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Study on the Relationship between the Particle Size of Soil and
the Angle of Shear Resistance under the Low Normal Stress

Masahiro KaiBor! and Yoshiyuki TokupoME

Faculty of Integrated Arts and Sciences, Hirosima University
Higashi-Hiroshima 724, Japan

Abstract : It has been occasionally explained that the angle of shear resistance
depends on the soil-particle size. However, the qualitative relationship between the
friction coefficient and the particle size is still controversial. To elucidate the effect
due to particle size, the samples with some kinds of particle sizes should be prepared
by sieving. It is not ideal to get samples by crushing, because the shape of the grain
becomes quite different from the original one. Also, the shear experiments should be
done under the low stress level, where the particles are not crushed. To obtain the
relationship between the particle size of soil and the friction coefficient, the direct
shear tests were performed under the low constant normal stress less than ca. 230
gf/cm? with some uniform particles of three sizes. As the result, it is found that the
friction coefficient increases monotonously with the increase of the particle size. This
concludes that the friction coefficient (tan ¢ ) can be expressed by only two factors;
mean diameter (dso) and relative density (Dr).

Keywords : Angle of shear resistance, Direct shear test, Particle size,
Relative density
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(Lambe & Whitman, 1979), AH X TiE. ThOBLADODERDH b, HEFOREE & AKEKD
HOBBREEENICHLPIZT A0, —HNEOLIZOWTHEANIKIIA = EBRAICHIZE L.
ERkOMEFERLEET LI EIZ L

TARENAICHBERIETEFICOVTOINETOMA

BB A AR TE L EANBRAICE LTIk, 2hA2+oBMETh 2 L v Bn R —
b ozt IhERDL1:ODORBHRERNRPAREMGICL o TEDEFKREERLDL I ENRLD
LI ENTV (KE, 1969), L7255 T, HAWHERTADMEICIIREBHES - REELE LU
THZENDLETHD, REHAFFRUHEIC. WHEERCDIEE. SAMEE R EORBREMN
2XoT, LOREEEMNICEANENAIE > TL B30 EVIMELBAIITOATE (2
EZITEHS, 1959 s EH S, 1962 5 HE, 1964 ; ILH, 1965 ; &M - sF%, 1968 ; & L,
1968 ; & I, 1969 ; Lambe & Whitman, 1979 7z &),

—F . WFOREFEARMBIHADENRIZTHEEIIOVTOREDI V223 TS (7
& ZIEHA - I, 1957 ; Kirkpatrick, 1965 ; #R&EI 5, 1984 ; =@ 5, 1989), &4 - &Ll
(1957) &, BEHO—HFRNEORE AV THEOE; T AKIBNAICSZIEEOEAVELRA
RTWb, REHAIZ—EE AT, BW/2oh#iBIZ0.3 ~ 1.5kgf/lem* Th 5, ZOFEE. A
BEVP—ETWLVIREBOHEIIE, REOKELZDDIZENMEERAD KE VD, BriREOW
A2, IHREEBAIKHEICLLTIZIZ—EDHEL o7z, $7-. Kirkpatrick (1965) b EEHD
—BHREORH* AV THEDENCANENAICE I 2HBOESVERAITV S, REHRIZ
BEAZHEMERER T, TAMPOEKRBERILZHE L7z TO/BER. MEDO/PHZI VDI ERTARIK
piAaANKEVWZ L, Taylor DIRBLAFECEBTAVLAY VY —FOIINTF—HIELERT
bl, REODEIPPDOLTIAVAY VY —DOFBR EBRWIZHREDE ANEIANDOEES L
BREILTHAZ LR EEHME L, T2, KEDL (1984) OTNVIF K-V EF--ERICLS
L. BEESAKNRBRICBWTH, SHRRBRICBVTH, HEOKEVH DI ERANKRINAE
KB EFHESNRTVS, 72, =@l5 (1989) IIHEMAKORL 2B TEEOWALZHV
T, EF - BIEREH* ZHERABRIC L - THX, ZEBRFIZOVWTRE L, 208E. KTD
HEOKEVDDIIETAMER LRI HEICHERLL T W O, NEEBAL/NI LI L
2L 7o,

DED XY C, HEREFANBHRADOERIZOVTIIE TSI LERVBMEINRTEY, 124
RITHEIR TRV, LA L, AR LNV, B L 2 2 IREEOREBREEIRL -
TWBI LN, —EDRKRICETLVWERTHLLER LN,

BESI, WHERZRBLS, CAMICE b o TRFIBERIND L) 2BV HEERL
BELRWLDOLHW LIz, /2, MKROIWHFBHTLIHEXMET IR, ZITRI-TWAIHR
BE=@ERRBRORR 2L RELY, L YVEBCAKNRBRORRIGEVWD D LHET L, 20X
) BRBHPS, KWLV TO—HEAMRE L V) FEEHWT, AR L ¥ AKEIADRH
BRICOWTHERIET 5 Z LI L7,

