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FOREWORD

In a letter to the Administrator cf Cival Aercnautics, dated April 3, 1942,
the Director of Base Services, Army Air Forces, approved the inauvguration by the
Technical Development Division, Civil Aeronantics Adrainistration, of an investiga-—
tion for the purpose of develeoping ratural or synthebic cherical substances, either
corganic or 1norganic, that would be effective as scail stabilizaing agents — Endorse-
ment of this project and certification of 1ts military importance were given by the
Secretary of War to tre Secretary of Commerce 1n a letfer dated Apral 21, 1942

Since this investigation was classified as being of an emergency nature,
special attention has been given to the following factors in the selection of
materials to be studied

1 Effectiveness and ease nf application of the materaial under adverse
construction conditions
2 Proaimity of sourcecs of the material to areas in whicn 1t may be used
3 Ease ol transportation to sites where the material wmay not be
locally awvailable
A Quantity of the materzal available for uce

To date the work on this project has progressed 1n a satislactory manner

A report on this study entitied "Soil Stabalization by the Use of Rosin", Techmiral
Development Note No 34, contains data showing that resinous materials can be ef-
fectively used as soil stabilizing agents The present report, "A Laberatory Study
of the 3c1l Stabilizing Effectiveness nof a Complex Salt of Abietic Acid", Technical
Develcpment Note No 35, 15 the seccnd of this series As conclusive data concern—
1ng other materaials under invesligalion become available, additional reports will
be released

A LABORATORY STUDY OF
THE SOIL STABILIZING EFFEGIIVENESS
OF A COMPLEX SALT CF ABIETIC ACID

SUMMARY

This report presents the results obtained from a laboratocry investigation
of the so1l stabilizing properties of a complex salt of abietic acid, known com-
mercilally under the trade name "Resin Stabilizer 321." This materaal, a tinely
powdered white resinous substance, 1s exceptionally light, weighing only 16 pounds
per cubic foot, and, not being hygroscopic, can be packaged and stored without de-
terroration or loss of effectiveness

In order to fully evaluate the effectiveness of this agent, eight daifferent
so1l Lypes, ranging 1n texture from silty fine sand to clay, were employed The
response oif each soil to treatment with O 2 and 0 5 percent of stabilizer was
measured by three procedures, namely, Calafornia Bearing Ratio Testz (modified),
Water Absorption Tests, and Unconfined Compression Tests

While the effectiveness of the stabilizer varied with the different soials,
all were preatly benetited by treatment  For instance, the addition of Hesain 321
meore than donbled the bearing ratio value of soaked specimens of every soil type
and materially reauced the amount of expansion In all cases, the rate of water
absorption was greatly reduced Untrszated specimens cof all soils failed by slak-
ing 1n less than 1 day of scaking while treated specimens remained 1n excellent
condition even after being subjected to the same conditions for a periocd of 7 uays
The unconfined compressive strength tests showed that Resin 321 does not add to

~——————=xhe cohesion of the so1l system
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1s exceptionally light, having a weight of only 16 pounds per cubic foot

At the present time, tte available guantity of this material is rather
limited, however, the amount 13 adequate for extensive laboratory and field investi-
gations. It 1s understcod that the manufacturer has perfected a large-scale produc-
tion process and that a plant capable of producing sufficient quantities to meet any
demands can te constructed 1n a comparatively short time

So1ls

Bight different soials, varying in texture from silty fime sand to clay, were
used 1n this study The plasticity index of these soils ranged from 2 to 31

In all so1l stabilization by the use of chemicals, especially where the
quantity of admixture employed i1s very small, the chemical properties of the soils
are of considerable importance For this reason, the base exchange capacity, the
base saturation, the percent of carbon, the percent of crgame matter, and the pE
values have been carefully determined for eact of the soils These data, together
with the physical properties of the soils, are shown in table I  The grain size-
distribution curves are shown in figure 1 and the moisture-density relationships in
fipure 2.

TESTING PROCEDURES

Unfortunately, there exists no generally accepted laboratory method of evalu-
ating the goil stabilizing effectiveness of chemical admixtures  The test procedure
employed for soil-cement 1s not applicable and mest of the sixteen or more methods
used for soil-bitumen do not appear to be sufficiently consistent to ve adopted for
the evaluation of a new type of stabilizing materaial

Since the Caliafeorniz Bearing Ratic Test? 15 now extensively used for the
design of base courses for flexitle pavements, 1t was employed as the basic test
for this study, with such slight medification as appeared necessary for the proper
evaluation of a chemically treated scil  Inasmuch as the chief factor in the acticn
of Fesin 321 as a so1l stabilizer 1s 1ts ability to reduce the moisture absorption
of a so1l, tests were performed to obtain additional informaticn on thas factor
At the completion of the absorption cycle, supplemental data were obtained on the
comparative strength of treated and untreated specimens by running unconfined com-
pression tests

Californmia Bearing Ratio Tests

The California Bearing Ratio tests were made on representative so1l samples
containing 0 0, 0 2, and O 5 percent, respectively, of Resin Stabilizer 321 In
preparing the treated specimens the chemical was added to the dry soil and thoroughly
dispersed before the addition of the water

Before proceeding with the evaluation of the expansion and bearing ratic
values, 1t was necessary to determine the moisture-density relationship for each
so1l sample to be tested This was done by the static-load methed In this pro-
cedure samples of each 501l {approximately 14 pounds) were mixed with increments
of water to obtain a range of moisture contents well on both sides of the optimum
Each sample wa3 then placed in a 5-inch diamter mold, lightly tamped, and compressed

20.4 Porter, "The Preparation of Subgrades,™ Proc., Highway Research
Board, Vol 18, Part II (1938B); alsc, 0 J. Porter, "Foundations for Flexible
Pavements," Proc , Highway Research Board, Vol. 22 (1942)



