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MEMERZ K INCERET LI L, 2Ok
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AA TR ANHOERES 2 EFNETELEEZON
% (BHB, 199 ; 45, 1999, 2007), L»L, BA®D
A58 oy EREL, ok RIEATIOMOGIER
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i (Skempton, 1977) ICBIE L, Z OEE O &L
HAROH$RY Ll SRR B TidE s &
BENWEEZBENDLOT (MBS, 1992 5 BHKESA,
2004), —Ii& AMIEERIZ 350 5 JE T BRI ) O 1 e 70 &
il d 9B FEELHETH D, I OB T HE A
BEDEERZ TR TV, BELZEZ-HBRIZLD
BET 52 EHNTE D,

WEERBIE 225 2 5 2 L2 & o CE T % fest
FTLRBRE, INFTOMELICOWTIEETS (199%)
RES (1997) 12 &> TirbiL, KOOGS ) TR
SNTEEDNY A T 5 ¥ —DIEEIC b STt A=
2 (bbb REMEE) OREYZ TR L2 LT
Wk, FEMERICOWTIE, A5 (1999) A4 v
HitZHWT, 49552y —0k 25 EBTERHRE
ZDWCHFTH & T oM A REIE 2 22 L S 273y
17V, SO LT ST A LA IR 720 C e < T
AR ABIE DB L 2T 5 2 L 2L TV b,

SN, ABFEONIN A A V% AT L 73 & A6
LBRWEAIZOWT, ZhEiiiirflloftstcEE = 21t
SRRV, ENOOEWE T S 2 & TR
&AM & IR L ORISR AR LT b, F 720
5 (1997) DFT - 72#Eak O =Bk o Bk R & ik
L, &Rt o EEE @R IEHE SR £ o35
2B BB OFIEEFIC oW THE 2175 72,

I EBREOBIR S
Pl 7-atBti, FODRNC AR E2H) 1 S

7o HEE )R AT - AT ENR (Fig.l s W4y, 1983) T,
A E 13 150mmTH 5 6
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REEOT B, ) SR X B EREEM A
DERE GERMofEmEoOEES D —EE 3 5) Bk
REETHY, FAWRBICBI 2 LT ARREORBIZ
0.2mmTHh 5, F7z, HAWHEIZ0.02mm/min. TH 5,

vz 49 A T E W IR OHARLE - (Gs=2.738,
W, =41.3%, Ip=16.8) TH b, HilkOIER L L
T, A LA ) =B E & AR NI E R
W LAAT, RAONTEEICLI0kPafEEE CHEE L, %
T L L DB RICIEEIS D AR LT &, R
(TG /1294KPaCIESS L 720 JEZRERIE Y L CH15
HHIZETHY, EHOKT 2o THAM L7z,

MR A EER, ARG () OFE%15mme
L, EMESEBE % 20~40mmitE £ TS 872,

AN, RO o b8 AT R 3 2 T BRI
P X0 FEICHETT A 720, EigwE 7R YR RERE
THiEEZFRE LA AV (DU, F4V) 2EHLT,
O AWM A V& AT L2 Wil (Fig.2 (a)),
@A AWFEPTEZ 720+ 4V & 845 L 72508k (Fig2

A BT E R R
ZHEETLRAL

(b)), ®LTFEAMHOW S OMNEIZA A V& &AL 72
#ExE (Fig2 (¢) %4T-72,

FAWEEOFEHEEIC T A HEET 5~ ik L
T, OB o LR e 12 A T iy F A il L 23D A0
T2 AXYNT =D OHIT— 7 SHFHE LT, JE R
TI% & AW 2 A C BT HEREOE S THBIES LT
WIE L 22 REIs 7 G4, 2007 5 LT, TRBIES 4 TR Es
77), @Al & KO TEE S ) O AL X % Bl
IS0 (DUF, HAGSEI SIS ))& OO R,
OFDMFEEIGIIZE 5 4 LB Y 0w AWRYG Z Ko
720 TNHOREBRTIL, F— 8 OBKMIZHT2o> TEAM
HOHEFEMIE L T > T e,

