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Lacora t or y and f ield c ata on lee r ochen:ic 1 stc.b" l izs tion of cloys, by 
three RL:ssian auth ors, r c !:ere rr ·e .. er in t n.nsl atic: . Abstracts of t he 
Russ ian pa:'ers ···c I'C r u ' 1 is !"t ed i:· Lc ..: 1 S47 issue of the I::ngineering ?-ews Record 
(p ~ . 100- 101). Ther e exis ts lso a s nell ocy of iterature, in German and 
Engl ish, ~ e alin~ with the electrochemical s ob:!iz~tion and re late~ sub jects . 
Ele~e~ts of the el ec r oche~ica l p r oce ss ~e re pntente ~ by Casagrande in 
Ger r.lO.!".y ~ short l J e: r e ~- - 1 a s t ·::a r. 

Re :> · ~ s of he l.uss i nns a .d of othe r s , includ inG t~e ~,~ rr:1en patent, appea1 
t o }·e s o"..lnc anc1 i ! t ~ r es ti nr ac co r '1. cl :.. ;.:ecr. ·:--.isr.t or t ~ : ec t rochemica l 
stabi1 · za -: i en , howe ve r, a p; a rs t o ":--e surmised ;·a ti~ r th r - ~ t ~ bl :shed. Unles ~ 

the r. eci: C;n ism of suc h sta' :1l i zo. 7 i c··. is unde rs '1 0 C in t"et c..~ little prorress 
may ~ cxDec t cc in f i e lc a! licati .::s of h i') e ·. ec "t r -h .:7iH - . ::1eth d. 

t: ect:·oos .. osis , a oor l :; r e . :--s1b1 C OUf 1..lla ti r'n of th.c soil r. olloi c.s ~ 

and 1. r oc' ucti n f -y !;t;ln[ c l e 11::71i .. '.r. i:1t o t h lay co-:--l cx h nve been 
give .. cre c it fo r t : ; r ~u . c' - s "' '!:>~ i zin£ e ffect :J f c'i r ec t F: '. ectri ~a l current. 
i!.uch remains to be done, as the r eP.C:e r Jil!'\Y see , in ' "! ve lor L lg fun;her the theory 
of the method. A critical stud ~ · i s i ~d icated, in t r i s eon~ecticn~ by a~encies 
or individuals qual i fied and e quipped f or bas i .: r e se:1rch :. .1 soil physics. 
Optimu.'Tl sche<h:les for fi e lc' t r eat!Tlcnts need be ascertainec with particular care, 
to s u it any gi•:e r. ki nd of :-:':::tf' riE-1 and environment. A wide r a nfe of variation, 
in s ·ch schedule s , is ~est ce rtainl y o be e~c c 1 nter~d in ~ealin6 with materials 
as din: rs e in the ir c o: osi t~ .n ar..c :- rope rti c s r.s &re clays. ~·.ny generaliza
tion o·1 r ele t icr.. s h iFS :e .. eer.. s <'il , e l c l: r o l ~: te s , -:1o is+u re, B!'ld current vrould 
be p re::1at"..lr e if bhscd cr. tr:e ~ussian ··,ork alone . 

Stc.bil izeti o . of Gr a•c' is F~ i'ia 5or n[:ir.ee ri~ .· r,e oloc ic r ob lem of 
nat io!'l"' l bter ·:;t. · e~dl e s s t o sny , p( r :- eps , :-. ~t failu re5 a r ~ to be exrec tec!, 
in labor~ to r:· a:1C: i.. .. h e fie c, i:· t :-.i s ~ s ne l : :; i !'l !1Y otr.e r kind of research. 
To mi i:dzc pr obab ilit ies of suc l f a il urrs , it r.H~-:• e r e comr:e nded t hat investi
gators ce':elop ti:e e l ct ro chem i ~ ul st·t il iwti . n prebl e~ not :1crely at:ainst 
the r e la ively n& rro•:: bad:er ound of soil r.-:e c hanics, but ·:i th a c<:: rtain f ee ling 
for be olocy , mi "' ra l or.y , ped olocy , s o il physics, ar..d soil che:nistry. 
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INTRODUC TION 

Recently developed new methods of stabilization of weak grounds (e.g. the 
silicate treatment) are based on injection of chemical solutions into the groun< 
Such methods are applicable accordingly only to the kinds of ground thet have 
the coefficient of filtration higher than 2 met~rs per 24 hours an~ permit pbn~ · 
tration of the chemical solutions u!:der preszurc. This limit, however, as it 
is shewn by our exp~rience in construction, excludes a numerous and an impor
tant class of grounds, stabilization of which is indispensable in many instanc ~ 

For example, digging of trenches and pits in clayey, silty, or sandy ground 
shows thst all these types act like typical "floaters" (sluds? -S) in the 
presence of the ground water pressure. There were several instances in the 
canalization of the city of Moskow where the laying of t ;·r:: nehes below the 
ground water level has led to erlre:ne difficulties with ~,;, . <J. :,'ey and silty 
ground. 

