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SYNOPSIS 
At the meeting of the Highway Research Board last year a field shear testing 

apparatus was described and some typical data obtained with it were presented 
{Proceedings, Highway Research Board, Vol. 18, Part I I , pp. 249 and 426). 

This report contains additional data on completed projects which have varying 
degrees of service and analyzes the results. An important quantitative confirma­
tion is that the quality of the subgrade determines the behavior of calcium 
chloride stabilized roads. In order to get significant results it is necessary to test 
the various components which make up the road structure. It was also found Uiat 
the stability strength obtained by this testing device on cohesive soils is related 
to the bearing capacity, the bearing capacity being approximately three times the 
stability strength. Data are also given that show the stabilities of the frictional 
type subgrades are greatly increased by the surcharge effect of the overlying 
layers, while the strength of the cohesive type subgrades are only slightly 
improved. 

Attention is called to the additional information needed before a tentative 
design method can be formulated for stabilized road structures. 

DISCUSSION OP DATA 

Tests Reveal That Quality of Svhgrade 
Determines the Service Behavior of 
Stabilized Roads. 

The general plan for the field testing 
was to make stability tests on adjacent 
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Figure 1. Project 1-2 
Condition: (A) Badly failed, (A-1) Good 

failed and unfailed areas by testing indi­
vidually the various components which 
made up the road structure. That is, on 
a road made up of a stabilized mat on a 
clay subgrade, tests were made on each 
of the components. By making these 
tests on both failed and unfailed areas 
which were adjacent, a quantitative set 
of results was obtained which revealed 
the weakest component or the one caus­

ing the failure. Such a set of test results 
is shown graphically in Figure 1. This 
figure shows the influence of the quality 
of the subgrade on the service behavior 
of a calcium chloride stabilized road. 
Where the subgrade had a shear value of 
approximately 20 lb. per sq. in. at its 
yield point of 0.09 in., the 4^ in. of com­
pacted stabilized gravel mat was in good 
condition. But on an adjacent area that 
had failed badly the subgrade showed a 
shear value of only 5.0 lb. per sq. in. at a 
deformation of 0.09 in. The quality of 
the stabilized mat was good as i t had a 
shear strength of approximately 45 lb. 
per sq. in. The tests on the subgrade 
materials were made at the same depth 
(top 3 in. under stabilized mat) and 
within 12 f t . of each other. 

The laboratory tests on these soil sub-
grades revealed some interesting results. 
Subgrade A, had a lower plastic limit of 
19.5 and plasticity index of 16.3. The 
moisture content at the time the field 
shear tests were made was 21.4 per cent. 
Subgrade A-1, had a lower plastic limit 
of 20.7 and a plasticity index of 14.8. 
The moisture content at time of test was 
18.3 per cent. Thus, for an increase of 
only 3.1 per cent in moisture content, 
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over this critical range, the stability was 
decreased 75 per cent. Subgrade A, had 
a moisture content of 10 per cent above 
its lower plastic limit, and in subgrade 
A-1, the moisture content was about 12 
per cent below its lower plastic limit. 
These results emphasize the importance 
of keeping the moisture content in co­
hesive type subgrades below their lower 
plastic limit and the effect of rather small 
changes in moisture content, in the v i ­
cinity of this value, on the soil stability. 

Figure 2 also shows graphically the 
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Figure 2. Project I - l . Subgrades 
Condition: (B) badly failed, ( E ) badly failed, 

(A) slightly deformed, (D) good 
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relationship between shear strength of 
the subgrade and the service behavior of 
a well graded and low plasticity crushed 
stone calcium chloride stabilized base, 
6 in. thick, covered with a 2^-in. open 
type bituminous wearing course. These 
tests were made in August 1939, about 
one year after the wearing course was 
placed. Table 1 contains the physical 
tests on these subgrades and on the 
stabilized crushed stone base. 

The tests shown in Curve B-2 were 
made on the soil in the shoulder adjacent 
to the location of tests given in Curve B 
and at a similar depth. The, increased 

shear strength shown in Curve B-2 is due 
to the lower moisture content in the sub­
soil of the shoulder. From the results 
given in Table 1, the moisture content in 
sample B-2 was only 62 per cent of its 
lower plastic limit while the moisture 
content of sample B was 103 per cent of 
its lower plastic limit. The shear 
strength of the B-2 subgrade was ap­
proximately seven times greater than 
that of subgrade B. These tests were 
made within 6 f t . of each other and the 
physical tests and classification show 
that the materials are similar. Table 1 
also shows a difference in dry weight per 
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cubic foot of 14 lb. in favor of subgrade 
B-2. 