502, RERPORRIEIC L0 I EBE) &R E R
FENDDEMRT L7200, 3 A298, 196, 294, 392,
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Design of direct shear box test apparatus
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TR & 5548 L 728 0 A WIS & kR IE o B
fRA&Fig.3, AP % 5 L 72O FEE IS/ & K
JBIE OB % Fig4, RERRRICEHI L 728 & stk e
[E DR % Fig5, kAt AWEILA & MR AREDM
fREFig6IIR T, Fz, — kAR O FREL & A [ )F
1&¥% Table 112777,

FAMILT] & HE ISR ARENIZ L THI3IF—%
DOfExRLTW5 (Figs3, 5). 7z, KAOMIMEEILT) &
HAPREE L, 350X 13H 5 b o KRIE)
ZALLCHIRTEDMHEERL T b, UKL, Hfl
BB I BEAAEED R & { R 2 122N TR LT
Wk HANHEHUA & S ABEOMR (Figs) TIiE, K
TEEEISIIC & 2 AWEKPUA (DUF, I3 ABHK
Pofg), ARSI X B AMERETAE (DLF, $kH
- AWEEPTA) OEITFIYTET b, TNHD
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Relation between specimen thickness and shear stress
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T, HACPIHEEILIC X 5 ANRRBUA (LUF, Bt
PG AWHRYTA) 3 SEEREEAZELL THITIF—E
ERBEMER LTS, JHUIK L, HBIRLSHEL )
ZX AR (IR, WBIE & ARTHEDTA) (3,
PARREDIRE L BB IIONTREL BT 5,

Tablel —KIFEAOHRE 0, aol&BEEERJRHREL
(AN EEA L W Eh
Factors of linear correlation function, « 0, a1 and correlation factor
y=a0+al-x ; x:{EEEE

y a0 al AR Y
& AWTIE ) 144.01 | -0.02098 -0.09844
el ERERYa) 230.04 | 0.09893 0.15708
B IEE IS 266.88 | -0.09803 -0.30218
T 5 T 1S ) 301.66 | -1.21421 -0.94583
AT A BT BTA 26.83 | -0.02580 -0.45188
I AR £ 31.99 | -0.01272 -0.21471
HAISP 34 A WA A 29.04 | -0.01502 -0.36992
TEBIEL 734 A WHEST 26.08 | 0.07981 0.91004
LR T
° EEEE
glem3 HAMEDLE
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15 1804 glem3 e @
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Relation between specimen thickness and density
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Relation between specimen thickness and angle of shearing ressistence
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2 LtEAMFEAEICATIIVEZTL-EER

KRR 2 354 L 72 & & 0 AWIS T & stk IE o
BIPR & Fig.7, IKIRIE L FEHE L 20BN T) &t
REE O B1R % Fig.8, B ICEHI L 72 % EE & Lk
JBIE D BIR % Fig.9, kW AWHKYLM & L EEED
BIFRAFig.10IC7R$ o F72, —kEYFAOLREL & B
JEAR % Table 21278

W AWIGT) & HATTFIEEIL )L, Figl3s HiRd %
NGy F Mz, A EEESZLL THITIE—
EDOMERL TS (Figs.7, 8) ZALZRL, KMl
FEIS EBEE, WEEBENKRE 251251 T
W BABD LTS (Figs.8, 9o F7-HAIRSER
JEINE R AEEDRIRE L R AI2O0NTHA LTS
(Fig.9) o

B ABHRIUA & A RBIE ORI (Fig.10) Tl X
T AWHESTA, HACTESE AWRTESTA L, BERE
JEDZEALL THIRT—EDEZRL T D EfFHEA
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Relation between specimen thickness and shear stress
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WrHkPTA L, BARBEIRE K 2212 2N TR LT
WhHEHIZRR D, ZAUTH L, HBIE T AR
3, R ABIENRKRE R BIZONTREL R o TV S,

