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Abstract

Gully-type waste rock disposal sites along mountainous highway corridors are prone to geological hazards such as landslides and
collapses due to narrow channel topography, complex water accumulation conditions, and significant variations in geotechnical
properties. This study examines a mountainous highway gully-type waste rock disposal site as a case study. By comprehensively
evaluating multiple factors, a robust evaluation index system was established. Stability calculations were performed using the limit
equilibrium method, followed by MIDAS/GTS numerical simulation analysis to determine instability risk levels. Tailored mitigation
strategies were proposed based on risk classifications, with field monitoring conducted to assess treatment effectiveness and explore
practical applications of such engineering solutions. The research demonstrates that the proposed index system effectively identifies
key factors influencing site stability. The developed tiered prevention measures significantly enhance safety performance, providing
valuable insights for implementing similar projects in future construction projects.

Keywords
mountainous highway; gully-type spoil dump; instability risk assessment; stability calculation; hierarchical prevention and control

X &iE A KA ER FiEigkia X it 5hEm R
S THHE T BRI Y ENE
1. ERAFE TR TR ARE, T - = A 650500

2. b PR ERE AR A E], FRE - JEET 100083
3. A RIEE AR A IR A R E AL, E - = EE 655000

=

W R AT e R E | TARA A AE LR AR RS A R Yn, B RARS. S
WRRE, KRR E Sk ABARDAEDHARTEN, B56%ESHATOES LS T — 544 2 E0F
PAATIR R, IHi8 A ALFR T 457 ok 1 S AT 2858 M3 T AMIDAS/GTS LA SN AT R A0 2 2 R AL L5 ARIE T L 40 ST
S YU AR 2 40 9% BRI FOOE AT S M UM B B 4 B AR 40 ) AR K TARMO R AL, AR AL, FTHE 8 JRARIK A
B EFH BEAE Y FE R 2B R, fER Rk L 0 A B R AL A A R B B W R A, A
JB FANTR B 4 5o A — AR S

ES 40
bR #Hi A AR FEY; KRR, RO, SR

EIRSE R ARBEAR LG4 N Bl BRSNS
THFBEDREENT R EER P ERERY & DL FEX FrE
b, R AR AE BT T RIS,
i ERZHE R FIEMHTE . & LRI T,
RV KB . TR Sos B F R RN, [H
I TR i i D ERE e B BRI AR S DAL
R ARAE T AN R, B KESTHTER AR, 2t
TTRREVETH SR M BB, R0 NS AR AR A 732

15|18

SRR, LXK B AR T Berh T s AR
T (T . RO AR EN G &4, % TR
S T HFHEAE L T 25542 1 RNttt R B IR,

[fEZBN] &880 (1992-) , &, PE=EZSTA, Nl
+, T#m, MBIREEEAR.

L@ilfEE] THE (1979-) , B, PEPESEA, &
T, 38R, MBSTAEETRMR.

BE SRR, I SRR BIINPUGERIECR, DUEkIR
AT LU S A A E T b O K T T A AR

85



IREFAREEE - £10% - £ 078 - 2026 £ 04 A

2 TR

T EE A S K28+350~K28+750 A5 A= 2
BRI R TSR, AR, EEE V7 T,
J71E1 % NE-SW, {A8-K2) 420m, (AR 15~30m, WD
PARLEE 350 ~50° o FEIEHHES 30~55m, &Il HEGE
120 x 10*m®, FEEW AR EIHZ A mE . a
TP SRR 2 S S5 FERRE THENR, RS EEA T
P TR, BEE 23 KAG, RET RSN,

AR AR 1250mm, FOKEERTE 69 A, M
KPEMEA]IK 180mmv/d, VAE R AR TIMER, MR
A 0.5~1.0m%s, FAIFREN 5~10m¥/s, FEZHIE
EETNR S FEL (FRER) , B 30~55m; ByHEit,
JERE 5~10m, A SJFHIFE 120kPa; BRI Zils, B
10~20m, ZKE FJ4FE(E 300kPa; XL 2 3bE, BELRA 1,
AL (E 800kPa, 371X M 7K FEEEFLBR/K R,
H R GHERLE 5~15m Z[A], 2 REBFE/K R R AR
SN