The subgrade shown in Curve E had a 
moisture content equivalent to 98 per 
cent of its lower plastic limit and the 
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Figure 3. Relation of shearing to bearing 
strength Project MJ-1 
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Figure 4. Project M-2 

road structure was badly failed. Curve A 
represents a subgrade with a moisture 
content 91 per cent of its lower plastic 
limit and there was slight deformation 
noted in the road surface. The subgrade 
shown in Curve D had a moisture content 
equivalent to only 76 per cent of its 
lower plastic limit and the road surface 
was excellent. The shear strength of this 
subgrade would probably have been 
higher if it had been tested in a confined 
condition as the results given in Table 1 

show i t to possess a low plasticity index 
and a large quantity of fine internal fric­
tion type of material. 

The failures in this road were due to a 
combination of unusual environmental 
conditions that permitted water to be­
come entrapped in the high cohesive type 
subgrade, with the detrimental results 
shown quantitatively in Figure 2. 

These two figures show that when the 
shear strength of a cohesive type sub-
grade is reduced to a certain value the 
service behavior of the road will suffer, 
regardless of how well the other com­
ponents in the road structure are de­
signed. 

Relationship of Shearing to Bearing 
Strength of Cohesive Subgrades. 

Figure 3 shows graphically the rela­
tionship of the shearing strength obtained 
by this machine to the bearing strength 
of cohesive type soils. The same size and 
shape plate was used in making these 
tests. The plate was parabolic in shape 
and had an area of approximately 14 
sq. in. 

The results of this test and others show 
that the unit bearing capacity of cohesive 
soils is approximately three times that of 
the unit shear strength obtained by this 
machine, when the tests are made with 
plates having the same shape and area. 
The relationship is based on the strength 
in shear at its yield point. The effect of 
different size and shape plates has not 
been studied. 

Interrelationship of Stresses and Defor­
mations in a Three Component Road 
Structure, When Each Component 
Is Tested Individually. 

Figure 4 shows graphically the stress 
and strain results of the individual ele­
ments in a three component road struc­
ture. 

The SC-4 oil aggregate wearing surface 
was 2f in. thick and was 5 months old at 
the time of test. The temperature of the 
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oil mat at the time of test was 62° F. at 
a depth ^ in. below the surface. 

The rounded gravel stabilized base was 
5 i in. thick and had a weight per cubic 
foot of 150.4 lb. The moisture content at 
time of test was 3 per cent. 

The sub-base was a sand l i f t 9 in. thick 
over a heavy clay subgrade. The sand 
l i f t material had a gradation quite simi­
lar to that of a fine concrete sand and the 
moisture content at time of test was 5 
per cent. 

The most interesting stress and strain 
relationship in this figure is. that shown 
between the oil aggregate wearing sur­
face and the stabilized gravel base. The 
yield point of the oil aggregate surface is 
approximately 0.06 in. and the shear 
strength at this point is 45 lb. per sq. in., 
which indicates a very good quality. The 
yield point of the stabilized gravel base 
is 0.1 in. and i t possesses a shear strength 
of 80 lb. per sq. in. at this point. But this 
value of 80 lb. per sq. in. cannot be util­
ized for design purposes, as i t is attained 
at a deformation of 0.1 in. which is 
greater than the yield point (0.06 in.) of 
the oil aggregate mat. That means for 
basic design purposes the shear strength 
of the stabilized gravel base at or slightly 
below the yield point of the oil aggregate 
surface, should be used. In the present 
case the strength of the base at this point 
(0.06 in.) is approximately 45 lb. per sq. 
in., which can be classed as good. A 
similar analysis of the relationship be­
tween the stabilized base and the con­
fined sub-base can be made. 

The characteristics revealed by these 
two curves indicate that i t is possible to 
have a surface failure and not a base 
failure due to loading. A wheel load of 
such intensity as to cause an 0.08-in. 
movement in the base would not cause it 
to fail as this movement is less than its 
yield point, but this deformation is 
greater than the yield point of the oil 
aggregate surface, and small cracks 
would be expected to appear. In general. 

this figure shows that by knowing the 
characteristics of the individual compo­
nents, their interrelationship can be de­
termined and the service behavior of the 
entire road structure can be predicted. 

Strength of Overlying Components 
Greatly Increase the Stability of 
Frictional Type Subgrades. 

