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Abstract: The P-wave velocity ¥}, and the pore water pressure coefficient B in saturated soils are measured by bender element
system in a GDS stress path triaxial apparatus. The evolution of P-wave signals with saturation and the effects of fluid type (tap
water or de-aired water), clay content and different soil types on the relationship between ¥}, and B-value are considered. It is
concluded that when the fluid is de-aired water or B-value reaches a certain value, the P-wave signal is composed of two parts.
The first part has a smaller amplitude but a higher frequency than the second part. The first part is not affected by the effective
confining pressure and the initial polarization direction of the input wave, and therefore it can be deduced as P1 wave. When the
fluid is de-aired water, ¥, is independent of B-value and the maximum wave velocity is constant. When the fluid is tap water,
the relationship between ¥}, and B-value is consistent with the theoretical prediction in general when the B-value is small. When
the B-value becomes large, the difference between the measured /; and the theoretical value becomes larger. Besides, the
maximum ¥}, in soil is greater than that in pure water, which is independent of clay content and soil type.

Key words: porous medium; P-wave velocity; degree of saturation; pore water pressure coefficient; bender element
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Fig. 1 Grain-size distribution curve of Fujian sand
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Table 1 Basic parameters of sand-clay mixtures

=) =N =)
gy O REE O RE e
BY% O e e A 7=
/(grem?)  /(grem?) b
0 2.638 1.595 1.308 1.017 0.654
10 2.658 1.660 1.315 1.021 0.601
20 2.684 1.761 1.320 1.033 0.524

1.2 RILEE

RIGAE NIE GDS N 1A =, FFECE
T IE RS, 1% RS0 TR T AR ity
I s e Pl & DL R G . d i it
Feak 77 N3, Z 0 25 i oo T B 3EAT P AT S SR
WOR BTG R IESZ0, SRR BEN+14V, K
T HATWE, RIEFEMIZEA 2000 kHz. JFERTH T
%A :

V=LA (3)

X, L, A 53 AN d ook s a AU AR
P B RN AL RN TA]

TEHATE Moeiie 2 /7, R ThRE. brEh,
W ORI WS S f Jo oot v ELER R, W& R A
AR [H), [ Bt S 25l o R S R R 7
BRI THE S WAIGHENE s A il 7T R G0 1 AEIR
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Fig. 2 Received P-wave signals in clean sand (pore fluid: de-aired

water)
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Fig. 3 Relationship between P-wave signals and effective

confining stress under full saturation state
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Fig. 4 Received P-wave signals of clean sand (pore fluid: tap

water)
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Fig. 5 Received P-wave signals of clean sand with 10% fines (pore

fluid: tap water)
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Fig. 6 Received P-wave signals of clean sand with 20% fines (pore

fluid: tap water)
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Fig. 7 Received P-wave signals of saturated silty clay

2.2 PKKIRES BEMXAR

K8 45 T &%l 1, 5 BIEMIR R, R4
T (D 5 BIEXRRNIIL TN L, Hih
LA M EES T 30 kPa IWIURIRZS Fillse P, S
B, AT H BT IR E K EHel,

I SRR, BT T FLBROKSR AN 1V, 5 B E R
R, K 8 v, EAFRbT, MiRiA AT
KBS, Vo5 BAE KNI, HIBABIHBE, e
5 Naesgaard U Gu MW & 5 M 4mA v E
KK, £ B<0.7 I}, V, b B {HIGRTMZEIgIE K, H
AFFEEIC IS, 2 B>0.8 B, VM KERAS
HER A 22 PO B, B2 B>0.9, P AR HRM
W, HIGESER b I, &Rzt gs
REFIRE 2 5 ] ReAE T IRIMA S 2 0 A, 53
WA BRI AN E, HLS ol 21 v, B Re R AR
FER R B (R AL R S b TR ). 2R
TSR, 85T Re e TiAFE L%, b
EMUMEE g — B4 E, SO ESE, B ISR,
1M P IRE S R SR B AR e 1, WO s IR
KAEANAE s T4 A B RKI, S B354,
P ke gl LR, BEE B NGRS
M, Vo B2 IR .

K 8 thRHER S ES 1, 5 B HNXREEY
W, JGHY B>0.9 . WY B=0.92 i, FC=20%T
WFRE V, i/, N 1382 mis, FC=10%H ¥V, KL% T
1492 nv/s, T2ifs A EHCRME 1773 m/s, UiPAZS
Lo B, VRt B AE A AU, (ERbFE iR
K Ve SRRLEETRK. B BE b v, KA
1649 nvs, BE/NTROFErP R RBOR, HP#EHORT-40
K V,=1649 m/s ( K, =2180 MPa).

