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I. INTRODUCTION

Ever since soil hes been used es a construction meterial, men have
sesrched for methods or materisle to make it stable in ell kinds of
westher, MNyers (1) hes well expressed the fondest desire of most high-
way engineers,

The alchemists of snoient times sought the philosopher's
stone, which was believed to have the power to transmute the

boser metals into geld, The philosopherts stone that

intrignes the imeginetion of the highway engineer is the thing

or methed that will have the power to transmute cheaply snmy

kind of soll into & material <thet will resist sbrasion and

displacement under traffiec in all kinds of weether, and thet

will retein these properties indefinitely.

Besearches during the past decede have shown that the physico-
solloidal resotions of sniln/;m controlled for the most part by the
olsy fraction, and, in particular, by the colleid portion of the olay.
It was logioal then thet the ceramist and soll solentist, asnd much more
recently the engineer, should concentrate their asttention on the elay
mineralis, since it sppesrs that they are the key to the rstional econtrel
of soil properties by men. Orim (2) has reviewed the work of the last
10 or 15 years snd presented modern conoepis conecerning the composition,
structure, and certain properties of the individual clay minerals, %The
struetural relationships of the clay minersl partiocle and water are slse
explained, Winterkorn end Moorman (3), working with homeionie Putnmm
soll, Pound thet its engineering preperties could be redieslly altered
through chenge of the adeorbed inorgenie eationa. MNeore resently, Johnson
end Devidson (4) have presented results which indicete thet e renge of
engineering properties is possidble in synthetic graded soil mixtures
when sny of the following faetors are veried: (1) olay minmeral;
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I1, BEVIEW OF LITERATURE

During an investigstion of gaﬁ gw&»gm in base exchange
resstions with Putnam clsy, Gieseiding and Jemay (5) found methylene
blus to be very effective in replacing adsorbed inorganic estions,

nﬁ ﬁ%ﬁ.ﬁm with minerals from soll clays, Ven Baren {(8) found that
immersion liquids conteining ‘ﬁgw& ga; compounds gave high g&ﬁn
of refraction.

&g&&wm (7) found that minerals of the mentmorillomite-beidellite~
nontronite type adsorb large substituted emmonium Soms of the NHgR ,
Ni,B, , MRy , end NB, types, giving rise to (001) interplanar spaoings
greater than those of the seme minerals saturated with smeller cations
such as osloium or hydrogen. The diffrasted radiestion from the (001)
planes of these minerals, treated with the camplex orgsnie cations, was
much ﬂﬁd intense than the same diffraction from the caleium or hydrogenm
systems. The gradual inoresse in the ameunt of complex ostion added to
montmorillonite systems resulted in inoresses in (001) specings emd
intensity of diffraction from these planes until s meximum was reached,
¥o correlation was found between the (001) interplenar spacing and
moleoular dimensions of the organie aﬁwa&i fhese results were intere
preted - showing that s portion of the cemplex ostions wers sdsorbed
within the verisble {001) interplanar spacings of the minerals,

The wwﬁa complex a&ﬁ@n& used by Gieseking were very strongly
edsorbed by monitmorillenite, They wers found to be exchenged by other
.gﬁﬁﬁ aw spproximetely the same sige, but they were not sxchenged by
hydrogen, which is very effestive in replecing small cations. The
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astive in base exchange, tut the glyools were not, Evidence was found
that tiw mines were held %m the mmmxmm by farces in adﬁitim
to tha mmia-axshmgs forees, m&lcy m&ic%aé that 'bha awbum of the
' sdditienal sttractien wes a hydrogen bending between the aliphatie
‘mm ams snd the oxygen ions of the a&lia&tﬁ sheets, |
Qrim. ﬂlm, mﬁ Cuthbert (3.3.) found a&&iﬁm et m&n» or cther
organiec oatima to aawylﬁ: of kzelimits* ii’ls:he, and mmevillmte in
mwn‘ks less '&m equivalent te the base exchange mymi@- of the alq
are ratm mlataly métm in hm exchange roactions. imounts of
wrgn arg&uic estions udded in axmss of *Ehe basa amhmgn mpwity of
_the clay tended to be adsorbed by & different reaction, thought to be
éﬁgamte:m on the sotion of ven der Weals' fm*aw. ‘l*hs g’fsﬂi‘ky of slays
to abm weter was obmrm to be g’l‘%s:kly mueé ‘by ﬁm@ing the ez,ayx
with certein empm&a tm furnish = mrge erganie ostion. The decrease
in water content as compared with that of untrested sley was reletively
grester for montmorilionite then for kaolinite. This was thought o
indicate thet the adsorbed ians on memtmorillenite osoupy e grester
preportion of the eurface of the elay then do the adserbed da:bim en
keolinite, ¥No grest chenge in maaer content was obtained by izwreass.ng
the éw of argwie ﬁm:'alyto i:rm:mm from one to two i;imt the
mﬁm&m‘t of the base axeam@;a @&pmw* ‘ '
ﬁauntiy Grim, ﬁlmyg and Guthbert {12) hm reported on the
pﬂpara‘tim of gems elay. ’haéiw, ‘sapable of being fired withomt losing
their porous nature or sém@a;, by mixing sir fnto fluid eley #15.?: thet
oontedn campounds which furnish . large orgenie cetien, The sompounds
effestive in prmmggnr&s elay bodies by this process wers smines,
| groups
are attached to the 'mie nitrogen atam, Dodesylamine asetste was used

or other orgenis sstiens, im which one or more large hydrossrb
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in most of the development work. 4in explenation is given for the
deoressed webter a&wrp%im by eleays treeted with orgenie &a‘&ions', nemely,
the orgenic ostions are teken mp by the clay in & base exchanges resction,
with the basio nitrogen etam of molecule closely held to the mimeral
surface, end with the hydrossrbon part of the melesuls arreyed an the

surfece or directed outwsrd from the sarfasce, lesding to the formation of
considersble sreas om the minersl thst ere pot wetted by weter. It was
noted that inoreasing the dosege of dodecylsmine acetate above one
pereent by weight of the olay brought ebout e decrease in air dry
strength end at ths highar ;mrm*kagn tzae elay was very wesk, This
loss of strwgth wes expleined on the beeis of the werk of Grim and -
‘Cuthbert (13) who found that the development of bonding stremgth in
elay bodies 1s contingent upen the fmﬁeﬁ of fﬂm of water om the
surfaces of the i}:ﬁiﬁéﬁ&l M&ah& Such fim sould not be covtinuous
upon ¢lays containing sdsorbed dodeoylmmine.

Glark (14) investigeted the weter aboorption end swelling of &
cley loam scil from Harmondsworth trested with s water soluble camercial
form of estyl pyridinium bromide in smounts renging from O to 1,0 peroent
bty dry soll weight. Both ebsorpiion and swelling were materielly reduced
by sddition of the chemical, 'ﬁns.mm absorption amrrea with 0.5
percent themical and mim swelling mi%h 0.6 percent. The absorption
studies resulted in the oconolusion thet sddition of chemiesl to the clay
soll did not prevent movement of water through the pere spaoes, but did
inhibit the adsorption of water to the olay particles. It wes comcluded
from the swelling studies thet redusction in swelling wes due to sdsorp-
tion of my} pyridinium ions on the surfeces of the olay fraction,
which ;’ia the cempoment responsible for the s¢welling properties of & soil,
thereby redusing their tendency to hydrete.,



7

As one phase of the investigetien reported herein, Whitesell (15)
studied the effeet of different persenteges of twe mtar soluble orgenie
compounds cenbeining large orgsnic cations, on the water-demsity
reletionships of Edinn subseil, = plastie sility elay seil from Weyne
County, Tows, The chamiosls used were fatty sold smine sostates know

cammercislly es Armao T end Armsc 18D. Optiman moisture and naximm dry
density were dotermined for each chemisnl admixture ‘by mms of the
Standard ?mﬁm' and mﬁfiaﬁ .&-&sﬁ%ﬁ. M‘ks m. m&w»n*:
naus:ha are smiu& in Tebles 1 mé 2 and plotted in ﬁgz. 1 and 2.

Table 1

m::aw a!‘ Armac T mm to Edim auhsa&l on a;g*kim
- molsture end maximum dry m&w :

o o000 2.0 882 186 1044
a8 3z 867 18.9 108.2
% S22 0.0 84.8 .6 10L5
50 ‘ 8,44 28,8 | 88.6 18,6 9.4
75 9.66 28,6 861 184 9.5

—3ifter Wiltesell (16, 5. 19)



Table 2

Effm afmaxwmm%mMmbmz mﬁgﬁm
rs miﬁmwﬁm&ﬂméry&m&ﬁyﬁ ~

6 o0 s 882 18.6 104.4
10 .30 29.8 8.2 20,6  102,0
26 5.26 2.5 887 17.8 101,6
s0  6.62 28,2 85,2 20.2 95.8
78 9.78 26.2 85,8 19,9 95,7

“¥ATCer ﬁiﬁs»m, STEIT
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Pedologlic and classification dete for the Edina subsoil semple used
in this investigation are summerized in Tadle 3. The base exchenge

Table &
Pedologie ond claseifiestion deta for the Bdine subseil semple

Great soll group ' o : ’ Planosol
Series ' ' B -

Type : : Edina silt loen
Horigom o ' B

Parent material ¥oderately desp to
shallow fine loess

Haturel veget@tm Grese
Slope renge, percent k Q=2
Textural olsssification (5 mierem clay) Silty elay

Revised Public Roads .&Mﬁiaﬁmﬁm 4
classification o A=T=6{20)

ospacity of this meterisl was 40 millieguivalents per 100 grams of soil®%,
b, Cetienie chemieals, 8ix orgemnis ccmpounds containing large

organis catiens were used, nemelys (1) Amss T, (2) Armee 18D,

(3) Avmae 12D, {4) Rosin Amine«D Aeetate, (5) Amine 220, snd

{6) Aomonyx T, To the writer's knowledge, none of these amm: hed

been wmm on &8 soll steabilising tw%a. Grim, Alleway, and

Guthbert (11, 12), however, had mﬁg used Armao 12D {dodecylemine
setute) in their Mgﬁm. o

‘bmma by the Soils Subsestion, Iows Agrioultural Experiment
8!5&%1@, Towa s%t%t Gollege, m:, Town,
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(1) Armecs, “Armac" is the Armour® trede name for the water
soluble amine scetates made from the Arvmeens by treating them with glacial
acetis acid. “Armsen® i the trade name for a series of long chain
amines which are a’&r&aim& fm fattv w&da. The Armeens are soluble im
oila aaw. 0ii~3.1ks m«bﬁrials but are ingoluble in weter, M& s a
sorresponding Armac for every Armesn. For sxemple, Armeen T becomes
Armac T when neutralised with gleecisl acebic sold, The zemposition of
the Armaos used in this study may be judged from Table 4, whioh presents

hb:e 4 ‘
ﬂwdtiaa ond sonstents a! Armeen T, Armeen wﬁ. and Armeen
12D (16)
i ol il
Dodesyl 12 - - 20%
Tetradeeyl N - 4 - - 9%
Hozadeoyl - 16 30% 8% -
Octadeoyl | , 18 25% 931 -
Octadecenyl | 18 45¢ 1 1%
Mean molecular wt, of |
primary smine cenmtent 263 zer 185
Holeoular combining weight - 310 276 191
% Primery Amine by titration | 88 97 97
Approximate melting pednt, © ¢. 46 55 24

the ocomposition of the corresponding Armeens. %The Armees used wers
Iight mmwwm 1:& ealar and were solids st room wm,

Amm Chemivel Division, Armour and Company, 1355 W, 3lst 8t.,
Chicngo 9, Illinois.
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somewhat resembling tellow, .

The Armscs ere cetiomic in cherscter, as were all the chemiesls
used in this fnvestigetion. Armour and Company Qﬁ desaribe the |
3&%& nature of awn arnsos a8 followss

The chemieal structure of an ggg w« written as
‘ wherein the R grouping may be oonciderad ss vepre-
n&«mwun the long carbon chain grouping found in the
originel fatty acids. TUpon inspection it beoomes apparent
- thet thig is an gﬁ»w a@wgﬁa with a fatty group re~
plucing one of the hyd bons, Thue the fatby emine
radicel in the acetate unww may be expeoted to be sationie
in nww&naaﬁ.» Just as is the smmonium radiecel in emmoniuwn

| (][]
w»&u,wwuww.. we mey write
Crumg] (2]

" %The name “estionie™, when used in comnection with a
shemioal radienl, means that the rediesl is positively

' charged snd travels to the cathede if eleotrieliiy is
pessed through its sclutien,

The Armags are used in indusiry to oause surfece chenge phenomena,
8mall omentities of these chemiocals are suffielent to cause certain

 types of water-loving surfsoes Yo becowe water~repelling and oil~loving.

: gﬂwﬁ«ﬂ.«.wg by g and Company ru&ﬁ ‘shomm the Armaes to be
wvery s&?@»ﬁa sz germicides, gaw@-ﬁu and awngwmaa To quote from
personal sorrespondence with Mr, B. W. Segebresht {18) of the Armour
Chemical Dlvisions

We have sarried on considersble investigations on the
Armaoe as germioides, fungleides end algaocides, Results
heve shown these sliphatic smine asetates to be very
effective in this espaeity snd we have found no ocrgamism
that woeld survive itreetment with one of thess produets,
It is true, however, that presence of large smounts of
organioc matter will effeet materially the germioidal
characteristies of these awﬁwgwuﬁ rendering them almeost
impotent,
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{2) Rosin Amine-D Acvetate., Rosin Amine-D Acvetate is the

acetio acid salt of Rosin Amine-D, both being produets of the Hercules
Pomder Company®, Rosin Amine~D is & primary smine obtained from a
special grade of modified rosin, 7Tt is e pale colored, viscous liquid,
insoluble in water but soluble in meny orgemic solvents. Rosin imine~D
Agstate 15 water soluble and is prepared as a pale yellow 70 peroent
paste in water. A typieal anslysis and charasteristic physiesal
properties of Rosin imine-D (19) ere as fellows:

Physieal State Viscous yellow ligquid
Color Pale yellow

Density @ 26° C. 0,997

Refrastive Index @ 20° C. 1.5410

Nitrogen Content 4.2 = 4,58

Bramine number (KBr-KBrOg) 49

Viseoeity & 28° ¢, 4670 Centistrekes
Boiling Renge (5 mm,) 187 - 211° ¢.

