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Fissure morphology and mechanical characterization for structure-damaged
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Abstract: Based on the Kachanov’s continuous damage variable principle and the Fredlund’s effective stress theory for
unsaturated soil, a strength characterization method for structure-damaged expansive soil is proposed. The soil taken from
South-to-North Water Transfer Project in Nanyang is reconstituted. 15 specimens are divided into three groups with different
cylindrical-pore damages. Whereafter, triaxial compression tests are conducted by using a modified multifunction unsaturated
soil triaxial apparatus under controlled net confining pressures of 50, 100 and 150 kPa respectively. The influences of the initial
pore-damage primitives and fissure evolution under triaxial loading on the mechanical behaviors of expansive soil are analyzed
quantitatively. The results indicate that the mechanical characterization of unsaturated soil associated with structure and damage
can describe the mechanical behaviors of soil commendably. Cylindrical-pore damage has no consistent weakening or
strengthening effect on the strength, while the fissure morphology and evolution forms of soil play a significant role in the structure
and strength. The development of fissures can be restrained by the net confining pressure at a certain extent, and the strength is kept
through the fissure surface occlusion. Particularly, its mechanical behaviors are characterized by two stages of fissure development
and residual strength, and four damage types of linear-hardening, elastic-plastic, brittle-plastic and linear-softening failure modes.
The study may provide new references for revealing and predicting the failure mechanism of expansive soil slopes.

Key words: expansive soil; damage; constitutive property; fissure; mechanical characterization; shear strength; triaxial test

0 35l s
oK TR 4 1 . 2. EYSE T —5, 2 BEEWE: EXARREEGIIH (11572262, 51208078); it ke
o —— e FEARBHINY S L% 40 H (XDIK2016D016, XDJK2015C018)
— Tl gt W e B S P S A 0 B A, 7R BRI AR R A TR

WEsEE: 2016 -05- 19
BAERT, ML 2R TR, s *@IfEH (E-mail: shjwang@swu.edu.cn)



74 # + T B ¥ iR

2016 4F

e ZE 2 AR T, Bk kRS,
LA AAREEAES I AR &S, RESN . P
PEERS S ARV A RS R S - TR HiE
PIPRAR P HEF A . E N A DA B R 3T R
Ft, Gens 5 Alonsol ¥ - ARAE K153 Ay 2 W0 B Ao P
NS Z IR, T A4 G-A B, Desail
PBPREME (DSC) AR EEZMXT 55 (RD
552 % (FA) WIWEHMRIRGK, MEJIZATH
KA far 28 M2 PR 88 24028 N M\ RUIR S 46N FA RS L
s A g SR FS AR, B T
FEMZRK T 24RavE . Bk4e e MR g M s B e s AR
PR, TERIHLAEDS O AIE S, KT 80% M HaT
AT CT-= i S2 3G 7% .

T 715 R R AR D5 Rk e, EEXT RS &
AR R RS R — T TR, N 7 A RHE H
TAE. TR EERAE RN RS N TAE, #i%Hth
JE A e AR PRk —E T, it
JIHR RN B BNZ R . 2R K - i SR 45
e, I N R AR SRR S AR R R R AR R 5T
FHHTRZBHLE Y A SS R Z . T 454
T B AL 1 S0 AR SR BE IR 2l s IR AR SR BRI U 4R
TP (IR A Aar B4 F R R B AL
BLA) o -9 8 PR 2L BT B2 K 56 B 1) S i A2 2 5 1 1T
FLFERE IR RN N BEAE AR I FRA, R 2 J R IBE T8
PEPR A ks 2R, s 2, RS
325 1) Ak 5 4 1) S B SR s e B IR AR

RERITPE “midit i hmRdR e, iRk
RS2 bR SR R (R Desai U BIIRZS
R AR AE AT RUIRZS ] FA RAS BT UG08 97 U000 o 57
[ S A 3R T IX AR AR . R IK L R A
BT A, HATAaREBUIRAS 5445 77 A
FHIF AR B G RN G e 2 e B . R
ISR TOL K L SR 5 AR T A, 2008 J8 Ak
IS5 VE R ATIGIIRES . A MR 25 TR
PR LR 0 FLaR BE e, T RIaa TR RS 71 %
#1715 Ak
VORI 77%, SRUT SR M5 R T = i hn B #
BRI S H 1A

1 G RARIESE
1.1 MG EESEENRNS

EMIFN £ /%4 Fredlund &S )5, 537
ZAT Sk e, AR HBA 7 & AR 1) SL bt
o NH I K 05 R s, A LB
HORIRS AT E B . Kachanov! "TEHF 9T TR K}

PRI, $RHHESETE v IR R0
PIRFS, 2 5 & B2 W5 fa w8 T AR PHh % E,
{H#R LA Kachanov 4245 & v JyREnt
y=AA=d ()
A A

A, A RRRBEVILAREEE, 4" FoRBimmsl, 4
TR BRI

Rabotnov!' 5| N 5 w ARG D RFKoR
g SRR P EiR

p=""2 )

K 0<D<1, FIEMENTCH B 5E 2105 1A FH
W2 UM Io=F/4; HMNII6=F/A4_

Al W, Kachanov #EZMA & w SR 58
L, 1M Rabotnov 54575 & D 5RIFM B« 4% 7,
B JoG 2 223 R T I AL, 2E 1 T MR PR
R A S e, AR R R P RS
K FERT SCIRR21FH CT-=#hik3E, WL
IR FE AN M FER B T A 280 ARV E A K AL
TR 2T Ao i RAE AR & 1 & H . AREG I AK
T HEEEMSE, HilFESKEREEN 7%, LH%RA
ARG T HRGERN AR G RN
FJEFIOL ZepE - R ER), R AR AT R AR
BUINE I 725 RAEM LA T 8 X A AT R E4
(IR A R R, X g N ARBEA SR R
SOPE e I/ W]

q=6/-61 3)
R 6126, —u, =F /1 —u RA I HOERLT;
61=6,—u, =F,/ 4 —u, NFHEBUNER T u, For
HLBAKE; 6, RRFRERNTT; 6, RnF/NER ]
(kPa); Fiv F3, A~ A 0HFERo, o 7K
BN RHRUERREH (md).

