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Table1 Index properties of clay samples

W-clay | Na-clay | K-clay
Liquid Limit @. | 69.5% 713% |- 68.4%
Plastic Limit w, | 34.7% 32.4% 35.7%
PlastcIndex /.| 34.8 389 32.7

Apparent normal stress

Shearing plane

Fig.1 Test Specimens cut at various
directions for direct shear tests

Lz, EHSRMEE, FBAB LU NaCl, KCl #EHEK
WWEBRLT 1% ENVEBEL LUK T oEKE
BEDHIZHAWI.. Ihbiz Ka1E, EEKICK
BREt, NaClEKRIC & 215 L O KCLAKIC K58
+, KHXTEENEFN W-clay, Na-clay, K-clay
LRI &9 5. Tablel 12135 W ENOBHERMEI
B APENREERL .
HAEARBHER SR EIUTOLE BV THS. HFER
AA) VICIKRERREOM 2 5D EKE 150% & 72 Bk
(BARRMFICE-> TR BB AFER)ZNA, A7) —
Wi 3FTCIFY—CHROERLI. 20&xDEAN
BEREH - AMBBRETHND L, RERGFD
BOIZE-TRZY, HEA>NaBK>K IBKOIEE
otz FOAT) —ROMLEAREFEREE (BE
300 mm, ZFEX 500 mm) IZEHIZAK, ZEREZFIAL
THRETHIEEBENE T 720 FHOEE. L1z, EEE
N, BREZES T 784, 392, 294, 196, 117.6
kPadD5% 4 7THsb. EBRTHABZIROBL,
B 60 mm /% % 20 mm OHERIKE §=0°, +30°, +45°,
+60°, —30°, —45°, —60° B LU 90° D 8 L EER
BFEME (LT SEM &%79) oBERAESRE 2TV
HURBRICH U 2. SRR L AR ORRFE,
Fig. 1 2R ¥ &5 Ic8 AT | EERROBRAFEISHE
(ped OBRBBERAAHE BT 2) LORTAE S &
Uiz

WAL EE 2 B, KL omENRREIY LT
M EL, ml, BHERAOEILEEREOEL
BReENT. VBRI L Tablel XT3 & 5T,
Na-clay O EBMREE L W-clay I L T2 D EL
Y, K-clay IZ2\WTEIzH UEL 2 2 ERZF7.
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Fig.2 Degree of perticle orientation

(2) —E¢AHEER
AEBCHEAL 2 —EE ANRBER G, TEEER
B AMREDTRTH 5. BRAEEBIIEHO T
BT, CAMEREZ 0.25 mm/min IZEE L 7.
HEAE I, Fig. 1IR3 & IKEABAMIINT 3
ped OYIHIBREERRA M (EERORXFELNEIZIZ
F—F) OAEMNFER AL ITHANFICEY FL
7z, $bn, §=0 1% ped DR EERAS R & &
AMTEASIFIF—F, 6>0°1d ped S AMARAIZH LT
MHE, <0 WHICERT S I &Ickhd. £y ME,
HREIZH U TEBEN 6.=24.5kPa T 1 BEOES
EiTo74%, BEEMNSEUZVES CEERHERHE
U s, EFBEGTKEEM 8mm £ TRAML 2.
HAMBER 2B EL, B4 ISR LTSEM#
ZAOEFE Uz, ZOfus s 8 AR ORI % 88
TE57HDSEMERE LT, KEEN2, 4BLV6
mm TH AN ZPIEL 288008 T 2.
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&B&, BERNFHES LT ped 3BKRERHEIZE
X3 BHEE, F2OERRKESHEICRS &5 iCiKmT
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BB M TEEIT 2 HEVH 5. BB M ISR TF5E
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Fig.2 I3 BE U 723K 0D 2 L 2n 0 ped ORI
Mah»bEREME2EL, FHO@EELTERLL.
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AE M X, p=19kPa» 5238 ICEVEER T,
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Fig.3 Comparison of shearing stress displacement relationship
with different consolidation pressure of W-clay
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Fig.4 Relationship between shearing stress and consolidation
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1.8 T :
W-clay i 45 deg.
‘ 60 deg. \/
1.6 pmr 90 deg. A/ v
W2 30 deg. -/ [
N i \@_ .yl N
o 1.4 i r7 o’
" ? - 60 deg.
20
1.2 |- - {15 deg
- 30 deg.
1.0 :

