Electrochemical Stabilization
as Means of Preventing Ground Failure in Railroads
by
D. I. Solntzev and V. S. Sorkov

Translated from the Russian
¥. B, gzko1off
U. S. Geological Survey
1947

OFR 47-27-B



Trangle:er's rereword

Latoractery and field ceta on eiectrochemical stabilization of clays, by
three Russian authors, are lLere prcserted in translaticn. Abstracts of the
Russian parers wore putlished in 13y 1947 issue of the Lngineering 'ews Record
(p~e 100-iC1). There exists also & small body of literature, in Cerman and
English, dealing with the clecctrochenical statilization and relatec subjects.
Elemeris of the electrochemical process were potentecd by Casagrande in
Germery, shortly before the last war,

Results of the Lussiuns and of others, including the “ermen patent, appea)’
to te soun¢ and interesting accordirnrly. ilechenism of t! -ectirochemical
stabilizetien, however, aprcars to Ye surmised :ather thr- ~tecblished. Unless
the mechanism of such stabilizatic- is uncerst~ol in cetil ;| little progress
may te cyrectec in ficle arnlicatisns of the e ectrc-hemic~ . methed,

Zlectroosmcsis, & roeorly reversible coapulati~n of the seil rolloids,
end intrccduction of exchengectle eivminu- inte the clay co-~lex hnve been
givern crecit for the rreund-stadilizing effeets of cirect < ectrizal current,
Much remains to be cdone, as the reecer ray see, in cevelopiag furiher the theory
of the mettod. & critical stud: is indicated, irn tlris con-eeticn, by agencies
or indivicduals qualified and equipped for basi: research I.: soil physics.
Optimun schedules for field treatments need be ascertainec with particular care,
to suit sny piven kiné of m=teriel end envircnment. A wide range of variation,
in such schedules, is mest certeinly to be erccuntered in Zealing with materials
as diverse in their co-rositi~n and nropertics &s tre clays, .any peneraliza-
tion o relaticnships tetv-een scil, electrolytes, —oisture, and current wouléd
be premature if based cr. the Kussian work alonc,

Stabilizetion of ground is & meior engirecring reoleoric problem of
nationzl interest. leodless to say, rorheps, that failures a2re to be expected,
in laborztory and in *he field, in tiis us well 25 in any other kind of research
To mirinize probavilities ol such failures, it rey be reocomrended that investi-
gators cevelop the electrochemiral statilizeticon problem not rerely apainst
the relatively narrow baclgrcunc of soil mechanies, but rith a certain fecling
for geolory, mincralory, pecdolegy, scil physics, and soil chemistry,
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s) "ground failures" is usec es an equivalent of "puchire", Puchira, a roun,
hag the follcwing cor-notations:
(1) cer Abgrunc, "abyss", deoth;
(2) Schwellen, guellen, aufteuschen, in ¢ie Hohe
treiben, to swell, tc rise, to surge.

Yot knowins the exact Englich term for muchina, I have rendered it es
]

"groune failure”,
"Zheleznoddroshnyi Trensport" z "Failway Transportation" is used iciomatis-
ally in the original, to inocludc toth the system of rail@ay communications
and the concdition of road beds, I have transiated tris expression as
"Reilroads", which is inadcouate hut at leest triefl,

"21ia borbﬁ" = "to cocmbet", I rerndered as "meens of preventing", to eveid
what would ap-cer a rether bizarrc ccncetenatiocn of terms, were I to
prefer literalness tc sense,

. / 2 . . : )
Note: The term "#0il", pochve, is avecided ir the oririnal, "Cr-rund", rrunt,
(pron. groont) is used consistently. The trevslator is ~bliged, therefore, to
L d E

use "ground" ir many places where "soil"™ would be B better fitling terms S,
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The majority of grcunds in their fluid (or plastic = §) state have a low
pearing strength w'ich is inadequate for the suprort of private and industrial
copstructions. It is reasonable thercfore for the investigators to search and to
develop processes and mcthods whereby the low bearing strength could be increased
epd the physico-mechenical properties of grounds altered, to render the ground
'.11.suitcd for constructicn.

