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Latorc.tcry and field cata on electroehc!!:iee.l st~.bi 1 hation of cloys, by 
three Rl:ssian authors, arc !;ere rrc~e~tcc in trnnslaticn. Abstracts of the 
Rus:;ian ra!~crs ~·U. I'C ru~l ished i:• i . :;:;..~· H47 issue or thr. tngineering !Yews Record 
{p~- . lOO·lOl). There exists also a Sr.ll\11 body of !lterature, in C-er:nan and 
English, dealir.~ with the <'lcctroehe:-:tieal stobi !izration and relatetl subjects. 
Ele~er.ts of the elcetroche~.ic&l process '':ere pcter.tec' by Casagranc!e in 
Gcr:::a!:y, shortl~· t-efcre t~! l:1st ·::~r. 

R~~ults of the [ussi~r.s ar.d of others, ineludir.c the ~~r~n patent, appeal 
to ~·c so:J:lC anc' interest inr ace ore 1~- rl~·. ;.;ecb:.~.isr.t o~ t: : ect rochemical 
stabi! i;:&!icr., howe•;er, ap;~ars to ~e sumised :·other thr ·. ~t~bl!.:;hcd. Unles::: 
the ~ect~nis~ of such st&bilizo~! ~~ is underst~od in ietL~ • little prorress 
or.oy l~'! c:vrf'!etcc in ficlc! ar""licat1~~:s of th~ e~f:ctrC"-:hc~nr~ . ~.r.thcd. 

Electroos~csis, e pocrl~ revc~s\ble coarulati~n of the s~il ~olloi~s. 
and i.r.trc·c'uctiC':-: nf r~c:-:qnrec'!:-le BH:mi!:'.r. i~tc- ~he elay co--:-lcx hove bef.'r. 
ti\·c:-. crec!it for t :w ~ r:-un<'-!~it'l~~l;dnr effect:; of r'ircct ... ~.ectri:::al current. 
1.!\lch rc~s;. na t~ he ~0:1.,, ns the reP.C:er ro'\y see, in ~"'vclor '~ .1[; t'ur·"hcr the theory 
of th~ r.tt't~. od. A critical stud:· i:; bdicoted, in tt· is cor. ... eetion. by arencies 
or indivi~uals qual!fif!~ and equir!'e~ for basi: rcse~rch ~-~ soil physics. 
OptUn~~ sched~les for fiel~ treat~cnts need be ascertainec with particular care. 
to S"-lit any ri•:Pf; kir.e of ~~trrirl e:1d en·drcnr.tent. A wide ranf:e of wriat1Cin, 
in such sehcdulcs, is ~est r.erte!nl:: tC' b(• er:ct"unter~~ in ~ealint with materiels 
as dh·cr::e in ~heir co~rosit~~n ar.~ ;'ropertics cs f:rc cla~·s. ~~ny r.eneralita­
tion ~·1 releticr:s!iirs t-~t"een SC'il, electrol::tcs, ~oi::t1.1re, and '!'.lrrcnt Ytoulc! 
be pre~ature if b&scd cr. the Russian work alone. 

S~<-bi lization of cr C".;r.~ is f;. :"i850T en~ir.c•:r ir:r reo} ocic r'roble~ of 
natio:1cl interf·st. rc~<!less to s:l::, !'i r:--,ers, t~. ot failureG ert" to be exrcete~, 
in lo.bor!<tor:; a:1c i!: ·he fie lc, i:, ·Liz :..~ ~·:cl ~ c.:; i:1 n~y oti:r.r kind of research. 
To mit~i~i:e probE>bllitie:o or su-:h fai!urrs. it r..::.:: 't-c r('cox-.ended that investi­
geators ce".·elop tl!c clf.'ctroche~i~ol stati! L~c.ti -:- r. problc:n :-.ot !"lr.rely acninst 
the relatively n&rrow bne!:rreunc or soil t!:echa:dcs, b-ut ··:ith a ct-rtain fcclin~; 
for ~;:oeolocy, :nin<'ralory. pec!olccy, sc.il ;>hysies. ar.d soil che:=:iatry. 
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lolntzev, D. I., ~nd v. s. Sorkov (Nauchno- issleaovatelskii Institut Puti 
1 aroitelsh-a ~"KPS). (Resenr~h lr~sti tute of Com"'!unication3 anc! Construction, 
.... 1••' Commissariat c:f Cor.t'!!unicatio~s). "Elettrohirnici:eek·oe Zakreplenie 
GnntoT dlia Borby S Puchina::ti na Zhe lP,:mo~orozhnom Transportc". A~(a~erniia 
-k SSSR. (Acac!e~:-· of Sciences uSSP.). Soveschanie ':'0 Zakreplcniiu Gruntov i 
Gorft)'h Porod (Conference on Stacil izration of Grr-un~ on~ !:vel'). I Doklacy 
(le Reports). ?.:osna O.~oskow). 1841. lt.7 Pr• Pares £,7 to 7f· . 

•) •rrounc! failures" i:; use" as an ecpi·.-ale:"'at. of "puchi%!& 11 • Puchir.a, a rr11m, 
hit the follc'"inc co:""notations: 

(l) Cer Abrrut!{', "abyss", ctcnth; 
(2) Schwe llen, gud len, nun.P.usc-hen, ir. c ie Hohe 

treiben, to swcJl, tc rise, to s~~ge. 
~·.,t knowin~ t.h!? ~n~act Er.t;li~h ter::t for r1,;.::hina, I hravc ren~P-J"€~ it c.s 
"srountl failure". 

"Zhelt~r.nod~ro:hnyi Tr'6nsport" : "F:aill"&y Tranar>~rtation". is used idionati!l­
a:ly in the ori~inal, to inolu~c coth the syste~ of rail~y eo~~unieatio:~ 
an~ the ~an~ition of ron~ beds. I have translated t~is exrression as 
"Railroaes", 1'rhich is ir.odt::ouBte b1Jt at lccst 'tricf. 

"en la borby" : "to ecmb&t", I r~r.cnrfd as "m.cnns of prcvc,1ti~r", to avr. i~ 
what woul<! ap·--cc.r a reth~r bi:arrc crncntenatir.n of terms. >'tcre I to 
prefer lit~ralness to ser.se. 

