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Abstract: It is an important method to study the microstructure of soils by using the scanning electron microscopy (SEM). The
recent researches on the microscopic porosity of the soils are based on the two-dimensional methods. The research methods
mainly use the calibrated porosity to get the observation of the microstructural image of the soils and the apparent porosity.
However, the microstructure by this way cannot conform to the change of the soil pores. Therefore, it is essential to learn the
microstructure of the soils by using the SEM images and establish the quantitative relationship between the two-dimensional
scanning image and the three-dimensional pore structure. Based on the SEM images and the double-integral method, a method
for determining the three-dimensional unilateral apparent porosity of the soils with two-dimensional SEM images is proposed,
and the comparitive tests on different soils are also carried out. The results show that the proposed method can reflect the
three-dimensional porosity of the soils correctly.
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Fig. 1 Phenom Pure scanning electron microscope
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Table 1 Basic physical-mechanical parameters

BURIAH  RKTEE RAGKE RIRE
o 5 /(grem’®) 1% /(g em)
2.61 1.48 14.5 1.69
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Fig 2 Grain-size curves of saline soils

1.3 HEERIEEE

H1 A e EOR RO T, i olie 2R
I G R K P B AR AR AN S AR e, AR
IR B AR EA T T LR o A,
—2H T R A5 R B A AR AL R 5
— AT HER B .

ARG DO K KT T EAT kG, R %
JE R W A AR O T R B, 3t alds e



576 H O+ T OB % M

2019 4F

ST, Dy T 38 G i S 4 B 1R ) A U
IR (R DD F X FLER R LR SE P AR AL B R
ARG FH 30 B A ) %),

Y E K AR FLRER AN e S ] 5% -, SR
I R YT &Y, WnlEl 3 B . TR
TFE, BRI 4 KPS SRS i, B8 S 58
JEt R A A AR S AN D) R, L
(1 A0 A2 B o o 4K 01 28 5 0 R 3 T (1 B RUR
B, RIS R E ARG R, A R B 4R
AN BRNAE . Dy T ORUEST I (14 52 B AT
BRI RS R MO R GORZE, BB LR
A AL BT, AR5 BTSN A 3
A7 ) 2 HELBE AR

Graxs BRI AL B Wi REAT FRER A, O
AW RSO T B E A AR R T AL
B SR IR AR 5 V5 AN T DUE S 725 W o e o ok
JFA R G R A B A

3 HETEREE
Fig. 3 Diagram of scanning section
r

5

4 THYIRNAHE
Fig. 4 Cutting of soil sample
1.4 13k
FERFER AR & BT, AR G AT UE.
N T RS AR i I R S e ST A B A R ) A SR A BB AL
PE, 0T [E AR B 2 A LA AT AN R AL B WS 4
$ko HLMERIB T A BB Boot TR 45 Rz A
K7, 4k, Mouret 2250 Scrivener 2R 41 1%
HeE MR Gert i 7ORE AR, KEMEE T
IR ot 7 72 Rt 22 FRAR A 0.6% o 45 A ik I A 234
MEPRK ) SRR L S B T SEJE , BRZR AT 20 7K.
T BIE LRI, SR 1000 £ IO
1.5 Z{E{LAIE
SEM =3 #i HL B P 2 KPR R, b RR B PR A
N0, BEIREE N 255, fEiL HORR G 8% &

kL, AT AR IR A LR . — %t
BRI IEN G EE, A4k 2 B G AL T ) —Fh
EE L, ENEG LGRS REN 0 5 255, 77
R B AR, ARG sE, JRER
FERITTH, R AT
0 fC,y)<T

g(“)o"{zss f)=T M
A, (o) ZEGEAALER,  f(x,y) NARGEEE
FIKEEAE, g(x,y) N AENE R EGRKEME, wE s
FT7s o

KBRS

5 ZfELIREE
Fig. 5 Principle diagram of thresholding

2 tERE
2.1 ZHERIRNEN

FIFH SEM EUGHEFT LARFLERERME, K250 5
Z R R RE T gEfLBR, 1HE S R AAR
PEFIANTT S o ST AR IO ATE 72 45 B 78 B CL AT
TR S AL R B g R, BT, $EE—
Al SE TR AL R R T R, BT
SEM $4# HL 8% H REx) LA B MIBEA T 40 5%, ASRedAaE R
10 vl 1 8 S O 2 R v 1 o N 1 7
FEfih SUNFRUE, NS ESERII L AR AL EE, 4B
o BWEATT

