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the curve shows that a maximum degree of absorption has been
reached, that field conditions may be so different as to all
at once make the mixture sop up more water. Furthermore, we
can hardly conceive of a situatlon in the fleld where the
base slab will be lmmersed in free water. If drainage in
any particular area under a base course 1s In such condition
that there 1s a mass of free water, an ordinary gravel base
would sink out of slght, our waterproofed mechanlcal stabil-
1lized base of, we willl say, 500 lbs. compressive strength,
would start breaklng, since even a concrete pavement goes
out of shape and cracks under such conditions. Actually,
our test i1s far more severe than necessary., What we should
determine is the amount of water absorption of such base
placed on soll that has been compacted to varying density,
the compacted soll, 1tself, being 1n contact with water on
the bottom, :

Charles M. Baskin
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mediums, clay and asphalt, in one and the same mixture? Hence,
it 1sn't a case where we are out to bulld road bases by taking
- aggregates and cementing the mass with asphalt. We have

bullt such asphalt-aggregate bases for years wlth excellent
results and will, no doubt, contimue with this form of con-
struction. Our waterproof mechanical stabilization develop-
ment, however, 1s entirely a matter of waterproofing and not
of cementing. It so happens that the coOperative investiga-
tion has brought out a number of additional and important
features, For instance, 1f 2 percent R.C. 1 is used instead
of 2 percent S.C. 1, primarlly to waterproof the mechanically
stabllized mass, we not only obtain better waterproofing but
without detracting from the cementing value of the clay, the
strength of the whole mass is materially increased. If R.C.1
content is ralsed to around 3 percent, structural strength
starts to drop. Add to this the economlc aspect and you have
tangible facts which can scarcely be argued down.

Mr, Goldbeck states that he does not like the idea of a
coarse aggregate not belng as good as a filne aggregate. Well,
I dare say that a number of things have come out in our codp-
erative investigation which, at the moment, I may not like,
myself. As far as Mr. Goldbeck's critlicism 1s concerned,
however, I wonder if I made myself clear., Our purpose 1s to
produce mixtures, which in cured state, hold together and are
stable, irrespective of confining forces. A well-graded ag-
gregate and especially one in which the particles are of ir-
regular shape, wlll compact to form a non-ylelding or un-
distortable mass without the use of any cement, clay, or other-
wise. But the stabllity of such layers 1s largely due to con-
fining .influences and must rest on something that has apprecil-
able resistance to distortlion under a load., We are dealing
definitely with a rigld materlal that retains 1ts shape under
surface stresses, lrrespective of confining influences. Con-
sequently, the standard compressive strength test 1s applic-
able to 1t. If our rigld mixtures show appreciable struc-
tural strength when applying a load on a small section of 1t,
a 6-inch diameter cylinder, it merely means that on the road,
as a continuous slab, the confining influences of the rest of
the material will simply give it additional strength, but it
does not detract from its unit area strength as tested by the
standard compression test.

Mr., Newman's question in regard to P.I., whether the
filgures were on the final mix or on the clay itself, I be-
lieve the figures indicated are on the clay and not the final
mix, In respect to absorption, we found, as you might have
noted on some of the tables, that after 10 days the curve
flattens out, which is a pretty definlte indication that water
absorption, whether in the laboratory or the field, wlll reach
a statlc state. I do not see any reason to expect that though
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already in thls mixture. It would be the resulting P.I. of
the mixture that we are interested in. Another question—
one of his charts showed in one case that he obtained a low-
er percentage of absorption where he had a P.I. of 17 than
where he had a P,I. of 7, which is contrary to all the re-
sults of work we have done on thils subject., It may be that
the sand 1n the two mixes was different 1n quantity or that
the absorption time was not long enough to let the specimen
with more clay take up all the water it would. Naturally it
will take 1t up more slowly. Also I would like to know what
the sizes of these specimens were, because I feel that this
factor has conslderable bearing on the compressive strengths
that were obtained, in that the additlon of asphalt slows
down the absorption rate, and to obtain the full amount of
absorption on a fairly large specimen would take a great deal
of time, possibly more even than the hundred and twenty days
that were mentioned.

MR. BASKIN: Starting with the remarks made by Mr.
Klinger, I will admit that 1t was very negligent not to have
a copy, but then from my past experlence in attending con~
ferences, I am not the only offender, so I will hide behind
that. Secondly, his story about a case 1In the south sounded
to me as if they were digging trenches rather than stabiliz-
ing. I want to remark that our work so far has been paral-
leled with construction 1n the field, not of the type that
Mr. Klinger described, but rather covering a number of air-
ports that have been in service from coast to coast. The
amount of actual work done and based on the process I de-
scribed would aggregate a surface area of approximately
three million square yards. We have been observing the be-
havior of that type of construction in the field, studying it,
and we are continuing to do so. I said by way of iIntroduction
that this 1s a paper on how to reduce the amount of asphalt,
how to use less asphalt, not more asphalt. Now, being a pro-
ducer, 1t appears as if I were speaking out of turn. I
should be concentrating on methods of how to use more asphalt,
not how to use less. Perhaps I should apologlze for such a
line of work., It i1s to be observed, however, that the basis
for our work was mechanical stabilization which is essential-
ly the technique of cementing together a graded aggregate
with clay binder. Our activity concentrated on elliminating
the outstandlng weakness in mechanlcal stabilization, namely,
that unless molsture is entirely blocked off from such struc-
tures, top, surface, or even sides, the clay bond is entirely
destroyed and we merely have a mass of aggregate that may re-
tain its shape only if in a confined state. Thus, asphalt is
brought into the picture purely as a waterproofing material,
not as a cement. What sense 13 there of using two cementing
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procedure followed with these gramular type mixtures and the
tast methods used with the soill mixtures such as the asands;

siltas, and clays we have encountered in our study of soil-
asphalt mixtures.

MR. A. T. GOLDRECK: You will notice that the criterion
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for stability used by Mr. Baskin has been the compressive
strength test, and I am wondering whether that 1s the proper
criterion to use for this particular purpose? You know that
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matter of Poisson's ratlo coming into play. That means that
when 8 load is applied on the axls of the cylinder, naturally
the tendency is to increase the dlameter of that cylinder,
and if there is no resistance to increasing the dlameter,
naturally you get & very low load. Mr. Baskin, in one of his
tables, pointed out that with large-~sized aggregate you get &
very much lower compressive strength than with small-~sized
aggregate. I do not like that, but think perhaps it can be
explained. You know that when you put a layer of coarse mate-
rilal on a subgrade and subject 1t to load, especlally 1f 1t
1s of angular character, there 1s a considerable amount of
stability. Yet if you put that seme aggregate in test cylin-
der and take the mold off, it wlll simply fall to pleces and
wlll not have any compressive strength at all. So I think
there 13 somethlng there that needs further investlgation.

I just want to polnt that out.

MR. FRANK NEWMAN (Texas State Hlghway Department): We
are particularly Interested in the gentleman's paper because
the objJect of using clay as the blnding medium, with asphalt
for waterproofing, is something we have been trying to ac-
complish in our work, although we have been dealing princl-
pally with soll fines. It would appear from one of the pre-
vious dlscusslions that the materlal might meke a satlsfactory
base material without the eddition of any asphelt at all,
since 1t contains only 22 to 28 percent soil binder, I be-
lieve, and we consider that a satisfactory base material. I
notice one of his P,I.'s was 7, What I would 1like to do 1s
to ask him a question or two, to help c¢larify some things,
i1f he can remember these two or three I am golng to ask.

One 1s the P.I. that you showed there of 7 amd 17; 1is that
the P.I. of the final "minus forty mesh" portion of the mix-
ture, or is it the P,I. of the clay?

MR. BASKIN: The clay
MR. NEWMAN: Mr. Baskln states that that 1s the P.I. of

the clay which was added, and I should think it would make
considerable difference how much sand passing the forty was
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amounts of bltumen 1s qulte at odds wlth what we have ob-
served and what has been reported before. Successful use of
approximately 4 percent bituminous material has been reported
but Mr. Baskln submits laboratory data showlng 2 percent
cutback asphalt to be sufficlent as measured by the tests
applled.,

This reminds me of one of the favorite stunts employed
by the personnel of one of the southern states. When in-
spection trips of their field work on soil stabilization are
made, one of the trips 1s to a surface treated soill road
which has glven satisfactory service for many years. On this
road, for a length of about two miles, they have stabilized
the materials in the roadway by scarifying and applying
varying percentages of bltumen. Construction was according
to customary road-mix methods and, if we remember correctly,
bitumen percentages varied from 1 tc 7 percent. After the
inspection is completed and during a dilscusslon of this
project, the statement is made that they were able to suc-
cessfully stabllize thls particular soll with biltumen con-
tents ranglng anywhere from 1 to 7 percent. However, on
elther side of the stabllizatlon project, the undisturbed
roadway which contains zero percent bltumen, 1s still giving
satlsfactory service, Obviously, the correct answer 1s that
regardiess of the amount of bltumen used 1n the experimental
sectlons, thls particular soll was naturally stable and did
not require bltumlnous stabillizatilon.