TAPLE I

IDENTIFICATION OF THE SOILS EMPLOYED

Physical Characteristics

Lab. Specific | Iaiquid Plastic | Plasticity | Shrinkage Optaimum Mazxamum
Symbol| Series and Texture | Gravity | Lamit(l}| Lamit(l) Index Timit(1) Moisture(l) | Density (2)(3)

P Stephenville Loam

sand 2.65 19.0 17.0 2.0 - 11.3  (4) 110 2 (4}

B Zaneis Sandy Clay 2.66 22,1 18.0 4l 14.4 107 {(4) 124.0  (4)

E Durant Sandy Loam 2.63 22 5 18 3 4 2 15 3 10 4 125 2

L Foard Loam 2 64 23 4 17 8 56 16 3 10.8 122 3

U Raver Wash Silty

Clay Loam 2,68 318 20.1 11 7 14 9 .5 125.7

M Zaneis Clay Loam 2.65 32,1 18 4 13 7 15.6 12.3 126.0

N Miller Silty Clay 2.68 44.9 18 8 261 12 6 13 5 124.0

v Vernon Clay 2 N2 53 5 22.4 11 12.7 15 0 119 0

Chemical Characteristics

Lab Base Exchange Base Saturation(5)(6) pH Orgamc
Symbol | Capacity(5) Ca Mg Sr n K Na Value Carbon(l) | Matter(l)

P 5.62 3.59 191 0 004 0026 | 0.490 | 2 95 6.9 0.56 100

B 9 28 477 3.81 0.016 0.032 | 0.492 | 2 89 65 076 136

E 8 84 6.15 2 16 0.013 0190 | 0358 | 273 64 138 2 47

L g8.71 6.20 3.12 G 026 0 286 | 0.435 | 2.88 7.0 0 82 147

U 10.15 19 86 (7)3 a8 0.046 0 053 0.691 | 3.62 7.7 0 74 1.32

M 16.24 8.46 892 | 0.022 0024 | 0569 | 3.06 65 1 00 1.79

N 13 59 8.45 6.56 0.042 0.082 | 0883 | 3 65 6.6 1.10 195

v 18 48 11 46 8.20 0,022 C.043 | O 944 | 2.95 6.7 170 3 04

(1) Expressed in percent by weight of dry so1l (2) sStatie-load method - 2000 pounds per sguare inch

(3) ©Dry weight in pounds per cubie foot. {4) The moisture - density relationship for theae s01ls was
difficult to determine by the static-load method  The values given are those used in molding the
specamens. (5) Expressed in mi1lli-equivalents per 100 grams of so1l (6) Calcium was determned
by titration - others by use of spectroscope (7) Due to Calcium Carbonate waGOB)'




under a static load of 2,000 pounds per square inch In applying the load between
1,000 and 2,000 pounds per square inch, the head of the hydranlic testing machine was
lowered at a rate of approximately O 05 inches per minute The maximum load was main-
tained on the sample for 1 minute before being gradually released during a pericd of
about 20 seconds

The dry densities3 for the various moisture conditions of each sample were
cbtained, the values plotted against their corresponding moisture cortents, and a
smooth curve drawn through the resulting points The weirht per cubic foot and the
corresponding percentage of moisture at the peak point of this curve were taken as
the maximum dry density and the optimum moisture content, respectively, of the parti-
cular so1l

In preparing the specimens for the California tests the scil was mixed with
an amount of water corresponding to the optimum moisture content, placed 1n a 6-inch
diameter mold, lightly tamped, and compacted by the applicaticn of a static load, as
previously described

The compacted specimens, s5t11l in the mold, were oven—dried for about 2 days
at a temperature of 65% C & They were then weighed, covered with a 7-inch filter
paper, and a perforated base plate clamped over the top The mold was then inverted
and a filter paper, a perforated oase plate with an adjustatle stem, and a 10-pound
surcharge were placed on top of the specimen A gape and tripod assembly, used for
measuring the amount of swell of the specimens, was fastened over the mold and the
stem of the perforated plate was adjusted to give a zero gage reading The mold
was then placed 1n a tank, surrounded with water tc a level below the top of the mold,
and the specimen allowed to absorb moisture from the bottom by capillarity for a
period of 24 hours At the end of this time the gage reading measuring the armount
of expansicn was noted, and the specimen was removed from the tank and weaghed to
determine the amount of water absocrbed

The mold was again placed in the tank of water, this time being completely
immersed, and allowed to soak for 4 days Durang this time the expansion was
measured twice a day and the percentage thereof calculated in terms of the height
of the specimen tefore scaking

At the end of tre soaking perioed, the 10-pound surcharge, the perforated
plates, and the filter paper were carefully removed The specimen was allowed to
drain for 1 minute, after which 1ts weight was determined

The same specimen, st1ll remaining in the mold, was used for the penetration
test A 10-pound surcharge was placed on top of the specimen before 1t was centered
under the loading head of the testing machine. The penetration piston, having an
end area of 3 square inches, was firmly seated on the specimen and the dial adjusted
to a zero reading before the start of the test. In applying the load, the head of
the machine was lowered at a rate of approximately 0.05 inches per minute The load
1n pounds per square inch was recorded at points of O 05, 01, 0.15, 0 2, 0 3, 0.4,

W
l+w), where W = total weight of the specimen as molded;
V = total volume of the specimen, w = the roisture content of the specimen=

3 Dry dens:.ty:v(

weight of water | Knowang the diameter of the mold, the volume of the specimen
dry weirght of soil

was computed by measuring its height  The meoisture content was determined from
small representative samples of the so1l

