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Abstract

Highway widening in mountainous areas often weakens slope toe support through excavation dis-
turbance. When coupled with intense rainfall infiltration, this process can easily induce reactivation
and progressive failure of residual-soil slopes. Taking a landslide on the eastern mountain slope of
a first-class highway section in Luchuan County as an example, this study analyzes its development
characteristics, formation mechanism, stability condition, and mitigation measures. The results
show that four landslides, namely H1, H2, H3, and H4, and one potential landslide area, XP1, have
developed in the study area. The sliding mass is mainly composed of Quaternary residual fully
weathered sandy shale, with individual volumes of approximately 4,044.32~30,789.6 m3 and a total
volume of approximately 61,713.25 m3. The formation of a free face by slope toe excavation, intense
rainfall infiltration, strength degradation of weak rock and soil after water exposure, and long-term
exposure of the slope surface are the main causes of landslide reactivation and expansion. Stability
evaluation indicates that the slope stability decreases significantly under rainstorm conditions,
with some areas becoming unstable or marginally stable. Comprehensive mitigation measures, in-
cluding slope cutting for unloading, anchor-cable lattice beams, drainage works, and revegetation,
are recommended. For landslides with large residual sliding force, such as H2, anti-slide pile-slab
walls should also be adopted. The findings may provide a reference for prevention and control
measures in similar projects.
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Figure 1. Schematic illustration of landslides in mountainous areas induced by high-
way widening
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Table 1. Main physical and mechanical properties of rock and soil masses
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Figure 2. H1 and H2 landslides
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Table 2. Scale and basic characteristics of landslides

%= 2. TRIRAUR B EAHHE

WS FHE ] i #/m? P35 R /m PeRY/m?
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H2 270° 2565.8 12.0 30789.6
H4 235° 2628.11 5.6 14717.42
XP1 RETH £124m %, 35m K RHfE YRR
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Figure 3. H3 and H4 landslides
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Figure 4. XP1 potential landslide hazard
& 4. XP1 B E

4. FERANLEIS 4R

SIS HARR ARG TR S S R I A R Jorb, 9@ A sl s i s an i
SERA KRN R, 3 ZRBUON I VIS BT 2 10T BRI AR By B A e BAR 34
LE

(1) T DRI BERR, SRR T8 i ™ S DS i s 1155 7 AR AT 2R 503% . VI, S+
Pt _EARRSRIGRE BA s LR YIBUE, AT B g ok, SR sy B s s, RS 5UE
Wt 1= %A

(2) R A VERE I T ISR RIS 4 o TR T2 BN B VY AR SR 4 AR o U0l RAL TUA Fiy ik,
JRFAHLS RIS, BRI L) 35%~40%. MRIEHR T, ARSI UUE RIVIRE T 265 174 33.05 kPa,

DOI: 10.12677/hjce.2026.158210 147 TARTHE


https://doi.org/10.12677/hjce.2026.158210

bk

PEEHE S 20.25°; TEALIRAS NE R SN 28.07 kPa. PIEEHEf 19.82°, i+ KAREH T 17 39.59 kPa.
PEEYE S 15.34°, RS A FEIK. BWNAZBE, BREERIN. PUeTsisE Nr, JRA ZL8URRA s, /i
— IR SNSRI BN -

(3) BN REEFRNE. SHEENETERE, 49 AW EL S 2 75.57%, 2024 4 6 Hik
BERY EL#EE K HIL H2 W3, Bmmsh DK, MRS MRS NE, EREHES TS
A T B8R 55 4 K T TR RN AR A, A 2 BY i AR

(4) AR AR AR ES AR AR FH 29 R TR, (K NBE RSy, Rk RIEIR .

5. REMITFM

PRAE I Y AR MR IE AR TR 5, H1~H4 W30 32 BRI W R Q0 3 o 18 s A T ik 5 JROIR
WAAAE FAL, WEENEMA 235°~270° P 25°~45°, W B4 UL IS R TTE - SR TE %
R FH T AT B s Py S0k 58 4454 T = A [ I B [5 SIO%0 30

NE B VPN A AR IRES , R BRI AR € W A EAT 0B, DA 3 R ik AT F o RO
FIA T PR, HE + BN, BE + MES TR, it Tl g4 250 1.30,
Wk Tl 24 2808 1.15. BT H1. H2. H3. H4 B RAES), HESBGBFH AR, B5446
DRI REHATIE I . MRIEEN SR, REUHREG R E 51 W - RESHIEER .

AT, HI KRR TOFC 25 1.1, AEARRE; #W TS 095, NAFE; HiE
THZ)1.044, ARFEE. H2 RIR LR E R34 0.832, AARFE; BW LMY 0.762, NAFE;
EILIY 0.776, NAFE . H3 KRR TIEE REL 1.206, 4 FRAFE, HibTH FREERBTHEE
1.036, AT REaEIRE. HA RAR T E 252 0.835, AAFE; W LI 0.739, NARFE; HE
THL0.791, AAFGE. XP1 KR TR E REL 1.106, AR E; #W LY 0975, AARFE;
ETHL) 1.036, NRFaE. g8 LT HIWITEsR PSR IE S A5, WA eEas AL, HRR
TR B

FasE VRN S 22 WA AR HEMIE . H2 RIZOEBREERE . J5 2% R A0 b 5 55K 4 2 4% 1 WA ko Lk
NEARAZ LMY BE: H1. H3. H4 BRI B, H3R G EMFE L2 RIS ST, Hig
MR ER, W TO NS R ATREMER K. R, Biva @A R OGS BEM AR, 11 B[R] B 4 1)
W T 1. SCEHEK AR IR S I B 3

BRECRRRE M4, B IT R T I LU SR S U AT, LA AS R S ECR A B
ERBEEIARERE . IEBUR R RN H1 RIEHIHONRER, R UE S B i R 45 61 A8 SV T & e
BURMESM T, AR W E 3. ATWENR ) ¢ FEHE N 1 kPa, FaiE REL £ TFI9IRE L 0.024; NEEHES o 41
e, FFigme) 0.037~0.039. &AM B EIH— G, o MBURELIN ¢ 1 1.7~2.0 £, RHHTS
BRI S H goRae vE, Horh o ROAIRHES0 SR 5o X 3 Y B Al St T 77 7 e LA AR T R S 1
B, S ZBUE I B R B R R BT R A A A i e B e AR BT e

Table 3. Local sensitivity analysis of shear-strength parameters for the H1 main section
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Table 4. Controlling residual sliding forces and suggested retaining measures
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Table 5. Monitoring scheme and initial warning criteria during construction and early operation
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Table 6. Control measures and their functions
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