ZFEEY T A RS IS A TR, WGk E2
S TRME R, FETERX N EE, HEeEARE
LRI A28 80m, — H RIS GBS md A
% R T DL e s T pi™ = 52

3 HER KA R IERG AL
3.1 KT feinik #iazE

I SR A RAE R E Y TRRED N SRR
FRRIEMAI RS, (EREE . RGMERTE M, AHRIEMERYEE
fili s EX O HTE (AHP) A HFRE . WE . 8hr2
=R TERAR R, o HFRZE AER s RN
WA (A) |, ENEBHTEHE (B1L) | FREERMER
(B2) . K 5% (B3) . TEEHAD (B4) « mEEFE (BS)
HRR, bR R N AR B T 18 DN RIKRIE
eI EERITE PR .

KALRE BT RERRNERLRE T E, HEA

EWoR

3 n
S:Z W % Z Wey *Scy
=1 =

A, S AHRBNGLEETENE, IETEE 1~5; W,
NUENNE § RN E s Woy ATRIRE j TRFRIE ;. Sey ATEPR
EIEPREE: 0 AR ENE NEOTERERE . -

3.2 REMITE S HEEL
3.2.1 #BE M F

R FEIE Y R S W (K28+550 Wrim ) 41t
i, (E RS (ARPRSARE: ) HETRARIRES . &2
FRRAS N AN KA EFHR S T =R TR
MR E AT, [ FHEZE GeoStudio/SLOPE/W
X FREARTEN T TR T RbR, 1R
St EARTEH S bR H SRS L TS EAR RN LA R
HESHENE | R,

ISR B TR - BE SR UE N, e B 2
I\ i 2 2N 2 s i i 0= i e SO A7 0% | 1
FEVERT, A BB i ERbuE e S5 s
T2 HERIARRE e RELF,, THEARXA:

(c]{+W; cos#, tang; )

¥ Wising

A, o AE T LRESERR T LONE | LkiEE)
HHCRE; Wohe i T 4@ 0, 0% i +5BaIEAS
BT A; o A5 i ToEEhHENEEE A, kil CER
b TREHARIITE) (GB 50330-2013) HisE, 111X EnEs
HFFEINI R TR AL, BERFAETRE R KA
WREF, =125, FREF, = 1.15, TR TAK FFHRE
F, = 110, ITHEEREZH, Za@EmERRRE T RE
LERHRYNTHUEE, ERNMTIRR OSSR
FREHZe 2T NTIEE, FERKARERE, MR
B s it m i ra e,

F=1

F1AFAIATHEEBEEWMEHFITESH

T FAREE v /(kN - m™) TRATEE /(KN - m) NEERLS /() FEE) c/(kPa)
FERIRAS 19.5 20.5 28 8
FNIRE 20.0 21.0 25 5
TR K ETRRES 20.5 21.5 22 3
3.2.2 FAEAE P DTEEAZY PR, THA E B EETE  TRR AR E a5 75 20

iz i MIDAS/GTS A BRICHE P xd il i i T = 4E 50 (E
TE, R TAETHTFFESON . B
NMRFASRE, G TREMTSRE T el = 4e U E
B, RSP X 58 x 55 =500m x 200m x 100m; i FEE
IR - BEC AR Z, ERAIR R ARSI AR T, HF
125600 M0, 28950 14 NF SR EIRHEIE T LR,

86

BEATIEHL, WRAHIR ) e B BN I HE o

KRR N FE DRI LIS R AR ES, (7
BALW 8.5em, IR AJEEPRUSAT TFHRE AN TS (IR
30~40m ) , FKFIN SIEIRE] 65kPa, /NTFHEAGTRIEEL,
SYNBEVIN, BB . BRI N F R ER
(IR R AEAEHETU R N7 1A, (AR 15.2em, AHHLRIX



IREFAREEE - £10% - £ 078 - 2026 £ 04 A

IRESHIK: 78.8%, BURI XY R ER T R
VATEA YT, AR KBIN {E N 98kPa, TEEEEINEE
HFFEADTETREE, o DRI . Si(Eh s R ST
T EAE R AEST, IR EE A, TEHEER -t
— T IRE KRR RE A . RN SIS A L R
— AT .
3.3 KK ELX o

TR NG TRIR IR 2 NSRS S SR DU A e e
B ERIIE R, BRI LI A
VERIFE R SR NG5 AR . R e, &
RE&PULE .

