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Figure XLII Asphalt-Treated Specimens After Testing




CHAPTER IV
DISCUSSION OF TEST RESULTS
I WATER ABSORPTION TESTS

/

The curves for the water absorption tests (Figures
XIT to XVI} show that the addition of any of the additives
tested slowed the absorption rate, The total amount of
water absorbed was also decreased except in the case of the
calcium chloride treasted material. The most marked
alteration in absorption was evidenced by the asphalt
treated material, where the addition of only two percent
of asphalt decreased the total amount of water absorbed to
less than one-seventh that of the untreated material,

Flow of water into the.specimens was due to a com-
bination of gravity flow caused by the head of water in
the soaking tank, and capillarity. In most cases, moisture
content tests taken at the top, centre and bottom of extra
trial samples after soaking showed an even variation in
water content from saturated, 2t the bottom, to moist at
the tope In calcium chloride treated specimens, however,
the water rose evenly with a definite plane,
above which the material contained atmospheric moisture
only, and below which a condition of saturation existedo,

Tt was concluded, therefor, that the addition of calcium
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chloride to the test material arrested capillary action
almost completely. This property might be useful for
treatment of frost-susceptible soils in which ice lenses
are formed and grow as water is supplied bo them through
capillary action in the soil,

The moisture contents achieved by the method of
soaking used here are comparable to moisture contents found
in base courses about the province in the spring. 4 survey
done by the Manitoba Highways Branch in 1952 and 195390n
highways around Brandon showed moisture contents varying
from four to eight vpercent, the majority of tests indicating
moisture between 6.5 and T.5 percent. The greater moisture
contents occurred with high content of fines in the base
course material. These figures show agreement with the
moisture contents achieved in the absorption tests by the
standard base gravel and the untreated silty gravel,

It is felt, therefor, that the method devised for
soaking the specimens is acceptable. An advantage over the
method used by the Texas Highway Department, in which
specimens are saturated under vacuum, 1s that the specimens
can be weighed at intervals during soaking, and the actual
rate of absorption thus studied. Trial specimens showed
that no measurable effect on absorption was caused by

interrupting soaking for periodic weighings. These

9Uhpublisheé data, Manitoba Highways Branch
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vy trial specimens also demoncztrated good reproduc—

ntal it
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The summary of results (Tables II to VII) and iohr
Dupture Envelopes derived from the triaxial compression
tests indidate that the addition of asphalt, Portland cement
or lime to the silty gravel greatly improved the strength
characteristics of +the material. The addition of calecium
chloride had the reverse effect, decreasing ultimate stress,
cohesion and internal friction., Greatest ultimate stress
values were obtained with Fortland cement, with a peak value
0f 719.8 pos.i., for five percent additive and eight p.s.i.
confining pressure.

Pel

The effect of moisture content on the angle o

iy

internsl

(\

friction is well demonstrated by the triaxial tests performed
on the standard base gravel and mntreated silty material with
varying moisture contents (Pigures XVII to XV). As the moisture
content was increased, thé ulitimate stress and angle of internal

friction decreased,
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The cohesion for both materials increased with the
addition of some moisture and then decreased as surplus
moisture was added, This is explained as an effect of
the cementing action of the fines in the material, which
would not be evident when the fines were too dry or too
wet to provide shearing resistance as a plastic material,

The Mohr's Rupture Envelopes for two percent
asphalt, two percent lime and two percent Portland cement
treated material were superimposed on those for the
standard base gravel and untreated silty gravel and are
presented in Figure XLIV. The values of cohesion and
angle of internal friction for the standard base and silty
gravel materials were obtained by interpolating in tables
1T and III +to determine the values at the moisture
contents reached in the absorption tests. The lines
representing the lower limits of "good base" and "fair
base" material on the Texas Classification Sys*tem9 chart
have also been added as a reference. It is seen that
the addition of only two percent of the additives
represented here vastly improved the strength character-
istics of the silty gravel, with the greatest effect
evidenced by the Portland cement treated material. It

