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Genetic mechanism and stability analysis of loess landslides group in Tianshui
Hongqishan, Gansu Province
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Abstract: Tianshui is located in the faulted zone at the northern edge of the West Qinling Mountain. The active faults in the area are
well developed. According to historical record, the earthquakes used to happen frequently. A large number of loess landslides have
been induced in this area. Based on field investigation of the north mountains landslide group in Tianshui, the authors studied the
deformation and failure characteristics of the earthquake landslide. Taking Hongqishan landslide as a typical case, combined with
laboratory test results, the authors analyzed deformation mechanism of Hongqishan landslide, and then applied FLAC™ to simulate
the stability of Hongqishan landslide . The results show that the north mountain landslide group in Tianshui is induced by earthquake

action; Honggqishan landslide contains two main slip belts, and it has experienced more than 3 deformation activities in history. Its
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evolution process is complicated and belongs to earthquake— rainfall coupled landslide; Nowadays, the Honggishan landslide is
relatively stable under the natural condition. If a strong earthquake occurs, it will cause a breakthrough of the plastic zone inside the
slope, and the soil on the top of the slope will slip. The research results can provide a basis for the deformation mechanism and

disaster prevention of the earthquake landslide in the potential strong earthquake area.

Key words: earthquake landslide; landslide characteristics; deformation evolution mechanism; numerical simulation ; stability
analysis

About the first author: ZHANG Shuxuan, male, born in 1993, master candidate, majors in ecological engineering, engages in
research on geological hazards, engineering geology and geotechnical engineering; E—mail: zhangsx0209@sina.com.

About the corresponding author: YANG Weimin, male, born in 1965, professor, doctor, majors in the study of geological hazards,
engineering geology and active faults; E—mail: snon 72@]163.com.

Fund support: Supported by China Geological Survey Project "investigation and evaluation of seismic geological hazard in

Tianshui section of north margin fracture zone of West Qinling Mountains" (No. 12120114035601).

1 5 5

KA T b B PG o R R M AL TR
JCHb R 5 P Z IS 15 AT AL o DX P HE 5
A ARG B ) R TR R R
FE 1 (BRI 2R 4%, 2016) o BIF5T IX PN BEA T 2435 3
PERCSR , 7 S0 SR R A &, DR e R T R
o TR WO R B i DX R R T B R
R b RV R S | A N BT O E .
HNEBIF T KA LB T, RE
FA 7 Sk b 5 | 2 9 4 T 0 e o A 5 4 v o A TR
R R HILE A (IVGE4155,1997), HIE T
390 T AR e 52 0 33 1) SIS R Ay S b R T B
T HL R T W, BT DN A LS MR T D R AE AR TR
e RATL B R AR P A 55 77 18T o 2008 4F- 3501 7%
Wk T REHTTRFITE HAE,2009), Hrfrd Fi
R Y ) B A SAhn —E f) hr2E—I)2
RS G R VRS O N TR S T IR AR
2011)o FEFE)Z BB X, 4 0T R i b 2
WA 458 + N 3 - F A kT v B -
ST S (SR ERVLAE, 2002 BRoK BH A, 2006) B
- MR M A R SRR S MU SR A L SR A
Hi SR 3 | A A B g 2 A A R0 PR 2R R ) Ak
(Brian,2016; 25154 ,2009) , 13 5 Hh 52 % M Hb 2
VEF T ¥ 3% 1 8l 7 5 1 25 DA 56 (2258 )11 46,
2003 ; #1545 3C,2004), [ 20 H40 90 4EAR LK , 22
AT T ¥ - M 2 0 3 A PR DLER AT S 3R 1 T e 2
R, E SR MR AT R v T T A A R A
A AR R 22 A0 A5 AR TE AL (E RS AE,

1999); B2 e $i& i M 7% fih 4 Fob 7 RS TE BRI
PR PAFAE BAEBEIR S SRS R =R (B
E 05, 1998), Fof i MU g i 5T T BE IR
PR E AR i EE PR IR T M R
FIV AR S e PR ol 5 5% 2 AR Iz b AR I A 7
BEAUL, ) FLAC™ R T3A% H S A e SRt
AT T 25 i R TR A5, 20135 L HIAE, 2010),
ZE TR, YR bRV S AT ST A R T B A
AYATRILE TSR A I, R SRR RRE
FRHILH] AT A R SR AT A 2 A b R T S F
FERHART R, A SO HE SO B i e ST
HMEAFIERZING: FIHT T R R Y
IGRRRRAE , F1) FH FLAC AT T 30420 1L
VY RS I, EE SOV T L L 3 ) AT A AL K
HARE A TS , DA B e i i X M= v D e g
FIFRAUEAR LA
2 PR E

TR V8 23 06 1L Jok 5 B 74 ¢ o ol
A, AR T ARG, B — S T I 2 KK A
Pa AR fiad o X NI SR LA BE + 2 6 B+ e
S E, R R X B AR AR, 55 P R &
B o TH TR Z K R R G, St AR S 4 (SR BB T
2,1993), ARG A I b R R AR T
E78

XN L2 DS PO &R (Q) AT Z(N) R E, Rk
It AR R A SR S B R (Pand) o B DU R
BRI 53 R AR KU - A e AR, iRk
U — AR B IR HE U & A 2 5L A

http://geochina.cgs.gov.cn H'EHL T, 2017, 44(5)