---------------------------------------- 7=225
T=T; ---
-------------------- 7=190
T=T; -
T=130
Tk &

6 FTEMEXEREE
Fig. 6 Schematic diagram of unmeasurable zone
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Table 3 Basic physical-mechanical parameters
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Table 4 Calculated porosity of soils of Sidaoliu station
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(K45+300)
TRES ILBRGBEREAM BB JLEE
1 41490 202 75771075 0.547 6
2 44172296 82448368 0.536
3 42682143 76001085 0.6116
4 49237733 83943195 0.586 5

AR S WA EE, BCPISES &5 10
TRER LR 0.5704, 10385 # A Taak
B AR SZFRFLBE RN 0.6205, RZEN 8.07%, M
FEIEH G ER 2T

23 RN [RIFh 2 ) = ot EARBG 36 AIE , AR A SR
BERTH B v AT DAR G v S A s = 4k A AL B
R, HH TR AR BB, AR AT
Mo I RGRZE, B 1 A FE RS I REA R 2206
A

O pysEH

08 Wit

0.7

0.6

0_4 1 1 1 1
2 3

ARG S

11 FEME A= ERFLIREH FIRER L

Fig. 11 Comparison of calculation errors of three-dimensional

O K45+300

o UL B

apparent porosity of different soil types

R 11 TREH, WG AR 0,
HAMg2, RY 4 DEARHES R, BEGE
JERAR: M, BEARFBOK, BHZGREE, £ 44
At A RERBOR, BRSO, @i ek
W, 3 A ALALRR AR T SRARAE A AR B AR 22
Hrp#hFit CHEP D FIRb i h B FAHZZ 50K,
J7 7 6% 9% B &G L RTHESE RAHZERUN, T2
N 025%, ZidiRzEST, ATUERI T 4R OA
[l 2 R 0 AR AE A SO IR T ST iR AR AE AN R
MR ZE; OBE 1 4 ME#EERERITTEERE
NEE, BEEREEEUN. HRZEMNEUN: i 4
ARG R TS IR BB R BUR, IR ZE A OR
T BRI AP L ] 5l R o R 2 B B L
K, PR ZEHAHRTROR .



3 1

VR, S5 BT R R ) AR = YRR AL A B 7V 579

5 & i

ASCHT Eh B SEM BUEHTS, 40 T
TR E RS A (0, IFMEE T R m
L) T RSB FL IR B = S FLER R 1
BER, BT THE L. B LSRR R R
WOE, R 4 A48

LY ROV 4254 R -E B50RE (TR o 1 S 0 25
BRI, WIS, RH T B R BRI
T = MFLIRR [ i

(2) SIS B, 38— B9 7 o0
R BB ke, R T B R R K T 2 1)
FILRIE S 22, DAROUR O A R 7 FOA A e, [
) T AR 2R 8- 5 R 7 fr BREE X 45 26

(3) SRR L HEAT T 3 LRI I iE, 45 %
ST 7 TR T DL A BT 1 S e A 1 2L 552
FLBRAE AL,

(4D 7 ) 5 3 B - AR FL B e i
LR, KB LHR NN, B R R R
X

PTG g 1) FR 8 T00 0 LR B
PV B BRI (OB, 25 5007 K% L R vk
T B AR R T, R TR B o 25 4
B B A i — B IR B AR R .

SE -

[1] JIANG M J, LI T, HU H J, et al. DEM analyses of
one-dimensional compression and collapse behaviour of
unsaturated structural loess[J]. Computers and Geotechnics,
2014, 60(1): 47 - 60.

(2] AR UG BT TS 4 22 ) R T e — Tk
JE 5B, #ERRI, 2000, 25(2): 215 - 220. (ZHOU
Cui-ying. Research into soil mass microstructure and some
progresses on soil mechanics[J]. Earth Science, 2000, 25(2):
215 - 220. (in Chinese))

(3] ARG, HHIEE. T OB LB B R 45 RD £ =4 A4
PRI [T A+ AR 24, 2018, 40(8): 1424 - 1432,
(ZHANG Fu-guang, JIANG Ming-jing. A study on the
three-dimensional constitutive model for cemented sands
based on the micro-mechanism of bond degradation[J].
Chinese Journal of Geotechnical Engineering, 2018, 40(8):
1424 - 1432. (in Chinese))

