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Abstract: In recent years, the unloading of excavation engineering activities such as foundation pits
and tunnels, has caused the structural failure of soft soil and consequently results in numerous engi-
neering accidents related to the excessive lateral deformation. Various soil deformation and strength
characteristics are the comprehensive reflections of its internal microstructure elements adjustment and
evolution. In order to study the microstructure characteristics of disturbed soft soil subjected to uncon-
fined compression deformation, the undisturbed soft soil was remolded into soil samples with different
moisture contents in this paper. Unconfined compression tests were carried out on these samples under

different axial stresses. The qualitative and quantitative analyses of soil microstructure were adopted
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when the unconfined deformation was stable. The relevant mechanism of soil microstructure and mac-
ro unconfined deformation was then discussed. The results show that the remolded soft soil was main-
ly composed of dispersion and flocculation structures, and there were many overhead structures be-
tween the units. The soil particles were contacted with each other mostly in the form of edge-surface
and surface-surface contact. With the increase of axial stress and moisture content of soil samples un-
der unconfined compression, the apparent void ratio decreased, the shape of pores became flat and nar-
row, and both the order and orientation of the pores were enhanced. The orientation characteristics of
soil samples varied at different positions: in the horizontal direction, the soil particles near the sample
edge were more directional and ordered; in the vertical direction, the soil particles near the middle
part were more directional.

Keywords: unconfined compression; moisture content; scanning electron microscopy (SEM) ; micro-

structure
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Table 1 Soil physical parameters

fihr RAREKRE/ % RKARFLKIL  HEEE/(KN-m ™)

IR/ %

Wb/ WERERC WEEM/C) FiRJ1/kPa

B 39.9 1.130 17.7

18.6 31.3 1.68 5.4 11.9
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Fig.1 Sketch of the unconfined compression test device
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Table 2 Loading scheme of soil samples with different
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Fig.4 Field emission scanning electron microscope
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Fig.9 Variations of apparent pore ratio with axial pressure
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Fig.10  Variations of shape factor with axial pressure

SRR KRR WAL AR E RN R
K ARG A A K IR R T 45 A K R 3 i
AR T, 98/ 1 e JBORE 22 ] 4 B 482 g, R 1) )
ARSIz B R oy K e SLB AR AL W A . B
& T 1w 7 7 00 B0 R R K R HE O, A Al
] O 1 AR SO, B E R AR AR TE
J OB e A2 A a2l A 25 2R I JBURE B AR X s
R RN AL R AR . T L FLER
AR Z B 748 A MU 5 1R B0 2 LR JE L — B

A RWETE R, R A IR B S5 R ET [ 4
FE 3 A FL B A9 JEE AR A A [0 9, e R 5 ) BR
A5 2 AT ALBR SRR A AR o PR, TE M R 22 T8

575



M R B LSS R AR 5 OE R 45 R TR A s
E— 5T .

(3) 5 [ M A3 % BB 1R

SE ] M AT e i B 1 3 7R 45 4 PR T A S 1) VR
A X TE] (R HE R o OB 180743 M T4y, 4% T i) (1 &
FEARR LB R, 112 & /K% 206 B9 LA TE 50
kPa %l 0] N7 3 A F R, %8 ) T B AS [R] KOSP4 Y
FE ) AT R BOR R B R S R b ]
N ORISR e s (<% B 5 <R B N i ]
B R v B IE | I M % T R R, HLE ) A
RA ) R RE D G AL ) M EZIE 457, FE D
] 35 5] R AR T R v 07 8 1 4 B0RE AR JE A2
2 Y JE A JURL ) 24 B T 4 I R A I Y A BORE
32 B J ] A 0K 9 24 SR A/ AL B AR A T i e
JE o) Ve P T 58 . BT R AR TR B ) e B
i, il e AR ) 50T DL R AR AR T, 22 B0AL R A2 1)
AT A5 10, 1 2 5 7K 1) T 45°Ff o 7E
C A R A [ 5 o AR v B 2 R ) i 8
AL B HEF 1] K ST 1) 4R L BRLkG JE ) B
FAF T AL B A HES 5 10 R W] F OE E TR 45 [ 45
%M