Several questlons come to mind in connection with Mr.
Baskin's presentatlon. The mixtures are described as clay-
gravel to which small amounts of cutback asphalts have been
added. We wonder 1f bltumen was actually required in these
mixtures? We also wonder 1f 1t would have been possible to
produce better mixtures 1f clay were not used thereby devel-
oplng a dense-graded asphaltic concrete mlxture? We do not
remember any description of the method used for curing. The
type of laboratory curing employed for mixtures containing
clay has been found to have an Important bearing on subse-
quent test results. We wonder 1f the percent moisture ab-
sorption was reported on the basis of total welght of the
8lx by six cylinders?

MR. BASKIN: That 1s correct.

MR. KLINGER: And there has been no fleld work in this
Investlgatlon?

MR. BASKIN: There has been.

MR. KLINGER: I am sorry. There has been. We may wish
to submit later a written discussion comparing the design
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9. The substitution of all crushed for all round particles
for the portion of a stabilized mlxture coarser than a
No. 4 sleve, 1ncreased the compresslve strength by*from
20 to 25 percent.

-
(=]

8.C. 11quild asphalts added for waterproofing, usually

gave a slight lowering of compressive strength, M.C.

1iquld asphaltsa either had no effect or gave a slight

increase, whilé R.C. liquid asphalts invariably gave an

Increase 1n compressive gtrength.

11, The various liquid asphalts were approximately equally
efficient as waterproofing materials, when used in
emounts of 1 to 2 percent,.

12, The use of admixtures having a strong affinity for water,

which cause stabllized mixtures to either absorb or main-
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taln a h.a.au. molsture content, should be avolded, because

of thelr very detrimental effect on the bearing capacity
of stabillzed base courses contalning them.
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ing the clay and bitumen In the form of a clay-water-
bitumen slurry gives a waterproofed stabilized mixture
with qualitles superlior to those made wlth pulverized
clay and bitumen added separately.

Ul

14, In concluslon, 1t skould be emphaslzed that 1f water-
proofed stablllzed base courses are placed on poorly con—
structed subgrades, they will fall just as every other
type of base course has failed under this condition.

When placed upon properly constructed subgrades, however,
waterproofed stabllization for base courses appears
capable of providing highways and alrport runways with
more satlsfactory service performance for a glven or even
smaller expendlifure 1n most localltles where the required
materials are avallable, than has been obtalned with
other types of base courses 1n the past.

Discussion

MR, E. W. KLINGER: This paper calls for considerable
study and since Mr, Baskin did not prepare coples for distri-
bution before this meeting we may wish to submit a written
discussion after we have had an opportunity to study the datn
presented.

We bellieve that verification in the fleld wlll be re-
quired for thls design procedure. The use of such small
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The absorption or meintaining of a high molsture con-
tent leads to a very serlous decrease 1n the bearing
capaclity of mechanlcally stabllized base course mix-
tures.

The incorporation of small quantities of liquid asphalt
of the order of 1 to 2 percent reduces the water absorp-—
tion of mechanically stabilized mixtures, and thereby
tends to preserve the high bearing capaclty these pos-
sess when dry.

Differences of over 100 percent in compressive strength
were obtalned as the gradation was varied over the
usual grading band for stabllized mixtures.

Highest compressive strength has been consistently ob-
tained with the grading represented by the minirum of
coarse materlal combined wlth the minimum of soil fines
permitted by the grading band.

Mechanically stabilized mlxtures containing no particles
larger than a No. 4 or even a No. 10 sleve gave hlgher
compressive strengths than any of the stablllized mlxtures
contalning coarser aggregates.

The fact that high compressive strengths can be obtained
for stabllized mixtures contalning no particles larger
than No. 4 or No. 10 slieves, is of considerable economlic
importance, because coarse aggregates are usually the
most expensive 1ngredlent of a mechanically stabllized
base course mlxture. There are also many areas where
large deposlts of sand are readlly avallable.

Furthermore, 1t 1s to be observed that without the use
of a binder, granular materials below the No., 4 and No.
10 sleves are not sultable as base course materials by
the old methods of construction.

The compressive strength of a mechanlically stabllized
mixture increases rapldly with an increase in density
up to 145 pounds per cublc foot. Thls latter density

is about the practlcal maximum that can be specifled for
waterproofed stablilization in the field.

A much higher plasticity Index can be tolerated in a
waterproofed stabllized mixture than for ordinary mechan-
lcal stabllization., Thls 1s highly desirable because of
the much higher compressive strength obtalned when a
higher plasticity index 1s used.
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(2) Because it 1s dense and waterproof, a waterproofed
mechanically stabilized base course cannot function
as a water reservoir between the subgrade and wear-
ing surface as has so frequently happened with
porous gravel and crushed stone, or consolidated
gravel bases, because of their porosity, and has led
to their failure,

Like other types of soll stabllizatlon, a waterproofed
stabilized base course is friable, and must be protected
from the wear of traffic by a surface course. However, the
base course and subgrade should be designed to support the
full wheel load, and the wearing surface should not be of
greater thickness than will just withstand the abrasion of
the traffic to which 1t will be subjected.

The conslstent success of waterproofed mechanically
stablllzed base courses depends upon adequate laboratory in-
spection and control during theilr construction. A complete
sleve analysls on the finlshed mlx being turned out by the
stabllization plant should be made for at least every four
hours of plant operatlon, together with a determlnation of
its molsture content, and at least one density determination
should be made on each layer of base course being consolidat-
ed per 1,000 to 2,000 square yards of roadway. Adequate in-
spection 1s so important that one would be justified in even
going so far as to state that unless sultable provision has
been made for ample laboratory control over each phase of
construction, that no attempt should be made to construct a
waterproofed mechanically stabilized bese course.

V = Summary

The more important results, of the investigation carried
out thus far, are summarized below. Some of these results
should probably be considered as tentative for the time be-
ing, since most of the results lave been obtained for thor-
oughly drled mixes. It 1s possible, as has been pointed out
in the paper, that at the 1 to 3 percent molsture which
these stabllized mixtures appear to contaln under normal
field conditions, that some of the conclusions which can be
drawn from the data already obtained, may have to be modified.
The effect of the presence of from 1 to 3 percent of molsture
on the engineering properties of mechanlcally stabilized mlx~
tures, is being intensively studied at the present time in a
continuation of this codperative investigation.
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distance of any proposed project. It 1s particularly suited
to Canada and the northern United States, where owing to re-
peated glaclatlion, large deposits of gravel, sand and clay
binder are avallable almost everywhere. .

Waterproofed mechanically stabllized base course mix-
tures should preferably be made in one of the continuous mix
stabllization plants now on the market. Three lngredlents,
gravel or crushed stone, sand or stone screenlngs, and clay
binder, are almost invarlably requlred to glve the gradlng
desirsed and should be fed to the plant 1n three separate
streams, The use of three lngredlents provldes the degree
of flexlbllilty requlred for more accurate control of the
grading of the finlshed mix. The finlshed mix turned out by
the plant should contain 6 to 7 percent of water, (the opti-
mum molsture or 1 or 2 percent above), and approximately 1
percent of liquld asphalt thoroughly distributed as water-
proofing material.

The mlxed material should be spread on the prepared sub-
grade 1n layers of not more than 2 inches compacted thickness
by spreading machlne or motor patrol, and should be rolled
wlth pneumatlc-tired rollers to a minimum dry denslty of 145
pounds per cubic foot. Each 2 inch layer after being com-
pacted to thls density, should be allowed to dry as thorough-
1y as prevalling weather conditions permlt before the succeed-
ing layer is placed. Laying thls material in 2 Inch layers
provides the opportunity for mich more rapid consolidation to
high density, and for more rapid loss of moisture after com-
paction 13 complete, than could be obtained with the use of
thicker layers. The loss of molsture after consolidation is
essential to the development of high bearing capacity.

