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FOREWORD

In a letter to the Administrator, Civil Aeronautics Administration, dated
April 3, 1942, the Thrector of Base Services, Army Air Forces, approved the in-
auguration by the Techmical Development Division, Civil Aeronzutics Administration,
of an investagation for the purpose of developing natural or synthetic chemiecal
substances, either orgamec cr inorgamc, that would be effective as s01l stabiliz-
1ng agents  Endorsement of this project and certification that 1t was of hagh
importance and necessary to National Defense were given by the Secretary of War
%o the Secretary of Commerce in a letter dated April 21, 1942.

Since thas investigation 1s classified as being of as emergency nature,
special attention has been given to the followaing factors in the selection of the
various subjects to be studied

1 Effectiveness and ease of application of the material
under adverse construction conditions;

2. Proxamty of sources of the material to areas in which
1t may be used,

3 Base of transportation to the site where the material
may not be locally avallable;

4  Quantity of the material available for use

The first phase of this study to become sufficiently conclusive to merit
formal release was that dealing wath the properties of stabilizing agents derived
from rosin Because of the outstanding performance of some of these materials 1t
was deemed advisable to make the test results available teo the Armed Forces as
expeditiously as possible. Consequently, a Special Repeort entitled "Soil Stabili-
zation by the Use of Rosin", dated June, 1943 was prepared and transmitted to the
various military services. The data and informaticn contained in this report has
now been re—edited and is herewith presented as Technical Development Note No. 34,
The laboratory experimentation was conducted under Government contract by the

University of Missouri, Celumbia, Misscura



SOIL STAEILIZATION BY THE USE OF ROSIN

SUMMARY

Because of the availability of rosin in several zones of combat, an investiga-~
tion was conducted to determine the possible utilization of this material as a so1l
stabilizing agent.

A comprehensive series of laboratory tests were made with wood rosin either as
such or with wood rosin which had been partially or completely neutralized waith sodium-,
potassium—, or ammonium-hydroxide. 4lso, the soirl stabilizing power of insoluble rosin-
ates formed from alkali rosin dispersions, by addition of salts of bi- and tri-valent
metals, was investigated

The most noteworthy results of this investigation may be summarized as follows

1

The soll stabilizing power of rosin increases with decreasing particle
s1ze of the rosin and depends on the uniformaty of its daspersion
throughout the treated soal

There exists an optimum ratio of alkal: to reosin wath respect to
stabilizang power. For the sodium and potassium resin compounds, this
ratic appears to correspond to the complex salt cne rosinate - three
rosin acids. For the ammonium rosin compounds, good results are ob-
tainable over a wider range of composition

The stabllizing power of alkalia rosinates, even these of the optimum
alkali-rosin ratio, may be lmproved by floceulation in the se1l by
means of iron and aluminum salts

Of the rosinous materizls showing good stabilizing effectiveness, the
sodium rosin compound corresponding to a2 complex salt of one sodium
resinate to three rosin acids 15 produced commerclall{ in a powdered
form by the Hercules Powder Company, Wilmington, Del.l Goecd stabll-
i1zation has been obtained i1n several cases with as low an amount of
this material as two-tenths of 1 percent on the basis of the dry
weight of the so1l Despite the sxcellency of this material, there
1s considerable evidence that 1t does not represent the best stabil-
1zing agent that can be preduced from rosin

On the basis of the results of this laboratery study, 1t appears that
the so01l stabilizing power of rosinous materials are very promising.
Of particular interest from the point of view of possible use for
foreaign milatary construction 1s the small quantities of the agents
required (n the basis of unmit weight of materlal necessary for
successful treatment, rosinous materials may be 20 times more effec-
taive than cement and 12 times more effective than bitumen, the two
agents now commeonly employed for soil treatment

1 7t 15 not known whether or not this preduct is manufactured at the present tame



INTRODUCTION

Fundamentally, soil stabilization 1s a methed of processing avallable materi-
als for the production of low-cost reads and airflelds, It involves the manipulatien,
treatment, and compaction of & so1l in such a manner that 1t will remain in 1ts com-
pacted state without detrimentel change in shape or volume when subjected to the
stresses imposed by traffic and the disintergrating forces of weather.

The modern development of soil stabilization dates back some 15 yeaers to the
use of sand-clay mixtures in the southern states Since that time, through extensive
experimentation with numerous mixtures and admixtures, this type of construction has
progressed rapidly until today 1t 1s used to a conslderable extent for temporary wear-
ing surfaces and for base courses underneath bituminous surfaces The admixtures now
most commonly employed as stabilizing agents are portland cement and bituminous mater-
ials Both of these agents have their limitations of applacation, but sach has been
proven an effective stabilizer when applied under suitable conditions.

Spil stabilizaticn 1s of partlecular interest to the military engineer charged
with the responsibilaty of burlding roads and ailrflelds under adverse conditions because
of two factors TFirst, 1t is a type of constructlion that can be speedily completed with
a minimum of heavy equipment, and second, 1t utilizes available local materaals and in
thls way minimizes the quantity of materials that must be transported to the project
site.

Because of the availabillty of naval stores product52 in several zones of com-
bat, 1t was decided to investigate the efficiency of such materials when used as soll
stabilizing agents. It was felt that experimentation with such material was justified
only 1f the quantity required for satisfactory results was 2 percent or less of the
weight of the so1l treated This self-imposed 1limit is several times less than the
maximum percentages now employed in soil-cement and sell-bitumen mixes

The data presented in this report are not an eveluation of the stabllizing ef-
fectiveness of any one particular material Rather, they are the results of experi-
ments performed for the purpose of exploring the possibilities of rosin and 1ts deriv-
atives and should be reviewed in this light

DESCRIPTION OF MATERIALS
Rosin

Rosin is obtained either from plne stumps and top wood or from the sap of living
trees  According to 1ts source, it is called wood rosin or gum rosin. Since both types
exhibat similar characteristics, only wood rosin was employsd in this investigatlion

The melting peint of rosin 1s not well defined but it softens at a temperature
of 70° to 80° C., becomes semi-flulid in bolling water, and melts completely at a some-
what higher temperature It 1s a transparent or translucent materlal wlth a specific
gravity of approximately 1.07 The color, which 1s used as a means of grading, varies
from a very pale amber to a dark reddish brown. The letters of the alphabet are used
to denote the different grades, which vary from grade B, the darkest and most impure
type, to WW , which 15 water-white, the double letters being used for special grades
In this investigation, two similar grades, Belro and grade B, were used. Since thelr
properties vary only slightly, no distinction has been made between the tests using
the two different grades

2 Naval stores products are materials derived from the processing of elther the oleo-
resin extrusion of certain species of pine trees or the stumps and top wood of these
same trees The most common of these preducts are rosin and turpentine.