926 i H

b, J 2017 4F

POk, e85 25 . R ok it
MR ot WE DSt A T
S, o R ERUTRR Y 24w A5 A, LR K,
MR WHEE B, LB, THE A
A, SEUE T R AR, &K
B JE P —BAE S ~ 30 m, e K 60 m, FARLH: 7 T8
RV AZ o tht Y E 2 NP BR A, S A TE o
WA 2, B RIEE s TR, 7K 5
R B ARG A LR B REAR (G AR, 2012) 0 iR
TR b DX B 3 22 T 8 4 R e AR R ) AR T A
ZW E R KNS A 2T 2 o0 A R i i
KA T 55

KK R B I RIK—RUEL B, 55 vE 23 0%
b L KA 2LH7 (11 1) D 24 0 ) b T2 b 55 25 S5 B
i, 12 W R U A 300 m A8 AT (I T RE SR
2007), IZWTRAT St 2 A 1S B, TR i Dok
H 1 5 Ry 0 T 5 T, SR T 0 (8 B 1 55
1994 ; SEFRIT 4, 1993 s 2545 ) 25, 2006) , Hrk) iz 5l
TR A B RIS TS Bl D e AR
LSRR 15 K 22 A KB Ik 143
AEH AP 7 b AR B LA B KA T
CRIE FHEE,2007); 734 4F KK 7 3B E 1 1 4000 43
AT (T AESE,2007) 5 1654 4 KIK R 8.0 iz

4
007105 00 106° 3000

105730 106 00" -
[@ws=s.omur [ @ wsamuz [Aeawn [k |axn [ 0 | mu

P 1 SRR Hi X S8 Sl W 2 bR oA 1] (i i A4
2009 &%)
Fig.1 The main active faults and earthquake distribution in
Tianshui area (modified after Cheng et al., 2009)

BR FE A Y 1718 AR H T 7.5 Y
75 4 300 22 A B 72 KA B R 18 3, 151224 40000
AN BB BN KT Bk B4 ,2006) . W43 sl
S 5 X R K e DX e AR AL T B g

ZT T L 3 R T K — XU L T 24 B,
KRR e BN IE g | )2 A R
1 B R R 4 22 DR R 45 NS

3 RIKALILTESERE

3.1 MR IR BT

FARAG LT B T RAK T M X 5 ZRLUX
LA (b I B b b, i s S B AT S R
Ao ARAEET AN AT SR R AR TR OK
Jeily, S 1E PP IR S 2 H IR SR (& 2), 45
TSR WL 1,

TR L e A T RS IR BB i e, BRI
R VIHEIR I ERAE , 20 AR KT 13107 m’,
WA 1.5~1.8 km 4%, 5 26 5 AT 2k 2% 300 m
It IR RECRAT S AT, I BE TV S0 ¥+
QIO B AR R o e RE BEAR R 30~40 m, T EETE
250~500 m ANEE {H I 3 0 BE YAV A . T RCRE R
T3 FE AT 2%, M /N T 200, T M REAS Vi I R
3, 124 S180°,

TR L 3 T e 1 Sk b R Y B R A 7 LA
TNIUA  ROK AU LT 2 B R 5 IR AR, 450
Il W SRR Y SR R B, LR AR M R A R ) A5
TR AEAR A B, X 5 AR A — Hb X B A
R PR E W) G (MR K D145, 2006) 5 44 8 25 48 1
(F2 2) M I BETE v, AR A A 2 R T
FEART B LA, T AR TR , Ry 52 b2 7K 15
PR I AE R W B B TS 2k 4 B b 24 T B (P A
2011), 3% 5 bR I 2 B A i R EAR AT . HbE
T RIS 20 T AR B A BRI B RE , T R
BTG, T AR L HE R, 2 B T 30k A 45 Ah B % 1
Py n] ULAEPE VR 24 0 B e AL, b 2 27 KL, AF
B M R M AR AR AE o TR S ) AN B R PR
Ry R B L LA T S AR B R v S A
FHEBT R VIE, 7 S5 19152 K6 RN v g s 55 30 ol 1
T S AR X DL LR A S R 0 R i 2 A ) 2
J R R S A s AR R B o S AN I v A — T
) W, X AT A TR — U & 0 W 0 A K 2

/|

s

http://geochina.cgs.gov.cn H1E LT, 2017, 44(5)



2444 5 5 1Y) SRATFFAE  H R RO C LU B I el N s v bt 927
F 1R LAE L BB E ST
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Fig.2 Plan view of landslide group of Beishan—Hongqishan area, Qinzhou District, Tianshui City
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Fig.6 The photo of Hongqishan landslide cores
a—Black lake sediments revealed by ZK1; b—Slip surface exposed by ZK1
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Fig.10 FLAC™ model for Honggishan landslide
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Table 3 Physical and mechanical parameters of rock and soil for Hongqishan landslide

PRTRRE P R ST MR i) R
2 R
K/MPa G/MPa Q/(°) C/kPa a/kPa pl(g/em’)
B 3800 3300 34 1500 10 2.8
ah AL 1500 1300 30 800 5 29
[IRERIZETIN 500 400 22 40 1 1.7
JIREN R TN 600 500 25 80 1 18
FIRN L 1200 1000 30 100 1 1.8
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Table 4 Calculation of landslide stability coefficients by
strength reduction method
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Fig.11 Horizontal displacement of Hongqishan slope under earthquake conditions
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Fig.12 Distribution of plastic zones of landslide under earthquake working conditions
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