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Experimental Study on Shear Characteristics of Compacted Loess

based on Micro-structure
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Abstract: The compaction degree is one of the main control items for quality acceptance of filling engi-
neering, the research shows that higher compaction degree has a significant effect on improving the
mechanical properties of loess. In order to comprehensively and systematically analyze the influence of
compaction on the shear properties of loess and better reveal the internal reasons for the improvement
of the shear strength of loess by high pressure compaction, the shear properties and micro-structures
of compacted loess in the Beiyuan area of Linxia City, Gansu Province were studied by means of triax-
ial shear test and scanning electron microscopy test based on four different compaction degrees. It is
found that the stress-strain relation of the compacted loess satisfies hyperbolic form, and higher com~-
paction degree has a significant effect on improving the shear strength and shear modulus of loess;

Higher compaction improves the shear resistance of loess by changing the contact form between soil
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particles, which transforms gradually from edge contact and bracket to surface contact with the in-

crease of compactness; Higher compaction improves the shear resistance by changing the characteris-

tics and morphological distribution of soil pore size, showing a gradual increase of pore scale of micro

and small pores with the increase of compaction, while the content of medium, large and extra large

pores decreases, and the pore shape becomes relatively smooth.

Keywords: compaction degree; loess; shear characteristic; micro-structure; pore character
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Fig.1 Stress-strain curve of compacted loess

2 EXEITHEENE

21 HMEEESHIMBRIETNA

AR P TY 5 2 BOE BT O AR TR I
TE I R RE AT AR T SR RO T
T AARPUA Ty S BOIR R BE Ty, 45 G U KU
PR T A ] R 52 B2 4% 1R R BT b BT 59 558 B 2 RO
A [5) FB JE 2% 1 T A R BR B9 7 g (L, A 8T 2 i s
A LUE B, A TR S B3R SRS el o B 5
B T A0 0 R B ME ¢ B SR R R o BRI
W iR B2 2 M o 0 T 52 B8 ) SRR R R T e — 2 5 R [
s o i BR B9 0 g R il e S A 4 R
B PR TR A B R B AT AL B e Y S R T
PAAT R4 iy o b AT 0 588 i g

22 EXEITTRISH
AR AR A T R A R R AR,

352

7 AR BT AR T B BE 1 RN, HHT IR R AE - MR
TR R 2 B 22 TR A BB ) iR e
R RIE R AE S BB B A% R R B U 7
5 VR Y B B B SRR BB T Y
SEI Y S R SC R R O S e o Ak
P s HURE L=k 5 U138 56 15 21 1 400 B i A
IR LS AR Dy R R, O 45 5 SRR R S 0Y D) R
Z ] IHA OG 2 W9 00 i TR S B Xk () 4 ) B A
IR e L

4545 Bid(D), LA EI LA T AR RN

do  d(oy—o0;) a
de de " (a+be) (3)
E
G= TRET (4)

% 8 A R IR B DDA B4 (L i R, 72 SE PR Y
TR B AR B RO B AR TR R S B AR B A
B2/, AR T TREZ 4. O 1 34 0 2 & 0
S B e B DA M s S RE O B A BT DA B R S, 2



RS HIE

80 85 90 95
%
(a) HESCE+ 38R0 24 E

—a— g, = 80 kPa
70F ——o.,=140kPa
—a— o, = 200 kPa

(o,7o,), / kPa

80 &5 90 95
ki %
(b) FR bR R BT R AU

P2 S B 0 e S A b BR B R ) U
Fig.2 The strength parameters and ultimate stress of com-

pacted loess

WA AR N AR € 7E 526 ~10% Y BY YIRS & ok JE I 43
Bro K 3REE R (2-3) 0 (4) 545 2] 19 A 6] K
SR ZEAE T B R B IR G — s AR R B
IR G RYHUE . W] LU B - 8 500 46 09 D) i
G, M3y Yl KL i G 3 5 B 0 KO 3 (B 7 806 -
850 BRI S92 B T 18 W A X A8 /)N 5 B A TR S R
#9026 VAL, 8 R W iR B DA A G, YT R G
PG R S . HLARD IR 05 DI B i G i A2 AR AT
S B« A B s PR 388 K 3 ol S o W