Clayey ground, in its fluid state, is orectically dcvoid of bearing strength,
clays cannot be stabilized by methods edaptcd to sandy soils or sands, on accoaunt
of their low permeatiliity to water and of the smell size of the pores. Attempts
{n such direction had given negative results,

A recently developed electrochemical process cof stebilization of clayey
ground permits substantially to incrcase the bcaring strength of liquid clays
and silts and to inhibit their subsequent softcning and sw.l’ing,

The clectrochemicel process consists of forcing a networl: of metallic
rods into the grouncd to bc stebilized; the mctullic rods are leter used c£s the

more cense and loses, for the future, its capcrity to softin and to sweli. The
physico=chemical proeessecs induced by thc curr<nt wre recsponsible for thc change.
With thesc considerations in mind, the NIIPS NIFS (Rescarch Institute of Communi-
cations -~ 3) hed orgcnized, in 1939, cxperiments to ascertuin suitcbility of the
electrochcmical mecthod for the prevention of grcund frilures in roadbeds cf
reilways. -1/

14
In consultetion with Professor B. A. Rzhanitzin (thc author of the prccecia:
article - 8)

Two types of problems were indicatcd in this conncctions

(1) Leboratory studies, with and without addition of chemicals or sclts,

(2) Experiments in the freezing laboretory, to cetcrmine the swelling pro-
perties of the stabilieed ground,

(3) Field experiments,

I Strbilization of Swelling Ground in the Latoratory
1. Kinds of Ground.

No. 1 (from earth bed of a reilroad.) Light weakly carborate morainic
clay loam with a large proportion of send, grevel, end other coerse moterials;
7aries grectly in its mecheanical composition, (Table 1); the high proportion
of particles smaller then C.001 mm ( 1 ecolloidal cley - S) is conspicuous;
chiefly Ca - saturated (teble 2).

No. 2 (from ecrth bed of & railroed). Derker than Fo. 1, henvier-texturcd;
with 2 large emount of humus; few coerse meterials (locally, wecthered boulders);
chiefly Ca-saturated (Teble 2); the 0,001 mm. fraction prominent, as in No, 1;
removel of ccrbontte ceuses o striking increcuse in the proportion of 0,001 mm
particles; No, 2 becomes, in such manner, e custy (deflocculatcd - S) clay,

No. 3 (collected at Tzaritzino Stction, ncer Moscow); contains much silt
(79.64%) and is classified s e heevy, silty snndy lcam; contrins absorbed socdZium

(teble 2).
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Tadble 1, sechanical compositi.r. of origiald a.ples., Percent.

10-5 5-3 31 1-G,5 .5 .25 ,25-,0 ,L1l-,05 0,05-.01 0,01-,005 ,C05-,001 ,OC1
Ne, 10mm,  mm., gm. mm, O, nm, mm, mm, ) mom, mn, o,
1 1.87 3.95 2,52 8.80 5.62 14.58 15.80 8.53 11,77 14,40 2.80 9.3¢
2 1.07 0.06 0,12 1,28 2,76 11.25 "4.88 6.5¢ 24,08 28,52 1.10 18,32
3 -- —— 2,06 2/56 4,16 4,30 32,38 - 29.78 17.47 2,76 457

Table 2, Physicc-chemical characteristics

4 Terzaghi Exch, Capacity,
Hyor. A*terheroc Constants Swelling coef, of filtr, Bobko-Askinazi
Nc. Sp.gr. Vol.'Mt, Porecity "ater L.L.3 R.o.L.% P.1.% %vol,incr. 1 kg./em.</m, f24 hrs, pH m.e.ZlOOZ'.
1 2.8 1.3% 53.47 5.36 42,0 23.63 18.37  45.0 0,0015 6.4 20:17
2 2,66 1,33 50,00 5.85 72,68 25,31 47.37 113.0 0,00031 6.6 42,01
3 2,72 1.84 32,3¢ 2,82 25.8517.03 8.82 39,00 ———- ——- -—-
No, Exchangeable bases, m, e./100 g,

cat* ug** k*' mat re*** mt sun

1 21.16 2,85 0,18 2-3 3,06 0.,C 29,25

2 39.73 L.lB 2.51 l&°5 2.06 0.0 52.&8
3 16.61 2.69 - 6.18 3.05 5-165 21.98
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2¢ Juberetopy Mrthode

