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Study on Permeability Characteristics of Saturated Clay under Stepwise
Loading Condition
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Abstract: To study the permeability of saturated clay under different loads, the variable head permeability
test under stepwise loads is conducted by using modified K, oedometer. The change laws of initial water head,
effective void ratio, permeability coefficient and effective permeability coefficient under stepwise loads are
analyzed considering the concept of efficient pore ratio of saturated clay. The result shows that (1) the
change of initial water head of undisturbed soil can be divided into rapidly increasing stage and slowly
increasing stage; (2) the change rate of initial water head of disturbed soil has certain relevance with the
change rate of total water head; (3) the efficient void of undisturbed soil decreases with the increase of
consolidation pressure; (4) the change law of uneffective void ratio of disturbed soil is similar to that of
undisturbed soil; (5) when the structure of soil tend to failure, the structural differences tend to be
consistent, if the effective void ratio of the soil sample is large, its permeability coefficient is large too; (6)
the permeability coefficient of clay is not only related to soil structure, but also major affected by the change
laws of initial void ratio and efficient void ratio, water head and its change rate in the progress of
consolidation.
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Fig. 1 Structure of test instrument
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Tab.1 Physical indexes of soil sample

T R/ LB Sk WR AR
K (g-em™3) e /% /% F E S,
Fofk 2.06  0.597 21.83 46.8 24.9 0.22  0.97
G 1.92  0.910 35.84 47.0 25.5 0.29 0.99
2.3 REHR

RIS AR GG = 4 em, A W I AR
30 em®, 4 BBk & g% o4 12.5, 50, 100, 200,
300, 400, 500, 600, 700, 800 kPa, H 1 {F 12.5,
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Tab.2 Test conditions
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GOMARIFAT N 1 [ 25728 T2 B Ik 8] A Je i JL e S e &%
AT 2 E R 0 FLIRE L Bl [ 45 = 07 1 28 fe ke, B
ARanE 2 51K 3 s

2 af g, U R R AR T i L E I AR Y
AN, JEUR R AESE — AT 12,5 kPa T Y 4 I i
S 0.014 cm, THEMHE I EIEF 0.052 4 cm; 24
i 80 400 kPa B, J5UR - 4548 JE 50 0. 077 cm,
FEI AR 0.129 em, 2N FUR HREAR TR 1)
176 {5, W8 3 Al LUA Y, TERZ5)E ) 12.5 kPa ff
AT, R EFERE E LB 0. 589, 400 kPa
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Tab.3 Variable water head permeability test result of

undisturbed soil

Fgh BIR AT mHE & IEmS H/

i/ kyo/
S kS Kk kg *fc ( ‘“71> EERE

kPa hi/em hy/em  At/s At/s

717.12 707.12 1415 9.5 1.73x1077  13%
12.5 1221 8.1
677.12 667.12 149 10.0 1.71x1077 149

717.12 707.12 3561 13.8 6.11x10°% 395
50 186.0 47.41
687.12 677.26 3719 13.1 6.2x10°% 4134

72712 717.12 4107 18.8 4.46x107% 5199
100 336.1 %.43
707.12 697.12 4332 188 4.35x107% 5483

74712 73712 6247 135 3.25x107% 6865
200 386.9 100.71
72712 717.12 6619 13.5 3.16x10°% 7274

747.12 737.12 6871 185 2.60x10°% 8589
300 470.6 124.08
73712 727.12 68% 20.0 2.51x10°% 8918

737.12 12712 7635 20.0 213x10°* 9877
400 506.9 134.80
72712 717.12 7958 21.0  2.13x10°% 10 540
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Tab.4 Variable water head permeability test result of

disturbed soil

% W KT R e

. o ‘ﬂ] KR/ b/ 1 N EL Hy
V= N L o
kPa h;/cm hy/cm  At/s (m=s70) At/s om

281.36 271.36 1235 18.7 3.9x1077 154
12.5 143.6 37.30
251.36 241.36 1595 187 3.38x1077 1994

484.00 474.00 5212 18.8 4.9x10"% 6597
50 293.9 80.38
464.00 454.00 5838 18.8 4.65x10°% 739

765.12 755.12 4338 199 3.62x107% 5612
100 2049 57.12
725.12 715.12 4656 20.3  3.55x107° 6046

765.12 755.12 5882 21.8 2.48x107* 8036
200 211.6  71.97
725.12 715.12 6260 22.1 2.44x107% 8732

74512 73512 7171 2.4 2.09%x10°% 9851
300 345.3 100.68
735.12 72512 7345 2.5 2.02x107% 10117

765.12 755.12 8330 23.0 1.66x107% 11569
400 379.7 112.24
755.12 745.12 8467 23.0 1.66x10°% 11760
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Tab.5 Effective void ratio and uneffective void ratio of

soil sample

455 f1/kPa 12.5 50 100 200 300 400
e 0.587 0.570 0.552 0.523 0.502 0.487
JFARE e, 0.539  0.490 0.388 0.362 0.304 0.270
e 0.048 0.080 0.164 0.161 0.198 0.217
e 0.869 0.808 0.765 0.716 0.690 0.670
EIE e, 0.602 0.502 0.654 0.574 0.504 0.474
e 0.267 0.306 0.111 0.142 0.186 0.196
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Tab. 6 Permeability coefficient and effective permeability

coefficient of soil sample

5125 1 1/ kPa
JECR
12.5 50 100 200 300 400
i 178.48 181.53 186.27 193.17 195.67 196.7
Ai 150.38 134.12 91.84 92.46 71.59 61.9

E(x10¥m-s71) 17.3 6.11 4.46 3.25 2.6 2.13
E*(x103m-s71) 14.5 4.51 2.2 1.56 0.874 0.657

[E125 % J1/kPa

f¥E+
12.5 50 100 200 300 400
i 71.78 131.01 212.24 218.21 215.8 224.69
Ai 34.48 50.63 155.12 140.24 115.12 112.45
E(x10%m-s"") 39 4.99 3.62 2.48 2.09 1.66
E*(x10®¥m-s7') 18.7 1.93 2.65 1.59 1.11 0.83
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Fig. 6 Water head gradient varying with consolidation

pressure
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