3 EXELTHEULEHFESH

R H W - B R S T LAY R
5T BT BE 1 o 25 08 2 - A P I L B A AR K o3 Al
15 DL R AU Z5 R A A 1) P9 D A 2 e SE - 1R )
B e B BRI R . NI, AR SCE A S N R
PR, AN TR] P 52 BE R i JBURE (8] 422 fi 2 =X
200 WL B RO AR A AL B R 25 72 AR AR 2 AT 0 A
M AR 485 78 B T S BE A A A B T
P S A

—a— 7, = 80 kPa
35 —e—0,=140kPa
—a— o, = 200 kPa

G,/ MPa

80 % 9 95
k/!%
(a) ESCE LRI E

——c=5%
35F —*+—e=6%
—a— =%
| ——e=8%
—— =0%

——=10%

G/ MPa

80 85 % 95
ki%
(b) FEPZET E LI REE

P3RS 4 (R AR B DA A B

Fig.3 Values of (initial) shear modulus of compacted loess

31 EXETEMAEK

AR A U ORI A T AR R S E T e
DT IR 2 BT AR 3R Y XS AR T8 R 500 A B 2%
PER LT 4R RS2 RE R o 00 A ULAE AL 1 L A
A A AN B A LA F 0 P 4 BT o

I 4 7T LA 218096 IR SEHE T, B 4 i UKL AN
FL B X PE W B, 0K 2 1D AL B R AT A0 B A I 4
Yy, RELIURE (1] 2 ok 12 X 3 8 AR i 422 ik 1 52 2 HE 4%

-

(¢) k=90% (d) k=95%
K4 JRS#E+ SEM K
Fig.4 SEM diagram of compacted loess

353



A WS S R ) LB R 585040 TR AT,
B UKL R AL B RH XF e 5 B I, JBURE 3% T FIAL B N
TR F) I 25 0 1] 3 22 R AIURE 22 [ ) 2 kS X 3 B
LA TR 2 fith 1 S S B 4% o B 25 4 O 2590 06 TR S BE 2%
PER B 0K AN FLBR © A W I, BORL 22 18] 7Y LB
WA D0 B ) 4 R A R TBORE 2 [] Y
B full X F DU IR I A5 O 259500 R L B
SEM &1 12 B i ZUIRIE 3, 8+ 454 22 8] AR 5 3 O 3%
W ORL 22 (6] A 4 Al 2C e 3 2 LB IR R 25 O
JLTE AR A LB

M iR s 5 o A R [ 9 42 Ak JE AR Al mT LA
T B+ B fei 04 s S B AT L O B R 2 [] ) 2 i
TR et/ L B PAR R 23 A 8 B BORE 2 [)AE A
BT O ST, DT 2 B H R 1 B BT 5k R A TP

eI
3.2 EEXETFERESSFE

AR 3R A Ch. Liv 88 TF & 1 B R b 285K 1
PCAS e 52 % 58 #5 + FLBRURRAF 16 8 1007 o 25
G oCHk[8,15] B F H A/ T 50(4# 55 1.81 um®)
J AL L 50~200 (#5824 7.25 pm®) R R /ML,
200~800 (4 B K 27.25 um®) 14 Z K 1 fL , 800~
3 200(# B N 115.94 um*) R % N KFL, KT 3 200
BFEREKAL.

PP 5 R [ 52 BT 5 4 0 L R BE 40 A 5 o
043 A7 3 L v n DU 30 Bl S B2 e B, /AL
B ) 25 T 0 o, o R R AL R 1 B A S
Ul /N G R 9596 i S B I BN FLBR I B Ak )
T 82.3% 0 JESEH A 5 Ok 1 3K 2 AL R R R AR
WO T 85 K 5 B A 008 /N T B A URE 22 [] 3K
T 1 e o N T YAl EI RS G VA B
I, A 8 5 T A AR UKL 2 R] G A RO L AR+
A 22 8] I 235 18 0 4 e, DA A 2 WL b A 3R B0 4 8 v
e B 588 B NPT AR T g
33 EXELABESHTHISME

