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A Soil-Textural Study on the Thixotropy in soil

Hideo KopasmI

Many investigations have been being done on the thixotropy in soil, but it is very
difficult to make clear the thixotropic phenomenon correctly, because the different
results are given by the different measruing methods, even if the conditions are the
same. The author tried to find out the reality of thixotropy indirectly on the basis of
the orientation of clay particles.

There are two types of clay soil structure; flocculated structure and dispersed struc-
ture. The term of flocculated structure refers to a structure in which clay particles
are arranged in a more or less random array, while the term of dispersed structure
refers to a structure in which clay particles are arranged in a - more or less parallel
array.. Particles in the random array are linked each other forming somewhat a rigid
structure. Therefore, it seems that the thixotropy exists when the parallel array
changes into the random array by the energy balance.

If the clay is compacted on the drier side than the optimum water content, the
flocculated structure will be built. On the other hand, if the clay compacted on the
wet side, the dispersed structure will develop. Therefore, the thixotropic behavior
in the compacted clay is stronger in the dispersed structure than in the flocculated
structure. B

Two kinds of clay were tested; bentonite and Hachihama clay. They were com-
pacted in various water contents. After aging, those specimens were tested by the
unconfined compression test.

The results were:

1) The increase in strength is found in both of clays in which the water content
is larger than the plastic limit, whereas if the water content is less than the plastic
limit, the less increase in strength is found.

2) The maximum ratio of increase in strength is found in bentonite with 68%
water content and in Hachihama clay with 47% water content.

3) Ratio of increase in strength of Hachihama clay is larger than that of bentonite.

4) The increase in strength of bentonite occures mostly during 1 day after com-
paction, while that in Hachihama clay occures between 1 and 7 days later.

5) Ca has a greater effect on the increase in strength than Na.

1. &

)

HEBOIAL NFR, HICEBRMBECE > TRRENY, BELL . TrVREST 3
TEiEd, A o 0aul FEBLI - TEEINETATDHS, PATERFI [T 19274,
ZOBRRCHLTTF 7V b o eRBLHEELLD, ZNURCOXS BRREETZUEIC



88 HBLRARPZPEZXHENRSE HRF

DNTOMFRERICESL, COBFERTUENZL RBINFEINTLE, bbb
FovbavniESR, SETHNESVEVVOEREERT B, 48 TH 20K
ERINTEIONDI LIRS TERTNS, 22T ER—R MEIATIK X - T—EHIC
ZQAVVRATVVOREIDPETTEY, BETAHC LI LTHEIBEET, d50ikd
COMIETHET S, COLILEIRPANCI-THILL, BERK L LT, AENEE
EERMEDOT, AETIEALIEHTNS,

FIVruCRSEETFOOBIEOMEIRL s TBARES L, HEDFEDAEDESIC
Lo THEEINSIYD, ZOEELEEUVEFET L CLRERCEETHSE. LELLEDE
HELT, 7ENTESBIEEOBICEELNIERNBEDOHELIELKS LTS BDTH
BEEZBCENE S THBLELBEL, 3h—BCEZDLIBEZFBELNTNS. +
OF 7y btovrd ARCEIZC LR BAOHREICERONZIECATHD, EFIXE
T, LOMEADELETEEREEREOBO S THRABECL - TETEDTHEC &
ZRWALY D, ZOF IV PR ERSCOBLFEEAL, ERICK - CTEEE—TEBIEL
DT ET S,

I. 2052V tAERZEECOLTOESR

FREUNDLICHE |2 F 7 v } 0 CHBEENEERAORFBICEET 2H4F D5 V2L X 5

TE?%%@T%%&%&bTm%ﬁ,%@H%%%Kim@,%ﬁﬁ%%mﬁﬁﬁé&mﬂ
%ﬁbﬁm%%ﬁﬁﬁ@&bf%ﬁ?%@m%b,&ﬁﬁﬁﬁ&?%&%mu@%&bfgﬁ
L, BEITHBEKBRDTHEETZ. LrhdENPRNEBREREE: > 2 P03 ELILHE
155, BOADORBLICLIEELLYD., COBHOEERSFHBREAEREAD/NT
VRDEFICEETLEDTH B EBNTINS. TDEZHFIE MARSHALL &7 VERWEY B
X 7F OVERBEBER K EW L o THHEINEREINTN S,
L DEABEIFAEAITOF IV I CEEBRELTCAEE S, BEEFREZORBRSERRTES
D, BEORE,LOCERMICHEL, ILREK_EBOERBEL X LT, 2FHBHOES
BLTHWEG, - THRBRIOHETEPRTFLSBRESOBICRATFHRRE A& RBHBE
ELTHE, L LEBSOREREERO LS CEFHOERSEL UL, ST NBEICHE
ALELZDENLROD, 330RELCEELZET S, —FEEFSVESRICENTIR
BRI ABERA L TR F A3 &D0 5808, RTFSEETAICONTREBAOMERL, RRIAERK
BHBNG V2% ESTMNET, RTHEBMRUET EMBREEE DEICH D HE 5 o lEEss
R R, BEN, 330N EENBEELET L LRNBEDTHS,

