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Analysis on mechanism and stability of freeze-thaw spalling

disease for slope in loess region
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Abstract: The paper studied mechanism and stability of freeze-thaw spalling disease through field investigation,
indoor freeze-thaw test and computational analysis. The results show that the freeze-thaw spalling disease can be
divided into freeze-thaw erosion of slope surface, freeze-thaw layer spalling and small freeze-thaw collapse. The
cohesion exponentially decreases as freezing, and thawing times increase. With the increase of water content, the
cohesion decreases greatly and has an approximately same variation after freezing and thawing. The internal friction
angle has no obvious variation as the freezing and thawing times increase. With the increase of water content, the
internal friction angle linearly decreases, but it has a small attenuation amplitude. The safety factor also
exponentially decreases as the freezing and thawing times increase. As the water content of spaling mass increase,
the safety factor decreases greatly and has an approximately same variation after freezing and thawing. The safety
factor exponentially decreases with the increase of freezing-thawing depth and the exponential change law is not

obvious for the spalling mass with high water content.

Key words: loess slope; freeze-thaw action; spalling; safety factor

B R — PR E IR R s B R IR B ERAE S AR R R R B s 5 U0 9 2 M) &5
T e e B3 AT TR R 0 22 N (B R 4 27 N L N 8 (R o /S S T B AR & 52 T T A N
—ARAUG R ATER. X, CE2AMREBH REMGIRKEE B W B B bR ) 28 AR L
FEHFFIRT RN RGEOP T, Ry BRSO T URE R b T B e
EEE L T AR E MO RRE . FRES A SR ET M R RS R S R T
K E Kk E R IRANS. R R IRI Y ELE T A RO 4
LZhFEVH X, Wi a2 B gaa sy RO 1 URRLIE R4 X 8 LR B
Wk, HHAESEEERSPE R AR E RN, Vi FEHER Q E L B
I F}REﬂXﬁﬁiﬁk%ﬁﬁﬁéﬁfﬁE’wE%, O 5, MAXZEREEN G E LR T B
ﬁ%%%ﬁﬁn BRSBTS B BRI B Y I, WEOT 1 B R R b

R B EVE T A s ERRATE IR TR WS ET Ul AR L. B S RS
WA E: 2017-03-08 fERMmA: 2018-07-05

E&WE: ERAAFEESIH (51478385, 51208409)
E—1EE. W #(1980—), B, M+, @¥F, FENFEXAE L TEMS. E-mail: xujian@xauat. edu. cn



478 [ 7S = S N SN

% MARFEER) 550 %

FRE N VRS, AT 70 3 A 0 W B T4 A
B BE Sy AL ML, A R 16 BF 58 o SR 6 igE — 2P R 5T
HEMEMRERAFESEX. HEHA X TH L
03k VR T ) e R I R ST W R AR AT
ANEE T b Ak 43 AT R0 T B A 0 3 R ) R
.

P, 1 S B b DX 3 3 R R ) 9 G o E
PR VAR, 4 R ) B 4 3 ke R A ) 9 0 Y
B KRR R BRRAE ;AR5 TF R N R Al
BE— 25 W 5T 8 A A 9 BE 32 R 4 H 00 5 e R A
BG4I AN B E IR AE, SIS
BB 3 R ) AR E M T I B 4 SO
TR - 0 3 ) O A O e o R AR M Ak R A
(PR

1 E1X i EmFERENIHAG

RN FE B - b X 32 3 O ) o R AR
BB RRRAE, BRAEIZH 23 ) T 2012 48 12 Ay (42)
A1 2013 4F 3 Hipy (FZR) BIpAb 8 + 3 X 3E47 8L
VEBE. ARYEI S VAR GO, B A Rb X 30 R k)
HIREEE N =K
1.1 A REFRRR M

& 1(a) P 7R b 5 0 52 2 48+ 1 3 3 )2 VR i )
O VA B = R I i o5 BRI K LS R TR S
fIE. 995 RRAE 28 B A 3 T o b ) ik, o0 B R A
FEIRL TR SRR R IR 1 0 e 58 2 1 1k
gER), FRLZETT Th R A B -k 45 4 9 B R T[]

B, REGAEH 5808 K Ak Rk KEi,
WA BUN YR 5= A Vi ) .

B 1(b) A %E 1] B3 e e B X8 4 i 3R 2 R
A, R R A . ERRE R
YA JE TR AR VR S ik, R ) ok R R A —
YR, R, %A AL TR AR AR X
Jei B AR B 7K ER B THD B E B ON 30 B A R N T
A LR SRR R, G RE HaEME
22 5= A R TR U ) ok s 3R
1.2 BEEBMERIE

B 2 (a) By 7R ok 0 18 B v ST A0 T 00 i ol = 0
20 b R 2R 0, R R S | b X
W ERHE R I N AW R 2 R 2R %, XEE
AR TZAWA T REREFRX, KERRAETTH
KBNIBYE RN, 30 R RS KR
. ARUREAE M R A AR N K 4 1) K2
I, REZHEEKEE PR HEELIERE
TR, Kb K T RS B — 7 B R, B kKoK

SEHET, %A ST R R AR s Ak PR T A

(b) B ] EL SRS F L it R
B B4R E R

Fig. 1 Loess slope surface erosion under freeze-thaw cycles

(b) AT WYL DX R R 2 M

(c) H SR ELIRIEIEGTIFAZ U AR 2 AR 4%
B2 BragiEmERRE
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Fig. 3 Small freezing-thawing collapse of loess slope
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Tab. 3 Calculating parameters
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