Similar examples could be cited in m1n1ng, ~ngineering hydrology, and 
railroad construction. For these r easons, the development of methods of stabi·· 
lizing s~ch difficult tJ~es of ground has become an urgent problem of our day. 

In 1936, the author began his investigations, at the ground Stabili~ation 
Laboratory of VODGEO Institute, with direct electrical current as the means of 
stabilization of grounds. Exp~riments had shmvn that a large number or clayey 
types, following passage of direct electrical curr~nt, undergoes a traneforma
tion. of its physico-chemical properties. It was established that the (apparent 
-s) density of the ~round is substantially increased in consequence or the 
application of direct electrical current. The ground loses also its capacity 
to swell and to soften in water. Later, after a more detailed study of the 
physico-chemical mechanism of the electrical stabilization, it became possible 
to develop the method so as to make it applicable to sandy ond silty as well 
as to clayey ground. By this time (194l,S.), the method hos already been 
tested in the field, was found sutisfnctory, end is being introduced into 
construction practice. 

I Physico-Chemical Processes 

A system of metallic rods, the electrodes, is forced into the ground. 
The application of current is followed by the electro-osmosis ond R consequent 
dehydration of the ground. Aluminum end hydrogen ions replace, by tho cation 
exchong€ mechanism, sodium and calcium (if so, Mg and other exchangeable bases 
should be likewise replaced - S.). Finally, the structure-forming processes ar£ 
initiated, in consequence of the separation of aluminum hydroxide. In such 
manner, th~ effect of electro-osmosis is not only intensified by the exchange 
reactions but is also rendered stable (i.e. practically irreversible - S). Thif 
is confirmed by two yeor observations. It is well kr.own that the dagree of 
hydration of clay depends on the kind of exchongeohle cations. Thus hydration 
and thickness of tho we.ter films of a sodium cloy are always greater than that 
of a calcium clay; they are olso greater for e calcium cloy thfln for an aluminun. 
clay. Thus, making use of aluminum electrodes and inducing exchange reactions 
whereby sodi urn and calcium are rep lacod by aluminum ond hydrogen, we produce a 
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dehydrnt ion of t he cloy " · c c., fix<:1ti o:1 of hr; tot al e f fe ct. Occurrence of the 
exchr. nge re act ions, i n t~e o~r sc f t h ~ cctroc hcmic nl st~bilizntion, was 
pro~e c by a numbe r of c x p ~ r im nt s . 

The first s eri es of e xpe rime nts c or.si~tec of determining exchangenble 
bases (Nn,Cc,n, Al) in four na tura l kind s of cl cy, before and after stabiliza
tion. The r esults indicnt cd that , i n nll f our instances, exchangeable hydrogen 
hns ~ntcred the complex in cons e~uenc e of the stabilization and the proportion 
of exchangeabl e nlumin~ hcs incrc ~s e d. Concurrently, the proportion of 
exchangeable sodium dec r er. sed signif iccntly and exchangeable calcium was 
somewhat diminished. 

The s econd seri es r xpc riments, with t wo cl cys s nturcted previously by 
socium, calcium a nd hydr og -.n, gc.•: stil l ::10r · significc:nt r esults. The effe ct s 
were more pronounced (i. e . more Al ent c::: r ed the e:xchanbe e='• .plex- S.). The 
resul t s showed, beyond doubt, thn t exchenb recctions t c. ':u ke place during the 
electro-chemica l stabi li zat ion. 

Electro-osmosis, i. e ., the movement of ground water to the cathode, wa s 
nlso studied. 

'!'he theory of the capill a ry wr.te r trans fe rs, following applicc.tion of 
diff ~ rent potentials, wns studied f irst by Helmholtz in 1879. After the cor
rection of Helmholtz's equation by Pellet 1/ in 1904 and the generalization of 
Perren 1/, the well-kno~m equation for thP.-electro-osmosis through a multi
capillary diaphragm had become, in the c.g.s. dimensions: 

U:: 'fD ,vE 
4 "i( 1 L • (1) 

In electro-osmatic me~ sureme nts i n w~te r or in weak aqueous solutions of 
electrolytes, in t he pr e ~ er.c e of . d iophr~gm of a porous moteriol, 

D is the dielectric cons t nnt of wr t r, and equnl3 81. 

E is e xpr Essed in volts; 

') the potentia l, i s in millivolts; 

U- in em. 3/min.; 

L - in em. 

the total cross-section a r ea of t he capillnrs of the diaphragm, in cm2; 

Viscosity (i. e .~ , the viscosity coeffi c ient of wcte r in equation 1.-S) 
is assumed to equnl 0.01 pois es. 