Beiling Renge (10 mm,) 270 - 291° ¢,

Boiling Renge {760 mm,) | 3544° ¢, (Partisl Decomposition)
Flash Point {Cleveland Open Cup) 192% ¢.

Heat of Vaperisation 20,100 calories per mole
Beutralization Equivalent 517

Rosin Amine-D Asetete was not in commeweisl production at the time
of this study but was available in limited cuantities for testing
purposes, Correspondence with Mr. J, M, Schents (20), menager of the
Technieal Service, indiseted that Rosin Anine-D and its sgetete had been
found to possess bsotericidsl end fungiolidal properties which weuld

Bgercules Powder Company, Nevel Stores Dept., Wilmington 99,
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probably proteet it frem stisck by mioro-orgsmisms in soil,
(3) Amine 220, Amine 220 is a produst of Carbide and Cerbon
Chemioals Corporation®, It is tdﬁ@ brown, high~boiling, oil-soluble
1iguid with an emmoniascal odor. It is soludble in water and has sationie
mrfase~avtive properties, The chemical structure of imine 220 mey be
written (21) as,

R

/I |
,’ b N4

on, om0
Addttional physical properties of imine 220 are
Moleculer Weight
Bmivelent Weight 178
Bodling Pt, &t 1 mm. Hg. 235.0° ¢,
Flash Peint (Open Oup) 465° ¥,
Selubility in minersl oil, % 10
 Speeifie Gravity st 20/20° g,
Yiszoosity at 100° F., centipoises 120-150
(4) pmmonyx 3. Ammonyx T is the trade name of & high melecular
woight estionie wetting agent prodused by the Omyx 011 and Chemiesl
Company®, Tt is . higher molecular ais;pmm querternary esmonfum
halide snd is a slightly greenish-yellow, slesr, viseous 1iquid vhich i

Sgarbide and Carben Chemisals Corporation, 30 Esst 42nd Street, New
York 17, K. Y. ‘

Bm 041 end Chemiosnl Co., 15 Exchange Fleee, Jersey City 2, N. J.
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sanpletely soluble in oold or het water. The umoleenlar weight of Ammenyx
T 1s 436 10, It 18 & powerful germicide end fungieide,

w@g%&waﬁugﬁggﬁﬁgwgﬁ?gwﬂawgﬁag Fo.
40 sieve {100 percemt passed), The finely ground materisl wes then
stored in large pans for seversl deys to ensble it to resch uniferm
hygresoopis moisture sontent,

| Initislly sach chemieal was added to three, 1000 grsm {dry weight)
samples® of Bdina subsoil in sueh quantities that the base exchange
eapacitios of the samples were seturated 1, 10, and 76 persent,
respootively. later the imvestigetion was extended %o inolude samples
ssturebed 25 and 50 persent with Armas T and Armee 18D, snd 6 pereent
with Rosin Amine~D Acetate, Teble 5 shows the relstionship between per-
oent saturstion of base sxshenge ocspsolty snd pereent by dry weight of
soll for the six eationic chemiocals used. |

The weights of each chemies]l needed tu saturste the basse sxchangs

eapasity of the soil te the dﬁ.wgn porasnteges were otleuleted by mesns
of the equivalent weight of the chemieal end the base exchenge capacity
of the soil. This csam best be explained by a sample eosloulation for
Avmes T,

Je. OCalculste the welight of Aymec T noeded to saturate the
base exchange oapacity of 1000 grams (dry weight) of Edire subsoil 76

_persent,

p@o@aﬁm&tﬁ%%gggggg&%& Mr
dried woight when ueed will be designated es such.
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Table &
Relationship between persent ssturstion of bese exchange
sapasity and pereent by dry soil weight for the 6
ocationio chemicels used with Edins subseil

o seturation T 18D 12D  Amine D 220 T

@ 000 0,00 000  0.00 . 000 0,00
1 0,15 0.3 . 020 . 0,22 0,07 017

5 e - e
10 128 1,30 0.9 . 215 0.0 1,74
26 5.22 3,26 == . e - -
50 Godd 8.62 - - — e
78 9.66  9.78  7.52 1611 5.25 13,08

Given: Bese exchange eapasity of soil ® 40 milliequivalents per
100 grems, molecalar weight of momovelent Armeen T = 283, and m&mlir
weight of soetate radicel = 59,
Bolubions
Grammolecular weight of Armeen T ® 265 grems
Gram-nmolecular weight of acetate radical = 59 grans
Gras-molecular weight of Armac T = 522 grems
Equivalent wt. of Armeec T & 322 1 = 322 grems
1 nilliequivelent of m : 4 * 322 milligrems
Therefore, 75 pereent saturation of 1000 grams of soll will require
40 X 10 X 0,76 X 322 ® 96600 milligrans = 96,6 grams of Armss T,
Before adding to the soil, the chemloals were dissclved in an

smount of weter equal in weight to the seil to be treated, which smounted
to 1000 o.c. in this study. Heeting the solution below 1009 ¢, aided in
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dissolving the chemleals, especially the larger quantities. Some of the
chenicsls dissolved more reedily then others, Armae T proved to be one
of the easier to work with from this standpoint,

After preparation, the solutions were immediately added to m soil
ssmples and the mixtures stirred thoreughly im large, flat pans. ms
was cerried out at room temperature, When air dry the mixtures were
ground with mortar snd pestle to pass through the ¥o. 40 sisve and them
stored for testing, A definite deecrease in the air dry strength of the
treated soil wss noticeadble at this time, especislly when the base
sxschange sapacity of the soil was setursted more then 10 persent,

be Jests to evaluate untreated Hdins subsoil. Routine laboratory
tests were conducted om representative semples of Edins subsoil for
classificetion purposes and to determine physiocal and ohemieal properties
of interest to the englneer. The mejority of these tests were performed
in sccordance with specificetions set up by the Ameriesn Assecistion of
State Highway Officials {22). Such tests are not deserided in detail,
Where the standard test preocedure is sltered or where a non-stendard test
is used, the method is deseribed and resdily avellable references eited,

(1) Mechenicel spalysis., This test was performed on twe
separate samples of soil in accordencs with A.A.S.H.0. Deeignation: T88-
42, Dispersion mesthod B was used in preparing soll for the hydrameter
test. 1In gemeral this test prossdure is sstisfastory whem the grein sise
. distribution ourve is desired only for sises grester thsn 1 or 2 mierems,

(2) Hydrometer test under multiple grevity, Ia fine clays a
large persentage by weight mey be finer than one mieren {0,001 mm,), and
1% is helpful in sherasterizing the slaey to know the grein size distribu-
tion of this finer portion. Norten (23) has develeped spparstus snd a
method for doing thisz with the long-srmed esentrifuge and Bouyonoos
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hydrometer, In this appsrstus the jar is euspended at the end of a
rotating arm. The oentrifugal foree caused by rotation introduces an
scesleration meny times grester then grewity end seuses mmoh faster
settlement than osours under graviiy alone, Orain sige distributien
gurves which extend te 0,1 mioron may be obtained in s few heurs by the
uge of this spparatus, Using the method of Yorten (23) and similer
apperatus, the grain size distribution for Edine subsoll was determined
down to 0,1 mioren, Twe semples of soll were tested simulteneously
using Daxad ~ 25% as the dispersing sgent,

(3) Liquid limit, The liquid limit of & soil is that water
content, as determined in secordense with A.4.3.H.0. Designetion: T89-42,
at which the soil passes from a plastic te s ligquid state. The standard
mechenisal methed was used in this study with the exeeption that the seil
was thoroughly mixed with distilled water to above the liguid 1limit and
then put in & hmidifier for spproximstely 24 hours before testing. The
test was then performed as the soil dried out, with no further sdditions
of soil or water, This modification gave oconsistent results and seems
Justified with hesvy clay seils becaunse of the more uniform moisture
f1lm distribution cbtained,

(4) EPlsstic 1imit. The plestie 1imit is the lowsst water
sortent, determined in scoordance with A.A.8.8.0. Designations T80~-42,
at whioh the soll becomes plasstiec, The standard procedure was followed,

{8) plsstieity index, The plastiocity index of a seil is the
numeriesl difference between its liguid limit end its plastie limit.
Ak 8. H.O. Designetions T91-42 covers oertain exeeptions.

%2 sement deflocculent mammfectured by Dewey & Alsmy Co,, Cambridge,
¥asns, '
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(6) Bhrinkege limit. The shrinkege limit ie defined as the
maximm esleulated water sontent, st which a redustion in water sonmtent
will not cause & decremse in the velume of the goll mass, This test waa
performed in secerdsnce with AJA.5.H.0. Designetions T92~42,

{7) shrinkege rstio, The shrix:kag& ratic of & soil is the
ratic betwesn & given volume change snd the sorresponding ohsnge in
water somtent sbove the shrinksge 1imit, The caleulstien of this ratio
1s covered in A.A.S.H.0. Designation: T02-42,

{8) Hygroseocpic molisture. This moisture contemt was determined
in agscordsnce with AA.B.H.0. Designetions 78842,

(9} Qentrifuge meisture squivelent. The centrifuge molisture
equivalent 18 the smeunt of weter reteined by & soil which hes been first
saturated with water and then subjected to a force equal to 1000 times
the foree of gravity for ome hour. It was determined sccording to
AuA.8.H 0, Designations TO9=42,

{10) Speeific grawity, The speaific gravity of the Edina subw
801l was determined by the pyencmeter method, A.A.S.H.0. Designetion;
T100~38, Three determinations were made, .

(11) Orgenic matter gentemt, The procedure used is expleined
in the Soil Engineering lsborstory memaal (24) used st Jows State Qollepge.
The prineiple involved in this method of determining the orgemic content
of sell is to exidize the orgenie matter in one grem of ‘ﬁail by sddlag -
10 ¢.0. of potassium dichremete,. '}mm,‘ the amount of ferrous smmonium
sulphete required to reduse 10 o.e. of olesn potessium dichremste gives
an indiestion of the smount of organie metter in the soil.

(12) pE yalue. Ten grems of soil which had been ground with

mortar and pestle te puss through the No. 40 sieve were edded to 100 o,0,
of distilled water and the mixture allowed to stend for about 24 hours
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with ocsessionsl stirring. The pH vslue wus then obtained by use of a
Beckman pH meter®, ‘

{13) pifferentisl thermal snalysis. This test (26) effords &
camparstively easy method for slay minersl identification. The analysis
was mode on the frastien finer then one micren or, in ether words, on
the oolleid portion of Edina subsoil, The miuae one mieronm materisl was
obtained by & sedimentation method., C(me hundred grems of the whole soil
were thoroughly dispersed in 6,6, of distilled water using Daxad-23
83 the dispersing agent, After 24 hours sedimentstion time, the portien
finer then one mioron whs syphoned off using Stokes law to snloulate the
sempling depth., fThe dispersed coclleoidal meterial thus cellected was
flocoulated with a mmall dosage of 12 K HCl and settled out by means of
‘the lengwarmed centrifugs, The z0il colloids wers then washed 3 times
with distilled water, The resultent materisl was oven dried at 100° C.,
ground with morter and pestle to pass the No. 60 sieve, and stored for
abeut one month at room temperature before testing.

The differeontial thermal analysis consists of measuring the differw
snse in temperature between s soil semple end en inert materiel as they
sre heated et a constant rate from roam tempersture up to 1000° ¢,
‘Endothermie resotions, &s the evaporstion of water from the ssmple takes
place, ceuse the temperature of the ssmple to fall below that of the
_inert material. Excthermie resctions ocause the temperature of the
semple to rise sbove that of the dpert moteriel, By compsring the
thermal curve of the sample with similer eurves of pure sley minerels,
1t 1s possible to identify the types of oley minersls present in the

sample,

*Mamufestured by Central Sefentifie Company, 1700 Irving Park Blvd.,
m“‘a’ :11' :
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amount, IV is indiostive of the internal sell surfaee in & system snd
the setivity of this surfuce, | |

{3) Plastioity index, This term, as previcusly stated, is
defined as the difference between the liquid limit and the plastie limit,
At the plastio 1imit the soil particles have s degree of lubricsticn
suffieiently high te permit them to slide over emch other when loaded,
although still possessing & considerable smount of cchesion, At the
liquid limit the soil particles are separated to such en extemt that
practicslly no oohesion exists between them. It follows, therefore,
that the difference between the 2 values indicates the inecresse in
moisture sentent regquired te inorease the thickness of the water films
separating the soil partieclss to a degrse suoch that the cohesion
existing between them is reduced practieally te sero. Thus, the
plasticity index may be considerod ss a messure of the cohesion possessed
by soil,

{4) Shrinkege 1imit. The definition end method of perferming

this test have slready been coversd. During the proosss of drying a
cohesive soll, the material will decresse in volwme, This phemomenon is
o result of espillary forees mcting on the seil, The shrimkage will
progress to some point after which centinned desresse iu moisturs content
will esuse m}mﬁhw shrinkege. The moisture content, expressed in perw
oent of the dry soil weight, at which the soil cessss to shrink is celled
the shrinkage 1imit, Detriments) shrinkege cemnot osour when the
shrinkege limit is equal te or grester than the moisture content of a
soll mixture, ' ‘

(8) Sbrinkege ratie. The defimition end methed of ealeulating
this ratio have been previously given. The thrmimae ratio 48 also the
spparent specific gravity of seil shrinkege pats in the oven dried state,
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of olay soil, The method of preparing the pate was the same as that used
in preparing shrinkage pats in the stemdard test, with the exception
that the pats used in the present study wers not oven dried, After
molding, the pats were allowed to air dry in the poreslain milk dishes
until firm enough to be removed, and then were stored in a closed
osbinet at room temperature until they reached constent weight, Seven
days proved to be an sdequate drying period for specimens of this sise,
but all pats used in this investigetion were dried for one month before
testing,

The relative stremgths of the air dry pats were evaluated by rupturing
them with & soil pensetrameter of the type used in conjunction with the
standard Prostor density test for determining the penetration resistance
of compacted soil, The needle tip having an ares of 1/20 square inches
proved to be best adapted for the soil used in this study, The pat wes
placed on & machined steel blook and the load applied mamuelly at a slow,
steady rate until the specimen feiled. A sliding ring en the calibrated
portion of the psnetremeter gave the fallure load direstly for the size
needle used, This reading divided by the area of the needle tip gave the
faillure loed in pounds per square inch, The impacst of the needle on the
steel blosk after the pat ruptured did not disturb the sliding ring
reading, The meximmn lesd that could be spplied with the psnetreometer,
using the 1/20 squers inch needle tip, was 2200 pounds per square inoch,
Pats that withstood this load without breeking hed their eir @ry strengths
recorded as 2200+, Figure § shows the penetrometer being used,

Usually the first break of a full size spesimen divided it into 2 or
more pieces as showm in Pigure 4, each of which was large enough to be
tested, The relative air dry strength was recorded as the average of

seversl tests en 2 pats,
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Fig. 3.