In Figure 4 is shown graphically the 
stress and strain results of the sand sub-
base tested in an unconfined and a con­
fined condition. The unconfined tests 
were made on the sand sub-base after 
removing the oil aggregate surface and 
stabilized gravel base. The confined tests 
were made by testing the sand sub-base 
with the overlying components in place 
and acting as a surcharge. 

The results show that the unconfined 
sand sub-base had a shear strength of 
25 lb. per sq. in. at a deformation of 0.04 
in. For a similar deformation the con­
fined tests revealed a shear strength of 
110 lb. per sq. in. In other words the 
confining action of the overlying stabil­
ized gravel base and the oil aggregate 
surface increased the shearing strength of 
the sand sub-base approximately five 
fold. The effect of this surcharge appears 
to be a function of the inherent strength 
of the overlying layers rather than of 
their weight. 

A sand l i f t should be so constructed 
that i t extends across the full width of 
the road grade and should never be 
placed in an undraincd trench. 

In general this figure shows that the 
use of sand lifts over heavy soils is prob­
ably the most effective means of obtain­
ing high supportability and at the same 
time cutting off the detrimental capillary 
action of cohesive type subgrades. 

Strength of Overlying Components Only 
Slightly Increase the Stability of 
Cohesive Type Subgrades. 

Figure 5 shows graphically the stress 
and strain results of an unconfined and 
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a confined clay loam subgrade along with 
that of the overlying calcium chloride 
crushed stone stabilized wearing course. 
The results show that the shear strength 
of the confined cohesive subgrade is only 
about 10 lb. per sq. in. stronger than the 
unconfined subgrade. In other words, the 
confining action of the 50 lb. per sq. in. 
stabilized crushed stone wearing course 
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Figure 5. Project W-1 

only slightly afifects the shear strength of 
the cohesive type subgrade. 

I t is possible that as the cohesive type 
subgrades decrease in shear strength, 
such as under certain conditions in the 
spring, that the overlying layers will 
have no beneficial effect. Such a condi­
tion would be one in which the yield 
point of the subgrade would be greater 
than that of the overlying layers and the 
applied load would have a tendency to 
compact rather than displace, the sub-
grade vertically. 

A Set of Tests Revealing an Ideal Stress 
and Strain Relationship Between the 
Base and Wearing Course. 

Figure 6 shows graphically an ideal 
relationship between the stress and strain 
characteristics of a calcium chloride sta­
bilized gravel base and an oil aggregate 
surface. This figure shows that the stress 
and strain relationship of these two com­
ponents are almost identical up to the 
abnormally high shear strength of 115 lb. 
per sq. in. 

The oil aggregate surface contains an 
SC-8 oil and was 5 months old at time of 
test. The total thickness was 2^ in. and 
the temperature of the mat was 60° F. at 
time of test. The calcium chloride stabil­
ized gravel was 5^ in. thick and con­
tained 38 per cent of crushed material. 
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Figure 6. Project M-3 

The moisture content at time of test was 
4 per cent. 

The shear strength of 120 lb. per sq. in. 
for the oil aggregate surface is the high­
est strength ever obtained for this type 
of mat, and the 145 lb. per sq. in. is the 
highest value obtained to date on a cal­
cium chloride stabilized road surface or 

In general this figure shows what can 
be attained in the way of both high 
quality and similarity in structural prop­
erties between the components in a road 
structure of this type. The lower curve 
in this figure contains the results ob­
tained on a short experimental section in 
which a light bituminous material was 
mixed in with the regular stabilized ma­
terial. The oil aggregate surface placed 
over this base failed badly. The results 
given in Figure 6 show the lack of suffi­
cient stability. This stability was prob­
ably less in the summer due to the higher 
temperature (absorbed heat), as i t was 
at this period that the surface failures 
occurred. 
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CONCLUSIONS 

The results obtained by this machine 
show: 

1. That to fully evaluate the signifi­
cance of the stability factor of 
each component, i t is necessary 
to obtain the stress and deforma­
tion data along with the moisture 
content and density of the struc­
ture at the time of test. These 
tests should be supplemented by 
the gradation and regular soil 
constant tests, as there is some 
indication that a soil factor may 
be derived from a combination 
of these tests which is related to 
the stability factor. 

2. That the relationship between the 
stability of confined and uncon-
fined subgrades of the frictiohal 
and cohesive types is widely dif­
ferent, the confining action af­
fecting the strength of the co­
hesive types tested only slightly, 
but greatly increasing the 
strength of the frictional type. 

3. That the stability strength obtained 
by this machine on cohesive soils 
is related to the bearing capacity. 
The bearing capacity being ap­
proximately three times the sta­
bility strength. 