Hoter The term ''•oil", poch .. -a, is a'·r:-idC'c ir. the orir.i~al. 11 t:'rrun~". rrunt, 
(pr:m. groont) is usP.c! consist'J:ltl:;. The trr: .. sle.tor is :-':Jli.fN', t.~ . ercforc, to 
•..&se "tround" ir. man~· places ... ,r.c:·c 11 soil" v:o\.i~t' be a b£ttor fit: in;::: tcm. S. 
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The oajority of ,;rcunrls in their fluid (or plastic - S) state hav~ a low 
~•ring strength w~ict is inadequate for the sup~ort of private and industrial 
oODttructio~s. !t is reasonable therefore for the investigators to seoroh and to 

! 4 • .-lop processes and m~t~ods whertby the low b£arinb stren~th could be increased 
: ~the physico-meeha~ical properties of grounds altered, to render the ground 
· .. ll•suitcd for construction. 

Clayey ground, in its fluid state~ is prActically devoid of bearing strength. 
CliJ• cannot be stabilized by methods edaptcd to sandy soils or sands, on account 
ot their low pe nneat.·i 1 i ty to water and of the sr::.e 11 size of the pores. Attempts 
111 euch direction had ~iven negative results. 

A recently dcv€lopt:d e le~trochemical process of stnbilizct.ion of clayey 
around permits suh:;tantinlly to incr~ase the bcnring strength of liquid clays 
ud silts and to inhibit their subsequent softening nnd sw;_ 1' ::··t• 

The electrochemical proces:; consists of forcing a netwl)r~: of metallic 
rods into the grounc to be stabilized; the metallic rods nre l!·ter usee !:s thP­
electrodcs • foll owinr the pcss:- gc. of direct < lcctricul current. the {;rc·.m :: .... e .·"m H" 

more ~ense nne:! loses, for the future, it:; cn~~ .... ity to sofhn o.nd to swell , The 
physico-~hcmico.l proeessc:J induce~ by the curr::nt (.re r esponsible f(')r the ct":ange. 
\tlth these cons iccrc.ti e-ns in min{1

, the NIIP~; K::r-s (Rcsco.rch Institute of Cornmuni­
c•tions .. S) ho.d orGc:1izcd, in 1939, L~p(;rimt;:P. ': s to usc£:rtuin suitrbili+:y of tht: 
e~ctrochcmical method for th€ pr~~entic-n of grcun~ fcilures in roadbcc!~ cf 
railways. -y 
l( In consultction with Professor B. I. Rzhanltzin (the author of the prcce?iO.­
•rticle - S) 

Two 
(l) 
(2) 

(3) 

types of problems were indicutcd in this conn~etiont 
Laboratory studies, with nnd without ~dcition of chemical3 or sclts. 
Experiments in tho freezing laboratory, to ~etcrmin~ th£ swelling pro­
perties of tre stllbiliecd groun~. 
Field exp~rimcnts. 

I St~bilization of Srrclling Groun~ in the Loborntory 
1. Kinds of Ground. 

No. 1 (from enrth bed of a railroad~) Licht w€akly carbonate morainic 
clay loam with A large proportion of s~nd, grcvel, and other coarse mntcriols: 
~rics gre~tly in its mechanical composition. (Tnble 1); the high proportion 
or particles smaller than 0.001 mm ( 1 colloidal cl~y- S) is conspicuous; 
chiefly Ca - saturated (t~ble 2). 

No. 2 (from ec rth bc.d of' r. r!lilrocd). Dcrker thnn "t-!o. 1, heC\vicr-texturr.d; 
with a lnrge cmount of humus; few cocrse materials (locnlly. we~therc~ boul~crs); 
Chiefly Ca-sntur~tcd (Table 2); the o.ool mm. fraction prominent, as in No. 1; 
removal of ccrbonc. te couses u striking incret:.se in the proportion of 0.001 mrn 
particles; No. 2 becomes, in such mnnncr, c custy (defloceulatcd - S) clay. 

No. 3 (collcct<.d at Tzaritzino Str. tion~ n<.cr ~!oscow); contnins much silt 
(79.64~;) and is cl'lasified cs c he cvy, silty snnc!y lcnm; contr.ins absorbed soc!:um 
(table 2). 



~ ~· ·· . ·' fable 1 • MechanicAl compoaiti ;r. CJt origi.."l...l ;..l; •• p!••· Peroeat.. 

10-5 5-) ) 1 :'..-v.5 • 5. . 2.5 .25~.10 .l-,(15 0.05-.01 o.o1-,oo5 .005-.001 .ocl 
Nc. lOan, ~ 1!!:. !!!!!.:. !r!!!. ~~ mm. nm, P..L nm. nm. !!m!. --
1 1.87 ).95 2.52 8.80 5.62 14.58 15,El) 8.53 11.77 14.40 2.80 9. J(; 

2 1.07 0,06 0,12 1,28 2.7b 11.25 "4.88 6.~6 24.08 28.52 1.10 18,)2 

3 2,06 2/56 4.16 4.)0 32.)8 29.78 17.47 2,76 I ~,., 

~. ). ; 

Table 2. Physicc-chemical characteristics 

~ Sp,gr. Vol. '.'!t, 

1 2.88 1.)4 

2 2.66 1.33 

3 2.72 1.84 

% Terzaghi .~ch. Canacity, 
&c:.r.~ -~: ~~.r:~e!f'._9ons tants Swelling 

Porosity ''iater L.L .% R . c.. .L.% P.I.I %vol,incr. - -
coef, C"f f;.J tr, Bobk"J-Askinazi, 

1 i<g./cm.2/rn;@hrs, EH ---=m:.o.e;..: •• Z.;:;lOO::;,;:;.cg-.:.•--

5).47 5.)6 

50.00 5.85 

32.36 2,82 

!!2:. 

1 

2 

3 

42.0 2).6) 18.)7 45.0 o.cxns 

72.68 25.)1 47.37 11).0 0,000)1 

25.85 17.03 8,82 39.00 

Exch~eab1e bases 1 m. e.L100 g. 

