED FINE -GRAINED SOIL 

Although the tests for Placement II were 
made in an area where pumping had de-
veloped along the free edge of the pavement, 
there had been no visible pumping along the 
longitudinal joint or in the transverse joint 
in the immediate vicinity of the longitudinal 
joint. 
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Figure 32. Load-deflection relations 
plotted with respect to axle weight to 
study the effect of the two types of tan-
dem axles for corner loading, pumping joint 

on fine-grained soil, creep speed. 

Longitudinal Joint -Edge Loading 

The stress data for the longitudinal joint-
edge loading for slabs on the pumped fine-
grained soil are given in Figure 33. It 
will be noted that the stresses for the 
18,000-lb. control axle, shown for com-
parative purposes, are those that developed 
for the free-edge loading of Placement I. 
The stress data for the longitudinal joint-
edge loading were not influenced by the 
fracture that occurred during testing. 

With the. trailer unloaded, the stresses 
for all of the tractor-trailer axles are very 
small, while with it loaded, they are small 
for Axles 1, 2, and 3 and moderate for 
Axles 4 and 5. The stresses caused by the 
axles of the tractor-trailer are much less 
than those caused by the 18, 000-lb. control 
axle acting at the longitudinal free edge of 
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the p avement, except for loaded Axles 4 and 
5, the stresses for these axles being ap-
proximately equal to those caused by the 
control axle. 

The great reduction in the tractor-
trailer stresses at the longitudinal joint 
edge, as compared to those caused by the 
control axle acting at the. free edge, is 
largely explained by the differences in the 
distances that the wheels of the two vehicles 
track from the respective edges. of the 
pavement. Also, the greater magnitude of 
the stresses caused by We four-wheeled 
axles (4 and 5)as.compared to those caused  

corner loading for slabs on the pumped fine-
grained soil are given in Figure 34. The 
magnitude of the tractor-trailer stresses 
shown in this figure undoubtedly were re-
duced by the slab fracture that occurred 
during testing. 

Referring to Figure 9, it will be noted 
that the strain gages for this case of load-
ing were located at distances of 3, 5, and 
7 ft. from the transverse joint. Before the 
tests were started for this loading, the 
gage located 3 ft. from the joint was elimi-
nated by the crack passing through it. The 
strains measured by the remaining two 
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by the two-wheeled axles (2.and 3) is at-
tributed to the fact that the inside wheels of 
the four-wheeled axles track much closer 
to the longitudinal joint than do the wheels 
of the other axles. 

Longitudinal Joint-Corner Loading 

Stress data for the longitudinal joint- 

gages indicated that thQ subsequent maxi-
mum stress occurred at the gage located 
5 ft. from the joint, or only 2 ft. from the 
crack. The stress values determined by 
this gage are those given in Figure 34. 

The data of Figure 34 show that, in 
spite of the influence of the fracture, the 
recorded stress valuesfor the loaded trail-
er are higher than desirable. 
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LOAD-STRESS AND LOAD-DEFLECTION 
DATA FOR THE TRAILER IN PLACEMENT 
- nI; SLABS ON THE PUMPED FINE- 

GRAINED SOIL 

As mentioned earlier, the stresses and 
deflections reported for this part of the 
study are those at the free edge and corner 
of the pavement when the 'outside edges of 
the contact areas of the outside wheels of 
the tandem axles of the trailer track at a 
distance of 30 in. from the longitudinal 
free edge of the pavement.  

of the pavement are small for all axles, 
both with the trailer loaded and unloaded. 

Stresses at Corner 

The stresses that developed in the vicin-
ity of the corner under the 30-in, place-
ment are shown in Figure 36. 