?igg 4.
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801l penetrometer being used to load and
rupture air dried shrinkege pat,

Pirst bresk of & full size pat.
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{8) Rate of slaking, The sleking test is essentislly a
determination of the rate st which & soll specimen disintegrates when
{mmersed in water, Hogentogler (28, p. 378) deseribes the significance
of this test as follows:

The rete of disivtegration depends upon such faetors as

the affindty of the soll for water, the smount of expsnsion

of the soil when wetted, the spsed with which the water

penetrates the soil, and the charseter of the coracking pro-

duced by unequal expansion of the ssmple. This test gives

an indioution of the relative resistance of different soils

to erosion and may also be used to determine the effect of

different sdmixtures for water-proofing a given soil. ilse,

tests performed on undried specimens are a mesasure of the

extent to whish the esplllarity of the soll is satisfied by

the molsture present in the sample. The test is more or

less quelitstive in cheracter, end neither a standerd pro-

codure nor definite limiting walues have been established.

The ﬂakiag specimens used in the present study were air dried
shrinkege pats of the type used im the penetrometer strength tests. The
pets were p%gu& on aawer wire rings {Fig. 5) whioh were attsched to &
ring stend, and then campletely Immersed in distilled water, Pigure &
shows the pats on the rings resdy for immersion, The ring !H.Wt were
adjusted so thet they were alweys 1/8 of en inoh smaller than the bottem
diameters of the soil pats on them. 7The elasking value was the time in
minstes for the pet to disintegrate sufficiently to fall through the
ring. Pats which 4id not fall through the rings were kept fmmersed for
seven days, and then removed for photegrephing. The water was at room
temperature (about 78° ¥.) throughout the tests, snd & hend of ene inoch

of water was kept on the paete et all times,

3. Presentetion and diseussion of resalts

&, Untrested Edine sabsell. The gradstion of the Edine subsoil
sample is given in Table € and the grain size distribution ourve shown by
Figure 7, It will be noted thet B2.3 percent of this soil is § miorem



29

Flg. 5. Copper wire rings used in slaking test,

Fig. 6« Psts on rings ready for lmmersion.
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N - Table 6
Grain-sige distribution* for Edins subsoil ssmple

Sieve mmmber Bquivalent aphm«:i T Peroent ﬁmw; by
 atenster,ma,  ary sell w.
e = o.260 | 100.0
w0 oaer 9.8
w0 . o0& 99,8
200 . o.oma 9.3
20 0080 97,5

0,008 | . B2.8
6;@63 : 5‘?,6
0,001 27.8

0.,0002

. 0.0001
#eliues teken frem plotted grein siz

élay exd thet 'w.sgm is in the colleid size ﬂaga* m faot that
6.5 percent is finer than 0,1 mioren ;swba’bly &nﬁiw@n the presence of
Mﬁnmts type a};uy m&mm‘.

Some pr@wﬁu of E&im axﬂmﬂ ars :kmm in h‘b},e 7. The hish
lquid limit 1s indiestive of 8 1«:»;; end highly active m&m sofl
mrfma The Mgh 91&:1:1411:3 index inéim&n that 'bkix ms.i is extremely
mn.&ﬂ. The very low am@ lwt end the &mpwgﬁwl;y high
:hrinhsn ratic are m&m&w of &i;ﬁ ahrinngc and mnm; sharasteris=
‘h_i.u. The high hymamiu,mittwe m'kmt and venbrifuge molsture
squivalent mmish mw ﬁviém of the great affinity this soll has
for water, m wgmic ewtent S.i mmﬂry high from an mginoer&ag

"ﬂw nyp:sr 1imit of the colloeid ss,u range im most mgimering grtin-
size olussifiostion systems is one mioron (0.001 mum. ).
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Table 7
Prepartiw of Bdine subsoil

mqmana;t,xaryﬁ.mn | : - 78,0

Plastic 1imit, % dry wt, sed1 28,8
Plastiolty tndex, % dry wt, sefl 51.7
Shrinkege limit, % dry wt. seil X
Shrinkage retio o - 2,02
Bygroscepie meisture®, % dry wt, soil | - T.02
Centrifuge molsture squivalent, % dry wt, soil | 20,7
Bpecific gravity | 2,74
Orgenis sentent, % dry wt, soil 0,72
pH velue | 4,80
Base exchange sapsecity®, n.-e,/mé g l 40,0
Max, std, Prooter dry denst gga.f. 88,2
Optimen moisture, % dry wt, soil 29,9
Mex. mod, AedeS.H.0, dry W:lty‘, pesafe 104.4
Optimm motsture, % ary who soll | 18.6

Safter ha w& t:» a&r a*k roan tw&m@r« {(soe p, * a°) for 14
days during July, 1948, : ‘

rmined by the Scils &mm;am Yo wimm
Station, Towa State College, Ames, Yowa,

. %atver Whitessll {15).

stendpoint, The pH valne ﬁmt mié&tj‘ The bese ‘xehmge eapasity
gives additional Mﬁn&t&m of the h&ghly astive nature of the alsy :
frmatim end of the probsble pr“azwt of mentmorillomite type olay
mla. The mimmn‘ﬁy miﬁ%iﬂmm?i show the mfiub‘&lity of
nsing the modified A.A.85.H.0. test procedure for sentrel purposes with
this typaef soil, |
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Bdine subsoil weas classified texturally® as silty clay. According
to the revised Public Rosds Administration classificetion system (29), it
was an u?-.a{ae) soil. Subgroup A=7«6 materials are typically ::}.mte |
el&y eofle with bigh piam.any indexss in relstion to Mquid limit end
'mhiﬁh are m‘bjm '!se mmly H.gh M*me change, The group Mu value
of (2@) is reserved fw 'kha nost ghﬁtiu AsTw6 solls.

The tlwml curve ﬁar ths minue one miecron fracticn of m mbseil
:h shown in Fig. 8. It gm '&hrm mmz reastions as fanmw
(1) endothernie pesk at 160° 0., (2) endothormic peek &t §50° C., ead
(a) ‘exothermic peak at 900°% ¢, In emm; it with the ewm:-s,s@u
curves for the pure clay minerals {30, 31), it 18 evident that t!w colloid
3&61@ of Edina subsoil is predomirently mentmorilienitie. The relatiwly
weak endothermic resetien ﬁ: W &. msy indicste the presence of & small
pcrecntaga of MIM'&&' ‘

b. Effect of cationle eduixtures

() Liguid llmit, ‘The reletionship between the 1iguid 1imit
end pﬂﬂm‘k chemical ME&?‘ fm' the 6 sationic chemicals used ws:hh
Edine subsoil is showmn in Mla 8. ) will be zwkua that all of the
chanim}.n were cffa«biw in rmtsing ‘hhs magnitude of the liquid 1imit,
It is appmt frem the curves in Fig. 9 thet, with all chemiesls, the
initial 10 pereent saturstion of the base exchenge capacity was wmost .
effewiw i.n u&uaﬁuz tht 1iquid limit of the GML From 10 percent
saturation on, the mﬁa of desresse ddmintished, Armac T end Armec 18D

were most effeetive in lowering the liguid limit up to 10 percent satura=
tion, 4t 7B pereent, ‘however, Rosin Amine-D Acetate wes most effeetive,
The lowering of the liguid Jimit csn probably be explained by the

*sased on 6 mieren elay.
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Table 8

Relationship betwesen the liquid limit and pervent chemieal admixture
for the 6 eationic chemicals used with Edina subseil

o © 78,0  TBO  TBS 78,0 . 78,0 78,0

- - mw O B2.6 - e
4:?.3 §7.4 -~ ) - — L

8 8 8 o

45,8 448 e e - -
43,0 4.3 46,6 38.5 ' 46,0 48,1 ‘

&

sdsorption of the large orgenie¢ sations on the surfuses of the clay ,
fraction, resulting in the excluafom of water fram the surfeces censerned,
This would reduce the tendenoy of the olsy fraction to hydrete and less
water would be required to bring e treated seil up to the liquid 1imit
moisture state, PR ’ '

(2) Plastic limit, The relabtionship between the plastie limit
end percent shemieal admixture for the 6 eationie chemiesls used with
Edine subsoil is given in Table 9. All of the chemisals ceused the
magnitude of the plastic limit to incresse, Fig. 10 shows thet with ell
eationic materials, the imitial 10 pereent saturstion of the base exchange
oapaoity was most effeative in increasing the plastie limit., Above 10
poroent ssturatien the rate of ineresse was ccnsidersbly less. Rosin
Amine~D Asetete in smounts up to 10 percent saturation was especially
effective in increasing the plastic 1imit, but admixtures of this chemiosl
sbove 10 percent ¢sused very little additional ineresss, The curves for
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Table §

&elatienlhip between the plmsie 1imit end percent chemioal
edmixture for the 6 cationie chemicels used with Edins

subsoll
ﬁ utmtim Armas m Arme Rosin Anine~D Amine Ammonyx
B.E.Ca ? 18D 12D  Aoetate 220 T
o 26,3 26,3 26,3 28,3 26,3 26,3
: b3 20.4 . %;5 1 30.8 30.1 3046 28.5
10 33,8 33.5 35,3 38.4 - B34 33.4
25 86,8 36,0  we - o -

76 38.6 38.4 38,7 39,1 37.8 37.8

" the other 6 cheminals are grouped quite close together, with Armas 12D
slightly more effective st 10 pereent saturetion. A4t 75 pereent saturae
tion it will be noted that all 6 cationic materiels geve plastie limits
of sbout the same magnitude, '

“The plastie limit moisture content is reached when water films have
been built up oh all surfaces to the péint where partiocles osn orient
themselves snd slide over one ancther when loaded. ¥t is fairly well
established thet adsorption of large orgenic cations en oley surfeces
creates areas that are not wetted by water. It is possible that these
sreas interfere with water film formaticn to the extent that more water

' 1s needed in order for oﬁm‘baﬁim and mbnqnmt sliding of the pﬂtieln
to teke place. It is nlsa wsﬁ%’ﬁh that the large size of the

sdsorbed cations imterferes with the crientatien and sliding of the eley
‘surfaces wntil weter films that are sufficiently thisk to bridge over
the cetions are built up.
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{s) Plastioity index, hm, Sinee the glaﬁieuy index is the
mrim ﬁtf&rm bm the iiquid limit and tht plﬂtiﬁ iimit, 1%
s to be W frem results already presented that its megnitude will
be redused by additieons of eationie uttari&in to Edine subseil, This is
shown to be true by Table 1&. ¥ '3.# mm‘k frm the eurves in Fig. 11~

Table 10

Relationship between the plastisity index sand percent chemical
admixture for the 6 u‘h&s&ia chanioals nn& with Edine subsoll

Trenienl
admixture,

BoE, 0y T 18D 32D Aectate 220 H

0 Bl.T  6l.7  5LY7 51.Y 51,7  51.7
1 3¢,1 39,7 347 40,1 34,9  44.0
5 - . me 26,0 - -
10 19.8 19,6  20.2 16,6 27.6 311
25 3 b e - — o

8

5.8 T - L ad - m

5 &4 59 7.8 0 8.2 10.8

that, for all 6 chemiocals, the initiel 10 percent saturstion of the base
exchange ospasity was most effective in reducing the plastieily index,

- Mimixtures ebove 10 pereent contimued 0 esuse the plastiocity index te
desrense in value but ot & diminishing rate, Rosin Amine~D Acetate
oeused the greatest reduction st all percentages above sbout € percemt
saturation, reducing the index to almost zerc st 75 percent, The
"Amecs® gave very siail# raduéﬁmi up to 10 pereent emmre, with
Armas T and Armac 18D more effective sbove 10 pereent, in the order
nemed
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8ince the plastieity index is a gualitative messure of ochesion, 1%
may be consluded thet all of the eationic meterials used were very
suceessful in redueing the cohesivensss of Rdina subseil,

(4) kage limit. The effect of the oationic sdmixtures
in rajsing the shrinkege limit of Edins subseil is shown in Table 11,

Table 11

Relationship betwesn the shrinkege 1imit and pereemt chemieal
admixture for the 6 cationie shemicals used with Edins subseil

a&im”,

%uﬁm&i& m

o 8,0 60 60 8,0 8.0 6.0

1 7.7 8,9 6.7 8.8 6.8 8.1

5 - - - 9.8 — —
10 12,4 1.2 1.5 16,8 12,0 16,0
26 18,1 180  w= e e -
50 18,3 18,0 == — - -
75 25,6 25,5 18,3 7.6 19.8 28.5

The ourves in Pig. 12 indiocate that, with all chemiecals, the imitial 10
persent seturstion of the base exchange cepacity saused the greatest
rate of inerease, Above 10 percent ssturetion, the shrinkege 1imit
contimied te inoresse but at & diminiched rate. Rosin imine-D Acetate
snd Ammonyx T were most effestive, in the order nmed, A&Ameo. T and
Armao 18D gave vary similer results and ranked hhard in order of
effeativeness, Photographs of oven dried Edina sudsoil shrinksge pats
containing 0, 1, 10, 25, 50, and 75 pereent saturstion admixtures of
Armae T snd Avmse 18D are showmn in Figs, 13 and 14, respectively.
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Flg. 13, Oven dried Edins subsoil shrinkege pats
sontaining 0, 1, 10, 28, 80, and 751 saturstion
admixtures of Armeo T,

Fig. 14. OUven dried Bdine subsoll shrinkage pats
eonteining 0, 1, 10, 25, 80, and 75% saturation
admixtures of Armac 18D,
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As water evaporstes from & soll mixture, eapillary temsion aoting
18ke a taut skin on the surfeee of the soll mass gradually draws the soil
particles sloser together until the shriskage limit is resched. At this
moisture content the resistence of ‘t:iw soil to m-kk«r sempression just
equals the fores exerted by svapersting moleture, The erestien of weter
repellant arens on the olay surfaces due to u&wrgﬁm of large orgenie
sations mmxy tends to mkm 'kiu fw&a of the mmmm mﬁ.m,

m:nzmmm@Mamf&mwh This wuld be |
imagrmntumkmm'kdnm&tu, *

{8) kage retis. The effest of the sstionie materisls in
rmaﬁng the msnm. ratio of Edina mubsoil is ikm in Table 12, From

