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Analysis on the characteristics and mechanism of Tianwanzi landslide
in Jinhaihu newly liberated area, Guizhou Province

HU Yu, ZHANG Nan, WU Dongran, CHEN Ya, HE Hui
(The Geo-environment Monitoring Institute of Guizhou Province, Guiyang, Guizhou 550081, China)

Abstract: At 18:55 on January 3", 2022, a bedding landslide disaster occurred in Guihua street, Jinhaihu newly liberated area,
Bijie City, Guizhou Province, with a volume of about 3.5x10* m’,which resulted in 14 deaths and 3 injuries. Through the
detailed geological survey, this paper comprehensively uses UAV aerial photography, field testing and other technical methods
to describe the characteristics of Tianwanzi landslide in detail, preliminarily analyze the movement process and genetic
mechanism of the landslide, monitor and analyze the potential risk of the landslide residue, and put forward search and rescue
suggestions for on-site rescue operations. The preliminary research results show that the special topographic and geomorphic
conditions in the landslide source area, weathered and fragmented argillaceous dolomite and unfavorable rock mass structural
plane are the internal causes of the landslide, and the change of surface morphology and stress distribution of the slope caused
by slope excavation disturbance is the external cause. Before the occurrence of Tianwanzi landslide, there was no obvious sign
of slope deformation, and the disaster occurred suddenly, resulting in great human and economic losses. In-depth study of the
formation process and disaster mechanism of Tianwanzi landslide has practical guiding significance for the prevention and
control of potential geological hazards with similar conditions in Guizhou mountainous area.
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Fig. 1 Overall view of Tianwanzi landslide

TG0 FUIG B, J5 Shm R 1 429 m, J5 Gl R AT
B, I8 WY S A 7 5K BE BE, BEBE K 29 80 m, £ 2~
3.6 m, BE I A 4 R T TAT, m] UL 7 L PR B A
Horh—2H 7R 95° 279, W R, TR, K FH
JEE 4 Z%/m; 53502 IR 1500 2.78°, 1 B 1A, TG FRd,
KB 2 2%/m, 320 BB, S R RE, B>
s WA e (8 2) o 18 3 7 O 2 LA THI A B A 35
HF, G AL o i 5 BT s A 1393 m, i



2022 4

B0, SF: SN G X S T S SR KR R DL AT <13 -

J5 %k 22 36 m, [T % M it T8 K92 i 3 B S
B WHWESEMRET — a5 U 244 L1, 245
P Vi ke % B AR R B BE 24 3 m, S 4% SE AT [A] N 165°,
BEHARIEM, 245K 6 m, 55 10~ 15 cm, 7] WIEE
0.3~ 0.8 m( &l 3) . B Reh 18] Ry By 1k A A K
L FERR B AR L EE L1 AT T 2 FRAE 4% U A WY
HEAT 24 b AS )T W 000, 308 e S ) 5 B S W7 A, 7% PR
1 SR g W e BN (98 € N IR B S WIER N
A, W2 R 7 9 E B R BMAAE A7 e PR
HET H, FEAS T Rz MR AU
2.2 WS S BIRRE

T 3 B o A A K R U T W 2R
W AE R AT IEE Y F42, 2022 4F 1 H 3 H 18 B
55 43 38 FPET, I TFAZ IS =R E B F B2 2~ 3 m

B2 HEFRREEZTE
Fig. 2 Joints at the back edge of Tianwanzi landslide

B3 BRIENIAFHE

Fig.3 Failure characteristics of landslide

AR B W B REIR, 18 B 55 43 53 AV 3 48 0k,
W MR sh BRI 15 s, WEhiEE 472 m(& 4)

WGBS HG, TR IE R R PIRE R, T
BE A ) 5 M BE Ik RCER A7, R THT hy 2 22 )23 0, e
K13 m, KJER 14m, ZHEDGHE T, RZHEE 1 om
LA BRI g+, BRI R, RIS AR HE
A1 UL B 8 AR B, IR R0 2620 £ 18°, 5 A IS 1Tl |2
PR — B T bR O T3 B b, 5 1 9
B Al IES T O [R]— 25 2 1, J2 DG4, S8R 7 m, K
BER 14 m, )2 RERE 1.5 em AR A EE+, 8+
MBI, TR A0 . Zim UL BH B ) 2% AR 1R, 4%
PR 263° £ 16°, S ARG ZE P RS —2