0 200 400 600 800 1000

Consolidation pressure p (kPa)

Fig.5 Relationship between shearing strength ratio and con-
solidation pressure

#, H1lom BEOEAMBMNNATY 7 20X 1218,
BBICHIL U TEBEBEIAPL> TV, OERZ, E
BILE BB BREREMZ G TR, B5HIT ped
OEEHEE I RERFHICBEES LT VWA EETRBLTY

3. CHRABICOWTERENOEEAT/ 5 &,
Figd Dk D I—RTET I EHHKS., LT
TANBBRERTOLEEIE, 6 DEVT L EANE
Eped D TAEOBEFREIEABBREIIKBL 2
DEEZXBNS.

Fig.5 &, X HFOBVIKER LU TESEE &G4
ABTREILRIITHERRLULLOTH S, RO
EBEN%E, #MEZAEZnOEBLECBIS8H
Rz 2HAROTANRE 7, & 0 HERKROEAKRX
oD (73/70) ZRU . EREHSE O EE,
BHHE (t/w) PL2EBETH 255, EBEIWFEL
BBITHED, (t6/70) 1405 1645 kE< LV
LHINZHBBENRONS, 392kPa<Ti, 30° BLU
90° HEE SO BRI HE U CHET 2ERE 1 -
TWaH, 2h EOFEBENZHETIE, S0 45°
B LU 60° A B fh D BEEBITHB U T (/) b
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Fig.6 Comparison of shearing stress and displacement of W-clay

REL Z2ERPRONS.

Fig.2 2R3 £ 512, W-clay OERME M 13 p=58.8
kPa# 5 196 kPa il 3T, M=#40% fHETHZ
LUz, Figs OFERERET L, Z0oERN L
SBITVBZ &b, ped DEMEBENZOHBRORAHE
DORBIZFELIZHDEEZDNS.

(2) dMENILBEAMER

Fig.6 1213, EHBE p=784kPa ZMED W-clay #
HkEFAOZLZERITR UL, 00 ft5EIE, WHo
FEaw BT 2 z0ICHlA I, 90° Bt IE 6> 0 &4
IR ANER U 2. ped OEMF R AR & E
—B L TW3 0 kD r— DRI, oSeE
R0 EOPERrTHRERE -7 2RET, ¥—7
#BoBRILERLES»THS.

>0 R, wABS AL ped OECAT O RER
BEETH Y, 6<0HFEKRBFHRTHS. InHD2
2D r—DEFRAEHBT A&, AoPIKERZIRE 2
M, BT sEE 1 RETLNE. BRiREFRESIL
BBEDENE E— 7 EFfETTTEAMBHOED.
HBHEIKIEOENTH 5. BICE@ITEAMCHIZZE
3H5 500, §OEAZMDT EAMZENR 6 mm LI
TORIEREIZOWT, 0°#HEEE 3 TE—DEMm%E
Y.

XHIHMIZERT A E, >0 HERK AN
Oy Y rEET, CAKMENY 1 nm ZEDOMETH
s —r2RY. IHICFOBRIJABIEKLLT, A
MIZEAL 4 mm [NET 0° HEAR & U 2 DB OWEREMEIC
BHEL. INHBFD—DEFELERD 3 I A4 T
SuBEpHRS. (1) BLBENSEL, WEESY -
sEFrzrn oo HEE. (2) PRz -7 2R/ 55%E
BREA DL b RBUL 45° B LU 60 AR, (3) €
OB S E RS 300 BL U #RktkTcd s,
hizd LT, I<oBtRFEIEANTOHOY LV FIEL
R TH B, ©—27 138 AKNEN 2mm fHETARL,

20BN 2mmBEICHIZY, FIFY - EMERESR
PICHERT AERMSR SN S, R{EOERREDF N E
B0, o3 THREZ2RETRANEN 6 mm fHET
O>O0BtEMAE TR EERERBEICELE L. 0°#H
LS L c—DBEfRL K<PTHY, >0 HRAEKD &
HAREFERERZRVWET Z E3HERR N,