—HFHEZERLIEHFICB TR, ECREFSVLIER—ZX MO LREIROF 7 v
2, TRHOBANCL s TEHLUBECI s TEATAEESHEERS. CoX > BEA
EHNTH, RFE/ERTAREIANERBAEDNT VALK - TET ZHTFORESEED
ERBIURBEICE s TELB L ENTES, '

BEHIREINDPEEL TN B ECATBOTERFORE, #, HREEKOE, SHEHE
DEBRECI TN AEELE TV I, 20BERERROEFRSFHD/<
FYARLE ST, FEOHAEGOETROINL EAEBETHE. COBERSLIEEDOAN
KR TRERERTEIOTHS., COMIR VRN 3VRESEDOLSITREAS
MEB LSS, ANREFHEOERSA2BEL, 200 NTFRECETHEHELELRIK



19684104 IMNEER 1 LOF 7V u CIE T 3 LRI 89

ELERONBH, ETEIAME -2 OBERZ, Laver? 2Seep B LU CHAN® 153ER L
TVB XS RN NS DTHES. AABROBHNEE, FRRICELEAR0 &
D, AABBELTORBREARBRSL, BEAERBAENT Y REESS ELTHTA
ERIEASOECE/SE, BELENSEI0THE. COXSUEMRETZNEKD
HTEHRAC L s THER DA, TAVE—DNT YR ESL ARUENTE - T, BT
MEREZH TS 5. L AREREBUL BRT T, MRRAOEORRICED, R

(LD BRI

UEo#ifmzd &iTLT

BoltRBRERET 5.

1. 2 8 #

2

BEDOBMEAET 2 DEELONG.

, BENSOEREE, $1EDBLH %Eb%&ri@@é%ﬂhaob\fﬂ‘

. REMERSLIURRAS

ERICHEDSF /Y P CHETZESLDEELNTVEEYE Y I+ 1 F ROREIE

TEHHTHBENY FF 4 FERY,
NEEELLBERLUEEER N,

E%@I@%ET

X5 I B R O 7o i LR R EE TR O M LR FHE
iﬁ—lCT?ﬁbfﬁé

F1ER VI FM PBIONEETOHERE

) - 5 BEo|E bk &8 B8|ere|
2 B HEkE lwm o=
1uPIT 5 aBTF0R LT B 7| B R | &k | a5k _
% % Z G G/ - ;
<YV MFA B 2,495 65 900 950 49| " '380 47. 5'0 - 71,028 “OJOZ{ 'y-F/ -
JUE % +| 2698 8 39 71 32 | 81| 37.0| 1,263'| 0.59me ST

() NEMEZITIZ 0.19% @ Nacl 28F LT3,

2 2 B X
FERIBELINBYSNABLORESEBEE L R ED LI BENET
EHE LT JIS IWRE SN B & E BEREK
KT B & 5 ICEBAREN
Bk ETARFIECAD AT S D24
T OREKEBERSEDRBIEICE > TREED R, & SML0miTig
FEAMITEREERE, 1,7, 21, 49, 91,
BI8HmDFRAIME—REHFPHHLT

fiofﬁ.

£ o THERRL 72,

R RBEZITIE o 7.
5EOKKELT, REESICEMALTRELL

&

WMILS R I N
ZDHERZ T —EE2ORKEE LD,
A, I DEFTHTHARLSKETEEL®HE,

1268 &L, BMHHE BAL 2 HkAr 5 BERS. S,

—HEMRERRICIDBEERD .

NaCl,

BFEE BN T—#EEREL KD 2.

_ﬁ.

272U
AR LD RREBEATEEED DDA T DVTITR o7

FEE

T/ HRBO A4 YD BEERMB D
BIU CaCl, 0L 4 0.585 XUV 0. B RERETFOTEHD B LIED, FKRIETRE

B NI

7, EKRORDIC

HEEAOISDIDNTI, g&& 2R

V. REBERBLUEBER

1 ~N> b1 FPORBREEL

Ny bR rO#REE, BES

KBS DERATEEED .02, BEHTREEED



0 MILAZEZBERAELE FERF

Fig. 1. Compaction Curve of Bentonite Fig. 2. Compaction Curve of
(a) Standard Compaction Curve ) Hachihama Clay
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Fig. 4. Changes of Strength for Compacted Bentonite
as a Function of Molding Water Content
(Stress required to cause 19 Strain)
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Fig. 5. Stress-Strain Curve of Bentonite with
739% water Content by unconfined test
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HRI0, 1,21, 126 H OZE/LREA T LIER—6 OEY L1553, ,