Qk‘bl!a 18

Mam&w between the shrinkege ratio snd pereent chemieal
aMxture fw the 6 uts.mﬁ ﬁuimxa used with mm. mm

% ssturstion Arese “Ermee AR
3@5&@1 T , 8n , . -
2,08 2.02 ' RJOR © 2408 2.02 - 2,08

1,93 1,95 1.91 1.94 2,01 1.98

)

- e e LB e -
172 198 185 1,56 1.74 1,66
166 170 e - -
160 1,61 == - - -
75 1,80 1.7 1.3 122 1.85 1,35

835«&*@

the ourves in Fig. 156, it will be noted that above 10 pereent saturation
of the base exdhange ospselty the rate of reduction diminishes, signiw-
fying that the inltisl 10 persent saturetion was most effestive for all
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chemisals. Rosin smine-D Acetete, Mmmonyx T, snd Armse T were most
sffeotive in lewering the shrinkege retio, in the order named,
" The shiriskage ratic results give further preef thet all 6 estionie
materiels were effective in reducing shrinkege tendencies of ﬁﬁ.m sube
(6) Batio of shrinkage limit to liquid limit. A previously
stated, this ratio indicstes the shrinkage preperties of & soll, The
snsller the shrinksge 1imit ss compered with the liquid limit the
greater will be the tendemcy for the soil to shrisk (26). In this study
the ratio, exprossed as & percentage, is used emly to determine the
relative effect of chemiesl admixtures on the shrinkege tendensies of
Bdina subsoil. ‘
The relstive effect of the 6 estiomic materiale in reducing the
shrinkege pWiu q&’ mnt subseil is shown in Table 13, Frem the

~ Table 13

- Relationship between the ratioc of the akriah&;c 1imit to the
liquid Mt and pereent chemical admixture for the 6 #!ﬁimﬁ
 chemisels used with Edina subsoil
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curves in Pig, 16, it is evident that, for all ochemieals, the initisl 10
pereent saturation of the bese exchange capacity was most effsctive in
decreasing the shrinkege properties. Admixtures sbove 10 percent sontimmed
to eauss the ashrinkege properties to desrease in value but st &
diminished rete, It will alao be noted that above 10 pereent the rete
‘of reduction was directly proportional to the percent ssturetiom, for
all chemiosls. Rosin AninesD Atetate wha espesislly effestive in
decreasing the shrinkage tendencies of Edina subseil.

| From the sbove results, it may be eoncluded thet the large organis
cations used were effective in reduoing the shrinkasge properties of
Bdine subsoil. Both swelling end shrinkage sre dependent on the
hydration sharmcteristies of the clay frastion, As previously mentiened,
the adserption of lerge orgemie cations on the clay surfaces would tenmd
to decreass the hydrstien tendencies of the surfaces censerned,

(7) Ratio of liguid limit %o cley contemt. In studylng the

effect of sdmixtures on the preperties of s soil, the ratie of the ligmid
1imit to the olay content ;af 3

asdioative of the relative activity of the
cley frastion. The higher this retio, the more active the oley (28).

The effect of the 6 setienio materials on the relstive astivity of
the B mieron olay of Edina subseil is shown in Table 14, As would de
expected frem previcus test results, the activity wes deorsssed by all
shemienls. 7The curves in Fig. 17 show the reletive effest of the 6
eationie chemiosls, It will be noted thet inm all csses the initial 10
. pereent saturstien of the base exchange ospacity was most effestive im
decsreasing the elay frastion activity., Admixtures sbove 10 pereent
_contimued to csuse & desresse but at e diminishing rate,

Frem these m&tn, 1t may be ooneluded that sll large orgemis
cations used decreased the scotivity of the clay surfaces to which they
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?ﬁblo i‘;

nnhtimktg Mm tha ratia of litpi& 1::@ tn my m«w&
and peroent chemieal admixture for the 6 cationmie shemieals
| aué ﬁ% mm mmii

0 148 149 148 149 1.40 149
1 L.21 0 1.52 1.2 L4 1.2 1.41

6 ke e ke sy - i
10 1,05 1,08 1,08 1,08 | 117 0 1.28
25 0,91 081 we me - -
50 0.84 0,88 == - SR .
75 0,82 0,85 0.88 0,76 0.88 0.92

wers sdsorbed. This is substentisted by all previous data presented,
sinee &l] properties of a soll ere inmmly related to the motivity of
the cley frastion. |
{8) Adr dry strength, The effect of the 6 cationic chemionls

on the relative air dry strength of Edina sudbsoil is shomn in Teble 185,
Tt 15 evident thet, with the exception of Rosin Amine-D Asetete, the loss
in air dry strength was mot great for sdmiztures wp to 10 pereemt sabura=
tion of the base exchengs espascity, Admixtures of Rosin Amine~D Acetate
sbove 5 persent saturation caused & very great loss of eir dry strength.
 The data for Armmac ¥ and Armec 18D show that the rate of strength loss
inereased appreciably with admixtures sbove 25 persent saturationm,

The loss of eir dry strength hes been explained {12) on the basis of
the work of Grim snd Cuthbert (13), who found that the development of
bending strength in eley bodies wes contingent upon the formation of
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Table 18

Relstionship betweon sleking walue of air dry shrinkage pats and
percent chemioal admixture for the 6 sstionie chemiosls used with

Eé&m subaoi)
Themieal
% saturstion Armas y —r—
e tion ONVE
3&%@0 o 7 . T ;
0 4.8 4.5 4.6 4.5 4.5 4.5
] 1 7.0 ﬁgg 11:@ 568 .0 8.8 6.7
6 - - we  Didn't fail - -
10 Didn*t Didn't Didn*t Didn't feil Didn't 3.5
fail fail fail fall
25 Didn*t Didn't - - -~ —"
fall fail
50 Didn't BPlan': - - — —
7™ Didn't 32,0 14.5 1.8 2.0 13,0

fail

mmﬁmﬂy %0 fa}.l thzwgh the ring during the 7 day maim period,

preventing fellure during the 7 day Immersien peried., It will be noted
that 1 percent ssturatien of Rosin Amine~D Aestate ineressed the slaking
value sppreciebly end thet § persent prevented fallure, FPhotographs of
chemioally treated Edine subsoil pats that did mot fall during the 7 day
jumersion period are shown in Figs. 18 through 21, In general, admixtures
greater then 26 persent saturation of the soil's base exchsnge sapaeity
did not sppreciably inerease sair dry sleking resistance,

s, GOenersl diseussion, On the basis of the test results with
Bdine subseil end also on the ease with which they dissolved im the
smounts of water used for mixing purpoees, Rosin Amine~D Asetate and
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Fig. 18, Top end side views of Edina subsoil slaking pets
sentaining 10% saturstion sdmixtures of Armac 18D (left),
Rozin dmine~D Avstete (oenter), and Armse T (right)
after soeking 7 deys in weter.
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Pig. 19, Top and side views of Edina subsoil elaking pats
sonteining 10% eaturation admiztures of Amine 220 (left)
and Armse 12D (right) efber sceking 7 days in water,



55

Pig. 20. Top snd side views of Edins subsoil slaking pets
eontaining (left to right) 60% seturation Armas 183,
26% saturstion Armae 18D, 60X ssturation Armes T,
and 26% saturstion Armec ¥ after sosking 7 days

in webet,
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ik

Fig. 21. Top end side views of Edina subscil slaking pat
eontaining 76% seturation admixture of Armac T after
soaking 7 doys in weter.
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Armeo T eppeared to be the most promising of the 6 cationio materials
Mgt’&a&; My one &Wﬁiﬁé of a&di‘ng the eat&aﬁe material to the
soil was vsed and all o@aﬂmmm mndiugu should be mluutaa with
thet in mind, The mixing prosedure used, however, oan probably be
oconsidersd as giving close te optimm results,

B. frmee T as a Stebilising Agent for Edins Subsoil

The objestive in thiu part aﬁ‘ tkw &mﬁigﬁim was ta study in
grester detail the effectiveness of one ;:rmisiug cationie chemiosl as &
stabilising a.gmt\ for Bdina subsoil,

1. Materials

6. Soil, Edins subsoil was the enly soil used in this study. It

has been deseribed in seotion A,
m_ M. drmsc T was selected as the ostionic meterial

%o investigats in more detail. This chemicel rated high smemg the 6
cationio materials evaluated in acatiaa 4 snd was one of the mest water
soluble, It was ams.abh for use on a ocemmercial seale and, in addition,
is the Mpos‘k *m“ memufectured, It is a fotiy soid smine mostate
Mé.a from the i‘atty soids Mwé m beef tallow snd has been deseribed
in detall in section A. | |

2. Method of procedure

Adaition of Armes T. The procedure for preparing the seil snd
mixing the chemical wes exsetly the same o8 deseribed in meﬁmbl. Armeo
T was added to four, 6 peund smmples (dry wedght) of Edins subsoil in
such quantities that the bage exahmga capacities of tle ssmples were
- saturated 10, 26, 50, end 75 pereent, respectively. In terms of the dry



b8

weight of the soil, these pereentages ere 1,28, 3.22, 6.44, and 9.66 per~
tent, in the emme order, | e

b, Deseription mgm Tests were selested to further evaluste
irmes T admixtures as stebilising agests for Eiina subsoil. Stendard
tosta are pot deseribed in detsil, Where needed, interpretation of
ww«ﬁauhﬁw meaning »n given. Tests &nmaw were used to eveluate cationie
maberiale in section A are not redesoribed here, but their use is pointed
out,

| (1) Yater WE .ﬁm hﬁmm. The purpose of this test was

to messure the relative effoot of g T adnixtures to N&g uawgwu
3&3 sbeorption, swelling, uﬂﬁ a%ngaw penetration resistence sfter
being immersed in water at eoptimum molsture and maximum modified
AddeB, m.o gﬂdﬂ for t deys, uuﬂﬂﬂ T wg_& soll at optimam gg
35@5 was compacted to ﬂn&g modified A.A.8.H.0. density in a standerd
1/30 ouble foot mold, using % prosedure of A.A.8.H.0. Designations 199~
38, &,.wwwwﬁ a%wgww&« sw@mﬁggﬁgﬁvmg fall was
used, and the semple was nﬁvpa«& in 5 equal layers. The upper ;
extension and base plate were then removed, end the compacted sofl leveled
off to the aem of the mold with » u«i%% before being weighed,

nu reassembling, the stendard gn plate was replaced with one
aau&upnwﬁm a porous stone through which water could enber, i sheet of
filter paper was inserted between the porous stone and the bottem of the
sample, After the upper extension collar was replaced, & sheet of
filber paper wns laid on top of the ssmple followed by a perforated
ww!wa.,, Ho surcharge i»mw& wes .ﬁ.u&,,. An Ames dial end erose~ber
asaembly was then set on the mold extension, The assexmbled pmw&.tgn is
shown in Pig. 22,

Tmediately sfter fmmersion in distilled water, the initial dial
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22, Water sbsorption emd swell test apparstus,



60
reading was noted, Swelling was measured by resding the diel at the end
of 24 hour intervels, At the end of the 4 day soeking period; the -
apparetus was removed fram the woter, water poured off the specimen,

~ end then allowed to drain for one mimute, After removing the upper

extension, the perforsted plete, the bottem plate, snd the filter paper,
the mold plus wet speeimen was weighed in order to determine the aversge
moieture sonbent of the treatsd soil after sosking.

- The sosked speoimen was tested for penetration resistense with a
ignnu& soil p netranet , previously deseribed in seotion A, This
test consisted of measuring en the top and bottem surfaces of the sosked
soll, the maximmm force required to produce & penetration of 3 inches at
& rate of about 1/2 ineh per second with & 1/20 square ineh needle,

- :L.gf?%ﬁ%@ggﬁ§w§$§ﬁﬁz§\ﬁﬁ&ﬁgﬁaw§%
test was to deternine the offect of Armmo T admixtures to Edfna subseil
on 1ts shearing stremgth and modulus of defermetion.

 The shearing stremgth of soil censists of two somponentss the - |
§§3§f§£$$§%§§&mﬁ%§ﬁ§@¥&¢agaﬁﬁﬁﬁégz
g@ﬁﬁﬁa@w@§§$§¥“§¢§ﬁ§§%%§§§ |

eSotptand |
where p is the effective pressure on the failure plens, te obtain the
shesring strength at sny point in & soil mess in pounds per square feot
aﬁ&gﬁﬁﬁgﬁdﬁﬁﬁuﬁﬁgﬁﬁwﬁgﬁﬁﬁ§ﬁﬁﬁwgﬁaﬁlg

terpretation of the unconfined compression test (32) is
8% % (compressive strength)
where s is the shesring strength of the soil., The latter equation was
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paper was removed and one set of aylindtn {mmersed in distilled water,
The other set of aylinéora was m&aﬁﬂy tom to t‘aﬁm in umm-s
fined mm:im. %m and tm&n rndinga were taken at z‘nqmmk
_Mawmm%mmmgu affailmmmamm
of nmah tu’h with a Wm iﬂw 24 hw& Mr#iﬁn, the sosked nﬁ
| of &yiimrn ws t&tﬁa& in s swm mmr.
(3) Hygroscopto meisture.
‘sccordance with A.A.5.H.0. Designations 76842, after smples of Armao T
trested Edins subsoil hed m stored in apm eontainers at m Wm
(w‘ F. 3’) for 14 days dw'ing &3;; 1948, The hygrossepie
nolsture n:ms, mm in ﬁhu m, inﬁie&%a ealar the ulntiw

mthw- ‘condusted in a

effeet of Armas T sduixtures on the water afﬁmsy of Edine subsoil,

(¢) gentri noll ‘ jent, The C.JM.E. was determined
_ in eccordence with A,A.8.H.0. Designations 79442, with the mmtma
thet the Armas T treated semples had to be initially wetted by mcm
&m&nm water through them with sa sspirstor, ‘

The C.M.E. when performed in the sbove memner gives s value of
mguwy potential equal te mimus 18,4 feot of water. Thersfors,
theoretically, this constant represents the mm content ﬂﬁ,ﬁh the
soil would ocontein if it were in aq&&iﬁsﬁ’m with a water teble awtmﬁu
mately 16 fest ycim' Kmr, +his mxﬁ be considered es & qualitative
value miy, sinee as Spangler {33) has pointed out, the wh in the

mﬁmummthtmmm state as the soil in the subgrade,
- Besides rammm £ wﬁm on the soil m‘k&m surve, the
eentrifuge molsture squivalent (1) serves to distinguish soils which sre
permeeble fram those which are impermesble when compressed by & omtri-
fugsl foree equsl to 1000 times grevity; (2) serves to diseless to same
extent the degres of ospillarity possessed by permesble soils; end
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In the disoussion of resulis in this part of the investigation,
admixtures of Armes T are dessribed on & persent by dry weight of the
soil basis., Most tables and figures, howsver, have both pereent by
weight end pereent saturstion of the base exchange cupscity designetions.
Review, Results of tests on Armec T treated Edine subsoil
previcusly presented and discussed in sestion A are summarized in Table
17 and shown by surves im Figs. 235 threugh 28, Ko further comments will
be mude on these data,

Teble 17

Sumary of reletienships between some soil properties indlicstive
of manMﬂ&murnmh&mwMI

Test

Idquid ldmit, € dry wt, ’
2ixture 8.0 63.8 53,86 47.8 45,8 43,0

Plastie 1imit, % dry wbe
mixture 26,8 29,4 35,8 36,5 38,0 38,6

”ﬁ“ﬁﬁ&”‘“‘ % &y 52,7 34,1 19.8 11.3 5.8 4.4
8.0 7.7 124 13,1 18.3 25,6
. 2,02 1,95 1,78 1.866 1.68 1,30
Sobie = LeLe,% 7.7 121 23,3 27.4 41,8 54,9
Lele = % dlay 140 1.2 1,03 0.91 0.84 0,82
Relative air dry strength,

psl.