The chemical compdsition of rosin haa been studied by many investagators.
Ellis”? states that the principal constituents of Amerlcan rosins are abletic acid
{more than 90 percent) and a small amcunt of non-acld materials called resenes. The
general formula for abletic acad is Cpp Hap O

Of interest for chemical purposes 1s the acid number of rosins. This number
represents the milligrams of potassium hydroxide needed for rapid neutralization of
the rosin acids contained 1n 1 gram of resin  The rosins used in thas investigation
were assumed to have an acid number of 158

Abletic acld forms salts with sodium and potassium hydroxade which, upen com-
plete neutralization, are soluble 1n water in low concentration but form gels at high-
er concentrations. Ammonium rosinates in aqueous selution posses e greater tendency
to gel formation than the sodium and potassium resinates It 1s claimed that oxldatlon
of the rosin favors the formation of ammonmium rosinates.

Rosins form insoluble salts with bi- and trl-valent metal ions These insoluble
salts can be easily obtained by adding aqueous solutions of the corresponding metal
salts to solutions of alkali rosinates The chemistry of these salts is still awaiting
thorough anvestigation Only such compounds as are of interest in the manufacture of
s1zing for the paper industry have been studied to any considerable extent.

Soils

The majority of the experiments on the soll stabilizing effect of rosin were
conducted with a silty-loam type of so1l known pedologically as Grayson silty loam and
designated in thas report as soil G 1In order to determine the effectiveness of rosin
with other types of so1ls, selected tests were performed on 8 additional solls which
varied 1n type from silty-sand to a heavy soll containing 40 percent clay. The charac-
teristics of the soils used are given in table 1 and the grain size-distribution curves
are shown in figure 1

Reagents

The chemicals employed were 21l of C P quality IDHstilled water was used in
all experiments, with the exception of the tests in which sea water was used.

TESTING PROCEDURES

The evaluatlon of the effectiveness of rosln as a soll stabilizing agent was
done by means of strength data derived from unconfined compression tests on speclmens
2 inches 1n diameter and 2 inches 1n helght4. The test specimens in which insoluble
rosinates were used as the stabilizing agent were formed by mixing the rosin disper-
sions with one-half of the soi1l required to form the specimen and the salt with the
remaining s50xl These two parts were combined and thoroughly mixed just prior to
compaction in the specimen mold. The water required was equally divided between the
two parts. Other specimens were prepared by combinming the rosin directly with the
total amount of soal requared All specimens were compacted to the predetermined
optimum density and then cured by alr-drying for 7 days At the end of this curing

3 Ellig, Carlton, 1935, The Chemistry of Synthetlc Resins, Reinhold Publishing
Corporation.
It had been previously found that, with the majority of seils used in this investi-
gation, specimens constructed wmath a height-dlameter ratlo of cne gave satisfactory
results for comparative purposes



period, tests were made to determine the compressive strength of the air-dried speci-
mens and of wet speclmens that had been subjected to the followlng conditions:

(a) Complete 1mmersion in water for 2 hours.
(b) One cycle of wetting and drying.”

{c) Four cycles of wetting and drying

(d) One cycle of freezing and thawing ©

{e) Four cycles of freezing and thawlng.?

Unless noted, all test values reported are the average for two specimens

The exactness with which the results obtained from these tests reflect the fleld
performance that may be expected from similarly treated solls 1s, of course, question-
able However, since the procedures used do reproduce to some degree the types of de-
structive action imposed by nature, 1t 1s believed that they do provide an adequate
means of obtaining laboratory data of a relatave nature

In reperting the test data obtained, the response of the natural, untreated
soils have been omitted since all such speclmens failed when subjected to the 2-hour
immersion test -~ the least severe test employed

INFLUENCE OF THE DEGREE QF FINENESS OF THE ROSIN

Wnether the stabilizang effect of rosin 1s due to a mechanical blocking of the
capillaries, or to the formatlon of a water-repellent film over the internal soil sur-
faces, or both, 1s not fully known  However, in either case 1t 1s reasonable to suppose
that the slze of the rosin particles would be of considerable influence To evaluate
this factor, tests were performed in which the rosin used was of 3 degrees of fineness.
These different degrees of fineness were obtained by (1) mechanical grinding until
the rosin passed a two-hundred mesh sieve, (2) precipitation of the rosin from an alke-
line solutlon by means of acidj and (3) the precipitation of the rosin from an alcoholic
golution The largest-sized particles were obtained by the mechanical grinding and the
smallest-sized by the precipitation from the alcoholic solutlon. Intermediate-sized
particles were obtalned by the precipitation from an alkaline scolution, however, because
of the possible formation of resinate-rosin complexes in this method of treatment, the
test data obtained are not strictly comparable with those from the specimens composed
of rosin prepared by the other methods The results of these tests are given in table
2. They show that a decrease 1n the particle size of the rosin inereases 1ts stabiliz-
ing effect This increased effectiveness 1s probably due to the better dispersion of
the fipner rosin in the secil.

5 One wettlng and drying cycle consisted of 5 hours immersion in water followed by 43
hours oven-drying at 70° C.
One freezing and thawing cycle consisted of 22 hours of freezing at -23° C followed
by 22 hours thawing in a moist room During the thawing period the specimens had
access to moisture by capillarity

7 The results of an extensive series of experiments on soil-cement samples have shown
that, with specimens 2 inches in diameter and 2 inches in height, the destructive
force of 4 cycles of wetting and drying or 4 cycles of freezing and thawing 1s approxi-
mately equivalent to 12 such cycles on specimens of the standard Proctor size (4.0-inch
diameter and 4 6—inch height)



EFFECT OF TYPE AND AMOUNT OF ALKALI EMPLOYED
IN NEUTRALIZING THE ROSIN ACID

Tests were conducted to determine the soil stabilizing effect of rosin, the
acid mumber of which had been either partially or completely neutralized by the addi-
tion of various hydroxides of alkali and alkaline earths The quantity of hydroxade
required to neutralize either all or a part of the rosin acid 15 based upon the acid
number of the rosin, which, for this investigation, was assumed toc be 158 The hydrox-
ides of sodium, potassium, caleium, barium, and ammonium were used in these tests and
were combined with the rosin in such proportions as to give ratics of the amount of
alkall used to that required to completely satisfy the zcid number of the rosin of
ltel, 1to2, 1to4, and 1 to 8. The quantaty of the various hydroxides needed for
complete neutralization were computed tc be

Sodium hydroxide 11 3%
Potassium hydroxide 15 8%
Calcium oxide 7 9%
Barium hydroxide 24 2%
Ammonium hydroxide solution

(sp g of 0 9) 17.2%

Complete Neutralization of Rosin Acad

The compressive strengths of specimens composed of soi1l G, 2 percent rosain,
and a quantity of warious hydroxides sufficient to completely neutralize tre rosin
acid, are shown i1n table 3 As may be szen from the table, all specimens, except those
made with ammonium hydroxide, failed when immersea in water  The poor showing of the
alkall rosinates (sodium and potassium} 15 probably due to their solubility in water
The treatment of the rosins with the hydroxices of calcium and barium formed rosinates
that were lumpy and difficult to disperse throughout the soixl This daffaeulty prob-
ably influenced the failure of these specimens when lmmersed in water The ammoniuvm
rosinate may be considersd to be somewhat better than the other agents tested

