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Abstract: The small-strain shear modulus is an important parameter indicating soil stiffness in geotechnical engineering. In this
study, the multidirectional bender element technique is used to investigate the small-strain shear modulus of calcareous sand
from Persian Gulf. The effects of the coefficient of gradation, mean particle size and stress history on Gun, Guvand Gvhon
both vertical and horizontal planes are considered. The test results show that for the calcareous sand used in this study, the

stiffness anisotropy is significant, behaving as the higher Gun than Guv and Gvu. G

ma;

. increases with the increase of Dso and
decreases with the increase of Cu. The values of G, at the loading stage are apparently higher than those at the unloading

stage. Finally, the Hardin equation for predicting the small-strain shear modulus is modified with the participation of Dso, Cu

and OCR, and a better prediction capability is obtained by comparing the traditional Hardin equation.
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Fig. 1 Particle-size gradation and grain morphology
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Table 1 Physical properties of tested sands

E//I\ﬁ €max €min Dso Cu Gs
0.315~0.5 1.40 0.91 0.4075 1.30 2.81
mm
0.63 ~ 1 mm 1.69 1.13 0.8150 1.30 2.81
1.25~2 mm 1.85 1.34 1.6250 1.30 2.81
SCU17 1.54 1.05 0.8100 1.60 2.80
SCU18 1.36 0.53 0.8100 3.21 2.81
SCU19 1.34 0.91 0.8100 5.13 2.81
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Fig. 2 Diagram and working principle of multidirectional bender
element

1.3 RWTREF%E

BR3P & SR, B TOLEAT 3
IS, —3t 18 AL 54 4HiAES . BRI Ty Rk
2 fr7se ASCH A SRR A & R T aRER 0 il
PR, WREEI KR, R SRR IR
PRFRIRE T O SR S R, [FIEKP
16 A8 o AL e s LA RO RE R ST 0 A BT il
AN 5 EHIRE, R B SR B b i sk
{7535 RN RS R SRR, R g 2 b A 8 L
TRAF—2, MRATADY R P sk F S
S ARG & I TE AT R, 38 — AR A 1] 0.5
h, S RN 300 kPao FRAFFHEATE (B>0.95) HEATH
fe [ i 2 K. [ S, B R 3R AL
J¥ 71 400 kPa i fHENHE] 50 kPa, MEEARMIE 2 (o)
PR . BAINEB B (REF 0.5 h PATORAARAZ TL SARRT



% 2 3]

AL A B BTRD N R RIGG BT DR R AT

327

R RAS, 1k

AT ES eIt ge. Iz m e Tk
A PEHEAT 0 3 6 LIS SR AR R 7 00 o

®2 HEAR

HI& 3 TR0, BEE R R R, G, 2B KIE

P AR KON MR o B AT 25 S TR B
BRI G, BiEHHE A, mR (D W, G,
KA AL LR, 2590 G, FFLIR LB BOHAT I

Table 2 Test programs
253 WIBEAERS % SETE Dil%
0.315~0.5 mm 5 50 71
0.63~1 mm 20 54 85
1.25~2 mm 8 58 90
SCU17 13 52 78
SCU18 10 56 90 R
SCU19 8 55 99 NG,

—feAbE, B b ATHCOE B SN G

max

AN

Jamiolkowski 2B\ N3t (3) i T UKL AR I

VU FR o AR ST A P RS B R 3o [ 0 A T U 2
R RER FEE A 5 B2 ) AN R 01, R Rz B (3)

2 IWEERTH

2.1

2401

qziIZI*_\JZ'If:;l(: DSO S(TJ- Gmax E"J?ﬁ”rﬂ]
3 AN BSPREARE (R 45 5D LE AN [ A 0 2 S i
Ny G BEF36 203 N IEI Y B AR A L o