The stresses for the various tractor-
trailer axles, trailer unloaded, are less 
than usually accepted design limits and are 
appreciably less thail those caused by the 
18,000-lb. control axle positioned .6 in. 
from the edge of the pavement. 
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Figure  34. Comparison between the critical stresses caused by the 
loadings shown for the military trailer and for the control trucks 
for longitudinal -joint corner loading,'pumping'jdint onfine-grained 
soil. The stresses for the trailer are with the vehicle straddling 
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Stresses at Free Edge' 	 With the trailer loaded, the stresses are 
less than usually accepted design limits for 

The stresses at the outside edge of the 
pavement with the trailer in Placement ifi 
are shown in Figure 35. Inallof the graphs 
pertaining to this placement,' the light-
weight, horizontal 'dashed lines indicate 
the stresses or 'deflections caused by the 
18,000-lb. control a,xlé positiOned 6 in. 
from the longitudinal free edge of the 
pavement.  

With,the trailer inthe 30-in, placement, 
the stresses that developed at the free edge 
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Axles 1, 3, and 5 and much greater than 
these limits for Axles 2 and 4. The stres-
ses are appreciably greater for.  Axles. 2 
and 4 and less 'for the remaining 'axle's than 
those caused by the 18,000-lb. control 'axle 
positioned 6 In. froñ'i'the'edge of the pave-
ment. 

DeflectionsatCorner' 	' 

The defleétions measuredat the outside 
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free-edge loading, pumping joint on fine-grained soil.'. 
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Figure 37. Comparison between the critical deflections caused by 
the loadings shown for the military trailer and for the control 
trucks with all vehicles 30 in. from the outside edge of the pave-

ment, corner loading, pumping joint on fine-grained. soil. 
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Figure 38. Comparison between the critical stresses caused by the 
loadings shcwn for the military trailer and for the control trucks 
for transverse joint-edge loading, pumping joint on fine-grained 

soil. 
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corner with the vehicles in the 30-in. pIace-
ment are shown in Figure 37. 

With the trailer unloaded, the deflections 
caused by the tractor-trailer axles are con-
sidered to bemoderateandare appreciably 

-s-WI 
1- 

- 

tti  I  
5 	10 	.5 	20 	25 	30 	35 	40 	45 	50 

AXLE WEIXOT - ThOUSANDS OF POUNDS 

Figure 39. Load-stress relations plotted 
with respect to axle weight to study the 

effect of the two types of tandem axles 
for transverse joint-edge loading, pumping 

joint on fine-grained soil, creep speed. 

less than those caused by the 18, 000-lb. 
control axle positioned6 in. from the edge 
of the pavement. 

With the trailer loaded, the deflections 
for Axles 2, 3, 4, and 5 are excessively 
large andeven exceed those for the 18,000-
lb. control axle positioned 6 in. from the 
edge. 

LOAD-STRESS DATA FOR THE TRAILER 
WHEELS ACTING AT THE TRANSVERSE 
JOINT EDGE, SLABS ON THE PUMPED 

FINE -GRAINED SOIL 

The stresses for the transverse joint-
edge loading for slabs on the pumped fine-
grained soil are shown in Figure 38. These 
data represent an average of all values ob-
tained for this case of loading. 

The data show that, with the trailer un-
loaded, the stresses for the tractor-trailer 
axles do not exceed usually accepted design 
limits but approach them for Axle 1; for 
Axles 1, 2, and 3, the stresses exceed ap-
preciably those caused by the 18, 000-1b 
control axle. 

With the trailer loaded, the stresses do 
not exceed usually accepted design limits 
for Axles 1, 4, and 5 but exceed these 
limits appreciably for Axles 2 and 3. For 
all trailer axles the stresses exceed greatly 
those caused by the 18, 000-lb. control axle. 

The stresses caused by the two sets of 
tandems, Axles 2-3 and Axles 4-5, are  

plotted with respect to axle weight in Figure 
39. As will be noted, the stresses for Axles 
4 and 5, with the four single-tired wheels, 
are appreciably smaller than those for 
Axles 2 and 3, with the two dual-tired 
wheels, the reduction at a 45, 000-lb. axle 
weight being about 27 percent. 

INFLUENCE OF VEHICLE SPEED ON 
STRESS AND DEFLECTION 

It will be recalled that the tests with the 
tractor-trailer were made at two vehicle 
speeds, creep and 30 mph. Although the 
stress and deflection data for both speeds 
are included in the graphs, the influence 
of this variable has not been discussed. 

