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Deformation characteristics and genetic mechanism of a new landslide
at KS2 of Luyang freeway

CHEN Yunsheng'?, LIU Guangbin'?, ZHANG Yiming', HUANG Haifeng', WU Qiujun'?
(1. Guangxi Communications Design Group Co. LTD., Nanning, Guangxi 530029, China; 2. Guangxi Geotechnical
Disaster Control Technology Research Centre, Nanning, Guangxi 530029, China)

Abstract: The new landslide at K52 Luyang freeway is a new-reactivated landslide, which is in the accumulation of the giant
landslides formed in ancient time. This landslide is in a state of rapid deformation, which requires the emergent treatment
immediately. Many steps including geological survey, drilling, in-situ test, laboratory test, and deformation monitoring are
applied to analysis this giant landslide after the resumption of construction, where the characteristics of geomorphology, stratum
structure, sliding surface, sliding mass, sliding bed, deformation, and hydrogeology of the landslide were identified. By using
FLAC? software, several aspects containing the cause of this sliding and deformation mechanism were analyzed, The following
conclusions were given after the functional investigation: (1) The giant ancient landslide accumulation was formed by deep rock

landslide. Soft plastic weak intercalated weathered shale is developed in the accumulation body, which is the main sliding zone
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soil of the new landslide; (2) The main internal causes of the new landslide were unfavorable geology, micro landform, and the
special geotechnical structure, while the main external causes were artificial loading on the middle and back part of the
accumulation of the ancient landslide and rainfall; (3) There were three sliding surfaces, the lowest surface was the main sliding
surface at the creep stage, the mddle surface was the main sliding surface at the unstable stage, and this sliding could be
classified as the composite sliding of pushing from the front section and dragging by the back section, which had the features of
multiply-stage, progressively gradual failure; (4) The deformation process of this new landslide was: firstly, there was a tensile
deformation in the back part of the initial landslide and a shear creep in the middle. Then, the sliding A and B lost stability due
to shear failure in the front edge, and the sliding C failed caused by the tensile force due to the lost support in the front edge; (5)
The key point of new landslide treatment is to prevent the deformation of the top, mddle and lowest sliding surfaces, and to
prevent the secondary sliding of the ancient sliding surface and other weathered shale Intercalations in the ancient landslide

accumulation, which may be used as an acceptable reference for the uses of research and design by the similar engineering

IR

fields.

Keywords: landslide; deformation mechanism; numerical simulation; freeway; stability; deformation monitoring

Jilll

0 3l

BH ¥ 2 R 2% = 2 B% (AT Bk BHRE o 3l 2 %)
K51+940—K52+200 Bt A 35 )5 B 3L, /NBE S0 ok 2R 7
W 2 5 KA, KA R e e s, 23k A i
T 115, 175, 124y =K, R RESY
40 m, Hrp K52+080—K52+170 B A7 ] 421 57 [k B2 35 Jip
WA WA AR5 . 2018 4F 3 H, BG4 458 Ttk
Jai e B B SR P EE T 2, B AT T R R R R S AL
e 22019 4 3 H, iZ BBV I 2 B IR 1000 F A T
JEiE T, 2019 4F 2—4 H, RIFE W A R B R &
W3, M3k I 2 Ak 2 a, BRI R SR b B B BY 1)
2455 . 2019 4F 4 H , 2008 1 AR TR W il I 0 W 2%
S T AL A7 " Sy oy i S M RRAR, JR S AR I Sl i
W ETERD, ST b AT Ab R, WS TF R TR 3 04
LR B, A AR e . 2019425 1 H—12 H,
SR U5 G T IR T — | 8 R B
bR %, BRI A, E 6 H 11 H, %
T AR HEK RS, 5000 T S AR A TR B
P MR =R, A S Al TR e RS

