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Prediction of permeability of clay by modified Kozeny-Carman equation
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Abstract: The Kozeny-Carman equation has definite physical meaning, and can be widely used in calculating the permeability
coefficient of sand. In order to improve the accuracy of using the conventional Kozeny-Carman equation to predict the
permeability coefficient for saturated clay, firstly, the theoretical model for equal spherical particle is established, quantifying
the share of absorbed water film occupied total pore space, so the permeability is greatly affected. According to the relationship
between Atterberg limits and content of absorbed water film, the formula for calculating the efficient void ratio is derivated by
the liquid limit. Then, the conventional Kozeny-Carman equation is modified. Finally, the proportion coefficient of absorbed
water quality to liquid limit in Hefei clay is calculated by thermal gravimetric tests. Substituting the relevant physical
parameters of Hefei clay into the unmodified and modified Kozeny-Carman equation, by comparing the calculated permeability
coefficient with the measured value of laboratory tests, the results show that the modified Kozeny-Carman equation can be more
accurate for estimating the permeability coefficient of clay.

Key words: saturated clay; theoretical model for equal spherical particle; efficient void ratio; Atterberg limit; thermal
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Fig. 1 Distribution of soil particles
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Fig.2  Variation of volume with particle size
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Fig.4 Synchronous thermal analyzer
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Fig.5 Thermal gravimetric curve of clay
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Table 1  Results of thermal gravimetric tests

R HHKEEIXE A K FE A KO E X A BEE Ak SR &5 A K O E X [A] HREEA K
i /C /% /C /% /C /%
HF-8 RT ~55.59 3.08 55.59 ~115.59 18.83 115.59 ~248.59 2.46
HF-23 RT ~58.45 3.97 58.45 ~105.24 24.70 105.24 ~249.57 3.23
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Fig.6 Grain-size distribution curves of Hefei clay
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Table 2 Properties of Hefei clay

REE AR BRI WR w,  RORFLBILE BEREE
i G /% e /(10 %em-s™")
HF4 2.64 38.7 0.884 1.13
HF-6 2.69 35.9 0.964 1.55
HF-8 2.68 32.2 0.996 9.35
HF-9 2.55 42.0 0.981 5.72
HF-11 2.66 35.6 0.915 5.37
HF-14 2.52 41.9 0.933 1.95
HF-23 2.50 50.3 0.962 0. 885

i I P S BT AR DG e 28 o HYIRE
e R 0. 873, 7] LIAS B & ML RS+ AR EE - A
SFLBR LE s B2 A /K BB EE 29 1.30 g/em’ 5945 B K
T LN 1. 16 g/em™) WA SCH 45 2k 85
p.. F—HUM1.20 g/em’ BT I ARAE IEFIE
1EM) Kozeny-Carman J7 F2 1T 5 8 & R 5L, 45 £ L
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Table 3  Calculated results of permeability coefficient of Hefei clay

s DAL REBIE O BIEE S SE
i Y= BIERE  BERE BRI
e, /(107%) /(107%) /(107%)
HF-4 0.141 1.27 8.480 1.130
HF-6 0.261 1.28 39. 800 1.550
HF-8 0.368 1.72 127.00 9.350
HF-9 0.202 1.65 23. 800 5.720
HF-11 0.226 1.39 32.700 5.370
HF-14 0.165 1.46 13.400 1.950
HF-23 0.047 1.28 0.282 0.885

W 3 BB RS A W LUR I 5 A
2EE KI5 . HREBRIRFLER AR A Kozeny-Carman
T, G IER A 7 AR R B8 R BT 4
R IR B R 1 2 2 MRS, A
HEKT 1000 5, R LB IE ) Kozeny-Carman J7
PRI AN 3G T 6 4 A A AL R L BEE, R
Kozeny-Carman J7 B IEJG , 158] 7 > L H BB & R AL
A S % NS 0SS (EAR L, Y978 7 A5 DN A 22
AR, MIMTEGUE T 245 IE 8 Kozeny-Carman J5 2 BEAR
YIS TR R R AR

5 & it
ARSCBFSESS £ KO B R 18 B R 0 S 1

BIE T8 i REA 5K A Kozeny-Carman J5 72, 15 %]
TR 4 84518,

(1) TESRBIA TR B 53 A 0 P 22 KO kL
PRSI 255 7K Br o 40 1) FL B 00 £ Bl A 4 S0k R
RPN K 38R T & LR LR TR £ R3S
PRI s T LY B A