240

—-o— D,=5%
—o— D.=50% R
= D,=T1% " 4
r PO
& 160 D
£ e
§ Lo
©osop 47T
.22
& VH
0 1 P} 3 4
RS Tp T,
2401 D.=20%
—o— D,=54%
—A— D,=85% a
d-; 160 + ,r'k‘j;j"'o
i T P
é gy ,O:' .... o
O g0t o g
578
3 VH
0 1 2 3 4
H— A HERL1p Tp,
2401 D,=8%
—o— D,=58%
—A— D,=90%
=2 160 A
= Y o et
S - '_;%'” .o
i oo g
o P
80 . 6;: -
é'::ﬂl VH
0 1 2 3 4
ARSI T,
300 [ HH: y=113.62x0511 !
HV: ;:90_59x0.550 2 D=5% HH
VH: y=91.37x0.54 D;=50% HH
T A A D=TI%HH
<" 0 D=5%VH
& 200 /.JY//! o Drsosevi
E & ,z"' A D,=71% VH
i< ‘,"/ . D%V
£ Ea
o= 4 ® D,=50% HV
1005 o A D,=71%HV
L —— ALk
Y 1.5 30 45 60

H—AEH R ERF1p I,
(d) 0.315~0.5 mm fle)H—4k

3 TEFIIRERME G, B TS

H— LI H. X (3) hIARFH d

H1.2, 5 Shi SR} F] — R4S B RS o AHUE PR EF— 2.
AHHURY, d HERNRSWERHBRR AR, JF
H o TR E], d 5 Dso Ml Co Z A Z50 55

-0 D,=5%
—o— D,=50% A
—2— D;=71% PR
£ 1601 s
E e em
E i
&) so0l ,;(A;:':"'D
2B
é” HV
0 1 2 3 4
H—A 3 ER S1pIp,
(a) 0.315~0.5 mm
2401 5 p —20%
—o— D,=54%
—A— D,=85% A
éj 160 | oo
y p e
e
© gof e
-
g’ HV
0 1 2 3 4
H—ALA B ERLIIpip,
(b) 0.63~1 mm
240 o D.=8%
<
[=9
5
H
© g} ElT
goH HV
0 1 2 3 4
H— A FER STpIp,
(¢) 1.25~2 mm
300 rgH: = .
gg. y=126.12x0529 o D-20% HH
: y=99.30x0-546
VH: y=100.50:0335 O Di=54% HH
I P A D,=85% HH
L s & O D,=20% VH
& 200 W g o D
S s A D,=85% VH
il % / = D,=20% HV
S1= 100 3 ® D,=54% HV
i Q,‘/ A D,=85% HV
[ ——HIAHE
0 1.5 30 45 6.0

H— BB ER S1pIp,
(e) 0.63~1 mm fle)H—4k

AARTAHATIE. B3 (d) ~ () FRE34d
AR B DI E AFLRR LL s B — 5 (G, / f(e))

2401 o p =5% A
—o— D,=50% 0
= D=T1% """
£ 160} 'A_//,/ /,,,El
= /,’/d' /’Er
F Vo4
o i
80F #7
bl HH
0 1 2 3 4
H—A BB FER S1p I,
2401 o p.=20% A
—o— D,=54% /'/o
-~ D,=85% AT
Lol o7 A
£ 160 e
E /‘/_O’ "~ A
% -
g K
© gof ,lE”
g
= HH
0 1 2 3 4
A— AR FEN S1pIp,
2401 D,=8%
—o— D,=58% . ,g
—A— D,=90% e
& 160 e
= AT
\ﬁ " ’/ P
E R g
O gol 6T
57
g7 HH
0 1 2 3 4
H—AH B FERNIIpIp,
300 - HH: y=136.05:0311
HV: y:109.13)c°'§i2 a0 D=8%HH
VH: y=109.60x0-54¢ ® D,=58% HH
& o & D=S0%HH
= 200 ﬂ'/ 7 8 Di=8%VH
& P O D,=58% VH
S % A D,=90% VH
e 'Y = D,=8%HV
£ J
SI= 100l 4 ® D,=58% HV
3’ A D,=90% HV
——HIAHE
0 1.5 30 45 6.0

H— B ER S1pIp,
(f) 1.25~2 mm fle)H—14k

Fig. 3 G, versus effective mean stress of sands with various particle sizes
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