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Fig.1 Schematic diagram of numerical model of rock

samples and working conditions
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Tab.1 Comparison of physical and mechanical parameters

between natural rock and PFC simulation

PURSRIE  BUORE SRR A N

/MPa /MPa /GPa o /O

SEAE 39.70 3. 20 11.50  0.200 45.0
PFC® #ifl  38.50 3.40 11.30  0.191 43.0
R/ % 3.02 6.25 1.74  4.500 4.4
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Fig.2 Change curve of mechanical properties of rock

samples containing open fractures
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Fig.3 Change curve of mechanical properties of rock

samples containing close fractures
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Fig. 4 Initiation characteristics of microcracks in
fractured rock samples
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Fig.5 Propagation characteristics of microcracks

in fractured rock samples
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Fig. 6 Vector diagram of particle displacement in the

initiation process of fractured rock samples

Wit e S W A= B D) 1 2, 2R S0P RSOk 457 A% B (E
. Je o Bi M. B 6(b) R a =45 5K FF 4 AE
(METT 0. 50,0 » FH T 2L BRABT A (9 A2 76 ORI AL 7S
J5 5 37 To W b b 0P B, 4B R RS0 AE R Y
ST R AR A X A B, A B A v S AR N T AR
FE LB AR BT VI 8. B 6 ()l a=0°H]
AR (IERT 0. 50,0 - B 6(d) A a =90° 5K FF 24
B A (IETT 0. 50,0 » 75 24 B B 38 B0 67 78 22 (E
BN AL FET5 1 T R % AR LB A R Oy i A
IR S, ZEECPI AL AR 228K, e f R i .
42 WALYFT EBHRGHW
421 LY R M RE G E AL AR

£ PFC™ b B Be i (31 A fig) oh #E BYCRE A1 R
75 e 4 FE THCRE 43 hy JEE 45 R RIS 45 A I R L 1 AR
A 0 o UKL IV AR i K B 4E AR BE . IR 7 R
Ph 2a =15 mm,a = 30° 5K JF 5 FF Ry il , 17 AE
T AL R 238 - OFE S0 2000 30 5 A Ak T 3 v B B
P RE NS IG5 N AR e B AR A5 L AR TR AR AL/
A 22 o 5 D R R A U B B AR A 5 e R
M B A, JL-F TG He 5 FE 8 O BE & 48 2
A7+ 321 5 B8 B0 A% BE I B K, SRR RS N AR g
Ji 235 7 A5 g 5 UK N 7% R 22 (] 22 1 1 K L FE AR
TR 2R DY 4R 7 A M AR TR B R AL
B3 BH A= 5 () 22 el ) o 4% 2 AR A {5 R L 300 B
B SR D 22, 0 R R Ik B W (H , 32 EERAR N AL
FE R KA W AR 0RL 22 () B8 482 5% 1T AR 1S K e 45
IRE 5 R R 1 i s @ > 0 2 2 e 5 B )5
AR BB JLT- N PR3 K, FEHLRE SURIIE N, il 8L
KA Wi AE  FEHORR DA 25 i IR fiE o 4k ; © i )5
SR BE TR 2 0. 850 .., B, 4% B8 1 78 JE i I fff 33
IR ¥ NTIUE S IAare ol o < E

— N 1400

0L LWREE 120
—~ ST 1s00 "
- - REEN TR - {15 =
S pof T EEE <! MO
= - BBIRIAE {200 W |, 0 &
R — WA @]
= 7 > 3
= 10r o ~ 100 [
- 1° =

0f : — == Jo 0

0 0.1 0.2 0.3 0.4
R7Z5/10°

7 HEEREEE-RRYL-— BN -NEXRHE
Fig.7 The energy-microcrack-stress-strain relation

curve of numerical model
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Fig.8 Comparison of simulated, theoretical and modified

theoretical stress-strain curves of rock samples
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Fig. 9 Comparison of simulated and theoretical strength

of fractured rock samples
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Deformation Analysis of Shanzao Landslide Based on SBAS-InSAR Technology

YANG Ben, MIAO Hai-bo, MA Chuang, ZHU Long-qi
(School of Civil Engineering and Architecture, Anhui University of Science and Technology. Huainan 232001, China)

Abstract: Landslides induced by typhoon rainstorm has the characteristics of abruptness and difficulty in the investi-
gation. Taking the Shanzao landslide that occurred during the typhoon " Lekima" as an example, based on 24 landscape
data of Railway Sentinel-1 from Sept. 12, 2017, to Aug. 9, 2019, this paper analyzed the sequential cumulative deforma-
tion of landslides in this period by SBAS-InSAR technology and further analyzed the regularity of surface deformation of
landslide mass with meteorological data. The results show that the deformation before the occurrence of Shanzao landslide
is mainly divided into three stages: creep stage of landslide mass, deformation of front edge of landslide mass increases
significantly and gradually expands toward the middle of the slope mass, and accelerated deformation stage of the rear
edge of landslide mass. The vertical deformation rate and accumulated deformation data of InSAR monitoring points on
the landslide mass show that the deformation rate and accumulated deformation in the front and middle of slope are small,
and it mainly focus on the rear edge of the landslide, with the maximum deformation rate and accumulated settlement of
40 mm/a and 320 mm respectively. The landslide is a push-over landslide. The research results provide a new idea and
method for the early identification, monitoring and early warning of landslides, and have a certain reference value for the
prevention and control of landslide disasters.

Key words: Shanzao landslide;deformation of the landslide; Sentinel-1; SBAS-InSAR; Typhoon Lekima
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Analysis of Microcrack Initiation, Propagation and

Damage Evolution in Fractured Rock

LI Chuan-long, YU Ran-gang, MA Guo-liang, YANG Wen-dong, SONG Ruo-song, ZHANG Li-song
(College of Pipeline and Civil Engineering, China University of Petroleum(East China), Qingdao 266580, China)

Abstract: In order to explore the microcrack initiation, propagation and damage evolution of rock samples with differ-
ent crack types (opening and closed) , inclination and crack length, based on PFC*”, the fractured rock sample model was
constructed and the uniaxial compression numerical tests were carried out. The initial crack and failure characteristics of
rock sample under different crack obliquity and type were explained from the perspective of mesoscopics. The damage a-
nalysis of rock samples was carried out from the perspective of energy. The results are as follows. With the increase of
crack inclination angle, the peak strength of the open type is positively correlated, while that of the closed type decreases
first and then increases. The elastic modulus is consistent with the change of peak strength. When 30°<Ca<{60°, the mi-
crocrack initiation characteristics of the two kinds of fractured rock samples are consistent. When 60°<<a<C90°, the fail-
ure paths of the two rock samples are similar. The damage variable and correction coefficient were defined based on the
energy of cementation failure, and the evolution model was established. The rationality of the model was verified from the
perspectives of fracture type, inclination angle and length. The research results can provide a theoretical basis for further
understanding the damage evolution process of fractured rock mass after loading.

Key words: fractured rock; crack angle; crack initiation mechanism; particle displacement vector field; damage evolution