2200+ 2200+ 2200+ 2120 1000 500

$Sleking velue, min, 4.5 7.0 Didn't Didn't Didn't Dida't
fa&}, fall M!. fail

Armas T sdnixture, % seturstien B.E.C.
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mx nixtures are na'k aprh to shrink aypmiab}y after compastion
vhen their shrinkege E.M'ks are squal to or exesed the optimm meisture
content required for maxtmen density, which in most sases would be either
maximm stendard Prostor demsity or weximm modified A.A.8.H.0. density.
The effeet of Armee T admixtures to Bdina subiseil on the retio of the
shrinkege limit to optimm molsture is shown in Teble 18 for both maximum
standard Proster dmity sod maximum modified A.A.8.H.0. density., It is

m;: za

wrmamrmmmhm:umbaaz on ratio atmﬁmst
it to aptm molisture for maximm m&ty

- 0.00 | e.aa  ouse
10 128 0.0 0,66
25 3022 C fuad | ‘6:‘,15
80 844 . .88 0.99
s 8.66 0.88 1.28

epparent from the curves in Pig. 27 that mene of the percentages of Armse
T used would be effective in prevemting shriskuge of Bdioa subsoil if
standard Prostor density eontrel wes used, If Mfm Ack.5.H.0,
m&tyumwﬂmm, wmmmn least awm afmrto
grm m&w

be mmﬁm The effect of Armae T admixtures e
Bdins subseil on water abserption end penetrometer pensirstion resistance
sfter fmmereion in distilled water st optimum mefsture and meximam
4.A.8,H,0, density for & days is shows in Table 19. Dus to the mamner of
ing this test, the top of the immersed specimen was the only
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surface free to expand, which probably explains the greater water ab-
sorption im the upper part of the soaked oylinders. Weter hed sccess te
the bottam of all specimens, but this surfece was restrained by the
porous stone base of the Proctor mold. Tt will be noted that relatively
1ittle water reached the middle of the oylinders during the 4 day sosking
period. The average sbsorplien velves were obtalned by expressing the
totel moisture ineresse as & persentage of the dry welght ef the specimen
and not by averaging the tep, middle, mud bottem sbeorption values. The
everage sbsorption ourve in Pig, 28 shows that edmixtures of Avmse T up
to 6.44 persent were very effective in reducing the weter sbsorptien of
_Edine subsoil im the optimmm moisture and meximum A.A4,5.H.O. demsity
oondition. Mnixtures grester then 6,44 peraent, however, apparemtly had
relatively 1ittle added sffest, I*k will also be noted ﬁm the rete of
reduction was sspecislly grest for trestments wp to 1.28 percest,
Penetrometer penetration N‘Mﬁ for 3 inches peneirestion with the
1/20 square inch needle could be obteined only om the top surface of the
sosked specimen conteining zere pereent Aymae T, A1)l other sosked
 specimens sre recorded as having a penetration resistence of 2200 .
~ The effect of Armme T in redusing the swelling tendencies of Edina
subsoll during the 4 day sosking test is shown in Table 20, Curves
plotted from these data are presented in Pig, 28. It will de noted that
in all cases the rete of swelling was grestest during the inftisl 24
hours of sosking, Admixtures of Armae T wp to 5.22 persent reduced the
swelling of Bdina subsoil grestly. Ineressing the dosage sbove 35,22
persext epparently 4id not esmse wuch further deeresse in the magnitude
of the swelling. | ;
It 18 coneluded from the shsorptien mﬁ swelling study thet Armae T
sdmixtures to Edina subscil inhibited the adsorption of weter om the
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- Table 20
- Relationship between percentage lArmeo T are to Bdina subw-

s0il end swelling during 4 dey scaking test sfber being mua
g qpt&m neisture and maximps &Mwa&ﬂ Msity o

[ S 0,00 18,31 18,086 17,56 18,50
w0 .29 2442 3.51 4.3  B.08
26 o 5.22 0.8 1,18 1,36 1.58
80 6,44 0,88 0,75 0,87 0.98
7 9,86 0,51 0.69 0.78 0,87

surfaces of the olay frastiom, thus reducing the hydrating tendencies of
the surfeces lnovelved. Since hydretion of the cley fractien is largely
responsibles for the water sbsorption end swelling propertiss of seil,
this conclusion osn be used to explein the reduced water sbsorption and
swelling of Bdine subseil when treated with Armse 7, Reduced waber
absorption end swelling weuld naturally tend to increase the penetration
resigtoncs of & soil. Clerk {14) found thet the sddition of oetyl
pyridiniue bromide did not prevent water fram moving through the soil pere
spases, This seems to be substantisted in the present study by the feaot
that the smount of water reaching the middle of all speoimens was
spproximetely the seme after 4 days soeking.
n mpress 1at4 Unoonfined compression

stress-strain reletionships at optimum meisture snd maximmm modified
Auhl8 0,0, denusity for Bdina subsoil treated with verying percentoges of
Armae T are given in Teble 21, Stress-strain curves are shown in Fig.
50, The modulus of deformation, mexizem campressive strength, and axial
strain corresponding te meximum axial stress were determined frem the
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Teble 22

Optinum moisture and mexime modified A.d.5.H,0, density stress~
s%as.n wmm&t of Kd?m mbﬁgi treated us:&h myaag persentages
‘ of Armeo

0 0.00 15000 27100 4.8
10 120 18600 7.0 = 5.0
2  nm 13200 .20 . 240
80 6utd ’ 89.20 1.0
L .88 68,86 Lo

 ®guged on wnoonfined sompression tests,

h‘Mea frem the W in Fig. 32 that the rete of decrease was
oconsiderably less for admixtures larger than sbout 1.26 persent,

Sketehes of the failure plsnes of the 2 inch dlemeter by 4 inch high
test oylinders are shown in Fig. 33. The megnitude of the angle of
feslure, ¢ , was measured with & probrastor snd is indicsted am the
sketches, Internal frictiom engles, @ , corresponding to sngles of
fallure were obtained by uss of the lehr strength theory formuls
previcusly disoussed, The internal friction angles were them used in
scujunetion with Mohr eircles for the maximwm wncenfined campressive
strengthe of the test cylinders to determine walues of eohesion, ¢, This
grephical procedure is shown in Fig, 34,

The strength properties of Amiesc T trested Edins subsoil, as
determined in the sbove manner, are susmarised in Table 23, Shearing
strength wvalues are based on the empiriesl relationship that the
shearing strength equals oue-half the msximum unconfined compressive
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Tahle 23

Optiman moisture and maximum modified Ms*ﬁ.ﬁ* m:&ty tkrm;kh
properties of Edina mmil i;mgaé with vaqdng gsmmtagav of

saturation % dry wh, f&ﬁura, oA 4 rrm%iea Gohesion, at:mgth
m&.@, | soil degrees mgl&.¢ s 9 pei.  psi,

o o008 4 m 114,00 135,50
ET I .29 3% 20 92,00 103.50
26 3.22 % 30 55,50 95,60
SO 644 2T %8 26,80 44,60
78 9,86 2 40 16,50  34.26

W on 'au%u_, sy i " ﬂ; ron
Mﬁ on mﬁﬁ&}. ”iﬁﬁ&ﬂﬁ? 'Bh!’b the ﬁh‘mﬁg - y - %

m Wru:&w ntmstk

strongth (32), The results presented in Teble 23 are shown by curves in
Pigs. 35 and 36, Pig., 35 indlestes thet as the emomnt of Armac T edded
%o Edina subsoil wam ineressed, the mgaiﬁu&c of the internsl frietion
sngle ineressed snd the magnitude of the cohesien decreased, From Fig.
56 1t 18 apparent thet the shearing stwmm of Bdine subsoil wes
é:mrmw by sdmixtures of Armec T, especislly by %kuu larger than 3,22
Ma

mwum Wm of the soeked set of test eylinders after 24
hours i.a water is ahm by Fig. 37. 7The cylinder containing sere pereent
Arnas fd&mmﬁ during the first 12 heurs, With the exception of
e fow feint evacks in the specimen contefning 1&9 ;nwmﬁ Armeo T, the
; 'ayiiaﬁwn showed no 111 effests dwe to immersionm.

Tnoonfined compression stress-pirain relstionships for the weter
soaked specimens sre given in Teble 24, Stress-strain ourves sre shom



82

% SATURATION BASE EXCHANGE CAPAGITY

INTERNAL FRIGTION
ANGLE, ¢, degrees

AdS 0.

150}

SHEARING
STRENGTH, psi

~
O

\
30 e INTERNAL

N

O

0 2 4 6 8 10

0O 10 25 50 75
] | 1

O
O

COHESION, ¢, psi

FRICTION ANGLE|

&\ )
\ }ﬂﬂ ESION

]

0. 2 4 6 8 10
ARMAC T ADMIXTURE, % DRY WT. SOIL

wm
o

¢

\\\
N

~ ARMAC T ADMIXTURE, % DRY WT. SOIL

s o Bline subessl mn its



83

Pigs 37, View of 2 inch by 4 inch Armsc T treated Bdina
subsoil eylinders, owmmpacted at optimum meisture te
mexioun modified A.4.8,H.0. density, after sosking
. 24 hours in water, The oylinders contained
(1‘“ tﬁ ﬁg&%} 1},%, sﬁggg st“‘. and
9,884 chemisal by dry soil weight.
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Table 24

Unoenfined scmpression stress-strain relstionships for Edina
subsell trested with verying percentages of Armas T sfter

souking oylinders molded at optimum moisture snd maximnme
modified MSJ-& &m%y 24 howrs in water®

42 s

0.00 (
0.20 T.20 T B0 &4@_ 8,40
0.3 10.80 1410 12.60 12.60

- 0.40 14.40 18,80 16,80 16.80
0,80 18,00 23,50 21.00 21.00
Q.78 27.00 36.26 31,50 29,78
1.00 368,00 47,00 42,00 $4,00
1.26 48,00 58,76 §1,00 36,00
1.48 5&‘5& 68,80 56,00 36,60
1,76 M 79,78 60,50 35,00
2,00 68,75 84,75 §0.50
2,40 78,50 88,20 61.50
2.78 ’ 84,00 78,80 37.00
.10 . 86,00
.50 83,00
4.00 75.50

%2 inch diameter by 4 ineh high test sylinders used.

in Pig., 38, ¥Veter absorption, modulus of deformation, meximum compressive
strength, and axial strain dete sre summarized in Teble 25 and shown hy
ourves in Pigs, 39 and 40, It is apparent thet inecressing the dosage of
Armas T te 3,22 peroent csused e reletively large reduction im water
sbeorptien by Bdins subsoil. Tt will be noted also that the Edins subsodl
specimen ocontaining 5.22 persent Armse T had the highest sosked modulus
of deformation snd the highest sosked sempressive strength. Comparison
of the data in Table 25 and Table 22 reveals that the axial strain values
corresponding to maximum sxial stress were relstively unaffected by the
sosking, Maximum compressive strength values, however, were oomsiderably
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Table 26

Unoonfined compression test wbrmghh properties of Armeo T treated
Bdina sudseil after weter sosking at optimum moisture mw
: nodified &.A&,m&n &mﬁ:hy for 24 hours -

kogncu ‘ ! ﬂi}. ﬂw ; %};ﬁ; ¢ s By Mﬁw‘ ?ﬂ’}m ‘ *

o 0,00 -
10 1.29 30 . % 26,00 43,00
25 3,22 30 %0 26,00 | 44,60
50 6.44 27 36 15,76 30,25
15 9,68 28 40 878 18.%0

®Based on apm.m relstionship m the :hnring wungth .i
maximes compressive strength,
reduced by sosking, but that imternsl friotion angles of the other

' oylinders wers unehanged. However, both the oohssion and shearing
strength of esch trested cylinder was considersbly reduced by the 24
hours immersion. ‘ ‘ '

The explanstion previocusly given to explain loss of relative air dry
strength san alsc be used to explsin the desresse in eptimwm moisture
sheering strength, nsmely, that adsorption of Armec T en the elay
surfaces interfered with the formstion of sentimmous weter films which
are necessary for development of schesion, Inorease of the internal
frietion angle by Armec T admixtures wes not sufficient to compensate for
the less of cohesion. When optimmn moisture oylinders were soaked in
weter, howsver, the role of Armsc T in redusing absorption snd swelling

prevented disintegration of the trested specimens. The sbsorption that
d1d teke place apparently inereased the thickness of the optimum molsture
water films to the extent thet cohesion was desreased. This would
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explain the lower shearing strengths observed for the sosked oylinders,
From the standpeint of shearing strength and modulus of deformation,

there eppesrs to be mv@tm Amw T mmm rfxsv‘ a:aﬁh tm wwi

grotmim from mcr, ?w mm m‘&wﬂ under the gm mitim ‘

employed, 5,22 pereent wes 'khs amonxt: fmé te be mat cfmzn;.