The equation nssumes the!'l t. simplifi ed f orm, 

U : j' / E 
lr L 

(2), wh er e k : 2355. 
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This equation is us ed in mnny instc.nc~s for cnlculction of the ~otc~ti ~l. 
In the liternture on th e -1 ctro-osmosis e xamined by the cu thor, the t r~nsf~ r 

of wnter or of nny other liquid is considered under the following c onditions: 

(1) The pc.rous body is a di r. phragm scpEl r a ting anode from en thode. 
{2) Properties of the di~phrcgm remain unchanged during the electro

osmosis. 

Our work cimed t discovering re gulF~ rities in the electro-osmosis, with 
the e~ rth muss us c diaphragm betwe~n the electrodes. Physiccl nnd mech~ical 
properties of this diaphragm o.re changing continuously with the passr.ge of t ~.._,. 

electrical curr~nt, inasmuch as both water and ions of the inner Helmholtz 
lnyE::r, ct the surfoce of cl r.y particles, r.re removed in th process. For t h -- r: 
rensons, in equation (2) E should be repl !'. ced by I x R ::r.d R expressed in th · 
dimension of specific resistance end size of the dinph ~ ! . -::-, . The equation 
becomt:.s: 

U • ) I 
~k-- (3), wher~ is sp. resistance of the 

ground, in ohms. 

Since, in the elE::ctro-csmosis, the nrr.ount of water remcin·~g in the 
ground is diminishing continuously, it shou~d be reesonnble to supnos c 1/thnt 
the velocity of electro-osmosis conforms to the equation du ~ k~, wheN·-~ is 

at 

Engineer A. r.i. Malyshev participated, together with the cuthor, in the 
development of the method. 

quc>.ntity of water remaining in the grrund and subject to the clec:tro-osmosis. 
The above diffc renti~ l equc.:tior. is solved er.sily, for the qunntity of water 
separet0d during time I: 

~o ( 1 - e-kt ). (4) 

where T is in minutes, Q.
0 

- the qunntity of wr.ter subject to re;;'lovnl by the 
electro-osmosis (; T : . . , k - a const nr. t which depends on mC~gnitude of the r- potential of the ~lay end on the density of current. 

The latter equatior. w~ s ve r i fied in 12 oxperiments. The quantity of water 
transported, in the nppuratus, t o the cathode coincided entirely with the 
quantity calculated from equntion (4). 

The ~ovement of water towcrd the cathode indicates an excess of negative 
chcrges in the inner Helmholtz layer of the invcstigated.clnys. 

1.'1e hcve considered also, alongside the electro-osmosis nnd the chemical 
mechanism of the process, the vmter-stobil ity of both stnbil ize~ E:nd untreated 
snmples. As to the cataphoresis, i.e. transfer of clay particl es, towerd the 
nnode, ns n consequence of the nnplication of current, our experiments showec 
the.t the phenomenon has no place, i~ this pC:rticulnr cusc, within the ground 
mass. Nater-stnbility of hoth stabilized and untreated snmples was studied in 
two aspects; first, by det ermining t.he rnte of disintegration in water, nnd 
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second , by de termining the degrc .,; of swe lling in wnt r. r nnd in solut::..ons of 
gel r. tine. The experiments, ind icr.t ed that botr. nc. turol clnys e nd the cloys 
prc-satu r oted with sodium or ce lcium do not disintebrnte nne cease to swell 
in cons equenc e of their electrochemicol st~bilizotion. 

Fig. I shows s~mplcs of o noturcl cloy ke pt in vmter for 2~ years ofter 
their stabilization by the current. Fig. 2 shows differences in swellin~ of 
stabilized ~nd untreated somples in solutions of gelatine. Untrented snmples, 
snturnt~d by different c~tions, are in the uppe r row of the beck~rs (Fig.2); 
the stabilized sample s -.: re in the lowe r row. The greatest swelling is obse !"vr
in untreated sodium cloys, which is in harmony with the present day concept 
the significonce of the cbsorbing compl~x of clcys in determining their beh .
iour i:D wc. t e r. These snme s cmplcs, however, los e th e ir cnp ~. city to sweJ 1 
eft e r ·~h cir st3bilizntion. 

II Rnd ius ond Moss i vencss • of Sto bi 1 iznt ic .. 

•"Monolitnost"- "monolithic charc.c te r", in the original. This noun, in 
Russian, hns o broader usog'=l than i n En~lish . ~~y rendition of the tcnn is 
not entirely fortunate - s. 

A r.oticeable increase in density of the ground at the anode and a cer
tain thinning at the cathode con be seen shortly cfter the application of th~ 

current. Later on, the cathode zone similarly gains in density. In such 
manner, in the majority of the coses, the fluic clayey ground is made dense ~r 

the vicinity of both electrodes . If the current is np~lied for a sufficiently 
long time, the entire mass between the electrodes ~ny be rendered equolly 
dens e , in the mc.jority of the cases . 