BN 2 e I P | B R G TR AN g 0 L 1
BB AR UL S  76 3 6 25 T B dE 47 4 B i P - A
SR Y & A B BN BH R R T KS2 S v
Sk MR 5 20 3R AR SR R A T W B, X 2 3
WEAHWFFE . an 18 PR S U = gk 4 (X AR (1) B35 B
H1 ¥ BT AR TE 43 X, T Sk e 7K A7 J 390 e 0 B0y I i sp
o B A SR AR R R, gD
KA BRICE A5 B T e e AE 2 Fh T80T A8 T2 4
T, B 25 FA A W 3 K A B = A PR A 3 R R o

kA PR RS L R L B R SO IR S T B
SRRV 1 B R LA 2R AT T 5%, R SE R A
SR AR TR fnk 2 P R R AR T B o 10 [ A TR 0ok X AR
Ly 4 XS 04 ¥ 33 LRI 64T T IS, BIFE N R B L 5
G Hb T K BHW AR S RO AR ) R B R ]
PRI 1] A8 T v B o Z2 4, SR P A | A0 B
PR P 7 2 e SR A0 A5 T B A2 1 AL 2
5T WRFE, BEGE AR R )2 2548 B b M 3 2 2 0%
(P DL, 22 TR A0 1Y) SR LA

X PR Y SRR R ) 3, A ATOX L 3 BT
TE D38 1) b T M 3 | M S5 235 P R B AR T AL B A A T
TEAIWESY, MALIA TT R B AR RS 1, AR AR 45N
DA = 00k A DX 08 30 Y 30 Ry S 081, 2 TR 2 o v e )
ot S NIR 318 S N I VAR s A1) TN ]
W, “WB-R W =R AL . BRSNS
Bl FLAC™ 5 4 iy 3 3 B 8 s RLL R 647 T 40y,
MRt RN T2k 1) 5 gz Wi STl a5 g, 5
2 M A5 O g 2 A A AR 3 X R o AR O 3B 19 R L A
HEAT TWFE, ARz B R o e i A 2k R e A T 2
FCBA BRI FEZ A, X AR o A T
THUERRL, SR EISE S TC AN AR X 2 %
R TR BER M 0 A 32 slad RR A T 9T, IR e I
T =0 s, HEBUASE © 2SR .

SCH AR 3 F S0 B BH RE = KS2 i B Ak ih
W BT 0, A5 B M B¢ L A D0, e | AR
T W e B8 43 A 45 F B, S AR AR AE | Akt 72
B A BT A ASTEHLER AT T 5%, IR S AbiG T £ .
TOUE TG ST S AL BRI AR, Rt Ry [) 28 T iy 48
RIS |



2022 4E

MR A, 45 BH R A B KS2 BT S TR AR 5 AR WL ER 43 B -85 -

1 HBRHEREL B

X TS A T, I P AR M B SRR AT L
JREEH | AR S IR A I G A M RRAE R,
Bl T S 081 X ot Y e OB W AT SCrh 2 T
LR A )

1.1 MBS SOE S FRAE
BH JEE 75 T80 23 1 K52 A vy ¥ 33t M AR 6 TR b T 7

A BOERUA

5

T PEILZY 10 km &b, J&# P0G 1L 5, LA 246 % v
ZAE 300 ~ 650m, HIXT 5 2224 300 mo iy T R AR
F A SRR R, B AR B T R LR, WK b
W, BRI ERTR G BE, Wil A B A5, J5 %R Ik
FHRER, A OGN, B a6 2, 0 i shik g A
LR RE 15° ~ 25°, J5 % 40° ~ 50°, Sy L0 T 1 B HE AR
HSERAE (1),

) ?‘6 \

Wt RUETUE
r ’ 337°/NE £ 40 ; £
— ! . : ot e
T b AR
T BK52-3 e : AR Sl
‘ x TS o e Y
3 l R -~ e
I - . o
CX3-1
W CX2] -
PR s _--L6"“CJX‘- : -
st ' cx2-2 Ggt’ : :
ke - ATHCX3-2' iL4; :
/\l%m/?\ 2 %j{*ﬁ A/R )Eij z 1 I | -7|___ s - -
? 34 L Lo 5 3 Ls 2N 55
Y oy .
BK52-142-B [X /[ CX3:4 ;
L9 : - it KETTE
’_“"“\LB RS ci?s s S 354
~ / = x2S " — ]
-*Egz;;ﬂ\‘\a 338.2 -1f;:rfﬂ’ St
N_/\\ /,-_ AR A
2 . .
= = ; 0 100 m