PR AT R AR Bl 5 B B — BRI B e AR, K

BE R 32 m, B oh 20 m, T A CH 545 m?, F R E 4
47 m, K2 2600 m*, H FEE 2 KR HLE, H
— 4500 L2 GE 10 187°, KAK 5 b 1) 2 1, S AR AR
FEREAT, KN 15 m, 95 5 ~ 43 cm, AR EE N 1.1 m;
Ty — 4544 L3 3B N 276°, RAK S5 Hm —2, 2 4
RUGEf ARG, KN 6 m, e K90 JE K 42 om, o] VR JE
h1.75 m; BLAME R IR R IE & B £ 580/ N45%, 5448
[FEEA 0.2 ~ 3 m, & B %, EmAaL HA A (K 3),

I ME R ) 50 1 43 6 2R 5 W 2 B XA
R A=A, EFREK Y 60 m, 5625 40 m, JE4) 5 m, i
2y 1.2x10° m*, ZEMMZREFR 2 ZEHE BT UL AL BN
M, RFRZ 0.8x10% m?®, Y5 L4y LASR WAL DR 5 11 2 25 i
POl &, Jed gl £ HA 1.5x10° m® 2 R 5% B ik



<14 - rf [ M TR FE 5 B IR 2E R

2022401 03 F B 18:5698"

=

(o) B

20224E01 H03 H E]— 18:55:53

B4 BiERm—E—ERIREEERY

Fig. 4 Monitoring graph of landslide movement process

AR 6% A R S A NV AL 78

Zf b BB IUR ShIN, B2 A2 5 215 IR IR
A, AT 2 A BT S, S Ak S R
SIE IR T RHERR, W is SRR M AT A2 51 R 30, PR
TR, W AHT 1~ 3 om JE K T8 i s 2 0=
gy, BN R S BE R SEIRA 15 s, 42 5] 30
JERJ NI T EC

3 BIEEERGENSN

(1)2019 4 6 J T REZAGE IR, W3 X kb i 4
FRM CFHAZTE BGRYE, 1 R 58 B, S 3R R T 7R
AR T — AR EE B Be i & R . LRl
O 2B 50 BB A S B, 23 i3 £ 4858
BCEA . IARIEMS — 4, WA DAL S — LA B BT
FEILG: o LG 00 F A Y T 3 IXCASE 8 1) A H B R 425
G, a5 A% FE RS B U [R) IR, V3 DX 57 T e i Ay A
B, W XA R R (E 5) .

(2)2021 4 12 A 21 H DR E BR, A ERMm
C A28 B 1% O FEA S8 S TAE o LR R 2
% 313 1 P B A 3 B T E K 2 35 me 1A
A0 33 DX 50 A R R B 24 67 m v B AT B
G o LR P AN 3 X B AT KV IR, T2 KA
402 m, FFZ VAN 1.04x10° m?, FIAETE B, T =T

B 5 EHET 2019 £ 6 A LEREE
Fig. 5 Satellite image on June 2019 before landslide

ZEW, Hb S-S EE Y, B %, B =95
PrIEfETFZ (B 6) .

(3)2022 % 1 A 4 HEAWLIES AR B R, 2022 4
1 H 3 H 18 i} 55 43 38 FPA A A= 1 1 Bl b o e 5, 3EFH
IR ST AR 11 608 m?, W3 1] PG -39 8 02 72 m, &
SRR LT RRAREE S, 7E LR RN b R Ll A i)
T2 5 REHERR, S FUAR s 8] b 52 /55 RS, Tk
T2 263°(& 7).