Fig. 3 illustrates the dynamics of stnbilizotion. The diagrams rofer to 
the four cl uys whose physical a nd mechanical characteristics e re biven in 
Tabl e s I n'nc II. 

7cble I - Absorbed bas Es, 
exp eriment 

Cloy••• Hygr.H
2

0 c~ ~ 

in milli equivc.l ents (p Gr 100 g. -S), before 

% 
Fe AJ. Sum Exchange Cor 

Kudinovo, 
sandy 4.12 19.31 4.67 0.153 2.49 5.72 none 33.56 32.82 

" "lo rd"-
(. gumbo 3) 5.90 21.94 4.26 0.56 5.29 6.45 " 40.34 38.50 
Borovichi 4.26 11.03 5.33 5.63 2.64 3.88 II 24.02 

•) The originnl hes "expressed as Co~i ", which is nonsense. 
I have correct~ d this er"'r• It is a stnnderd practice to 
indicate pr es ence or cbsence of lime in oll cation e xchange 
measurements. The item "none" connot possibly refer to ony 
other measurement - S. 
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Table 2 - Mechanical Co:7:pos i t i on of Clays befo re Experiment (Robis on ' !:; Me thod ) 
% Fract i on 

Sieve A.-,a lysis (Sedimenta tion ? - S) 

Clay 5-2 2~1 1-i ~-t o.26~o.os .• os~.o1 .• o1~.ocs .oos~. 00 1 ~001 

Kudinovo, Sandy 
" "lard" , 
sorovichi 
'!'1aritsino 

mm mm mzr. mm 
o:Ts o:Z2 o.l3 

2.oe ... 2.s6 4.16 4.30 

mm 
3.19 

11.17 
0.08 

32.38 

mm 
4.20 

19.14 
12.03 
29.79 

mm 
37.56 
40.51 
16.58 
17.47 

nun 
18.18 
14.43 
12.39 

2.76 

nun 
36.'37 
14.15 
58. 32 
4. 5 ':' 

Density Volume ·:Ieight Porosity Plast i city I . d ~ : 

Jtudinovo, Sandy 2. 7l 1. 67 

" "lard" 2. 71 1. 87 
Borovicili 2.70•• 1.74 
T••ritsino 2. 72 1.84 

••The original has 11 3.70" whic h is obv i ous ly a :-1 e rror. 

2 2 . 3 ~ 

31.00 
35.3£ 
32.58 

2.70 is 

21 .11 
26 .12 
15 .32 

3.32 

probably right 

•••Clays sre identified by ad jectives de ; i ve d f r om pro pe r nouns, :1ame s of local iti .~ 
where the clays were coll ected. It i s i mpos s i ble to surmise with compl ete 
accuracy, the proper nou."l frotr. an adj ec tive s o ce r i vcc, b<.~aus e of ce r ta in pect!l 
iaritie s of the highly inflected Russia n l anbuage. For exampl e , t he adj ecti ve 
"kudinovskaia" (fem.) coulc be e qually correctly derived from Kudinov~ koe, 
Kudinovak, Kudinovo, Kudinov, Kudino, and ~ossibly others. The same a ppli es 
to the other two, Having no clue in the origina l , exc ept for Ts e ritsino, 
I have made the best reaso~ablc guess - s. 

The curves (Fi~. 3) indicate the depth of penetra tion of a special needle 
(lick type) at different distances from the e l ectrode • The curves repres ent 
26, 50, 75, 100, and 200 h ~ur effects of the current. Cur re nt dens i ti es se lected 
tor the tests were such as to avoid heating of the grour.d. 

It is evide::t from th€ di iElg r ons tha t the e ff ect of curren t of o~e and the 
same density is fa r from being the same for di f!'e r cnt c lc.ys. For e xampl e , Borovichi 
olay can be st~bilized at a rapid r a t e and may he corr.e monolith i c oft e r 100 hours. 
At the same period of time , stabilizati on of K~dinovo clay f a i l ed to give signifi
cant results. This contrast leeds us to the s upoo s i t io~ that t h r e exists certain 
limits of c.pplicabil ity of th e method which ar dete rm ined by physico-chemical 
properti es of clays intended for the stabilizati on. ~"ie do not have ns yet a 
sufficient basis for establishing such limits. It is beyond any doubt, howeve r, 
that one of the indica tors, in det e rmining su itc.bility of gr cund fo r t he me thod, 
Will prove t o be the cr.arocte r of th e exchange comn lo x anc th e degr ee of dispersion 
or the ground. 