Partial Neutralization of Rosin Acid

Tests were performed to determine the soil stabilizing effect of rosin complexes
that were prepared by the partial neutralization of the rosin acid wmath alkali hydrox-
1des These complex salts consisted of a rosinate (that part of the rosin neutralized
by the hydroxide} and the unreacted rosin The ratic of rosinate to unreacted rosin
depended upon the quantity of hydroxide used The results obtained are given in tables
4 and 5

Sodium and potassium rosinates  Tests were performed on specimens treated with

2 percent rosin and various quantities of sodium and potassium hydroxide  These data
show that the complex rosin salt formed by a particular ratio of rosin to hydroxide is
very effectaive as a so1l stabilazer Deviation from this ratio results in large de-
creases in strength For the potassium hydroxide, 6 of the B soils tested were most
favorably treated by the complex rosinate formed by the reaction of one equivalent of
hydroxide with four equivalents of rosin acid Soi1l V was little affected by changes
in the degree of neutralization while so1l G showed an optimum ratic of 1 2 For

the tests on socal G employaing sodium hydroxide, the most favorable ratio was 1 4

With regard to the response of the different soils teo treatment, 1t will be
noted that those i1n the intermediate range, 1 e , those not containming an excess of
sand or an excess of clay, were most benefited

Ammonium rosinate  Tests were conducted to determine tre stabilizing ability
of ammonium rosinates  These rosinates were formed by the reaction of rosin with each
of the following ammonia compounds  ammonium hydroxide, ammonium carbeonate, and partly
fermented urine The experiments with the hydroxide show that a variation in the
ratio of the hydroxide to the acid number of the rosin, in contrast to the resultas




obtained from the Sodium and potassium roginate, does not produce a well defined opta-
mm ratio at which the compressive strength 1s considerably higher than at any other
ratle This effect may be explained by the fact that since the ammonium 153 very veola-
tlle, quantities used in excess of the optlmum will, over an extended period of time,
be lost from the soi1l by evaporation, and in this way the same stabilizing power wall
probably be attained as if the optimur proportions had been used The volatility of
the ammonium affords it a distinet advantage over the other alkalis, in that 1t acts
as a good disperslng agent whlch after drying does net leave a soluble and water-
attractive residue behind

The experiments conducted with ammonium carbonate did not give as good results
as these conducted with the hydroxade  Theoretically, the actlon of ammonium carbon-
ate on the rosin 13 considerably different from that of the hydroxides. Insufficient
experiments were conaucted te fully explain the action of the carbonate

The formatien of ammonlum rosinate by reacting rosin and partly fermented
urine 1s feasible but, because of the probler involved in the collection and storage
of the required quantities of urine, this type of treatment was considered impracticable

EFFECT COF VARIQUS SALTS ON THE EFFECTIVENESS
OF ROSIN DISPERSED IN DIFFERENT HYDROXIDES

From earlier experiments, the stabilizing efficiency of rosinous materials had
been found to depend on the degree of dispersicn i1n the soirl system and on the water
affinity of the deposited material It was therefors decided to make tests in which
the rcosin was first dispersed in the soil as a more or less water soluble alkali com-
pound, and then rendered insoluble by exchange reaction with salts of bi- and tri-
valent metals The insoluble rosinates used in the tests were formed by the floccula-
tlon of sodium, potassium, and emmonium rosinates by the addition of the salts of cal-
clum, barium, aluminum, magnesium, iron end zinc. The amount of alkell used corres-
ponded to the full amount, to cne-half, and to one-fourth, respectively, of that
required to satisfy the acid number of the rosin. The amount of salt used in each case
was equivalent to the amount of alkall empleoyed. The percentages of alkall per dry
weight of rosin employed for satisfactien of the acld number, and the corresponding
amounts of salts are glven below

Percent
{(Dry wt of rosin)

NaCH 11.3
Dase KOH 15.8
NH4 4.8
Catly 15 7
BaClp 29.6
Salt AlClj 6H20 22 6
MgSQ; 7H20 37 0
FeS0, .7H20 39 2
ZnS0, THa0 400

The data obtained from specimens prepared from soll G, in which the above-named
salts were udsed to flecculate completely neutralized sodlum, potassium and armonaum
rosinate soluticn, are given in table 6

These tests showed that the rosinates formea by the use of 1ron and aluminum
salts were the best stabilizing agents Consequently, the efficlency of iron and alu-
minum rosinates prepered from rosin dispersions in potassium hydroxide solutions was
determined for various types of soils

The results obtalned from these tests are shown in teble 7 Best resistance
to wettlng and drying was obtained when the amount of alkall and the corresponding
amount of salt was in the ratlio of 1 to 4 wlth respect to ihe acid number of the rosin



However, the spescimens making the best showing during the freezang and thawing test
had alkali-acid number ratios of 1 to 2 or 1 to 1 These results may be explained by
the fact that the reaction between alkali rosinates and metal salts results in the
formation of soluble salts that possess a great affimity for water The quantity of
these salts present i1s proportional to the amount of alkali and salt used While this
property of the salt lowers the resistance of the soil to wetting and drying, in the
case of freezing and thawing tests 1t tends to bind the water so strongly that 1t does
not freeze and, therefore, the system 1s less affected by low temperatures.

It appears to be of special interest that treatment waith iron or aluminum
salts improved the stabilazaing efficiency cof even the best potassium rosin complex

Such treatment with these metallac salts not only 1s feasible but would be
economical 1n areas in which the salts exast  Ferrous sulfate 1s a waste product from
a number cof industries, such as the paint and steel industry, and probably 1s easily
avallable c¢lose to any industrial center This salt 1s also found in nature, either
in crystal form or dissolved i1n water, in the vicimity of iron mines Alumnum chloride
15 used 1n the anhydrous form in the refining of petrolsum products As scon as 1t has
absorbed water 1t becomes unusable for this specific purpose, representing a waste 1n
that 1ndustry, and would be available for nse 1n soil stabilization construction

EFFECT OF POWDERED SCDIUM ROSINATE COMPOUND
(ONE SCDIUM ROSINATE - THREE ROSIN ACIDS)

Because of the remarkable results obtained wath the 1 3 sedium rosin compound
prepared in situ 1n the soil, 1t was decided to incorporate the powdered form of thas
compound with the soil in various percentages and note 1ts stabilizing effect. Thas
particular substance was furnishea by the Fercules Powder Company of Wilmington,Del.

The powdered substance was added dry to the pulverized scil and well distributed
in the latter by dry mixing This was followed by wet mixing after addition of water
corresponding in amcunt to the optimum moisture content, and by compaction to the pre-
viously determined Proctor demsity The amount of stabilizer employed varied from about
C 2 percent to 1 2 percent on the basis of the dry weight of the so1l  The results of
the tests performed on two soils (E ard G) are given i1n table 8. The data obtalned
inaicate a very remarkable stabilizing power of this substance at the lowest percentages
enployed From theoretical considerations 1t appears probable that even this stabiliz—
ing power may be increased by addition of very small amounts of ammonia to the mixang
water IExperiments testing this hypothesis are now being conducted.