4 FHERIDIRE M S
X FE S 59 I A LU AR I AR ST 2 R TE A



2022 4 B0, SF: SN G X S T S SR KR R DL AT 15 -

THZ LA

e o]
HuZ R
L L Sl | [
. p— ~
o~ 01530 60me w ,hJ L
6 BiEET 2021 4 12 B 21 BIERGE
Fig. 6 Satellite image on December 21, 2021 before landslide

7 BYIE 2022 41 A 4 BEANREGE
Fig. 7 UAYV image on January 4, 2022 after landslide

RS E PEEAT 434, TR AR A 20 T i B iy B Ak 32 22
IF RIS T BRRE RS, 2 A0 ST S i PRI L3 )
BRRT-BL . SRR AR S A A A T AL,
B T2 T 33 DX B8 Ak 1 i s R B b R RS 5 2T
)30 35 T ST bR RS 0 2R A T AR PR 43 B o
4.1 FOE MR EE T

Xof FHH VS - T 3 0 SO R 00 8 A 43 AT, T 3B A I
2 B B, SR Qi 3 B e TR A L (GB/T
32864—2016) ) JoT 1 3 AL — 1 T A B SP- vk T A
RUXT W AR MEEA T IPAN T ~ ), 5 T A PR ik it
BRALRER(E ), AR T
_ [W(cosa—Asina)— Vsina—Ultanp + CL

K, QD)
! W(sina+Acosa)+ Vcosa
Vv ! H’ (2)
= —r,
2 w
1
U=—-r,LH (3)
2
K K—FE REG

W——IBREE/(KN-m™);

a—TE T CHF ) WifA/(°);
A——HRR NN /g

V——JR G 38K 5 1/ (KN-m ™)
U—IR i ET1/(KN-m™);
p——MNEESE/(°);
C——F6 %R J1/kPa;
L—— T8 Ciff ) 4 B /my

Yo— KIS H/(KN-m™);

H——3bF 7K A 85 & /m

R

R A s

ik WA

F A= !
w

s EESTIIES
8 ARUBEMRTE ST EER T EE
Fig. 8 Schematic diagram of calculation model of limit equilibrium

method for rock landslide

4.2 BRI SGHBERRE R T

Sy BT BV T R P, 5 ARSI S o AR R
SRR HIE , @ B T — AN RBE BRI H AR T
A0 A b ], AR IBCT 300 H R T R A R
P, AT DATHSAS 3 R AR MR 4500 T AR RS e M. i
SRECHE A B 2022 45 1 H 3 H I M3 A2 BTGt T
PR TR AR (2021 4F 12 H 21 H), 4540 T393%
W SR T 8T, T LAARE 2022 4E 1 H 3 H 18 B 55
31 0T P ST SR A L, B T AR A v Y B B o 1
A WS AN TB- L R DN a5 ) A T e = ) 1
LR R E R DR e NN R 4 I S S VA
oS A B D iy b I 50 T R M 3 A T R
EPEREL

(1) AR RS 2B

P T a2 2 SR R AR o AR 40 B AT AR, SR
YU TR A 2R R 1~ 3 em BY AR, MR
P (BRI AR — N R e A e 0 H 85I 25 5 4 (R D)
Yyt 5 1 TR VRN 844 ) T AR 45 9 IR 8 e 2 1
F AR B2 SH(FR 1) . B X 2014 AR ERAT AR
— N PR g FH b 21 28 b T P 4 A L 7 8 ) b T ) T
ATLAE 1, 2022 4F 1 H 3 H Z AW 09 85 1 147 F
WGHIEZE LR, Ui 7E AR I 251, A AT E &R
T Y R AE ML T UCE L AN, TR A A i — 2D BRI



- 16 - Hh [ M KCE 5 B iR A 4R

T A AT R 2R T 35 A AR B R O R AT AR E 1k
A, UUZ A4 2 55 oJ J2 208 A 28 3t 3 07 8 O B 4 1 A 9
5T T HEAT 9605, A9 B PR I RS E PR R EON 1.18, 5%
W1 AR AE I 0 0 2 AF T D AR E R AS, AU IR /Y
IR R AP TICE (51 9) o £5 1, IR RB A
KA ST AR T A TREIRE, A kE
T KK o