CORRENDRNE, BHERID A ONAKMICEY ZRERMZ, <Y 54 0%
AL BBEZCHON TS, THLBAKKATH BT 5 REBINZMED b DIk LTHEE
CAREL, 1268 BRBVTEEEDERORED 2.56 f5IcdEL, i1 HE, 498E, 91
BEOEMAZLL. ROT Ak 5B3%OREHAEC, 1268BCBOT ELEDERD
2.06(5DBREARLTNS, NEKLRFERRE, PRETLABLITHY, BERRIDAS

WEKREICBY ARTFERORGSBREZEMAEAES LLLDOTHEEE TR, WBA
EWMIOoF 7y o CHBEHOBEMLELTRE, X EEKITBORBTO22XIC1H
EOBREEMSBE - 7o%I, ¥5K498H, NBECRENEEENNLEL TS ETH
%, TFERESE, 3% DEHMTHORLNEGD, ZOERRICODWTRABREICKRSLETN
B0, S o |

RIC1BOVTHEETIRETINNEREE, £—5, I—TIWRTEDTHY, &K
BB Z0s0irRE0ORIENBALNE, ChidE mkﬂ$ém%®i%ﬁ¢&bf$ﬁ
U, BERALUEOEKETREEERE UTESHL, RNTREAUIACOHSHOEELS
WBHDEBbNEY, ZOEARIDVTHEILSE <®£%%ﬂmofﬁﬁ%ﬁbé%ﬁf%
5. ' ‘

3 NaCl, CaClL FimogE

EREKICBAZ VB RNENLEEO BEXR2 DI, ExEDOOEEBEKORDIC
NaCl, CaCl, ®ZNZh0.5% & U0. 255 ERE B L CTHBREERL TREAT L o 7c.
%@#%%T%ii—ﬁ@L@T%é

Cﬂcié&«/bf4bmowﬂiI%EEQﬁEﬁMXiNdH@OSNTIﬁP
0.25N T 1.23%TH0, Ch2FAEEDAKEEE -7KOADBEREINK 1. 42( (&K
45%), 1474 (49%) &HEkd 3 &, 0.5N CREBEZENRLRTORML, 0.25NTRIE
V. E7 CaCl, DBAICIE, KOOSO RBRO BNk 1,285 (42%), 1.47f (49%) ikl
T, 0.5N TiZAE < 0.25N TR/NS D, —FAEKTICBOTRKOBIC X B HRKORE
BN 596 (37%) kLT Ind A&, NaCl @ 0.5N T 1.744, 0.25NTL 604,
CaCl, ® 0.5N T 1.726%, 0.25N TL8I{EL 72, T3, T/ RESHEEOENIRERN
iF, mREES NaCl 2 LEROW L7 BOMICHRERINME U7 B2 % 4 ICENBS 3I0BE
7n0vds; CaCl,.0EAitiZ 1 ~21HE, 9I~I26ED 2[AlICh iz o TARIINEMB L S35,

P EoOMRRERESDRVOTHBREAENRE T IR TR0, ERELMAE
ét%m@mé&HMCAﬁ%i@f@«/rf4b&b%7/butﬁ@m< BT
FiRA Na X d Ca DFBBREEMELDPOREL, —BRIKKHNEOREVWAIFAVIEE
RFOEDD~NDBREAABNIV. #oTCatt I Nat XD bRFEICEELE BN

TRESNG. Catt & Nat OELEDHKIT 1063 0.98 TH 5 DICHL, HEEDLE 231
TH LMD Catt OHBKAFELLBBELTNE, COCEREEKELBRIES ¥ O
BANCRE L o RY 0D Mo »TH S, Thh5 Catt OABEERES K ALHLDIT,
RFERACEZENHEIN, BEBNBNSRE{NI230EELNE. 20T &2 0.5N &
0.25N & DFOEMERDOERL S HTRERDAETLENTE, 05N@ﬁ@&%mﬁ%g<?5t
BhEREKE{TEEEZONS.
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- %6 NaCly CaCl, 2L 7ok o—SERERE