9Jo Rogers Martin and Hugh 4. Wallace, "Design of

the Flexible Pavement," Design and Construction of Asphalt
Pavements (New York, N.¥.: olraw Hill Book Co, Inc., 1958)
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is also seen that the standard base gravel, prepared to

local specifications, falls below the limit of "fair base"

material on the Texas classification chart at the moisture

content reached in soaking as devised for this project.
This could be taken as an indication of the reason for
road failure so prevalent in this province every spring,
when moisture contents reach the range used in these
testse

The envelopes for material treated with calcium
chloride have not been considered because the caicium
chloride detracted from the properties of the silty
gravel. When five percent additive was used, the
specimens were so plastic that triaxial testing was not
possible, the specimens resembling jelly in consistency.

The addition of Portland cement increased the
strength of the silty gravel to such an extent that the

in
small changes lateral pressure used were almos®d

insignificant in comparison to the great ultimate stresses

developed, This resulted in Mohr's diagrams for the tests

which were almost superimposed one upon the other,
especially with high contents of Portland cementv, giving
rise to some difficulty in accurately determining the
rupture envelope graphically. However, the test results

on specimens with high Portland cement content are not



71
pertinent to the purpose of this project other than showing
excessive strength and thereby excessive additive content.

Study of the test results for lime and FPortland
cement treated materials reveals an increase in cohesion
and decrease in angle of internal friction when the
additive content exceeded two percent Portland cement or
four percent lime, This could be explained as a cement-
stion effect, which would increase the shearing resistance
and thereby the value obtained for cohesion from Mohr's
Rupture diagrams.

The tests on untreated material clearly show the
loss of stability which occurs with increase in moisture
in a mechanically stabilized "clay-bound" base. This is
responsible for the annual distress of many roads in the
spring when conditions of high moisture are prevalent in
this province. The action of some additives in decreasing
this effect and thus ensuring ample strength at all times
of +the year would seem to be justification for their use

even with good base course aggregateso
III ECONOMIC COMPARISON OF ADDITIVES

On the basis of the test results shown in Figure
XLV, the silty gravel could be suitably stebilized with

the addition of dwo percent Portland cement, three percent
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lime or three percent asphalt., The envelopes for these
three treatments all satisfy the Texas classification
requirement for "good base". An economic comparison of
these three alternatives is presented in Table VIII, in
which the cost of each alternate method is summarized,

The basis of cost analysis is use of a road-mix method,
where Portland cement or lime would be added by means of
a stabilizing machine capable of effectively blending dry
materials and asphalt added as a sprayed emulsion in a
travel-plant mixer, ‘The cost of a standard gravel base
course material in place has been considered for
comparison. The figures of $0.50 per cubic yard for silty
gravel and $1.25 per cubic yard for standard base gravel
are representative of pit prices in the Winnipeg area.

A haul distance of ten miles has been arbitrarily chosen
and a trucking rate of $0.07 per cubic yard per mile used
as this is standard in the area. The cost of mixing
additives is constant as the machinery and production

rates are similar, so the difference in cost of base course

in place is due mainly to the different costs and quantities

of additives, although the cost of compacting asphalt
treated material is slightly higher. Prices of additives
are as quoted by local distributors. A base course nine

inches thick is considereds
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TaBLE VIIT

ECONOMIC COMPARISON OF ADDITIVES IN BASE CONSTRUCTION

Description Cost of gravel Cost of Cost of Cost of Cost of Total Cost

of material material per additive per haul per compaction mixing per per square
square yard square yard square yard per square square yard yvard

yard

Standard base 41 —— s 24 .06 —— 0,71

3% asphal't 0].6 015 o 24 008 o 24 0087

3% lime 16 2 27 024 .06 o 24 0,97

2% Portland 016 » 20 024 .06 .24 0,90

cemend
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The +total cost figures show that for the type of
silty material considered, treatment with asphalt is
the most economical method., The cost per square yard
is only twenty-two percent higher than the cost of
standard base course construction, or approximately ten
percent higher on the whole pavement structure, subgrade,
base course and pavement. In a case where good base
gravel was seven miles further away than silty gravel,
treating the silty gravel with three percent asphalt
would be more economical than hauling in standard base
materials In addition, superior strength under conditions
of high moisture would be obtained.