Waterproofed stabilization hes several distinct advan-
tages over the consolidated gravel and porous crushed stone
and gravel bases which have been so widely used, particularly
when the subgrade contalns sufficlent clay to become plastic
when wet.

(1) When even a single 2 inch layer has been put down
during constructlon, and has recelved a few passes
of the roller, 1t sheds all raln which may fall,
Instead of allowlng 1t to pass through base course
and soften the subgrade as happens wlth the usual
porous crushed stone or gravel and consolidated
gravel bases. The layer of waterproofed stabililzed
base course remalns firm and protects the subgrade
from surface molsture, is dry almost as soon as &
raln stops, and thereby reduces construction delays
to a mininmum,
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Suppose axle load = 30,000 pounds
Then wheel load = 15,000 "
If tire pressure = 90 " per square inch
The contact area = _lgéggg. = 167 square inches
Radius of contact area = T+3 inches
Diameter of contact area = 14,6 n
Circumference of contact
area = 46 "

25 1lbs./sq. in,

i

If subgrade bearing capacity

The load carried by the

subgrade = (167) (25) = 4,180 pounds
Then load to be carrled by
the base course = 15,000 - 4,180 = 10,820
pounds

If shearing resistance of
base course = 40 lbs./sq. in. (based on a
compressive strength of
100 1bs./sq. in.)

The thickness of base course 10,820

ired =— = 5,9 inch
require (26) (40) 5.9 inches

Consequently, a waterproofed stabilized base course 6
inches In thickness 1s capable of supporting an axle load of
30,000 pounds under the field conditions specified in this
problem.,

IV = The Constructlon of Waterproofed Mechanically
Stabilized Base Courses

Waterproofed mechanical stabilizatlon, consisting essen-
tlally as 1t does of granular materials and clay binder, is
partlicularly adaptable to those widespread regions where
geologlical disturbances have provided deposits of sultable
clay binder and mineral aggregates within a reasonable
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A number of tests also indicate that the presence of a
small amount of molsture in a waterproofed stabllized mixture
increases the degree of water absorption above that obtained
for a dry mix.

18. The Thickness of Base Course Required

One of the ultimate reasons for the carrylng out of thils
research investigatlion, was to obtaln the data which would
enable an englneer to calculate the thickness of base course
for any project under the condltions to whlch it is exposed
in the field. '

A sample calculation,for determining the thickness of
waterproofed stabllized base course required, is worked out
below. Figure 9 1lllustrates the method of soiution.

BASE
I COURSE
I

T Tavmannon

DIAGRAM ILLUSTRATING THE FORCES INVOLVED
WHEN DEVELOPING THE LOAD CARRYING CAP-
ACITY OF BASE COURSE AND SUBGRADE

FIG. 9

bt g
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) There 1s some indication that for waterproofed stabl-
‘l1zed mixes dried no further than to the 1 to 3 percent mols-
ture found in the fleld, these made with a clay-water-bitumen
slurry tend to absorb more moisture than waterproofed stabi-
1ized mixtures made with pulverized clay. This would seem
to be due to the fact that all aggregate materials in a sta-
bilized mix nmst be waterproofed at least at their points of
contact, whereas in a clay-water-bitumen slurry, probably the
waterproofing effect is confined largely to the clay 1tself.
If slurrles are to be considered as a means of introduc-
ing clay binder into a stabilized mixture, 1t may be found
essentlial to limlt them to clay~water slurrles, the bltumen
for waterproofing to be added to the mlxing unit after the
clay slurry.

17. Influence of Molsture on Compressive Strength and Water
Absorption of Waterproofed Stabllized Base Course Mixtures

Under fleld condltions a waterproofed stabilized base
course would seldom be thoroughly dry even after construction
1s complete. The molsture content where waterproofed stabi-
lized base courses have been down for over a year are approx-
imately 2 percent but may be as low as 1 percent.

It 1s important, therefore, to know what effect molsture
contents between 1 and 3 percent will have on the compressive
strength and water absorptlion of waterproofed stabilized mix-
tures.

There has not yet been time to systematically study this
phase of waterproofed stablllzation, but 1t will be thorough-
1y investigated 1n a contlnuation of this codperative investi-
gation during the present winter.

The study of waterproofed stabilized mixtures which have
only been dried to the 1 to 3 percent of molsture which they
may be expected to contaln under the usual field conditlons,
may provide information that wlll require some modification
of the concluslons that can be drawn from the data which have
already been obtalned.

The few tests made up to the present time, indlcate that
properly designed waterproofed stabllized mixtures of 145
pounds per cuble foot dry density, and 3 percent molsture con-
tent, have compressive strengths of the order of 100 pounds
per square inch.

This compressive strength may decrease rapidly with a
decrease in the density of waterproofed stabilized mixtures
otherwise identical, and at 135 pounds per cubic foot and 3
percent molsture, compressive strengths as low as 30 pounds
per square inch were obtalned. However, there 1s no justifi-
catlon for permlitting the construction of waterproofed stabi-
1lized base courses of less than 145 pounds per cublc foot dry
density, provided thelr gradation 1s within the grading band
of figure 5.
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pulverized clay used for this study was ground in a hammer
mill, and was reduced to a much finer slze than the clay
shredder on a stabilizatlion plant 1s generally eble to do,

16, Effect of Slurry vs. Ordinary Mix on Water Absorption

Generally speaking, as shown in table 17, a stabllized
mixture made with a clay~water-bitumen slurry shows a slight-
ly lower water absorption than one made in the ordinary
menner with pulverized clay, provided the stabilized mixtures
have been thoroughly dried before the water absorption test
begina. The differences in water absorption are not usually
large.

Table 17

Effect of Slurry vs. Ordinary Mix on Water Absorption

P, I. of Percent Water Absorption
Finished
Type of Mix Admixture Time of Absorption in Days

Mixture Density
7 14 21 28 35

Slurry 140 lbs./£t.> 7 1% R.C. 1 0.25 0.47 0.56 0.72 0,76
Ordinary 140 n 7 " 0.19 0,27 0.42 0,58 0,82
8lurry 140 " 17 1¥ M.c, 1 0,35 0,60 0,82 1.1 1,1
Ordinary 140 " 17 n 0.53 0.64 0,88 1.1 1,4
Slurry 145 n 17 n 0.38 0.67 0.84 0.98 1.1
Ordinary 145 n 17 " 0.35 0.80 1.05 1,1 1.3
Slurry 140 7 n 0.53 0,71 0,88 1.0 1,3
Ordinary 140 n 7 " 0,58 1.2 1,6 1,9 2.0
Slurry 145 7 " 0.17 0.28 0,39 0,46 0.56
Ordinary 145 " 7 " 0.52 0.66 0,88 1.1 1.1
Slurry 145 n 7 " 0.55 0.87 1.1 1.3 1.6
Ordinary 145 " 7 n 0.35 0.58 0,75 ©.91 1,1

There are many exceptions to thls general trend, however,
the ordinary mixture sometimes showlng a lower water absorp-
tlon than the one made wlth the slurry. The last four 1ltems
at the bottom of table 17 are for mixes otherwise ldentical
in every respect, but made in two different laboratories.

The first of these two palrs of mixes shows a decided advan-
tage in favor of the slurry, the second pair an almost equal-
1y decided advantage in favor of the ordinary mix. No posi-
tive reason can be suggested for this difference unless the
slurries were not made exactly alike in both laboratorles,
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of the clay binder 1n the stabilized mix to which it was
dded, should result.

A further refinement would be the incorporation into
this clay paste or slurry, of the liquid asphalt required
for waterproofing.

To find if clay-water and clay-water-bitumen siurries
had any particular advantage over stabllized mixtures made
with pulverized clay, an Investigation was undertaken in the
lsboratory.

Dete providing a comparison of the slurry versus ordi-
nary mixing procedure on the compressive strength of staebl-
lized mixtures, otherwlse the same 1ln every detall, are glven
in teble 16.