®1 HrGMENFESH
Table 1 Physical and strength properties of
rock and soil mass

FhEE S1/kPa PNEEHEES/(°)

A R (kgm™) PERLE/MPa JHFALL

KIR KR
Wik 2592 17 150 0.29 1876 28
bEdin] 2160 3200 0.36 34 7
1B IO RVEEYERiis U iR va- R

50 100 150 200

5 /m
[QT4fs U 22 3k e L2 =& RS
PR Z b i e
¥ By SRR

B9 HEFREERMEATEE
Fig. 9 Original topographic profile of Tianwanzi landslide

(2) I3 R M A A

2R, i 2021 4 9 A 1 HIF T, JEih
PO Yk 160 ~ 18°, F] 2022 4F 1 A 3 H G Al F 12
LT =B BRI, P33 B 30° ~ 60°, JRiEBEbE,
FAZYEEEAE 60°LA L, W3k & A T E AE ST S 3 T 12
T, o 2 TRV 55 U8 0T e J2% A i 25 T 2 8 40 22 R b
&, AR T I I T ) o R S M AT AR TR, A5
#2022 4 1 A 3 H 18 B} 55 0 W & AR i Fa 2 28
k1 0.97, Ud B 1 3 7E BE B R b TR RS, 5 SEBR
BLAEM) A (1 10) .

5 BRAKEIES

T 8 S A AR A 2 PN DR RIS IR G R A P AR 2528
DR — B MR A 2= SO | e
ARSI SN B s A BV N T NN S I i

1 g30_ 20224F1] 3 H I AIFFZ LR 1

425 | 20224F 113 H BT {37 3
E 14051
B 1385}
e =
1365¢
1345+
50 100 150 200
1 25 /m

=& F g
RCEmINT]

REH =S DR

WHTIFHZ HIZFR
E 10 HEFERIEFEEAHEE

Fig. 10 Topographic profile of Tianwanzi landslide

closing to slide

5.1 A hIRE5H

P75 Vi o AL i, LR R, IS Gl Ak
T ERRA BRI E 43 B, T A 0 VS G B RE, B RE T
SRR S VR, T TR, 25 J5 2 2 T — ELAE
3 1L THGA A - 294K R 80 m, SF- 44 T8 g 20 m, 2%
9 4 m, UK 0.64x10° m® (AT BRI . WA AR
ARWERE, EE RS A LSRR KRR A, R R R
Hzadf. WHENASAAZR 1 ~3 om JBK A G
E IR, W R 160, AFIAY A R4 A
ANk e 455 g 118 I i) 38 Sy 1 30 AR T DR 8R40 e T A )
JEHLART 18,
5.2 FEMISMF

TS DX b 7K FEBERD R TR R AR IK, e R RN A0
T, A AR AR L R B, B TSR ARE XS,
K EAESN, T H R B R, MG T
UL BRI AU S R OBL L 3 A5 5 ) 3 e
W GERE, UL e S, W R AR T 60 d BRI R
23.0 mm Al 54.0 mm; ¥ 3% & AEHT 30 d BiTRE RN
11.8 mm F1 28.4 mm; 153 & A0 15 d B & 53
9.3 mm F1 19.8 mm; ML AEFT 7 d BRI 55
A 1.2 mm Al 3.6 mm, PR A B H KT 3 mm [1RF
ME S 1) o Syt T8 T H &l sk, T2
HOH 1 HIFTLA, #10H2H,9AH 16 HA17
H A R (AR S ma it 1) &b, AR IR g R, 2021 4F
IWHSHZI12A 1 H, AUA 2d /N, HASZ T,
TR AR, 5 XS T PR DO s 3R X Sl 14 8 8 A i 7K
B AR ILHE KBS, A DL R K 22, 0 IH 1 3 X R K
ANKE, BTN e e A s i AR /NP0
53 MR

