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Abstract: In this paper, the muddy clay that obtained from
Shanghai 4th stratum has been selected to conduct a freezing-
thawing test, MIP test, and permeability test to figure out
the freezing-thawing effect on soil pore structure, especially
on pore size distribution and surface fractal dimension.
Combined with the fractal theory, the pores in remolded
muddy clay have been divided into three categories. The
results indicate that the total percentage and surface fractal
dimension of medium and large pores increase after freezing-
thawing, with the increase of permeability. Finally, a

relationship between permeability and pore-structure
parameters has been proposed, which consists of small pores,
and medium and large pores. The permeability for small pores
is several orders of magnitudes lower than that of medium and

large pores.
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Tab.1 Water content parameters of studied soil %
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WRERE L BKE 58.3 50. 6 25.8

/ME 44,5 38.8 20. 4
TR T 2 A e BRI AR G TR T
GB/T50123—1999 ) ¥ 47. Bl 37 BUAE ) + 1A 2 i it
T OB re AL IG5 B T B — R LK
THFAKBEA . RS )E BRI S KRN EE
+. .25 EEES BN EA 100 mm, & 80 mm [
TR RIEZ LR AR SRR K R R,

HEI RS KRR E N 20%.30%.40% .50 %. 4
— KB L, — A HATR RS, 57—
YE AT X BRIRRE. B 1k K 28 % R & 4 e
FASER AL BT, B8 24 h (15K BRI
REAR 310 B AN 345
1.2 REHZE

AR IRTE H A — 4R A P AT IR BT
oA 3 ERIEA MR AEAER SR, B 1R B
&K NE 1 R, — MM E S FRAR IR ] LUK FF LR
gt T LR B R G 3T RB BN LIRS,
SEBRIK 4340 A 1 R R B /N T R 45 B T PO R R R R
PR I R 7= A ) 3 B R B Sk R 4 R Ml Y R P L BiR K
FIEE A0, AR 30 B A K 2%, Bt —
SRR RGE™. B FARKIRE MR 285
Z B PR EAAKEE, KB AEHHREF

2T
i 2
G}l T b e

T e

| |

BE1 BrEfgiiierzE
Fig.1 Sketch of one dimensional test
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Tab.2 Actual initial water content %
A 4 & KR B T G S
20 22.5
30 32.1
40 40. 8
50 51.6
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Tab.3 Numbers of MIP test samples

G5 ] WS Pl

20U R, w=22.5% 40U R, w=40. 8%
20F ZRAl, w=22.5% 40F R, w=40. 8%
30U R, w=32.1% 50U R, w=51.6%
30F R, w=232. 1% 50F GREh, w="51. 6%
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Tab.4 Test results of MIP and permeability tests

R R BERY
) ﬁm{/ wﬁ%mg/ " BN
(mL g™ (m? « g71)

20U 0.173 7 20. 532 0.498  4.46X107°
20F 0.142°5 20. 164 0.451 4.76X107°
30U 0.159 8 19. 694 0.536  3.93X10°6
30F 0.147 6 18. 607 0.472  1.11X107°
40U 0.170 8 20. 787 0.606  2.31X1077
40F 0.167 6 19. 683 0.572  1.37X10°6
50U 0.1810 21.193 0.662  2.83X1077
50F 0.173 0 18.183 0.603 1.52X10°6
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Tab.5 Categories of pores in clay

L& /nm
B *7l L ML B
XHR[14] >4000 400~4 000  40~400 <40
SCER(29] >50 20~50 <2 —
SCHER30] >500 200~500 5~200 <5
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Fig.2 Fractal calculating curves for sample 40U
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Tab.6 Demarcation points for all samples nm

Fmgs KL MLE
20U 521. 1 90. 7
20F 457.0 100. 8
30U 364. 4 100. 8
30F 405. 6 113.4
40U 303.0 100. 8
40F 521.8 113.4
50U 404. 9 113.4
50F 523. 1 119. 6

BT 2L 3 K o 1 P 7R 1 96 K008 AT LASR R A
7] B 7 5 A FL B B R T AR 0 TR 4R K. LI LR 40U

BT LRI, R e A LA TE 300~500 nm, 38
B FLFLARTE 90~ 130 nm. HE I, 7T LUK FLEE R
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Fig.3 Percentage of three types of pores

