1999-03-01
1949—

28 3 Vol.28 No.3
2000 5 JOURNAL OF HOHAI UNIVERSITY May 2000
210098
Hardin
P642.11%4 A 1000-1980 2000 03-0065 - 08
.Hardin  Richart 1963 G '
e 1
2
G = 3270 2.97 — ¢ 56 0.5
I +e |
2
G - 6930 2.17 — ¢ o 0.5
1+e
G o) kPa.
1
. 1984
2
G= 1+HS G, 2
Gy 1 H S, — S,
m — 1 sin nS,/2n S, < n
H S = 3
m—lHIS,HZS, S,>n
m—— G,/G; n Smp % S,—— 1% ~ 100%
H S, =05 S -n/100-n 2 4
Hy S, =1+sinm S,+ 50-1.52 /100 - n 5
2 Gm/Gd Srop
1
13 1234,



66 2000 5
1.025 0.45.
22 1.6 -
20 bt/ sl . pzep )
18+ ’
14+ \ N
Si6f 425 kPa (A ) . 74=25 kPa (R, )
& O13t
S . = =49 kPa(R, &)
141 a 06:49kPa(A4f’/") 3 \U a Y
o 4=25 kPa (Glazier V) 12+ 1.c5=98 kPa(R, V)
121 o 4=49 kPa (Glazier #) o 4=25 kPa(Ottawa b)
o4=98 kPa (A, ) o5=49 kPa (Ottawa %)
1ot 04=98 kPa (Glazier i}) L1y =98 kPa (Ottawa )
0.8 L L L L L L 1 1.0 1 1 1 ! J
06 07 08 09 1.0 1.1 12 13 0.5 0.6 0.7 0.8 0.9 1.0
FLERtb e LKLk e
1 2
G,/ Gy G,/ Gy
Fig.1 G,,/ G, versus void ratio at various Fig.2 G,,/ G, versus void ratio at various
confining pressures for angular sands confining pressures for subrounded sands
Gm/Gd = Gm/ Gd e, ~ ke - €
G,/ G—— e k— 1.025
045 Gm/ G(l e()_ €o ()
13 ep=0.78
G,,,/Gd = Gm/Gd 0.78 — ke —-0.78
34 e=0.78
by = FD!
by e=0.78 i* P— 45 50 70 80 100 120
140 170 200 270 400 11 0.35 0.297 0.21 0.18 0.149 0.125 0.105 0.088
0.074 0.053  0.037 mm 400* i =120 100* 120*
D i pm F——
Lé6r 1.4
_ b w
L5 ﬂcs:(; 13 F EIC‘.%Z({
14+ Srop =4.5% Srop'=3.0%
SREY! Jlat
% 1.3 3
S ot Stk
1.1 (76:24591f<11)3‘a
1r o6= a
?766::24591?(%; 1.0 04=98 kPa
1.0} c5=98 kPa
0.9 , ) ] ] ) ) ) ) ) 0.9 1 1 1
70 50 100 150 200 250 300 350 400 450 0 o~ 200 300
K2/ 0 m RAiE/ um
4 G,/ Gy

3 G,/ G,
Fig.3 G,/ G, versus grain diameter

for anoular sands

Fig.4 G,/ G, versus grain diameter

for subrounded sands



67

28 3
F = 6.3800)7 %% = 0.4415)703Y
F = 3.4495,70* = 0.2515)702" 9
00 kPa
400*
56 .
a; = ATS -1/ A-1 by+ 10
75 kP i g4=25kPa [
g6= a
i 3
B gt=49 kPa
g4=49 kPa "
3 b
§ ot=98 kPa }
10 T T T T T T T T T 10 | T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
INFA00* 5 b & o NTA00* 57 1R E B o
5 G,/Gy, 400* 6 G,/ G, 400*
Fig.5 G,/G, versus content of minus * 400 Fig.6 G,/ G, versus content of minus * 400 sieve
. m d
sive size fraction for angular sands size fraction for subrounded sands
Q; e=0.78 400" C— 400*
0 1 b, e=0.78 400*
A—— .
10 by 7 by
by = 4.6740,7"" ]
by = 4.0335,701° 11
A
A = ]53 94066_0'3310_0'186
A = ]03 .4660‘6_0'3430_0'158 ] 12
11 12 o kPa D pm
400* 10
56
78 C,
Sp = @ + b 13
a b C,