Table 16

Effect of Slurry vs. Ordlnary Mix on Compressive Strength

Type of P, I. of Compressive
Mixture Density Finished Mix Admlixture Strength
Slurry 140 1lbs./ft.3 7 nil 337 1bs./in.?
Ordinary 140 " 7 " 295 wu
Slurry 140 " 17 " 409 "
Ordinary 140 " 17 " 429 nn
Slurry 140 n 17 1% M.C. 1 252 R
Ordinary 140 n 17 " 217 ttn
Slurry 145 n 17 " 377 mu
Ordinary 145 " 17 n 456 un
Slurry 140 n 7 v 179 n
Ordinary 140 " 7 n 151 nn
Slurry 140 " 7 1% RiC, 1 261 e
Ordinary 140 " 7 n 293 nn

So far, there 1s no marked trend in favor of elther
method of preparing stabllized mlxtures, as far as compres-
slve strength 1ls concerned. Sometimes the slurry mix shows
a higher compressive strength, at other times the pulverized
clay mix, as the data in table 16 show, although for all the
mixes made up to the present time in the various laboratories,
this comparison shows a slight advantage in favor of the
pulverlized clay mix. It should be added, however, that the
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Table 15

Effect of Molsture Retaining Admixtures on Water Absorption

Percent Water Absorptlon

Admixture Time of Absorption in Days
7 14 21 28
nil 4.9 5.4 5.5 5.5
0.7% sodium chloride 4.0 4,8 5.3 5.3
0.4% calcium chloride 3.9 4,3 4,6 4,9

Therefore, the additlon of sodium chloride and calclum
chloride nelther ilncreases the compressive strength, nor de-
creases the molsture absorptlon of stablligzed base course
mixtures. As a matter of fact, due to their affinity for
water, 1t 1s to be expected that admixtures of sodium chloride
and calcium chloride will cause stabllized mixtures to absorb
and maintain a higher moisture content, and therefore a lower
compressive strength and bearing capaclty than similar stabil-
11zed mlxtures wilthout these admixtures.

It 1s undoubtedly true, that the use of these salt ad-
mixtures will reduce evaporation losses of the water re-
quired for compaction. However, due to the later detrimental
loss in bearing capacity llkely to result from their use in
even this manner, it would be much preferred to use the extra
water which may be required to compensate for evaporation
during compaction.

15, Effect of Slurry vs. Ordinary Mix on Compressive
Strength

Mechanically stabllized mixtures at the present time are
usually made by mixing together gravel, fine sand and pulver-
1zed clay and water, preferably in one of the modern stabi-
lization plants. Waterproofing bitumen is also incorporated
for waterproofed mechanical stabilization.

There 1s always some question as to the ultimate degree
of distribution of the clay in the finished stabilized mix-
ture, even when a clay shredder is used to pulverize the clay,
for much of the pulverized cley from the shredder is still in
small lumps.

It would seem thet a worthwhile improvement would be
made 1f the clay binder could be converted into a soft paste
or slurry before belng added to the gravel and sand in the
mixing unit of the stablllization plant. The clay would be
completely dlspersed in such a slurry, and better dlstribution
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Any admixture, therefore, which will either maintain or
Increase the molsture content of a stabilized base course
mixture should be avolded.

Table 14

Effect of Molsture Retaining Admixtures
on Compressive Strength

Molsture Compressive
Admixture Content Strength

nil 0.10% 273#/1n.2
0.7% sodium chloride 0.02 284 O
0.4% calcium chloride 0.02 404 M
nil 1.00 124 "
0,7% sodium chloride 1,13 112
0.4% calcium chloride 0.90 17 "
nil 2,90 gL "
0.7% sodium chloride 3.20 78
0.5¢ calclum chloride 3.03 81 "

The data in table 14 indicate that cormonly used mols-
ture retaining chemicals lifke sodium chloride and calcium
chloride do not increase the compressive strength of a sta-
bilized base course mixture at any moisture content over the
range of molsture to be expected in the field. The data in
table 14 were obtalned at thoraughly dry, 1 percent and 3
percent molsture contents. Observe that at 1 percent and 3
percent molsture contents, there 1s no significant difference
in compressive strength between the control containing no ad-
mixture, and the stabllized mixtures containing sodium chlor-
ide and caleciuwm chloride.

The somewhat higher compressive strength of the calcium
chloride treated mixture when thoroughly dry (0.02 percent
-molsture) 1s of no practical value. Calcium chloride has
such an affinity for water, that moisture contents even ap-
proachlng thils low order would never be obtalned in a stabl-
lized base course under fleld conditlons.

14. Effect of Moisture Retaining Admixtures on Water Absorp-
tion )

Nelther do admixtures of these salts cause any signifi-
cant reduction in the amount of water which a stabllized mix-
ture will absorb, as the data of table 15 indicate.
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Table 13

Effect of Type and Quantity of Bitumen on Water Absorption

Water Absorption % in 35 Days

Type of Bltumen Quantity of Bltumen

&% 1% 2%
S.C, 1 4,8 0.8 0.25
s.C. 2 4.4 0.98 0.37
M.C. 1 4,1 1.1 0.20
Control (No Bitumen) 5.3
M.GC. 2 2,8 0.98 0.18
R.C., 1 2.5 1.00 0.44
R.C. 2 3.1 1.6 0.23

reduce molsture absorption from 5.3 percent to about 1 percent.

The additlon of 2 percent liquid asphalt lowers the water
absorption still further, as would be expected, to sbout 1/3
percent on the average.

Because they are as effective as the other bitumens for
waterproofing but, at the same time, tend to increase compres-
sive strength, the R.C. 1 and R.C. 2 are the liguld asphalts
which are recommended as waterproofing materlals at the pres-
ent time,

Because there 1s Increasing difficulty with increasing
viscosity, In mixing a liquid asphalt uniformly through a sta-
bilized mixture, 1t appears at the present time, that a vis-
cosity of about 200 seconds at 122 Saybald Furol is approxi-
mately the upper 1llmlt, and possibly more satlsfactory results
will be obtalned 1f the vlscosity 1s limited to 100 seconds.
Thls 1s a matter which requires more fleld study before a
definite upper limit of viscosity can be specified.

13. Effect of Moisture Retaining Admixtures on Compressive
Strength

Mechanlcally stabllized base course mixtures develop
thelr hlghest compressive strength and, therefore, thelr
highest bearing capacity when perfectly dry as was shown in
table 1 and figure 3.
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Table 12

Effect of Bitumen on Compressive Strength

(Crushed Stone 45%, Stone Screenings 27%, Sand 19%, Clay 9%)

P, I. =7
Admixture Compressive Strength
nil 368#/1n.
1% R.C.1 1086 "
2% R.C.1 1238

M.C, 2. R.C. 1 and R.C. 2, on the ot r hand, almost Iinvari-
ably give an appreclable Increase 1in the compressive strength.

Due to the fact that M.C. 1 in Canada has a viscosity of
only % to 1/3 that of S.C. 1 and R.G. 1 (Saybolt Furol), due
allowance should be made for this fact when interpreting the
results of table 1ll. At a vliscosity equivalent to the other
two, 1t would probably always provide a slight increase in
compressive strength.

The very high increase in compressive strength given by
the addltion of 1 percent of R.C, 1 as shown in table 12, may
be due to some absorptlon of the solvent into the crushed
stone and stone screenings, thereby providing a harder film
of R.C. 1 and higher compressive strength., All of the mixes
for which data are given in table 12 were non-asbsorbent sand
and gravel materials,

The data of table 12 indicate that an R.C. 1 made from a
low penetration asphalt base might give a much higher in-
crease in compressive strength to stabllized gravel and sand
mixtures than any increase shown in table 11l. Such low pene-
tration bases, however, might also give stabllized mixtures
which are brittle.

12, Effect of Type and Quantity of Bitumen on Water Absorp—
tion

Tne data of table 13 illustrate the waterproofing effect
of additions of small amounts of liquid asphalts.

% percent of liquid asphalt lowers water absorption
only slightly for the S3.C. materlals, but somewhat more for
the M.C. and R.C. asphalts.

When the quantity of iiquid asphalt 1s increased to 1
percent, there 1s very little difference between the water—
proofing effectiveness of the various bitumens. All of them
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grading which 1s all crushed, that the increase in compres-
slve strength 1s not as great as mlght be expected, ranging
only from 20 to 25 percent.

Notice also in table 10, that higher compressive
strength has been obtalned for the mlxtures contalning the
smaller quantity of soll fines, which 1s further evidence of
the trend polnted out when dlscussing the data of table 3.

11, Effect of Type and Quantlty of Bitumen on Compresslve
Strength

After observing the rapld loss of compressive strength
with increasing molsture content 1llustrated in table 1 and
figure 3, one might have been justified In expecting that
the use of a liquid asphalt as a waterproofing meterial would
have a simlilar effect.

The data of tables 11 and 12, however, indlicate that

whdla amall miantdttaa AP anma 143mrdAd aarhalda A~ VTawan +hha
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compressive strength by a small amount, that others may in-
crease the compressive strength by from 50 to 100 percent.