4. That based on the service behavior 
of stabilized mats of normal 
thickness, the cohesive type sub-
grades may be classed as follows: 

Shear strength 
(lb. per sq in ) Service behavior 

Over 30 Excellent 
Over 20 Good 
Between 20 and 16 Good to fair 
Between 15 and 10 Fair to poor 
Below 10 Very poor 

For the frictional type subgrades 
the confined tests gave the better 
indication of their true worth and 
the surcharge effect of the over­

lying layers appears to be a func­
tion of their inherent strength 
instead of their weight. 

5. That a thorough study of the stress 
and deformation relationships of 
the different components that 
make up a non-rigid type road 
structure offers a very promising 
field for^the development of a 
design method, as from the char­
acteristics of the individual com­
ponents and their interrelation­
ships, we may be able to predict 
the performance of the road 
structure as a whole. The results 
indicate that only the stress de­
veloped in the stabilized base 
and subgrade at or slightly below 
the yield point of the wearing 
surface should be used for de­
signing purposes. 

The machine provides a means of 
eliminating incorrect deductions for 
failures. 

I t also is a means of obtaining quanti­
tative data which when interpreted will 
lead to the elimination of tiie present 
unsatisfactory qualitative term—sta­
bilization. 

Field testing offers the quickest and 
most practical means of getting informa­
tion from which some type of a design 
method may be formulated, as here you 
have the actual evidence of the behavior 
of the road structure under the forces of 
traffic and weather. 

ADDITIONAL INFORMATION NEEDED 

Before a tentative design method can 
be formulated for stabilized road struc­
tures, i t will be necessary to: 

A. Acquire more data similar to that 
included in this report, which 
correlates the structural qualities 
of each component to the service 
behavior of the road during 
varying climatic conditions. 
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B. Correlate the shear test results of 
the base and wearing course to 
their ability to distribute the 
imposed wheel loads over larger 
areas of the subgrade. This also 
includes the factor of thickness 
of these layers. The present work 
on load distribution being carried 
on by Iowa State College and the 
National Crushed Stone Associ­
ation will undoubtedly produce 
valuable information. 

C. Determine quantitatively the val­
ues of layers of different thick­
nesses of frictional material, such 
as sand lifts, on heavy soils for 
increasing supportability of sta­
bilized mats and for breaking the 
detrimental capillary action of 
the cohesive soils. The Calcium 
Chloride Association through a 
Research Fellowship at Michigan 
State College expects to study 
this problem during the present 
year by a series of circular track 
tests. 

Information is also needed on the cor­
relation of the results obtained by this 
machine with those determined by the 
laboratory tri-axial loading method. In 
such a case the quantitative effect of such 
variables as, moisture content, density, 
"seasoning," and other structural vari­
ables could be controlled and determined. 
I t is possible that the field testing appa­
ratus may be utilized as a laboratory 
machine for testing stabilized soil slabs, 
in which the above mentioned variables 
could also be controlled. 

Based on experience obtained during 
the inspection of several hundred miles of 
flexible type roads in "spring breakup" 
periods, there appears to be a need for 
more information on why the light (less 
than ^ in.) bituminous surface treat­

ments are more susceptible to surface 
failure than are the heavier (over 1^ in.) 
types on similar stabilized bases. 

On the roads which are covered with 
the lighter bituminous mats, the upper 
inch or so of the stabilized base directly 
under the bituminous mat softens and 
this causes the thin surface mat to de­
form, crack and sometimes peel off. This 
is not the case with the heavier bitu­
minous mats. 

The following factors in the problem 
apparently need to be studied: 

A. Are the thin bituminous mats per­
vious and do they permit water 
to enter either during the fall 
rains or during the spring thaws? 
Or is this an accumulation of 
surface and capillary moisture? 
Are the thicker mats impervious 
to moisture? 

B. Are the thin bituminous mats in­
sufficient insulating layers and do 
they so regulate the rate of freez­
ing as to cause a concentration of 
fine ice crystals in the upper 
layer of the stabilized base? 
What are the insulating proper­
ties of the thicker bituminous 
mats? 

C. Do the thin bituminous mats ab­
sorb the heat of the sun to such 
an extent as to cause rapid thaw­
ing of the upper layer of the 
stabilized base and does this plus 
the vibratory action of traffic 
cause the semi-plastic condition? 
What is this effect on the thicker 
mats? 

D. Does the structural strength plus 
the increased thickness of the . 
thicker mats distribute the loads 
over a larger area of the base 
and thus produce more favorable 
results? 