4. pH yslue. The effect of Armse T adwixtures to Edina subsoil on

its pH velue is shown in Tsble 27 and im Pig. 46e, It will be noted thet

Table 27
Effect of Armas T edmixtures to Edina subsoil on pH end water
mmmg ;arapms.a
opia a.n.’iﬁ,

g‘:&g‘%‘: 5 érx weight pH
0 0400 7.02 20,7 4.9
10 | 1.29 B8O 28,1 X
28 s.22 4.62 26.2 6.4
50 | .44 3.94 18.4 5.2
% 9.86 XTI 176 5.2

%411 G.M.E. values are the avarage of 2 mmmﬁm.

a1l mixtures were scid, The sddition of the eationie material did mot
notieeably affest the dispersability of the soil which was imitially in
the pertially dispersed state.

The atm of Armes T on the

am‘krirngo molisture .qusmm n!;' Rd:tm subsoil is shown in Table 27,
m surve in ﬂg, 45b indiestes thet edditions az‘ this cationie mmaz
up to .44 percent decreased the C.M.E. mﬁ%dmbly, but m further
inorense in the smount of chemioal mm had relatively little added
effect, These results are further evidenoe that Armec T decreases the
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water holding espeoity of Bdine subsoil.

f. Hygroscopie moisture sentent. The effectivenses of Armae T in
redueing the hygroseopie molisture affinity of Edine subsoil is shown in
Table 27. Tt will be noted im Pig. 45¢ that inereasing the dosage over
6.44 pereent had relatively little sdded effest,

g Hater solubility, The resalts of the gualitative determinstien
of the extent to which Armae T could be washed cut of sir dry Edins sube
soll with distilled weter are shown in Table 28, 4 cemparisen of the

Table 2B

Effeet of washing air dry Armae T treated Edina eubsoll with
damn»a watsr on the effestiventss of Armec T, as indieated
: by some soll gﬂpﬂ’t&“ related %o etability

mm mhneﬁ uma m"‘
Test '

Liquid 1amit, % dry weight mixture 7.8 46,5
Plastis 1imit, % dry weight mixture 26.5 33,7
Plasticity index, % dry weight mizbure 1.3 12,8
Shrinksge 1imit, £ dry weight mixture 13.1 12.4
Shrinkege ratie ' : 1.68 S 1,78
Sele + Lokes % 27.4 26,6
LebL. = % oley (6 mieres) | 0.1 0.88
Relative nir dry strength, psi.  nz 2130
Slaking value, min, ” | Bldn't fail Didn't fadl

%zdina mﬁ. m;h &m m i’ mmmo was amkeé in distilled
woter for 24 hours with ccomsionsl stirring snd then lesched B0 times in
& Buchuer fumnel with 10O o.d. portiens of distilled weter,
properties of washed end unwashed semples of the same mixture, keeping in
mind the experimental securacy of the tests used to determine these

properties, indicates thet very little if any Armas T wes removed. The
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slaking pat prepared from the washed msterial is shown in Fig. 46 after 7

dsys immersion, The slsking pat prepared frem the unwashed material i1s .

 shown in Pig, 20 {25 pereent saturation Armec T pat) after & similar :
period of immersien. |

. @. Effest of Type of Glay iimersl and Kind of

~ The purpose of this phese of the gﬁﬂmﬁg _ﬁ*«e,g% the
%an of the muignaw type of cley mineral and kind of inorganie
oations present on the perfarmsnce of Armac T a8 & soil stabilizing sgent.

‘e, Seils. Twe synthetic solls were prepared for this study se that
the predeminant type of olay mineral would be kmows. Floride kaolin was
used s the slay fraction of ems, end Wysming bemtonite for the other.
They will be referred te hereafter as the kaclinite and mentmorillomite
solls, respectively. | |

The gredations of the 2 synthetic seolile ere shown in Table 29, end
their grein sise distribution curves in Fig. 47, The nom~olay fractien
of the kaolinite seil wes Des Moines River sand which hed been treated
with several dosages of hydrogen peroxide te remcve organic metter.

- Cleen Ottawe send wee used in preparing the non-alsy portion of the
montmorillonite soil. Beth clays were miwed with enough distilled water
te eatisfy their hydretion requirements snd then allowed to asosk for 48
hours before mixing with the nem~elay size meterial, Nixing was :
acoomplished by hend im lsrge pans. After air drying, the synthetie
seils wers ground with mortar and pestle %o pass the No, 40 sieve,
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Pig. 46, Top snd side views of slaking pet prepared frem
washed 3.22% (by dry soil wi,) Armse 7 trseted Edina
subsoll after belng sosked in water for 7 dayas,
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| Teble 20
Grein size distribution wgamw&wgwwa keplinite and monimorillenite
sollse

~Fleve ~ Equivalent spherieal . Persent B
mmber diemeter, mm, Kaolinit boril
i , , soil
40 0.420 100,00 100,00
60 0.260 100,00 81,50
100 0.147 75.50 65,00
150 0,104 64,50 56,00
200 0,074 56,80 48,50
270 0,080 §0.00 41,40
0,006 26.90 18.70

0.002 28,60 16,30

0.001 £3.,00 12.80

@Q%ﬁ Qis atg

0.0001 1.50 7.00

Svalues teken from plotted grain sise distribution surves,

The cstionic neture of the Florida keolin was not known., The Wyoming
bentonite conteined predaminantly sodiuwm cetions, and the synthetic seil
containing it will be referred to in this study as Na-montmorillenite
soil. In order to study the effest of kind of inorganiec catiens present
on the performance of Armeec T, semples of the Na-montmorillenite soil
were converted into what will be referred to herein as hydrogen- end
caleiwm-montmorillonite soils,

As the first step in oonverting to He and Ca-montmorillemite soils,
£00 grams of the Nawmentmorillonite soil were added to 5000 6.s. of 0.1
¥ HCl. With oceasionel shaking and stirring, the semple was allowed to
gosk for 48 hours, then allowed to settle out, After syphoning off the
olear supernstant liquid, the soil was weshed onto filter paper in
Buchner fumnels to which suction was applied by means of an aspirator,
The material deposited in the funnels wee then leached 5 times with 100
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6s0, portions of 0.1 ¥ HCL ?wwg by several leschings with distilled
weter to remove soluble $ons. When the movement of water thromgh the
gw«u_ ww sustion uw,_afm the wnshing g& of u,emﬁww fons wae §ﬁ§&
by means of & long-ermed %wg %ﬁ& §.«w&§§w :
Ngw.wa 80il was grow d with morter and pestle to pass the No, 40 h»i \
end 280 grams stored for testing. ‘

The remaining 250 mﬂﬁ semple of air dry Hementmorillonits soll was
nhg to ﬁm@gﬁnﬁﬂgwﬁ 000 ¢.0s of filtersd limewster which had been
propered by soceking 5 ﬂuﬁg of dehydrated lime (Ce0) in 3000 o.e. of
distilled water for 14 days, The zoil was kept im the limewater for 48
hours with intermittent shaking end stirring, after which it was
allowed to sebtle out end the aleear %ﬁﬁg ligquid %ﬁ& off.

...3 & large orook with 3

Pollowing 3 v
%n«wﬁ#ﬁ wator to u%a soluble jone, the

air dried end then ground with mortar and pestle to psss the FHo. 40 sieve,
b. Cationie shemiosl. Ammac T wes the only cstionle chemieal
used., It has been deseribed in section A of this investigationm,

+ Method of procedure

8, Addition t@%%@ dymas T was mixed with the synthetie

soils following the ssme procedure used in mixing it with Edina subsoil,
The base exchange ospasities of the synthetic eolls were not known and
Armes T sdmixtures were made on ® persent by dry weight of the soil
besis, The admixtures mede were 1 snd 3 percent for the keelinite snd
a~montmorillonite soils, and ene persent for the H- end Ce~mentmerillenite
solls,
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bs fests. The tests and retios used to evaluate the performance of
armac T with the #yntiwkia soils were the seme as those previcusly used
énd deseribed in section A, nsmoly: (1) liquid limit, (2) plastic limit,
(3) plasticity index, (4) shrinkege limit, (5) shrinkege retio, (6) retis
of shriskege 1imit to liquid limit, (7) retioc of ligquid l3mit to clay
sontent, (8) relative eir dry strength, and (8) rete of sleking.

(1} ___mzy’m The effect of Armac T admixtures on the
Iiouid 1imit, plestic limit, snd plastieity index of the ksolinmite seil
is shown in Table 30 and by curves in Fig. 48. It will be noted that
Table 30 |

Effect of Armao E sdmixtures 4o ’she synthetis keolinite soil
~ on some soil yragman ﬁm to mmr

Test

Liquid 1imit, % dry we, mixture = 20,2  35.4 9.0
Plastic limit, 5 dry wt. mixture 19,0 26.2 82,5
Pim&e%y sm, % dry wh. mixture 10.2 9.2 6,5
Shrinkege 1imit, % dry wh, mixb ”
Shrinksge ratis 1,80 1.68 1.50
SLe Lele, £ | 46,5 50.3 50,8
LoL. % oley (5 mieron) 0.9 0.96 1.06
Reluotive air dry strength, psi. 420 80 40
Slaking value, #&n. o | 6,0 Didn't fail Didn*t feil

both the liguid limit (Pig. 488) end plestic limit {Fig. 48b) were in~
sroased by the cstionic maeterisl, This was contrary to the sction of
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Armes T on Edine subseil, in whioch cese the liquid 1imit was reduced,
Sinee the plestic limit incremsed at & grester raste then the liguid
1tmit, the plastioity index was slightly reduoed (Fig. 48) by the
admixtures. " | B .

sffest of Armec T edmixtures to the keolinite soll on its shrinkage
propertiss, BSubstentiating results observed with Bdina subsoll, the

' 1imit was inorvesed {Pig. 49a) and the shrinkage ratio
umaa {Pigs 49b), The ratioc of shrinkege 1imit to liquid 1imit wes
inoreased (Pig. 48¢), indleeting thet Armac T sdmixtures deeresssd the
shrinkage properties of the keolinite soil, It is spparent from Fig.,
48¢ thet the rate of deorease in shrinkege properties was grestest for
the initiel 1 percent sdmixture. The volume change of the oven dried
ghrinkage pats is shown in Fig. 50,

(3) Retio of liguid limit to elay contemt., The date given in
Table 30 and plotted im Fig, 51 show thet adnixtures of Armso T to the
keolinite soll inereased %@ retio of liguid limit to 5 mioron olay conw
‘tent, These results sre just the opposite of those observed with Bdina
subsoil, since they would indicate thet the relative astivity of the olay
fraction was slightly ifooressed by the cotionioc chemioeal,

(4) Relstive sir dry stremgth. It is svident from Teble 30
end Fig. 52 that Armac T edulzbures to the keolinite soil csused a lerge
redustion in reletive elr dry strength as measured with the soil pene-
tremeter, Fig. 52 shows thet the rate of reduetion was gresbest for ad~
mixtures up to 1 pereent, with larger smounts ceusing comparatively litile

BT INERES

edditional strength loss.
(5) Rate of slaking, Table 30 shows thet both 1 and 5 persemt
additions of Armac T were effective in preventing failure of air dry
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Kaotin- Sano Mix

1070
o7 A
a ARZAC“ '['S'Z

Pig. 50. Oven dried synthetic kaolinite soil shrinkege pats

sovteining (left to right) 0, 1, end 3¢ Avmss T by dry
soil weight.
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keolinite soil sleking pets., The untrested slsking pst feiled in 6
minmutes, The mppearsnce of the 2 treated pats after sosking 7 dsys in
distilled water is shows in Fig. 53, ¥Water epparently hed no effect on
them,

borburg 1imits, The effest of Armac T on the liquid
limit, plestio limit, and plestieity index of the Ne-montmorillemite
504l is given in Tuble 351 end showm by eurves in Plg. 54, Unlike the

m&;« 33.

m of ﬁma T aduixtures ‘#;s the Wmu mmmnmu
goil on soms soil pr : ;

fm

Mquid limit, % dry wh. mixture 62,5  28.4 20,7
Plastic limit, % dry wk, mixture 20,8  18.4 16.9
Flasticity index, % dry wt. mizture SL7 4.0 5.6
Shrizkege limit, % dry w, mizbuwrs  18.5 16,6 16.2
Shrinksge ratio | 1.69  1.66 1.2
8alie = LoLe, % | 86,2 74,2 78,2
Lele + % oley (5 mioren) 2.80 1,20 L1
%ﬁlﬁ'&iw ai.r; dry s‘&w, pei. V | 540 | 400 | 80
Slecng velue, min, ~ 50=1440 Didn't fet]l Bidn't fail

munm soil, this u%artai m its liguid limit considerably reduced
(Pig. 5%a) by the estionic sdmixtures, The plastic limit wes slightly
reduced {Fig. ’5&&} which was contrary te resulte with Edina subseil and
the kmolinite seil, The plasticity index, which is the mmericel
difference between the liquid limit end "Fimo 1imit, was grestly
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Fig. 63. 1’@ snd side views of synthetic kaolinite seil
slaking pats conteining 1% (left)sund 3% (right) Armee
T vy é:vy soil w%gh%?uﬁsr beling sonked in water

oy 54 "
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decressed by Armac T (Fige. 64c). It is epperent from the 3 ocurves in
Fig. 54 thet dosages of chemissl larger then 1 peroent had relatively.
little sdditionsl effect on the plastioity values of the Nesmentmorillomdte
| (2) Shrinkege properties. Teble 51 end Fig, 66 ghow the
effect of Armas T on the shrimkags properties of the Nasmontmorsllonite
eoll, It %111 be noted in Figs. 558 and 56b thet beth the shrinkege
1imit end shrinksge retio were slightly deeressed. Edina subsoil end the
kaolinite soil had their shrinkege limite inoreased by Armec €. The
retio of shriskege limit to liquid lisit {Figs BBo}, however, indicates
that Armec T wes very sffective in reducing ths shrinkage properties of
the Kmﬁwﬁhﬁh soil, MMW in emounts n@ te 1 y&mmt. K
nmraszmﬁaalm&mww shrinkage but at a
m:ider% ‘diminished ma This is m&fiﬂd by the relative volume
change of the oven dried shrinkege pats pletured in Fig, 56, '
(3) Retle of liquid limit %e olay W The dete given in

Table 81 end g&aﬁt@d in ?:i.g, 67 show that admixbtures of Amee T to the Nam
montmorillonite soil decressed the wﬁﬁ'ky of the & mieren nlay
amiﬁw&blya It s W fram the eurve in Fis, 67 that admixtures
larger then 1 pereent hed relatively little sdded effect.