4 Thas departure from the standard California procedure was found to be
advisable as a result of earlier experiments in which the triaxial compression
test was used These tests showed that in order to develop its greatest stabila-
21ng powers, Resin 321, the same as other chemical and bituminous stabilizing
agents, requires a certain amount of curing or drying back



and 0 5 anches of peretration Tron tleg:s raz: 1lts the vearang ratio (relative bearing
value) of the trcated and untreated spec.r =ro vas corputed as a rercentage of the
follower - standard loads ifor each ircre-cnt rl fenelration

Penetration Standard Leoaa in
in Inches Poinde per Sguare Ireh?
c1 1000
02 1500
C3 1900
o4 2300
o5 2600

Water Avsorptien ana Uncorfined Compressicn Tes*s

For these teats, specimens 2 i1nenes 1n alaneter ana 2 "nc'es . heirht were
preparea with O U, 0 2, and O 5 percent of Tesin Stabilizer 321 All specimens
were compacled to the mavximuwn density at optimin moisture content as previously de-

N

termined Ly the static-Ilead method

Fort —*wo speciwens were nmelded Zo1 eact so1l - 14 for eaclt percentage of
aamixture  Duplicate specimens were exposed to tre following conditiors of trcat-
ment

a Ne drying naclk, no soalang

b Dryirg back to 75, 5C, anu 25 percent, respectivelv, of

the optimmm no.sture content
< Dryir » vacr to 75, 70, and 25 porecont, respectively, of
v tle optzmur morsture vontentb, and sibseguent scaking

At the comp.etron of =sach of these corditzons ~f treatment, tre tnceonfined
comoressive strer-=% of the specimens was detormined  For Lhe soalk~d specimens, the
rate of moistire avsorpt.oon was measured

Dr-ing was accamplichea an an oven, the temperature of which rangea frem 50°
to 7C° C Arter Jre specloens were repoted irom the oven, they were placea 1n an
arrtisbt container for 43 Tours to allow tor a wniforr distritution of the moistur
content

The procednre enplo ed for soarlng tle specivens conoisted of placing t-em
in 1-7/8 1cues of water tor 7 davs Durin— this period, the specimens were perio-
a1cally removed fron the water, weilshed, anc tne 1ncrease 1~ moislure conlent cor-
puted

The nneonfined compressive sorength teste were rur or a Carver hycraulie
press at a constant rate cl lead increass COrly the Joad at fazlure was recorded

TEST RESLLYS
The data obtainea from the California pearing Ratio tests, the moisture
abtsorpiicn and the wnconfined com-ression Lests, follow this text  On the basis

of tresze data, Lhe followins statemerts may be made

California Bearing Hatio Tests

(S5ee tigures 3 through 11)

1 Treatment with Resin 321 sreatly 1ncreased the bearing ratio value
of 2811 so1l employed in this investigation

5

Values for crushed stone
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In all cases tut one (so1l P), treatment with O 5 percent of Resin 321
proved more effective 1n increasing the bearing ratic value than
treatment with O 2 percent .

The increase 1n effectiveness of O 5 percent of Resan 321 over 0 2
percent, as measured by their bearing ratios, was not proportional to
the amount of admixture used except waith soil N.

In all cases but ome (so1l E), treatment with Resin 321 reduced by
more than 50 percent the expansion tpon exposure to water

In four cases (so1ls L, U, N, and V), 0.5 percent of Resin 321 was
more effective than O 2 percent 1n reducing the eXpansion; 1in one
case (s01l M), 0.2 percent was more effective than 0 5 percent, 1in
three cases (soils P, B, and E), only slight differences were ob-
served between the effectiveness of treatment with 0 2 percent and

0 5 percent

In the case of the untreated soils, those that showed the greatest
expansion upon exposure to water also showed the lowest bearing ratio
values

Treatment with Resin 321 decreased the water absorption in all cases
In all cases, treatment with O 5 percent resulted in less absorption

10
11
12

13.

15
16

17

18

19

than treatment with O 2 percent
The decrease 1n the percent of absorption was most pronounced 1in
the less plastic scils (P, B E, and L).

Water Absorpticn Tests

(See figures 12 through 16)

Treatment with Resin 321 greatly reduced the moisture absorption of
all sonls tested

Al]1 untreated specimens failed by slaking in less that 1 day of
1mmersion 1n water

For all soils except U, treatment wath Resin 321 prevented failure
upon 1mmersion in water

For similar moisture contents at the beginning of soaking, the per-
cent of optimum moisture obtained by the treated specimens after

7 days of soaking was less than that obtained by the untreated
specimens in 1 hour of scakang, for all soils except U

In most cases, 0.5 percent of Resin 321 was more effective 1n re-
ducing the water intake than 0 2 percent.

The increase i1n effectiveness of O 5 percent over C 2 percent was
not proportional to the amount of admixture used.

The water content of treated specimens of soils E, B, L, and M,
which had been dried back to moisture contents of approxamately €0
percent of optimum, was, after one day of ascaking, below the optimum
moisture for compaction Theé water content of the treated specimens
of so1ls P, N, V, and U excesded the optimum moisture content under
the same conditions.

In all cases of treated soils, drying of the specimens previous to
soaking decreased their final water comtent. No critical moisture
content was found below which drying would be undesirable.

Unconfined Compression Tests

{See figures 17 and 18)

A1l untreated specimens failed upon immersion in water and conse-
quently no compressive strengtl data could be obtained

After 7 days of soaking, the treated specimens of each soil, which
Fad morsture contents at the beginning of scaking of approximately
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70 percent, had compressive strenpgths (expressed in pounds per square
inch) as follows E — 86, M—80, B— 648, P—-136, L ~ 36, N and V—
less than 32, and U— failed during immersion.