EEED # B B % &
o+ ER ﬂ%ﬁii‘@kk& o S —
| ' sl 1 | 7 21 | 49 | o1 | 12
&
% I (Bg/cf) | 2.86| 3.18| 3.36| 3.67| 3.79| 3.95| 4:14
0.8 46138 jm=&E A 1.00| 111} 1.17| 1.28| 1.33| 1.33| "1:48
1B =B 4 1.11(-1.08( 109 1.03| 1.04| 1:08
NaCl
‘ B (Ag/cf) | 3.05) 3.26| 3.41| 3.54| 3.87| 3.57| 3:76
0.25 49| j1 = A 1.00| 1.07| 1.12| 1.16 1.17| 1.17 1:23
<Yk ¥ o= B 1.07 | ..05| 1.04| 1.01°| 1.00| 1.08
At B B/ ) 3.00 3.35}.3.41| 3.68| 3.83) 4.14| 4:39
0.5 43 |3 fm & A 1.0 | 1.12| 1.14| 1.23) 1.28| 1.38| 1:46
¥ m=EB 1.12 | 1.02] 1.08| 1.04| 1.08| 106
CaCl, : ’
TR (Ag/ch) 2.67| 2272\ 2,73 | 2,92 3.02} 3.12| 342
0.28 48 & jn &E A 1.00| 1.02| 1.02{ 1.09| 1.13| 1.17; 1.28
¥ =B : 1.02] 1.00| 1.0771 '1.03| 1.03| 1.0
HEE (kg/ch) 1.17 | 1.48| 160} 1.67.| 1.75] 2.03| 2.04
0.8 40 | 8 fnm o= A [ 1,00 1.24¢°1.37| 1.43| 1.80| 1.74 1.74
¥ in® B 1.24| 1.10| 1.04| 1L.08| 1.16| 1.Q0
NaCl
R (bg/cf) | 2.73| 3.02| 3.39) 3.61| 4.00| 4.07 | 4.37
0.28 35| fg = A 1.00 [ 1.11| 1.24| 1.32| 1.47| 1.49| 1.£0
¥ m=E B 1.11) 112 1.06| 1.11| l.e2| 1.07
NER+E :
WE (/) ch) 2,20 2.78| 3.19| 3.30] 3.39| 3.9 | 3.91
0.8 3B m=*EA 1.00 | -1.20| 1.39| 1.44| 1.48| 1.87| 1.72
¥ in = B 1.207) 1.16] 1.03| 1.03| 1.06 1.09
CaCl,
BREE (A¢/ch) 1.99 | 2.08| 2.12| 2.87| 3.20| 3.28| 3.6l
0.25. 38| ¥ m & A 1.00| 1.08| 1.07| 1.44| 1.61| 1.63| 1.81
¥ hn =B 1.05| 1.02| 1.27| 1.11{. 1.02; 1.11

() #mFAREEEDEROEICET 2K, BINKB e ZhOLBOBICH T 28Nk,

V. B S

TDF IV e PRERICOWTOMERELTROLNATOES, AEOFECLL T, %
FTHEDEIN L - THBONIBREEENEDL, 7V o COEELZEELERTSC
'&@#%K@%T%é.%%@ﬁﬁiﬁﬁﬁﬁﬁﬂT@%i@%7vbmﬁ%%zé%é,ﬁ
FORAZEAETECLICERL, BENTEERELRS .

ETHIRFOREMICR S SRR BRI OF T~ XS, EERYETTESE
BHY, F7V o CRRIFTEIEL L -08EED, HRB I A VvE—ONNF Vv REL
570, STFHERSIADERBIOREFRICE - T, FEICHASOENLEBELCETT S
CERX o TETSERRTES. 2L TEBAKLLD bBENTEEED > nibLids
BEETHZ 0D, ZOANTEEIIKBITTE LS CBREFENBEST B EEZ, "V IFF4+
BIUONENTIEZEBOEKLTESED, BREEFOT—EHEKREL - BO—8ERERE
2R, XLCHEREEERSE LT NaCl, CaCl, OEEA»BEVTHEEERBY TR o7/, 20
HREZEIDNIEROBTH 3B,

M) <bF4 b, AERLESBERANEOSKLTESED BB OTEABID O

BEEMMBSZD, ZNIDELTBOEKETEESEDSDORDTY BES EIMULK
VY, ChiEHEOMENEE E ERENERSORED DTS 3,
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(2) BEEMBEOEARRBNY FFA4 FTRAKEBZEDOSDTHY, NEHLTIEEKELTE
DODEDTH 77,

(3) ﬁﬁ%%%d@?kf%bi@%ﬂﬁ%i@fﬁk%m.

4) Ry rF4POBEBEMOATARELEDBRIEEEITRELTVADRMEL, NE
Hifiﬁmﬁﬁﬁ%w%@fl~7E%i@%~%5mﬁ%ﬁ%mﬁ%5 UL LAk
CESENDOTIE, BREBMIBCEEICED, LrdzoRZ/NIL,

@)NﬂHCdmwﬁmc;5%EWM@&Ei BEPEOFBAEL, 2 ClCl, DF

L BRPRENLSITEHD.
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