Caa.a. M a.a. K.._. 
!!!L__ Na.f. Fe444 .U._._.._ ~ 

21.16 2.85 0,18 2-J J,06 o.c 29.25 

39.73 4.18 2.51 4-5 2.06 0,0 52.48 

4.61 2.69 -- 6.18 3.05 5.45 21.98 

6.4 

6.6 

2C'.l7 

42.01 

, 



S mm. sieve wns used f~r 
.,. wns gc.nE: ·rn lly undertaken 
-.; in some cr .ses .. c.bovc the 
altll•linc~ WOoc!cn boxes 50 X 

.,untel"s. Direct current of 

2; ~-U~Cj)J':[\~9~, ~· thfld~ 

scr~enin, the aLmples. Electro-chemieol st~bil1a~­
Lt moisture-content ~ pprovchint the liquid li~it, 
liqui~ li~it. ET.ne rimcnts were conduct~c in 
10 x 5 em. Some eXJH:r iments were mndr. in cLrc!boord 
110·125 v. wrs used • 

. i . . . 
! Effects bf ~ighcr currc~t dcnsitiea were stu~ic~ in speciol tests. 5 x 10 c~ 

,a.tes of copper (cothoc!c) nnd of aluminum (~r.o~r.), in p~rnllel positions, con­
-'ltuted the elcetro~cs. Expcr~onts wfrc mrdc n1so with iron onodcs. 
, . . 

StC'.bili.zcd grour~ wos t£stec' for stc:.bil ~ ty by sCi nkinr ir. w&tor, without 
•sitction. Disintcgrr.tion (i.e. sloughing-off. s.) 'llf · S nr:r r CiSCl1 tt:ntc tively 
lD percent, so c..s to make- possibl 0 <'rowing of the Sf){·kinf -:- ·.:-v~ s. 100% disinte­
cretion WCS teJten to be the time When the t este r! eloc' \'IOU;_/ ~.- ithcT losn its 
eOheaion entirely, folling into its smnl1est constituents, or woulc slump an~ 
lootcn complC'tcly, without retaining c..ny ser.:blc·. nce: of fcrm or c.~crc[;Otion 

The Attcrbcrg constr nts o.nd swelling 1n ·:,··.t c r were determine~, to f.\sc'ertein 
the effect of DC on r last ici ty of th~ grounc. The ~v!Clling ?:t.s men sure~ by n 
1omewhot moc1ific<1 Filr.tov mcthoc!, in grc..~ur..ted oylincers 10-12 em. in ~inmeter. 
fB w~ s cctermined by the Michaelis motho<' • 

. ' • 

Cho.nges in permenbil i ty of the stabilizo.Jd groun~ (~no~e, cathode) w~:·e 
ftfiiil:t! b¥. the · ~ntrntio'ft c·o·efficlen'ts of Terz11ghi • . . 

. . Incre.asea ir; ~enaity (~s t•. c:ritc:.r·~on of the bearing strcngth.-S.) in th'.:l 
process of stt\bilization .were c:'(:tcrminc~' by the st~mp•r'cvice (a kin~ of a pcnc­
~roaneter .'l .• s.),. opcrntint: .according to. tho principles of Wick'a•) Ne€-l~lc 

•) The Aus•iDDs;· cs f.\ rule,· tran.sUtQrcte forei·p nc.ames with only an occaaion.t\1 
1·! :; ! rcgr.~.r~ to · the spel l'lng· or tne s:oun<' · of th(· originnl langur.gc. Thus ~'lick'' 
· ! =-~ ~·, e'oul<!·: bc Vik; . • Vick ;: Vyk, Wyk, '.7yck, etc., etc. This nnme is not cite~ in the 
:~ · •; fl'VO·i lo'hlc· bibl iog·rophy o:nt*·; therefC>re ,·· my tr:·nl itt: rr.t ion is unccrtn in. s. 
•l J ·. .• 3.' ti~c\ro~he~i~af . str:b~'iz~tio~ in thr: absence of oit1 c~ chemicals. 

~ • , :¢horig~~ . I~ . ~~~~~\y of thp ~T un~, ns m;, asurc~ by ~.'Jick 1 S nee~le, onr' be­
!~~i~UT of . stB.~q:i~E!c! ,;r~~~ \~ ,' thr: p~es r.ncr of wnter were the two fun~amcntal 
criteria or thE: effect'i\reriess o'f stobiliznti on. Stu~ies of the physico-chemiee.l 
and cJ1eruico.l_ pro~~e ~~~s .tckirtg ,p l~~t.: . ,t,:l\l.T.~~g- t ;,") s tfl b\ lizut ion ¥.:<" re eond uctecl at 
t)\c I.ns~i'~\ltei of ·c·o~~.ieati.oris, ~ ·the· Ct:oir of Scil Science P.!GU (B. V. · 
Tolsto}>iD:'tov)~ · • · · 

.' . A ~ig~~~~·.a~t ~ow.;;ri~g of t~E m.o~stu~c-content in st~bilize!' gz:-ounr ~s 
;i~~ i~ exp~r~hts. :n~us~ratctl' ·'l?Y. f~guros l-3. Pt; r;r the anode .~n(~ the cathodes 
"(except.4) this· l'ower'ing· wns olinost 5Qfo. Exr·~ rimcnts in the ub3cncc: of llc~ clec! 
chemieals .. inls.~ s~ow o ~~e.r.int of ~ot.h the liqui ~' limit nl'\c' th.(; plosticity . ~ncelt. 

;~c l~cr.ing . · o1; . the r- la~t.ic.i.ty Jnc~,cx i~ . cs;>c.cinlly con,spieuo.us in 'expts. 85 and f 
(.~ig, . ~ •. 3l.~ . :Swcll.ing. -~~ c!ijn'inish.~~ n~ both ·.moc!o one·· cathoc!c. pH of th~ .. 
~~-b .ll lzet' .tr:O~nt! . ~r;ie~( nsc.s rcg\(ln'rly from :::n()I'C 'to CD thod e" (frOil .3e2 to 7·.6) 1 

. 11 , • : : · I .· . . : : -.3"-



. . . .... ' . 
t ~:·l"tJ . ~.· 
.elcinte rmcc'1nte in the l'ili~ • 'lc pArt of the ~ ~m nl c . All stcbilitcc' sc.mplcs •rcre 
t~tt-tl for stability by soukin~ in vmtc r. The r esults show~ c' thr. t the anoc'C' one! 
~til oathodl": zones we re t.he most st~.bl t..· ones. ~ti r' c'l c port i ons of the sample, 
~'n the elcetrod~ s, ~av~ somewhat l c s ~ so t isf~ctory r~sults, althou~h the 
·tlteot of DC wns mnnifest even there . 

·~· ·. !ho pr.netromcter• tests in~ier: tee' s ifnificnnt increases in cenai ty both in 

.~ orlcinoi hcs 8 stcmp11 , mcnlling the hie1C's needle. - s. 
·ir uo~c nne! the · cotho~c zoMs; the incre-ases wc, rc someWht'.t less sign!rlcont 
"tween the olectro~ cs • 

t. l'cetrochemic~l st~bilitation with n~f iticn cf s ~ lts. 
(r.) Calcium chloric c. 