20  For similar mecisture contents at the time of the test, the treated
specimens that were soaked had considerably less compressive strength
than those that were not soaken

21 For the specimens that were tested al moisture contents attained by
drying-back alone (no scaking), the strength-meisture content re—
lationship of the treated and untreated specimens, was very similar

22 In the unsoaked condition, both the treated and untreated specimens
of so1ls N, M, V, and U showed considerably greater strengths at the
lower moisture contents than did the specimens of soils E, B, L, and P

DISCUSSICN

Test Methods Employed

In order to understand the true meaning of the test data presented, i1t is
necessary Lo study the relationship between the test melhod employed and the proper—
ties of the soi1l systems evaluated by each of these methods

The Calafornia Bearing Ratic Test was developed primarily for use in the de-
si1gn of flexable pavement hase courses and 1s of value because 1t has been correlated
with field performance Being of an empiraical nature, however, the test possesses
meaning only for those materials for whict it was designed, namely, natural soils
The standard test procedure prescribes a soaking period of /4 days which for natural
soils 1s usually sufficient to permit saturation of that portion of the specimen
within the action zone of the penetration plunger However, for waterproofed scil
specimens 1n which the rate of water absorption 1is retarded, this saturated condi-
tion may not occur within the specified time  Consequently, the bearing ratio data
from such soil systems cannct be used 1n conjunction with the standard design
curves which were developed for use with natural soils In the present study the
bearing ratio data are used only as a means of indicating the relative effect of
treatment on the stability of the so1l

Another factor to be considered in reviewing the data from the Califormia
test 1s the relationship between the rate of penetration and the viscous or plastic
resistance of the tested specimens It 15 a well-known fact that the reaction of a
plastic material, such as asphaltic cement, to an i1mposed locad depends on the rate
at which the load 1s applied, while appearing rigad under a sudden applicatiocn,
such materials tend to flow when the same or even lesser loads are applied more
slowly It 1s pcssible, therefore, that the rate of penetration specified for these
tests 185 too high for waterproofed cohesive so1l systems and that some of the high-
hearing ratios obtained in these tests are more indicalive of the compressibility
of the soil sample than of its stabilaty. It 1s not known to what extent each of
these contrabute to satisfactory behavior in the li1eld where fleeting rather than
stationary loads are the rule Such questions can only be answered by actual ex—
perimental field installation

As described under "Testing Procedures,” all specimens used in the Calaf-
ornia Bearing Ratio tests were partially dried before being immersed The
shrinkage resulting from this drying was sufficient, 1n the cases of the more
plastic soils, to cause a void belween the specimens and the sides of the mold
Consequently, at the start of the soaking period, water was accessible to the
specimen from the sides as well as irom the top and the bottom A review of
the test data shows that this shrinkage caused no significant discrepancies 1in
the test results, due, most likely, to the fact that the specimens swelled quickly
when wetted, thereby completely refilling the mold

Water Absorption Tests in which unconfined 2-inch specimens were immersed
for a period of 7 days, give meore representative data on the water absorption pro-
perties of the soal than do corresponding results obtained from the Californmia
Bearing Hatio Tests where larger specimens were soaked for only a 4-day period
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These tests, however, are not suitable for use with soils, or soi1l systems, posses-—
sing low cohesive propervies, since in these cases the specimens often faxl by
slaking due to & lack of lateral confinerent  This cendition alse helds true for
calcareous materials suct ag caliche ana for soils containing large amounts of cal-
cium carboenate Such materials, although making excellent base courses when lateral-
ly confined, may disintegrate rapidly when subjected to moisture while 1n an uncon-
fined condition It 1s, therefore, apparent that although the unconfined moisture
absorpticn test does give an indication of tre effect of treatment with most soals,
for t-e special taterials menticned above, 1l possesses neither guantitative nor
nualitalive value for determining their suitacility for {ield construction

Unconfined Compressive Strength Tests on specimens that have teen orevicusly
subjected to snasing provice a mears of evaluating the stabiliving erTectiveness of
Resan 321 However, the severity of the irmmersion test employed in this study caused
mary of the specimens to fait before & measure of their strength could be rade By
confining tre specimens during the soakins and cornpression tests, meore cuantitataive
data coule wve obtained

The strengtr of specimens that have not been soaked prevaous to Lestine is
neot 1naicative of the degree of stacilizatinn Trese data were of wvalue 1n this
study, however, for determining whetrer or not Resin 321 aaded to the cohesion of
the so1l system

In summarzzing, 1t may Le said that 1n order to evaluate properly the
1est data and to fully unaerstana the aiscassions which rollow, 1t 15 necessary to
keep 1n mind the forercing i1deas concerring the test metrods Although 2t may seem
that the tests employed show little correlation vetween laberatory and field, it
rust re remembered that no laboratory tesls now in use offer a direct indicataon
of whal haprens i1n an actual field placerent of chemically statilized sorl  The
results cttained 1ndicate only the relative ialue of treatment Ly Resin 321 as
measared Ly the ovest laboratory tests now available for approxiratines the various
factors affectings field installations

Tfect of Resin 321

£1] test data obtained in this investipation show that treatment with
Resin 321 reduces the moisture acsorpiior of soils This reduction pertains not
only to the total amount of water absorped but alsc to the rate at which this ab-
sorption occurs  While tottr ef.ects are important, 1t appears that the latler
1s Lhe rore significant. It 15 hnown that a certein amount of water, 1f rapidly
absorted, ray destroy the ccherence ol a soirl speuvimen, while 1f slowly abscrbed
may leave the specimen intact, resulting only in a lowering of 1ts compressive
slrengtn ® This phencomenon was best 1llustrated by a number of tests rade during
this study in which untreated specamens failed on reachang moisture ceontents at
which the treated samples stocd up quite well That this 15 due to different
rates of water 1ntare seems certain since the stabilizer does not ada to the co-
hesive properties of the so1l  Thas latter fact 1s confirmed Ly a study of
fipures 17 ard 12 From these curves i1t can be seen that, for unsoaked specimens,
the moisture content-compressive strength relationstip 1s practically independent
of the percentage of treatment.