S mm, sieve woas used for screening the sumples., Electro-chemieal stebilige-
ticl wes genertlly undertaken vt moisture-content opprooching the liquid limit,

in somec cr.ses, cbove the liquid limit, Erreriments were conductcd in
a..,.lined wooden boxes 50 x 10 x 5 ecm. Some expcriments were mede in cardboard
.,1incers. Dircet currcnt of 110-125 V, wrs used,

f Effects of “igher curreat densities wcre studicd in specinl tests, 5 x 10 em
tes of copper (cathode) and of aluminum (~rocdc), in pcrellel positions, cone
.gituted the electrocdes. Expcrimcnts were mrde also with iron anodes,

Stebilized ground wos tested for stubility by senking in water, without
sgitction. Disintegretion {i.c. sloughing=off, S.) wrs cxyrcased tentotively
in percent, so £s to makc possible drawing of thc souking THTVCS, 10050 ¢isinte-
tion was teken to be the time when the teste! cloc¢ wouls cither lose its
eohesion entirely, falling into its smallest constituents, or would slump and
loosen compl ctely, without retaining eny semblonce of form or cgpregation

The Atterberg consirnts and swelling in =ter were determined, to ascertein
the effect of DC on plasticity of the ground, The swelling was mcasured by a
somewhat modificd Filetov mcthod, in grucducted oylincers 10-12 cm. in Jiometer,
pl wes dctermined by the Michaelis mothod, *

Chnngcs in permeabllxty of the stabilized ground (anoée, cathode) we:e
dlflﬁbd by the filtratioh coefficients of Terzaghi.

E Increases in cdensity (es ¢ critcrion of the bearing strength.-S.) in the
process of stabilization were detcrmined by the stempeccvice (a kind of a pene-
trometer ? «8,), opcrating according to. the principles of Wick's*) Needle

¢} The ﬁhscinns, es n rule, traﬁ‘litorate foreign numes with only an occasional

t1ar pegard to the spelling or the sound of the original languege. Thus ™Vick"

'Vﬁ. could 'be Vik, Vick, Vyk, Wyk, ‘Tyck, c¢tc., etc. This name is not cited in the
“available bibliogruphy enc, therefore, my tronliterction is unccrinin, S.

*'*’3 Tﬂectrochem1ca1 stcb{'ﬁznt1on In thc abscncc of accce chemicals.

al. Changcs in éensity o thc gr und, as mcasurecd by ‘iick's neecdle, ancd be-
hnviour of stqbilized ground in thc presecnce of woter were the two fundamental
criteria of the effectiVeriess of stabilization. Stucies of the rhysico-chemicel
anc chemical processes tcking place Quring tn~ stabilization were conducted at
the Institute of Communications, hy ‘the Chair ox Scil Science MGU (B, V. -
Tolstopidtov). _

A sxgnxficart lowcring of the moiaturc-content in stabilized grounc was
)hown in experimchts illustrated by figurcs 1-3. Neor the anode and the cathodes
(except.4) this lowering was almost 50%Z. Exreriments in the abscnce of adced
chemicals also show a lowering of both thec liqui limit and the plasticity incex,
Jhe low»ring ot the rlasticity incex is cspecinlly conspzcuous in expts. 85 and £
(fig..z, 3)e chlling is diminished at both unodc anc cathode., pH of the
stabilizcd ground incrcascs rcgdlrrly from cho'e to cathode (from.3.2 to 7, 6),
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seing intermeciate in the mid'le part of the smmple.  All stebilized semples were

te¢ for stcbility by souking in wetcr. The rosults showed that the anode and
i cathodc zones were the most stoble cnes, Mifclc portions of the sample,
stwecn the clcetrodes, gave somewhet lcss satisfactory rcsults, although the
j'?oct of DC wrs manifest cven therc,

B
4 Thc penctromcter® tests indicrted sifnificant increcascs in density both in
3

i.l:'orIgInuI hcs "stemp", mcaning the wick's nccdlc. - 8.

 J

"E?inode and thc cathocc zones; Thc increascs werc somcwhet less significant

petwecen the clectrodces,

4, I'ectrochemical strbilizetion with 2éciticn of sclts,
() Calcium chlorice,

Thesc cxperiments, as well os the former ones, without the adcdition of
gsalts, showcd cdecreases in moisturcecontent, svsiling, and plasticity. pH trend:
wore likewisc similrrg 3.4 to 4.4 at the ancle, -racdually inecreasing to 7.4 at
the cathodc, Stebility in water indicatec improved qunlities of the ground,
ticularly in thc cathocde zone, as comprred with the ground stabilizeéd without
the accdition of chemicals,