—Et AMBRBROER

AFECTHW - —HT AR IZ, REREFSETLORELANLNL L) 12, TAMRE
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Fig.1 Particle size distribution of samples
(C):Coarse, (M):Medium coarse, (F):Fine
Table 1 Physical properties of samples
Samole Kansuiseki Masa
P Fine | Medium | Coarse | Fine | Medium | Coarse
Specific 2.724 2.650
Gravity ) )
Max Density | 718 | 1688 | 1.670 | 1.628 | 1.575 | 157
(g/cm3)
Min Density | 304 | ;404 | 1385 | 1206 | 1.338 | 1.322
(g/cm3)
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BHHTHESIZERBTEIALLIIZHARLAZLDT, $TIZWL220HFIANH 5 (Kaibori &
Sassa, 1984 ; #iK - i, 1991), HAMFEOKZ 213 200mm X 200mm X 100mm TH 1), €A
BEAKEVCOTHEMMBEONEZFRLE > TOTIHERLSREITE S, T2, BHTHTE

LB LAEEHL VDS L TORBPETEL, 72720, 4 0ORBERLZEANERICH
oo HEL LTEARLTELZ, MREEZEZTCERFNIBETOMAEL 2. B R ZRINFE dh
#MaFig. 1IIRT. FREI LI, INTHRERR, RKEE - EERBRE T ERBREICED
WTERM L7, ZNENOFER % Table 112F LD TRT,

BHABERET L ITEL L IRMOFBOEDEELHREL T, BIZITZ—EIX 25 L) ITHEL
&ﬁ%%%ﬂﬂ%ﬁ%ttomu‘%m@%ﬁfi%#wE&Lto%wtﬁﬁﬁﬁi%k
230gf/lcm®* TH 5, EFHT %, TAMBRICALFOERRBOVHEE L ROz, £0H%. &
1 52 0.5mm DEEDETAMEN THEELCAM T ERL 72, TAMEMA30mmITELZS,
FAMZRT L, BERZHIZEKL,

Table 2 3 AWBBEMORBOBE*ELZDDOTH S, Fig. 2 &£ Fig. 3 EEEIEH—HA
Wi OBRERLZCDDTH L, EREDVHASNTNE L), BEOEME LD IZHLNIZE
MOOESEIMLTWb, $72, FELTHIEKATLENEFNINT OOM L BT S &, HE
DHEHPRZEDHEME L BITKREC B> TV D, ZOEMRDOHEDIERETDH 5 EER K tan ¢ LA
BOBBREHEHS 2ICT 272010, #MEICHEED r 2 & 0, fEEIEERKan ¢ 2L 0, KE
Trizsay FLTAB L, Fig. 4D & H12% 5%, Fig. 4 DERKIZ, FKAIZOVWTH FEHITD
WTHREDPREVWLDIZELOMNBICHIPN TV ED, BFAIFITTHLERLZENTEXS,
Dz a#%@%ﬁﬁmn¢%%mﬁéiﬂktf LEP SR AN gt R E PO e A N

BERT LT AIENTE, EROBEEVPRELZ L6, BREVHNFICIERRTHLZ LY
Bbhb, kLY, EEMEKtan ¢ 13, WFBEBBILOA Yy -0y 2 7IRAT 587
tan 4 cv &, &4&47//-ct®¢é&ﬁwn¢9#6&5 EFHOLENTBY,

tan ¢ =tan ¢ p + tan ¢ cv - (D
ERTZENTE S,

TS5 (1986) 3, RAENTVWAIBEDERT - ZHNT, ¢ ~DrBRTEHEL, 4o
2D r OIS THMT LD THSL I L, ¢<quraum$%&gmm&%%§ﬁom
%@%ﬁf Dr=01BI5 ¢ DEIZHELVIE, ¢ ovITHEBTIERTL L THTORIK - H

-KESA  WFREDHE R ENTEZONDL I EEXHEL T 5,
$ﬁw?mwtﬁmE£lWiéi IonTIE, MEBEINORFOLEIIZIFLTHLELER

LR TE D, RED/ITA—F =& LTHIFEFED 0 (mm) ZHVEZ LIZT 5, BRKAEOH
RRFE dso 2, DRFEDD OD70.7mm, FRED S OH3.0mm, KFEFEDDH DH4.9mm, F 7z,
FXt+oFEFEdsoid. DAHEOS DA 1.3mm, FHEDDS OH3.8mm. KKED D DA
6.2mm TdH 5, Fig. 4 12& 5L, BKAETHISHETHDr &tan ¢ DERIZEWVIZHE A FE LW
SEADERTHEPTE, DrA 1 HMT AT LI, tan ¢ PFEAKATI0.0070721F, T LT
0.0056 72\ TEMT 50 SARDEMPEVICFITTHALI b, MEORLLIATH-TH A
LAy v —Dtan ¢ ~NOEEDOZEIR LN\, ¢ pAD r DM THMT L5 &9 5,

