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THE STRESS-STRAIN RELATION OF SOILS UNDER SHEARING
DERIVED FROM A MICROSCOPIC CONSIDERATION

By Hajime MATSUOKA

Synopsis

The shearing mechanism of soils has been studied from the microscopic point of view in order
to analyze their macroscopic stress-strain relation. Special shearing tests were carried out using
aluminium rods and similar rods made of a photoelastic material to simulate granular mass in two-
dimensional state. The concept of the frequency distribution of the contact angle between parti-
cles 6 and its variation during shear was introduced to represent the shearing resistance and
dilatancy character. The basic relation of stress ratio (r/o y) ~ the mean value of 8 () and that of
normal strain caused by dilatancy (ey) ~ § are derived as follows;

tjoy=2-04+p, ex=(cosf —cosf)/cosf,

where i=1.4~1.5 (const.), g; the coefficient of friction between particles, §,; § immediately af-
ter the beginning of shearing. From these microscopic consideration, the stress-strain relation
of soils under shearing which can be applied to sands and clays has been derived as follows;

t/oy=( —p)In(r/ro) -+
ex=LE2E) e finrir) 1)

where p'=2-60+p, 7¢; 7 at the maximum compression point of ¢y,

1. # s

PRELICHTOREARTE-> T, BLORTOEBYRBLCZohR2ERBEEIh 3 0LEL
bitdo $RBEI TR, MEAAHTFHLOAIMERILA LI 2 vy — 2 EORRBELRIT 2884
HAbid, ZZTREDEH-VPTARKHEORELZ ORREICER L THREANAZES»OBHT 2L %
BAfco ZOW, LO2REEFAMELTT NV IBEIURABEMBOBOBERTACTHANRRY
Thv, RHFHEN, HFPHEER NIPESAZEEMENAZERE LTER L. BT, TAMIREL %
TEATLBETVEEORTFESA 0 0FLRRE 0 OBEPBAGHOEE LTEEL, XbIR 00
SEOTHME § 1Tk CHETHZ L 2RAT0 20X ZEEND, B, ¥ErlbFRirt s AN
KROToEh—0FHERRLFE L 10T, ZOBROBFLEMT -2 LOMHEUTIRBRS,

2. BENBERALSHEALLTOBN—0F HEAKERD?

FTWELIOCANBRLES A VA2 v —BEZONRBIER L IHEANAIB L OFMT 52 L %
HAhb, Fig. 1 KRT L) KBET YV ELTHGHIEH L TWaE s 0RFEAIEELT i BHo
BRORTHAE fo MTPESAY 0, L L, RTFBEEANSR FEATRELICE—¥Y 5 4 X (mobilize)
SNT—EME 6, TH B LTNE, CAWHES (t/oy) B—BRIZKRDOL I XEDIN B,

_ 1



500 RAMKAATERE 15 5B (. 47. 4)

shearing plane

Fig. 1 The contact angle between particles 6,
the interparticle force f; and the fric-
tional angle between particles.
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Fig. 2 Relationship between F; (per unit length) and N ;.
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Fig. 3 Frequency distribution of 6 of aluminium rods mass.
‘(a) before shear
(b) at the peak strength
(c) at the residual strength
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Fig. 4 The trapezoidal and triangular Fig. 5 Relationship between /¢y and
frequency distributions of 4. 6 with parameter ¢,
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Fig. 6 The mechanism of dilatancy.
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Fig. 7 Relationship between t/oy and ey/r Fig. 8 Relationship between t/oy and eyfy
(Ishii River sand). (Fujinomori clay).
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-d& .
dy — @)ty
Fig. 9 Relationship between zfey and Fig. 10 Relationship between r/u » and
dey/dy obtained by simple shear dey/dy on the (45°+4¢ ,0/2)
test (o5 const.). plane obtained by triaxial test
(o3: const.).
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Fig. 11 Relationship between /oy and Fig. 12 Relationship between zjoy and
dey/dy obtained by simple shear dey/dy obtained by simple shear
test (oy: increase). test (o : decrease).
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Fig. 13 Relationship between zfoy and Fig. 14 Relationship between z/sy and
€y obtained by simple shear test dey/dy on the (45°+¢@,0/2) plane
(ox: increase). ‘ obtained by triaxial test (Fujinomo--

ri clay).



B : SANROL DA ABERICOLT 507
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Fe2% @5 +Pn/2) WED t/oy & ew OBFHTER LA OTH S, (18) RICX 2HHBMBE F o v
FRIGIZBFARELERLTRS085 bR, o
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BEL—BLTnb. HFRHBEEE, CoJIDHERESELLTTELIDTHLT Eib, —HEAR
HBBOTHRCERBORYREL, LECIOIBEODTRMELBEENOBERILROEY o ki
Rowe Ol — &4 v4 2 v v —BHY I hid Fig. 16 T+ s BRMEIFALBLIER LA L0T, &
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Fig. 15 Relation}shipk between /oy and Fig. 16 Rel)ationsh‘ip' between ¢1/o3 and
ey on the (45°+¢,0/2) plane desjder (Ishii River sand).
obtained by triaxial test (Fujino-
mori clay).
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FT2L5ThEY, BMEERRLIOCRHEMEALBRRTEVE V. T OEBRGRI T OB OR T HE
BORTHEL LRI > THEINZIOEELON S,
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23 FABEEDOBETSDELD t/oy~r~ey BEE 01/0sme~dVIV (=€;+265: KEDFHR) B
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Fig. 17 Relationship between t/p-0, and Fig. 18 Relationship between z/g-oy and
r/7s (Toyoura sand). 7lr, (Ishii River sand).

0™ [ 10 0357 | 10
z x
% %
Fig. 19 Relationship between r/y-ay and Fig. 20 Relationship between z/p-oy and
7/70 (Umeda clay). 7lrs (Fujinomori clay).
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Fig. 21 Relationship between z/p-0y and y/r, (glass beads).
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Fig. 22 Relationship among t/oy, y and €y Fig. 23 Relationship among ¢1/o3, €, and
(Toyoura sand). 4V |V (Toyoura sand).
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Fig. 24 Relationship among 7/ay, 7 and Fig. 25 Relationship among g1/03, €1 and

€y (Ishii River sand). A4V|V (Ishii River sand).
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Fig. 26 Relationship among zfoy, r and Fig. 27 Relationship among ¢1/g3, €1 and
€y (Fujinomori clay). 4V[V (Fujinomori clay).
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Fig. 218 Relationship among /oy, r and ey (glass beads).
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