As to tr.e curr(::nt density o.nd the powe r e penditure , n ce r t ain regularity 
("zakonomcrnost" = conformity to the l aw - S) con o.lso be obs erved, The higher 
the current density - the mor c r apid th e s t !'l bil iza tion . Expe riments and calculation 
prove, however, th~t, in the st ro bi l iza ti on of fluid gr ound, current densit i es in 
e~ess of 20 nmp/m- develop conside rabl e hent. I n r eg· rds to the total powe r 

-5-



expended, 1 m
3 

of brouncl r ec:uir -- s 30 t o 200 1\:,1-f . Tb.i s wid e r c nge of vorint~on is 
expluine d by vari~tion of prop ~rti es of h g r o und . Fo r e xampl e , eve n among the 
tested cleys, the Borovichi required but o fr £•ct. i C':1 of the powe r consumed by the 
other two. 

The pressure of .cur~cnt require d for p roduction of the desired density of 
current d e pends on the ohmic resis tanc e of the Ground ond on distnnce between 
the electrode s. Every metar distcnce be tween the ~ lcctrodes requires. on the 
overage. 100 to 200 v. 

It follows, the refore, from the dynamic s curve s c. nd from the relat i onship 
between d ensity of curre nt o.nd e ffect ivc-n s s o f s c. b il izat ior.. , t hnt powc :- ex
~nded, pe r m3 , also depends on dis t c nc c b r.: tv<c n t he e lec" .. r cdc s . Indeed, to 
obtain the s ame density of curr e nt b e tween (two pairs of - S ) t !1e dectrodes one 
meter and hclf a me t e r aport, about 100 V a nd a bout 200 V rc ~ ~ - ctively should be 
required. If the density of current is t he s ame in both co s~ s. ~nd if the incre ~s L 
of the bulk of s tn bi lize d mntc ri o l t a ke s p l o c - a t t he some r e te. o complete 
stabiliznt i on of the e ntire moss be twe C; I! t h l c c t roc c s will take p lace soo:1er 
where the c!ist~ nc e is shcrte r. (i.e. Al l oth e r t hings being equal, the :-o t e of 
stebiliznt i on is inve rs e ly Froportional to (! i st 'l .. c e be t ween the cl ctrodes- S). 
Hence, wher ev e r th t:: el e ctrcdes con be d r i v e n i . ~ o t!1c ground without much trC"ubl o , 
·ne should a i m to minimize th e dis ~once . I n such ma nner, the time and powe r cxpcn~'> (; 

would be r e duc ed . If a close sp ncing of ~he c l ~ ctrodes is not feasible, they c c p 
be arrange d at any desired distance from e r.ch other. The requirec rov1e r and 
time, in such c n s e , sha ll be determined by thf.. distc nc ') chos en. 

The de pth of stnbilizc.ti on dcpencs e ntire l y c!'l por;c :- of the rig for forcing 
the electrod e s into the ground. The s i licct c-treat mc!'lt e xperience incicotes o 
20-25 mete r depth. 

III Raising the currying strength of pi l es) 
("sv'i~" : pile , bri ~gc support - S) 

One of th o r·pl i c ntions c f "!: he l e e r o- c h emical procc-. s mc y be , undoubtedly, 
~ n incre c s in t he ca rrying strength of p il ~ o . As i t cc.n b ~ s e e n i n the diagrams, 
the ste bilic:a t i on a t the e n oc!e , o.nd in o numb€ r of cas e s c.t the cothoce os well, 
be:gi r: s sh o rtly a fter the curre nt is a ppl iec . I f t hC; nile s arc mac e to serve os 
the el e c.trocl e s, the ~ l octric current mcy produc e o stc.bilizc(1

. pediment nt the 
~cot of ev e ry p il e . On account of th e a p p r e ciabl e cohesio!1 be tween the ground 
so treate d a !'l~ the surfa ce of pil e s, t he corry i!'l g stre ngth of the letter may be 
mace t o inr.rel\s e s ignificnntly. The se CO:'! si cl u ·;.. t i ons hnv<: led us to laboratory 
experiments with moc els. Alumi!1um pil . s, 40 em . long e nc 34 mm in diameter 
were sun k into a thinne d clayey grotmd ('rs ri tsino cl e y). Be ca use of the insig
nifican t be £:.ri ng pow r of such gr ounc , the pi l e s wr· r e cll~wec to sink under their 
own weight. The y we r e supnorte d by sp cin l r ods be for e the current 'V.:!s turned on. 
From then on, the ca rrying strength of pil e s wn s ci e t e r .. a.i.nec at regular intcrYols 
of time . 