(3) HAEREDENCL DU AKESR

Fig.7~8 1213, K-clay B & U Na-clay IZ20 W\ T ER
FEH p=784kPaftE® r—DBHRERLI. WEHEDRK
BE b W-clay & B L TREEOVERSTNL TV S,
Blic, MEHFLL OXHOEAIIOVT W-clay F&
BHRE 2SN TN, B 217, Na-clay TiE, 6D
FZIZEBESBARBICEAZL., B3I — 7 EBBRER
BABBILEE, W-clay ERRICESHDS 0° 4t
REOBERICBENLTWEETHS. BREINTWVEH
B, EREOEWIEIZ K-clay>W-clay>Na-clay &
ZoTW3EH, ZhidfBEOEVIETLH 5.
K-clay i3, Fig.7TIZ/RT £ D IO LT
0° AR LR ¥ — 7 28 OERMSE 5N, W-clay
I UTHLTBOREZRLTWVS. 12, W-clay
TRONIZ LD, 45° B LU 60° BBV RES
AT HERIERZ Y, 90° A REHBEZRL TV 5.
E—27 2RI RAMENONBIX W-clay L0 LB
MTHBY, 9 2mm HETHS. K-clay i3 K* DHET
EBHERR» S IERA HEL, A7) RO
R-VEABBERLEVEZRLTWVS., 25IZE—D
EEBENTHEEZROMBIEFRLEL, ped DERE
MiEBbEW. K-clay SBWRE %R U2 BRI,

ERHOBOSEZSNBHOD, ped HitANEE

Tfacetoface CHMBHLTWVWBEEEZ SN D
K-clay @ 0° hHH E— 7 AR U7z 2 & 3 EBk
B, BRIt kD12, K-clay Tld—60° gtk =
DT IEAOHBEEOZEN W-clay IZ L HBETIZZ V.
UL, t—DBERZHLLBEIT S L, W-clay TR

L
164



EARZESWIE No. 505 /11-29, pp.161~170, 1994.12

o

100
45 deg.
/
T e e Py
©
g ’,/\\'\f\.i /190 deg.
R o G Rt e
@
NN
& .
o 40 {14
£ ' Odeg. 30 deg.
[ . Z
(;2) 20 [ | K-clay +, p=784kPa I-
0

200 400 600 800 1000
Displacement (1/100mm)

(b)

Fig.7 Comparison of shearing stress and displacement of K-clay
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Fig.8 Comparison of shearing stress and displacement of Na-clay

O LI B REEERLPICHERT 2B RS

h3. x5, EAmEERERICE -/ BROBREBREIC
FETAMEEY 0 HEKEEROBBE I ES. UL,
COfERNIE W-clay & idR2 0, BEREIES 2160
PIRGOEELZI TLABMIZESDPVTVS.
A3, ped DECHIFE H ¢ A BITEINE O BRI ZEE)IC &
0, €-rRICFIRKRCBEICER L e, RER
BIZE S8 AMEH P IZIIABELERNIGE LS UTHN
frEEbin, BEBEIVY -/ BEOEESS T2
EEZIONS.

—7%, Na-clay & W-clay 5 & T K-clay IZJLE L T
HAMRFEICAREE 2 Z s 20 (Fig8). HEI & 50
B MOl B LU T4 Na-clay i, 3B
BIRSICHEMESHE THRITER I W TOWIZEBEYN H 2 BER
BaihtuwiztELxoN%, SEIIRT SEMICL 58
BERE, EhEEMITHS.

(4) BRIEFEOENCL 38EHE

Fig.9 (313, BERAICIEAL (/1) 2RI
0 DEEIT & BIE I HIE W-clay>K-clay>Na-clay @

JEIZEL 720, & <2 Naclay iI20.925 1.1 D£10%
DL EPIEETHB. Zhhrd, Na-clay DEDOMY
RS2 ABTF RIS U BN S 2 WEHR 2/
BTHBHEFHTES. hITH LT W-clay 121.0
5175 CEHL, FEAHEKOEESIE>ABDRMES
REYICRN TS, LE#->T, W-clay DEDHIR
S ARSI L TBRICE AR S E 2 3
BAME2ED. —F K-clay 13, —60° &K% @&
HRIZ0 LVBRENEON, W-clay ® &5 2 EAH
BRaNTIZ, 8L 0.8 5 1.3 & W-clay IZ HBRL
TN, Ffz, RHEE, BESLIZIFHDOSS
TRLBVWCLEDLS T, § LOBBEFHBETEEVA
E, MEKEEIC LD AN~ ORENPIZRS
NE, HoBRIZEZPENLVEBLTVEEERXS
ns.