Because of the excellent results obtained with this material, it appeared de-—
girable to formulate a theoretical concept of the stabilizing mechanism occurring in
this type of so1l treatment in order to be able to make similarly acting substances
from all types of natural and artificial resinous materials. As far as this mechanism
15 concerned, 1t 1§ 1ndicated that the following phencmena play an important role

1l The slight alkalimty of the stabilizer will tend to disperse the aggregated
clay particles and thus permut the formation, by compaction, of a denser system having
a smaller permeability This latter 1s also decreased 1f a sodium 1con 1s transferred
from the rosin to a clay particle by exchange reaction As a result of these reactions
the penetration of water into the treated soil 15 impeded by mechanical as well as
physicochemical factors

2 The deteriorating effect of water on soi1l 1s to a great extent a finction
of the attraction of the internal soil surface for water, this attraction 1s closely
related to the amount and kind of exchange ions present in the soi1l If tre ro=in sub-
stance enters intc any direct reaction with the soil constituents at all, the most
probable reaction 15 with the exchangeable 1omns This reaction would result "n a
decrease of the accessibility of these ions and, therefore, 1n a decrease of 1he
attraction forces for water It 1s not suggested that all the water attraction cen-
ters on the soil constituents are shielded by the stabilizer; rather, a certain number



of these must be considered unshielded or only partially shielded in order to account
for the cohesion and the conslstency properties of the treated soils

EFFECT OF VINSOL RESIN

Vinsol resin 15 a product of the Hercules Powder Company, Wilmington, Del.
Since 1t 1s a resincus materilal, i1t appeared desirable to compare its soail stabllizing
abilaty wath that of rosin Consequently, tests were performed in which soil G was
treated wmith 2 percent of vinsol, with and without the addition of alkala., The types
and amounts of alkali used were 1.7 percent of sodium hydroxide and 2.4 percent of
potassium hydroxide (based on weight of rosin) These amounts were in a ratio cf ap-
prommately 1 to 4 of the amount required to completely satisfy the acid number of the
vinsol. The results of these experiments are given in table 9

Because of the superior stabllizing effectiveness of lnsoluble rosin salts pre-
pared by the flocrulation of alkall rosinates with iron and aluminum salts, correspond-
ing experiments were made with vinsol Two percent of vainsol, dispersed in various
percentages of potassium hydroxide (15.8, 7.9, and 4 O percent - 10 percent required
for satisfaction of acld number), was used The amounts of i1ron and aluminum salts
used were equivalent to the amount of potassium hydreoxicde in the system. The tests
were made with both soils G and N. Table 10 shows the results obtained

A1] speclmens made with vinscl alone were compacted and cured in compliance
wlth the specifications issued by the producer for seil treatment wath vinsol. The
moisture of compaction was consequently S0 percent of the Proctor value, and the test-
ing was started when the samples st1ll contained 60 percent of the optimum molsture
content In contrast to this procedure, the specimens treated with iron and aluminum
salts were air-dried for 7 days before testing.

Commenting on the results shown in table 9, it 1s apparent that the addition
of alkall to the soll-rosin system has a beneficial effect. Whether this influence is
due to the formatlon of a complex salt of the alkali wath the vinscl, or only to a
better dlspersion of the rosin, 13 not revealed by the data available

If the results obtalned with vinsol alone are to be compared with those obtained
from specimens treated with rosin and wath the 1nscluble compounds of vinsel with iron
and aluminum, 1t must be kept in mind that the latter specimens were completely air-dried
before being subjected to the tests. Air-dried vinsol-treated specimens do not, normally,
stand up upon 1mmersion in water. Any speclmen treated with rosin and giving any wet
gstrength at all must, therefore, be considered superior to a vinsol-treated specimen of
comparable composition.

The data (table 10) show that insoluble vinsol resinates preparad by the floccu-
lation of an alkali rosinate with iron and alumnum salts are considerably more effective
stabilizing agents than untreated vinsocl EBest results for soil G were obtained wath
about & percent of potassium hydroxide and the corresponding amount of iron sulfate
A similar optimum appears to exist in the case of aluminum chloride

The test data for the specimens prepared with soil N were not as promising as
those obtained with scal G. However, considering that the normal treatment waith vansol
does not give water resistance toc the air-dried soil samples, the data obtained wath
soil N indicate that the so1l stabilizing power of vinsol was definmitely increased by
this type of treatment.

EFFECT OF SEA WATER

Since 1n some areas where airfield construction is contemplated fresh water may
be difficult to cbtain, experiments were conducted to determine the effect of sea water
when used in rosin-scil stabilization. These tests were designed to evaluate the change
in effectiveness of the rosin when wvarious quantitles of sea water (in proportion to



fresh water) were used. Alsg, the effect of sell type was determined by the use of
six different scils Artificial sea water conslsting of the followlng conatituents
was used.

Salt grams/Iiter mols/1iter
NaCl 27.5 0.5035
KC1 0.705 0.0095
MgCls .6H20 68 0.0334
MgS0; 7H20 47 0 0191
Cas0y, .2HZ0 185 0.0109

The results obtained from tests on five solls, in which the quantity of sea
water used was varied for two different basic dlspersions of the rosin, are glven in
table 11. In most cases, the use of sea water in any amount decreased the compressive
strength of the specimens. However, with certailn soils, the sea water incresased the
resistance of the specimens to wetting and drying and freezing and thawing.

Considering all factors involved, 1t appears that sea water can influence
rosin stabilization beneficially or adversely, depending upen the soil conditions and
the type of destructive weathering agencies encountered. For this reason, when the
use of sea water 15 contemplated, preliminary tests should be performed in which its
offect can be determined

APPENDIX

MANUFACTURE AND AVAILABILITY
of
NAVAL STORES PRODUCTS

Manufacture of Rosin

Rosin is obtained either from pine stumps and top wood, or from the sap of
livang trees. According to the source, 1t 1s called wWeod rosin or gum rosin

Extraction of wood rosin, The extraction of rosin from the pine atump and from
top wood 1s being done in two different ways  The oldest method employs heating and
charring of the woody materials. The volatiles produced, such as water, wood alcohol,
acetic acid and others, are condensed and recovered. The pltch and rosin collect at
the bottom of the kiln in which the destruction of the wood takes place and are con-
ducted 1nto vats, where the different materials separate by gravity.