Afte r e large numher of t e sts, it be c nmc po.:; si hle to establish a relationship 
between the c r.rrying strength of pile s r. n<' th e c xp cr.d i tu re of power. The oro inote 
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of Fig. 4 expresses the cr. rrJ ing s r ength in g./cm2 , and the abscisse. - the expen
diture of powe r in \'lh/cm2 pile ::;ut·.ace . It may be seen that cohesion betwt>~n the 
anode and the ground is grente r t~nn it i s for the cnt~.ode and thnt the optimwu 
for both electrodes is at 1.25 'Nh/cm2 • A dec rease in the carrying strength, 
following attainment of the maximum, should be related to cracking nnd to loosening 
ot the pediment (due to progressive drying? - s)• 

itn ·the course of our experiments an e rt ic le by Cnsagrnnde appeared in "Die 
eautechnik", No. l, 1937, 0:1 increasing ca rrying strength of piles by the elec
trochemical process. His xp riments in the fi e ld, with piles 8 m. long, yield e d 

curves analogous to Fig. 4. --------------

Our results show th~t a seve rcl-fol~ increase in the corry\ng strength of 
piles required a ve ry s~all c.:nount of electrical power. ..ioo~ c:-- niles sh~uld be 
c~ted by metell ic plates. 

Tle he.-.re conducted als o a 1 rg nu.'!lbe r o" · ~p~ riments with introducti un of 
solutions of ch em icals into th g r ound , in cddjt ion t o t he previously d e s c~i~ed 
experiments wi th the util iznt:on of DC only . ~. ·~ iutr ocuction of chemicnl.s wc s 
~de feasibl e by the fact thc.t, und t; ~ U:e i. fl· ·. ce of e lectric!ll current: w.t e r 
moves fr om t: nod to cathod e . In such mc.nncr, .-rn -.11 amounts of solutions nf chemi
ccls can be introduced into r:n almos t imp rv io : . ground. In the letter c . s e s, 
in ndditicn to the processe s previously dcscrib ~ J, there occurs c. scparnt : o~ of 
the cementing substr.nce vti thi :1 pore;, cf tho ground. This is importc.nt, pr rticu:c.:--< 
where the e:"' ch c.ngc c::..pc city i s inndcquute for the stc.bilizntion by DC only. 

It is of inte:rcst to nct l: thc.t the st-.bilizaticn prorress~s o.t a considero.bly 
higher r c:te in the presence of chemical5 nnd lends to u C(;mentc.tion o.nd to n 
11cchanice.l firmness of the gr ound, ns well c.s to c genera l incr•:;cse in density. 
Fig. 5 is a photograph of n ground ceme nte d in proximity to the rod, as .. s een after 
the rod wa.s pulled out of the gr ounc!. 

IV Sta bi li znti on i n d igo-ing thrr.ugh "flo~:;ter" 

("plyv~n" = "floc.ter", c w t unsta · le cl r•y - S) 

The e l ec trochemical proce ss, os e m .n ns of stabilizing clc.ycy ground, wes 
tested b the field. 

'!'he clayey ground to he st!lbilizcd , c. floater, had a very low e xchc.nge 
COpacity anG 1 ACCOrdingly, ne0ded ncciti on of ch0mic els , prior to the stnbilizc.tion. 
For this r ea son, ext ensive pr e liminc ry studies we r e r 0quircd to dete rmine the 
compositi-:-n of th e be st suitec chemic 1 mixture . Aft r the recipe wns compounc ed, 
the fi e ld experiment was begun. 

The expe rimental plot wns situate d on the 1 ·ft bot k of Io.usa River in the 
~gion of Epipnny Street (Prcobrrz h nie = Epiph~ny - S) In this a rea, construc
~ion of the iauso. collector drain wc:s begun by the Moscow cano.lizo.tion il.gency 
,'losstroik~nelizltziio." - S) A shi eld-screen ("shpunt" in the original-S) 
lle driven in, after the trench wns sunk to 8 :n. depth, which wr. s the ground wc.ter 
.evel. Under the protection of this s hi e ld, n pi t w~: s b .inr; dug be lew the ground 
later level. It deve: lcpec, however , thnt, on c. cc ount of th e low permenbi l i ty of 
~e ground nne of the upward pr essu r e of £round water, the clay w~ s loosened and 
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!lcquired t:r r e :- ~ s fa fl oat t witr. i!1 a relet i - ly s h r ime . 
df:nt, be f re ::> ~ [ , ho , d e s . it c ir.t ~ !'l!: e excn va t : on , ·i 
.intended e:" . A k i r!d of a .• c ~u ilibri :.: ... Cl? ".' !'l J pcc i.. h' :i t 
e:Kcava ti !~ c oul d lowe r he r.it t: ottom 0 €' 10\'' 0 c r ai r. r.10 rk. c .. e 
chosen for ou r e xr ri rr.cnt ,.,he r jt w&.s :- e <Ju ired o e xc nvat t 3 . 
water le•; el • 

