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A study of the relationship between the coefficient of permeability
and microstructure of the Pliocene laterite

YANG Yuru, LI Wenping, WANG Qiqing
(School of Resources and Geosciences, China University of Mining and Technology, Xuzhou, Jiangsu 221116, China)

Abstract; Pliocene (N, ) laterite is the key aquifer soil to actualize the coal mining with water protection and
ecological environment protection in northwest China. Examination of the microstructure of laterite is helpful in
analyzing the internal mechanism of the permeability change. In this paper, the SEM images of N, laterite with
different permeability are preprocessed and binarized by using Matlab. The pore profile is obtained to get the
micro-characteristics such as pore size, arrangement, shape, type, etc. The relationship between the
coefficient of permeability of laterite and pore microstructure parameters such as the gray entropy, average
aperture , oblateness, distribution fractal dimension and probability entropy are analyzed. The results show that
there is no obvious relationship between the gray entropy and the coefficient of permeability, and the gray
entropy ranges between 0. 88 and 0. 92. The average aperture is between 2.7 pm and 3.7 pm, and the
coefficient of permeability increases exponentially with the increasing average aperture. The pore are classified
as four groups of micro pore ( <1 pm) ,small micro pore (1 ~4 pm) ,medium micro pore (4 ~16 wm) and
large micro pore ( >16 pum). It is found that the increase in the coefficient of permeability is mainly related to

medium and large pore sizes. The oblateness varies between 0.54 and 0.57, the shape coefficient is between
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0.63 and 0.75, and the pores are mainly oblate. The coefficient of permeability decreases exponentially with
the increasing flatness, and decreases linearly with the increasing shape coefficient. The distribution fractal
dimension of the pores ranges from 1.00 to 1.40. With the increasing distribution fractal dimension, the pores
become smaller, and the coefficient of permeability decreases exponentially. The probability entropy ranges

from 0.97 to 0.99. Pore arrangement is confusing and lacks obvious directionality.

Keywords: Pliocene; laterite; microstructure;
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Fig.1 Particle-size distribution curve of N, laterite
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Table 1 Basic physical properties of N, laterite
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(2 500 times of magnification)
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Fig.4 Comparison of different segmentation methods for SEM images and extraction of pore profile
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Table 2 Microstructure quantitative analyses of N, laterite
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Fig. 6 Histogram of the pore number and area distribution
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Fig.9 Pore distribution rose diagrams of laterite with different permeability coefficient

(2) KR 5% 8 R BRG] R C R, fLEE 2>
A BB BT DAL ; 2 18 2 KR 7 2 FLAR O 1Y R L 4
BOUHR PR fLAR R 80 R BUBUR

(3) 25 4 H Ay FLBRE 32 2 52 A MDA AR, 2 08 &R
SR i (5 EE F) H R E  ROR B /S 5 8 1 R RBE TR
ARFR B I R AR, LB S R AR B AL /N, AR
P EIOGH

(4) B 1 2 BUOBE AL B 10 20 A o i 52 45 KR s /)
Bt A o ) 34 0, FL B 23 Ao o 4 b AR A5 M X 20 1
FLBR Hhy R ALBR 2 848 Sy /N LB, 5 i 2 RRE =22 Dol /)s s 48
RSB E R WU AR &, LB 0 BB
AE VT v 457 1) D[] P 4 LB 20 A1 AN 35 2, i B L B B9
JE [0 P 2%

2 % Lk ( References) :
[ 1] BT, B2 KT R BE K 2 B2 M ) 455 48 F

R[], wa %5 TR H,2009,28(5) :987 -
992. [ HUANG Q X. Simulation of clay aquifuge
stability of water conservation mining in shallow-buried
coal seam [ J]. Chinese Journal of Rock Mechanics
and Engineering, 2009, 28 (5): 987 — 992. (in
Chinese) ]

hACHT , B K X, BEAH A% . =BT+ 540
JREY[J]. TREM FR 2441, 1999,7 (3) 1257 - 265.
[QU Y X, ZHANG Y S, QIN Z M. Hipparion laterite

[2]

and landslide hazards on loess plateau of northwestern
China[ J]. Journal of Engineering Geology, 19997
(3):257 - 265. (in Chinese) ]

BI# L, 22307, FIa IR B g bar b + 9 B
S B IR BT [ C )/ /v [ M B2 4 TR b BT &l
Z014:.2016 4FE 4 [ T8 M 2 R 4E &8 Sc 8. b
o T M BT 2% 4 ) 4 #9, 2016: 1201 - 1205.