X T4 #4545 1 MR TR, R A
AR CHUR 7, B AR B T B — e A E R
71, E B 8 5P 0 U a A kL e AT RS L AL
REGEE R, BINBA AR REE: &0 Foom 1Ak
MR SE G EE KRR, AREAIHME; &1 KRR
1 AR BE A2 5N IR BT 3G 0<é<1l Fow
05 LR IAS R 2 B

e LRI “EE Rk, BN ARSEAE Clnpy JEE
B, BRI BED T, Hifh bR IR
PR, AZRFREGE SRR, HEW A B
PE, BING R e 28 n, n2 5 S, Moy FHRITREL
TEEENE, ESnefEn, Mkl &ERE
T RORESZ 5 R e R RE N, S5 R RS e 1 X2 M




$ T 2

PRI, 55 S PEIIEIK - =R N RIS [ ) SR AE 75

B AR RIS o T A " B T RAEA R 453 4
“COMITE” T 2 AR AR RZ Tk RE . RIS
JEAG A Je AR SRR A R R T

;:én{[F;/(V/IAI)_uw]_[F;/(W3A3)_uW]} (4
R

g =En6/-6) - 5)
1.2 BENERRAE
SR P 00 2 R R 2 A SR
A, SRR AR RN B b0 3
R I TR, ST S

2 2
o +o c.—-Co
o———2| vt =| ——2| +1) . (6)
2 2 "

M ASE . THRIEA . B, LSRR,
TR A TR, FLBE. GG RZEBRGS, B
IS FH B 7R B2 A7 1B R A5 R TC A5 L Y o 5 5 L SB[
HA—EMZES, AR E R IR . =HsSig+h
o, =0y, HFEIRRIJEF R, a1 ~ 6)
T A3 FE AR I R IR N AT 1

~r ~1\2 ~r ~1\?
R T T C (T (7)
2 2

R A LA [(6]+63)/2, 0], FER=(6{-6)/2 -

TG E MR & R a BN R A ¢ I, B
W S B D N [(6+65)/2,0] , F 4R R=
(61y —G3)/ 2 AIEH, WK TlFER i n il E
AP, HI 6, =0 .

2 BRERRE
2.1 R THRTERGSEZ

SRR B KL T P TR 4T 31 KR,
it R BERIEI 2.5 mm ARHER: L AIT-R
WA IR & A TV SRR D A 0. R B AR A KR

W=7%) 8K, AIRBIKTIIE) G — 1 LA,
KA EMA N5 E 24 h, FlRPEAIHIUE
24 h, FIFHHIFER 7 5 EFR R RA . LA E AR 3.91 cm,
% 8 em, FLEREL €=0.60, T2 p=1.70 g/em’,
wo=15%. 1 20°C = FHE 2~7 d 12X T2 H iz
TKE . Rk TR AR S M B, 7
BEEEIT , B R e Sk o218 1 3 B VE R A 1L .
FEEPE =M (A, BARKCHYD 5FAFBGIERE
FRAE: JEFL(STD). 2.5 mm FL(ST2). 4 mm fL(ST3).
5 mm L(ST4)F1 4 X 2.5 mm FL(ST5). RFEYEL 2
AR 1, WG PO O LR 2.

2.2 UBEEZHERFEHR

TR0 K o BN R 84 I 8 AR 7 e 5 B FH 7K
B TR OGS BCA R I FLSY30-1 YR 73828
P2 6 PC-AEMIFN L =R, BT =M 4
5. ZEIEAHECEAERERUT, RHAEZEAHEK
HE (UU), MAHEFEN 0.02 mm/min, BEIREIES
PEREHENAE KT 15%. =HIRBILBEAE w, N
300 kPa, %[ 5554 50, 100, 150 kPa (o3 205N
350, 400, 450kPa); il PC R4 idxEIE. L
BRSBTS DR AR AR S R .

3 HRPMENFERIE
3.1 FEMGREERHENNIRTEXR

FF R EIE o A, THE AR A
RN 17§ B AR g0 1 (a) N 50 kPa
ETFG - e RAE, ETHRNYIERRE (WEE
BRI 2.5, 4, 5, 4X2.5 mm FLAEGIREE,
TRED. B 1 () o, gk, §BEZIA, FAR
Wi, ASTI~ASTS REVHAFM 122, XY
SCHR[S] (S=89.5%) FLIRAGA 5 ke () 2 3 1 — B &
MR G CBCR AR . T ARSE $=37.32%, Tk

=1 IR RYIEM RSB TR R

Table 1 Basic physical parameters and grain-size distributions of samples
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(mm)

2.73 50.1 189 59.9 0.51 1.81 37.32  7.00

22.84 77.16 4471 29.15 2033 1395 839 524
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Table 2 Effective areas and damage degrees for different cylindrical pore-damaged conditions of samples
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