These exp~riments, as well QS the former o ~ cs, without the ~c!~itio~ of 
lllta, show~tl tlccrenses in moisture•content, s~~ :l ~i~g, an• plnstic i ty. pH trend~ 
•r~ likcv:isc. similr· r3 3.4 to 4.4 at th (; nnc'.~t.: , ; r !".cually incrensin~ to ?.4 nt 
tlae cathode. Str.bility in water indiec.tc c' i:::pr c•:cc qunlities of the grounc:', 
,articulBrly in the l!c~thoee zone, ~s comr r.r cc! vr ith ·.:he [roun~ stabilize<! without 
tho ocrition of chcmico ls. 

' l Effect of the vr.ri ~tion in current l ensity (frnm 2 to 9 millicmpercs per 
-. cross-section) on the stabilization w:·s ~tuc'icc' in grounc! No. 2, with the 
flt~ition of 2% CoC12 • Current pressure was m:d:-:·';nined at about 120 V .- The 
ltrength of current wns c'C'tcrmined by the indicr, ~ ( · ~ current density. Duratitm "i 
tbc exp£rimcnt was 93 hours. The groune become hcctcd, \n the c~~se of the 
.~crimcnt, to vcryin~ c7.tcnt. Thus, in ~xpts. 44 nne' 45 (ccnsity 2.3 m.a./cm.2) . 
tberc was no ap~recicblc hentin~ of the grcund. In expts. 46, 41 (4.5 m.n./cm. 2 ) 
thcr~ was n slight hcctin~ effect (30°C.). In cxpts. 48, 49 (6.? m.a./em. 2 ) th~ 
h .. tinr wcs ~rked (60°C.); Intense hc~tin~ or the groun~ (up to 80°c) was 
Gbsorve~ in oxpts. 50, 51 (8.9 m.n./em.2 ). 

Dct -;: rminotit'ns of the filtrr.tion coc.ffici . nts of str.bilizcC. grounc!. in this 
croup of the CX!'erimcnts, merit our ~ ttenti ~ !" ( fig. 5). The filtrntion coefficitt 
ot the ano~e wn:s hir.her than f C'r the untren tc<1 groum.', tenc' L'l~ further to increnst 
With the increase in current ~ensity. 1'he crthoc~e zone, on th~ contrcry, showed 
1.5 to 2 times c:. s low a pe-rmeability (ns the untrec.ted.-S.) •. The inc.rcnse of tho 
ftlt.rntion coefficient at the nr.o~ c shoul~ ~;t r: xclain~d by chnnges in the micro­
itruetu.re un(!cr the in~luencc ~S the current. 0~? should con:li<!cr the rrcponder~ -
8bcc of c:xoh~.n·r;eLblc H one Cn at th e r.:.noc: c .• :~ t.hi:. co:mcction.-S). The lower· 
ing of tht: filtrc.tion coefficient nt the c:;. t ho .-!c , followinc; the incrcnsc in 
currc!lt <!ensi ty, is cxpln inoc' oppr rcntly ns o r csul t of the c~to.phoretic phenomen1 
ill the course of thE: st~bilizat.ion (Rzhcr.i't~in reports absence of cataphoresis 
ill ccmpcrc.blo cone! itions.-S). 

In considering the 3oc.king tests of t. "l :i. s ;_; ( ri cs, (fig. 6,7), it may be ao£>n 
·thr-.t the properties of the cc.tho~c zone hr. <' r 0"1 ~ istently improved an(; tlwt tho 
.crountl ha~ becom~ wr.tcr-resist~nt, for all pr ucticGl purposes. A pcculinr ln~~e. 
' like relationship is inc:icc.tc~ for the nnoc~ c zcne . nlus, in cxpts. 44, 45, the 

-4-
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I <# ~ -. '(?: -. 
~disintegrates (in water) very slightly; in expts. 46, 47 give unfavoratle 
~ts; expts. 48, 49 show prnctically r.o disintegration; expts. 50, 51 give nbain 
~worable results • ... 

;·,. 
}!:·. (b) Sodium salts. 
~ t 

1 
~ fhe series consists of three experiments with ground No. lt expt. 42, with 

. .litton of 2~ sodium phosphate (tertiary?•S); expt. 43, with ad~ition of 2% 
~ua phosphate and 0.1% of phosphoric acid (percenta!os of the weight of sample 
.--•• s); expt. 32, with addition or 1% sodium chloride. 
~})·: 

.,, The series is choracterized by a higher moisture•content of the ground stnbi­
tbed in the presence of the ~hosphates or sodium, in comparison with (round 
_.bllized without the nd~ition of chemicnls. Liquid li~it ar.d Plasticity Index 
~also increased, even in compnrison with the untreated semrle. Swelling was 
•tdaiahed in the anode zone but rose abruptly at the cathode, in compnrlton with 
.. untreated sample. Swelling wns diminished in the Qnode zone but rose Qbrupt~y 
at the cathode, in co:nporison Trith the untreated e;round, - an olmoat five-fold 
~rease (fig. 8 & 9). pH tren~s arc regular. Od in the prcc~eding tests. inorens-
111 toward the cathode. Filtrution coefficic~ts (expt. 43) of the stP.bilh.ed 
~d oppeor the scme ns in th€ previously described tests with the ae~ition of 
cblalcals, i.E. the filtretion coefficient is higher for the anode thon for the 

r •thode zone. 

I .::;. the wo~cr•stnbi li~y (sonking) tosts in<!icnto:: e. ~e.ir stcbility of the nnode 
. Ill of the 1nter-electrodc zones: the cnthot'e z cnc dlsintegrott:s within a fe~ 
: lalura. The behaviour cf the cath o~e ione is explr. in«;d by unttlvoroble effect3 o~ 

_.lum ion ond of sodi~~ compounds. Other properties of the ground (moisture cor­
~. swelling, plasticity} ere in line with this cxplan&t~on. 

~e conclude, by woy of o sum~ry, that t~e entire complex of properties of 
ltabilized grounds eon be arrnnr.ed in the following ~escending s~ries: the best 
bdlcntora ore given by grounds stabilized in the presence of CoC12; the next best 
are for the ~rounds str~bilited without nny ch~miccls; the poorest ones belong to ; 
the sroun~s stobilizcd with the c~~ition of sodium sclts. 