[3]

[4]

[7]

[YINJH, LI WP, WANG Q Q. Physical properties
and genesis analysis of laterite in the middle and
southern Shanxi province [ C ]//Engineering Geology
Committee of China Geological Society. Papers of the
2016 National Academic Conference on Engineering
Geology. Beijing: Editorial Department of Journal of
Engineering Geology, 2016. 1201 - 1205. ( in
Chinese) ]

ARG, RS0, W A TR AR e b T B2 O SR B K
LTEBEETHBFMELI]. R 522 TR,
2011,28(1): 127 -131. [LI T, LI W P, CHANG ]
Y, et al. Permeability features of water-resistant clay
layer in northern Shaanxi province while shallowly
buried coal mining [ J]. Journal of Mining & Safety
Engineering, 2011,28(1) ;127 = 131. (in Chinese) |
ERR,FCF, W IL 5 ORSWR N, L1388
PR FE [T]. 76 R 2038 R 2 2 4, 2019,54 (1)
91 -96. [ WANG Q Q, LI W P, PEI Y B, et al.
Experimental study on permeability of mining-cracked
N, laterite [ J].
University, 2019,54(1) :91 —=96. (in Chinese) ]
2K, B PK BNE . ROK)Z M [LEEIRZ N
RHERHBEKE N, 2L+ TR T]. %
2F4R, 2017,42(1) .88 —=97. [LI W P, WANG Q Q,

Journal of Southwest Jiaotong

LI X Q. Reconstruction of aquifuge: the engineering
geological study of N, laterite located in key aquifuge
concerning coal mining with water protection in
northwest China [ J |. Journal of China Coal Society,
2017,42(1) :88 =97. (iin Chinese) ]

2] A, B, TRFT . R 2 A A A B A
PEAEAE[T] . #2342 RT 4 ,2000,7 (1) ;147 —152. [ LI X
Q, HU R L, ZHANG L. The variation of

microstructure during soft soil solidification[ J]. Earth

Science Frontiers, 2000, 7 (1) 147 - 152. (in



- 160 -

WU, BRSNS E S5 B R E L RBT

2020 4F

[8]

[10]

[(11]

[12]

[14]

Chinese) ]

WHRIL. M5 F My B A ——21 i 4 )
RO R [T]. A & TR 4, 1996, 18 (1)
95 -97. [ SHEN Z J. Mathematical model of soil
structure—the core problems of soil mechanics in the
21st century [ J |. Chinese Journal of Geotechnical
Engineering, 1996,18(1) :95 —97. (in Chinese) ]

W Fe i, ST e, JR K B, A /N R DA T
0 A o R v Bl R R AR T AR B S [T ] K SO B
T #E i 5t ,2015,42(2) :89 —-96. [ YANG A W, WU
K L, ZHOU Y M, et al. A study of the microstructure
characteristics evolution of dredger fill in the process
of creep[J]. Hydrogeology & Engineering Geology,
2015,42(2) :89 —96. (in Chinese) |

Sl AT L, XA, AF . R 92 BT 0 AR S
G5 A AR 4k OC R BF 5 [T, /K SC b BT T2 b T,
2016,43(5):62 -69. [WU K, NI W K, LIU H S, et
al. Research on the relationships between the strength
properties of compacted loess and microstructural
changes[ J]. Hydrogeology & Engineering Geology,
2016,43(5) :62 - 69. (in Chinese) ]
AT, BE, INEW, 45 LT IPP KR AL B A I
Ji ROV 5 A s EEAIE S [T ] oK SCHh BT T e,
2019,46(2) . 156 - 161. [HOU C Q, XI Y, SUN Z
B, et al. A quantitative study of microstructure of
expansive soil based on IPP image processing [ ]J].
Hydrogeology & Engineering Geology, 2019,46(2) :
156 —161. (in Chinese) |