 {(4) Belstiye sir dry gtrength. Teble 51 and Fig. 56 show that
Armas T admixtures to the He-mentmorillenite seil caused a large
reduction in relstive air dry stremgth. Pig. 58 indicates thet the rate
of redustion m almost ﬁirw&ﬁy grmmm tm the amount of m»&
added,

{5} Bate of slaking, The eleking velues given in Table 31
show thet both 1 and § peroent additions of .ﬁmlw T were offestive in
?rmkang failure of the sir dry Na-monimorillonite slairing pats during
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Fig. 66, Gmn dried synthetis Ne~moutmorilionite moil

shrinkage pets coubuining (left to right) 0, 1,
and 3% Avmsc T by dry seil weight,
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14

Pig. 69, Top snd side views of synthetlc Naemoptmorillemite
soil sleking pats conteining 1% (left) and 3% (right)
Armec T by dry soil weight afbter being soaked 7
“days in water.
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¥Fig. 60, Top and side views of synthetic B-montmorillonite
soil slaking pet containing 0% Armec T after being
sonked ¥ days in water,



1T

Fig. 61. Ovea dried Mm 2: 3 m row (hﬁ to right)
Haw, Caw, and He sed soils centeining 0% Armss
T3 bottom row {1:1% o right) m-, Cte, Bnd He
montmorilionite soils eonteining i# Armac T by
m ;&1 wigm*
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Fig. 62, Top end side views of synthelic Ce-mentmorillenite
soil {1&"3 end Femontmorillemite smeil (right) sleking
pats centaining 1% Armae 7 by dry soil weight after
being soaked in water for 7 days. '
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De Effect of Armac T on 4 Additional Tows Seils

The objeetive in the lsst phase of the reseerch was to round out the
investigetion of Armee T 28 & soil stabilizing agent by e study of its
effeot on 4 edditional Yows soils whose clay mineral content was approxi-
mately known,

l. Heterisls

¢. Soils. The 4 soils used are referred to as Nevads olay,
Hebrasksn gamhetﬁ.l. Missouri loess®, end Miszsissippi loess®. With the
oxception of Hebrasken Mﬁtﬁ, the ‘.wih were 100 pereent finer than
the No. 40 sieve, Only the binder frastiem '(msins the No. 40 sieve) of
gambotll was used.
(1) Bevads slay. The sample® of Nevada clay was cbtained st the
ehale and elay pit of P, €. mﬁwt and Som om the west side of West

~1nd5.m Cresk west of Nevadsa, xm where the shales snd olays have been
used in the menufeeture of heavy elay produets for many yesrs, Clay frem
this pit has alsoc been used satisfectorily as & binder material in soil
stabilization work om rosds and streeta, This reddish colored clay is e
member of the Des Moines series and a differential thermal analysis of &
ssmple of 4t indicated the presence of kaolinite type clay minersls {35).
Its gredation is given in Teble 33. Texturally it wes a clay and
sceording to the revised P.R.A. olassificetion system 1t was sn A~T~6(12)
 soil,

®The nsmes Missouri loess and Kisﬁu&pp& losss were used by Pung {37)
to deseribe loess soils frem Herrison County snd Johmsen Gounty, Iowe,
uapoaﬁwly, and de not have pedologieal or geological signifiecance,

WI“ by ¥r. K. B, K&ll&rﬁh
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- Table 53
Grein size distribution

diameter, EmbdALID  loeas® loese®

8

0,420 100,00 100,00 100,00  100.00
© 0.250 100,00 98,50 100,00 100.00
200 0.147 100,00 97,78 99,80 100,00
180 0.104 100,00 97,50 99,20 100,00
200  0.074 100,00 96,40 96,00 98,00
210 0080 100,00 90.60 88.00 92,50
0,008 1.3 45,10 12,00 28,50
0,001 45.60 26,00 6400 21.00

8

L4fter mnm {s8) v
brtter Patel (36)
Cafter Pung (57)

(2) Hebrasken pumbotil, mm gunbotil is of glesial
origin snd the pame has m Wl&a& te the highly weathered upper layers
of Nebrasken glacial till. The semple® of gunbetil was obisined in Cass
Gounty frem the baock slepe of a out seotion on Yowe 22, approximately 4
miles east of U,S. 71, near Atlsntie. A differemtial thermal snalysis
of this material indiested the 9mm¢ of montworillenite type c¢lay
minsrals (36), The wmim of the binder frastion is shown in Table
35. Tt was clessified texturally ss clay snd sseording te the revised
P.R.A. clessification system was an A~T-6{20) seil.

(3) Missouri lgoss, The soil referred to as Missouri loess
(57) wes sempled® in Herrison ounty neer the bottam of a 60 foot read
out on Town 127, sbout ¢ miles west of Magnolie. Clay mineral studies of

Sgampled by Mr. O, H. Patel.
Psampled by Mr. P. K. Pang.
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this soil have indieated the presence of movtmorillonite eand possibly
111ite (38), ZIts gredation is shown in Table 33, ZTexturally Misscuri
aeaua wes & a_ﬂ.&w loem and 3§§ to the revised P.R.A. gwpuan&aw&meu
awu.«an w.« was an A-4(8) soll, |

| {4) ﬁhﬁmug wgn? The §ws» of Bississippl loess mﬁw
iuagg&qwg gg&»@ﬁw%%ﬁmﬁw&»ﬁ
Johnson County. The exact stetioning sscording ¢o Yows Highway Commission
files was 46 64, Projest mﬁ:%mmx? Clay minersl studies on .wwmn material
have a.wua gangm +the wwgaa of gﬁaﬁwwﬁ? &% @3&5@ ‘
wwuw.w& {88}, The gwaa; m%ﬁg»aﬁ is awg 4n Yable m« Hississippi
paaun was classified vexturelly as u_mw@ awﬁ@ losm and according te the
revised P.R.A, classificetion &@Q 1t was an A7-6{10) soil.

b. Gatiemle shemissl, Armec T was the only cationio shemicsl used,

Tt has been desoribed in seetion A,

2. Nethod of prosedure

B, §w,«w§‘mh§& One Wﬁﬁgﬁw § .u by 3 soil weight was
uws& with each meww following the same mw@u&% used in mixing it with
Edine subsoil.

b, Zests, The tests and retlos used ta svaluete the perfrmance of
1 .wwagaw Armac T with the 4 soils were the same as those %ﬂ»aﬂuw@ used
and desoribed in sestion A, mmelys (1) liquid limit, (2) plastie limit,
@:Ha&w%% index, (4) shrinkage 1imit, (5) retio of shrinksge limit
,wr w»ﬂua limit, (6) ratio of liquid 1imit te clay content, (7) relative
air dry strength, and (8) reats of slaking,

3. FPresentstion and diecussion of results

The relastive amount of clay in each soil together with its probable

S3empled by Mr, P, K, Pung,
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m«rnlﬁgiml neture should be kept MMMpr‘m the tu‘k
ramlta. Table 33 shows that Nevade ﬁl&y hed 91.3 pereent B nisran elay,
Ke'bmkw gurbotil had 46,1 pereent, Mississippi loess had 28,5 pereent,
end Missours loess had 12,0 pereent, | |

B targ limits, The offect of 1 p&rm’b Armaco ’1‘ en tha
yimxm;y values is shown in Table 34 and by curves in Fig. 63, Tt
will be noted that Nebrasken gumbotil hed uuch higher untrested values

than the other 3 scils, despite the Pact thet Nevads olay hed spproxi-
metely Mw ss mch b mioren elay, This is probably farther Mmﬁa
ef the pmm ef mmwiﬁ#nita tmw aslay winerels in the gambotil.

With the exeeptlen of Nebraske gumbetil, 1iquid limits were rednm

only sugmay (rig, 63a) by 1 perosut smn %. The plestie :tmm of
Hevada alay a:m& Kiuuﬁwi loess were inereased while those of gumbotil
and Missouri loess were desressed (Fig. 63b). The deorease in the
plastioity index of gmbotil was lerge campared to the decrsase for the
~ other vwﬂ.n {Fige 85&}.‘ -

. Shriskage preperties. ‘The dete in Table 34 snd the curves in
?ig‘ 64 iﬂéiaa’ks thet 1 y&rmt of Armsc T tended to reduce the uhriubage
propartim of all seizs. The rate of ramun - grentest for the
Retraskan gambotil and Km&a clay which were the soils with the higheat
~ eley mxt&mti. The rela:kive volume &hmg& of trested and wntreated oven
| drted shriskege pats is shom iu Fig. 6. -

o, Bstio ﬁwm 4o sley cembent, The effect of Armao T in
reducing the relative sctivity of the b mieren olay fractiens is shown im
Table 34 snd in Fig. 66, Apparently the rate of reduction was grestest
for the Hebraskean gumbotil and ﬁiﬂiniggi loess., It is noteworthy that
thess were probably the 2 soils mtaiﬁ&ng the most montmorillenite type
clay minersls,



~ Table 3&
Effect of Armac T admixtures on some wﬂpr@amu relamtenﬁa‘bﬂ.ity

Eiqaidlmit,;ﬁm'b. - TR U T e e
mixture 4243 ho.2 69,0 xa.z 32,2 29,7 35.9 35.8
rmtmme,%aryw. o R - a S S
le‘bieity imécx,ﬁéry o S I - ; T
mxmma mﬂ, $dry o e, St ey SN
mmga ratdo 1,82 151 2,00 179 167 LS5 1.83 1,67
P a.x.. Lole, § | ko 50,0  13.6 26,0  6k3 . 67,3 ho.1 - hhlT
Lole o % clay (5 mm) X R o.hk 153 0.9 2.58 2.8 1,30 1.26

Relative air dry L » . L
“strength, psi. ho 240 2120 120 500 70 1860 380

Slaking value, min, k5 Didn't 9.5 Didn't 1.0 Didn't 6,5 Didn't
; fail - fail . fa31 fail

el
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Fig. 65, Oven dried shrinkage pats; wm{hﬁ%ar&w)
Rebraskan prmbotil, M olay, Hississippi loess, end
Missouri lowss contsfining m&;mmm
(left to rgm) Bebraskas L gunbotil, Newsds slay,
Mississippl loess, and Missouri loess com~
teining 1% Armes T by dry sodil welght,
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4. Relstive air dry stremgth., It is epparent fram Table 54 and
Pig. 87 that 1 perocent Armse T considersbly redused the sir dry strengths
af} the 4 soils. Pig. 67 shows that Hebreskan gumbotil and Mississippi
loess had the highest untrested and treated strengths, despite the faet
thet the magnitude of strangth loss waz grestest for these 2 seils.

¢ Rabe of sleking. The data in Teble 34 show that 1 percent
Armas T prevented all slaking pats frem failing during the 7 day souking
period, Untrested slaking pats feiled after a few minutes immersion in
water. The phyaim appearance of the Armmes T trested pate at the end of
the slskdng period is shown in Fig. 68, It will be noted that the 2
loess solls were least affested by the soaking, | |

f. Qenmeral discussion. The quelitetive effect of Armac T on the 4
solils was sgbout the same, that is, it decreased their cohesiveness,
shrinksge properties, and air dry strengthy and it greatly increased
their alr dry sleking resistance., The data in Table 34 indioete that the
quantitetive effeet of Armss T wes a fumotien of both the mmount of elay
 end the type of cley minerals present, sud thet the megnitude of the
ige properties and air dry strength wes

redustion of oohesiveness, shrin
grestest for montmorilienite type elay wminerals, On the basis of the

appsarance of the Nevads e¢lay and Heprasken gumbotil slaking pats after 7
days in water, it would seew -that mmell admixtures of Armac T improve the
slaking resistance of high elay contemt seils senteining predeminently
kaclinite type olay minerals more than those conteining predeminantly
montmorillonite type minerals,
| s; . Puture ressarch. ﬁaﬁ@r#ﬁmt investigation, while only
soratching the surface of the subjeot, dows indicate that large orgemie
eations have considerable promise az soil stabilizing agents. This fleld
has been virtually untouched by enginesring researchers, and the
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Fig. 68, Top snd side views of (left to right) Nebraskan
gumbetil, m &m‘ Mmﬁi lcess, end Misasouri
losss slek pats o v»gzgma*wm
soil w&ght after nmms ' days in water,
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posaibilities for the use of cationie chemicals in soil engineering mey
Prove numerous. There are unmytnﬁy hundreds of organie chemiocals and

' eonmbinstions of chemissls that should be investigated with the many

different types of soil.

The data presented i this report have indicated that the quantita-
tive effect of cstionic chemioals on soil is & function of at least 3
warisbles, namelys (1) emount of elay, (2) type of clay minerals, snd
(3) Kind of inorganie oations sssosisted with the slay. hecordingly,
future studies of cetionic materisls as soil stabilizing sgents showld be
eonducted with these variables known a8 ascurstely as is possible,
Synthetic soll mixtures offer one possibility for such studies, In order
that results mey be compared most effectively, cationie admixtures shomld
be mede péufsm'biy on 8 pereent saturation of the soilts base exchange
oepacity basis. |

Only one mixing method was used in the present 1mm;gat:;m, From
a practioal as well as an economiocel stendpoint this method would
probably not be suwitable for most field uses. Therefore, other methods
of mixing cationiec chemieals with soil M to be studled,

The following are just e few of the many possible uses of -w&_im&r&
chemicals with soil thet mey prove worthy of researches:

1. As admixtures to improve the properties of plestie fine
grained soils for soil cement stabilisation.
2. 48 sdmiztures to improve the properties of plastis fine
grained soils for bitwminems soil stabilizetion.
S kM admixtures to Mrm the g)vmpor'biaa of soils for use
| in mmd jeck operations.
4, As sdmixtures to stabilisze plestic fine greined w&ls{
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MARY AND GONGLUSIONS

The purpose of the investigation reported herein was to determine
the oﬂa&laﬁ"w&aﬂn large arguﬁawhimt on physico-collofdal
‘properties relsted to sofl stepdlity. This was amnm by 4
studies, nemely:s (1) a study %o m&am 6 water soluble estionie
chemicals as stabilising sgents for a highly plastic fine grained soil
from southern Tows; (2) & more deteiled study of ore of the more
pramising cetionie chemicals, knows ommsroially by the trede name
Armas T, with the smme fine grained soil; (3) a study of the effeet of
type of cley mineral snd kinds of imorganie estions present om the
performance of Armae T; and (4) & brief whaé’y of Armae T 88 & stabilising
‘agent for 4 sdditienal Tows seils. Only ome method of sdding the
sationto materisls te the soil wes used and sll experimentel findings
sud conolusiens drawn thersfrom apply only for this mixing procedure,
Parther study of this phase of the subject is needed before organie
chenioals of the type reported on cen be used on o prajmgﬂ basis, The
ﬁﬂm gm&é&m used h#ﬂ&a, Mr, san grmzy be mﬁ.aﬁrﬁ a8
;iﬂng elm to optimum ruml’kh