A more recent process makes use of ground wood The turpentine is distilled
off mostly by steam. The remaiming weed ia then extracted by orgenic solvents  These
solvents are in the main distillates of petroleum or of coal tar. The solvents are
recovered by distzllation from the resin, which remains in the still. The rosin is
then run into barrels in which 1t is shaipped

Extraction of gum rosin V-shaped cuts are made into the trunk of pines to
obtain the sap of the tree The sap 1s generally collected 1n cups which are emptied
every 4 weeks during the season. The season lasts from early spring until fall., The
average yield per cup 16 about 6-1/2 pounds per season Recently 1t has been ghown
that the yield of rosin can be materially increased by keeping the wound of the tree
acid. Brushing with dilute sulphuric acid has been proposed The collected sap is
filtered off and distilled. Steam distillation or distillation under constant addition
of water 15 used The sap yields approximately 12 percent of water, which distills off
mth about 20:percent of turpentine About 68 percent of the raw materialas represent-
ing the rosin remain as residue in the stlll. The rosin 1s then run into barrels.
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Other sources for rosin are the sulfite liquor of the pulp and paper manufacture, and
pits from whach discarded rosin can be recovered In some places, relatively large
amounts of rosan were discarded at times when the preduction of turpentine was the main
cbject and the rosin was considered as a waste product

Availability of Rosin

The quantity of rosinous material required for the construction of an emergency
or temporary airport 1s relatively small For a flight strip sufficiently large to
accommodate fighter planes (4000' x 150'), 1t appears that with the best rosinous sta-
brlizer known at the present time about 30 tons {2 percent by weight of so1l treated)
1s required to treat the soil to a depth of 6 inches Since this amount 1g not large,
many areas 1n which the production of rosin is usually considered insignificant from
the point of view of world trade may have sufficient capacity to supply the needs of
construction projects The followang table shows the leading rosin-preducing countries
and thear output for 1937-34

Estimated 1937-38 Production of Hosin®

Country Rosin (Tons)
United States 595,500
France 112,500
Spain 41,000
Portugal 54,250
Greece 26,750
Austria 5,425
Mexico 20,925
Poland 20,825
India 7,250
Germany 4,175
Russia 66,725
Sumatra 3,725
Miscellaneous 7,750

In addition to the countries mentioned above, 1t 1s reported that rosin i1s pro-
duced 1n Norway, Sweden, Finland, Algeria, and Madagascar While the production capacity
of these countries 1s not available, i1t 1s believed that there exists an amount suffi-
cient for the construction of emergency airfields and roads

The naval stores industry of India has been expanded considerably in the past
few years until, at the present time, they are able to fulfill their entire domestac
demands Chief centers of production are at Jallo in the Punjab and Brewali and
Barielly in the United Provinces  Undoubtedly, some of this material wculd be avail-
able for use in soil-stabilization construction

Manufacture of Vinsol Resin

Vinsol resin 15 a product of the Hercules Powder Compzany, Wilmington, Del. It
1s obtained, in addition to other materials, in the extraction of pine stumps with
benzol From the resulting solution, the benzcl, the turpentine, the olecrosins and
other materials are distalled off The residue containming rosin and vansol is trezted
with a mixture of hydrocarbons and furfural which are mutually insoluble The rosin
dissolves 1n the hydrocarbons, the vinsol an the furfural. The respective sclutions

5 Van Romaine, Eldon, 1939, Naval Stores 1919-39 Chemical Industries 45.
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are separated as in a separataing funpel The weod rosin represents the residue left
after the distillation of the nydrocarben soluticn, the vinsol, the dastallation
residue from the furfurazl The f{urfural and the hydrocarbons are recovered for further
use,

Vinsol 15 classified as a resin and not as a rosin because 1t dees not give the
Liebermann-Storch reaction It 1s generally assumed that 1t 1s contained in the wood
as guch and 15 recovered almost unchanged  The constituents of vansol appear to be of
phenolic character and to be related to lingnin It may contain abietic acid only as
an impurity

Analysis shows that 1t has a very high content of oxygen as compared wath the
cxygen ccntent of rosin

The acid number ana the saponification number of vansol are of the same
1mportance as the respective indices for rosins The acid numbers for pure abistic
acid, FF-wooa rosain, and vinscl are sbout 184, 158, and 100, respectively

The action of vinsol when incorporezted in the soil does not produce a new
structural material, and the strength of the resulting mass 1s entirely dependent upon
the strength characteristics of the untreated so1l  However, 1t does impart a degree
of water resistance to the so1l that in some cases 1s sufficiently beneficial tc permit
1ts use a5 a temporary paving material Laboratory and field tests have shown that
this material 1s effective only wath the better types of soils, and even with these
the scil-meisture content must be held wathin a partacular range 1f z satisfactory job
18 to be obtained TWith regard to this moisture content range, the producers of vinsol
specify that the treated soil shall be compacted at a moisture content of 90 percent
of Proctor's optamum It has been found that moisture in excess of this amount renders
the vinsol less effective. In addition te this requirement, the treated soil mass
must be cured unt2l 1ts moisture 18 approxamately 60 percent of optimum before maximum
effectiveness 1s obtained
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TABLE 1

PHYSICAL-CHEMICAL CRARACTERISTICS OF THE DIFFERENT SCOI1S

Gradation - % Atterberg Limts Organic | Base Ex.
Col- Specific| Matter | Capacity
Soal Sand {511t | Clay |lead (L L |PL |FI |S L |Gravity % {1)
P 77 12 11 9 19.0,17 O 20 2 65 1.00 5.62
B 67 11 22 14 22,1118 1| 4.0 14.4 2 66 1.36 9 28
E 50 32 18 14 2251(18 3 4.2 15.3 2 63 2 47 g 84
L 55 28 17 g 230|180 5.0 16 3 2 b4 1 47 871
G 30 53 17 7 25,0 |18 6| 6.4(156 2 65 138 12.86
U {2) 39 41 20 12 31 8| 20.1 |11 7| 4.5 2 68 1 32 10 15
¥ 45 30 25 12 32.1 | 18.4 | 13.7 | 15.6 2 65 179 16 24
N 33 27 40 19 450|190 260126 2.568 195 13 59
v 34 21 45 20 53.5 (22 4131 1| 12.7 2 72 3 02 18 48
(1) Mili-equivalents per 100 gm (2) This so1l contains free CaCOy
TABLE 2

EFFECT OF THE DEGREE OF FINENESS OF THE ROSIN

Compressive Strength
Preparation of Fineness 1bs/sq 1in
Rosin Wet Wet Wet
4 W-D | 4 F-T
Mechanically ground | Coarse 35 _ —
Precipitated from
basic dispersion Inter-
by acid mediate 184 130 4
Precipitated from
alcoholic disper-
sion by water Fine 205 20 12

~-~ bpecimens failed

Batch Compositaon

5011 G - 2% Rosan

TABLE 3

EFFECT OF COMPLETE NEUTRALIZATION OF THE ROSIN
ACID BY ADDITION OF VARIOUS BASES

Kind and Amount Compressive Strength
of Base (1) 1bs/sq 1n
Iry Wet
11 3% NaOH g10 —_—
15 8% KCH 701 -
7 9% Ca0 722 —
24 2% Ba(OH) 850 -
17 2% NH4(0H% solution f 856 b4,
spg =09

~— Specimens failed
(1) Amount based cn
Batch Composition
of base as shown

wt of rosz

n

So01l G - 2% Rosin - kind and amount
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TARLE 4