Table 11

Effectof Type and Quantity of Bitumen on Compressive Strength

Compressive Strength 1lbs./in,?2

Type of Bitumen Quantity of Bitumen

.7 1% 2%
S.C. 1 236 184 206
8.G. 2 245 200 219
M.C. 1 226 217 176
Control (No Bitumen) 230
M.C. 2 289 246 301
R.C. 1 319 283 475
R.C. 2 399 324 413

In general, the S3.C. 1 and 2 give a slight lowering of
compressive strength. M.C. 1 and 2 may lower it slightly in
the case of M.C. 1 or imcrease it somewhat in the case of
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Table 9

Effect of Plastlcity Index on Water Absorption

P, I.
Finished Mexirmum
Admi xture Mix Density Water Absorption
nil 7 140 1lbs./ft.3 5.7%
nil 17 140 " 5.6
g M.C. 1 7 140 " 2.4
1% M.C, 1 17 140 " 1.4
1f M.C. 1 7 145 " 1.3
14 M.C. 1 17 145 n 1.3

10. Effect of Crushed vs. Round Aggregate on Compressive

Strength

Tabls 10 indlicates thet by replacing 45 percent of en-
tirely round coarse aggregate retained on a No. 4 sleve in a
stabilized mixture by 45 percent of materlal of the same

Table 10

Effect of Crushed va Round Aggregate on Compressive Strength

Material Retained No., 4 Compressive
Grading Strength
All Crushed A1l Round 1ba./in. 2

Nedial Grading 45¢ 299
(284 minus No. 40)

Medlal Grading 45% 237
{284 minus No. 40)

Medlal Grading Coarse

to No. 10 Limiting

Minimum Soil Fines 459 363
(20% minus No. 40)

Medlal Grading Coarse

to No. 10 Limiting

Minimum Soil Fines 45% 305
(20% mims No, 40)
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8. Effect of Plasticity Index on Compressive Strength

Plasticity Index 1ls a rough measure of the coheslveness
of a s0ll mixture. Compresslve strength should, therefore,
increase as the P, I. of a mix 1s increased. Table 8 indi-
cates that as the P. I. of a stablllized mlxture 1s increased
from 7 to 17, the compressive strength may increase by from
50 to over 100 percent.

Table 8

Effect of Plastlclty Index on Compressive Strength

P. I,
Finlshed

Admixture Mix Density Compressive Strength
nil ST 140 1lbs./ft.3 295 1bs./in.2
nil 17 140 " 429 "

1% M.C. 1 7 140 u 157 "

14 M.C. 1 17 140 " 217 n

l% M.C. 1 7 145 " 203 1

1% M.C. 1 17 . 145 " 456 "

At the present time, most speciflicatlons for mechanical-
ly stabllized base courses 1limlt the P. I. of the final mix
to 6. Fleld experlence has indicated that stabllized base
course mixtures with a higher P. I. than 6 have poor service
behavlior under the molsture conditlions which usually prevall
in the fleld at certaln times of the year,

It should be emphasized that if these mechanically
stabilized base course mixtures are waterproofed, so that the
detrimental effect of water on them is minimized, the advan-
tage of higher compressive strength for mixtures of high P. I.
can be utilized, and the former necessity for limiting the
P. I. to the low value of 6 1s elimlnated.

The last four items at the bottom of table 8 are further
evidence of the advantages of specifylng and enforcing the
highest density which can be reasonably obtalned by compac-
tion equipment 1n the fleld, because of the higher bearing
capaclity.

9. Effect of Plastlclty Index on Water Absorption

The data of table 9 1indicate that an increase in plas-
tlclty Index does not necessarlly cause an increase in water
absorption. The second palr of 1tems show that even the re-
verse can occur,
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7. Influence of Denslty on Water Absorption

Since a decrease 1n density of a stablllzed mixture pro-
vides an Increase in void space, it would be expected that
there would also be an increase in the water absorption.
This 1s borne out in table 7 and figure 8.

Table 7

Effect of Density on Water Absorption

Density Percent Maximum Water Absorption
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stabllized base courses., On the basis of thls data, it
would also appear that the slightly greater compressive
strength to be obtained by rolling to densities much higher
than 145 pounds per cublic foot, is probably not worth the
cost of the extra rolling required.

Table 6

Effect of Density on Compressive Strength

Density Compressive Strength
135#/Tt3 226#/1in. 2
40 " 314 "
145 " 350 1"
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Table 5

Maximum Particle Size vs. Compressive Strength

Maximum Particle Size Compressive Strength
1 inch 366#/1in, 2
No. 4 400 "
No. 10 373 "

No. 10 sleve, higher compresslve strengths were obtalned
than for the strongest stabllized mixture contalning gravel
of 1 inch size (Table 3).

The data of tables 5 and 3 prove rather conclusively
that coarse aggregate 1s not an essentlal I1ngredlent for
satisfactory mechanlcally stablilized mixtures, when these
are reasonably dry. This is of particular importance in
localities where a great deal of coarse sand occurs, but
where gravels are difflcult or expensive to obtain.

Just in passing, 1t should be added that where dry
densities of 145 pounds. per cubic foot can be obtained read-
ily in the field for stabllized mixtures made with gravel,
that densities of 135 to 138 pounds are about the maximum
that can be obtalned when the maximum particle sige 1s No. 4
sleve, and densltles of about 130 pounds per cublc foot rep-
resent reasonable compactlon when the maximum particle size
1s No. 10 sieve. If they are waterproofed to keep out the
moisture, these lower field densitles for No. 4 and No. 10
maximum particle size are of no particular disadvantage, and
are the equivalent of 145 pounds per cublc foot for mixtures
contalning coarse aggregate.

Due to the greater percentage of fines they contain,
approximately 2 percent of R.C. 1 should be used for water-
proofing stabilized mixtures contalning no particles larger
then No. 4 or No. 10 sieves.

6. Influence of Density on Compressive Strength

Table & and figure 7 illustrate the effect of density
on the compressive strength of mechanically stablilized mix-
tures. As might be expected, the compressive strength in-
creases as the denslty 1s increased, although above 145
pounds per cublc foot, the rate of increase in compressive
strength appears to fall off rapldly.

The data 1llustrated 1in flgure 7 Justify the denslity re-
quirement of 145 pounds per cubic foot which has been recently
specified in most Canadlan speciflcatlons for waterproofed
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Table 4

Effect of Gradatlon on Water Absorptlon

% Maximum Water Absorption

Grading Coarse Aggregate Grading of Soil Fines
to No. 10 Limiting Limiting
minimum Medial maxipum
fines flnes flnes
Limliting minimum coarse to No.10 4.9 5.1 5.4
Medial coarse to No. 10 4,5 5.0 5.6
Limiting maximum coarse to No. 10 4.3 5.0 5.6
5.5 }/
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Table 3

Gradation vs. Compressive Strength

Compressive Strength #/in.2

Grading of Soll Fines
Grading Coarse Aggregate

Limlting Limiting

to No. 10 Sleve minimum Medlal maximum
fines fines fines
Limiting minimum coarse to No.1l0 366 281 248
Medial coarse to No. 10 298 220 191
Limiting maximum coarse to No. 10 256 176 200

Since coarse aggregate 1s in general the most expensilve
ingredient in a stabilized mixture, it is a matter of con-
siderable economic Importance that a high percentage of
coarse aggregate 1s not requlred, and that accordlng to
table 3, the compressive strength of these stabllized mix-
tures 1s actually increased very appreciasbly by using the
loast quantity of coarse aggregate permitted by the grading
band.,.

In the case of portland cement concrete, the greater
the percentage of cement, the stronger 1s the concrete. The
data in table 3 indicate, however, that when clay binder is
the cement, compresslve strength increases as the quantlity of
binder decreases within limits. Clays tend to shrink upon
drylng, and 1t 1s possible that the incipient shrinkage
cracks formed upon drying when the larger percentages of clay
are used, may account for the lower compressive strengths ob-
tained.

4, Effect of Gradation on Water Absorption

Table 4 and figure 5 illustrate the differences in water
absorption for the nine gradings across the grading band
previously described.

In all cases, the percentage of water absorbed by the
stabllized mixtures increases as the percentage of soil fines
is increased.

5. Influence of Maximum Particle Size on Compressive Strength
In table 5 the effect of variations in maximum particle
size on compressive strength are shown.
It willl be observed that with no particles larger than
the No. 4 sieve, and even with no particles larger than the
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(3) The limiting maximum of coarse aggregate permitted
by the grading band (560 percent retainsd on No., 4
and 68 percent retained on No. 10 in the final
stabilized mixtures).