The cost of stabilizing with two percent Fortland
cement is only slightly higher at ninety cents per square
vard and would seem to preclude the use of three percent
lime at a cost of ninety seven cenbs per square yard and

lower strengthe.



CHAFTER
SUMMARY AND CONCLUSIONS
I PROFERTIES AND ACTION OF ADDITIVES

The tests performed showed that the addition of
lime, asphalt or Portland cement altered the strength
of the silty test gravel favorably., These additives also
decreased the rate of water absorption by altering the
permeability of the treated material. The most noticeable
decrease in permeability occurred when asphalt was added.
The greatest strength was obtained by adding Portland
cement, which additive required the least percentage
content to improve the silty gravel to the point of
acceptability.

Addition of calcium chloride to the test material
resulted in no benefit to base course construction
although it was noted to almost eliminate capillarity
in the specimens formed.

It is, therefor, concluded that using the type of
material studied, a good base course could be constructed
if asphalt, lime or Portland cement were mixed into the
gravel, and that this could be done economically. Further,

it is concluded that such a stabilized base would perform
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better than a standard gravel base course under
conditions of high moisture such as prevail ir the spring

of the year,
TI EVALUATION OF TEST METEODS AND ERROR

The triaxial compression test as a means of
comparing additives and designing mix proportions is
considered a good method, It has been shown to reveal
certain properties which would not be evident in an uncon-
fined compression test method, specifically, the cementing
action of lime and Portland cement and also of fines in
a mechanically stabilized material, These show up as
changes in the cohesion and angle of internal friction.

In view of the success of the Texas Highway Department
in corelating triaxial test results to field performance
over a number of years, it would seem that the triaxial
test method has much to offer in the field of highway
base course construction.

Some difficulty was encountered in obtaining
consistent results and a number of test series had to be
repeated. It is felt that a larger specimen size would
decrease the effect of individual stone particles and this
is therefor recommended.

The method of soaking specimens which was devised
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for this project enabled study of absorption rates during
soaking and it is felt that the distribution of moisture
in the specimen closely approximates moisture conditions
in the field.

The +test method is subject to standard sources of
error in weighing, reading triaxial compression dials
for strain and siress and in plotting results for graphi-
cal solutions. However, any error in these processes
would be evident in failure to obtain linear rupture
envelopes unless they were consistent errorse.

The greatest source of error would erise from any
albteration in compaction effort required to achieve the
density corresponding to maximum Froctor density for the
untreated material. Some difficulty was noted in compact-
ing asphalt treated specimens in that more blows with the
ram hammer were required to compress the specimens to the
required volume, In the case of the other additives,
however, compaction effort required was almost identical
to that required for untreated soil. This error could
be eliminated by performing Proctor compaction tests on
each type of additive-treated material, at each test
content percentage, and determining the amount of material

for each specimen in this way.
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iil RY OF WORE DONE AND

SUGGESTICNS FOR FURTHER VCRK

In this project, the effects of asphalt, Fortland
cement, lime and calcium chloride on strength and
absorption properties of & silty gravel have been com-
nared by means of the triaxial compression test. The
method of test has been modified as required, especially
in preparation of specimens, and a workable process
evolved,

It has been shown that in the case of the material
tested a good base course can be prepared by adding asphalt,
lime or Portland cement to the otherwise unaécep%able
gravel and that this can be done economically.

Further work on the project would logically consist
of field trials of the treated maiterial and perhaps soaking
and drying cycle tests on treated specimens.

Valuable information could be gained by repeating
the test procedure on gravel materials unbalanced in
gradation in manners different than the material testeds
Bxamination of rejected gravel samples from projects
about the province would probably reveal different

nroblem types of material.
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