EFFECT OF DIFFERENT DEGREES OF NEUTRALIZATICN CF THE
ROSIN ACID BY THE ADDITION OF VARICUS BASES

Soal | Type of Amount of Ratio Compressive Strength in }Equ in
Base Base Base to Dry [ Wet Wet Vet Wet Wet
Percent (1}| Rosin (2) 1%D | 4WD |1LF-T| 4 F-T
11 3 11 g10 —— — — - —
G NaCH 5 66 12 9lz | 127 124 - - -
2 B4 14 959 | 379 117 186 25 -
1 40 18 915 [ 120 _ - 8 -
15 5 4 & 408 | 189 231 8i 64, 6
B 11 5 34 497 | 242 236 140 76 12
7 T4 24 607 | 263 140% - 75 9
3.78 14 025 | 252 150 a7 81 9
15 5 4 4 591 | 373 266% 184 181 42
E 115 3 4 575 | 355 50 68 178 41
NH,CH T 2 4 654 | 387 44 75 149 46
378 14 597 | 379 23 31 122 32
Soluticon
155 4 4 527 | 112 46 93 23 10
L Speg 09 11 5 34 476 | 200 199 180 75 15
7 T4 24 494 | 357 363 197 9l 27
378 14 470 | 336 25 T 3 13
15 5 L 4 1059 | 158 — — 21 -
N 11 5 3 4 1100 | 124 —_ - 35 -
7.4 2 4 1254 | 211 168 —_ 52 —_
378 14 g0 ol - - -_ —
34 0 4 2 301 - — - — -
B 26.0 32 305 27 -— -— - -
170 22 400 | 120 4 - 12 3
B 5 12 393 60 - - — 2
340 4 2 491 - — — —_ -
E 26 0 32 551 — — - —_ —_
17 Q 22 531 20 8 8 5 2
Ammonium 85 12 684 | 244 50 70 g 8
Carbonate 34 0 4 2 318 — _ _ _ —_
L 26 0 32 334 —_ —_ — — —
17 0 22 416 45 - o — —
g5 12 492 | 187 I 17 32 6
34 0 4 2 990
N 260 32 1038 All specamens failed upon
17 C 22 1026 immersiecn in water
85 1z 1043
ALl urinewsx 769
1 1 899 All specimens failed upon
G 1 1 625 immersion in water
Urine 1 3 978
1 B 815
N 411 urine 1364 | 138 — - B —
-~ Specinen failed Batch Composition
# COne test only 2% Rosin - Type of so1l and type
#+  Amount of urine used corresponded to and amount of base as shown

e1ther all or a portion of the liquid
required to produce optimum moisture

{1} Based on weight of rosin

{2) Ratio of amount of base used to amount
required to completely satisfy the acid
number of the rosin
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TABLE 5

EFFECT OF DIFFERENT DEGREES OF NEUTRALTIZATION CF THE ROSIN ACID BY THE
ADDITION OF POTASSIUM HYDRCXJDE SOLUTION - DIFFERENT SOQILS

Percent Ratio Compressive Strength in lb/sg in
So1l of KOH(1} Alkall to Iry et Wet Wet Wet Wet,
Rosin (2) 1 W-D 4 WD 1P-T | 4 F-T
15 8 1 1 30 — - - —_— _—
P 78 1 2 350 -— 5 - 3 1%
40 1 4 322 105 37 18 14 93
15.8 1 1 435 JAl 6 B3 13 40+
B 78 1 2 524 279 216 155 114 50
4.0 1 4 471 285 282 180 120 38
15 8 11 602 16 7 6 25 6
E 78 1 2 627 85 37 & 39 7
4 0 1 4 719 4BT 113 S 37 11
15 8 1 1 592 14 -— —_— - —
L 78 1 2 577 24, 41 13 3 3
40 1 4 658 j82 189 135 25 5
15 8 1 1 701 — — — — _
G 7.8 1 2 880 A5 304 269 55 -—
4 0 1 4 889 226 32 — 28 -
15 8 1 1 276
U 7.8 1 2 378 A11 samples failed when submerged
4 O 1 4 393 1n water
15 B 1 1 904 20 - - — _—
M 7.8 1 2 503 34 24 33 10~ —
4.0 1 -4 1129 325 261 195 53 5
15.8 1 1 B10 322 —_ - 6% At
N 7.8 1 2 G4 373 — - 5 3
40 1 4 1225 437 - - 63 —_—
15.8 1 1 743 136 A11 samples failed 1n the
v 7.8 1 2 754 166 weltting and dryang and
440 1 4 749 162 freezing and thawing cycles
—— Specimens failed
One test only Batch Composition
(1) Base on weight of rosin 2% Rosin - Type of soil
(2) Ratioc of amount of alkali used to amount and amount of KQH as shown

required to completely satisfy the acid
number of the rosin.
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TABLE &

EFFECT OF VARIOUS SALTS ON THE EFFECTIVENESS CF ROSIN DISPERSED IN SCDIUM,
POTASSTUNM AND AMMONIUM HYDROXIDE SOLUTICN

Bass Salt Ratio Compressive Strength in 1b/sq 1in
Alkali to Wet Tet Tet Wet
Kind | Percent(l)} Kind Percent(l) Rosin {2) Dry Wet 1W-D 4 W-D 1F-T J F-T
11 3 101 721 — — _ -

56 No Salt 1 2 187 4 — - 3 -

28 14 930 325 57 96 18 5

11 3 15 7 1 1 690 196 5 3 18 3

56 CaCl2 78 1 2 612 — — — - _—

28 4 C 1 4 731 258 10 & 42 6

11 3 29 6 1 1 660 182 7 5 16 4

56 BaClp 8 1 2 836 23% 25 9 42 4

28 T 4 1l 4 790 156 5 ELd 13 3

11 3 A1013 22 6 1 1 616 364x 16 17 100 12
NaCH 56 . 11 4 1 2 TS 407 369 335 125 25
23 20 52 1 4 770 479 233 — 143 27

113 Wgs0, 37 0 T 1 5 - - — -

56 THA0 18 5 1 2 [ J— - —-— - _—

28 2 92 1 4 927 283  1o0#  lgx 27 6

113 FaS0, 30 2 1 1 622 226x 13 3 L 5% 8

56 THAO 19 6 1 2 768 1316 203 340 126 29

28 = 9 8 1 4 899 501 22 163% 150 g

11 3 ZnS0, 400 1 1 751 169 5 2 13 8

56 o 200 1 2 g9 12 4 - 6 4

28 THa 10 0 14 g75 353 65 1é3x 86 31

15 & T 1 A7 A— p— — _ —

B O No Salt 1 2 703 — - — _ _

4L 0 1 4 579 B9 3 1 15 5

15 8 15 7 I 1 554 215 Ex — 15

g0 caClp 78 1 2 660 167 8 - 20 2

40 L0 1 4 720 288 192 205 47 15

15 8 29 6 1 1 580 62  — — 10 5
B O Ba012 14 8 1 2 550 9 — —_— 6 L%

4 0 7 4 1 4 634 200 29 — 34 7

15 8 4171, 226 1T 1 585 257 54 162 90 EL)
KOB go 410 11 4 1 2 és8 276 49 38 108 30
4 0 2 5 6 14 621 316 16 7 139 21