Sr YR T BRI AR A S T A RO R
ST MR K0P B B AL R RO S AE A
TEAAE , J0) 115 rb L B 119 45 80w AR AR K L 22 ]
FETHER ",

lgL=Dg xiga+cC (5)
X A REE AN 2B L R 5 2%

354

2ol 3 £=80%
B £ =85%
6ok i =90%
i =95%

BB EAFLRE R %
=
=

RALBE  ADALER LB JCALE dFORAL
FLpE
(a) HEFUHE R P FLPEL S B

1201
—— k=80%
100} B am
—— k=90%
—— k=95%

KT HREE MRS R %

0 20 40 60 & 100 120
s / pm’
by AFEREEEATLESRE

5 RSB A fLER RUZ RRAE 53 A5
Fig.5 Distribution map of pore size characteristics of com-

pacted loess

INTVESUBIAE R (OL R S O A% SO A ALKE DI
MALBIE S B4 % . D IREA T 1~2, DB,
FLBR 25 A 1 52 2%, LI A 25 A1 S50 R AT i 225 D16 1 3%
T ) i JEE

K 6 2 i SEM [E 1545 21 19 B 4 L BB 5 2
e e B 20 B AL 18], 7T DL 3 b6 A H 9 B A 1 R AL
Wit 73 1V 24 R A o i /), BV T SR ) R AL B
S 0 5 2 R I IR, 2 T B A T 2 TR 0 8 R AL
(O] 25 22 W A2 45 100 3, SLBUE AR B M X 1 — o 3K
AT Bl IS AL B A TR 25 AR R L A B8 3 5t DA T

1.24r

L18F
80 85 90 95
k%

K6 JRSH e dE Bt 28

Fig.6 Fractal dimension variation curve of compacted loess




L) T e S AL BRI A O FL BOR
BN L A 85

T4 8 B i S S R T AAT Rk o e
PUBY R PR B B IA 3 T A [RS8 R B T By o
BT YIRS B ) 3 B8 IF 5, A6 TR S B R B T BT 9
J3E R PR B R MR LR O 2 PR B R R X
N TR) s 52 B2 6 200 0L 245 4 S0 8] 9 122 A =X AL B
RO RRAEEAT 1 85 A2 T 2R G800 20 B, 45 B A9 AH G
5T

(1) JEs 52 5 e W ) — RO A% il 2 WU 298 5 Bl
IR S S e A i BT U AE T 4 08, 3R B A 0
2 RON R B BT 07 7 4% B A T S92 R A R T 4 o B
B0 B S B DD R AS [ 0L A {EL T A 5 D) R
i A s 2 ) 38 R T

(2) iy JH 5 B2 3 o o5 728 R 0K 22 1] ) 35 f 72
LA AP B e 1 o R A TR S e
L2z (] A 4 fih 12 R e S5 88 A9 b o 300 4 fih |
SRR ) T Mk T I 9 L DA i 2 B A R 2 ]
F14 2 S TR0 AR T 6 K il b MABORE 22 8] AR 45 B

(3) fra JT 5 B2 3 i o4 728 b 1 FL B R JEE R A AL
BJE 25 00 A DL AR PT By ek . EER IO AL
B I E A 1 BT i 5 1 52 T2 194 40 7 8 B el
ANFLBR G 5 R0, Hh R R R AL S el 1
B, HBEE TR 52 18 R AL B IR A2 45 5 O B 3,
K22 18] B A R0 2 95, A RN T B R

S %3k

(1] SBE,ERM,FW, % EEE B EmER ST

SRS B AE 5 [T ], /K SCH B TR M L 2016, 43(2)
44-52.
Ma Y, Wang J D, Li B, et al. Influence factors on the
compressibility of compacted loess and empirical consti-
tutive models[J]. Hydrogeology & Engineering Geolo-
gy,2016,43(2) :44-52. (in Chinese)

(2] #HW fLIE, 2K, % . LW BB S
BT, 1%, 2014,35(3 2) - 37-44.