5 WRMBEDBRE

Photo.1 13, W-clay = +45° kD & A BIE O
SEME#&TH%. ped DEASH ad, SEMIZLY

1
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Fig.9 Comparison of shearing strength ratio 10um
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BoONTAEERT, 00 FOEBRERIK, TVIAF %2R
LT ped DEBRFREKFEHEE DT A% Fig.1 IR
FTOLAMUBEHETOLVIEHEIL, v ¥ai—FitiE%
UCEFHEL /2. Fig.10 (a)~(d) 1%, W-clay ®
EE#B LUTRANBOEAKEE ped DEAIHS A &

DI arFNFAEHEIL, 20HEEZ 10°HRTE
HULBRAERLTWVAS., ORI, FEBREHp=
784 kPa, ¢ AMEN S D=8mm DL DO THS. D
ic b R 5 EBENSMER, CANZERPTHhETL /-
HtE RO T ANEE ped PECAFHLBERL TS,

(1) EAKEIED ped BRASEESD

Fig.10 (2) 13, 0 A KORAEESIHTERLT
W3, HERHEEYEY VERICBY A TFERAB A R E
ped DEEAIARIEDETHa DEES, BIEEAKEO
HABEMEICBY 2 a DEEERLTVS, £AK
B 0 KD ped DS HH36% H50+10° D
TS U T W28, #ANAHIC ped 258 AW 5 RIS
U, FRAEESTH+10° [HFIcEh L CERRE
MbBL Bl &EW0h5. ped DEBL ZEAF
MZETABBEEDRSTALG 0 THLH0H, EANH
@ ped OBFEIIZBENI <SPV EELLNS. UL
LU, BREEAEMPH17% bE<, TAMAEOSR
FOELHANZHRAII LIz EAZRLT VS, ot
EORERLE AR & VB O ARENE®D ped DR
HEMOSEOMERRL, TANHO ped OFEAIFIZEE)
K&>T, ped B 2HEHEICEAT 2HELE 5T
N5, ;

W-clay @ 0° (5 E DA OBEKIT OV T, S AN
% ped OBRIVEBESTICER T 5 &, 6 &M BIEL
<, 0>0 EETIdped DEB L EASET 2 b b,
BHEE D amose D a=+20~+30° 31T, F12, §<0
KT a=4+30~+50° fhEicER T 5. R
X, EBREH p=392kPa ORIz >N TH, 6>04t
HEOEAWBED dmode D510~20° EEL 2B HDD,
RITRE R 2B .

BtEkty MFECAMB O ANHEMEIC BT S
ped DSBS A tmose DHBZ Fig. 11 IR L 12,
oy MNEIZB TS Amode 13, ZBHDES DX 135 HH0F
BYEDAESICRESINTWVS, UL,L, HAKE
D Cmose 13, GIEED Y 13 <A +30° /T ICELE L.
ZORBRE, TAKNRBROEANEMTED ped »5iF 1F—
EARICHENLIZZEZRBLTWS, £z, 6<0
HRELTEO L DITHE L TR ABEMNEICH TS ped
OFERFEHFBEICAZ N & E2RT. Fig.12 KR
I LI, K-clay, Na-clay &3, 4 AMED ane
PIRIFHIC BRI 2R 2B, € AKED dnode
BHAMEE Y +HADPURET 5 2 & 3B L R
DEITHB.
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MICROSTRUCTURE OF OVERCONSOLIDATED CLAYS AND ITS SHEARING
BEHAVIOR DURING DIRECT SHEAR TESTS

Haruyuki NAKAYAMA

Direct shear tests have been done to determine shearing properties of overconsolidated
clays under consideration of microscopic view. The conditions of the clay are selected as
follows. Kaolin clay is using as solid phase and conditions of liquid phase are selected for
following three types, W-clay, Na-clay, and K-clay, The conditions of consolidation
pressure are also selected five conditions. The microstructure of the clays are changed by
these conditions. The degrees of the ped orientation are also changed. The results of the
direct shear tests are shown different shearing characteristics that are selected different
direction of ped (clay particle’s orientation). The width of the shearing zone that the
specimens with minus direction of ped are shown greater than plus conditions.
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