The conpressive strength of the treated specimens was found to depend not
omls cn their water content but alsoc upon the manner in which this value was
reachea. Tor equal water contents, a specimen which had been dried back from a
“i1gher to a lower value showed greater compressive strengtt than one which had
reached the same water content from trhe dry side bty absorptacon This phenomenon,
which 15 of both practical and theoretical significance, ' as been observed to
deccur also in other types of stabilized soil

© Hans ¥ Winterkorn, "The Mechanism of Water Attack on Dry Cohesive Soil
Systems," — So1l Science, Vol 54, No 4, (1942}
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Tre data ootained i1n this investigation do not allow the arawing of definaite
conclusiors concerning the optimum amourt of slacilizer to be used witr the different
sc1ls, as only two differert percentages of tre stabilizer were employed  however,
the bar graph shown in figure 11, which sumrarizes the effect of Resin 321 on
molsture intale, srows little aiiference wet.een the influence of 0.2 and O 5 per-
cent of the stabilizer While tris obserraticn 1s substantiated by the moisture ab-
sorption data fror tne Calif-rria tests, tre .earing ratic values for the more
plastic soils, especiallv soil N, are censideralbly higher with O 5 percent of the
stavilizer tran thev are witk 0 2 percent Onn the basis of the data cbtained in
th13 and previous work, -t mav be stated that the cptimum amount of stabilizer
pro-abl s lies betweer O 2 and 1 percert, the optimum increasing with the amount
and activity of the clay contaired 1n the s01l svstem  Experiments made oprevicusly
wit's Resin 322 ana similar resin compoeves ni ~1gher alkalil content indicate a
shizting of tne optimur amovnt required toward smaller wvalues with an increasing
alkali content of the stabilizer Ccnseqlently, an increase 1n the anount of Resin
321 ahove 1bLs cpi_nui range aces nob result in an improved stability and 1n scme
cases may even bte wetritental  The fect that trere 15 an cptimum amount of alkal:
that ray be added teo 2 so1l to obtain best results 1s corrcbeorated by experinents
in whicr s04p was usew 1 aomolnaion with road o1l for soal hreatwent 7 Altheuch
substancss wth 1vher alkali cenbtent ropresent a more active stabilizer than Resin
321, they are wore hycrescopic and necessitate freater care in shipping and appli-
cation

Relative Succeptibizity of tte Scils to Stabilization

Cne of the nrimary parprses of this investigatior was To determine the ef-
fect-veness o1 Resir 321 in treating different types of soils The so1ls used were
selected on the basis of their physical characteristics and vary from silty Tine
sard {P) tc clay (N and V) In order to judge the soils on the basis of their
suitalbility as base courses or temperar; wearing surfaces after treatment with
Resin 321, the' have been arranged 1r accordance witl the data cbtainea from the
difierent test:s Inasmich as no single test employed tells the entire story about
a sorl, a composibtz rati~z has been rade that zives appropriate weight to the
ralirg obtained fror eact test 411 ratings are based on the pertormance of the
spacimens treated with O 5 percent of Resin 321 and are arranged ir order of de-
scending acceptabality

The da*a from the aif’erant tests indicate the {ollowing ratings of the
solls

California Bearing Ratio Tests

a Bearing ratic value E, B, N, L, U, V, M P

L EBxpansion during socaling B, P, E, L U, M, N, V
Water Absorption Tests® E=Fb, M=1L, P, I, V, U
Unconfined Compressic~ Tests on

Snaked Specimens E, ¥, B, P=1,N=V, U

Since * e bearing ratio and expansion data were obtainea on the sane
specinens, these resilts can be correlated to obtain a corpesite rating of the
so1lls The sane procediura can .e followed for the absorption and compressicn
test data, since they, toe, were obtained on similar specimens These composite
ratings follow

California Eearing Ratio Tests E=B, L, U, ¥, V, (N and P,

indefinite)

7 "01ling of Earth Roads, Application of Surface Chemistry," Industrial
and Engineering Cherastry, (1933)
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Water Absorption Tests and
Unrenfined Compressicn Tests

on Soaked Speczmen E=B, M=L, P, U, V, and U

)

It will be noted that the ratingss are quite similar Tre vest graded soils,
B and B, rank hichest wnile Lhe most plastic seoil, V, 1s shown to ne the lease de—
sirable It 1s believed trnat the merits of soils N and P relative to the other
so1ls, although indefinite 1n the California tests, are fairly well shown by the ab-
sorpticn and compression test aata  The variation in the rating of se1l U 15 prob-
ab’y dae to difference 1n the types of tests, i1n the California method the specimens
are confined while i1n the other tests they are unconfined

Further understanding of the effectiveness of Resir 321 watk i1he diiferent
s01ls can perhaps ce obtained by discussing tre specific characteristices of each
s011 that may influence 1ts susceptibilaty to stabilization

So1l P has a mecramical corvposition of 77 percent sand, 12 percent silt, and
.1 percent clay, and a plasticity index of two  The absorption data indacate that
Fesin 321 1s effectaive in reducing the water intale of this snil  Tre bearang ratioc
value of tne treated specimens, while tie lowest cf all the scils tested, was mere
than twoee that of the untreated soecirens It appears that tras soil does not pos-
sess cufficient corfesion to be rendered suvitable ior use as a wearing surfarce ty a
pirely waterprcofirg agent  However, 1f it 1s to bLe confined, as in a base coursc,
1t should perforr satisfacteorily, and such treatment would be oeneficial