5. Stu~ies 1n the freezing lubor~tory 

Grcund fni lures in rc Hror.d beds ore quite injurious to the trc:nsp('rtation. 
ft.re exists a number of wnys to gucrd ngoinst such' failures. The most suitable 
Mthod in practice is insulation ( slng end other t:,-1-,ea of coven ng). These rr.cthodl'! 
U..ver, require redueti()n in trnin spe. d r.nt' t:v ·; n r. stoprnge of tral. n movcm<'!nt. 

The electrochcmicol process r~quires no interruption of trnffic nnd is 
teohnologicolly 8imple. The meth~ t~creforo, ~s the meRna of preventing ground 
r.tlures, ap~ears to be p~rtieularly intcrosting. 

In ('.ddition to the previously described st•Jdies, \Ye hovo worked with the 
.. lling properties of stcbilized rrounds i%1 .: h0 freezing lr.boratory nnd in the 
tleld • .. 

The work in the freezing loborotory consistec! of Ulo pPrts: 
(l) Studies of the migrction of moisture in stnbilized ground, rs a factor 

directly rel r· te<:! to the grcunc' foilures. 
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(2) Studies of swe11int properties of stabilited ground. 

(a) Mi[r&tion of moisture 

.··•· Ground was stebil ized ir. cardboard cylinders 25 em. in height and 10 em. in 
~ter. The cylinder bottoms were perforated, to coftnect them with the source 
tf1101sture and to permit the upward rise of moisture (by eapillarity.-s.). Filter 
~r was ~laced over the bottom of the cylinders. A metallic screen, with 1 mm.2 

·.pai~a wns placed ow. r the filter pep: r. This screen v1as loac!ed over the screen. 
ae JDOisture-content of the sample wns close to the liquid limit. The anode was n., 
•l•inum disc (placed on top of th(' snmple.·S}. At the conclusion of the stabili·· 
,.tion, the alu~inum disc wa3 removed end the eY.~osed top of the sample wns cove~er. 
"quartz send, to min1 '·he the cvaporction of moisture. 1'~ e cylinder, after such 
tnatmt;nt, we.s rea~y for testinr in the freezing lnbore.tcry. Cylinders loadec! witr 
•treated samrles s•, rved es controls. Cylinders with stabi: i ::,(..d ground and the 
eantrols wc.rc placed on top of filter pn!'ler over wt·tcr·snt'Jrnted snnd, in a bat"!. 
loth cylinders an~ the bath were: pl6ccd then into a \·roodcn box, on top of a 3f.- ill 
~ la~r of ground cork (to prevent freczinL :rom be low). The space between t~0 
1Jlinders ond the box vn:\lls wns liiccwise ril lo d "Hi th ground cork nnd only the 
topaoat pe.rt cf the cylinc!E;rS ren\nined expcs ud. 

Thc.rmometcrs WLre plr.cc~ insi'=:e samples, nt 2/3 depth (counting from top 
•~•nrc). Tcrepcraturc at this <!cpth Wf.s ~cintnined. with fluctuations, between 
oetc and -o.s0 c. 

Five scr ic s of experiments were conctucted wi 4;il groun<! No. 1 

lst --··-- 24 hrs.' freezing 
2nc --.---.. 72 . " . " 
3rd ----·-284 " " 
4th ·---·-336 " " 
5th ·-·---672 " " 

Every s c !"ies contt.; inc<! unst(l bi lized groune ( crmtrol), (roun<! st~bilizec' 
Without chemic" Is, nnrl rround stc.bil izcd wit~ th r r.c~ition of 2% calcium chloride. 

At the en~ of the experiment. the cyl in~ E. rs W(;rc cut open r.t the joint nnd 
e&mplcs were taken for ~eterminetions of mcisturet ncar top, in the mid~le, and 
at the bottom of the column. The lest s~ries (672 hours' freezing.-S) wns olso 
tested for stcbility in water, swelling, nr.~ rlf\sdcity, to nsccrtc.in the influ· 
ence of the low tempcraturc.on the stabiliz ~~ i0n. 

Untrc~te~ controls nnd snmples stnbiliz ~ without CaC1 2 (the ori£inul has 
1chen:icnls" .-S) have c!cvclope<! horizontf'.l 1.:-. ,,•crs of ic<.:, up to 3 nur.. thick. in thr· 
loWer thirc or the column. Such lnYEiTS of .:.c<. were observed in all the Sl:ries. 
!heir number an~ thickness varie~ with the t;mc of exposure to freczin~ tempcrn­
turcs. In samples stabilized without C&.Cl/J, =~ act~ition to thu horitor,te.l leyers 
or icc, ot.ht:r layers, at a certain nnglc tf' ·.h•. former, were r.oted. In s ·t:mple~ 
atabilized in the prt:scrace or CnC12, the lC(.; L'tJ •iC lopec! only in the form of ~mal.~ 
1~ivic1 ual lenses in the lower third of the 1}olur:m e.nd in the form of a ve;:y s .. tt..l . 
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' 0 0 .... r of lay~rs, 1-2 mm. thick, at 70 -BO angl e to the bottom of the cylincer • 
..... ··latter -:toulr' £;Xton~, in places, to the rnic~lc of the r.olumn, corresponcing 
te~e · complete (nn~ thorough) frc(;zinr, of' the letter in the 5th series. (Meaning 

I
. ori~inal is obscure •• The authors ou~ht to hevc he~ untreated controls 

nin« 2% CnCl2 only. In the absence of such controls, their compP.rison of th~ 
~ CjC12 columns with the untreatc~ is not vali~.-S) 
.... '¥:~ 

i •·:jable 3, Surm~arhing the fr~ terminations of rr,ohture, illustrates the Ch8rr.cter 
~~ upwor~ migration of water. A clefinite re)~tionship is in~icate~ between the 
~ion of freezing an~ the moisture-content. The most abrupt increase in 
~re is shown in the column stnbilizce without CaC1 2 • The untrent.ec controls 
.... aext. The k ust chf:nge is in the column stttbilize(' ir. the pr.;st:nce of coc1

2
• 

IIIN• trenc!s correspon~ also to the swelling tenccncies \'t!·i c :~ "till h.c riscussec! 
later • . ~ 
(ti 11 ~ifficult for me to sec the. =tcvantrtr.c of re!'ortinr; r.:~rc than three si~nifi­
tllt figures here an•' elsewhere. The <'ctcrminr.-.tior.s thcr:tsclves ore accurate, 11• l fJ~ 
-"expensive super-precision m~thocs r.rc usc<.:# only v:ithin the first three s:. ~-, ­

~lcont figures. Two significant figures urr goo~ encugh for the interpretation: 
... , 

(b) SVIc llinc 

~ · · Str..bilhction methods en~ ~repr..rotion of S'lmplcs for freezing were the stn'.e 
si~the migration of moisture stu~i,.s. Trer.tment consiste~ of nlternating free -: ir..-; 
W thewing. 