The percentage decreases in the average 
stresses and deflections inducedby tractor-
trailer Axles 2, 3, 4, and 5 at a vehicle 
speed of 30 mph. as compared to those 
measured at creep speed are shown in 
Table 2. It is evident, for slabs on the 
nonpumping granular subgrade, that both 
the stresses and deflectións for all cases 
of loading are appreciably less for the ve-
hicle operated at 30 mph. than, at creep 
speed. For the slabs on the pumped fine-
grained soil the stresses for the vehicle 
operated at 30 mph. are appreciably less 
than those at creep speed for all cases of 
loading, except (1) that of the outside corner 
where the stresses for the higher speed 
averaged only 7 percent less than at creep 
speed and (2) that of the longitudinal joint 
corner, where the stresses averaged 15 
percent greater in the tests at 30 mph. 
than in those at creep speed. The deflec-
tions in all cases investigated were appreci - 
ably less at 30 mph. than at creep speed. 

Table 2 

Effect of the speed of the trailer on the crittcal stresses and 
deftecttnn5 for the various cases of loading. 

-- 	-- 	- Percentage decreaoe in stresses and deflec- 
tions measured in tests at 30 mtteo per hour 

Case of loading oa compared to those at creep speed 

Nonpomped Pomped fine 
grasutur soil graioed soil 

stress 	Deflection Stress 	Deflection 
Free-edge 29 	20 28 
Outside-corner ' 	26 	23 7 	16 
Transverse joint-edge 19 22 
Longilodinal joint-edge 25 
Longitodloal joint-corner 28 .15 

Nete: No sign indicates that the otreos at 30 mites per hour was less 
than that at creep speed white a . sign Indicates that the stress 
at 30 miles per hour was greater than that at creep speed. 

Referring to the corner loading at the 
joint on the pumped fine-grained soil, the 
data show that, when based on an average 
value for all of the axles, the stresses ob-
served in tests at 30 mph. were 7 percent 
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less than those at creep speed, but for 
certain axles, the stresses for the tests 
at 30. mph. were actually somewhat greater 
than those recorded at creep speed. 

The study of the influence of vehicle 
speed on stress and deflection was much-
more comprehensive in the main testing 
program with trucks than in the supplemen-
tary program with the trailer. The truck 
tests indicated that, in some cases, the 
stresses for the corner loading on the 
pumped fine-grained soil were greater at 
the 30-mph. speed than at creep speed. 

SUMMARY OF MAJOR FINDINGS 

To aid in understanding the major find-
ings, the three transverse placements in-
vestigated for the heavy-duty tractor-trail-
er combination will be redescribed: 

Placement I. The trailer positioned so 
that the outside edges of the contact areas 
of the outside wheels of the tandem axles 
traêked at a distance of 6 in. from the lon-
gitudinal free edge of the pavement. 

Placement II. The trailer positioned 
symmetrically astride the longitudinal joint 

Placement Ill. The trailer positioned 
so that the outside edges of the contact 
areas of the outside wheels of the tandem 
axles tracked at a distance of 30 in. from 
the longitudinal free edge of the pavement. 

1. Observed Effect of Tractor-Trailer on 
Pavement 

The study of the heavy-duty' tractor-
trailer combination was conducted on Sec-
tion 1 (see Special Report 4), which had 
been subjected to 238, 000 applications of 
an 18, 000-lb., single-axle loading. Many 
of the slabs that had structurally survived 
this load application were undermined by 
pumping. The tractor-trailer in loaded. 
condition made some 60 test runs over Sec-
tion 1, half of which were with the vehicle 
positioned near the outside edge of the 
pavement. 

The loaded trailer had no visible effect 
on the pavement supported by the granular 
nonpumping soil. On the pavement support-
ed by the fine-grained soil, the loaded 
trailer caused (1) more violent pumping, 
other conditions being equal, than that 
which existed during traffic testing and (2) 
transverse cracking in the vicinity of sev-
eral transverse jpints.  