Table2 —REVHEROBEE a0, ol BAERDGHRE
(L ARSI A+ A )L % 8 A40)

Factors of linear correlation function, a0, a1 and correlation factor
y=a0+al - X x A EIE

y a0 al Tl AR AL
& AT 140.68 | -0.01091 -0.01554
ek ESERYa) 242.77 | -0.38679 -0.33294
HP s s ) 263.82 | -0.04060 -0.06676
R HEN Y] 309.73 | -1.51901 -0.92438
AT A WTIRBLA 27.01 | -0.04565 -0.41233
ST AR DT A 32.04 | -0.02284 -0.32803
B3 A WHEITA 28.68 | -0.01563 -0.19708
T BIRE 53 A R BT A 25.65 | 0.08234 0.70073
L] REEE
g/lcm3 l TAREOMGE wREE
2.00
1.90 F14-1:813-glem3
T °
1.80 — NP
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Relation between specimen thickness and density
[ ] RO
Lizot]
A [FEHpIES
kPa SAEOME o mmTy
33 ;
31 LJ hd . *
s
% 30
i 29 e g
B Ile e taia
o "_‘,A—":‘ e
A oz \;
;Z ....... A —
24
23
0 10 20 30 40
HRAEE mm

Fig.10 ftitkBIE & & A BHRHLA o Bk
(R ARG S F £ )L % A )
Relation between specimen thickness and angle of shearing ressistence
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3 LtTEAMMEOAEICATILEERLAHER

RRGRIEZSHE L 72 & S0 AMIG) & AR
BIR A Fig.1l, SRR % S8 L 720 IE)G ) & it
REIEORfR > Fig.12, FRERFIZEHI L 72 %0 E & ek
JBIE D BAR % Fig.13, ek AWHEKYLA & AtsEEE o
MR % Figl4l2 /R, I —2& [AARICFig3& L L T4
RIZNT 7 D 2,

F 72, CAWIRT) & BACFHEESDIZIES DX 1EH
5500, fEABEIZAL CHIFIT—EDHEERL
Twb (Figs.ll, 12). Zucxf L, MHHIELTEEIS
BHEBIEDSIKRE L B BIZONTAEL > T b,
A E NI E YA NPAR A /by NE= AL S = R N
[ERRKEL LBICONTWLRAKRES L R LEADH S
(Fig.12), %L, HREEENIZILL THIFIF—ED
xR L T2 (Figl3), —&kKEYERORE & EEHE R F
1235 % Table 312779,

FAWKILA & iR EIEOBLR (Figld) Tl &
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Relation between specimen thickness and shear stress
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Relation between specimen thickness and normal stress
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RIZNT Y FHRE CMEHBMAAUE TH 228, HE
AMTRDTA, BP9 AWHRDUA, BRI A WK
o e O fl& A BB A OV b, HEEUERIE A

Table3 —XMYFXORE a0, ol BRI RE
(BT AWFENENI A A VA
Factors of linear correlation function, a0, a1 and correlation factor
y=a0+al-x : x:ftEEEE

y @0 al PRI )5 AR K
& AWIET 162.32 | -0.26124 -0.33957
ek ESERY) 24412 | 0.41346 0.28558
B IEE LT 277.38 | -0.04857 -0.06343
TBIAL 3 TEE ST 298.81 | -0.72507 -0.66835
AT A WTRDTA 29.61 | -0.06100 -0.44972
ST AW DT A 32.28 | -0.04392 -0.67409
B3 A WHEST A 30.64 | -0.04593 -0.58987
T BIEE 538 A W RET A 29.24 | -0.00151 -0.02200
& TEmE
B ABEORE HAREE

glem3 2.0
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Relation between specimen thickness and density
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KELBRDIZONTHINIINEL Lo T D Ffrfl
FAWARTLAIZ DWW TIE, FRIINNT 7 F 25K E v,
Figs5, 9, 13% lLid 2L, OFAWHIZH AV E &
5 %o 12 G SR b R EZESRE {, RIZ@QLEEA
WA ANV e B E LR, OLTHANHIZA
AN A& S 72 EDRRER IR b /NS v, fEHRELT
D=Q—=@ERBIZONTRELNTEEENLDT,
@@, ODNEIZEEDIKE W,