(2) B THE R R E KRG EEGIK &R Z ] 1)
LT ORI 5 I W 2 B SR 2 - A AL B Y
IS, R EE R FABIE T Kozeny-Carman 72

(3) MAASIRIVR B 15 I 26t - oA 2 U R A
A/ MY EAESEA T AR HRAS , 25 G A R e T
ShE K R R LB R AL o

(4) BEHCA REZS L 50K AR AH S BES 4L,
FH AAE IEFMEIE S5 1Y Kozeny-Carman J7 FE3R 1515
B FRBTTEAA, IR L5 S0 - YA AT X L 4
B, B0k T 248 1E B9 Kozeny-Carman J7 F£1E F T35 +
BiEREITE,

SEH

[1BAEE, BEDL. A ANUR R 18 0 8 1 R0% il B AT 5
[J]. A+ 712%,2009,30(6) :1595 - 1598. (GU Ren-guo,
FANG Ying-guang. Experiment study on the ion effects on
fine grained soil seepage [ J]. Rock and Soil Mechanics,
2009, 30(6) : 1595 - 1598. (in Chinese) )

[2]SINGH P N, WALLENDER W W. Effects of adsorbed water
layer in predicting saturated hydraulic conductivity for clays
with Kozeny-Carman equation [ J]. Journal of Geotechnical
and Geoenvironmental Engineering, 2008, 134 (6) . 829 —
836.

(3K R, W M, skfde, % &7 IR ok 1
MBS AT S [T]. A 2712, 2009, 30(8): 2286 — 2291.
(LIU Qing-bing, XIANG Wei, ZHANG Wei-feng, et al.
Experimental study of ionic soil stabilizer-improves expansive
soil[ J]. Rock and Soil Mechanics, 2009, 30 (8) :2286 -
2291. (in Chinese) )

(41 E8RAT, B2 e, 95 . 8 3R W B 255 /K i 2 AL
BRI 7> [T]. bk TREAE R, 2014, 36 (5): 942 - 947.
(WANG Tie-hang, LI Yan-long, SU Li-jun.

boundaries of bound water on loess particle surface [ J].

Types and

Chinese Journal of Geotechnical Engineering, 2014,36 (5) :
942 -947. (in Chinese)

[5]REDDI L N, THANGAVADIVELU S. Representation of
compacted clay minifabric using random networks [ J ].
Journal of GeotechnicalEngineering, 1996, 122 (11):906 -
913.

(61 &, jid 5. Wi L ifsdE 2R EIHRLT]. aa
J12 5 TR, 2007, 26 (H47)2) : 3920 - 3925. (He
Jun, Shi Jian-yong. Calculation of satureated permeability

ofbentonite [ J |. Chinese Journal of Rock Mechanics and



B 1 XU , %5 15 1F Kozeny-Carman 77 TR T B + 5 15 R BRI 5E 191

Engineering, 2007, 26(S2) : 3920 —3925. (in Chinese) ) [10]CARMAN P C. Permeability of saturated sands, soils and
(7153848, BEe. PRt J]. & clays[J]. Agric Sci, 1939, 29(2) ; 263 -273.
LH% 5 TR, 2010, 29(6): 1222 - 1230. ( Liang [ ]3E % T, XA, E2rak, 4 T AL BT+ 5
Jian-wei, Fang Ying-guang. Experimental study of seepage BREAH AKX [T]. HA %5 TRE¥H, 2015,
characteristics of tiny-particle clay [ J]. Chinese Journal of 34(9): 1909 - 1917. ( DANG Fa-ning, LIU Hai-wei,
Rock Mechanics and Engineering, 2010, 29 (6). 1222 - WANG Xue-wu, et al. Researching clayey empirical
1230. (in Chinese) ) formula of permeability coefficient based on the theory of
(8] Al 5, Wasig, 4. 1SS /NI MAFE 455 /K IEM effective porosity ratio [ J]. Chinese Journal of Rock
RIEBFFE[T]. &+ TR ,2010,32(6) :944 —949. (CUI Mechanics and Engineering, 2015, 34 (9): 1909 - 1917.
De-shan, XIANG Weil , CAO Li-jing, et al. Experimental (in Chinese) )
study on reducing thickness of adsorbed water layer for red [12] ¥4, #HFREESKEEDH MKEIFHDIZE[D].
clay particles treated by ionic soil stabilizer [ J]. Chinese B 70 . VU A A1 24 BE ,2001. ( WANG Ping-quan. The Study
Journal of Geotechnical Engineering, 2010,32(6) : 944 —949 for Quantitative Analysis of Water Absorbed on Clays and
(in Chinese) ) Their Hydration Mechanism [ D ]. Nanchong: Southwest
[9]CARMAN P C. Fluid flow through granular beds[ J]. Trans Petroleum Institute ,2001. (in Chinese) )

Inst Chem Eng, 1937, 75(1) . 150 - 166. (ke FMRIZ)