Stresses with Trailer in Placement I, 
Granular Soil 

With the trailer unloaded andpositioned 
near the outside edge of the pavement, the 
stresses are less than the usually accepted 
design limits (50 percent of the modulus of 
rupture of the concrete) for the free-edge 
and corner cases of loading and are approx-
imately equal to or less than those caused 
by the 18, 000-lb. control axle (see Figs. 
11 and 13). 

With the trailer loaded and positioned 
near the outside edge of the pavement, the 
stresses for both cases of loading are less 
than usually accepted design limits, al-
though for some axles they are considerably 
greater than those caused by the 18, 000-lb. 
control axle (see Figs. 11 and 13). 

Stresses with Trailer in Placement I, 
Pumped Fine-Grained Soil 

With the trailer unloaded and positioned 
near the outside edge of the pavement, the 
stresses are less than usually accepted 
design limits for the free-edge loading but 
are somewhat higher than.those limits for 
the corner loading. For both cases of 
loading, the stresses are approximately 
equal to or less than those caused by the 
18, 000-lb. control axle (see Figs. 27 and 
29). 

With the trailer loaded, the stresses for 
the free-edge loading are less than usually 
accepted design limits but, for all axles 
except the front axle of the tractor, are 
appreciably greater than those caused by 
the 18, 000-lb. control axle (see Fig. 27). 
For the corner loading the stresses for 
several axles are of a magnitude that would 
be expected to cause failure and are much 
greater than thoscaused by the 18, 000-lb. 
control axle (see Fig. 29). 

Deflections with Trailer in Placement I, 
Granular Soil 

The deflections, with the trailer both 
unloaded and loaded and positioned near the 
outside edge of the pavement, are within 
reasonable limits at thefree edge and cor-
ner. However, for several axles of both 
cases of loading, the deflections are slightly 
greater with the trailer unloaded and much 
greater with the trailer loaded than those 
caused by the 18, OOQ-lb. control axle (see 
Figs. 15 and 17). 	. 
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Deflections with Trailer in Placement I, 
Pumped Fine-Grained Soil 

With the trailer unloaded and positioned 
near the outside edge of the pavement, the 
deflections at the corner are. greater than 
desirable but no greater than those caused 
by the 18, 000-lb. control axle (see Fig. 31). 

With the trailer loaded and positioned 
near the outside edge of,  the pavement, .the 
deflections at the corner are much greater 
than desirable and much greater than those 
caused by the 18, 000-lb. control axle (see 
Fig.. 31). 

Stresses with Trailer in Placement II, 
Granular Soil 

With the trailer unloaded and in a po-
sition symmetrically astride the longitu-
dinal joint, the stresses at the longitudi-
nal joint corner are much less than usually 
accepted design limits and much less than 
those caused by the 18, 000-lb. control axle 
in Placement I (see Fig. 19). 

With the trailer loaded and positioned 
symmetrically astride the longitudinal joint, 
the stresses for the longitudinal joint-cor-
ner loading are less than usually accepted 
design limits, although for some axles they 
are higher than those caused by the 18, 000-
lb. control axle in Placement I (see Fig. 19). 

Stresses with Trailer in Placement II, 
Pumped Fine-Grained Soil 

With the trailer unloaded and positioned 
symmetrically astride the longitudinal joint, 
the stresses for the longitudinal joint-edge 
and corner cases of loadingare less than 
usually accepted design limits and much 
less -than those caused by the 18,000-lb. 
control axle in Placement I (see Figs. 33 
and 34). 

With the trailer loaded and in the same 
position, the stresses at the longitudinal 
joint edge are less than the usually ac-
cepted design limit but, fOr several axles, 
are slightly greater than those caused by 
the 18, 000-lb. control axle in Placement 
I (see Fig. 33). For the longitudinal joint-
corner loading the stresses for several 
axles are greater than wouldbe desirable 
(see Fig. 34). . 

Stresses with Trailer in Placement III, 
Granular Soil 

With the trailer unloaded and positioned 
30 in. from the outside edge of the pave-
ment, the stresses at the outside edge are 
small both at the free edge and in the vi-
cinity of the outside corner (see Figs. 21 
and 22). 