Huang X F, Kong Y, Li X D, et al. Study and applica-
tion of deformation characteristics of compacted loess

[J]. Rock and Soil Mechanics, 2014, 35(Sup2) : 37-44.

(in Chinese)

IR R, B AR KRS 2 LS
oy s R ELT]. TAE J12%,2013,30(10) : 108-114.
Hu Ch M, Mei Y, Wang X Y. Deformation and shear-
ing strength characteristic of compacted malan loess in
liliang region [J]. Engineering Mechanics, 2013, 30
(10):108-114. (in Chinese)

MR 2& . 23 6 AR R 92 8 0 i i 5 78 08 K H: Al WL 25
MR LD ). P4 K sy, 2006.

Chen K Sh. Study on strength, deformation and micro-
structure of compacted loess in highway engineering
[D]. Xi'an: Chang'an University,2006. (in Chinese)
AR At BRI A L K SRR S B X i 3 O
IR [T]. KR 5 ST LR E R, 2013, 11
(2):98-102.

Yuan J P, Zhan B, Chen Sh Ch, et al. Effects of water
content and compaction degree on mechanical character-
istics of roadbed [J]. Journal of Water Resources and
Architectural Engineering, 2013, 11 (2) : 98-102. (in
Chinese)

Foke B, TRME , B EAR . E KRR SR XHE A
BUBTIR B2 [J]. 3L 7 TR AR R M (A AR
2£h),2015,34(6):699-703.

Wang L G, Zhang P, Li X L. Water content and com-
pactness influence on waste disposal site rock shearing
strength [J]. Journal of Liaoning Technical University
(Natural Science),2015,34(6) :699-703. (in Chinese)
B8 REMS RN 22N E 22 g R 9 sy
SRBESZ A R R AR [T]. 55 - TR 4R, 2014, 36(3 2)
37-44.

Jia L,Zhu Y P, Zhu J Ch. Influencing factors for shear
strength of Malan and Lishi compacted loess in Lanzhou
[J]. Chinese Journal of Geotechnical Engineering,
2014,36(Sup2) :37-44. (in Chinese)

B R A L P BEE BN 3 L RN 5 I 114 Bl
AT R A ES T ST T]. £ 124, 2014,35(3)
735-743.

Cao Y,Zhou J, Yan J J. Study of microstructures of soft
clay under dynamic loading considering effect of cyclic
stress ratio and frequency[J]. Rock and Soil Mechanics,
2014,35(3) :735-743. (in Chinese)

Jel KB LA A AR A A [ A5 AR A0 as A
BT ST, g e 2 R CH AR B R 2014, 45
(6):735-743.

Zhou J, Deng Y L, Cao Y. Experimental study of mi-
crostructure of Hangzhou saturated soft soil during con-

solidation process[J]. Journal of Central South Univer-

355



[10]

[11]

[12]

sity (Science and Technology), 2014,45(6) : 735-743.
(in Chinese)

07 QN S N BB - AN DV o R S P DR R eI
RAETE MBI [T]. 4 4 TR 24, 2015,37(H 2) «
144-147.

Wang Q, Wang P, Wang J, et al. Effect of microstruc-
ture properties on of dynamic residual deformation be-
havior of saturated loess [J]. Chinese Journal of Geo-
technical Engineering, 2015, 37 (Sup2) : 144-147. (in
Chinese)

XNZEGE 2R o0l INPR L A L T A R M B IR R
BB - IRAR LA AL [T]. & 4 TR 4R, 2018,
40(3 1) :124-127.

LiuJ D,Li R J, Sun P, et al. Duncan-Chang nonlinear
constitutive model based on joint strength theory of
structural loess[J]. Chinese Journal of Geotechnical En-
gineering ,2018,40(Sup1) :124-127. (in Chinese)
AT . T FLAC3D ALY - 0 s P Ak IR S B
[T] KA 5 850 TR 2241, 2014, 12(2) : 162-166.