[4] L, it W, EEZE. T SEM ARFRA Tt
RIS 2R T[], A TRESAR, 2008, 30(4): 560 - 565.
(TANG Chao-sheng, SHI Bin, WANG Bao-jun. Factors

affecting analysis of soil microstructure using SEM[J].
Chinese Journal of Geotechnical Engineering, 2008, 30(4):
560 - 565. (in Chinese))

[5] REZE. ¥+ R ATV IS HIFLEL D] 22H:
Ff [ 7R R 24 B FEAF LT, 2010, (QIU Guo-rong. The
research about seismic subsidence of loess controlled by
microstructure[D]. Lanzhou: Lanzhou Institute of Seismology,
China Earthquake Administration, 2010. (in Chinese))

[6] FHEDS. FETIRM. BRI, MR FH I LT 75 [D].
2EM 2EMIKREE, 2011, (YANG Qun-fang. Microstructure of
loess in collapsibility, seismic subsidence and liquefaction[D].
Lanzhou: Lanzhou University, 2011. (in Chinese))

[7] FK5Efh, L5, WEE, 5. 3T SEM M MIP il 451
PERE A R P ROWAL R AR R D). A IS T
FE2A4R, 2012, 31(2): 406 - 412. (ZHANG Xian-wei, KONG
Ling-wei, GUO Ai-guo, et al. Evolution of microscopic pore
of structured clay in compression process based on SEM and
MIP test[J]. Chinese Journal of Rock Mechanics and
Engineering, 2012, 31(2): 406 - 412. (in Chinese))

8] Bk %, KRR, BIEA, 55 FRIEI A TR A S
K JZ A ) 5 B 5 E A SR IR A (1], A R 0%, 2018,
39(5): 1633 - 1642. (CHEN Bin, ZHOU Le-yi, ZHAO
Yan-lin, et al. Relationship between microstructure and shear
strength of weak interlayer of red sandstone under dry and
wet cycles[J]. Rock and Soil Mechanics, 2018, 39(5): 1633 -
1642. (in Chinese))

(91 TKPEEAR, AT, FERER, &5 B AR K32 &
WO Y], 5 A0 71755 TR, 2017, 36(5): 1256
- 1268. (ZHANG Ze-lin, WU Shu-ren, TANG Hui-ming, et
al. Dynamic characteristics and microcosmic damage effect
of loess and mudstone[J]. Chinese Journal of Rock
Mechanics & Engineering, 2017, 36(5): 1256 - 1268. (in
Chinese))

[10] ZEIHE, 56775, FR4, & BUEEDOS R Ls w2
ORI FE WA [T]. ARCZE B R 2 AR B AR B AR, 2011,
12(4): 354 - 360. (LI Shun-qun, CHAI Shou-xi, WANG
Ying-hong, et al. Influence of grey threshold on
microstructure for SEM photograph[J]. Journal of PLA
University of Science and Technology, 2011, 12(4): 354 -
360. (in Chinese))

(1] RZF35. Wb BR AR R 2 Hr (D). 8RI: TE K
2%, 2016. (SONG Fen-fen. The image analysis on sand
particles characteristics from microscopic[D]. Yinchuan:

Ningxia University, 2016. (in Chinese))



580 =

+ T B % ik

2019 4F

[12] B, Bz, ik SEM BIGALEE b s 0% B CY/
FmAE TR RS, H 8, 2012. (FAN Yi-cheng,
LIANG Shou-yun. Selection of the threshold of SEM images
in process of studing soil microstructure[C]// //the 9th
National Congress of Engineering Geology. Qingdao, 2012.
(in Chinese))

[13] LIN B, CERATO A B. Prediction of expansive soil swelling
based on four micro-scale properties[J]. Bulletin of
Engineering Geology and the Environment, 2012, 71(1): 71
- 78.

[14] CUIZ D, JIA'Y J. Analysis of electron microscope images of
soil pore structure for the study of land subsidence in
centrifuge model tests of high-rise building groups[J].
Engineering Geology, 2013, 164(12): 107 - 116.

[15] QUANG N D, CHAI J C. Permeability of lime-and

soils[J].
Journal, 2015, 52(9): 1221 - 1227.

[16] GYLLAND A S, RUESLATTEN H, PANIAGUA P, et al.

cement-treated clayey Canadian  Geotechnical

Microscopy techniques for viewing the inner structure of
shear bands in sensitive clays[J].
Journal, 2016, 39(4): 688 - 694.