* . Effcct of the veriation in current cCensity (from 2 to 9 milliomperes per

oM, cross-section) on the stabilization wrs stucied in ground No. 2, with the
#d¢ition of 2% CaCl,., Current pressure was maintnined at about 120 Vi The
strength of current was cetermincd by the indienird current density., Duration »i
the experiment was 93 hours. The grounc beeamc hceted, in the course of the
experiment, to verying cxtcnt, Thus, in cxpts. 44 and 45 (censity 2.3 m.a./bm.z)-
therc was nc aprrccicble heating of the ground, In expts. 46, 47 (4.5 m.a./bm.z)
there was a slight hecting cffect (30°c.). In cxpts. 48, 49 (6.7 m.no/bmoz) the
heating wes morked (60°¢,); Intense heeting of the ground (up to 80°C) was
obsorved in oxpts. 50, 51 (8.9 m.a./bm.z).

Dctorminations of the filtretion cocffici. nts of stebilized ground, in this
group of thc cxmeriments, merit our ~ttenticr (fige 5). The filtration coefficier
of the anoce was higher than feor the untreated grounc, tencing further to increasc
with the increacse in current cdensity. The crthode zone, on the contrary, showed
1,5 to 2 times us low o pcrmeability (as the untrected.=8.). The increase of the
filtration coefficient at the anrocdc should he wxplained by changes in the micro-
structure under the inSluencc 35 the current. Onz should consider the preponders
8nce of exchongeuble H' and Ca™  at the snocc, = this connection,=8). Thc lower-
ing of the filtrction coefficient at the cothode, following the inercasc in
current cCensity, is cxplained appirently as a rcsult of the cntaphoretic phenomen:
in the course of the stobilization (Rzhonitzin reports cbsence of cataphoresis
in compcreblo conditions.-S).

In considering the socking tests of this scrics, (fig. 6,7), it may be seen
thet the properties of the cethodc zone hi¢ consistently improved and thrt the |
grounc ha¢ becomc weter-resistant, for all pructical purposes, A peculiar ledce.

‘like relationship is incdicated for thc anode zone. Thus, in expts. 44, 45, the
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M disintegrates (in water) very slightly; in expts. 46, 47 give unfavoratle
pesults; expts. 48, 49 show prectically no disintegretion; expts. 50, 51 give again

.“wrable results,

[

2 (b) Sodium salts.

g-;'k: The series consists of three experiments with ground No, l: expt. 42, with
edlition of 2% sodium phosphate (tertiary?~S); expt. 43, with addition of 2%
poftum phosphate and 0.1% of phosphoric acid (percentages of the weight of sample

w#d.~8); expt. 32, with addition of 1% sodium chloride,

The series is characterized by a higher moisture-content of the ground stebi-
14sed in the presence of the rhosphates of sodium, in comparison with ground
gtabilized without the addition of chemicals, Liquid lirmit a2rd Plasticity Index
| ape 8lso increased, even in comparison with the untrecated szmple, Swelling was
diminished in the anode zone but rosc abruptly at the cathode, in comparison with
the untreated sample, Swelling was diminished in the anode zone but rose abruptly
st the cathode, in comporison with the untreated zround, = an almost five-fold
inerease (fig., 8 & 9)., pH trends are regular, as irn the prcceeding tests, increas-
iag toward the cathode. Filtration coefficicnts (expt. 43) of the stehilized
f ‘round appear the seme &s in the previously described tests with thc adcéition of
' chemicals, i,e, the filtration coefficicnt is higher for the anode than for the

eathode zorne,

- The water-stabili*y (scaking) tests indicatc & feir stebility of the enode
a8 of the inter-electrode zones; the cathode zcnc disintegrates within a fe~

" hours. The behaviour cf the cathode zonc is explcincd by unfavorable cffects o
sodium ion and of sodium compounds., Other properties of the ground (moisture cor-
tsat, swclling, plasticity) erc in line with this cxplenstion,

Wle conclude, by woy of a summery, that the entire complex of properties of
stabilized grounds can be arranged in the fellowing descending scries: the best
indicators are given by grounds stebilized in the presence of CaCl,; the next best
are for the grounds stabilized without uny chemiccls; the poorest omes beleng to
the grounds stubilized with the sddition of sodium sclts,

5. Stucies in thc freeczing luboretory

Grcuné feailures in reilroad beds are quite injurious to the tronsportation.
Mere exists a number of ways to guerd egainst such' foilurcs, The most suitable
method in practice is insulation (slag end@ other tipes of covering). These methods
however, requirc reduction in train spe.d tnd ev.on . stoprage of tre n movement.