A, Evelustion of Cetionie Chemicals

The 6 water soluble organic chemliocsls used in this study are amubh
_ commersianlly under 'hiia trm man Arvmse T, m 18D, Armee 12D, Rosin
#nine-D Acetate, Amine 220, mémx ¥, They sre gll cstionie in
sharaster, fmi&hiﬁg large orgenie wtsgm when dissolved in water., The
compoaition snd constants of the 6 shemleals are presented,
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The soll used wes Edina silt loem B horizen oley from Wayne County,
Towa, In this report it is referred to as Edina subsoil. Texturally it
. clasaified a8 silty olay and mscording to the revised Publie Roads
Administration claseificetion system it was en A~7~6(20) sofl. A
differentisl thermal smelysis of the solleid portion indiested that
montmorillenite type olay minerals were predominant with the possibility
of & smell persentage of m«i&ﬁmi Bugineering properties of this soil
are given. .
The chemieals wers added to the soll seuples in sush quantities
thet the bess exchange sapsoities of the samples were saturated 1, w,
snd 76 percent with Armso 12D, Amine 220, and semomyz T3 1, 6, 10, end
75 percent with Rosin Smine~D Acetete; end 1, 10, 25, 50, snd 75 poruu‘k
with Armeo T snd Armac 18D, 35%1@ relationships between persent saturation
wmwwmwmwmwwmxmgw are given for
l‘ the 6 eatiomic materials. Each chemleal admixture wes dissolved in an
| smsunt of distilled water equal in weight to the soil sample to be
X treated before mixzing with the soil., The mixing procedure end subsequent
prepsration of the mixtures for testing are covered in the repert,
The tests and retios used to eveluate the performsnoce of the |
entionie chemicals as soil stabilising agm‘ka for Edina subsocil were;
(13 liquid 1imit, {2) plastic 1mit, (3) plastiocity index, (4) shrinkege
| 1&1&, (5) shrinkege ratio, (8) ratic of shriskege limit te 1iquid limit,
{?) ratic of liguid limit to § mioren elay content, (8) relative air dry
strongth, and {9) rete of sleking. The methods of pyi*:mr&ing these tests
The following is a smmery of the mors importemt results obtained in
this experimental study and the conclusiens drewn therefrums |
1. A1) esticnic chemioals decressed the plasticity index of Bdina
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sobsoil by lewering its liguid limit end raising its plastie limit,

2, The initiel 10 peroent seturation of the soil's base exchange .
wpaui‘kw esused the s&ary&ﬁs ineresse of the plastie 1imit and the
sharpest decrease of the 1iquid limit snd plastioity index,

5, 8ince the plasticity index iz & qualitative measurs of sohesion,
1t may be eonsluded thet ell ecationic materials were effestive in
redusing the cohesiveness of Edins subsoil,

4, The datse showsd thet the relative sffectivenmess of the 6 chemlgsls
in redusing ccheslon wass Rosin Amine~D Acetate > Armac T > armec 18D >
Armes 12D > Amine 220 > Aumonyx ¥.

5. All eationie chemieals reduced the shrinkege propesrties of
Bdina subsoil, reising its shrinksge limit and lowering its shrinkage
ratio.

6,  YThe initial 10 percent saturstien of the soil's base exchange
eapasity caused the sharpest deorease in shrinksge properties,

7+ The data showed thet the reletive effestiveness of the € chemlcals
in reducing shrinkage properties was: Rosin Anine~D aAcetate > Ammonyx T >
Armee T > Armac 18D > Amine 220 > Armse 12D,

8, All cationis ehemicals desremsed the relative aotivity of the §
mioron clay fraetion of Ndinae subsoil, with the desrsase sherpest for
the initial 10 percent ssturstion of the soil's base exchange capacity.

9. The dats showed thet the reletive sffestivensss of the 6 chemiomls
in reducing the sctivity of the clay frastion wes: Rosin imine~D Asetate >
Armsc T > Armac 18D > Armso 12D > Awsine 220 > Ammenyx T.

10, With the exception of Rosin Mmine-D Mﬁ#&, the loss of air dry
strength wes not grest for cstionio edmixtures up te 10 pervent ssturatien
of the soil's base exchange capacity. BRosin Amine-D soetate in sdmixtures
lerger then 6 pereent saturstion ceused very great loss of sir dry
strength, For Armac T snd Armeo 18D the loss was only gradual up te 28
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pereent eaturetion., All 76 pereent seturstion admixtures reduced the sir
dry strength of Edina subsoll greatly, |

11, Armec T deereaged the air dry wmgtsh of Biina subsoil less
than the other 5 chemicsles, for insbense, the air dry strength of the seil
was almost as greet with 75 pereent saturation Armae T e with 10 persest
saturation Rosin Amine~D secetete,

12, Ten percent saturstion of Bdina subsoilf’s hage exohsnge ospasity
with e1) estioniec msterisls exsept immomyx T grestly improved its sir dry
slaking resistance in distilled water, Ammonyz T hed prectieslly no
beneficial effeot on the sleking properties of Bdina subseil. Pive per
eont Rosin Amine~D Acetete vas wery beneficial,

15. ¥In gemerel, sdmixtures grester than sbout 25 percent seturation
did not eppreciebly inersese the slaking resistance of Rdine smbseil in
distilled wator.

14, With the exeeption of Armsec 7, the 75 percent sdmixtures were
not suceessful in preventing slaking, and in seme cases the rate of
slaking wes greater than for the unireated soll.

168, On the basis of the test resulis and veability, Rosin Zmine«D
Aoetete and Armeoc T sppesred to be the most pramising of the € organie
chemioals investigeted.

B. Armac T sas a Stabilising Agent for Bdine Subsoil

Armss T was sslocted as the cstionie materisl to investigete in mere
detall with Bdioa subsoil. It 1s svallable for use on & commersis) scels
and, in edditien, is the cheapest "Armac® memufectured,

fhe cetionic meteris] was added to the soil semples in such
quantities that the base mhmg& cepucities of the semples were sstureted
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10, 25, 80, asnd 75 pereent, respectively. In terms of the dry wolight of
the soil, these persenteges were 1.29, 3.22, 6.44, and 9,86 percent, in
the seme order. The mixing procedure snd subseguent prepsration of the
mixtures for testing were the same as in Sestion A,

Tests were performed to eveluste the effect of Armes T admixbtures om
the follewdng properties of Edine subsoils (1) weter shsorption snd
mning, {2} optimum moisture and water sosked uwneenfined eompression
strength properties, (3) hygroscople moisture, (4} centrifuge moisture
squivalent, snd (5) pH velue, In sddition, e test was performed te
determine to what extent Armeo T could be m}wﬁ out of Edina subseil,
The methods of performing these tests together with their mesmings are
given, Distilled waber whs used in sll tests.

_The following is & sumary of the more importent results obkeined
in this experimemtsl study snd the conclusions drswn therefrem:

1. Test results indicated thet if stenderd Prootor density contrel
wes used in compaeting Bdine subeoil, none of the percentages of Armes ¥
used would be effeotive in preventing shrinkage 88 the soil sir dried,

2. Test results indicsted thet if modified A. A, 5. H, O, density
sontrol wes used in compecting Edins subsoll, it would teke et least 6
peroent Armae ¢ by dry soil weight to prevent sirinksge as the soll air
dried. This ssount of drmaec T would be enough to saturste the sollfts
bese exchsnge copacity neerly 50 pereent.

3. Admixtures of Armss T wp to k%.ﬁft pereent by dry seil weight (60
perosnt seturation) were very effestive in reducing the water »k«swp&:iaa
of Bdins subsoll in the optimm moisture and meximm modified As A. S. He
Q. density @aﬁﬁﬁm Admiztures grester tm €.44 percent had relastively
little added effect, The rate of reduotion wes especially grest for
trestments up to 1.20 percent by dry soll weight (10 psroent saturstien),
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employed, 3.Z2 percent by dry soil weight (25 percent saturstion) wes the
smount found to be most effestive.

.ﬁ Armas T sdmixtures slightly deoreased the eoidity of Edins sube
soil, awé 414 not noticesbly affest the &&Sﬁﬁ&% of the seil

«&»aw aﬂm gwgw mﬁ the wﬁﬁ&wﬁ mwemcﬁa& n.«awﬁ

| 15, Mdditiens of Armas T up to 6,44 percent by dry seil weight (50
porcent saturation) conslderably deeronsed the sentrifuge moisture equiva=
lent of hnwma subseoll, gwa». increase in the §.« a& chemioal ad~
mixture wwm relatively little ﬁ&nﬁ Q&E«

14, 7The hygroscopie gwag affinity of Edina subsoll wes
. considerably reduced by additions of Armas T, especislly by dossges up to
m,..bm pereent by dry soil weight (50 percent sabturstiem).

15, The qualitative m&x&g@ of the extent to which Armsc 7
eould be washed out of air dry Edioe subsoil with distilled water
 indieeted that wery little, if any, Armac T was removed,

¢+ Effect of Type of Olay Mimeral and Kind
of Inorganie Caticne Present

. The effect of major type of clay mineral present on the performence
of Armae T wae studied by meems of 2 synthetic soils; Florids keolin
being used as the cley fraction of one and Wymming bentonite, which cone
tained predeminently sodiuws cations, for the other, These synthetis
scils are referred te in the report as kaclinite soil and Na-montmorillonite
soil, respectively. The gredetion of both soils is given in the report,
In order to study the offect of the kind of inorgenie oations present on
the performance of Armas T, samples of Ne-monbmorillonite scil wers cone
33&. into soils thet are reforred to as Ga~ and H-montmorillonite soile,
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- The methods of preparing these homoionie soils are deserided,

. Armse T wes mixed with the synthetic soils following the smme pro=
cedure yged in mixing it with Bdina subeoil. The base exohange eapscities
of the synthetic soils were not known end all sdmixbures were made on a
persent by dry weight of the soil basis. The admixiures made were 1 and
8 pereent for the kaclinite and Ne-montmorillemite soils, and 1 percent
for the Ca= snd Hemomtmorillonite soils,

The tests and raties used to eveluate the performanse of Armae T.
with the systhetic soils were the seme s those previocusly used in ssction
A, nemelys (1) liquid 1tmit, (2) plestie 1dmit, (3) plastioity index,

{4) shrinkege 1imit, {5) shrinksge retio, (8) ratic of shrinkege limit te
1iguid 1imit, (7) ratie of liguid limit to 5 mieren clay centemt,
{8) relative air dry strength, and (9) rete of sleking.

The following is a smumary of the more importent results obteined in
this experimental study and the conslusions drewn therefrems

1, A ocomparicon of the effect of Armac T on the symthetie keolinite
and Ne-montmorilionite solle shows thet it redused the cohesiveness,
shrinkage gregarbin, and eir dry strength of both, The magnitude of the
decrease in both cchesiveness and ahrinkagu prapm.in was much grester
for the nmwmernlmi‘ko soil, mm the r&éua%ﬁm in eir dry strength

by far the m&t‘ﬁs for the kaolinite poil, amaiany for tha
| inﬂ;ial 1 peroent ammm of Armes ¥, The data en tm effeet of Armss
% on these seme pr@gmiu @f the 3 kmimia mmarinmu sollse seems
‘o &ndiswb‘ txm: the é&ff‘w&m& ha the mgni‘tméa ef tha ‘reductions mey be
partly due to the presence of w&im ostione in the montmorillenite soil,

2. The slaking resistance of both the kaolinite snd Ns-mentmorillenite
soils was inoreased tremendously by Armse 7. One ‘g&e‘rmnt by dry seil ,
mm was mtﬁaient to prevent both solls from showing any msmbic
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ill-effeots due to water sosking. ;wwwﬁ was g_ﬁwm& for the Ca~ snd He
montmerillenite soils, |

- Bs  The deta indieate that Armac T ﬂa@wagﬁ sodium, caloium, and
hydrogen iens to about the seme extent.

. De Bffect of Arvmae T on & g&wwg&_ Towe Solls

The N soils used in this study werer (1) Nevsda olay, en A~T-6(12)
olay soil from Story County eenteining predeminantly gwﬁwgg eley
miverals; (2) Hebraskan gumbotil binder frastion, an A~T-6(20) cley sofl
 frem gass Gounty sonteining predeminently montmorillenite type slay
minerals; (3) Missouri loess, sn £=4(8) silty loam seil from Herrisen
Gounty conteining mentmorillentte snd possibly illite type olay minersls;
end m& mwn»auanmww loess, sn A=~T=6(1) &.5% elay waﬂ,. soil frem Johnsen
Gounty also centeiring memtmorillenite end possibly 1llite type olay
minerels, -

One pergent Armee T by dry seil 3»% wae mized with esch soil,
following the seme procedure used i mixing 1% with Edina subsodl,

 Tests and ratios used to evaluate the performance of the sationis
meterisl with the 4 solls were the smms es those previcusly used in |
 section A, nemelys (1) liguid 1imit, (2) plastic 1imit, (3) plastieity
index, (4) shrisksge 1imit, (5) retio of shrinkage limit to liquid
Jimit, (8) ratio of 11quid 1init to § mioron olsy sontent, (7) relative
el dry strength, and (8) rate of slaking. |

wwa following 42 2 swmmery of the more important results chteined

in this ssperimentel study and the cenclusions drawn thereframs |

1. The qualitative sffest of Armas T on the 4 soils was sbout the
_gﬁ that is, it reduced their cchesiveness, shrinkege properties, and
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air dry strength; sod it greatly iporeased their eir dry slaking
resistance.

2, The test results indiecate that the quentitative effect of Armse
T weas & funotion of both the amount of clay end the type of olay minersls
present, and thet the rete of redustion of cohesiveness, shrinkage
properties, and sir dry strength was greatest for montmorillonite type
oley minerals,

3, The deta indicate that small sdmixtures of Armee T improve the
air dry slaking resistence of high cley content scils contalning pre-
dominently keolinite type cley minerals more than those centaining prew
dosinantly montmorillenite type minerals,

‘The investigation reported herein, while only seratehing the surface
of the subjest, doss indioate that lerge organie cations have considerable
pronise as soil stabilizing agents, This field hes deen virtually une
touched by engineering researchers, smd the possibilities for the use of
estionic chemienls in soil

ing mey prove numerous.
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