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(a) frequency of 4;

(b) frequency of f;

(¢) sum of the interparticle forces in the angle g;

R—4 T 05, EENOHRE b OEENTR I EEND
1 Fs D Bk BB (e = 0.26 DBE)

No. 35



No. 34 PR AICRDIR A D 8 AWHEE

—90  —60 =3 0 30 60 9
9
(&) frequency of 0;

—90 60 -3 0 30 60 90
g
(b) frequency of 5;

~90 60 —30 0 3060 90
B

(¢) sum of the interparticle forces in the aogle j;

R—5 RFEAAE 05, ENDOITHE B OHENMR LOEREO
0 Fs o B KT BBR (e =0.22 DHE)

189



190 N Tl —
=] 1404
50
0 np L9 / 00 =0.26
® 15,19 / .
o’ ™ L9
or o / L1
/2 °
00
5 / 1001
/s
=T / e
= P/ e ©
= " '
£ ° 00 /
; 20 ° & %. vt §
) 6@@/ ° § 50
0P £
10 /
/
/
0 / 4 1 |
0 10 20 30
ngngin 1/2 area
\
M—6 TR L 1/2 TR TR
12 B B IIE 1 DIEDHA N
-7

6’0:0.22

M D2
1 D8
— D12

§

No. 34

40
O nz~Fy o
g [e]
g
= ° ng~F, 0 <
- 0
% 30 i
. 0o
= o ‘DO
=
=20
= o
- @
@
[ -4
10 o h
o
o3
©
o
&P
0
0 5 10 15
ny.ng
M—8 #5, 1y & Fs, Fy O

20

FHE S NI TR 2RO BEN



No. 34 AN T ROk R D8 AW 191

OWEESM (F—7) RO EER LBk & » T, EAVWVTFRE LR T o s &
FIE Lich~.

3.3 HFHEEHOKRES

M—4, 5 (@) DX 5 EEAORETE 0) DX 5 HFRADOHT THMEEIhBRT
HBHH, B FRCEOREDCTINMEREIN T BT MA T, H5HAEDKE
Br=5° OFIMOIA R I L TEEINDT (R—4, 50) TRLEI DT s fliH5)
DR Fe(B) = /1B —5°<{B; <P +5° % B WHLTERLELDMH—4, 5 (0
ThbH. L F RO FETELLTHS. np & Fo ORI HBIEGEND B
B TH D, s DRENEZATFFELLKREL h-TWh. ZOBHERH
RUICONRE—8TH D nsg >10 TlrER X %r Froen® ORI H B2 Edbrb. 20
I LT, RFHEENOFELS 5 RICKE L, HDHMTHELIoTED, ¥A
Wi DI AT B & A ds o Te. FIRRD I & B O JF R AR LT
T5E, HZOOMMNEETIE. ZROBHLCEZLTWL I L2 b5,

4. BAEREFEORE

M TRD T, BFRURED A, BfAATROE AW & b 7e 5 2L & A AMRE
& DBIGRE BT 5.

RLRAPICIY, IR EE L Tu 58S (B—3) »R—4, 5 WiRlicX 5 felE
DADTFZHAM L TR Y, Lo TBEENOHE « KE S, HEilSoJimc i
T B, BRREPIRICA U C0 B EEINE, /MELSDORTEE D0 Ao T BT TH
B, ®—4, 5(0) R LI ERENOFR KT & PEFT /T ¢, FhFEREE
Bl tohEEDENADMEIRARNS LBEIP LOIKE LY. Tihbb

M 7
=21 pesing; = > Fa(By)esing,
S tang,, = 7} = k= (5)
P - Pmo ™ 1Y - -

2 fjecosf; ;Z, F(By)-cosB,
7=1 =1

C I Ot FEIRS ISP E S 008, M B, m o AEEO S EIRKEE,
Fo(Br) : FHEE By DIFIRDIEZETI DTN,
Fto By=0;+0; (0; 1 RIFLI NI TH E 0f) OBRYH D05 (5) ik
M
—2 1 fyesin(0; + )
tang,, = —— )
Zlfj-cos(o,- +d;)
=

