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Experimental study on pore water pressure characteristics of saturated
silty sand in Xuzhou under cyclic loading

CAO Guoxu, ZHANG Pu, LIN Yunhong
(Guangzhou Metro Design & Research Institute Co., Ltd., Guangzhou 510000, Guangdong, China)

Abstract: In order to obtain the development of pore water pressure of saturated silty sand in Xuzhou area under cyclic
loading such as subway train vibrations and earthquakes, a series of dynamic triaxial tests were conducted using the GDS
hollow cylindrical torsion shear instrument. These tests focused on saturated silty sand from the bottom of the interval tunnel
of Xuzhou Metro Line 3, considering the effects of different vibration frequencies, effective confining pressures, cyclic
stress ratios and consolidation ratios on pore water pressure variations under dynamic loads. The experimental results
indicate that the pore water pressure variation in Xuzhou’s saturated silty sand primarily follows S-type curve and hyperbola.
Under conditions of lower dynamic load ratios, lower consolidation ratios, and lower frequencies, the pore water pressure
changes follow an S-type curve. In contrast, under higher dynamic load ratios, higher consolidation ratios, and higher
frequencies, the changes follow a hyperbolic curve. Based on the observed pore water pressure variation patterns, the pore
water pressure growth model was modified, and the model parameters were fitted and calibrated. This paper provides a
valuable reference for predicting changes in pore water pressure in saturated silty sand foundations of subway tunnels in
Xuzhou area.
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Fig. 1 Particle grading curves of the silty sand
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Table 1 Physical property indexes of the silty sand

+R G FIUHL 1 53 EE/% TR BOALE H/L
G5 <0.005mm  0.005~0.075mm  0.075~0.250 mm 0.250~0.500 mm (&/cm’)  emn L emin

1 2.63 9.66 32.88 47.09 10.37 1.64 0.93 0.51

2 2.66 6.60 36.25 45.83 11.32 1.65 0.92 0.52

3 2.65 7.87 39.63 42.67 9.83 1.64 0.87 0.57
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Fig. 3 Time-history curve of axial dynamic stress during
loading (04c=40 kPa)
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Table 2 Test schemes

HE AR M fiHz B E p'/kPa 45 Ke CSR
Al 0.5
A4 A2 1.0 200 1.0 0.100
A3 2.5
B1—B4 100 0.075. 0.100. 0.125. 0.150
B4 B5—B8 0.5 200 1.0 0.075. 0.100. 0.125. 0.150
B9—BI2 300 0.100 0.150. 0.175. 0.250
Cl—C2 1.0 0.125. 0.150
CH C3—C5 0.5 200 12 0.125. 0.150. 0.165
C6—C8 1.4 0.125. 0.150. 0.200
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Fig. 4 Effect of vibration frequency on pore water pressure
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Fig. 5 Effect of effective confining pressure on pore water
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fLEu/kPa

4 >

<

development
3 Mt shflEARIRE

N TSRS LB FLR R SRR, L ARARIEIK
LR R SRIEAE, JF 50 R AT 80—, M

V/ 4 p=200 kPa, K,=1.0, CSR=0.125, R*=0.945 15
p'=200 kPa, K=1.0, CSR=0.150, R*=0.985 10
=300 kPa, K,=1.0, CSR=0.100, R*=0.983 94
=300 kPa, K,=1.0, CSR=0.150, R*=0.989 95
p'=300 kPa, K=1.0, CSR=0.175, R=0.987 78
=300 kPa, K=1.0, CSR=0.250, R?=0.951 40
=200 kPa, K~1.2, CSR=0.125, R><0.989 41
g =200 kPa, K,=1.2, CSR=0.150, R?=0.996 28
0‘2 /f p'=200 kPa, K=1.2, CSR=0.165, R=0.995 55
/ A p'=200 kPa, K~1.4, CSR=0.125, R*=0.991 75

A v p'=200 kPa, K=1.4, CSR=0.150, R*=0.995 53

v p'=200 kPa, K =1.4, CSR=0.200, R*=0.995 48

FLIE teu/p!
(=]
S

0.0
0.0 0.2 0.4 0.6 0.8 1.0

PRUCELNIN,
8 DAY A BB BIEER (NEhZkE)
Fig. 8 Improved A-type curves fitting results (hyperbolic type)

1.0
0.8
206
=
=
=5
= 0.4
o p=100 kPa, K=1.0, CSR=0.075, R?=0.982 43
02} 7 o p=100 kPa, K,=1.0, CSR=0.100, R?=0.978 27
o p'=200kPa, K=1.0, CSR=0.075, R?=0.974 22
00 p'=200 kPa, K =1.0, CSR=0.100, R*=0.978 59
0.0 0.2 0.4 0.6 0.8 1.0
FRIKEL NIN,
E 9 s B BIBh%HIE4EER (S BUEhL)
Fig. 9 Improved B-type curves fitting results (S-type)

ST AL R R AT R I, 4 CSR A T2
R FHE R, LIS JREEENE, RIS A,
PR B AN AT G, Rk AhR

(1) s, A8 i A £ LM h 2 38 m] R et
R R A RN BTG, FiBha (2)
firs, ZHREGE SRR 3 s, #UG L RA

B IIAH S
i,=c{1—ebeJ (1)
P



%6 WEME, S AR AR L LUK E VR e 52 569
. 2 ( N ] @ A upBEURE: NINOSRIKES: @ by ada)y
— = —sIn — N i NN ¥
P W, TR R BRI S 5K

®3 SHEUELER

Table 3 Parameter fitting results

2
K. p'/kPa CSR it R?
a b o
0.125 1.58222 0.986 02 - 0.986 80
109 0.150 3.383 74 0.351 26 - 0.992 58
0.125 2.51370 0.428 16 - 0.945 15
200 0.150 2.019 37 0.738 22 - 0.985 10
Ho 0.100 1.524 08 1.292 50 - 0.983 94
0.150 1.186 17 2.117 84 - 0.989 95
300 0.175 Bigtdil] 1.369 75 1.442 51 - 0.987 78
0.250 A T2 1.258 00 1.784 61 - 0.951 40
0.125 1.147 92 2.023 14 - 0.989 41
12 200 0.150 0.994 08 3.42112 - 0.996 28
0.165 1.03528 3.438 28 - 0.995 55
0.125 0.936 46 2.444 92 - 0.991 75
1.4 200 0.150 0.885 29 3.486 63 - 0.995 53
0.200 0.885 03 4.755 64 - 0.995 48
0.075 - — 1.381 33 0.982 43
109 0.100 Bresidi] - - 1.130 90 0.978 27
Ho 200 0.075 B A2k - - 1.175 03 0.974 22
0.100 - - 0.987 27 0.978 59
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