2000

a=0.0211 0.00391%"' -1 +4.80 O

b=12.3-0.106 129'-¢ -1 H
c 0 14
a=0.0878 0.00177%~" -1 +4.45 H
b=11.7 -0.344 42.6'-¢ — 1 U
13 C, 78
13 14
20 18 1
s=1. I
18 + ey &=h9 16 + B ¢s=1.00
. =050 I et
16 | / =025 14 ;/j/’,/;/;’cs:o.so
14 & " ¢s=0.15 L .
12 } ¢s=0.05 +Cs=0.25
N ¢s=0 =10 b /
3 10r 3 ¢s=0.15
gl w 87 /
6 L ¢s=0.05
6 r /C.s()
4| i
2 | z2r
0 . . . ! . . 0 I I 1 ! J
0.6 0.7 0.8 0.9 1.0 1.1 1.2 0.5 0.6 0.7 0.8 0.9 1.0
fLiibe LmLL e
7 C. 8 G
Fig.7 Optimum degree of saturation versus void Fig.8  Optimum degree of saturation versus void
. . X ratio for subrounded sands with various c;
ratio for angular sands with various ¢,
_4 1 1 1 ! |
! ' ' : ! 00 02 0.4 0.6 0.8 1.0
00 02 04 06 08 1.0 o
ANT400% AL & o NT 400755 LR B o
9 C a 10 C b
Fig.9 C; versus parameter a Fig.10 C; versus parameter b
Gm/Gd Vv 11 a
400" v, Va W,
€y = I/I//I/\]
11 b i*
VL'i/Vsli = VL‘/VSI = € 15
Vri Vsli i#
400* 12 a e
400# VSZ WZ

e

Vv - Vs2 / Vsl + Vs2



28 3

4007 d
45" - 45*
2, 1
l L
LB E=e TLBt=e
(@) B i K1 K F 40075 () @ WA a0 1
1 400*
Fig.11 Sketch of soil sample Fig.12 Sketch of soil sample with some minus
# 400 sieve size fractions added
i e
Vii=Vai /7 Vai+ Vi = Vi=-Vo / Va+Vy =ce 16
Vo, it 400* .
15 16 eo—e / L+e = Vo /Vai = Vo/Vy 17
Vs
W,/ W, = Wo/W, 18
Woi/ Wi+ Woy = Wof Wy + Wy = Wo/W 19
Wi Wy i 400* 400* W
C, Co=Wo/ Wy Wy = Wo/W 20
Ciy = Wi/ Wi + Wy, 21
19 C,=Cy
Wy = C, Wi, + Wy = CW,,/ 1 - C, 2
if i* 400* i #
Y, X, i*
X, = W,,/W 23
Yi= W, + Wy /W=2X 1-C¢, 24
400* C,=0 Y =
X X; Hbrtt=e
13
G45 GS() Gi 0270 G4OO
J =nd*/32
Ji= 0,360 ] = 06,/360 nd*/32 25 g_
d— o—i* 0 g
T 13 ¢ g
14 i3
2 13 d . G C/
() :
v = TL/JG 26
T = ¥JG/L 27 13