15 B ¥gs0;, 7 ¢ T 1 506 — - — p— —
go .0 18 5 1 2 692 48 2 — 5 2%

40 2 9 2 1 4 947 89 9 1% g 2

15 8 Fe30, 39 2 11 582 281  3C 28 128 20

B0 THo 0 19 6 1 2 b71 300 173 56 98 34

4 0 2 98 14 697 35¢ 31 11 146 20

15 8 Zn30;, 40 0 11 701 137 9 3 29 ]

B0 TH,0 200 1 =2 76l 267 5 6 32 7

40 100 1 4 794 241 18 10% 45 5

17 2 1 1 B35 B4 20 S 12 —_

g6 No Salt 1 2 1035 1331 390 38lx 50 5

4 4 1 4 1067 509 389 320 96 9

17 2 CaCly 15 7 I 1 702 329 217 20 46 7
gé 78 1 2 7273 5 1 3 -

b &4 4 0 1 4 715 I - - 1 —

17 2 29 6 1 1 £56 200 30 1 21 5

a6 BaClp 1.8 1 2 726 Ik 5 3 2 —

4 4 74 1 4 589 - — - — _

HH;, OF 17 2 A1CI3 26 i1 568 247 81 17 835 14
Solution B & 6HA0 11 4 1 2 643 353 211 167 80 10
BPG-09 44 2 56 T4 B48 321  4B» yi 53 8
17 2 Mg80y, 370 1 1 1030 141 10 — 1¢ -

g6 TEyO 18 5 i 2 782 & 3 1% 3% -

44 92 14 768 4 - — 2 -

172 FaS0,, 39 2 1 1 622 264 46 147 56 14

B é& TH,0 19 6 1 2 583 372 207 148 75 17

4 4 o8 1 4 736 2327 208 149 39 9

17 2 ZnS0, 400 T 1 705 254 59 159 10 A

8.6 TH,0 200 1 2 811 404 138 133 50 4

4 & 100 1 4 8ol 26 5 3 5 3

—- Specimen felled

#+ One test only

(1) Pased on welght of rosin

(2) Ratio of emount of alkali used to emcunt required
to completely satiafy the acid number of the rosin

Batch Composition

501l G - 2% Rosin
and amount of bese end
salt as shown

Type
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TABLE 7

EFFECT OF IRON AND ALUMINUM SALTS ON THE EFFECTIVENESS OF ROSIN
DISPERSED IN POTASSIUM HYDROXIDE SOLUTION - DIFFERENT SOILS

Kind Ratio Compressive Strength in lb/sq in
Soid of Alkall to Wet Wet Wet Wet
5alt Rosin (1) Dry Wet 1 W-D 4 W-D 1T 4 F-T
1 1 152 18 10 1 8 8
A1013 1 2 122 41 12 11 11 12
P 1 4 184 B0 12 12 18 10
1 1 228 79 8 55 15 15
Fe30, 1 2 232 B8 11 15 16 17
1 4 249 100 29 38 33 1l
81C15 (2) 1 1 297 201 196 150 90 45
1 2 404 302 264 245 113 40
B 1 4 487 353 150 139 146 40
1 1 400= 270 &g 191 54 24
FeS0; (2) 1 2 415 323 257 235 95 28
1 4 Lee 356 163 183 119 16
1 1 461 113 113 43 42 28
A1013 1 2 617 212 68 54 45 24
E 1 A 609 249 133 310 194 48
1 1 479 227% 86 Ne test 32 24
FeSOA 1 =2 496 238 143% 133 32 27
1 4 589 371 106 323 168 43
1 1 492 132 142 74 59 16
A1013 1 2 655 407 235 180 125 33+
1 4 626 329 331 291 a5 22
L T 1 459 198 44 by 53 20
Fe50, T2 643 295 262 172 58 15
1 4 570 287 251 256 68 11
101 585 257 54 163 9c 26
AlClB 1 2 658 276 49 39 108 30
1 4 621 316 16 7 139 22
G 11 sg2 281 30 28 128 22
FeSO4 1 2 671 200 173 56 99 33
1 4 697 350 31 11 144 20
1 1 234 —_ —_— —_ -_ —
AlClB 1 2 491 163 3 -— - -
. 1 4 484, — — — - —
1 1 385 - - — - —
FeS0y, 1 2 i, — - — — —
I 4 579 54 57 - 4 3
1 1 794 338 20 No test 42 24
AlGlB 1 2 905 274 53 92 65 1c
¥ Y 4 706 75 12 40% 23 S
1 1 574 137 106 L4t+ 68 13
Fe504 1 2 770 229 214 — 12 7
1 4 1138 625 423 392 126 9
1 1 B63 529 - - 42 4
AlClB 1 2 852 418 - — 8 3
N 1 4 B71 238 — _ 13 2
T I 785 394 — — 12 2
Fr;"S('J}_,L 1 2 778 270 —_ — 7 24
1 4 834 92 - — 3 —
101 737 364 - — 15 —
AlGlB 1 2 746 411 - _ - —
v 1 4 549 335 - — 12 —_
1 1 823 1535 —_— —_ 2% —_—
Fe50, 1 2 g81 237 —_— - 5 -
1 4 1056 205 -— — [£3 2%
-— Specimen failed Batch Compositian
# One test only For ratios of alkalil to rosin - - -
(1) Ratio of amount of alkali used to amount Ratio
required to completely satisfy the acid Alkali to  Percent 5alt
number of the rosin Rosin KOH Kind Percent
(2) A1019  6HZ0 T T 15 8 226
FeSQ, 7HoO 1 2 78 A1C13 11 4
14 40 56
I 1 15 B 39 2
1 2 78 FeSO;, 196
1 4 4 0 98
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TABLE B

EFFECT OF VARIOUS AMOUNIS OF POWDERED SODIUM ROSINATE COMPOUND
(ONE SODIUM ROSINATE - THREE ROSIN ACIDS)

Amount of Compressive Strength in lb/sq_ln
S01l Admixture Iry Wet Wet Wet Wet Wet
Percent. {1) 1 W-D 4 W-D 1 F-T 4 F-T
o2 558 346 390 352 111 40
E 04 509 380 467 375 138 55
06 466 350 421 387 138 72
13 449 387 525 462 151 &y
02 475 90 - - g &
G Q4 698 260 238 167 10 10
06 745 90 473 463 12 13
1.2 654 492 9 655 13 17
— Specimen failed Batch Compesitlon
% One tast only Scll and amcunt of admxturs
(1) Based on meight of so1l as shown
TABLE 9
EFFECT OF VINSOL RESIN WITH AND WITHOUT ALKALI
Compressive Strength in 1b/sq an
Kind and Amount Molst Wet Wet Wet Wet Wet
of Base {1) (2) 1 W-D 4 W-D 1 F-T 4 F-T
None 359 144 111 39 9 -
1 7% NaOH 336 146 209 80 20 -
2 4% KoM 299 161 169 54, 19 -
-- Specimen falled Batch Compositien
(1) Pased on weight of Vinsol Soil G, 2% Vinsol, land and
{2) Specimens possessed from 5C to 60% amount of base as shown
of optimum molsture content
TABLE 10