So1l U has a rectanical corposivion ol 39 percent sand, 41 percent silt,
and 20 percent clay Its liquad limit 1s 31.8 percent and i1ts plastzcity 1naex
117 On the hasis of these physical characteristics, this so.l wonld normally be
e¥pected to make a good showang 1n all the tests However, as indicated by the
different order of rankairgs, 1ts pertformance was somew at irregalar  In the wois-
ture absorplion tests the treateac svecimens showed cistress after only 3 days cof
soaking, and their moisture content at ile end of this time rad reached 200 percent
oI the optaimun for compactaion  In the Califormia tests, however, wrere the specz-
mer was cemfined during the sca%ing neriod, treatment greatly increased the
bearins ratio value and decreasea the amount of expansion

An explarazion of this aivergence of action may be fouand in tre chemical
properties ol so1l U This soil 1s the only one emvloyed 1n the 1nvestigation that
gives an 2lkalire reaction It has a pH value of 7 7 and contains 1 28 percent of
calcium carborate, which 1s a relatirely high amount Zor such materials It 1s
known from past experience that the presence ot tree carborate in such proportions
makes a soil susceptible te slarings when irmersea in water, 1f unconfined  However,
when confaned, sucl sozls have been Tound to perform satisfactorily. This same
trend has teen nobted 1n granular stabilization when the action of limesteons aggre-
gat2 and screenings “as bLecn compared waith trat of silicious gravel  TUnconfainea
water absorptior tests on specirens containing these materials wsually i1naicate
that the gravel 1s superior, while the resulls fron actual T1eld installations show
the lime-tone to be the more desira.le Fer this reasor, 1t appears that the ef-

8 Tras rating 15 based on the absolute increase 1n molsture comtent of
those specimens, which, belore soaking, had been dried back 1o o4 roisture content
of 70 percent of optimum It 1s difficult Lo decide whetler 1t 15 mere appropri-
ate Lo exnress the amounl of water intake by this method or as a percentage of
the respective oplimums of eac~ soil  The latter .casis 1s therretically afiract-
1ve and ray also be of practical importance when the percentage of air voids re-
mains ccnstant  Towever, from an engineering poirt of izew, a water intake of,
for exarple, 150 percent of the optimum may atflect two =5o0ils 1in an entirely daf-
ferent manner  For instance, an intake of such an amount of water weoula cause a
highly cchesive s+11 to expard muct riore than 1t would a =01l low 1n cchesior The
eflect of such veolume change 13 not consiuered when the water inta<e 1s expressed
as & percentage of the optimum  Trais fact should be kept in mind waen evaluating
water absorplion gata  For the testz in this study, however, the sare raling of
the socils was obtained by each ret+od
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fectiveness of Resin 321 waith soils cortaining calcium carbonate cannot be properly
evaluated by unconfined water abserption tests

So1l B has a mechanical composition of 67 percent sand, 11 percent silt, and
22 percent clay TIts plasticity index 1s 4 1  Experience in bituminous soil stabili-
zation has demonstrated that soils containing 65 percent or more of coarse-grained
components usually respond well Lo treatment  The main reaspn for the good shkowing
of so1l B 1s probably 1ts gradation  Of impcrtance alseo 1s the low ceefficient of
permeabilaty This value, for a dry density of 110 pounds per cubic foot, was 5 x
10-€ centimeters per seconc The pli value of 6 5 shows that the so1l reacts slightly
acid, a fact tret 1s favoralle teo the action of Resin 321

So1l E has a mechanical composition of 50 percent sand, 32 percent silt, and
1¢ percent clay While the consistency indices for this smil are the same as those
For so1l B, 1t does not have as good a sand-si1lt ratic  However, its silt-clay
ratio 1s somewhat better than that for sc1l B lotewortby in comparing the proper-
t1es of these two soils 1s tneir content of organic matte , which 1s 2 47 percent
for so1l B and 1 36 percent for soil 3  Fast experience has demonstrated that dry-
land organic matter may be very helpful in the stabilaization of soil, in contrast
to wet—land organic matter which i1s usually detrimental  Inasmuch as the organic
natter contained by these soils 1s of the ary-land type, the good showaing of soil
E may be partly due to 1ts higher organic maller content

Soil L has a mechanical composition approximating that of soi1l R, namely,
55 percent sand, 28 percent silt, and 17 percent clay lowever, the perforinance of
501l L 1s considerably inferior Lo trat of sorl & Mejor difterences in character
of these two soils are. Sc1l L nas a permeatility of the order of magnitude of
10-7 centimeters per second which 1s avout 10 tiTes mere pervious, at cemparalle
densities, btran soil E, so1l L contains orly 1 47 percent crganic matter, as com-
pared to 2 47 percent containea by soil E, cozl L 1= meutral, possessing a pl' value
of 7 as comparsd with one of & 4 for so1l L

So1l M has a nechanical composition of 45 percent sand, 30 percent silt,
and 25 percent clay The clay portion ol this so1l 1s very active, as shown by the
shrinkage of the California specimens trom the meolds anring drying and Ly the hich
base exchange capacity

This latter property also indicates a haigh water affinmity, a fact indica-
ting that water may be attracted to the soil with svfficiently great energy to ofl-
set the advantage of 1ts low permeabilaity, which 1s of the order of magnitude of
16-9 centimeters per second In comparing the action of soils M and L, 1t should
be noted that the water affinity of scil M 1s much bagher than that of soil L
This fact 1s 1llustrated by the dilferencec in their Lase erchange capacities,,

16 24 milli-equavalents per 100 grans of soil asainst 8 71, and also by the dif-
ference 1in their liquid lamits which for soil M as 32 1 percent ard for secil L
23 4 percent

So1ls N and V have mechanical composibion, respectively, of 33 and 34
percent sand, 27 and 21 percent si1lt, and 4C and 45 percent clay  They are the
most plastic of the s-21ls employed, the plasticity index of N being 26 1 and that
of ¥ beang 31 1  FBoth soils exhibit a great affinity for water and, durine mois-
ture abscrption and dryang, both urdergo considerable volume change  While both
the water affimity and the volwre change are reduced by the addition of Resain 321
the properties of the treated systems are still far from those of a desirable base
course -naterzal.