LB, 2T ORI~ TR LI SRAMLTB. LnL f, 0; Soflae
Db DT, ZOFE TR (6) MLFHETE . FAUBYME, 0545 ;0
FonAE 6;=0: —~EOEEXZHCTHAEL TS, LA LE—TRIRLIELSIT §;



192 /AN T — No. 34

E—EM TR L, FhEofn 0° 30
LTk, RTFHOWHEE I OHE E TR
BN TWHESID DT, BFLLE
B Hbl WO Tk whrtELbRS.
H—9ixs (5) &3 (6) ww X AFTHE
FEEREAR L. & (6) 12 X BEIE, ;138
AR O TRAW A S 5 & —EfH = —

20

Sig

measred
calculated

O O with B, eg=0.22 7
20° RIS R L Lihs (V, VED & 10 o e ]
v v Wi 0, "
-[:Ji\-a? $oE o5 0" MR LT & 4 @ 0 with 3 e9=0.26
HEBLT 6= 0° (—EfH) LRELE & AW:aa v
v wit 3 "
& (A, Al ZRLTHS. of Y !
n ot ot e e o . 5 10 15
EERE & FTEE & 3 LD Dv—3 AR g | ¥ % ’
LT3 BTV 2, ZHEEOMIT & ' )
@j;B.A *’: F ”ﬁ\/\ ﬁ ._; N 1) P ]21—-9 }—t (5): (6) X %);‘[4;'1'—{[5.&;3
BE &b IR EAR LT 5 DR, B 00 L

By mxafEThd, K@) Ti=0 &L
Tl DML RABETHSD. §=—20° & LEHAITIE ¢ = 0.22 DHEFITH 7 DB
ErBL R,

0.5 RUTOMGKEHFTEAE D, X BICEERICOW TN 21T 21, X 6) 0 X
BT E BICERECESS LD EEL bR b,

X (6) To=0° LRETHZ L1, MTFHESOARER LN ETHDH, b L
0; BI B; DHEDNHRE LN E LIS biE, KX (B) &K (6) 1T X EE—FKT 5.
H—4, 50 (a) & (b) T 5 EWEIRBIICFE LW ER 25D T, LEEORKER
EAREAR TR, SO LN SR FEO TR OBEY &0 AW &fHEO20 5
BE, RIHOLRTEREFLD L5, HTHEESA §; ORI ImEE

—JFENCIRET 5 DOPEFICE - T2 E AR LT 5.
5. #% )

Ve R R YRR U7 FIETZRL T 0 2 RTCHVEE A (R0 Bl AR 21778 - T, kD

I Tt R A 1S,

1. RFORRRRAMIC b7 - T, TOMEEEL 5. TR FEMAD T ML
B EWEBLOTHA.

2. KIFEEMAICKETAEENG, EMECEECRLELEEIND. Thbb, ¥A
B X DRI DRTFHE S/ 0; 1%, EAx, =0 (EFIOMH) ORI
LTV, SEECI 6;=0 EE2 Tl

3. HIDFEOEENOKREZOTL, TOHEOBEENRENE ZIATEREL, A
Wi & b7 -T, TORMMPETD.

4, BCIRGEORAMWHERL, RFEEENOFTREREINELT LI ELESLLDOT
H5b.