RHIR, X3, 18 ¥ 55 FET SEM BRI L4
MAE R[] SRS TRERZEZER, 2016, 24(2):
295 - 303. (XU Ri-qing, DENG Yi-wen, XU Bo, et al. Soft

Geotechnical Testing

[17]

clay contact area quantitative research based on SEM
images[J]. Journal of Basic Science and Engineering, 2016,
24(2): 295 - 303. (in Chinese))

IRE K, REERH, XBAE3C, 45, HET- SEM Al IPP i & G
R AR TAR R [T]. WL KR, 2015, 49(8): 1417 -
1425. (XU Ri-qing, XU Li-yang, DENG Yi-wen, et al.

(18]

Experimental study on soft clay contact area based on SEM
and IPP[J]. Journal of Zhejiang University, 2015, 49(8): 1417
- 1425. (in Chinese))

WHEK, M, 4 %, 5. R T SEM EEE Bt
= YEALIR B T BT[] HUBEREL S R B4R, 2015,
37(3): 104 - 110. (XU Ri-qing, DENG Yi-wen, XU Bo, et al.

[19]

Quantitative analysis of soft clay three-dimensional porosity

based on SEM image information[J]. Journal of Earth
Sciences and Environment, 2015, 37(3): 104 - 110. (in
Chinese))

[20] #RHIK, XFL, #& B, 55 T SEM BRI =4k
LR F L ME RN A0 %S TR,
2015, 34(7): 1497 - 1502. (XU Ri-ging, DENG Yi-wen, XU

Bo, et al. Calculation of three-dimensional porosity of soft
soil based on SEM image[J]. Chinese Jounal of Geotechnical
Engineering, 2015, 34(7): 1497 - 1502. (in Chinese))

21] EEZF, i , 38 28, % HTF GIS &1 SEM K
G =4 S LBREE T[], 5 R %, 2008, 29(1):
251 - 255. (WANG Bao-jun, SHI Bin, CAI Yi, et al. 3D
visualization and porosity computation of clay soil SEM
image by GIS[J]. Rock and Soil Mechanics, 2008, 29(1): 251
- 255. (in Chinese))

[22] EF%E. FETHrEZEMEE: SEM EURURLE 7 5 5T S 3
573001 & L TR EH, 2009, 31(7): 1082 - 1087.
(WANG Bao-jun. Theories and methods for soil grain
orientation distribution in SEM by standard deviational
ellipse[J]. Chinese Journal of Geotechnical Engineering, 2009
31(7): 1082 - 1087. (in Chinese))

23] EXZ%, kU, i ook, BT 3R e R
il L BT BB OBURL € [ MR T (D). 05 S TR AR,
2010, 293 T 1): 2951 - 2957. (WANG Bao-jun, ZHANG
Ming-rui, SHI Bin. Quantitative analysis of orientation
distribution of soil grains based on slope-aspect theory[J].
Chinese Journal of Rock Mechanics and Engineering, 2010,
29(S1): 2951 - 2957. (in Chinese))

[24] 3K M, FEEEME, GKik48, %F. Image-Pro Plus V&1 L4
FIEUG 3 W 7R D] E5A R AR, 2015, 18(1): 177 - 182.

H

(ZHANG Xiong, HUANG Yan-hao, ZHANG Yong-juan, et al.

Image-pro plus analysis of pore structure of concrete[J].
Journal of Building Materials, 2015, 18(1): 177 - 182. (in
Chinese))

(251 7% f&, BT ORI W SR, A

AR 58, 2001(3): 37 - 38. (SU Tong, CHENG Xiao-ping.

Preparation, peeling and coating of micro soil samples[J].
Building Materials Technology and Application, 2001(3): 37
- 38. (in Chinese))

[26] MOURET M, RINGOT E, BASCOUL A. Image analysis: a
tool for the characterization of hydration of cement in
concrete—metrological  aspects of magnification on
measurement[J]. Cement and Concrete Composites, 2001,
23(2): 201 - 206.

[27] SCRIVENER K L, PATEL H H, PRATT P L, et al. Analysis
of phases in cement paste using backscattered electron
images, methanol and

adsorption thermogravimetric

analysis[J]. Materials

Proceedings, 1986, 85(1): 67 - 76.

Research  Society = Symposium