The data and discussions presented so far on the relative merits of the
different soils after treatment with Resin 321 makes 1t apparent that the gradation
of a sc1l 15 an irportant factor with regara tc 1ts susceptability to stabiliszatien
It 15 true, of course, that in all types of stabilization work, the more nearly
the graduation of a soil approximates tnat of a mechanically stabilized system or
of an =-39 so1l, the less the statalizing effort required.
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While gradation 1s thus very important, the preceding discussion of the indi-
viduzl s01ls shows definitely that 1t 15 not the whole story It may ove stated that
any and every physical and chemical property possessed by a so1l influences 1ts sus-
ceptibailaty to cherical stabtilization This situation presents an open invitation for
atterpts to find a single correlation between the susceptibility of the so1l to stabi-
lization and one cor rore of the better known soil properties, such as the plasticity
index, content of organic matter, pH value heat of wetting, etc  Although these at-
tempts may produce important information, they are liacle to lead tc over—emphasis on
some cne factor The only way te avoid succumbang to sore of the zttractive bt
dangerous half-truths 1s to survey tle problem from the focal point of a single
theoretical concept of the action rechanism of the Resin 321

A Tnecretical Concept of the Stabilizing Action of Resin 32110

Resin 3Stabilizer 321 possesses a balarced 1inorganic and organic character,
wh.ch may also be called a hydrophilic and a hydrophobic character  The hydroprilac
character 1is nainly due to 1ts alkali contint which alsc rakes 1t a gocd dispersing
agent: for most soils The hydrophcbic character 1s due to the bulk of the abietic
acid molecule These craracters are localized on specific parts of the complex
molecule of ihe stabilizer and induce the wolecule to orient and arrange 1tself in
accordance with the inorganic or organic nature of the material with which 1t comes
in contact The balanced character of this apert i1s furthermore ev-.denced by the
fact that 1t 15 neather soluble 1n water nor, so Lo speak, inscluble, but disperses
eas1ly 1nto particles of ultra-ricron s:ize On the other hana, tre waler affinmity
of the material 1s small enough nol to attract water {rom a moist atmosprere

Decause of 1ts alkalinity and spontanecus dispersion into ultra-microns in
cenract witn water, the stabilizer may exert a dispersing efiect on the treated soil
Such an etiflect often results 1n a greater final density than that oblainable without
treatment Thas greater density results alsc 1n a decreased permeability  However,
whether thais dispersing eftect 1s cvadent or not, a decrease of the permeabalaty of
the co11 can be expected oy transfer of sociwr 1ons from the stabilizer to the soil,
making the lestter, at least in part, a scdivm smil It 15 well lnown that the sodium
medifications of most so1ls pessess the lowest perreabalities for a given pere space
and pore size

After or while full1llang the funcbion of making a so1l less pervicus, the
stabilizer becomes irreversioly changea 1r such & way that 1t leses 1ts dispersing
power  There 15 no reason to believe that there exists only one specific rechanism
for ibhe latter process, ratrer, a great number of reactions may and probably de oc-
cur either singly or in unison Tre irreversibility may be caused by exchange re-
actior between the sodiuwr and tne hydrogen rons on the stabilizer and the Yydreogen
and other adsorled 1omns on the soil particles The type and amcunt of humus 1n the
so1l undcubtedly play a role in thris comnection  The irreversibility may also e
caused bty purely physical adsorption phenomena, or by any and all physical or
chemical su.rface pheromena, whict are krnwn to play a Toll 1n the soils In tris
connection the importance of microbiological p-enomena must not be overlooked

This fixang of the stabilizer by the soil occurs already in the moist medium,
hewever, drying accentiates this fixing by incucing the complex molecules of the
stabilizer to orient their inorganic nydrophilic faces tovaras the inorgamic soil
particles and their hydrophcbic resinous ends teward the atmosphere

9 Cival Acronantics Administrabion's classification (roriespords to an
A-1 so1l as classified by the Public Reads Administration)

10 This concept, while a product of intuition rather than of detailed
analysis, appears tc be contradicted by none of the snown facts, indeed, 1t ap-
pears to be the only concept which harmonizes scme apparenlly conbradictery data
The respective 1deas were conceilved by Dr Hans F Winterkorn during the winter
of 1942-43 and were recorded 1n affidavit sworn to on May 22, 1943
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Becoming fixed 1n this position, the stabilizer shields the water atiraction
centers on the soil particles and does not permit easy wetbing of the system The
stabilizer decreasgses the water effimty as well as the accessibility of tne internal
surface of cohesive so1ls while interfering little or not at all with their cohesion
In this connection 1t should be stated that the resin stabilizer 1s usable only for
soi1ls of sufficient clay content to possess inherent cohesion under dry and moist
conditions The stabilazer does not add coresion to a system; rather 1t tends to
maintain the natural cohesion of the scil by preventing the entrance of excessive
amounts of water

It should be kept i1n mind that Resin 321 18 not an unique material but only
one member of a large family of actual or possible resinous stabilizing agents Other
members of this family have already been investigated or are being investigated in
the laboratcory at the present time