HIERAETF BT (R TR =1.08) | AR
fIE ((rfg> 20cm, VEAIEIXBLE ) |, HlEizsmidinifa
RS20 e A, R THA T

4 BrEtE e S M AR
41 S RBHIEETESETE

EANERVETRICR 1N =\ Ol s PP  HRE AN e I Ve A €A
i, R HEK TR R Zp e, “HRAK + B
HEAK +1EE SR

T FE AR T R 8 AR X S AE R R “hL
B+ MR + PR S N T %, ERERTR
A —HE R L DU, AR 30m, AR 1.5m, A
[BIFE Sm, AR ZGRE AR/ NT Sm, SR C30 95
BET B, AEFRER TG TEFHE AT S A R
TAEHGEE, FEHR SR Smx Sm, 2FE 0.5m, 7 0.6m,
R C25 SNfHTREE T B, TERSHY LTI s AL & S B AT,
B 15m, B2 22mm, [AIFE Sm, $EEERS EDAR
T RN Y, e T A E AN, EE
AT 10m, &R Sm, HuAEE A 22kN/m®, G0
WRIBTHERE D, B BRI R A TE TSR

N T FRRFFEMAE SR, FUBYSREL/ N R, XHEL
A HIFERI TR R . AEFIE AR TTRE AR 1 S M Bl FA ol
CHRANAR S AR S % SL = 85%, FEREER 0.5m");
FEFFBIAR A NESBIR R SATIMAIKIE S A, 7K EEe s
3%~5%, WAIEE 20%~30%, DUEINFREAEER DL
BEEREAR, 7RSI = A SRR R S SR RN B R
£]30° , EEZRINAF] 12kPa.

4.2 BAFESL R M 38 iE

KEUHIAREEZ G, ST A T2 ke
FEMLELRY b AR T R B =M T TR EE
M, REGHAHEIEZ G, =IO BN AR
BB HRE I A SRR E, e,
4.3 TIRERMESH

A TS R B JeBhin )y S TRESL Ak, =
AR BRI 911 X s AR I E R T T T
TR A, S BIEMRE (S=1.8) . R (8=2.7) . &R
B (S=4.3) Fridiss, SRR RSB KB R IR
i PSS RIE R R RS E LT, “RX
F e B . R HERIRG T . RE X BeLia . ER
GARIEBHIE" , Bk TR e R RS L A, ISR
B XSS s R R SR R B A&, M T
PR, BT AR TIREEES AR T a K
A

5 #5ig

RS L X Sl A B AE B S I T 5, AL
ERHOTEROT . SRERME . KRS TS s EEE
AANENZEIL 18 MEFREB RN A R, GEBR AR
* | ATHTHORERS H 2 ML X Enl A AE R SR R R ) £
FRE, M ERAE RO ITERGE ST EN A2 R
Wi rE Yy, ART RS EfRE HXGER ., Ak
AIDLE N LR 5 REIB G Se b ROR F B & H—Fhir
B S ARSI 280, MR R H RS S
EUUSEREN B R, e X AR AE TSR R
AT TR B
S
(1] sk, &= AeXRBe 11 X kg it b 22 & o i S B i i i i

[J/OL].Zhiikrifkisil,1-8[2026-03-13].

[2] ZEa2RERa. B meETTE A T T =R 11K

R AR WS E,2021,(07):189-193.

[3] BB XRSE RS, O RS E e i A T

S IR S TR, 2020,34(02):247-250.

[4] FEE. ETMassflowiH{ T8l FEEUE B FRE AR # M

FEMHTI AR 5% 1€,2022,(04):60-62+112.

[5] 5, Bl /5 2 . e X ARSI A A 1S R IR 52

Ml P[] KR S5 5 TR #412,2022,20(01):189-194.

87