Yu L P. Analysis of soil’s elastic modulus vaalues bas-
es on FLAC3D simulation [J]. Journal of Water Re-
sources and Architectural Engieering ,2014,12(2) :162-

166. (in Chinese)

BUE AW N A R RS TR AR R AL AR
LI ICE AR T [T, A TR A4, 2008, 10(H)
155-158.

Jia D, Shi F, Zheng G, et al. Elastic modulus of soils
used in numerical simulation of deep foundation pits[J].
Chinese Journal of Geotechnical Engineering, 2008, 10
(Sup) :155-158. (in Chinese)

Liu Ch, Shi B, Zhou J. Quantification and characteriza-
tion of microporosity 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.

T, EOE . LALB R ILm s [J]. A b TR
4, 2000, 22(4) : 496-498.

Wang Q, Wang J P. A study on fractal of porosity in
the soils[J]. Chinese Journal of Geotechnical Engineer-
ing, 2000, 22(4): 496-498. (in Chinese)

Moore C A, Donaldson C F. Quantifying soil micro-
structure using fractals [J]. Geotechnique, 1995, 11
(45): 105-116.

(R LG % 2 Bl N %)

IR 1IE 2118 21IE J1IE HIR SNIE SR <11 J1IE <UIE SHIE 2UIE <1IR ANIE 211 SHIR JUIE <1IR SNIE SUIR SHIR J1IE 21IR VIR 4TIR SUIR J1IE SUIE VIR JTIE SUIR JHIE <UIR VIR JTIE 211 SNIE 2HIE SNIE JTIE 21IR SUIE IR 1R JTIE 21IB UIE JHIE SHIR VIR 2118 <1IE J11E 2]

(E#EE34910)

[13]

[18]

356

Chen G X, Zhou Zh L, Pan H, et al. The influence of
undrained cyclic loading patterns and consolidation
states on the deformation features of saturated fine sand
over a wide strain range [J]. Engineering Geology,
2016, 204: 77-93.

Kondner R L. Hyperbolic stress strain response: cohe-
sive soils [J]. Journal of Soil Mechanics and Founda-
tions, ASCE, 1963, 89(1): 115-143.

Kondner R 1., Zelasko J S. A hyperbolic stress-strain
formulation of sands[C]// Proceedings of the 2" Pan-
American Conference on Soil Mechanics and Founda-
tion Engineering, Silo Paulo, Brazil: Brazilian Associa-
tion of Soil Mechanics, 1963: 289-324.

Hardin B O, Drnevich V P. Shear Modulus and damp-
ing in soils [J].Journal of Soil Mechanics and Founda-
tions, ASCE, 1972, 98(7):667-692.

Ishihara K, Yoshida N, Tsujino S. Modelling of stress-
strain relations of soils in cyclic loading [C]// Interna-
tional Conference on Numerical Methods in Geome-
chanics 1985 : 373-380.

Seed H B, Wong R T, Idriss I M, et al. Moduli and

damping factors for dynamic analyses of cohesionless

soils[J]. Journal of Geotechnical Engineering, ASCE,
1986, 112(11):1016 - 1032.

Rollins K M, Evans M D, Diehl N B, et al. Shear
modulus and damping relationships for gravels[J]. Jour-
nal of Geotechnical and Geoenvironmental Engineering,
ASCE,1998,124(5) :396-405.

Vucetic M, Dobry R. Effect of soil plasticity on cyclic
response [J]. Journal of Geotechnical Engineering,
ASCE, 1991, 117(1): 89-107.

Electric Power Research Institute. Guidelines for deter-
mining design basis ground motions[ R]. Palo Alto CA,
USA: EPRI, 1993.

Zhang J F, Andrus R D, Juang C H. Normalized shear
modulus and material damping ratio relationships [J].
Journal of Geotechnical and Geoenvironmental Engi-
neering, ASCE, 2005,131(4) : 453-464.

Chen G X, Liu X Zh. The preliminary study on dynam-
ic characteristics of deposited soils in southern area of Ji-
angsu province, China[ C]// Proceedings of the Interna-
tional Symposium on Innovation and Sustainability of
Structures in  Civil Engineering, Nanjing, China:

Southeast University Presss, 2005.