With each of these three quantities and gradings of
coarse aggregate, there was combined for thls study the fol-
lowing three different quantities and gradings of the solls
fines (passing No. 40 sieve).

(1) The limiting maximum of fines permitted by the
grading band for all sizes below No. 40 (35 percent
minus No. 40, 20 percent minus No. 200).

(2) Medlal grading of fines for all slzes below No. 40
(28 percent of minus No., 40, 15 percent of minus
No, 200).

(3) The limiting minimum of fines permitted by the
grading band for all sizes below No, 40 sleve
(20 percent minus No., 40, 10 percent minus No,
200).

The material between the No. 10 and No. 40 sieves was
varied appropriately to permit these varlations in the pro-
portions of soll fines to coarse aggregate.

These varlations in gradation were all accomplished by
the use of the same stock materials.

The reference to "medial gquantlty of coarse materlal-
and to "medlal" fines in the above paragraphs, refers merely
to the grading of these materials along a curve through the
mlddle of the grading band. The grading band implies that
such a curve would give the most ideal grading for a stabl-
lized mixture., However, there 1s a great deal of evidence
to 1ndicate that 1t 1s not the 1ldeal gradling curve to use for
mechanlcally stabllized base course mixtures.

e reonlta of thege variagtiora In oradat+ioson on the com—
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pressive strength of stabllized mixtures are given in table 3.
Two very lmportant trends stand out 1n the data shown 1in
table 3.

(1) For a glven quantity of soll binder, the compressive
strength in general 1lncreases wlth a decrease 1n the
percentage of coarse aggregate In a stabllized mix.

(2) 1In general, the compressive strength increased as the
percentage of soll fines decreased, for all three
varylng amounts of coarse aggregate.
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studled. Nlne different gradlngs which covered every por-
tion of the grading band were selected for this study. They
woere as follows, all using 1 Inch materlal as the maximum
slze of aggregate.

Three different gradings of coarse aggregate down to
the No. 10 sieve were selected.

(1) The limlting minimum of coarse aggregate permitted
by the grading band (28 percent retained on No., 4
and 45 percent retained on No. 10 in the final
stabllized mixtures).

{2) The medlal quantity of coarse aggregate indicated
by the grading band (45 percent retained on No. 4
and 56 percent retained on No. 10 in the final
stabllized mixtures),
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Figure 4 1}lustrates water absorption versus time for
the control, and for uuv same stabilized mixbture as the con-
trol waterproofed with 3, 1, and 2 percent of R.C. 1.

In referring back to flgure 3, 1t can be seen that the
incorporation of 1 percent R.C. 1, by reducing the water ab-
sorption to a little over 1 percent, would appear to main-
tain a satisfactory compressive strength in a dry stabllized
mixture, particularly in comparison with the low strength at
the 5 percent molsture content absorbed by the control.

Field tests have shown from 4 to 6 percent moisture content
in ordinary mechanically stablilized base course mixtures,
particularly in the spring, while waterproofed mechanically
stabilized base course mixtures have shown molsture contents
only between 1 and 2 percent.

While it is true that 2 percent of R.C. 1 does reduce
the water absorption still further, it must be remembered
that the bases of the cylinders in this test are immersed in
} Inch of water, which 1s a rather severe conditlon 1llkely to
be found only Infrequently in the fleld when subgrades are
properly constructed., 1 percent of R.C. 11s therefore prob-
ably all the waterproofing materlal which can be economically
and technically Justifiled.

Every englneer who 1s even reasonably famillar with ordi-
nary mechanically stabllized base courses which have been
properly designed and constructed, must have occasionally
marveled at their abllity to maintain high structural strength
under moderate fleld molsture conditions, although they tend
to almost completely lose bearing capaclity at any location
where they are exposed to molsture conditlons which are severs.
To these englneers 1t wlll appear qulte reasonable that even
a very moderate degree of waterproofing 1s probably all that
1s requlired to maintain a high uniform bearing capacity
throughout thls type of base course; under the normal range
of molsture conditions likely to be expected.

Consequently, up to the present time there has seemed

to be no reason for recommending the use of more than 1 per-
cent of 1iguid asphalt for the 32 million square yards of

8T LIAC Misii0l SQuUare yaras 0L

waterproofed mechanlcally stabilized base course construction
laid at various highway and alrport projects across Canada
during the past two years,

3. Effect of Gradation on Compressive Strength
In figure 5 1s shown the well known grading band which
is suppossd to indicate ths range of gradation required for
satlsfactory mechanlcally stabilized base course mixtures.
Because of the various ways in which gradation may in-
fluence practlcal deslgn, the effect of varlatlons in grada-
tion on the compressive strength of these mixtures was
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(1) They should be laid in thin layers of not over
2 inches compacted thickness, so that each layer
can be easlily dried to a low molsture content
before the next layer 1s placed. Thls develops
the high compressive strength these mixtures
have when dry.

(2) However, even 1f ordinary mechanlcally stabllized
base courses are constructed iIn thls manner, and
are dry when surfaced, they readlly take up mois-
ture from the subgrade and other sources, and
the compressive strength may eventually become
quite low as they approach the 4 to 6 percent
molsture often found for them 1n the field.

(3) If 1t were possible to waterproof these stabllized
mlxtures and thereby preserve the high compressive
strength they possess when dry, a worthwhlle ad-
vance in stabilized base course constructlon could
be made.,

2, Effect of Bitumen for Waterproofing Stabilized Base
Course Mixtures

Table 2

Effect of Biltumen for Waterproofing

Percent Water Absorption

Admixture Time of Absorption in Days

7 14 21 28 35 42 49

Control (No Admixture) 4,53 5.12 5,21 5,25 5,33

# percent R.C. 1 0.92 1,45 1,87 2.19 2,51 2,70 2,88
1 percent R.C. 1 0.22 0,40 0.51 0.83 1,00 1,08 1,22
2 percent R.C. 1 0.23 0.32 0.36 0.40 0,44 0,45 0,47

The cheapest waterproofing materlals are the bitumens,
and the data of table 2, lllustrated graphically in figure 4,
indicate that mechanlcally stabllized base course mixtures
can be effectively waterproofed with small amounts of 1liquid
asphalts.
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Fig. 2

III - Data and Dlscusslon of Results

1. The Influence of Molature Content on Compressive Strength

Table 1

Compressive Strength vs. Moisture Content

Moisture Content Compresslive Strength
0.33% 366#/1n.2
1,10 205 ¢
2.93 108 "

The data of table 1, illustrated graphlically in filgure 3,
Indicate how rapldly compressive strength decreases with in-
crease in molsture content for any mechanically stabllized
base course mlxture.

Figure 3 1llustrates a number of important character-
istics of mechanically stabllized base course mixtures which
should influence their design and construction.
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all mixes compacted to 145 pounds per cuble foot, compression
under from 10,000 to 20,000 pounds load was required. Densi-
ties less than this were obtained by varylng the degree of
compactlon with a modifled Proctor compaction apparatus,

After compactlon, the cylinders were slowly dried to the
molsture content required for testing., For tests made on
cylinders of completely dry materlal, final drying was ob-
tained by drylng to constant weight in an oven at 160 to
180° F., which usually required from 3 to 4 days. Compres-
slve strength measurements were made by first capping the
cylinders and then breaking them ln the usual type of stand-
ard universal or hydraullc testing machine,

For the water absorption tests, the smaller 6 x 6 cyl-
inders, after belng drled to the required moisture content,
were coated with paraffin wax on the sides and top, the base
covered with a fllter paper held 1n place by cheesecloth, and
then set in shallow pans with their bases immersed in ¢ inch
of water. The paraffin coating of the sides and top approxi-
mates conditions in the fleld where no evaporation can take
place from the sldes or through a wearing surface placed on
top. The layer of wax on top was punctured with several pin
holes to allow any alr to escape which might be displaced by
the rise of caplllary water. Water sbsorption was deter—
mined by weighing dally at first, later at longer intervals,
over a perlod of 250 days in some cases.

All data glven are for densitles of 145 pounds per cubic
foot and a P. I. of 7 for the finished mix, unless specifi-
cally stated to be otherwlse.

The type of breaking obtalned in the compression test is
1llustrated in figure 1. 1In figure 2 the water absorption
test 1s 1llustrated.