:;u :1 l- r ~ :-. e 

ai.. un o ~ · 

it s ·:;a o;; 
m. b 1 ow ~ r ound 

. To stR~~lize the entire gr oun~ ~ass encl osed withi n timb red walls of the 
pitj the f:lectror es were ar: anged as she-wn i n Fig. 6. Such arrar.'"" ment was c on
ditioned ~y the :1e c es ity of increa s in~ the density of ~ r0und in he en t ire r oss 
secti on of the pit. Distance between the e lectrodes waB about l ~ . a nd wrs 
defined bj· th e cha racte ristic s -:>f t h e c· r c : +- , 12 V rres s ur and G2 kli r ower. 
After 8 ~ays , h cm c ··e r, ~he 1·:or !.: r.ac t.o ) e d · s o. i u d 1·e ~ :l:; , o,.. .. r c · :: y 
or "no-cu rre nt" peri ods ("prostoi") du to fa u ./ con r.ec ti :·, :.; ( 11

- .0 . ta j uc: r ·cu a" 
: "as semb l ey of he aggr egate ". r:y t rar!slat i n:-: may b e inc o:· ;· ~ :-'.. -S). 

Further stab ilization work wrs on~uc te d with th e uti l i~ a ti on of t he 
"electrosva r o hnyi a g(!'egat" (r.:enning ur.k r.o'm1 me . See o t e t Table :;: . ar enc · :--
to the fi~st a rtic le . "Agr r e sa t e " rr.ay r efer also to t h c i r cu it -S), y · ~ : ":te a 
:naximUiil rrc !; S'lre of 60 V. Fort his rens c . . , :r> : ori€;i. al arra r.ge .. . cnts .:1e 
electrorl (: ::; · ·;a~ e lt r ed . Distunce betw ·· e .. · n . -: c t r de s vm s cut dovm ) t ·' c r:t . 

After th o t~l :-- ov: r e xpez~s at aine d 2 k:::. r r m. 3 , t he s t abili : at i .. ·.·I& s i s -
continuer anc the e xcavation was b e cun . 

Prob i nt;s with a r.tetall ic roc showed that t he gr ounc w&s not l i thified but 
has merel y increased in density si gnificantly . It was proposed t he refore t . ., 
install a rrotective s hi eld, fe r the sake of safety (lit. "to create a more '-!\.l iet 
environme nt" - S) curint; the excav'ltion e.c' t he collt::ction of sarr.ples. Ou r 
attempts to force the shiel c into t he s abilized g r ound did not succeed. The 
excavation was berun th('refore ·rithout ti:e rrotective stielc an~ :nc r ely with n. 
very lirht timbe ring o f the wa ~ - s, as the Pit epth i nc r e:ased . 

Diggi;.g through the fl oate r, trans fc r mec , ir consequence of t he s abi li z ~ t i on , 

into a ·1er:; den s e c layey :nass , was :u i t e e c.sy . The g r ound was cut ·...-ith a space · 
and, wh i e sli ghtly moist, wa s l oadec1 i r. to a bu ck t . J...s the c! e ;"'t~ i .c r eased , the 
upper s e c ie; n of h <: n i t w::-. s ir:: e r ed a!'1d he -.:cava tiot ctmt inued . 

As i t ma y be e in fig. 7, the ~o isture ontent of the i t ~ete r'al wos 
very low , ·11hi~h s hows t hat th i walls f th s - fl ilized material were p ra ctjcall y 
imperr.;cobl to water. Afte r t.hc r i t we s dug to f. r.~ . be: lo\·' e: r oun c' wa t e r l evel , 
i.e., to thF e nd of th~ ste biliz d z one , a ~ i l l deeper e xcnvati on ws s ma~ c i~

possible hy the floe e r whi ch, a <> e flui c" h ir: : l y hyd rated mass , ber;an to f'l orc t ne 
pit. 

Sam p L s fo r lat- oratory tes ts '' r·e c o ll c d i. : t he ourse of he e xc t,vati ·or. 
McisturP-con e nt o f h s ·a t.: li zed ~; r ou~c wcs n ou 20% for the u!"l tre atec - up 
to 53%. 

T cg <. t he r w it h 3 nr.~ · e s o f h s t a b il i : e d t"l :) . 
~ound wer e takP.n in p r oxir.ti ty ~o the e led r o u • 

not great, 15- 2 en . 
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Cocpe.riaon o different. met. t.oda or st.atili~•t.ion. (TaOl• 1 !rom :UhU'lit.t.in, B.A., pp. 14·15, ol t.he "Keporta" ) 

llo~hocl Suitabilit1 5aabill .. Uon Application llato al !!qui-nt 
(in roC::~;o) Obaract.erietica Uad (Na.ntib 

illcat.e-t.reat.ent 5and1 growld ; tilt.. coer . 2--./: u re. (1)f!nonoao; 15-60 Y.g . / ._.1: ( 1)Structuro !oW>dationo (1)Na~i0);-. (1)~400 1)Pu.pa ; pr•, up to )0 qt11, 15~250 por •' (2)lllperrlouoneaa (2) Protoct!on o! pito 2.1>-J; Sp. !J' L/• . (al~reulic pnao 
tro• ground water 1.25-1 . )0. (2)• • • (b t,pe •1• (bhoroh) 

(J)Undoraramcl u:cavaUoc (2)CaC12 ; Sp. 2)•Sorpenu•oo) 
!"· 25-1.)0 J)lnjoct.ore; (4)S1l!cato cookoro 

5)EqulpMnt t<r drirl111 in and tor 
· .i tMrewiM tho 

it.u.en, cold 
~- srounn; ru•r. cooJ. ><>->w 
•./24hn. 

