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EXPERIMENTAL STUDY OF SEEPAGE CHARACTERISTICS OF
TINY-PARTICLE CLAY
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(1. School of Civil Engineering and Transportation, South China University of Technology, Guangzhou, Guangdong 510641,
China; 2. State Key Laboratory of Subtropical Building Science, South China University of Technology, Guangzhou, Guangdong
510641, China)

Abstract: For further study of the seepage characteristics of tiny-particle clay, variable height and constant-head
seepage apparatus are adopted to conduct experiments on tiny-particle artificial soil and natural soft soil from
Nansha of Guangzhou with pore water of different ion concentrations and distilled water. The test results show two
important characteristics of soil seepage. First, the permeability coefficient increases with the increase of ion
concentration of pore water. Second, the permeability coefficients of the samples with pore water of different ion
concentrations show abnormal increase or decrease trends with the reduction of hydraulic gradient. The analyses of
results and mechanism suggest that the micro-electric field effect caused by surface charge on clay particles and
microscale effect of seepage pore are the main reasons that influence the seepage characteristics of tiny-particle
clay; and the particle specific surface area, surface potential, ion concentration of pore water and pore scale are
important influence parameters that lead to the change of seepage characteristics. Micro-electric field effect and
microscale effect are adopted to explain the two seepage characteristics mentioned above. However, more

experiments and research are needed to study the real causes of the abnormal soil seepage phenomenon.
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Table 1 Main physico-mechanical parameters of artificial soil samples
T MRS K BT SURE 22 TH P IAPEFREL FLBEH NaCl
WA WS LBRLL -
ﬁﬁ)ﬂ‘ﬁi lﬁﬁL—zﬁ J ‘J(LH’ [ pd/(g e cm 3) W% /(m2 . g,l) /(C . m*Z) IP/% (ff‘ZE n/(mol . Lil)
S1 2.20 0.82 82.3 0
66.7%
it S2 2.20 0.82 82.4 8.3%107°
+ S3 2.20 0.82 82.9 185.1 0.147 41.1 83Xx107?
33.3% S4 2.20 0.82 82.1 50%x107"
JiziE t -
S5 2.19 0.82 83.2 8.3X10

T ZEWOCR AT, S B ERLAR . 2 1 9.443 um,

W 2 T PR B R b 2 A 5 (CEC) #e SR A
BH B 7 A e B R R A ik P A . el %
ik o RE, WRAEEAS 61.8 mm, /55 40 mm, L
BRECORFFLE 2.20 Zifi o ARUCGARIRILRHA] 5 A F AL
BV IR FE IR S ORARE, RS 1N, ik
ISP LB NaCl R, H B sy kg BE R
W, BRI b P 2 s o ) B R4

X ALBRE R, BimE D, kA,
Tl /NG B PR R 2 5 AR PO R R 22 A X
AT ST55 - 2 ANBIEAGHAT T Fi it &b
M, AEREK DA E RSN T O B B, Jfgiss
HZBK AR 5 e BB AUR A b, ek
IR 5 A R R A I v — TE 40, W
WAE T RIFEALRE, St Ab BE S Re a8 AR K AN -
TRUGR HH H K R0 v, il ey as (S ik
FE BAFDOT 5 P RARAS R K Sk, T A [7]
KRB N BRERSIE R WS W 1 R,

¥

HKAE
OKFAERE)

K1 Al TR B KB TR ek
Fig.1 Constant-head seepage apparatus with variable height

s+ 3.444 um.
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Table 2 Hydraulic head and corresponding hydraulic gradient

Hy/cm 1 Hy/cm 1
25 6.25 525% 131.25%
50 12.50 600 150.00
75 18.75 700* 175.00*

100 25.00 800 200.00
150 37.50 900* 225.00*
200 50.00 1000 250.00
250 62.50 1 100* 275.00
300 75.00 1300 325.00
375% 93.75% 1500 375.00
450 112.50

e L AT HIRFERER R ER %7 AR Sk Bt R K B 1 3k
ATIRK s 2. RARLFEFER PR Ho= 1 000 cm ZMEIZK Sk ORI 7K 3k
JEHATIRG o

B 2 AR B NaCl FLISR R REE T3
HEBFRIAGFRIBIE R AL - K IIBARE R, % 3
N BRI IK S OK I B BE) AN [A)H F NaCl LB )
MBIV FBIE R 8. 2 3 RIK 2 RIABEA K JI Bk
FEMHE r, ARALBRIE S 7R B2 (an 28T /K Al m = 8.3 %
10 mol/L)I A T LIk FE 103538 R BB K Mt
e, MR LB FIREZE n = 8.3x10%, 5.0x
10 Fi1 8.3x 10" mol/L)I A T L3R FERI5E R HN
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Table 3 Flow capacity and permeability coefficient of artificial soil samples under different hydraulic heads(hydraulic gradients)

KT

SI(n=0mol « L")

S2(n=83%10*mol * L") S3(n=83X10 2mol * L") S4(n=5.0X10 "mol * L") S5(n=8.3X10 'mol + L")