·A "swellm<:ter" (puchinomor) wns inst~llcr:! on tor of the column (no snncl cm•cr· 
bcWcs us~~), to rcgiat&r the extent of swelling. The instrument reo~ings were 
neo!'{"ed daily on the scale. Tempe rn ture wr. s thr; Gt'me as in the mois turc migrat i or. 
~1es. Tcmperr.ture wns measured by th~rmometers, at 2/3 depth of the column. 
tq.riments were eon~ucted with ~round Po. 1. There wr.re 8 cylinders in the sericr 
I ot them oC\ntnincd ground stnbilizecl withcut ehe!r.iecls; Z .. ground stnbilized ~n 
•• presence of 2~ CnC1 2 ; 2 - groun~ stobil iz:ec in the rre scnce of 2~ t~nC 1 O!:.c.' 

CICJ2 . controls, without the !'.pplicntions of electrical current. The orly val ic! 
O~rison in this series is between the untrcntr.d rnc the OC - stabilized 
(Without chemicals) samples.·S.). 

The experiment lasted 912 ho~rs. The columns were ~t n~cntive (below 0°C.-S.) 
t~rature for obout 600 hours. The rcmnin~ t r of the time wrs r.t posit ~ \•c -+: •. :m· -'r· 
aturoa (above v°C), in the eltcrnr.tint: free?. \ :- ~ ~ ~ ~ .; tnr.winc;. At the end of ~ . :-... 
tzpE rimt.nt (after 912 hrs), the cylinc!4.:rs v:r; :- . <:. ;~ Qpcr. at t !·;c joint unc! s!·· :-- ;• 1 ·, :-> 

1 Were taken for anr.lysis from top, micelc, t;nc' ~ otto::t of ever:; column. Nois i.t•r\)-

1 

oontent, swelling, stability in wt. ter, c.nd r l:..sticity were c.:.t~rmined. The ic ~ 
la)ora W( re of the sc.mc k i ne! ~. s in the Vlf ter rni ;ret ion stuc!iC;s. The srmt:: chnrne­
terbtics Wl.re notcc! e:s proviously: the c. bs ; l'C0 of horitor.tc.l lnyers of icc in 
tho columns stabilize~ in th~ rrcsence cf ch . · ·ie, l s, on~ the presence of but c 
illall numbor or almost Vt;rtic~l lc.ycrs. ?.l,l) i -; ' ... r ·-content of the loac's bcfo:-c' L-h€ 
ttabil iu.ti on wr.s 44-45%; moisturc.·ccmtc,nt of' :. :. : . h lizcc grounc! ranged from :.(1 t c 
~~ increaG ing from cmcx!c townt"c' c'lthoc~ e. 

ThC; swelling properties of the invcstigQt&d m&tcricls offer consic!crcbla 
~erest. i'Jhllc the untrec.toc! grrunrl sweller~ to the extent of 13 mm., the groun~ 
·atabil hec! in the presence cf chemic~ ls showec' practically no swelling, (fig. 10) • ...... .... 
~- ! -7-



(It the depth of columns w~s 25 em. • r· s imp lice! cr rl icr il" t he text, if the 
•,-ll•meter" rcco~s only the V€rtical cxr~nsi~r., if there is no swelling in 
.... ~ircctions, the maximum SWC'l!ing Yr.'S 5.2~., r. s nrainst O.o()% nnt! 0.141! for 
ft.'othcr s.•S.). This cnn be hr.rcly explr-.incc" by the frcE:ting point-lowerin!, 
ti•to the s£,lts, as c thorough fre,;zing cf t.he mass coulc be observed townr~ the 
·flil.:or the experiment • .. 

':; ,Explanation of t.hc ('iffcrenees in swcllir.t; is in the chnrnct(;r of the lcyt::rs 
fl· lee. Intensive SYlelling tnkes plr.ce in columns cevel oping growing horizontr.tl 
ltrr• (unstrbilhcrl grcunc!). ~•here th£: horizontnl v~y~rs nrc r.bst.:nt, th<:re shoult' 
~ ao swelling. Verticnl lay~ rs of icc cnnnct pus~ the Gr~un~ up,vnr~ (srount' st~­
'lll&~d in the presence of nc'c!cc! s~l ts). 

Durabi 1 ity of clcctrochemicol st:· bi i izr tiC'n 

The aim ef our investigr\ti on wc.s to observe effects ef the following llgents 
oa thE: stc.bi 1 izec! gr,unc, t 

-· 

(1) Tnp Wt .tcr (se:1king t-.:sts); 
(2) Nrsccnt cr.rb~ni~ ~ci~ (scnking in co2 - snturntoc w~ter); 
(3) NnCl solutions; it wcs ef interc;,t to fellow through the possibility 

of exchc.ngc ru.ctions nn~ of the unl;lesirP-blc effect of s~ium ion 
(sorking in lN NnCl) 

(4) Alternntint; ~rying r..nc' wetting 
(5) Incro:?t~.sce tempcrnturcs. S&:ne r.s 4, except th~t crying, to o 

prnetically constr.nt "'eight, wr.s cnr:·icr' out in :::.n oven at 50(-~(·" ... 
(6) Alt.ernr..ting fre!-zing on~ thawing. St.:.me srmples were u5e<! thot ur.~d 

usee' in the fref:ting 1£· borr.tcry stur1 ies. 

. Soc. king tests with stcbili zef grounc' !'". 3 indicate th ::~ t the r;rcunl! behc.ves 
·41tterently in c*iffercnt solutiot1s. Disintegration in C02-snturr.tec' woter 1s 
&uerclly rctarde,1 for snmples stnbi lizcd in t.~c presence ,..,f Cnc1 2 or stnbil izcr' 
trlthout salts. Possible rcusnns for t"' is rr.r.=: be snur.ht in ~cconclnry chemicn.l 
motions between the C03 r.nion and, chie!'ly, the c~. tnor'c zone of the st~bil. it"'L 

·~ple, (in t. C02-soturnte<! WP.ter there is v~ry little co3-- but, rel ... ti•:cly 
·•P•king, a lot of HCo3-. Dissoci~tion constt.nt for the first h.yr;rogc: n of H

2
co .. 