The electrochemicel process requires no intcrruption of traffic and is
technologicol ly simple. The method therefore, =s the means of preventing ground

fatlures, eppears to be perticularly intcresting,

In eddition to the previously described studies, we have worked with the
Swlling properties of stebilized grounds in che freezing leboratory and in the

tield,
The work in thec freczing laboratory consisted of two prris:
(1) Studies of the migretion of moisture in strbilized ground, ¢s a factor
directly relrted to the groaund feilures, -
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(2) Studies of swelling properties of stabilized ground.
(a) Migration of mecisture

Ground was stebilized ir cardboard cylinders 25 cm. in height and 10 cm. in
ter. The cylinder bottoms were perforated, to comnect them with the source
of moisture cnd to permit the upward rise of moisture (by capillarity.-S.). Filter
r wes placed over the bottom of the cylinders. A metallic screen, with 1 wmm,
eponings wes placed over the filter per r. This screen was loaded over the screen.
fhe moisture-content of the semple was close to the liquid limit. The anode was an
eJuminum disc (placed on top of the sample,-S). At the conclusion of the stabili-
sation, the aluminum disc was rcmoved e2nd the exnosed top of the samnle wags coverec
W quertz send, to mini-ize the evaporction of moisture, Thc cylinder, after such
treatmecnt, wes ready for testing in the freezing laboratery. C{ylinders loaded with
wtreatcd samples scrved es contrels. Cylinders with stadbilizcd ground and the
eontrols wcre placed on top of filter paner over wetcer-saturated sand, in a bath,
Poth cylindcrs end the bath werc placcd then into a wooden box, on top of a 3f- iD
em. layer of ground cork (to prevent freezing “rom below), The space between ino
eylinders and the box wells was likewise fil’cd with ground cork and only the
topmost part cf the cylinders remained expcsed,

Thermometers were placed inside semples, at 2/3 depth (counting from top
domwarc), Temperature ot this depth wes mcinteined, with fluctuations, between

0% and -0.5°C,
Five series of experiments were concucted wi*tn ground No, 1

lst «ee=== 24 hrs,' freezing
2nd eeee-= 72 7M. ¢ M
3rd ------284 "
4th ------336 "
5th =e-===672 "

32 3 a

Every series contuined unstebilized grount (control), ground stabilized
without chemicrls, and ground stocbilized with the rédition of 2% celeium chlorice.

At the end of the cxneriment, the cylinders werc cut open et the jeint and
samples were taken for determinetions of mcisture: near top, in the midcdle, and
at the bottom of the column, The lest scries (672 hours' freezing.-S) was also
tested for stcbility in water, swelling, and plasticity, to ascertzcin the influ-
once of the low tcmpcrature.on the stabilizan*ion.

Untreated controls and semples stabiliz ¢ without CaCl, (the original has
"chemicrls”.-§) have dcveloped horizontel lavscrs of ice, up o 3 mm. thick, in th-
lower third of thc column. Such layers of icc wcre obscrved in all the scries,
Their number und thickness varied with the time of exposure to freczing tempera-
turcs, In semples stabilized without CaCl,, :» acdition to the horizontel leyers
of ice, other layers, at a certain angle to he former, were roted. In sanples
stebilized in the presence of CaCl,, the ice ¢c.eloped only in the form of small
indivicual lenses in the lower thigd of thc column end in the form of a very saui’
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r of laycrs, 12 mm. thick, at 70°-80° angle to the bottom of the cylinder.
Jatter woulcd extond, in places, to the midcdle of thc column, corresponding
so'the: complete (end thorough) freczing of the letter in the 5th serics. (Meaning
‘4he originel is obscure.. The authors ought to heve had untreated controls
ning 27 CaClp only. In thec absence of such controls, their comprrison of the
.CACl, columns with the untreated is not valid.-§)

j ‘{“'-,table 3, summarizing the ccterminations of moisture, illustrates the cherecter
"\jb. upward migration of water, A definite re)l~tionship is indicatec between the
afation of freezing anc the moisturc-content. The most abrupt increese in

gaisture is shown in the column stabilized without CaClz. The untreated controls
.'. next. The leust chenge is in the column stubilized in the prusence of CuClz.
feso trends correspond also to the swelling tendencies w!ich will he Fiscussed
leter,

([t' is c¢ifficult for me to sec thc Cvantnage of reporting more than three signifi-
et figures herc an’ clsevhere. The determinctions themsclves ore accurate, w lec
ot expensivc super-precision methods arc usecd, only within the first threc s*j-

gificant figures, Two significant figurcs ar- geod encugh for the interpretation:

) ‘
(b) Swelline

+ 8tebilization methods enc prepuration of sumples for freezing were the smme
ia the migration of moisture studies, Trertment consisted of alternating free:in-

e thewing.