B 12 54 % KR 20 % 1 1 4£ 78 50 kPa fill 1] 1 71
PERTT 8 fi 351 b AN [ 68 g Ao 8 A 1] M A0 23
B2 S I U A s 0 o = 1 | S S e
R EE 5 1 1 5 ) LB A 2K ke L sz ) BRI
EA E N NS Dl - 0 ) (1 o = e ol |51 V2

(a) fir 2 (b) fir s (c) firiE8
PELLT i ) T A (] K o7 B A 1) A4 030 0 BT
Fig.11 Directional frequency rose diagrams of different hori-

zontal positions in the vertical section

(c) iz &9

(a) Rr &7
el 12 g 51 TRT AN [i) 18 i) A7 ‘P ] e 00 R B 3L [

Fig.12 Directional frequency rose diagrams of different verti-

(b) fr E8

cal positions in the vertical section

576

B LB, K S O 1) 45 3 58 2 B R R 1] AR O
K5 18]

K A 2000 B AR AR AN [ R T B ) ) T
SE [ P A0 3 E L I A BT 13 s , Sk T HE R HRORE 437
it 12 56 45 AL 9 52 0 S8 BOAT () 7 i k4T BT 5T (B
2) o Al B B, B TR T 0 6, LB B HE B
[ K- T ) S rp A P A A f P

(a) 12.5 kPa
13 ATa) e o T 188 g ) I 1 A 00 3R 5 B L

Fig.13 Directional frequency rose diagrams of vertical pro-

(b) 50 kPa (c) 200 kPa

file under different pressures

(4) BEA<H
RS A 2 W B TE AT U 1 B 3
BN -

H=—>——— (3)

KA 80"~ 180" % N n AR IE N a B IX[H] , m, -
71 AL B A Al 5 ) 7R 5 A D] N S B H, U
0~1,H, fH MK, F&7m LA 7P ez, fLBR
A 7R

ABE =3 00 il 1) 7 3 9 AR A AN P 14 R o AU
T AR TGN R R 4 A% 0T BE 3 il e R T Y 3
T, AR AR /0N, FL A A P R X 5 R 1
W1 R L ] I e 1) ROz T R P R — B R SR AF
FE R W] A T R T8 451K 56 b, A R R () A B [
25 3 By 1 I TR 32 /N, 3 LB Y A 1
Wt 1 45 1 3 B 38 i 5k o PRI, GO R R A 1)

1.000
0.995F —— ﬁm%zo%

—e— 5K ER24%

0.990 F —a— 7K E28%
0.985
el
- 0.980
3

0.975F
0.970
0.965

0.960 S S —
0 75 100 125 150 175 200

A B 77 / kPa

P14 M08 ot ot 1] s g ) 7 A

Fig.14 Variation of probability entropy with axial pressure

25 50



BIR i, i [ 45 T 7 A 08 K, AL BT B R T 1k i
TR B9 5 2K OB M SRR AR, LA P B
PA b 2598 5 T BR 25 45 F Bl G L AE & K R a8,
0 1) 725 T8 B Q0 S 3 A 43 AR — BT MBROWE A R
— L RE TR WA M .

bR K AR S AR UL TG N R AR T Y
BERER . RO EA, b i KR 2109 1 A9 1
B /N T R (8] BE 5 1, B et UL (9 R A
%o M aAE T SOk R A RSB,
FLBRI AR BB A, 5 1 1 S5k, AR I

3 & it

(1) W 52 4 5 93 R 1) 43 4l o B85 SEML B,
B UL R AR Ry 32, O 5 A8 3 B L 4 S H 2R A
F ok 3 BRIT R 2 B 2 A SR oS, R o kL £ L)
AT — T 42 ol A 0 — TR 4 ok = B A e )
S | = R A W R N A N = Ryl (1 S S
TURL Y 3T 8L 55 7K ST T 1) 8 — 5 R BE R R A ) 1 R
A