4 CAMEOER ZZLS € 275k

714D RGO E BRI oW T, 98, 196,
294, 392, 490kPad FLEFE DIEMEILIIT, B AMrERH
12 B ARTEE O BB & 2240 S 27 B IR PR R & 1T -
7oo ENEARFEOMBIL, OL® (Fig.15) 122wV TIid,
e, SERBHAA 2> & R0.01mmd E]4 T0.10mm  TZE
L& 7225, BAIe 12385 < T R AWl L <
W5 EBDLNLRERE o770, AR %0.25mm
&L, RERBHAE D S E0.01mm D &4 T0.15mm E TZ
ILEETRVELL, $/72, @, @ ® (Fig1s5) 2
SV, IR Z0.20mme L, SERFILG 2 O

FA LA R B 452077 (2008)

0.01mm? E| 4 T0.10mmE TE LS 7z, 2720, @I
DV, MEFEICHEERY LT L2 L a2, )T
BIZ P TW - < D & +£0.03mmid & T8 A WFE %
RN Sz BT AR O A EE AW O i %
FIE L 72O T30 H ) 3T, Figs.15, 1612w
TIEMIIE L2 E R L TWD (AR OHIIEIXC,
G WAL )0

O, @, GOV TITEHEEE S ZIZHRE SN, KT
ML), B EES ), A mEe s L 2
JEHTHIFEOWFILDH Cy = 0kPa, ¢ y=29" DFIZITD L
HA %R L7z LA L, ERERBROLADO LI, &
B2 AR O MRV S < 7 o T OIS
AWML D L REL2BHE (HEH, 2007) 3k
hotze Tz, B|EISOECEIBO@ &GV B
BIEIHAD L7720 00BE SN no7z. FFIZODRERT
i, &, RO ARG B ICEM S B
Nerotze TOMHORBOY AL, HASEYEESR
T2 & BIETTHIFRASC, = 0kPa, ¢y=29" DOFIZITIF—
HLTwb, ZOMmEEE, Bl & oMo mEEIS 5
EIE—F L EARRREROB (Fig.16) (20w,

kPa i - - RAONBEIEAICLS
300 | wRA - - WBFRIEEE A LS -
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& E A
Fig.15 & AW o RS 2 22L& & 72 g e Bl
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Fig.16 il & Sl O IS ) A5

33— L 2Rl s h% 5, 2007)

Three examples that normal dead load had almost correspondence to measured normal force on load-receiving plate
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Relation between specimen thickness and angle of shearing ressistence of the Misumi sand (a)

and forces acting on the specimen and Specimen thickness (b)

V RO =R HEEOREERE T

Fig.17 (a) (&5 (1997) DT - 7ofkik o (BR
E=FBITORS) OREBE R, SIER L2 DTH D, R
B3 AT (B T224%, 2000) (2R S 7z stiakkic
L0, BB o AR OZAIZ R 2 { ST o5
EME % —5% (196kPax XERBIAAEE O A WITRE) (26
DR OB R L, A BRh o AW O 2Lk
LC, AWM EOIEEIEII2—%E (196kPa) & 7% 5 X
NG H O E % IS 2 EOEERBESTT b,
AR E (Fig.l7 (b)) &, R (1) fatiREE
Z20mmé& LC, TEEMT A 2o, i () 4t
SIKEE %30, 40, 50, 60mmMMDAELREIZZE 2 T b, it
SR 12120mmTH 5 .