Fig. 1
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At the same time, 1t must be kept 1n mind that the fleld con-
dition which tends to most adversely affect the bearing
capacity of stabillzed base courses, is the presence of mois-
ture, since 1if absorbed, it softens the clay binder employed
as a cement.

Consequently, 1in every project of thls cooperative in-
vestigation, the effect of changes in one varlable at a time
on the compressive strength and water absorption of stabil-
ized mixtures was studied, while all other variables were
maintained constant.

The use of the simple compression test as a measure of
bearing capaclty, neglects the confining Influence to which
base courses are usually subjected in the fleld. However, In
comparison with values that can be derived from data in the
literature of soill mechanics, and whlch Indicate the magni-
tude of the effect of thls confining Influence on bearing
capaclty, 1t appears that the effect of the compressive
strength which has been measured for these stabllized mix-
tures when they are reasonably dry, l1ls several times greater
than that of confining influence in establishing the ultimate
bearlng capaclty of stablllized base course mixtures, Conse-
quently, the compression test appears to be qulte satisfac-
tory.

Each value glven for compressive strength 1in the follow-
ing graphs or tables 1s the average for three cylinders 6
inches in diameter by 12 inches high, while each value given
for water absorption is the average for two cylinders each 6
inches in dlameter by 6 inches high,

The various materials, gravel, crushed stone, stone
screenings, sands and clay binders, used in each laboratory,
woére from common stock sources, which permitted direct com-
parlsons between different laboratorles. The largest partil-
cle size used just passed a 1 inch square sieve, In order to
easlly obtain wide ranges in gradation between various mix-
tures, most of the stock materials were largely of one size.

For each mixture, 125 pounds of the various materlals
required were welghed into a large galvanized mixing pan.
These were flrst thoroughly mixed dry for 10 minutes by
shovelling from one end of the pan to the other. Water was
then added (usually 6 to 7 percent), together with any admlx-
ture being investigated, and wet mixing was continued for at
least 10 minutes, and longer if more mixing were required
for more uniform distribution of the admlxture.

When mixing was complete, the moisture content was de-
termined, and the exact quantity of wet mixture was then
weighed out for compaction into each cylinder, to just glve
the dry density required. Each cylinder was made by placing
the wet mixture into steel molds in layers, each layer being
well tamped by hand with the standard Proctor tamper. For
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in the stabllized mixture, 1f 1t were also first dlspersed
in thls clay-water paste or slurry?

It was readily seen, that obtalning any comprehensive
quantitatlive data on the effect of the large number of vari-
ables 1involved in the 1ntelligent design of these stabllized
mixtures, within a reasonable period of time, was beyond the
capaclty of any one laboratory. The possibility of a com-
bined attack on this problem was, therefore, dl scussed with
several interested organlzations, and a codperative 1nvesti-
gatlion to cover all of the varlables 1nvolved was declided
upon. The investlgatlion was dilvided into a number of re-
search projects, one or more of which were urdertaken by each
of the followlng organizatlons: Quebec Provincial Highway
Laboratory, Quebec City, P. Q.; Ontario Provincial Highway
Laboratory, Toronto, Ontario; L'Ecole Polytechnique, Montreal,
P. Q.; Queen's University, Dept. Civil Englneering, Kingston,
Ontarlio; and Imperial 01l Research Laboratorles, Sarnia,
Ontarlo,

Dr. McLeod, co~author of thils paper, acted as codrdina-
tor for the whole program.

1t ad + r ritmh o
A very large amount of work was carried out on a number

of these research projects in the winter ané spring months of
1940, and essentlal data was made available for the bullding
of a number of alrports and highways in Canada during the
past construction season.

It should be noted that each of the varlous laboratoriles,
particlpating in this codperative research program, is pub-
lishing the results of 1lts portion of the investigatlon in
the Proceedings of the Canadian Good Roads Convention held
last October, and the data presented in the followlng pages
are taken from thelr results,

IT - Test Procedure

It has been previously pointed out that the fundamental
function of a base course 1s to supply the additional re-
quired bearing not inherent in the subgrade. For thls co-
operative investigation, therefore, 1t was necessary to adopt
some sultable measurement for evaluating quantitatively the
effect of each variable, molsture content, gradation, density,
plasticity index, meximum particle size, type and quantity
of bitumen added as a waterproofing medium, etc., on the bear-
ing capacity of mechanically stabilized base course mixtures.
The property of these stabilized mixtures which furnishes a
measure of bearlng capacity, and 1s, at the same time, af-
fected by changes 1In each of these varilables, and can be most
simply and easlly measured, 1s thelr compressive strength.
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7. Clay Binder

The binding propertles of clays and thelr behavior with
water may vary widely, depending upon the source of the clay.
At the present time, 1t 1s recommended that the plasticity
index of mechanlcally stabilized base course mixtures be
Umited to 6.0 because of the detrimental effect of water on
mixtures of higher P. I. By waterproofing these stabllized
mixtures, this difficulty is minimized, and a much higher
P, I. for the finished stablllized mixture can be used. With
regard to this varlable, the followlng quantitative data are
required:

(a) Effect of variation in P. I. of the finished stabi-
lized mixture on its compressive strength and water
absorption.

(b) Effect of clays from different sources on the com
preaslve strength and water absorption of finished
stablllized mixtures of the same P. I.

(¢) Comparison of the effectiveness of a given quantity
of a glven bitumen to waterproof stabillized mixtures
of the same P. I., but made with clays from different
sources.

8. Wetting Agents

We have heard a great deal about these products lately.
Would the addition of wetting agents increase the effective-
ness of the liquld asphalts used?

9. Incorporation of Salts In a Stabilized Mixture

What effect do admixtures of these materials have on
the absorption and retention of moisture, and therefore upon
the bearing capacity of a stabilized base course in which
they are used?

10. Method of Incorporating Clay and Bitumen into Stablilized
Mixtures

There 13 room for considerable doubt as to the adequacy
and uniformity of distribution of the clay binder in mechani-
cally stabllized base course mixtures turned out by stabiliz-
ation plants equipped with the usual roll type clay pulverlzer
or shredder. At least, there 1s conslderable room for im-
provement 1n clay pulverlizing equipment for stabllized mixtures
at the present time. Would the clay not be more effectlvely
and uniformly distributed through the stabilized mixture if it
were first thoroughly dispersed in water as a clay-water
slurry or soft paste? Also, might not the liquid asphalt add-
od as waterproofing material be more effectively distributed
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thils the term "Waterproofed," thereby describing the whole
scheme.

When using this material in the field, 1t was soon
found that there was a serilous lack of the fundamental engl-
neering data required for the intelllgent deslign of water-
proofed stablllzed base course mlxtures, as a gulde to
wrilting specifications, and for thelr constructlon in the
fleld., Some of the varlables entering lnto the sound design
of these waterproofed stabllized mixtures upon which almost
no quantltative englneering data was avallable, are discussed
below.

1. Density
What 1s 1ts effect on compressive strength? What 1s the

minimum density below which the mass will be too weak, and
the maximum above whlch the additional bearing capacity is
not compatible wilth costs?

What effect has denslity on waterproofness? Wi1ill in-
creasing density reduce the amount of bitumen necessary to
produce a certaln degree of waterproofness, and thereby jus-
tify extra effort to 1mprove density?

2., Particle Size

The influence of maximmum particle size. Data on this
phase are clearly essential in order to widen the scope of
granular materlals that may be sultable for this type of
construction, all of which 1s Important 1n the reduction of
costs. In some areas, sand 1s more readlly avallable than
gravel,

3. Surface Texture of Particles

Translated in terms of crushing. W11l the irregularity
of the surface texture of partlicles obtalned by crushing, give
a gufficlent increase in the compressive strength of stabi~
lized mixtures over that obtained with uncrushed materials,
to warrant the extra cost of crushing?

4, Fluld Bitumens
How do the wvarious 3.C., M.C. and R.C. products compare
on the basls of efficlency for waterproofing?

5. Biltumen Content

What 1s the effect of varlation 1n bitumen content on
the water absorption and compressive strength of stabllized
mlxtures?

6, Fluidity of Bitumen

How does the fluidity of a bitumen effect its dispersion
in the stabilized mass, and the water absorption and compres-
sive strength of the stabllized mixture?
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At thils polnt, 1t 1s lmportant to observe that since re-
duction in cost 1s an important phase of our total objective,
we are trylng to obvliate the necesslty for bulldling a struc-
ture capable of supportling thousands of pounds per square
inch, 1f the maximum wheel load does not exceed 100 pounds
per square inch. We conslder 1t sound englneering if the
subgrade and base course are designed to carry only the max—
imum anticipated wheel load., If this is all that 1is re-
quired, clay soil makes not only an entirely adequate binder
for the base course, but is also the lowest cost cement per
unlt binding power within 1imits, that caen be obtained.