I -7 -1"' .) ;la ~.5 x 10 ; for the sec en~ hyr' rogen 4.4 :x 10 ;.:: .-S.) occomp~nic;c' b!l for:nntion of 
' ,t•fnting precipitc.t€s in the form of c~:rb~n> · t~s or calcium c.nc. mn~nesiu.'!l. Alt£r­
~t1ng air-drying ani" wetting of :;tnbilizet' ~r: · 0 · u:c inc'icates a ~£-tvrioroticm c" 
llllter-rc:sisting prop<'rtics of the ano~e zo~e . • ·.:..11 ~zec! without ac(1 itirn r-f :·h~~i. 
~ala. The cathocE" tone o.nf the intermo<:i{·.<-,_ . ., ~ - ·~, __ ccntr&ry, show n eer4· ,-~ i· -

,1aprovemcnt. Grounc' stP-bilizr~c1 in the pr e~ · . . •.• ~ f sc lts shows a mttrkel' i~,·~ ~\")re'l · 
'ill nll zones, uftor (<ltcrnr' tine: •'rJing r.n..' .,., ...; i.t~!f.> 1'his is espocl.~:~.lly nfi''.;,c~·:: o 

-~'J>licnti.cn of r. hii-flcr <'rying tcJTtpt-ruture (sr·. f1 -c)O;JC.). Following the latter, 
Jroun(, stobili:er~ either vtith or without the .. · lts, chc.ngcs its behr.vil'ur in thA 
Jrcscnce of water r:nc' becomes wc~ tcr-rcsistt~ !"~ ' · 'un~or.knblc"), for nll practic-0.1 · 

__ )urposes. On consi~\.rntic>n of chl'l ngcs i.r. H · -·)r ·. r'ties of stabilizer' [.rrt.:n.~, 
ollowing its gro.c!ual cryinb r.nc n subs~qu r J, . • ... .. .. :,g, leo(! us to r..:gnrl-4 fA c ... r+;~5t't 

~ ount of r'rying is bcneficiel. Such c'ryiqt, t J~~ r.mtly, brings about eom£ :ar• .. , ,-;. 
~11blc chcnges ir. the ecllcit'r.l system of the ~;rcunr (which w~s r.10~ifiec by the 
I 

.. 
. i 
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Table 3. Migration ot moisture (moisture-eontent of samples aftE:~· f.L eezing). 

Dlration Untreated Stabilized without CaC12 Sta~.: 1 ~ 7.erl •i th 2J CaCl2 
ot exet., Top IIi dell• Bottom Top Bottom Top Bottom 
hours (anode) (cathode) (anode) IJiddle (cathode) (anode) Middle (cathode) 

24 44.11 45.43 45.52 29.47 29.28 31.62 33.39 34.61 37.00 
72 42.30 45.68 29.25 31.95 33.53 33.56 35.45 

284 41.93 46,98 46.57 ')0.74 32.73 38.56 34.45 35.73 49.18 
.336 40.36 61 ,41 51.38 30.05 35.85 53.86 
672 40.65 44.37 41.03 29.96 JC. 71~ )). :~ 3'!. . 6!~ )4.34 36.87 



ln~ucE:; hy the eloc:trlcc.l current), rcn~crins tt more str.blc in the 
••cte of wour. 

groun~ is timinlshec mArkodly (tic. 11, 12) ntter 
Plnsticlty 1neex tend• oleo to eecrease, particul~rly 

11. lteobilhr.tton in the tiolt! 

: .. A plot wr.s aclectc,~ , for cxpcr1Jft8ntnl purp01e1, on a certntn raUwuy line 
the tro1t heave (the orl£ln~l hr.a "~Wlltnc h_,a• •• s . ) rcachea S7 em. hci ~!·+ 

• .. rtnin ,er·.rs. 

it~blli&ntion wr.a co~ucted in a timbered ptt•). th6 ~~tt~ or the pit lies 
u I ( 

iJ .... ~ iera I. *iotlOYan1 • file Gurac.n equlVfllcnt or lotl~Jl Ia Pf~hle&aun­
.W~•a Bruckonptellcr. Jr choice ot "tlab~red ptt• tor •tntlovan" acy not be 
..... ther tortunr..te.-s. 

' 

•the aa.c level n1 the rnilro~~ b~~. The kin~ ot groune in the plt on~ in the 
bee! ot the rail ron~ 11 i~entica 1. S·.ve ll ins of tho bcttoaa ot the pit ia 

..,_ aoeewhat lllON Droneunce<, tbr..n awellirl! r.f the rr. ilr·ot.d b<-'* ~cveloptnc nt the 

.. tiM, aoc(\z:dln&_ to cb1e~ttoraa ot the Grount:' Failure ltntlon ("awelUnc 
••t~•, •puohllmala atttntaita•, in the orictrml.-t-;. ). A re~c'llh ,ell ow clny,.y 
.. talc lOll ooouriel the bntt~ ot tbl- pit. Tho lOll ~Ndea, at 1 IW'tcr ('~!I h • 
.. a hlpl)' terruclnlze~ clf'y loaa ("lrtmetenet:), deuel7 r.nc! tinl~ oement.~<·~, 
· NDtl)' b)' iren Cfllft~('Uft~l, Which Ctmltltutel the bt.'tt:"''l•) Of tho rtrat Wllte:·-

ltablllaatinn Wl'l conf'uctec.' t\1 f"ollm"IS. The bott-. ot the rit W(tl c'ivlc'et! 
lito tour aectlons. Tbf. first acction wns st[ll): li::ec' ift the presence cr 0 .F.~ 
lttld linCh the 21\1! • without ch,mic!!laJ the 3!'l' r -::.m.flifte<' untrc:ct"'~' the 4th \f: s 
~blllaed in the presence ot 0.2~ CQC12• 

Iron roda ~~ pl~s, the electrodea, wore ~rrnnge~ chess-board raahlcn. 

·· the entire plot waa •tered r b\lftt!l\ntly fC' .. 2 r•r.va, before thf. electro~oa 
-. trtven lb. Sections entcftto~ tor the. r.<" r • ·.! "':, >f chemicals t~c:rc 1-nrrcr;'l ·:~" "'·• 
lith appropriate aolutions. 1n the c,urse en · ·. r. '·• r<, the ~cctions wc.r1: •r t ."! :-··' 
... t!Ma r. d~y. lloreover, ~he t.ne>t!(:s w;.r{j !'!. · ·.:.·:-.~ ; ~ plpea into wt-lch T:.; r,_ ·· - t· ... ;~' 
• ~pnroprl!\te solutiona. 1hus the elf.ctro ... r .. ~~osla \1'11.1 E~naploycd to lntrc<'uco E· · • .1t 

~ the p-cUDt.. 