CONCLUSICONS

From the results of the investigation described in this report, the following
conclusions are dramwn with respect to the soil stabilizing effectiveness of Resain 321

1. Treatment with Resin 321 reduces the total amount and the rate
of water absorption and, through this action, protects cohesive
so1l systems against the detrimental effect of moisture fluctua-
tions

2 The quantity of stabilizer requared for effective treatment 1s
very small; 0.2 percent, on the basis of the dry weight of the
501l {approxamately 1 pound per square yard for a 6-inch depth
of treatment), greatly improved all soils tested in this study

3 Resin 321 15 mainly a waterproofing agent and does not add to
the natural cchesion of a so1l, therefore i1t 1s not effective
with solls possessing low cohesive properties

4 The action mechamism of Hesin 321 1s very complex; for thas
reason, experiments and observations designed to further its
evaluation must be based on as broad a factuwal foundation as
possible b

Sance these data show that, from a laboratory point of view, Resin 321 1s

an effective stabilizing agent, 1t 1s recommended that i1ts evaluation be furthered
by the construction of field test sections

APPENDIX

CHEMICAL TESTS MADE FOR THE
CHARACTERIZATICN COF RESIN STABILIZER 321

Tests Performed

1 termination of the acid number of Resin 321 by means of the A.5.T M
method D4B4-L2 and by a modified method permitting longer time of reaction
between the alkala and the stabxlazer

2 Gravimetric determination of the sodium content of Resin 321

3  Determination of the melting point of Resin 321 on the plate of a
Fisher-Johns melting point apparatus

/4 Determination of the melting point of pure abietic acid prepared from
Resin 321

5. Potentiometric titration of pure abietic acid with alkali in an
aqueous medium

6  Potentiometric tatration of the Resin 321 wath alkeli and acld, respec-
tively, in an agueous medium.

A 2671 0127)+
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7 Determination of moisture absorption of completely and partially neutralized
rosin 1n an atmesphere over a 30 percent aqueocus solution of sulfuric acid at
room temperature

Dascussion of Results

The data obtarned in tests 1 through 4 are given 1n table TI Trey show
that Resin 321 15 a derivative of abietic acid wath a composition corresponding very
closely to the theoretical composition of the complex salt consisting cf 1 molecule
of sodiur abletate and 3 molecules of abievic acid  The fact that the acid number
of the stavilizer 15 somewhat lower than t-e thecretical, and trat the reltins point
1s also lower than that founa by otler investirsators for the atbove named complex
salt, indicates the presence cf some impurilies  However, the melting peints for
this type of materials are rather erratic snd consequently are rot always reliable
criteria

The data obtained i1n tests 5 ana £ are given -~raprically in figure 19  Thas
figure shows tha! tre alkali contained in the commercial stamilizer 1s consideracly
less active than tte alkali i1n a2 freshly prepared material of the same composition
This behavior 15 due to the fact that aqueocus aispersions of alkali-abietic acid
complexes represent collcadal systems in which aging plays a considerable role
This 1s an important characteristic wath respect to the use of these materials in
501l stabilization, a logical consequence of this characlteristic is the improvement
of the water resistance of soils treated wath a corpound such as Resain 321 by dry-
curing previous to exposure to water

The data obtained i1n test 7 are gaven in table IIT  They indicate that
abletic acaid which has one-fourth of 1%s acic number satisfied by sodium 1ons (this
corresponds to the compesition of Resin 321) possesses a low water af’irity  This
18 an advartage ir tre case of shippring under condations of high atmosoneric mols—
ture content

TABLE 11

A COWPARISCN OF THE PROPERTIES OF RESIN STAEILIZER 321,
SIETIC ACID, AND A COMPOUNL CONSISTING OF
1 MOLECULE OF GCDIUM ABIETATE sND 3 MOLECULES (T ABIETIC ~CID

Acia Percent Melting
Compound hurber of Sodium Foint
1 sodium abietate — 3 abietic acids 12¢ 4 (1) [ 186 (2) 170-175  (2)

205-208 (3]

Resin Stacilizer 321 126 0 (4) | 164 (6) 155-1€1
133 5 (5)
Pure atietic acid prepared {rom 184 8 (7) lad, (8)(7)
Resin Stabilizer 321 125 2 (1)
(1) From theoretical computaticns
(2) Dupont and Desalores
(3) Palkins and Harris, J A C S, Vol 56, (1934)
(4) A5 TM nethod
(5) Modified metod perritting longer time of contact.
(o) Possibility of small loss in graviretiric aralysls aue to non-

availalilaty of platinur ware
(7) As found 1in laboratory
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(8) The following data are given in the literature for the melting
point of abietic acid obtained oy

a Vacuum distillation of rosin - 158° C

b Extraction with boiling acedic acad — 161°—165° C

¢ Crystallization from colophaony - 1379 —7146° c

TABLE TII

MOISTURE AESORFTION OF COMPLETELY AND
PARTIALLY NEUTRALTZED HCSIN IN AN ATMOSPHERE OVER A
30 PERCENT AQUEQUS SOLUTION CF SULFURIC ACID AT

ROOM TEMPERATURE

A267 O(27)+

Percent of water intake on basis
of dry weight specimen
Percent Neutralization 1 day 3 days 1 week 2 weeks
100 11 05 13 4 15 5 16.7
75 772 8 56 9.15 10 4
50 4 26 4 52 4 55 6.55
25 (Resin 321) 175 186 141 311
0 0 18 0 18 o2 03
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PERCENT DRY DENSITY MOISTURE CONTENT | PERCENT | CBR
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PERCENT DRY DENSITY MOISTURE CONTENT PERCENT CBR
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IN PERCENT OF OPTIMUM MOISTURE
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