FARAICDOWTIE, tan ¢ b =0.0070D r © e (2D
F 22OV T, tan ¢ b =0.0056 D r - - 2 (2-2)

ERTIENTED, tan ¢ ovA Dr=01IBFStan § DMEICHFELVWEZER, HOEREIMHEL

72Dr=0Dt&EDtan ¢ Ztan ¢ cv& Lo TORKR, BRALLODVTIHEDIS VS OB

- T SRS, T

= . ——— THTTIE X
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Table 2 Initial density of samples before shearing

Initial Density (g/cm3 )
Coarse Medium Fine

Dense 1.59 ~ 1.68 1.63 ~ 1.65 1.63 ~ 1.64

Kansuiseki | Medium 1.53 ~ 1.54 1.56 ~ 1.58 1.55 ~ 1.58
Loose 142 ~ 1.44 1.46 ~ 1.47 1.46 ~ 1.50

Dense 1.50 ~ 1.52 1.50 ~ 1.51 1.50 ~ 1.51

Masa Medium 1.44 ~ 1.45 1.45 ~ 1.47 1.45 ~ 1.47
Loose 1.36 ~ 1.38 1.37 ~ 1.39 1.35 ~ 1.36

HIEIZ, tan ¢ cv=0.39, 0.52, 0.67, 7z, FEXHITOVTRAED/NE VDDA SIEIZ, 0.50,
0.56, 0.63 & 7% > 7z, MEIHINFE dso, MBliZtan ¢ cvE LT, ZOMBEEET L Fig. 50
INITITZERTEUTE S, T4bb,

FEKAIZDWTIE, tan ¢ cv=0.068 dso+0.335 - - -(3-1)
FEEIZOVTIE, tan ¢ cv=0.026 dso+0.464 - - - (3-2)
) BRAEL 7,
DLEDKERD S, BE#ER an 413, EKAIZOVWTIL,
tan 4 =tan ¢ p + tan ¢ cv
=0.0070 D r + 0.068 dso+ 0.335 - - (4-])
72, F3HITOVWTIE,
tan ¢ =tan ¢ o + tan ¢ cv
=0.0056 D r +0.026 dso + 0.464 < 2 (4-2)

ZAHARBRRKELTELEDON, STSITLERIEH IS AD o TH DY L T 5 EERK
tan ¢ A%, MREEEPRAFEL V) S7DDNT X5 —TRHTEDL I L bhr o,

% =

FAAESEAWERILAICRIZTEBIIOVWTOINE TOMERERTIZ, WFOREL & AR
APIEOHELY 2L 0, ADOHE 220D, L5 THIRVIDDIORHEINTNE, &
MEHERIIZDILDEFHORERE BTLLDTH 72905 D2 ODEA L OELEDEN
EE) LTHRELLODEZEZEZTHIZV,

T, EBRFEIIOWTATADL L, HNEOBEVEHEEORL ZBRPNENHVLNATVS D
O (A - &I, 1957) ALMICHBT A Z EICE WHEOEEE-oTWE LD (S5, 1989).,
BT T LTELBRNEELLWVIZENFNETLIZHT TS D O (Kirkpatrick, 1965 ;
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Fig.4 Relationship between relative density Dr and friction coefficient tan ¢
(C):Coarse, (M):Medium coarse, (F):Fine

FRAES, 1984) L& FEETHH, 2DH) b, ZiHo (1989) DERERL L. EBRAER=
HBEMHRERTH LA, MTORBEOKENDDIZEHNEEBRAI/NSLS 252 xHEL, 20K
HaRKEWVHFIIECARICE DL > THIEERRT WD ELTWD, L2L, DLAKEOR
L RB A VERT 2B CATIICHER LI LI, MEORIEAMIES D00 % L %
ST AER, MEHEEALNKNEDOLODOAENPKEL EotTREEFEVIDEEDbN L, HEDOK
EXPT0EBEYREID)ETHLLIE, ALABTRENCSEDZVHITE T H2FHETEMBT HE
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BTwa,

Kz, REBFEIIOVWTATALE, TELTEETAWKEBRZTICE200 (BF - &L,
1957), =#hEHRERZ 12 L 5 b0 (Kirkpatrick, 1965 ; Zifin, 1989), MEHZ HW2b D
(A, 1984) R EIZHIT SN D, BEFETAMRBROTTL ~HEAMREBR T, o,
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Fig.5 Relationship between mean diameter d50 and tan ¢ cv
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