~~ Tho de1ree ()t at~bUl&"tion wra juc'gc.~ l.v ·.:h ::: r"'i.l(:trCJKter ("stemp" in the 
~lnal.•l) teata. ~finlto roeults coul~ i.• ... i· ·~ . • i"l-ad ~cwn to 0.75 mt·tf"r .. ~,· ~ ·'h, 
.-olt!ctrodea are pullee out, after the c:<7' ·~ .:.: ::,..t, by r rravlty ~evir.<:* .~, ... .:. l:. ~. · 

.- I • ' 

'lf~za* la t1ii f'rtct~~t. I r1o n"f&.,W thc.·.:·:-;o--rm~· ntr., t~f ttils ttJril·.--tt~·-- -· .,_11 equi~lent1 ere 'c!ie lchwere, Lrat, clns t:'rewlch+..-s. 

~,-~ .... the top ear' ot tt.- ret!. ·~lthout this r•14' the elt'ctro~e•, p~rt1cubrl)' 
D~t be ,....,.e~ • !h6 reiiiOftc' ~leotroc'ea ahcwc~ " oertala 1\110\:n·;; _,_ 



---- ----- --- -- - --·---- --~- --~--------· ---- - ·- -

-.JII&'IJ• The M('C' cs were c~rr~dc<~ aP.vercly, cspecir~ lly in sections with the 
The ne~tive poles ~ere pr~ctically unoffectc~. Determin~tiona ~r moisture, 

r.n<~ r.lr.st1ci ty lnt"ic~t.:~ signlfiocllt chcllrca, ill cM~pcriaon with the 
crcun~a pH increase~ reculr.rly towcr~a the cnth~ea filtration coeffl• 

wre o.l tcrec! mrtec'ly tor the at~bllhec! P'OUnc'• these ch~· npa nro in accord 
r~sults of the lnbc~tory atu~lea. 

loakinc teats of staalples fJ"(')a the Cr.Cl2 acctir,n yiel~ee co~ reaulta. !here 
·---·· tlcally no chr.ngc in the cl)urac of 500 c!Ayl in n clot' unc!er water (tig. 1~). 

lit~ cvailable up t~ Februcry 1940 c~nflrm the frEezing lnborctcry reaults • 
... J.a fr~m l~w€r tho.n grount with the a~dltinn of CaC12, n~! pr.rtlouk· rly of 

(from aecticna lar.~ 4), swells to a leaa~r extent than gr·~~ fr~ the aec~nd 
laird sections (fig. 14). 

•'! 

III. Geftfrnl conclusions 

!be electrochemical methed rf stAbilizati on ia ~ r~·· mc~h~ ot improving 
· phralco•chemtcnl on~ mechanicAl pr~p~rt~r~ of th~ gt~un~ by the mecna ~f 

c' rect electricAl current • ..... --~ .... ccsstJs ccuscr by the currcf!t 1mprr.vc w~ ter-st.flb-illty r.s well c.s mechnnicol 
prcperties of the croun~. Th£ reaultin~ ~~ab111r.cti~n is n~t the aome f~r n~l 
~ea. The beat r~aulta were obaerY~~ ~~ ~~noa in rroYimity t~ tho electr~~es 
lttectlveneaa ot atabUhatlon ~epcnc's ~.cw:-;el~P nn the kln~ ot ~roun<' -:.rtc:' ' •r. 
the at~1tion of arlts. 
~titioll ot calcium chlcric'c stvea th~ beat rea~lts 
jtr• 1 ti <'ft ,r so~~i um chl r.r lc'c c~nn~t be rt:co1M'Cn~c ·~, in the r. pp11oot1m c-f -q,.~ 
electrochemicf\1 mctho~, t.'ft nccf:'unt :!f c-.n unfnvcrnble effect "f the hlshly 
h~rotc~ acetum ion in the cath~a aone. 

(1): !he use of iron r.nc~es, in plnce ct nluminum, mny be recOI'Iftondet~, tor ect)n,mu· 
~-. 

l'£01una, nlthough they ClVe slightly inf~rlor roaultle 
(f)' MOisture movement sturiea in tho frcc&inr lnborntory showec' ~iftcrcncea 

·· betwet.n atnbllhc,~ ar.~ untrerte~ gr~ur.:~ . 'l'hc rno"'ement cf 1!1-,iature wr.s 
ret~~e~ in tho furMCr • 

. (1) Stul'ioa of greun~~ swelUnc, in the trct: :. i. ·:; l ~· borc.tory, inc'iente~ c. c!ir .• h .... ~"l~f1 
awellin& in ,;roun<~l atobilhc~ in the presence o!' o··~· et' CnCl2, nne pr rtilllAl 1r1, 
llaCl. 
lteault• or fielc' tc::ata nre ln harmony with tho lt•b~rr tory tinc'inrs. 
PreUmiDRry economic rer,sona nllow us to "'msi<'~r aultt.tbU ity of th~ elee+ro·· 
clu:alce.l Mtho~ fer economic usc in c 0111n ;n ... r r[;soa. 
!he pawer plt'.Dt required for the olc•~tr · ·.~ .. · •·-i : ' · • strtilit!",ti ·"'n aht.:'· t:t ~ t· ·; .t· ·'\,; 

the tcllawinca 
A DC cenerAtor, troc:: tr(l!ll a hort c-i : : : _ ts a 
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Ji;fLtENCEL BY LE:·~SITY OF Clli~:T. 

Nn. 44 not s;:own f~r the cathode j 
No. 1 s 48 1 50, 51 foll~ the he3•r,y line 
as a band and si·.ow a prdcuc~l absence 
nf the disintegra~ion. 

JCO 

.. 

( ShoyJ.cl ... bG 
c.-m .• ..,;, ) ........ 

... -... 
~·~ m.:!./cr:. ·> 

·J.--. :;:: 
.. 5· --- . J 
46--· ·4 
:.7-·-5 
4S ·- ·--6 
49--7 
50-··8 
51--· 9 

' 

Fig. 7. DISINT:.OGi~.t.T~ Ci-1 OF C111~iO!E I:-.. J!lT~ .:.s ··· 
INF' ... I.ENC!D BY L&;SITY OF CtJu.c.E?;T. 
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