PEL MBI E,E D2 LRSS
BB EW R [T]. T H BT 4, 2018,26
(6):1415 -1423. [LI X A, LIU J Y, et al. Study on
relationship between pore structure parameters and
permeability of Malan loess[ J]. Journal of Engineering
Geology, 2018,26(6) : 1415 — 1423. (in Chinese) ]
WA, 2 1 4, E B A SR PR R e
R H T AR BASAEAE5E [ M. U5 BT Y R AL,
1995:15-17.[HURL, LIX Q, GUAN G L, et al.
Quantitative Microstructure models of clayey soils and
their engineering behaviors [ M ]. Beijing: Geological
Publishing House, 1995:15 - 17. (in Chinese) ]
EREG WA, ZHT. MATLAB 7E 6 W 45 4 SEM
PR E T o A i i [ ] H 5 2 % 41, 2004,
23(5): 579 -583. [MAO L T, XU R, AN L Q.
Quantitative analysis on SEM image of microstructure
with  MATLAB [ ] ].
Microscopy Society, 2004,23 (5):579 - 583. (in
Chinese) |

Journal of Chinese Electron

[15]

[16]

[17]

[18]

[19]

[21]

AT , A BRLL. 2T Matlab () +4& SEM & {44 33
T[] K 3CH BT TRE 3 7, 2014,41(6) : 141 -
146. [ MIAO D Y, BAI X H. Microstructure of soil
using SEM images based on Matlab[ J]. Hydrogeology
& Engineering Geology, 2014 ,41(6) :141 - 146. (in
Chinese) ]

R, ERN, IR, BT EBRAL Q3
TRIBOM S AR A %5 TR%
%, 2011,30 (4 F] 1):3185 - 3192. [GU T F,
WANG J D, GUO L, et al. Study of Q3 loess
microstructure changes based on image processing
[ J]. Chinese Journal of Rock Mechanics and
Engineering, 2011, 30 ( Supl ) : 3185 - 3192. (in
Chinese) ]

5, XA UL, 45 1k SEM B GO0 45 14 1
WHIAGE T T [T ] B AR B Tk 2% 24 4, 2017, 37
(3):547 -552. [TANG Q, LIU C, GU Y F, et al.
Microstructure identification and statistical method of
the soil SEM image[ J]. Journal of Guilin University of
Technology, 2017,37(3) :547 —552. (in Chinese) ]
JEIBH . B (o2 A B AR AL B 5 5 Ay B 1 BT
FL[D]. 74 % 75 % Bl £ K 2%, 2013. [ ZHOU Y.
Study on the digital image processing and
quantification technologies of loess microstructure
[D]. Xi’ an:
Technology, 2013. (in Chinese) |

TiREAL, WY, 2 A I, A BTG W I L O A
MR R e B e [T]. 5 6 1 5 TRk,
2013,32(9):1917 - 1925. [ FANG X W, SHEN C
N, LI C H, et al

Xi’ an University of Science and

Quantitative analysis of
microstructure characteristics of Pucheng loess in
Shaanxi province [ J ]. Chinese Journal of Rock
Mechanics and Engineering, 2013,32 (9) 1917 -
1925. (in Chinese) ]

T T S v M U S AR - QU N S A L
[J]. 55+ T2 241 ,1996,18(4) :57 - 62. [ SHI B.
Quantitative assessment of changes of microstructure
for clayey soil in the process of compaction [ ]J].
Chinese Journal of Geotechnical Engineering, 1996,
18(4) :57 - 62. (in Chinese) |

TR HEE LR SR EELT]. P E
Bl2%,1987,17(12) . 1309 - 1318. [ LEI X Y. Pore
types and collapsibility of loess in China[ J]. Science
in China, 1987,17(12) :1309 - 1318. (in Chinese)

YREE . E £ 4