With the trailer loaded and in the same 
position, the stresses at the outside edge 
are moderate at both the free edge and in 
the vicinity of the outside corner and are 
approximately equal to or less than those 
caused by the 18, 000-1b. control axle in 
Placement I (see Figs. 21 and 22). 

Stresses with Trailer in Placement III, 
Pumped Fine-Grained Soil 

With the trailer unloaded and positioned 
30 in. from the outside edge of the pave-
ment, the stresses at the outside edge are 
small at the free edge and not excessive in 
the vicinity of the corner. They are also 
less than usually accepted design limits and 
less than the magnitude of stress caused by 
the 18, 000-lb. control axle in Placement 
I (see Figs. 35 and 36). 

With the trailer lOaded, the stresses are 
small at the free edge. In the vicinity of 
the corner they are much higher. for some 
axles than usually accepted design limits 
and higher than those caused by the 18,000-
lb. control axle in Placement I (see Figs. 
35 and 36). 

Deflections with Trailerin Placement 
III. Granular Soil 

With the trailer positioned 30 in. from 
the outside edge of the pavement, the de-
flections at the outside edge and corner are 
small with the trailer both unloaded and 
loaded (see Figs. 23 and 24). 

Deflections with Trailer in Placement 
III, Pumped Fine-Grained Soil 

With the trailer unloaded and positioned• 
30 in. from the outside. edge of the pave-
ment, the deflections at the corner are 
greater than desirable but appreciably less 
than those for the 18, 000-lb. control axle 
in Placement I (see Fig. 37). 

With the trailer loaded, the deflections 
at the corner are greater than desirable 
and somewhat greater than those for the 
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18, 000-lb. control axle in Placement I 
(see Fig. 37). 

Stresses at Transverse Joint Edge, 
Granular Soil 

The transverse joint-edge loading applies 
for all three of the transverse placements 
studied for wheel loads approximately 36 
in. or more from a longitudinal edge. 

With the trailer unloaded and the wheel 
loads acting at the transverse joint edge, 
the stresses are less than usually accepted 
design limits but, for. some axles, some-
what higher than those caused by the 18,000- 
lb. control axle (see Fig. 25). 

With the trailer loaded, the stresses are 
less than usually accepted design li mits but 
much greater than those caused by the 
18,000-lb. control axle (see Fig. 25). 

Stresses at Transverse Joint Edge, 
Pumped Fine-Grained Soil 

With the trailer unloaded and the wheel 
loads acting at the transverse joint edge, 
the stresses are less than usually accepted 
design limits but, for several axles, much 
greater than those caused by the 18,000-lb. 
control axle (see Fig.. 38). 

With the trailer loaded the stresses for 
several axles are higher than usually ac-
cepted design limits and much higher than 
those caused by the 18,000-lb. control 
axle (see Fig. 38). 

Influence of Wheel Arrangement on 
Stresses and Deflections with Vehicle in 
Placement I 

With the trailer positioned near the out-
side edge of the pavement, the stresses for 
Axles 4 and 5, with four single -tired wheels, 
caused slightly less stress for the free-
edge loading and moderately less stress for 
the corner loading than Axles 2 and. 3 
with two dual-tired wheels on each (see 
Figs. 12, 14, 28, and 30). 

The deflections for Axles 4 and 5 were 
slightly less than for Axles 2 and 3 for 
both the free-edge and corner loadings 
(see Figs. 16, 18, and 32). 

Influence of Wheel. Arrangement on 
Stresses with Vehicle in Placement II 

With the trailer positioned symmetri-
cally astride the longitudinal joint, the  

stresses caused by Axles 4 and 5, with 
four single -tired wheels, are much greater 
for the longitudinal joint edge and mod-
erately greater for the longitudinal joint 
corner than those causedby Axles 2 and-3, 
with two dual-tired wheels on each (see 
Figs. 20 and 33). 

Influence of Wheel Arrangement on 
Stresses and Deflections with Vehicle in 
Placement Ill 	. 