BERABIE & & AWHETTA O BR 2 S, #m il o
ARREIE ST (A REIE20mm) DO AR
fEFAND LX), AW OR AWHKILA % i
ETDHIENTED, ZOMEDS, JHHBEEI ENREOE
BEISICED S AWIRIIA TH 5, Figl? (@) 205,
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Relation between specimen thickness and shear stress of Kaolin clay

PERM O BRI & mOBEE RO RILIT L A & —3
L, B ARHRPUA Xt BIE 2L L TH 13T
—EDEEZRL TS, TNZIT TR, R E)
INE L B B0, BTl ARHKITAARE R D,
PR R R IE 220mmO 7 &, § 7 b B8 AW T
EHATH OB AP DT E A =T B Ehbh
% (Bofi#  Ho— i —kmETh ), =ik
16" ), ZoZ &, e AR L AR
TS AW OWEIS B L 2w L2 /RL T
W5,

vV £ &

M-10 A A V% B4 L % Wik BRAS o — &5k (-2,
3) LHELTT—20NTyFIVNEL, HEUEEIE
LRTEE ) OGRET I DBMEIRL TWb, ZORER
DFERD 1L, EAWIRTI DR EIE O 2SR L <
31Z—ETHLHDT (Fig3), TAWMHOIEELI] b A
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Relation between specimen thickness and normal stress of Kaolin clay
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72, HEARBIE L 2 AWK A OBE T (Figs), #
Tl & SOl o= ARHRILA O Wb 25, fEEEIE
DERNR L TNT Y XEH 5D DOD—E & 7 HHE %
RLTW5, CAMHEONME & 7 2 MEAREE15mmo
FICBVTH, WA & SO o8 AWHKPLAIE 4 < —
ey, HEABEO /NI DL ST, FIHTET I
MY 2 RHEEEIESIET 5 EEZ DI LDV TE b,

Zhicxt LT, ZBBoise (Figl? (@) Tl K
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Relation between specimen thickness
and angle of shearing ressistence of Kaolin clay
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Two types of characteristics of side friction
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Relation between Specimen Thickness and Side Friction of Inner
Wall in Constant Pressure Direct Shear Box Test

— Comparison of Normally Consolidated Kaolin Clay and Loose Misumi sand Specimen —

FURUYA Tamotsu, KAWAMOTO Osamu, YAMADA Yasuharu, NAKAZATO Hiroomi
and INOUE Keisuke

Summary

Constant pressure direct shear box tests were conducted on normally consolidated Kaolin clay specimens with vari-
ous thickness, for three cases of oil smearing to the inner wall of the upper shear box, the upper and lower shear box,
and no oil smearing to the inner wall of the shear box. Side friction characteristics between the inner wall of the upper
shear box and specimen are discussed on normally consolidated Kaolin clay, comparing to the case of the loose Misumi
sand specimen. In case of granular material specimen like dry sand, the normal load of shear plane is close to the load
measured by the load-cell on the load receiving plate. However, in case of normally consolidated Kaolin clay speci-
men, the angle of shearing resistance by the normal load measured on the load receiving plate varies by oil smearing to
the inner wall of the upper shear box. This suggests that side friction occurs between the inner wall of the upper shear
box and the upper specimen in case of normally consolidated clay. The side friction characteristics at the direct shear
box test on normally consolidated clay change delicately depending on the normal load at the test. The side friction of
low density specimen at low normal load is apt to increase as the specimen thickness decreases, and the side friction
of high density specimen at high normal load is apt to keep constant as the specimen thickness decreases. Therefore, it
will be better to adopt the average normal load of the dead and the measured one on the load receiving plate by adjust-
ing the initial lower specimen thickness about equal to the upper one at the peak shear strength.

Keywords : constant pressure direct shear box test, side friction, normally consolidated Specimen, Kaolin
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