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Calculation of intergranular suction considering cementing area
between soil particles

JIANG Xiao-lei, LI Pei-chao
(School of Mechanical Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: The calculation of intergranular suction is a key factor concerning the study on the effective stress principle of
unsaturated soils. First, taking into account the cementing area between soil particles, a simplified ideal model for granular
interaction in the microscopic state is established, the relation among various stresses on soil particle contact points is derived,
and two typical ways for macroscopic accumulation soil particles are analyzed. Then a unified expression for intergranular
suction is proposed. Second, the effect of cementing between soil particles area on the intergranular suction is discussed. The
results show that employing the surface tension component directly can simplify the calculation of intergranular suction. Finally,
a case study demonstrates the existence of the cementing area between soil particles has an important influence on the
intergranular suction. Besides, based on the double effective stress hypothesis in porous media, a double effective stress

formulation for unsaturated soils under low water content is obtained. The aim of the study is to provide a novel idea for

calculating the effective stress of unsaturated soils.
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Fig. 1 Geometric relations of various quantities on particle contact

points

K1, p, NALBAUET), p, NELBUKIETD, o
NERMKIIRE o NBEHMA, o NiEmM, r At
BORLIE KA NIMEZ 2, r NIREEWIEAR, r Al N

RAEK I AR S5 J LA &

S HE T RIS 3 5 AN B R A P A 5 R Al
s 2a(r+1)2R(1—cosp)p, =2-2n(r +r,)o cos(p +
0), {13

p.=ocos(@+0)/ R(1-cosp) - (1)

A RTK S JERURL O L 7 1A B3 8RN

£
f=2nRosingsin(p+6) - 2)

N T S LT M B e RORE (R g B R/ LR B R T
1 f TS KMERRE A B B R, R
PRI 3 (R SR, it R 1) J52 45 T ARG IR
JIFERIOAN WL RN R 52 o

A 3% AR P SRR S ERO L sE X, T
AR 21745 )5 7

n(r+r) =Hp,=f - 3)

¥l (2 AR (3) {3

p, = 2(r + rc> osin(p +0)/(r* + 2rr) o (4)

R (s (3) AR RIS p, FIELN S p, 2
) 5% F 2
p,=2r+ rc)zpC (1—cos@)tan(p +0)/(r* + 2rr,)sing o

(5)

XF BESCHR[51 A3 2 5% FR 5K
p.=2p.,(1-cosp)tan(p+0)/sinp ,  (6)
APVE M, A3 (5) 8 (6) Z2H T — I

UR) | ik T R A TR

4+ 2rr,
SO o R RUREL [A) B2 fk Oy s BRI, Bl =0,
PERFZIEET 1, il (5) TR AR (6.

AHMEEH, X 6) R (5) FERR LRk A
i g R RS ) — AR R 1O o

¥ A OV R — 25 S - UKL 1) (0 5 A R 1 T T
YRR, K G5B 153 5 & K R AR R 1) 7] AR 4
KR I MIAN B 25 7K SR T AR AL B AR S5 AR 0,
WY AAESS HW ) o UKL IR R LR ER 0, e ROkE )
R I SRt b R R R AR A RS . X
WH R T RORL A I S5 A7 AE — E A I 2 5k

IR S R A I S5 AR BT N, TR T
FERO b Rl s AL AN I 2 TR E R R |
T 7 B R O HERR T UM L UKL RS R R, A
FE W b B AR THI 5K 77 77 AL IR RIORE )W 7 1 1 S AR AR
ok N TR — R, R I S A
SRS BLIEAT 23 A

(1) ZRLAR B BR UKL 7 7 B Fa HSHE AR

SERIAR [ Bk - UKL 377 B BRCHE AR B L AR B A
R EE 2. EZW L H KR TR A7 AR )



1162 H O+ T OB % M

2016 4F

RLla) W I s" SRR, TR LA 2]
20 1
4R’s'=4-—f
s 4f (7)
¥l (DL 2 AR (7 W1
s'=%pc(l—c05(p)sin(otan((o+9) . (8

X5 SCHR[STHR 4t OO )R AT ) A 5 (8)
e e AR A K, 1 SCRR[S ] A2 BRI T SRR AL (A
JI. WIRTSCRNIR, 25 AR A AR AR IR ) (7 5
R, MARETK & AT A SRR,
CRMEARMASA, B, @RI AT
R, AR R SRR PR R OR A, B
=k FAIE RS T A VSR Syl )i P v =S A
[BIWR F7, AT DA AL (]S ) (o A 2 fag Ao

2 M FHERMEHEREE RSN
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Fig. 4 Structure of unsaturated soil with low water content
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