With the. trailer positioned 30 in. from 
the outside edge of the pavement, the stres-
ses caused by Axles 4 and 5, with four 
single-tired wheels, are slightly less at 
the free edge and moderately less at the 
outside corner than those caused by Axles 
2 and 3, with two dual-tired wheels on each 
(see Figs. 21, 22, 35, and 36). 

The deflections for Axles 4 and 5 are 
slightly less than those for Axles 2 and 3 
at both the free edge and corner (see Figs. 
23, 24, and 37). 

Influence of Wheel Arrangement on 
Stresses at the Transverse Joint Edge 

With the wheel loads of the trailer apting 
at the transverse joint edge the stresses 
caused by Axles 2 and 3, with two dual-
tireq wheels are much greater than those 
caused by Axles 4 and 5, with four single-
tired wheels (see Figs. 26 and 39). 

Complications of Different Wheel 
Arrangements on Same Vehicle 

The different wheel arrangements on the 
several axles of the tractor-semitrailer 
combination tested offer complications in 
placing such a vehicle in the most-advan-
tageous transverse position on the pave-
ment. It would, therefore, appear to be 
advantageous to use the same wheel and 
tire arrangement on all of the axles, ex-
cepting possibly the front axle. 

DISCUSSION OF RESULTS 

The data presented in this and other 
related studies show clearly that, where 
concrete pavements rest on soils that are 
susceptible to pumping, the most serious 
damage develops in the vicinity, of the out-
side corners when the vehicles are tracking 
near the outside edges of the pavement. 
This damage increases progressively with 
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an increase in soil consolidation or an 
undermining of the pavement by pumping. 

By positioning vehicles some distance 
away from the outside or free edges of the 
pavement, the critical conditions existing 
at the outside corners are relieved and 
damage in their vicinity is minimized. 
This method of relief was investigated for 
the heavy-duty tractor-trailer combination 
under Placements II and UI of this study, 
and the relative merits of each will be 
briefly discussed. 

When vehicles of greater than conven-
tional width are positioned 30 in. away 
from the outside edge of the pavement 
(Placement Ill), the left wheels may track 
very near the longitudinal joint edge. For 
example, the center -to -center spacing of 
the outside tires of the tandem axles of the 
tractor-trailer used in this study was 9. 5 
ft. ; thus, one of the tires would track very 
near the longitudinal joint on 10-, 1.1-, or 
12-ft. pavement lanes. 

Longitudinal joints are usually designed 
to transfer load which might be expected to 
relieve the critical stresses caused by loads 
acting in their vicinitr. However, it was 
found in the Arlington investigation that, 
while the common types of longitudinal 
joints are quite effective in controlling the 
stresses for the longitudinal joint-cornei 
loading, some are ineffective in controlling 
the stresses for the longitudinal joint-edge 
loading. 

Unlike the pavement tested in this study, 
the majority of thickened-edge pavements 
do not have edge thickening at the longitudi-
nal joint. As a result, the stresses that 
develop in that region when the wheels of a 
heavy vehicle track near the joint may be 
very critical. 

Probably the most-advantageous position 
on a pavement for a vehicle of this type is 
symmetrically straddling the longitudinal 
joint (Placement II). However, there are 
circumstances that might make it imprac- 
tical to maintain the inside wheels of four- 
wheeled axles at an appreciable distance 
from the longitudinal joint edge at all times. 
Thus, for the vehicle in the straddling po-
sition, two-wheeled axles will be advan-
tageous. 

The stresses for the interior and trans-
verse joint-edge cases of loading are of 
'Teller, L. W. , and Sutherland, Earl C. "The Structural Design 
of Concrete Pavements" (in 5 parts). Public Roads, Vol. 16, 
Nos. 8, 9 and 10, October, November and December 1935; 
Vol. 17, Nos. 7 and 8, September and October 1936; and Vol. 
23, No. 8, April-May-June 1943. 

interest in this discussion, because their 
magnitude is influenced' by the different 
arrangements of the wheels on the two types 
of axles. Tests were not made with the 
tractor-trailer combination for the interior 
case of loading, but it has been established 
from related tests that the stresses for this 
loading are, to a large degree, a function 
of the wheel load and would, therefore, be 
appreciably smaller in the present arrange - 
ment for the four-wheeled axles with single 
tires than for the two-wheeled axles with 
dual tires. 