EFFECT OF IRCN AND ALUMINUN SALTS ON THE EFFECTIVENESS
OF VINSOL DISFERSED IN POTASSIUM HYDRCXIDE SCOLUTION

Amount of | Amount of |Ratio Compressive Strength in 1b/sq in
S01l| Xind of Salt KOH Alkali to Dry Wet Wet Wet TWet Wet
Salt Percent (1)|Percent (1}|Rosin (2) 1W-D4 WD 1FT4FT
39 2 15 8 1 1 |565 396 330 523 145 4
FESO4 THo0 15 & 78 1 2 | 717 445 474 618 135 13
98 40 1 4 (785127 378 3l6 17 5
4 26 15 8 1 1 [s69305 3m 290 69 25
41015 EHC 11 4 78 1 2 (730319 530 461 59 7
56 40 1 4 | 784 26 181 126 11 2
39 2 15 d 1 1 |(edgo32 — - 20 3
FeS0;, M0 19 4 7 8 112 |[BBL 1028 — -  — 2
9 8 40 1 4 (953 — —  — - 24
N 26 15 8 1 1 (2369316 278« —— 17 3
A1l  6HpO 11 4 78 1 2 p250376 — — 6 29
56 40 1 4 oo 1124 — - - -

—— Speclmen falled

# [me test only

(1) Based on welght of Vinsel

(2) Ratlo of mmount of alkali used to amount
required to completely satiafy the acid
number of the rosin

Batch Compositlion
Soil N - 2 0% Vinsol
Kind and amount of alkali
and salt as shown
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TABLE 11

EFFECT OF DIFFERENT FROPORTION OF SEA WATER ON THE
EFFECTIVENESS OF ROSIN DISPERSED IN SODIUM AND
POTASSIUM HYDROXIDE SCLUTICN - DIFFERENT SOQILS

Ratio Proportion Compressive Strength 1n lb/sq in.
So1l | Kind of | Alkall to | Sea Water to Ory Wet Wet Wet et Wet
Base Rosin (1) | Fresh Water(2) 18D 4W-D 1PFT 4 PF-T
14 Fresh water 321 105 37 18 14 5
1 1 226 — - - - —
1 2 1 1 172 — — — — —
1 4 152 2 - - - -
1 1 138
KOH 1 2 1 3 175 411 specimens falled upon
1 A 206 immersion in water.
1 1 152
1.2 1 7 134 A1l specimens failed upon
P 1 4 135 immersion in water.
1 1 254,
1 2 1 1 129 A1} specamens failed upen
1.4 116 immersion in water.
1 1 230
NaOH 1 2 1.3 242 A1l specimens failed upon
1 4 254 immersion in water.
1 1 241
1 2 1 7 175 All specamens failed upon
1 4 173 immersicn in water
1 4 Fresh water 719 LB 113 9 36 10
1 1 444 39 49 10 15 5
1 2 1 1 443 158 61 18 24 11
1 4 447 269 166 30 gl 12
1 1 622 32 22 28 13 6
KOH 1 2 1 3 563 93 101 89 24 7
1 4 489 180 93 22 36 12
1 1 451 30 36 28 R4 A
1.2 1 7 475 41 85 T4 24 9
E 1l 4 473 107 156 45 40 11
1 1 432 15 13 5 g A
1 2 1 1 464, 73 50 21 15 7
1l 4 456 147 137 43 38 10
1 1 492 15 o Ix 9 3
NaCH 1 2 1 3 523 44 64 23 27 9
1 4 517 164 182 57 65 15
1 1 457 10 10% 2% 10 2
1 2 1 7 621 221 301 77 31 12
1« 4 600 179 270 Bl 36 14
1 4 Fresh water 579 EE 3 2 16 6
1 1 775 - - - - -
1l1-2 1 1 725 2 - - 3 -
1 4 895 3 2 — 19 3
1 1 854 -_ —_ — —_— -
KOH 1 2 1 3 699  — — -— - -
1 4 812 - _ — 7 3
1 1 A
1 2 1 7 590 - - -— — —
G 1 4 635 4 2 -— 16 5
1 1 g10 - — —_— - -
1 2 1 1 740 2 - - 4 2
L 4 640 — 2 -— 5 4
1 1 o987 — — — - —
NaOH 1 2 1 3 T — - — - —
1l 4 476 - 2 - 12 4
1 1 464
1 2 17 771 All specimens failed upon
1 4 1016 immersion in water.
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TAELE 11 {(Continued)

EFFECT OF DIFFERENT PROPORTICN OF SEA WATER ON THE
EFFECTIVENESS OF ROSIN DISPERSED IN SODIUM AND
POTASSIUM HYDROITDE SQLUTION - DIFFERENT SOILS

Ratio Proportion Compressive Strength in 1b/sq in.
Soll | Kind of | Alkali to | Sea Water to | Dry TWet Wet™ Wet  Wet et
Base Rosin {1) | Fresh Water({2) 1W-D 4 WD 1FT 4PF-T
1 4 Fresh water | 1325 [ 437 -— —— 6 -
1.1 666
1 2 1 1 1005 All specimens failed upon
1 4 1050 immersion in water.
1 1 1083 — — -— -— -
KOH 1 2 1 3 878 —_ - —_— - -
I 4 1389 | 167 -— — 16 -
1 - 999 75 - - . —
12 17 1042 -— - -- — -—
N 1 4 1058 | 255 2 - 4 —
1 1 94
1 2 1 1 1053 All specimens falled upon
1 4 1037 immersion in water
1 1 1064 - — - - _—
NaOH 1 2 1 3 979 - - - -— -
1 4 1077 | 252 — -— 3 —
1 1 1100 - - — - -
1 2 1 7 985 — — -— -— —
1 4 1008 90 - — 3 —
1., 4 Fresh water 749 | 162 - —_ — —
1 1 683
1 2 1 1 694 All specimens failed upon
1 4 895 immersion in water
1 1 662 —_— - - - -
KCH 1 2 1 3 683 924+ - — 6 -
1 4 665 | 139 Lo — 15 4
i 1 721 — —_— —_— —_— —_—
1 2 1 7 626 — - —_ 10 3
v 1 4 871 99 - - 24 4
1 1 833
1 2 1 1 855 A1l specimens feiled upen
1 4 789 immersion in water.
1 1 701 _— —_ —_— - -
NaQH 1 2 1 3 684 - - - — —-—
1 4 792 11 — — 10+ 3
1 1 886 — — —_ - -
1 2 1 7 803 7% - - 9% -
i 4 785 4B — - 16 1a
— Specimen falled. Batch Composition
# One test only 2% Rosin - Type of so1l,
(1) Ratio of amount of alkall used to amcunt required to type and amount of alka-
completely satlisfy the acld number of the rosin 1i, and proportion of sea
(2) Total amount of water used was that required to water to fresh water as

produce optlmum moisture content shown,
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Figure 1  Grain Size Distribution Curves of the Dafferent soils
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