A "swellmcter” (puchinomer) was instnlled on top of the column (no sand cover
ing wos usec), to rcgister the extent of swelling. The instrument reacdings werc
resorced daily on the scale, Tcmperature wes the zeme as in the moisture migratiorn
tudies. Tempernture wns measured by themometers, at 2/3 depth of the column,
Ixperiments were conducted with ground No, 1, Therc were 8 cylinders in the series
2 of them contained ground stabilize? withcut chemicels; 2 - ground stabilized in
the prescnce of 2% CaCl,; 2 - groun? stabilized in the presence of 2% MaCl and
CaCl, controls, without the applicntions of elcctrical eurrcnt. The orly velid
smperison in this scries is bctween thc untrecated ond the DC - stabilized

(WMthout chemicals) semples.-S.).

The experiment lasted 912 hours, The columns wcre at ncgative (below 0°C.-S.)»
temperature for about 60C hours, The remeind:r of the timc wrs ct positive *om >r-
etures (above 0°C), in the elterncting freczir: -1l thewings At the end of thr-
expe riment (after 912 hrs), the cylinders wer. b cpern at the joint and sqoplos
were taken for anclysis from top, middle, und hottom of every column, DMoisivre-
sontent, swclliing, stability in weter, cnd plusticity were dctermined, The ice
layers wcre of the scme kind os in the wrter migretion studics, The scme churac-
teristics were notcd ts provicusly: the cbs rce of horizortel leyers of ice in
tho columns stabilized in the prcsence of ch.-icrls, and the presence of but 2
mall number of almost vertical laycrs. ldois’ur - -contcnt of the loads before ‘he
stabilizetion wes 44-45%; moisturc-centent of t:i:itilized ground ranged from %1 ic
85%, increasing from anodc towerd cathoce,

The swelling propertics of thc investiguated metecricls offer consicderesble
interest. ihilc the untrected ground swelled to the extent of 13 mm., the ground
Stabilized in the presence cf chemicals showec practically no swelling, (fig. 10).

e
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(1 the depth of columns was 25 cm., ©s implicd e~rlier ir the text, if the

segoll-meter” recor's cnly the vertical expansior, if there is no swelling in

' directions, the maximum swelling vs 5.2%,, ns agoinst 0,60% and 0.14% for

“‘.'othcr 8.=8.). This cen be hercdly expleined by the frcezing point-lowering,
to the sults, as & thorough freczing of the mass could be obscrved townrd the

z’. of the experiment,

' Explanation of the cifferences in swellirg is in the character of the leyors
of fce. Intensive swelling tnkes plece in columns ceveloping growing horizontal
jgers (unstcbilized ground). ‘here the horizontal lnycrs are nbsunt, therc should
po no swelling, Vertical leycrs of icc cennct pusk the greund upward (ground sta-
Mlized in the presence of ndded salts),

Durnability cf electrochemicnl st bilizrticn

The 2im cf our investigation wcs to observe effccts cf the following ngents
on the stobilized grounc:

(1) Tap witer (scuking tusts);
(2) Nrscent corbenic nci¢ (seaking in CO, - saturnted woter);
< (3) NeCl solutions; it wus of interest to fcllow through the possibility

of exchenge rerctions and of the undesirrble effcet of sodium ion
(sorking in 1N NaCl)

(4) Alternating crying and wetting

(5) Increused temperntures., Same £s 4, cxcept thot @rying, to a
practically constrnt weight, wrs carried out in c=n oven at 50°-3¢",

(6) Alterncting freezing and thowing. Sume srmples were used that wcre
usec¢ in the frcezing leborntery stucies,