2000 BEHE (SED)
17s0} ﬁ;ﬁg?émﬂﬁ%% © moronn
1500 ® 0%TW_ _ . _ . _ . _
n 10%-TW
= 1250 A 20%-TW
a o 0%-DW
£ 1000 o 10%-DW
g A 20%-DW
& 750 x FURBRE L
5000 e B _mma——A
w0l

0 01 02 03 04 05 06 07 08 09 1.0
B

Bl 8 PIRIKIRS BEXFR
Fig. 8 Relationship between V}, and B-value

3 &5 1
A2 B TEH AL T AR R B R
Bk rh P S B R 5 FUBRK TR 1 B B I



HF 1

JIRSE, S, PR S ALK ) R 5B (H R RIS o st vt 155

KZ, YPLORN 3 midhit.

(D b kB m B AESFLIRACH TS K,
P AE 5 A s, B — B IR A ME AR L
&, ASZA ML WA Mo wIR T Mg, nl T
W PLIKE, HEE 5 PESERH#—PH.

(2) W FLBRKFRET P ki s K,
MELBRACHTESKES, Vo A% B AR/, {REF
RPGEAAE; WFLBRACH BRIKEE, v, JebiE B Y
KK, ARSI, X4 BEHT 08
Ja, Ve @URIMER, BEERBIRAME. ST
SRR EI 04 FEL P PRI RENYE St R <R
AL

(3) WL ERL A R, P IEXT B AR
AR, B v, e KESER SRR, Yk
EMRGE, TR VWK T AR AL IE RS, 52 k2%

HIFEIELN o

SE -

[1] SHERIF M A, ISHIBASHI I, TSUCHIYA C. Saturation effect
on initial soil liquefaction[J]. Journal of the Geotechnical
Engineering Division, 1977, 103(8): 914 - 917.

[2] YOSHIMI Y, TANAKA K, TOKIMATSU K. Liquefaction
resistance of a partially saturated sand[J]. Soils and
Foundation, 1989, 29(3): 157 - 162.

[3] TSUKAMOTO Y, ISHIHARA K, NAKAZAWA H, et al.
Resistance of partly saturated sand to liquefaction with
reference to longitudinal and shear wave velocities[J]. Soils
and Foundations, 2002, 42(6): 93 - 104.

[4] SKEMPTON A W. The pore-pressure coefficients A and B[J].
Géotechnique, 1954, 4(4): 143 - 147.

[5] YANG J. Pore pressure coefficient for soil and rock and its
relation to compressional wave velocity[J]. Géotechnique,
2005, 55(3): 251 - 256.

[6] TAMURA S, TOKIMATSU K, ABE A, SATO M. Effect of air
bubble on B-value and P-wave velocity of a partially
saturated sand[J]. Soils and Foundations, 2002, 42(1): 121 -
129.

[7] NAESGAARD E, BRYNE P M, WIJEWICKREME D. Is

P-wave velocity an indicator of saturation in sand with
viscous pore fluid?[J]. International Journal of Geomechanics,
2007, 7(6): 437 - 443.

[8] HAKANATA M, MASUDA T. Experimental study on the
relationship between degree of saturation and P-wave
velocity in sandy soils[C]// Geotechnical Engineering for
Disaster Mitigation and Rehabilitation, Part 4. Beijing:
Science Press, 2008: 346 - 351.

[9] GU X Q, YANG J, HUANG M S. Laboratory investigation on
relationship between degree of saturation, B-value and
P-wave velocity [J]. Journal of Center South University, 2013,
20(7): 2001 - 2007.

[10] POLITO C P, MARTIN J R. Effect of non-plastic fines on the
liquefaction resistance of sands[J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2001, 127(5): 408 - 415.

[11] XENAKI V C, ATHANASOPOULOS G A. Liquefaction
resistance of sand-silt mixture: an experimental investigation
of the effect of fines[J]. Soil Dynamics and Earthquake
Engineering, 2003, 23(3): 183 - 194.

[12] CHANG W J, HONG M L. Effect of clay content on
liquefaction characteristics of gap-graded clayey sands[J].
Soils and Foundations, 2008, 48(1): 101 - 114.

[13] LINGS M L, GREENING P D. A novel bender/extender
element for soil testing[J]. Géotechnique, 2001, 51(8): 713 -
717.

[14] BIOT M A. Theory of propagation of elastic waves in a
fluid-saturated porous solid: I Low frequency range: II
Higher frequency range[J]. Journal of the Acoustic Society of
America, 1956, 28(2): 168 - 191.

[15] PLONA T J. Observation of a second bulk compressional
wave in a porous medium at ultrasonic frequencies[J].
Applied Physics Letters, 1980, 36(4): 259 - 261.

[16] GU X Q, YANG J, HUANG M S. Laboratory measurements
of small strain properties of dry sands by bender element[J].
Soils and Foundations, 2013, 53(5): 735 - 745.

[17] GU X Q, YANG J, HUANG M S, et al. Bender element tests
in dry and saturated sand: signal interpretation and result
comparison[J]. Soils and Foundations, 2015, 55(5): 952 - 963.

(kR IR