No. 34 BARRNC BT RLIR R D8 AW B 193

5. RFHEEE O OHORBECELT, chixRUAEFORCH L LT 50E%k0RBHMNL e
FALERE OERD 5.
ks, BlERE, TIENOEEELIIC Lie F A DN TOEER LD T 5.
KGR D DI Y, #Ih, B DT « SRR Wb SR, .
WSS ROF d R L Eeh ot UL BiRSak, ERE, IRE—OF g
DEXFRLET. Fiho, MEMREOIFREER ST, FEEASE LS ek
Bz, DRIB—BhEE, PN EFE BUL D REEED © SHRE Be. To B
FREGE AR A (REH « FEREEREN B EE) s XOEMPIEA (B46) OfMbhaZ
Tz LT 5

Z F X W

1) N RO LI, AR DR AT, 243~246, TB48.2, LA%E
FR S

2) /NEffi— @ AT O RO U5 BFHIEES), 45 8 E B T Epige itk e e,
181~184, 11F43. 6

3) Caquot, A.: Equi]ibre des massifs & frottement interne, Gauthier Villars, 1934 %7:i%
Caquot et Kerisel: Traité de mécanique des sols, 3 ed. Gauthier Villars, 1956

4) Dantu, P.: Etude statistique des forces intergranulaires dans un milieu pulvérulent,
Géotechnique, 18, 1968

5) Rowe, P.W,: Stress-dilatancy relation for static equilibrium of an assembly of particles
in contact, Proc, Roy. Soc. London, Ser. A, Vol, 269, 1962

6) Horne, M.R.: The behaviour of an assembly of rotund, rigid, cohesionless particles,
Parts I~III, Proc. Roy. Soc. London, Ser. A, Vols, 286 & 310

7) Murayama, S: A theoretical consideration on a behaviour of sand, Rheology and soil
mecanics, Symposium Grenoble, Springer, 1966

8) FHLIMIAR « AR T 0 2KITE T AR & BRCREDE AMBLE OBARMIHE L, TRET K UTIERTE
ik, 13B, [F45

) FSILNES - AR OC : B &R LR AMHHEDOEREE L £ D A h = X2 FURBY KR
PHEH, 14B, WHE46

10) Oda, M. : Initial fabrics and their relations to mechanical properties of granular material,
Soils and Foundations, Vol. 12, 1972

11) Oda, M.: The mechanism of fabric changes during compressional deformation of sand,
Soils and Foundations, Vol. 12, 1972

12) Oda, M, : Deformation mechanism of sand in triaxial compression tests, Soils and
Foundations, Vol, 12. 1972

13) Mogami, T.: A statistical approach to the mechanics of granular materials, Soil and
Foundation, Vol. V, 1965

14) Mogami, T.: Angle of internal friction and a simple transient phenomenon of granular
material, Trans, of JSCE, No, 128, 1966

15) Mogami, T.: On the deformation of granular material, Trans, of JSCE, No, 129, 1966



194 T #l — : No. 34

16) Mogami, T,: Mechanics of granular material composed of particles of various sizes,
Trans. of JSCE, No. 137, 1967

17) BEE= RURGRIE~ O JCHME 28 O B3 2 ZERETIIE, TSRS RFERE LR
HARTHER, 154025, Edd.3

Summary

A Microscopic Study on Granular Materials during
Shearing Processes

Junichi KONISHI

(Department of Civil Engineering, Faculty of Engineering)

The two-dimensional assemblies of the circular rods made of epoxy resin
are tested in a two-dimensional simple shear apparatus. Magnitudes and direc-
tions of interparticle forces and directions of effective contact planes are
measured by wusing the photoelastic method. Relationships between the
variations of distribution of these microscopic quantities and macroscopic
behaviour of the assemblies are inevestigated.

The distribution of directions of contact planes varies with the shear strain.
But the direction of the interparticle force depends on the direction of the
contact plane. Because the angles of mobilized inter particle friction concen-
trated at zero degree, the distribution of directions of contact planes are not so
different from that of directions of interparticle forces. Relationships between
the sum of interparticle forces and directions of them vary with the distribution
of directions of contact planes during the shear. It is to be considered that the
shearing resistance of the granular materials results from these variations of

magnitude and direction of the interparticle force.