As shown by the data presented earlier, 
stresses that developed at the transverse 
joint edge were appreciably smaller for the 
axles with the four single-tired wheels than 
for the axles with the two dual-tired wheels. 
The stress caused by the four -wheeled axles 
did not, in any case, 'exceed generally ac-
cepted designlimits, but that caused by the 
two-wheeled axles appreciably exceeded 
these limits for the slab on the pumped 
fine-grained soil. Therefore, for stress 
control at the transverse joint edge and 
slab interior, four-wheeled axles have 
considerable advantage over two-wheeled1  
axles. However, in this investigation it 
was found that on the fine-grained soil the 
outside-corner loading was more critical 
than the other cases of loading; for this 
loading the four-wheeled axles with single 
tires had only a small advantage over two-
wheeled axles with dual tires. 

In the report of Road Test One-MD 
(HRB Special Report 4) therewere included 
the results of certain studies of the influ-
ence of temperature variations on stress 
conditions in pavement slabs. The first 
study pertained to the influence of temper-
ature warping on the magnitude of the cri-
tical stresses and deflections at the free 
edge and corner caused by loads acting in 
the vicinity of the edges of pavement slabs. 
It is shown (Figs. 141 to 144 of that report) 
that the magnitudes of the critical stresses 
and deflections caused by such loads acting 
near the edges during the daytime, when 
the slab edges are warped downward, are 
considerably less than those caused by the 
same loads acting during the night when the 
slab edges are warped upward. The degree 
to which the stresses and deflections caused 
by loads are affected by this condition 
naturally varies with the amount of warp-
ing in the pavement. When the sun is 
shining, the daytime load stresses are 
considerably smaller than the nighttime 
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load stresses from April to September, 
but the difference in the magnitude of the 
two stresses is less at other times of the 
year. Thus, the stresses caused by the 
critical corner loading may be reduced 
appreciably by proper selection of the time 
at which the passage of the vehicle is to be 
made. 

The second study pertained to the tem-
perature - stress conditions in concrete 
pavements caused by restraint to warping. 
It is shown (Fig 151 of the report) that the 
warping stresses which combine with those 
induced by the transverse joint-edge load-
ing are much smaller than those that com-
bine with some of the other loadings studied. 
This might be reason for tolerating a great-
er working-load stress for the transverse 
joint-edge loading than for some of the 
others. 

The subject of the relative load-support-
ing properties of a natural granular sub-
grade, such as the granular subgrade tested 
in this investigation, compared to a fine- 

grained subgrade with a base course of 
normal thickness was discussed in Special 
Report 4. It was indicated by references 
to related studies that the supporting power 
of a natural granular subgrade is much 
superior to that of a fine-grained subgrade 
with a base course of moderate thickness. 
Thus, for a pavement on a fine-grained 
subgrade, either with or without a base 
course of normal thickness, it is to be ex-
pected that the tractor-trailer combination 
would cause stresses somewhat higher than 
those that developed in the slab supported 
by the nonpumping granular soil of this 
investigation. 

The results of this investigation, per-
taming to the influence of the different axle 
and wheel arrangements of the tractor-
semitrailer combination testel, are not 
applicable to bridges or pavements of the 
nonrigid type. Also, the magnitude and 
relationship of the stresses, for the differ-
ent cases of loading investigated, would be 
different for concrete pavements of other 
thicknesses and types of cross sections. 

HRB:M- 173 



The Highway Research Board is 
organized under the auspices of 
the Division of Engineering and 
Industrial Research of the Na-
tional Research Council to pro-
vide a clearinghouse for highway 
research activities and informa-
tion. The National Research 
Council is the operating agency 
of the National Academy of 
Sciences, a private organization 
of eminent American scientists 
chartered in 1863 (under a spe-
cial act of Congress) to "investi-
gate, examine, experiment, and 
report on any subject of science 

- 	or art." 


