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Analysis of the Development and Evolution Characteristics of Geohazards and
the Process of Disaster Movement on the Main Highway in the Mountain Area
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Abstract: Studying the development and evolution characteristics, as well as the disaster-forming motion processes of typical geological
disasters along the trunk highways in strong earthquake mountainous areas is significant for disaster identification and evaluation and
the work of highway disaster prevention and reduction. Based on multi-source geological analysis methods such as field survey, remote
sensing interpretation and GIS spatial analysis, this paper comprehensively considers the impacts of the 2013 and 2022 Lushan multi-
phase seismic events, studies the development rules and evolution characteristics of co-seismic geological hazards along the Baoxing
section of National Highway 351 in the earthquake area. On this basis, three-dimensional two-phase material point method (MPM) was
used to analyze the disaster movement process of the high-level accumulation landslide in Xinhua Village. The key technologies for
scenario deduction of high-level landslide disasters on main highways in earthquake prone areas were discussed. The results showed
that: (1) In the study area, there were a total of 215 co-seismic geological hazards developed in 2022.They were mainly distributed
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within the 1500m elevation range of the bank slopes on both sides of the Donghe River Valley and a slope range of 30° to 50° . The
common distribution characteristics of co-seismic geological hazards in 2013 are that the high-steep slope section of hard rock is a high-
incidence area for disasters. (2) The development and distribution of co-seismic geological hazards in 2022 were mainly controlled by
factors such as topography, river, and faults, and the spatial coupling with the epicenter location was not particularly strong. The hazard
points that have significant impact on the highway were mainly developed near the protruding mountain parts with multiple exposed
surfaces and fault zones, and were significantly affected by multi-period earthquakes superposition and historical rainfall. (3) The high-
position landslide in Xinhua Village was affected by the superposition of multi-period earthquakes, rainfall, freeze-thaw cycles. In the
past decade, it has shown a gradual backward deformation that continues to expand upward. Eventually, under the action of strong
earthquakes in 2022, the overall large-scale instability occurred and the river channel was blocked. The three-dimensional two-phase
MPM simulation reproduced the entire process of landslide movement, water inflow surge, accumulation and dam formation. The results
showed that the landslide body was about 760,000 m?, with a maximum movement distance of about 609 m and a surge height of up to
8 m. The accumulation shape after simulated landslide movement was basically consistent with the actual situation on site. The research
results provide theoretical and technical support for pre disaster risk assessment and post disaster construction of main highways in
strong earthquake mountainous areas.

Key words: Lushan earthquake; geological hazard; development and evolution characteristics; three-dimensional

two-phase MPM; movement process analysis

il

&1

2022 £ 6 A 1 H 17 i 00 43, DY MEZ A 1E(30.37°N, 102.94°E) &4 Ms6.1 i, ERIRIRIE
17km, KFEBE T ILE R/ BT — I AT W R I — S E P 2, FRIEALE v Y, 52 3] 2013
R LR A E R CHPRSE, 2024) o SRR RE R EEES 2013 AR5 1L Ms7.0 SRR R AN F] 10km,
RN IS o GEEMSE, 2022; ZEZEMZE, 2024) , #E 7 XN BT T2 EIE 351 Lk
HELKE R R % FE, B2, 2022 2 ILHEIEER T HErs mi s %S, 2024) , W
I SR P S VT 2 FE T R R, X T S AR AT AT R AR AR O RS o HRE R IX TR A I R X AR
ek, DU A A IE S K XN SR (AT 55 . MR R R S KRR S RN L X TR A
R[55I ek I AN IE T 22 A HAT AL

[Fi) o 1053 2 5 A3 AT R AE B R B 0 A I UK b 52 L S SRR AN i s AR A B R 3R . 1T 20 4F
KEZORE RS, A %H KNI REREF R P TAE. 2017 4L F80A MR 75 AcHb it ¢ 1883 AL,
PLHNRR E R R0 GBS, 2017) o DY) E Ms6.8 ZiHiE 7 & T ik A th e Wi 2 &8
AL, HArAiks R [F]) 2008 AE30) 1R AR, CRERESE, 2025) o 2013 4F 7 L= 2 B Hb o 9 3 E 2RI N
REEYS RS A, mEURRE A R, ReE s BOR MR BB E m R IX (AR, 2013;
FEIRFAS R, 2014) o 2022 47 ILHLE A A /D58 0 R IENLHIAR . R FH e GEREE, 2023;
ZREMGEE, 2024; FARESE, 2024) FIHLFE A I A% () 40 A0 HEAT 1T SER O R T Bl RS A S AR A
T QEEMSE, 2022) o LA BTS2 T 508 KA G K X FRFHRIE, (EEk5%0 5 Kk 5 K B R
6] 73 A R AE IR N AT o AE RIS FE M 7 T, AR PR IC ABRZE 7 A RTINS 15 K i B R
# (Ouyangeral., 2013; FL85F, 2015) , {HLERASTE M 25 5 r A WA L it B AR o S80RG FE 0 o)t T
ToPREAZAE AL B AR T 1) ji b & PR, IE R R 1) 2 % (8%, 2016; Shieral., 2019) « MPM
FE— MGG T Rk B H R RRRLOUE R (TG A% 51k, TERLRIE SR T K i ol A 72 07 T B AR BORAR
O (PNEHESE, 2015; xuetal, 2019) 5 FE, SIAPAHEMPM, BIYE[FR—&EY 5 L, RAMNE S S
BRI SARE AR . KA, AT AR RO A KR AR, JERE R IR KIETLS T (Liver
al., 2020; FLSCAREE, 2022) , AREEHERUARAR B K I B FEBLA R L T 3 A 7L F B