BIERM ki

itk BEREK g BERMK g BERMK ygo,  BEREL g BERNL
BT /(10’5 /(10 cm s ) /(10’5 /(10 cm s ) /(10’5 /(10 cm s ) /(10’5 /(10 cm*s ) /(10’5 /(10 cm s )
em’es ) WM WM oem’es) WM M em’es ) WM MM em’es ) WIE WM em’es ) W M
6.25 1.0 5.6 1.7 9.1 7.9 423 1457 7770 189.3  1009.6
12.50 2.0 53 28 7.5 150 401 2916  777.6 379.1 10109
18.75 29 5.1 3.9 7.0 223 39.6 4386 7797 569.3 10120
25.00 3.8 5.1 49 6.5 300 401 5846  779.4 7618 10157
37.50 5.6 5.0 6.9 6.1 479 426 877.5  780.0 11484 10208
50.00 73 48 9.1 6.1 67.0 446 11742 7828 15339 10226
62.50 8.7 4.7 11.0 5.9 86.8 463 14705 7843 19324 10306
4.6 6.0 55.2 804.0 1048.1
75.00 10.0 4.5 13.0 5.8 1157 514 17689  786.2 23231 10325
112.50 14.2 42 19.2 5.7 1862 552 26593 7879 3486.8 1033.1
150.00 185 4.1 247 55 2600 578 3599.0  799.8 4739.0 1053.1
200.00 24.0 4.0 30.4 5.1 3672 612 48782  813.0 6309.7 10516
250.00 295 3.9 36.9 49 4855 647 62484  833.1 80933 1079.1
325.00 36.6 38 46.1 47 801.8 822 85220  874.0 11037.0 1132.0
37500 418 3.7 51.6 4.6 1185.1 1053 101357 901.0 131612 11699
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Fig.2 Relationship curves between permeability coefficients
and hydraulic gradients
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= 150+
100 FREZFK m/(mol + LY I/(10 °meq+m %)  yy/mV  y/mV
Sor 83X107° 164 40
0 ol J .
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Fig.3 Relationship curves between kg/kp and NaCl solution
concentration
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Fig.4 Model of the ions distributions in diffuse double layers
adjacent to a clay particle surface
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Fig.5 Relationship curves between k/ky, and particle surface

potential
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Fig.6 Relationship curves between seepage velocity and

particle surface potential under different hydraulic
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Table 5 Main geotechnical properties of the Nansha soft soil

FLBR L T WG KE AR ORI [ A %
e py(g * cm D) /% J(m? g h FE/(C +m ?)
1.02 1.34 38.5 94.2 0.119

TR 1R/ Yo
B Ml
T i mi RS
’ 0.5~2.0mm 0.25~0.5 mm 0.075~0.25 mm <<0.075 mm

15.8 0.9 1.8 8.3 89.0

32 HkKEEREER

KB 1 FTR I K kiS50 e B AR e v
WEMBIERE, WAL, RS NERE D’
B5 N T ARFEA, #RI0Kka) 13 2.

SFEAN AR B ZK S R T MM R v 4K AR i i
F LD REAT 3 AR, 5 AR K A1)
I ANBIE RECTIIEAE R ZARE K Sk T v
BERK. £ 6 MR MAFIKLOKSIBAE)
NN R R AR BB R EG B 6 AT

K6 FACKOKIIBLED) T I B AR R A&
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Table 6 Flow capacity and permeability coefficient of Nansha soft
soil under different hydraulic heads(hydraulic gradients)

ao PO e |k T mmaas
BREE T /210 L 10 em e s || BRIE T Q{(lo,l /(10 Ccm =57
cm’ s ) cm’ s )

6.25 52 2.79 11250 618 1.83
12.50 8.8 2.35 13125 711 1.81
1875 125 2.22 150.00  80.4 1.79
2500 157 2.10 175.00 903 1.72
3750 226 2.01 20000  98.6 1.64
5000  29.0 1.93 22500  106.0 1.57
6250 352 1.88 275.00  122.4 1.48
7500 420 1.87 325.00 1258 1.29
93.75 518 1.84 375.00  136.5 1.21

BIBRB /(10 Cem + 57

L0 0 SIU 1;1{1 1.50 ;J_(Im zlsn 3rlm 3;0 4rlm
IKITRRIE T
T BIEFRE - KIIREE 2
Fig.7 Relationship curves between permeability coefficient

and hydraulic gradient
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MAT R LERE 5, 6 KE, BiERK T
BRI TR S n R ORE SR T FEA w, WA 1192
TR EAT B R i, 4RI AL 72 mV
HE 107 mv B, AR TIBE T 1BE &
B 5P (1 B 3 I 88%; AR I FEA M
107 mV B4NE] 164 mV I, 3% {505 VT
BrIERIA S 78% LA I, ELARIIARL A WA 7. AT L
B T BURLR T ALK, B8 RS FIBR
WAL . FIRBIE RIS R, SRSl
BRURL 14D 25 A sl SO (1) 3 T LA, K Al b
TR 3 R AE AR A, AR I 2 B e 1 e
A2 R
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Table 7 Relationships between surface potential, permeability

coefficient and average seepage velocity

E A FARKNEAK BB T80 25 S PHNS TR /(10 *em + s )
l//o/ mV

1=6.25 1=5000  I=250.00  I=375.00
s 1 009.6 1022.6 1079.1 1169.9
(6 310) (51131) (269777) (438 707)
. 777.0 782.8 833.1 901.0
(4 856) (39 140) (208281) (337 858)
L7 423 44.6 64.7 105.3
(264) (2232) (16 184) (39 502)
L64 9.1 6.1 4.9 4.6
(57) (303) (1229) (1719)
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Fig.8 Flow boundary conditions of liquid in micro channel
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