[ Jwmomm [ e [o]emmm [ascmwsx N _Jomsng [ 8 |wrkms

E1 DMERIEMRTFEERRR

Fig.1 Engineering geological plan of project area and photo
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Table 1 Structural characteristics of new landslide

HEAENES: HHASRE

T AR T RAFAE

QR 3 TS 2N T 119 A

A LEUEIRBBOT S, JAR K
AURISF, T > Bt A

FNTIA NER, T3 53-0 T T oy S AR A YR,
DL A7 LB, ey e 2 XA A2, 5 A

SR A w1 7S D N
TFERAS A R A

AR, TTEAR, HAEJE0.4 ~ 2.5 m
PRI, b BE N ZRAR, I el WA 2, R

P R S B I AR N TR AR

ATBIC s o by

TN NER, A0 T T T R AR A YR,
ULPE 1A o B, i o 32 B el KU BUA 2, B

SR A w1 S D N L
TFERAS A O RUA

AR, B~ ATIIR, 0.4 ~ 2.0 m
JECSHT AL, WY HIBEMBUIR, i PTERAM IR, bR T 5%

CK TR O RUALL IR, ER Dk
CHLE YN S

B BUR S HERUASS I, T 0o THEBUA A AR,
W BB TR L, FTIR, R AR A AL U,

A PTER ML A: BB IR,
TFERAS A O RUA

B~ AR, WH)RE0.2 ~ 2.0 m

2.2 BRI AR
221 HEAE

B R EE L 14 4200, ORI A LA 1,
BN  ROARE WL ER 2.

S AR Y S, I SR A R AR, B SRR
A P AR BT DI AR Y, SO PR 24 2R %
AR, WEATTE], 5% B 0] 15 8% J7 ) AH BLES R IR 1 m, PRI
SEAl AT WA R SE SR, BSRIELA AT LB B i BT D) B

SEVERT IS LE, R IE 5 LA 3,
222 HWITFAE

52 TR X2 I b AR T AT T B, A
W 17 AR R W, 24 > M2 67 5% Wil , R4y
VN e A1 2 s T A 0 T A R s AR A R e T AR IR 1T
ek, SCrP B R R 2—2 AT (I 4) . &l 4 0]
DLFE 5 1 W A7 A2 02 B I8 0 BT, CX2-2 FE IR
12.5~ 18 m K 32.5~36.5 m Z [A] 3 1 WA @ (19 15 B8 2%



2022 4E Mz e, 25 BHRE R 6 K52 B A8 T R 45 1 IR AL B3 47 - 87 -
Fx2 FnedithREE RS
Table 2 Characteristics of surface cracks in new landslides
UGS Bt v LI HAERFIE S PR
TR CIXE% ik sisg %iﬁﬁf,jzﬁ.l ~0.2 m, #EfI50 ~ 100 m, 7] WLIREE0.2 ~ 1.2 m, BAERTG T 20194E5—6J]
M E 202 m
o s SETE0.05 ~ 0.1 m, A0 ~ 30 m, B/NIREEARIE, h ik KB EILE S
L3~L5 CIX I QIR EAE FK1 . 25 5 0 T A 61 20194E5—6H
SRERPRE, il S SE A, ZAETEREZ10.1 ~ 0.2 m, oK TT
L6~L7 AREH BSHSE BREOS m ALWITES100 - 250 m RUCHARES08 m. Astdip 20157 HER0NFOA
— A B AT, AR R E I TR IR A, VIR ] ikt
L8~Lo  ARKPMBXAM  dbiss ﬁ%ﬁ% 48550.02 ~ 0.1 m, ZEAH10 ~ 50 m, KBTI LI, L4 BT AT L 20194F 1—4]
o P TEARZHE, BT O, SEEEA T FAT, 48520.1 ~ 0.3 m, TEMHK 10 ~
L10~LI2 AR 53] ¥ 25 m. Jod A B W T 20194F1—4H
LI13~L14 BIX il gy DR RAREELTERITRS. yHih L AE50.1 - 03 m, BT 20194F1—4J]