(2)X%F SEM EMER #1722 & A Ab 38, 43 #1320 AL
B L B R 2R B0 1 T e B TR R ARE 00 i i
] B 77 A BB KRB AR B . B K RN
AR, FROULAL IR L e 5 Bl ) 2 ) B 3, Ak R
A AR AR TE e WAL BR FL g/ o X BE R B 45 56
AR, A7 FR R 7Y 2 08 L B Ll B /)N i G KT
o )RR R = R N E DA NI W & U ) ¥ £
B R R BN FLBRE AR AR K

(3) %l 1) 07 g 8 L K R i 1) R AR
o N R RSS2 oy O w = o N K v S A ]
PEFE BRI, KOS 1) b, & 3 3R i 4% A 1) £ I
BLE ] P R M R RS B ) b A R
Vi) 457 B B UKL S 1) M T S A ) 4 K T
] 5 B & He 7 i 35, LR 08 HE 51 1) K- 7 il S b

S E k-

(1] B BRI, B8 B A . 25 i A0 o W5 A8 2000 Y Bk Ak 7 e
A RIC R B M [T]. B 9 R T AR 241, 2020,40(3) »
460-466.

Wang X, Chen H, Wang Z M, et al. Finite element in-
verse analysis for soft soil subgrade settlement consider-
ing creep behavior [J]. Journal of Disaster Prevention
and Mitigation Engineering, 2020, 40(3) : 460-466. (in

[2]

[3]

[4]

(6]

(7]

[8]

[9]

Chinese)

BRCRELERT,HF O RE2Z2LTRI -G
REBA S M [T B T TR 2 4, 2020, 40(1) : 116-
124,138.

LiJF, Liang J W, Ba Z N, et al. Seismic settlement
analysis of soft soils of Tianjin Z2 Line [J]. Journal of
Disaster Prevention and Mitigation Engineering, 2020,
40(1): 116-124,138. (in Chinese)

FLRFD . TFH2 51 0 T 5 8 U8 BT 4R A A A A8 JE 3 50 iF
FID] ARE A FEYIE R, 2016.

Du C X. Experimental study on pile foundation deforma-
tion caused by excavation in deep and thick silt soft soil
[D]. Shijiazhuang: Shijiazhuang Tiedao University,
2016. (in Chinese)

NP . T B 45 A% 1R B9 AR AL WF ST (D). m
AU F R, 2019.

Sun Q. Study on deformation mechanism of remolding
soil under unconfined compression [D]. Nanjing: Nan-
jing University, 2019. (in Chinese)

LKL . S5 H MRS Ry SRR B B (T]. & £ 0 %,
2000, 21(1):1-4.

Shen Z J. A masonry model for structured clays [J].
Rock and Soil Mechanics, 2000, 21(1) : 14. (in Chi-
nese)

BEA, WIERAR, B R AR A [ S R v s R AR A
M e ptFE[J]. 2R TR, 2006, 39(10):87-91.
Xue R, HuR L, Mao L T. Fractal study on the micro-
structure variation of soft soils in consolidation process
[J]. China Civil Engineering Journal, 2006, 39 (10) :
87-91. (in Chinese)

K SE L BRI — R 4 I S TS R Y GO0 45 A
EARLT]. A £ TR, 2010,32(11) :1688-1694.
Zhang X W, Wang C M. Microstructural change of soft
clay before and after one-dimensional compression creep
[J]. Chinese Journal of Geotechnical Engineering,
2010, 32(11):1688-1694. (in Chinese)

KA, TR AR S WG ARAET CL ROWLAL
BAE AL RELT ] %, 2010,31(4) :1060-1067.
Zhang X W, Wang C M, LiJ X, et al. Variation char-
acteristics of soft clay micropore in creep condition [J].
Rock and Soil Mechanics, 2010, 31(4):1060-1067. (in
Chinese)

ke, AL A R B TR AR L AR ik
WO R L ALBRARRIE[T]. & - Jy %, 2013 (3% 2) -
134-142.