Fig.13 Soil sample subjected to torque



70 2000 5

.
T Tys Tso T; T = Z; T; L
‘If T = WJIGI/L
.
J6 = 2,6 28
25 G = >, 0,/360 G, 29
Yi gl/360 = Yi
2\
G = >,GY, 30
30
Gm = 2 GmiYi 31
1 e JIO
e oy . Gy = Gy
31
G/ G = 25 6/ Gy Y, 32
() 0.78 a; i#
G/ G 075 = 250, 33
10 . 400* C,=0 Y, =X 33
\
G/ G 078 = 2 aik; 34
Gm/Gd 0.78 Gm/Gd 6
5
a. Youd
b. X;
c. 400* C,
d. C, e 13 14 Srop
e. Y,
f. eq=0.78 7 ~ 12 Q;
g. 33 ep = 0.78 Gm/Gd 0.78
h. 6 G,/ G,.
1 Glazier way G,/ Gy o3
1 Glazier way G,/ Gy o178
Table 1 Calculated results of maximum shear modulus ratio for Glazier way sand e =0.78
o'y =25kPa o'y =49kPa o' =98kPa
X; Y;
a; aY; a; aY; a; a;Y;
45 0.005 0.0058 1.490 0.0086 1.358 0.0079 1.246 0.0072
50 0.012 0.0139 1.512 0.0210 1.377 0.0191 1.260 0.0175
70 0.026 0.0300 1.545 0.0464 1.403 0.0421 1.280 0.0384
80 0.019 0.0219 1.580 0.0346 1.432 0.0314 1.302 0.0285
100 0.032 0.0370 1.604 0.0593 1.451 0.0537 1.317 0.0487
120 0.036 0.0416 1.629 0.0678 1.471 0.0612 1.333 0.0555
140 0.045 0.0520 1.655 0.0861 1.492 0.0776 1.348 0.0701
170 0.064 0.0739 1.680 0.1242 1.511 0.1117 1.363 0.1007
200 0.089 0.1028 1.706 0.1754 1.532 0.1575 1.378 0.1417
270 0.344 0.3972 1.743 0.6923 1.561 0.6200 1.400 0.5561
400 0.194 0.2240 1.797 0.4025 1.604 0.3593 1.431 0.3205
C, 0.134

G/ Gy o3 = >, aiY, 1.72 1.54 1.38
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13 2 Mortar
Table 2 Comparison of predicted vs. measured
maximum shear modulus ratio for Mortar sand
13 Mortar
Agsco 2 3 o =25kPa of =49KkPa oh =98 kPa
4 5 0.68 1.53 1.55 1.43 1.43 1.32 1.34
0.83 1.38 1.35 1.28 1.30 1.17 1.16
0.98 1.22 1.24 1.13 1.10 1.02 1.04
3 Agsco
Table 3 Comparison of predicted vs. measured 4
maximum shear modulus ratio for Agsco sand Table 4 Comparison of predicted vs. measured optimum
ol =25kPa b =49 kPa b = 98kPa degree of saturation for angular sand %
e=0.68 e=0.83 e=0.98
0.58 1.30 1.31 1.27 1.28 1.22 1.22
0.68 1.26 1.25 1.22 1.20 1.18 1.17 Mortar 6.0 6.0 77 75 10.0 10.0
0.78 1.22 1.20 1.18 1.18 1.13 1.15
0.88 1.17 1.18 1.13 1.15 1.09 1.08
5
Table 5 Comparison of predicted vs. measured optimum degree of saturation for subrounded sand %
e=0.58 e=0.68 e=0.78 e=0.88
Agsco 1.3 1.2 2.2 2.0 3.3 3.2 4.8 4.5
200* 0.17 ~
0.25 0.35~0.49
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A Useful Procedure for Estimating the Dynamic Shear Modulus
of Partially Saturated Cohesionless Soils

QIAN Xue-de GUO Zhi-ping
College of Ciwil Engineering Hohai Univ. Nanjing 210098 China

Abstract A method is proposed for predicting the combined effect of confining stress void ratio and particle
characteristics on the maximum shear modulus ratio and optimum degree of saturation in partially saturated cohesionless
soils. Only four soil parameters are needed namely gradation void ratio confining pressure and grain shape. Thus a
series of complicated dynamic tests can be avoided.Hardin’ s Equation Wu' s Equation and the method described herein
for calculating the maximum shear modulus ratio and the optimum degree of saturation of partially saturated cohesionless
soils together provide a complete approach for evaluating the low-amplitude shear modulus of cohesionless soils in either a
dry or partially saturated condition. Furthermore the sensitivity of the modulus to variations in soil and site condition can

be determined by means of this predictive technique.

Key words partially saturated cohesionless soils dynamic shear modulus maximum shear modulus ratio optimum degree

of saturation