ST S BALE P U Lyt 572 7% s 35 55 — B ) ER 9 X i 7 7 365 A £ R B 4608 Ol A, KRR
R T % X 45l AR b 5 o S K TR R, BRI R BIAZ X 32 2 VR T N Fe il A VR T, SR ik
KB AL S R 18 S B B AU R e Nk, ASCIER 7t Xl 1B IR R 4 & I B ST B, A
H GIS ZX (A AT Zhie, WHo0 T RIXEIE 351 L&5 M% BIUT LR [F) R TG K 55 R B AU LA B S 70 b o o 56 1) g sk
AR, SR RAZ=4EAH MPM 234t 1 ML 58 50 R A s A S RRAA M B R s R I B R o AR SCRIF 9T R
92 PR TEAE SR J N R R FE AR A B R4 T R Or 20, W5 E L X 5 F R R4l A 4 B
By 5k A BA HEAR S E



1 #MEXER
1.1 B FRIREEFHE

HfF 78 DXASE T D01 7 b 1 25 L I 1) 5 3 e R PR Y A, 52 B RE AR R AN RR AR SR O R A L, SR BA
FH P AL 17 4% P R A T R 5 AR e e L L X o DX PRI AR IR DDA P R 2, VAR, S BE TR, Mo bl
i, VRIRY), BV, BOKIEIRE 2T 3000m. 22 BRI, XA TR A S A E RS R,
b 1B RE AE R A 4 i A I 5 R T T SRR A A 45 A0, A s R R A R -ra v, b
BiRt. I L2 R B, MO MIE R 44, #9490, RIS R T . X AFE DG FAE R E RN
KENE, IHRERR AR HIXAZSRMIERRZ, SHURE. RE. THERMASNE,
HADHAMBERN=BFR. BER. SHAMETER, URE. KE. BESNE, DERRREIGH
o Fims

102°48'0" /%

102°51'30" %< 102°55'0" %< 102°58'30" %<

: ! 4 e B LA
i 22 e * | 0 ox  [~7] kR
: 30 / - A — G — 1 Y R

¥ D s 3 3 o I‘.
4 B ﬁ o uzrs
2 | R o T | wmaEa ks R ARAES
’ i i BrAeR p
g ey . FifpH / paid

‘n"' A

pzdkskrny R ks
wE . ks IR AN
BRI | iEH
e, meeas [ escn
FREI R ] AN

ST RRES | 7| A ik
| it e 2 %

TUE AL A5

30°27'30" ik

WA AR KRR
WA RIRE . HEES
P

| = 3|
yxg“p‘pp:;gga‘;,‘~

3
T
THCE . BCH KE BB

7
B
| RSN
4%
4

B B

B 1 BRI A
Fig. 1 Stratigraphic lithology and fault distribution map of the study area
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Table 1 Classification of co seismic geological hazard factors
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P AT S SR ATE K SEBEAE B S R AR VAT AR AN 4 21, FETH AR R 20546034, o rb e 44 £11428203
Ay KRR 16264007, WIHRRIRIRBISI IR, RIKRRBIBIHE. HRIARIBIHIE. EiRERE
FVR. 4 RIARBIEI AR, ERRRBEIAE. @FR; KRASWAE R, 555 50%127214001 .
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Table 2 Physical and mechanical parameters of landslide rock and soil

! [ kg/m? % )1/ kPa P EERE S © ¥ A/ MPa HEL/N=d
HEREN 2300 100 26 300 0.33
ki 2200 39 7 120 0.38
SR AL B 3000 1200 41 6000 0.28
s 3070 6700 50 30000 0.2

® 3 OWBEEILRER A T 24

Table 3  Fluid-solid coupling analysis parameters of landslide river blocking

1kl 2 el
; 1815 23U c/s 1.98
i VIEHFLBR L 0.2
TARVIGEIR S/ m 140.0
Ktk HE/ kg/m3 1000.0
Y 7.0

n 0.01
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Fig. 13 Xinhua Village landslide disaster movement process
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Fig. 14 The compare of the deposit situation Xinhua Village landslide
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K&, 2024).
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