FH V5 - i 3 k2B, R OB Ol — IR R A R



2022 4E B WG, S SN AR X Y I I SRR S R LB S B <17 -
25¢ | 40 2.5 1 40
—— 1
207 {30 E g 20 i1 3.0 E
£ 15+¢ : :ﬂ\Eﬂ £ 1.5¢ 4 : DTEH
o {208 T / ] 20%
1.0 ' % = 10 / ! &
= £ = =
Tl ! ' 105 mos| i l'ongé
i
0 . . . L mm | 0 . . . H 0
12/27 12/28 12/29 12/30 12/31 1/1 12 173 12/27 12/28 12/29 12/30 12/31 1/1 12 1/3
HH HH
= H FEK R /mm — 7K G /mm = H B R/ mm — Rk /mm
(a) Bl (b) BBk
B 11 BRI A f

Fig. 11 Rainfall process curve before landslide

SRR SR B T L R OCIX 2021 4F 8 A 21 H AERY 4.5
YR, W B AE S 18 km, M 2021 4F 11 H 23 Hil2
20224 1 H 4 H Ik, ¥ XECRIC KB EH M=0
DL bR, ATLAUE Y, £ R CIX 2021 4F 8 H 21 H &4
(1) 4.5 %1 iR 5 0 VR EE VS 9 3p 2 [R) b R s A
ANJE T IR M 5=, W 9 A 3 i 43 d P9 AE A X
KRBT HRR, UL Y R A AN 32 MR s e 2,
5.4 AR T RIS ST
3 S T ARRBRR E PE BT TR, AR W I R BT

ST HZRT R DUN, FE B G B S50, AT e &
A VR I T B A 1A e A b R s e i — 2 R R
WY 1 DL b A R RE & AR T 4 92 s e S AR
TS TEN T AT, TR R P S50 TAA S A
Perb TR FE . R — NRERE BN gE ST
2021 4F 9 A 1 H A ta e T X R 31T 42, bl 5 42
P EB TG T 23 9K, #2022 4F 1 H 3 H
18 BF 55 43, Jiti TAZ PR ARSI AZ M B8 ot ik — 224

K ) /kPa

m<0~1000 =4000~5000 =7000~8 000

=1 000~2 000 =5 000~6 000 =8 000~9 000

40 =2 000~3 000 =6 000~7 000 = =9 00
=3 000~4 000 s

£ 30
20
’HE 10 - g B
[ $ e T e (R e
0 10 20 30 40 50 60 70 80 90 100 110 120

MBS /m
(a) FHZHT

KT =g 2RSS e e J2 1 #8251 AR, b7 Ak
R B SCPEY) SCHE T 5 )2 2055 T ik ] ) 9 30 & 2R
Il Wb I

i 3 35 A BR G4 GeoSdudio JT R BUEAL, H
o3 BT 28 R R I A7 4 B 2 R, AR 7R SR FH £k L
CRARE ), 43 S S 3 R4 i T 4 b e RFZ =S5 B
TEWUR B AT (8 12) . AT LR RGBT
NI AT bR o RN 7 T Ak S R A A ) R T
i, 55 =2 A B Ak de K BN 18 3 000 ~ 4 000 kPa; FF4%
SRR 45 F A BRI RE B A F 4 rh, 25 =
RE PR IR K, BB IIRKT 4 000 kPa.
VLT T — AR BEBE 3 B35 I 25 G ME7E T/ 5
e FFFE A T Rb3E () M T 25 RN 1 50 A3, AR T B
SR DA = SUR N Y7 SR N N S U s 3]
Yeka e AR 2022 45 1 A 3 H 18 i} 55 400 13k
I F AR RS AT LRI

B KB ] /kPa
=<-500~0 =1 500~2000 =3 000~3 500 = =4 000
=0~500 =2 000~2 500 = 3 500~4 000

40 [~ =500~1 000 =2 500~3 000
=1 000~1 500

el PV TR (DTN LIRS SR SR, (R e |
0 20 30 40 50 60 70 80 90 100 110 120
85 /m
(b) HHZ)E

B 12 TSR R E A&

Fig. 12 Stress evolution model of slope before and after excavation
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