20 ~ 50 m, JRyEB UL/ E M T K E

/s r
¥

() WA HEEITR (b) BB B IR
B3 mramisg
Fig.3 Typical photo of damage

A5, [Al — T Y CX2-4 7EIR 8.0 ~ 12 m J 20.5~ 25.5 m
DX ] BT OB S 0 RS 4G R 8, CX2-2 7R IR E
12.5~ 18 m J CX2-4 7 JE 8.0 ~ 12 m () J=y 355 0 4} ity
LRI DI, 45 H IO 1430 A 6 Rz AL 1
15 m, 10.5 m 4b; CX2-4 7E IR & 20.5 ~ 25.5 m J¢ CX2-
2 FEVREE 32.5 ~ 36.5 m Ay Jay B A} il £k 2 B " I,
P PR L RCEB I T 2 A X R ARNLAY 20.5 m, 33 m
Ak o AR S T A5 - A L St i AR —
FCE4), BEETI AR R AT SR o W) i 7 3 R
TASTEAN K, S/ INAETE Sy v . V8 o 1 T Bl B 42 5 | BT
2, GO BUA R IR G I

W hZe (Bl 4) T LA : 6 H 2 H Z i, CX2-
205 H 1 H JF UG Wi )Xo 1y T90 358 4 167 - 249 28 T8 3 %y
4.9 mm/d, X i FB I F 422 B 3 % 5.2 mm/d,
CX2-4(5 H 12 H FF Ui W I ) b 17 T 50 ¥ 1 - 29 245 JE 3k
2y 5.5 mm/d, X R I PE AR TE AR 5.5 mm/d,
WP o 3 30 RS AN o AN T RIS OISR, b R AS I By

Br. 6 H2 HZ )G, MEE N 207 % W8 BENE X b7 HEK
AR EE, DI R B R Ed /N, H B
IZE 0.5 mm VAN (& 4) .

3 #BERE 2

3.1 ANRHR

P17 SR X Sk sh ik, W shad R b A AR
SR A A, b S SR R RO M U, ME RS A 4
PR HI, FLBRE K, P T 3% iy T ok o AR XU Ak A
JE . 1SR T K 3 B R S5 RRAE, AR T
Beryr=rt
3.2 flhbs

T IX AR FBE R I, R Al G 6, 1
2 335 BED 141 g i, oI R FI0 K . SR byl A
K, VIEVEEER, BRI I, S ¥ 38 B Hh A T R AR 1 I
25T o
33 A4

TS AA e N T3 Rty Y 3 M AR A A, v oy v
e AT AE 124 2 MO X B A IR T, S ¥ 1 1)
e RIS 7Y A, AT AR, JE i ~ 355
AR, v v B AR ) AR DU T8 558 K 2, i KAk
JZIE R ~ BB KZ, SRR A T )8 555 K2,
A& S5 R R IE A K AE AL 00 SR J5 286 = TR I 4
34 AT

AN TGS EZRILLT MU (K] S): 2010 4EH T
LI B R e T, 2 M DAIE T AR M R ) ey L 3
i, BRI T R, R T RGN A, R
R s @ AN B R BEAY T I F AR HEZK 18, 34
T AR, Hh KR A Rt & A A SR IR T
B B D05 Ak kg 1R K HE— 250 R 1 B B



- 88 - P b R R 5 B IR 2 %1
i /mm ZiH i #%/mm

~100-80-60—-40-20 0 20 40 60 80 100120 140 160 180200220 3060 40 20 0 20 40 60 80 100 120 140 160
Rinsr A W A _, [[~—wiati ]
—4 H —2019-05-01 || 20190512
6 F| —2019-05-05 g || 20190513
-8t —2019-05-14
—10 || 2019-05-08 81 —2019-05-15 %
_12 L| —2019-05-10 “10H —019:05.16 2
—14 k| —2019-05-12 ~12 H —2019-0520
16 | —2019-05-14 —14 +| —2019-05-21 4
:;g: —2019-05-16 -16 || —2019-05-22
5y || —2019-05-19 ~18 }-| —2019-05-23
24 L/ —2019-05-22 90 || —2019-05-24
=26 |- —2019-05-24 99 || —2019-05-25 f’/

E 7281 2019-05-27 24 || —2019-05-26 A=

28 e = e
34| —2019-0531 28 !