. Socking tests with stebilizecd grouncd Yo. 3 incdicate that the greund behoves
¢ifferently in cdifferent solutions. Disintegration in COz-saturr.tee woter is
generclly retarded for samples stabilized in the presence of CaCl, or stubilizecd
without salts. Possible rcusecns for tris mry be snught in seeondiry chemienl
reactions between the CO, cnicn and, chiefly, the c~thofe zcone of the stabilized
semple, (in & CO,-saturated water therc is very little 003" but, rel-~tively
speaking, o lot of HCO4™, Dissocistion constint for the rirst hycregen of HzCO,.

is 3.5 x 10~7; for the seccnd hy’rogen 4.4 x 10712 _g.) accompanicc by formation of
‘eementing precipitatecs in the form of cnrban:tes of calcium =nd magnesium, Alter-
mting cir-drying anc wetting of stabilized ground incicates e deterioration c”

Wter-rcsisting properties of the gnode zone . ‘=lilized without adcditicn of -h.ri-
oals, The cethode sone and the intermecdini. 1 *h¢ ccntrery, show a cer*sni-

dmprovemcnt. Grounc stebilized in the pres. .« of sclts shows a murked i=,r-veren
in all zones, after «lternsting Crying rnd we tinp.  This is especially appe.ent o

;‘pplicnticn ef o hirher (rying tempcrutuvre (5""-6030.). Following the latter,
groun® stabilized either with or without the .- lts, chtnges its behaviocur in the
Prcsence of water end becomes wetcer-resister® f'unsorkable"™), for all prectical
Purposes., On considiration of chenges in 1+ - -~opr rties of stabilized greunl,
#ollowing its gracdual drying end & subsequen. ' . ~'ing, lead us to regard & cortuin
ount of crying is beneficiel, Such cryirg, ro-arontly, dbrings about some sr- vz,
8ible chenges in the ecllcidel system of the pgrcund (which w-s modifiec by the

g. N
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Table 3, Migration of moisture (moisture-content of samples afte. f.eezing).

Duration Untreated Stabilized without CaCl, Starilized with 2% CaCl,
of expt,, Top Middle Bottom Top Bottom Top Bottom
hours (anode) (cathode)  (anode) Middle (cathcde) (anode) Middle (cathode)
24 Li.11 45.43 45.52 29.47 29,28 3l1.62 33.39 34.61 37.00
72 42,30 L5,68 ———— 29,25 31.95 33.53 33456 35.45  mwee-
284 41.93 46.98 46,57 30.74 32.73 38.56 .45 35.73 49.18
336 40,36 o 61.41 ——— ————— 51,38 30,05 35.85 53,86 |

672 L0.65 Ly .37 41.03 29.96 3C.74 ¥ Ty 3L.64 2034 3¢.87



';"uou incucei’ by the electriccl current), rcndering it morc stable in the
pce of wanter,
;hlllng of stebilized ground is ¢iminished markecly (fig. 11, 12) after

peing, in rll instences., Plasticity incex tends aleo to Cecrcase, particularly
» the anccde tcne,

S

3
L 11, Stucbilizstion in the field
&

’ A plot wus sclected, for experimental purposes, on a certain railway line
@ire the frost heave (thec originel hns "swelling humps®.-S.) rcaches 37 cm. height

i eertnin yerrs,

Stcbilization wrs confucted in & timbercd pite), The “cottom of the pit lies

. term is "Rotlovan", The Cormtn equivalcnt of Rotlovan is Plehlezauvn

fr don Bruckenpfeiler. My choice of "timbered pit® for "Katlovan" mey not be
Mth‘f fortunc te.=8.

o8 the samc lcvel es the railrocd deds The kind of ground in the pit oand in the
oaarth bec of the reilrond is identicel, Swelling of the bettom of the pit is
oen somewhat more proncunced than swelling of the railroad bed dcveloping et the
@ time, according to cbservations of the Ground Failure Station ("swelling
gﬂea". ®"puchinnaic stonteziie®, in the crigirnl,-S.). A reddish yellow clayry
inic scil ocoupiecs the bottom of the pit. The scil grades, at 1 mcter cer h,
flo e highly ferruginized clcy loam ("iromstcne®™), cdensely tnd firmly cementec,
gperently by ircn compeunds, which constitutes the bottome) of the first wate:-

WMo Tus. torm 1s "vodcuper”, & compound moun meening af cbstacle to downwary

®ter movement. I do not know its English or German equivalent.-8.) ‘
aring horizen,

Stabilisation wes concucted as follews, The bottom of thc pit wis ¢ivicded
fato four scctions. The first scctiocn was steh’lizec in the prescnee of 0.6
led NaCl; the 2nd « without chcemicelss the 3¢ rimained untrcotud; the 4th w's
sadilized in the presence of 0,2% CaCly.