The main difficulty with clay, however, 1ls that molsture
will reduce 1ts bindlng capeclty. Consequently messes of
material bound together with cley must be waterproofed, or
some other means rust be adopted to block off any ingress of
moisture into the clay-cemented mass of material. Actually,
the whole scheme of using clay as a blnder breaks down un-
less we develop a low-cost method of preserving the clay-
cemented material from the absorption of moisture.

The next step, therefore, ls to flind a low cost method
of waterproofing the clay-~bound base course. Since bltumens
are the cheapest waterproofing materials, we began to ex-
plore the possibllitles of liquld asphalt. Our preliminary
tests showed concluslvely, that any low viscoslty liquid as-
phalt will disperse qulte readlly in a wet mass of a mechan-
ically stabllized mixture of gravel, sand and clay binder, and
practically speaking, the bltumen makes the mixture waterproof.
Furthermore, and thils 1s Important from the cost angle, the
quantities of bltumen required were very small, about 1 per-
cent by welght of the total mass appeared to be adequate,

Nor does there seem at the present time any justifilcation
elther economlc or technlcal, for 1ncreasing the quantity of
bitumen beyond from 1 to 2 percent for waterproofing mechan-
ically stebllized base course mixtures.

Our preliminary results were sufficlently conclusive to
warrant recarmending thls procedure for highway and airport
construction, and In 1939 four alrports, and forty miles of
highway were constructed at various locations across Canada,
using thls type of base course construction. The wearing
courses were, in some cases, bituminous surface treatments,
and in others bituminous paving mixtures about 2 inches thick.

We deslgnate thls type of base course constructlion as
"Waterproofed Mechanical Stabilization." Our reasons for
such designation are, first, to indicate that the addition
of bitumen 1s principally to waterproof the mass and not
necessarily to act as a binder, second, that structural
strength in the mass 1s obtained by the sclentific design of
mixtures of gravel, sand and clay binder, to produce what 1s
generally known as "Mechanical Stabilization." We add to
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improvement are dlstinct from such measures as the incorpor-
ation of admixtures into the subgrade soll.

There 1s no need for dwelling at any length on this
phase of road constructlon, for 1t 1s already & reasonably
well-known practice. No doubt, as time goes on, the subgrade
will be further improved as machlnery 1s developed and power
costs reduced.

At the present stage of our technique, and wlth due con-
sideration to relative economics, we restrict ourselves to
the measures for subgrade improvement which field practice
has indicated we can do, namely, drainage, ralsing the grade
line well above the water table, removal of deleterious sub-
grade soils and Proctor compaction.

In spite of the application of the most modern tech-
nique in subgrade construction, most subgrades lack the bear-
ing capaclty required for the support of modern wheel loads.
Consequently, a base course must be constructed to make up
for this deflclency in subgrade bearing capaclty. Thils 1s
the fundamental function of base courses.

At this point we can state frankly, that we are not sat-
i1sfied with the classical road bases, whether these be water-
bound macadam or gravel., The principle involved in the con-
struction of both macadam and gravel bases, is simply that
masses of mineral matter, elther of rather uniform coarse
slze, or varying in size from coarse fragments to dust, will
compact Into a structure of conslderable strength 1in.terms of
supporting value, when sultably conflined. The factors respon-
s8ible for thls are density and Interlocklng or wedglng togeth-
er of 1rregular shape and slze fragments, 1n addlitlon to any
confining influence. These factors all contrlbute 1n their
turn, to the strength of the total mass. The denser the mass,
the better the partlcles are wedged or lodged together, the
better will be the reslstance to movement of one particle
over the other, Whlle we have no definite data on the sub-
ject, experlence has shown that under fleld conditions, the
supporting value of macadam and gravel bases varies consider-
ably over a wlde range.

Even if the standard macadam or gravel base 1s at 1ts
maximum bearling capaclty, in 1ts present condlition 1t hardly
affords any margin of safety unless the base 1s made lnordl-
nately thick. Durling the relatively dry perlods of the year
the subgrade soll 1tself may have much greater bearing capa-
city than some of the worn-down gravel bases.

How then may the bearing capacity of the usual macadam
or gravel base be increased? One solutlon would seem to be
through the use of clay blnders, since 1t 1s very easlily
demonstrated that the structural strength of stone or gravel
base courses can be greatly lncreased by the addltlon of clay
binder, when the mixtures are dry.
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design in which the complete road 1s constructed of three
superimposed structures or layers, subgrade, base course,
and wearing surface, adequate for supporting the wheel loads
and for reslsting the wear of modern traffic, at the lowest
possible cost.

The conceptlion of a road as a composlite structure 1is no
special discovery, for many roads have been bullt in this
manner. The soll subgrade, regardless of the type of soil,
has some degree of bearling capacity under most fleld condil-
tions, but its supporting power may fluctuate widely during
different seasons of the year. The usual gravel or stone
macadam base generally also has conslderable bearing capacity.
It 1s quite evident that the more supporting value any layer
or course has, the less 1s the bearing capaclty required in
the layer above or in the layer beneath. Conversely, 1f the
bearing capacity of one or more of the nultlple layers or
courses ls radically reduced during certain periods of the
yoar, another course, or other courses have to be made pro-
portionately strong and massive to take up these fluctua—
tions, Up to the present time, whenever the combined bear-
Ing capaclty of subgrade and base course was not sufficlent,
the defliclency in supporting value has very frequently been
made up by heavy thilcknesses of costly wearing surface mate-
rials. The conditlions described here have only too often
been representative of the composite road structure bullt in
the past.

Our present conception of a composite road structure ia
or should be, two primary layers of soll subgrade and base
course, designed to have a combined bearing capacity adequate
for the supporting of the heavliest anticipated wheel load,
implemented with a wearing course of only sufficient thick-
ness to withstand the ebrasive action of the traffic to which
it will be subjected.

We conslder the design of modern roads as composite
structures of properly constructed multiple layers, the only
logical approach to low construction costs, It is only in
thls manner that we can obviate either over-design or under-
design. It 1s only on this basis that we can make the most
of the local materials at hand, and reduce to the minimum the
use of expensive manufactured addition materials,

The soll subgrade 1s the primary support of our rosads.
Consequently, our first step in bullding the composite struc-
ture 1s to treat the soll subgrade by mechanical means, so
that 1t will have the maximum resistance to distortion under
loads at the most critical perlods of the year. By mechan-
ical means we have 1n mind drainage, elimination of undesir-
able solls and Proctor compaction. These methods of subgrade
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I -~ Introduction

If frequency of mention denotes popularity, "soil stabi-
lization" 1s 1ndeed a very popular subject. In the past few
years, the proceedings of every meeting or conference dealing
with hlghway technology, almost 1nvarlably has had a sectlon
devoted to somethlng on soll stabllization. Yet, with all
the attention which has been given to this subject, there
sti1ll seems to be conslderable confuslon in highway englneer-
ing literature and among engineers, as to exactly what high-
way construction operations the term "soil stabilization"
should lnclude. It has been used iIn connection with improve-~
ment of the subgrade through drainage, and in connection with
subgrade consolidation. It has been applied to the treatment
of soill or soll-aggregate mlxtures for highway base courses
which are structurally stable under all field moisture and
weather conditions.

For the purposes of this paper, it should be emphasized
that the term "soill stabllization" is limited to the design
and construction of the class of base coursesdefined in the
last sentence of the first paragraph. It should be further
emphasized, that the results of the investigations discussed
in thls paper concern essentlally only one type of soll sta-
billization, the type which 1s being most wlidely used in Canada
at the present time, "waterproofed mechanical stabilization.®
The paper also polnts out the advantages of thls type of sta-
bllizatlon over the type on which 1t 13 based as an improve-
ment, and which has been extensively used for several years,
"mechanical stabllization," conslsting usually of a sclentif-
ically designed mixture of gravel, sand and clay binder, but
sometimes of coarse sand, filne sand and clay binder.

It will make for better understanding, 1f we first de-
fine our objective in developing "“waterproofed mechanical
stabllization."

Broadly speaking, our objectlive 1s to develop & new
method, or modify and improve exlsting methods, whereby roeds
are bullt as composilte structures. We intend to arrive at a
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