-2019-05-29

i e
0F  2o10:06.06 al 2019-05-31
ol —2019-06-12|,
g || 2019-06-09 36 1 —2019-06-13
46l 2019-06-11 —38 1| 2019-06-14 4
48 1| —2019-06-13 —40 | 2019-06-15
=50 - 2019-06-14 —42}|  2019-06-17
=52+ =2019-06-18 —44 || ==2019-06-18
54
sl —46 L
58 —48 L
—60L 1 -50

(a) CX2-2

(b) CX2-4
4 BRI AR E

Fig. 4 Inclinometer results

P R B B AR UK b, K TR AR PR AL b, R HE0E 28 d, Nz B SR K I BR A 73245
SN, ISR 1 0 @ TS SRR MR S, AL AR, 45 T IR A o 5 KA it (P 5 ) , A3 R
B, 107 ELIDSRI ) °T LR A 1 K BRI KB, KEERTICR TR 1 0 b T | R

VN = 3L

7 128, A RIRRE .

A IS (1T 6) AT LA Y, 3 o 3 R 51 % 43 )
wSHTH—SHOH . SH18H—5H20H.5H
26 H—5 H 28 H & BhERA A, 5omkEm 20 B
XI5 2, T I T 3 A0 0 52 W T S el Y i, B Dy 3

220 - —

200 | wizer | s et
L L
£ igg _____ A\ Wﬁx—-wf_fj
: £ 140 | L
S 120 | g st P8 o
IR 1001 B Ll ™ btk s| o CX2-2 TRIRNE
60l T = T e CX2-4 R I
a0 " W+ « CX2-2 Jies i il
201 o R
0 ..-\'—. . ol L . . L M
HS ATEHIGEN RESInaaaggSS T ngages
TV WOV OO\~
. o ee OO OO0
Fig.5 Photo of human activities P G G G G (i G (G G G (G G (i (G G G i G g
e e e e e T T T
Fﬁlfﬁ NNNNNNNNNNNE;@NNNNNNNNNN
3.5 [EER J
T XA FAREMR S W 11, 1% X g 4F R T, 248 B 6 T, hEh. EHBEEMZWE (CX2-2, CX24)

11, 2010—2020 4F [a] 4 R H #8168 d, 1% 2% Fig. 6 Measured deformation diagram of the sliding surface



2022 4 Mz, % BHRE Rk

O3 K52 B0 AR T R 5 s R LB 53 B -89 -

B B T L Bl HE K S 19 58 3, IR AR IR B A
U/, A TFREE RS

A Bl BT Gl A R R ) S AR A SR T
S0 AR B P DR, N T 8l R R R A i 5 A ) T
HhAL

4 FEHRCERHEESERNES R

4.1 LR

WS HTE AR T 2 R, R Midas NX 3Rf
B, gl 75 A FLAC BRI, 317 =i A PR 22
OYAYHT o TR VIR 227, T AR R DL 7, ALK
416m, 58 10 m, (= 136 m, BRI S 7 154 555, 11 007

AFRILHY A

GRiES SR

AT+
4 FRH R

S E

BE7 FLAC™ H{EHHEEE
Fig. 7 Numerical analysis model of FLAC™"

V¥ )¢ 280l i FLAC™ ﬁ%ﬁﬁ%'ﬁ@%?)ﬂﬂﬂi\%

LG R = NS e 2 I 2R A%, 1 H R M-
C AR . ZAE T T T RS RO 3.

®3 ALUEMENFSH

Table 3 Physical and mechanical parameters of rock and soil

TR/ (KN'm™) HfPEA i MPa HEE/NEE i )1/ kPa PUBEREE SR/ (°)

s RS ikl PRS gakil PRS LA
AT+ 19.4 20.0 55 0.30 22 18 30 23
AR A 20.2 21.0 85 0.28 30 25 27 23
T T 19.6 20.4 5.60 0.35 25 20 20 16
S A iE- 185 19.0 1.50 0.42 15 12 9 7
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