Zhang X W, Kong L. W. Study of pore characteristics
of offshore clay by SEM and MIP and NA methods [J].
Rock and Soil Mechanics, 2013 (Sup2) : 134-142. (in

577



[10]

[11]

[13]

[14]

[15]

578

Chinese)

JAWE, Prag o, 8 a7 AR AR 4 R 45 A AR L B
AR T (7). 5 014, 2010, 3103 1) : 138
144.

Zhou H, Fang Y G, Zeng C. Experimental analysis of
micropore change of Guangzhou saturated soft soil in
consolidation process [J]. Rock and Soil Mechanics,
2010, 31(Supl) :138-144. (in Chinese)

JAME, BrE e, BRI N [ 25 5 AR ROUL 25 44
B ORI 5 3 A [T, 8 2 5 DA A 4R, 2009,
28(34 2):3830-3837.

Zhou H, Fang Y G, Yu C J. Micro-structure observa-
tion and analysis of GuangZhou soft soil during consoli-
dation process [J]. Chinese Journal of Rock Mechanics
and Engineering, 2009, 28(Sup2) :3830-3837. (in Chi-
nese)

MRige, PhiELe, wiie, 4 . DI ECRT L AL A 130
WroE1]. & £ F1%, 2017, 38(9):2523-2530.

Chen B, Sun D A, Gao Y, et al. Experimental study of
pore-size distribution of Shanghai soft clay [J]. Rock
and Soil Mechanics, 2017, 38(9) :2523-2530. (in Chi-
nese)

Bai X, Smart P, Leng X. Polarizing microphoto metric
analysis[J]. Geotechnique, 1994, 44(4):175-180.
JERRRE, TR e, BB, A Bk 8T AR s
5 75 WA G I AR G LT [ 5F R 227 e (A AR B
M) ,2009, 37(7):872-877.

Tang Y Q, Zhang X H, Zhao S K, et al. Correlatabili-
ty of microstructure change and macroscopical deforma-
tion of soft clay under subway load [J]. Journal of
Tongji University (Science and Technology), 2009, 37
(7):872-877. (in Chinese)

REtiBE, BB, W EE, S 40 A0 R L 7R Bk A AR
R a e sAmRs (1], AR TSR, 2009, 42
(8):98-103.

[16]

[18]

[19]

[20]

Tang Y Q, Zhao S K, Yang P, et al. Quantitative anal-
ysis of the microscopic behavior of saturated soft clays
under cyclic loading [J]. China Civil Engineering Jour-
nal, 2009, 42(8):98-103. (in Chinese)
TRIZIE AR DGR ST B 2K 0 S e S 300 B 58 5 il
WHoE— LA B4 B 5T TR 6 [ D], B AT f itk
#,2015.
Xu Y D. Studies of the effect of deep excavation dewa-
tering on support and surroundings in soft clay-Taking
deep excavation of the Youth Olympic Axis Engineer-
ing as an example [D]. Nanjing: Nanjing University,
2015. (in Chinese)
XU, P, FAL R . % K X R T O R AR TE 5
KRBT T]. 1 TR, 2018, 32 (4):90-95.
LiuY, Sun Q, Yan C H. Experimental study on the in-
fluence of moisture content on unconfined deformation
of soft soil [J].Soil Engineering and Foundation, 2018,
32 (4): 90-95. (in Chinese)
Liu C, Shi B, Zhou J. Quantification and characteriza-
tion of micro-porosity by image processing, geometric
measurement and statistical methods: Application on
SEM images of clay materials [J]. Applied Clay Sci-
ence, 2011, 54(1): 97-106.
Liu C, Tang C S, Shi B, et al. Automatic quantifica-
tion of crack patterns by image processing[J]. Comput-
ers & Geosciences, 2013, 57(4):77-80.
P IS B R R iRk G R X U
SRR I bR CA AR R,
2014, 45(6):1998-2005.
Zhou J, Deng Y L, Cao Y, et al. Experimental study
of microstructure of Hangzhou saturated soft soil during
consolidation process [J]. Journal of Central South Uni-
versity (Science and Technology), 2014, 45(6) :1998-
2005. (in Chinese)

(AL A HE)