\~ l!"'?.,,.louoneas 
(2 )Cohes1veneae 

llJ~creena ana .. ua 
iaperrlou.• to wa.t.ar. 

\~Jt!1tllMD -\ll- l1J:J:.;oo ~~!~-uc f:jt'-~~~!":arponta•- J 150-200 per'"·' 
eion, ~45•; njoot.ora 4)1qulpMnt tor drhi111 

(2 )Protect!on o! pito !ro• portic1oo .001 (2)1-21a. in and tor w! Uldr•1111 tho injoctm a 
ground wa\.er to .00:.0. (per .}i-s) 

(2)CaC12 or 
coi.>l.v ot.hora 

noctroch.-ical 
:.utr-••&~07, c1q07, ana _1ooaa \~l:'_ncroaao l.n. donoity \1)lncroaae o boari111 1 ~~~~.net ourront \~.!,200-100 ~~~~) l~l~~trocloal~n!, 1~50 per •< 
arouad; !Utr. coot. 1 m./24hra. (2;11&ter-otabill ty otrqth ot p!loa and (2)CaC12• llaj04• k.Va'J J)"Sorponto•oo) and 1\rdraullc 

!oundaUono. other oalto (2)1~. pNalel 
(2)ConotrucUon in nuid (per ) 

around 
(J)Contro1 or landalidoo 

..an<l.lri'O.IIIlll....U... 
Fractur.d rock; crack• O. lS... !~/!i"nollthic otruct.ro ll)~rrlouo ocroono in c ... t, not l~•r Varioo \~jfrillo or portoratoro Drllli"'t 50-100 por •·• 

Ccent.at1co (2)lllperrlouonoaa h7drotochiea than "400" arodo witl>in (2 c-nt- ())llb:ora c-ntat!ont 50-100 
(2)111n1na in eator-boari111 wido rona• (4)1'tpoo 

1trat.a 
())Flllins ot cavitioo in 

aha!to and t...mola. 

Clay-t.reat..ent 
Caverr.::ua cr.cked. rock with a l tr.pm"viouaneea Shatto and underground (1)Clay ouapenoim \1)1~!1::~:::;. ~!.:~tll~ C~~t .ill:ll(.,}r~:!uro !1!'111~111• ~100 por •· ••ak na. ot ground nte r worko ap.gr. 1.1D-l. Clq-troot.ont: 1~50 

~~~~ orll.-
(2)5-lOil ot clq cCI\dui t a 

Fractured and cavomouo rock lapervic.liMII l l)Yrotoctioo _or_~~ rro• ~':-~Ill· ~~a ... r u~llrtllill! e<J~1J811\,m~ with Drilli.D&t 50-100; Bi'-
Bit-, hot uad•raro\Dd ••t.er or "IV .. trade ···> proa. up t.o 3D .t.. ())Boiler tor troato.nt: 15-60 

(2)1ator-t..ro.-ablo OCI'MilO boatinc bi-D (4)Drill-bolo aruturo, 
· in lllrdrotochic a wit!> oloctric boatore 

f""Hilll Wnter-sal. groWld and rock Teoporary stability Underground ucavationa \1)CaC12 ~1)Dr1llitl£ equipMnt 100 per ,.,J 
and impeM'iousneea and pits (2)NH) (2)Froe•ina plant 

())Dr1ll-ho1o amature 

Translator's note s : 
•rpogonny1°metr 11

, I Ulink, refers :..o one meter ett.her depth, l en,th, or Milbt; other dt..nt1CNI •ariable.-s • 
"achl ..... ". ... "Serpents" 1a probably hose, tub ~ :'l,l, or nex.ible pipes; the cr1P,nal usee "Sc:hl.a.Dce", a Geran tera, alt.houch there are Ruae1an equ1Yal.nta ot 

~) 11nagnet6t.el " N.:J •an a ~ 1t0rld . .f11 in reverse, to !on:e liquid into eoi l ; Rue. for ·~· 1a •..&.6.• • 
.... )"Electrosv8 rochey{ aggregat" ia "J.tgregat.e eul ted for electrical eookif\£ (or blend!"<? " or •electr1c&ll7 cooked agresate•. The •M'IIlQ& 1• obecure t.o •• -s. 
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