Iron rods and pipes, the electrodes, were nrranged chess-boord fashicn,

The entire plot was watered : bundantly for 2 eys, before the electrodes

Wre friven in. Sections entended for the ndci’!~. Hf chemicals wcre inpreen: «,
®ith appropriate solutions, 1In the course o1 v .rrg, the Scctions were w to o7
$8 timcs ¢ dey. Moreover, the cnodes wire po - 'ooel s pipes dnto wrhich vire vl
the cporopriate soluticns, dhus the electro-c.mosis wis employed to intrecuce st
iate the greund,

. Tho degree of stabilization wrs jucpge? Ly -~h: peactromecter ("stemp" in the
opiginel.=8) tests. Dcfinite results could v. .i%.ined cdown to 0.75 meter lcn'h,
‘l clectrodes were pulled out, after the exp. - :»t, by ¢ gravity device»), ~iin.

[ e —— . —— et e me - .
W eWeza™In the originele Y 7o not ¥new the «. 6T matning of this torm. 1t.

n equivulents ere die Schwere, Lrst, das Gewicht,.-8,
e
Shriking the top end of the rcd, Without this «id the electrodes, prrticulerly
“anodes, oould not be removec’, The removed cleoctroces shewe! u certain amoun:
1 «fe




o« The ancces were corroded severely, especirlly in sccticns with the

ise The negotive poles werc prretically unaffected. Determinctions of moisture,
ing, rn¢ plrsticity inciccted significent chenges, in cemporison with the

pated greunc; pH incrcased regulerly towerds thc cothoce; filtrction coeffi-
were altered markecly for the stabilizel ground, These chrnges are in accord
 the results of the loberatory stucdies.

& gooking tcsts of samples from the CaCl, sceticn yielded good results., There

@8 practically no chenge in the course of cays in n clod under woter (fig. 13),
B

% Datq cvailable up tn Februcry 1940 confirm the freczing leboratery results.,
gaples frem lower than ground with the adéition of CaCl,, and prrticulnrly of

pfl, (from secticns lund 4), swells to e lesser extent %hln grun¢ from the second
af third sections (fig. 14).

A I1I. Generzl conclusions
(1) The electrochemicul methed of stabilization is z rev method of improving
~ physicoechemical and mechanical propcerties of the gicund by the meecns ~f
-~ Cirect electrical current,
Proccsses ccused by the current improve wrter-stebility s well cs mechenical
=. preperties of the ground, The resultins stabilizeticn is not the same for nil
. sones. The best results were observes ‘: ~cacs in prorimity to the electroes
Bffectivencss of stabilization depenés lcr-ely on the kin? of ground nd or

' the acddition of sclts,
Aécition of caleium chlcricde gives the best results

. Mcition of soium chleride eannot be recommendc?, in the cpplicaticn eof *ha
electrochemicnl method, on account >f on unfavcernble effect ~f the highly

~ hycrated sodium ion in the cathocde scne,
The usc of iron nncdes, in place of aluminum, may be recommended, for econnmic
reascns, nlthough they give slightly inferior results.

| Moisture movemont stucics in the frecczing loboratory showed differcnces
betwecn stadbilized and untrerted ground, The movement cf moisture wes
retorced in the former,
Studies of grecun? swelling, in the frcezi.z l-borutery, inciceted ¢ diri-.swud
swelling in grouncs stuebilized in the prescnce of a'ced CeaClp, anc prrticul wrl,
NaCl,

. Results cf fielcd tests are in harmony with the l:borrtory fincings.

* Preliminary economic rensons allcw us to ~unsiczr suitability of thc elec*ro-
chemical method for economic usc in & avmi: 7 rtses.

The power plent required for the clectr o vl strtiligation sheld ro.v'y
the fcllowing:
A DC generator, free from short ci:: :_ts;

Current pressurc 120-140 V;
Powcr 20=-30 Kk,

«10=
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Fig. 13,

IS A PHOTOGRAPH OF A DENSE SMOOTH CLQD INSIDE A WATER-FILLED
UNCOVERED DESICCATOR. SOME MATERIAL, SLOUGHED~OFF, ON DES—
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