AXER B B P ANFLBR B E Bl R T AP AL
FRFL. L T — W ERRIEIR Z )5 » /ML (RS
REPAFLBR) B 2055 f D/ o T A FL A 23 A
R RELBRMBA — B AL A, AT 248 3, &
TR R R B LB EE B b 3R T AR/ » 5 B R
Ve & FECEAEIRGE. RSB, RIFKEESTT
TE T JURE A FLBR A, T AP LS OR AL B K AR 4
BEAE VKRG K2 9%, RIRF =R BRIk 1. FEE
KGRIk 1 BFE T /NFLBR R 4, FLBR AR AR
7N I 3 76 1 246 AR R — R 23 N W8 . R 4 o R
FF 7K G T R 45 8 THI L % T B3R 20 A B R oK
1A [ P el 45 = JBOME 3R 4 T2 0B B4 KL, Rl AL B, vk
FAL IR FLBRAK » BARTRAK F1TH 2%  (BR SEid #E P IR
BEIBCRHIFLBR R B TR k. R, YRRl S /N FLBR I
AN LS R AL 2, 75 WL 2R BE Y B AR AL B L Dk
ZNYIER 378N /6 PN:UEE 8

i T 22 TG R PR T YA AR B A AR R 5 kR
I TR R B R HERES] TR 7 L S —
ke ya g X E 0L E RGP i 2 - & N R /B B -
SO, AR T BN SR TR RO, RRZ LA
JHA 2% ) S PR . W] LA Y 420 — IR R AT 2R
Ja s /LB R T T2 4550080/ 1N » DR G Rl A R AT 12
K2 LB R T 234, JUH R T/ LT H

X — 45 R 5 G 2P S AW ARG

TEAN IR + o ANFLBR R I FLBR K — R R 45 &
IR TIARME R Bl PR 1 e B R AL AL S e T LA
RALBIRE. BRI, A1) 58 —Fp it 58 0 A 4e 50 o
2R T RALAMRAL B R T R 4R RS T
R TR, BAAVRRL G B R B 3R 53 T8 4E %L
S BN B LSRR TR 4E g K.

x7T FEESKEIHRERIBEL
Tab.7 Surface fractal dimension for soil samples
with different water contents

- iR BRI
KA /M Bk LB KA
20U 2.534 2.311 2.324 2.268
20F 2.927 2.221 2.231 2.341
30U 2.892 2.294 2.217 2.177
30F 2.795 2.079 2.231 2. 459
40U 2.968 2.287 2.252 2.472
40F 2.807 2.272 2.232 2.506
50U 2.827 2.203 2.227 2. 462
50F 2.784 2. 336 2.221 2.498
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Xt P T RSP R A R B, $R8 1k
G 5B EWZ R RIFAE D L 5E =K
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Tab.8 Permeability calculation parameters

w8 K w% D a W% d/m
cm e s 1)
20U —4, 350 22.5 2. 268 0.33 24. 17 90. 7
20F —4, 322 22.5 2.341 0.3 25. 40 100. 8
30U —5. 405 32.1 2. 177 0. 35 29. 04 100. 8
30F —4, 955 32.1 2. 459 0. 32 35. 64 113.4
40U —6. 635 40.8 2.472 0.38 25.99 100. 8
40F —5. 863 40.8 2.506  0.37 30. 95 113.4
50U —6. 547 51.6 2.462 0. 39 35.12 113.4
50F —5. 816 51.6 2. 498 0. 38 38. 46 119.6

RPN BBERBIEBT 3 MK, FHIL X H
BO 4, B
lg K= f (D, wy, ny dgs as g)
KH:Dovw Mn 5BERPOEMHR, T o« 525
FRESAER, H. d. FIREBOTEC WA
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Fig.4 Permeability versus experimental parameters
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Tab.9 Verification of formula (8)

Lo

A

“wn O W
T

lg K/(cm - s-1)
&
)

|
Sl
W
T

THHES  KiEE/(cmes D) KiRH{E/(cm + s71)
40U 3.37X1077 2.31X1077
40F 1.30X106 1.37X1076
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