H25% 3 R S A 12 Vol. 25, No. 3
2025 4F 2 H Science Technology and Industry Feb., 2025

BB ENRERRTIE SEiREA

—— PLETE A W S220 K39+280~K39+390 £t i 3 H 14

aEM, LLE, FEA

(W) AB TREEFEEEARANE . RA 610041)

WE: 202256 A 108, @NETRNMNEREFTERS L A6OBARERERLINARENFRLE, BRI
WL HRERBG EH, AERHEHE S220 & B3 2R REHL T K39+280~K39+390 B i3k 2 #) , 4+ ik 3%
EABGEERRENNEGERREFTHR, IREAN WEEE-FTHERRMEEZRTEZARY R, AL AN
P BB LB AL MREEERNEL A ERA AR L AREAPILE YR WBRE, A TERTH,$
FGEMETRT LR KERERIT, FTELABARY R, EANAELABGEBAEERIT R PR LIRS, I
B EBORT WL R HLAKRIE S, mZ UK K 6 T T B A R AR L U ) | B R 45 @ 2 ) ey R
WA, FHARTRBEGR REEBABERRG TR AEAM, ERE AR TRAASOBLELEHBAL S,
EABHGEHBRRTRAERGH(FOBFTEAKEBE P, T L 5T S X F 1242 540545 55 69 o @ 1) R A 3%

Briz s X CGRE 235 23 4% BE4T B 37 .

KGR A S220; EBMAB AN MRBRY; RENK; BEEK

FESES: TU4IL. 3 XHFRERD: A

XEHS: 1671—1807(2025)03—0031—06

PUNIAE T 20 4F MR 16 g A %6, 2504 TP
M DX, G )1 AR (8.0 40D JLEE I Hb R (7.0 90 .
FOEHLRE (6. 8 PO % . MBAIE AU AE BT &K
I OCE L R A A AR R 2 5 5 e B Ry
J7Z Ju R v M RR R XN B T RS i e, TR OE
FEE S IMR R R ROR Y . R R R A i b
TRARE VAR 25 ZERE R L VR Ik S5 40 3l 1 AE L R AR 5
WAL & R B AR UCE Y i R R N BT,
BRI R I A XA R E R
iy 72 A FH A A S L BRI D IR R R R R ST R 24
M 5T FE R A A S TR EEEH MW
JEPEHT & PR R e R

A2 T BIF 2 18 SR T R, D)1 b KRR S UK R
F B BE TR, A () b 3a 2 55 ) e W A% 1R R S
I 8 A T A S5 M A R T IS 6 . s o R T AR
PERR L H 51 R TR T B R A e R E 2
T b 2 A S A o R R R X A 55 5 1 PG L X b BT
Rl = R A TR I L (S DO e s N2

KB 2024-08-13

) 2 52 2 TN, €8 A8 W A 28 K S A R L e A
R S R BT T R R 5 O /0 L T ) T S (H R
R TN A R A A o AR 8 8 BT e ¢ 3 BB 0 i 9 R
FRmEIR

2022 4F 6 H 10 H , PO 1| BT WM 15 IR JE T 5
SRA 6.0 BME I HFE B MK 5 KDL ER
LR THREAMER . MAERAE 5 A R XA
1 220 2k H #B 2 AR #E M Bt (KO+000~K56+059)
W P38 2, i e 002 T N I VI R R A R A T
KE ., IR R AR XA B s R R R
P45 FRAE S 3, 40 R 0 0 A R R 0 o B
ANTE)FEFE AR FE IR . K39+280~K39+390 Bt il
S R A 3 e Oy B () — Ab SRR N A
RIZN YT BB K A KA R, R R
B 2 O R AR R M B 0 22 A% B R Y AL T
2, AN % L 0 T 0 R A 0 B AR TR R R R R A
TR — M B & o A SCLLIZ I 3% R B 5T % 4, ARG A
TR A B Al 1, 45 & T8 AL BOME 43 B 55 4 R X 72

HEETR: wl A H % 98 (MZGC20240038) ; w9 )| 2% TA42 % 36 Y5 32 4 R 2 8] A AF5R B (2023001 ; B £ A &4 %

KA (41977252)

EERN: 9240992 ). F . wNGRA L IRBTF AT IEARBENELS AR A; L FE972—),
BN 2 AN EHRIARTBR T w A EARBE LT HEB A8 ), B w@ RAAL AL, BRI, BER T a A%

Hkt,

31



BRIl

Fosk 3

TN % 30 395 e T ¢ A AL B R AT OF 9 L I R R 46
RN B T W B G H AR S U g PG 1 X 7% 4 8 2% %
N PRRALE S S5

1 ITREXHEHR

B IE 220 28 H 3 2 KR BE (KO 4000~
K56+ 059) J& M fiff 2R J 2 16 12 AR A HEAIR AT 42 I M
LBy B B O W40 i [n) 8, 300 H T 2022 4F 5 H &4k
SETHARBEAL 1AW E AR, 5H
e R L W= = e W 7 = 8 S S R i R 3
K EAEF- R [T BN 765. 2 mm, I 5 4F 5 K/
FEM R 0 M 89 19.0.61.7 mm. H TR
A/ o DX |l K R RUR W B B R AR T L
I3 MR K AL ZE T3 A T E B b O R T BB OK
TR X @ T e L e A A, B KU R A T3 500~5
000 m, AHX & 2 3t 1 000 m, J5 44 A I % 4K L)y
RIY S 3. AE KU B 1 L, TR XA T H R R
PG 1 F 1 7H P S DX RS A TR R R R R -
Wr 2 T K30+700 BT 28 3o 4 38, W7 )2 7R 2 N40°
W/NE50°~70°,

K39+ 280~K39-+390 Bf il 3 kb F 72w I i
HEER AR 10 km, ZAWHWZERN =& R LGH
FORFAL Ty INCA S D 5 e THUA b 32, -
HXARIR 5 2 PR 206°~232° /47°~73°, W R
RAT PR T s L R QI DAH R A
+ Ry L B R AR R TP A AR R AR X ]
PSR . AR BRI 120, 75 #EAT RO B
29 13 m, I IR FH IR B 8% -+ 4 sh R AT Bl 4

2 K39+4280~K39+390 ERihi ES MG
$H1E

% kA Ja S R JF 32 3 B R R AR /N BB
. SECGH Y S R T 13 m B K E 38 m.,
M5 H T b RE 3 A AR 25 A B 45, i B i B p 22
P S ol 6 JE U, A RO 176 m, B H
SRS TR Hb R 5| R KRR IR R T i
RT3 S 3 B0, M B iy BE T 3K 25 m, 34 A e KRS 2
295 m, R IE A HERRE . AN XA R F
— A AR R ) R AR AR X, S 2 112 m, 58
25 24 m, HED R FEZ) 18 m, BB AR, 1T R4
WK, B X KA LIRS REE, &
B AR, KA 9 m, BERI AT V)
R EEZR X DL TR S A5 A R AE , I nT D B
S AL A A AR 2P A A AR B ™, B A
AR RO IR T RE . LAk, B AN 0 I B %
T 1A 1 2 A i e B 2 4 oy o i, R B T L A A
. BRI RRE N E 1 s,

TEE T & BT By B, X 12 % B b 5 8 25 1 5 AR
TR BRI KB AR E BT, PR
JREE T~8 m B R B A ER S, B
YW T2 05 - BT 16 &5 1) 5 1R 5 M 258 O — 3, K
EFXIZ R A TR RS L5 - vk sh kAT B 4,
PUEREE S mL M 1.5 m, #8228 R %
fio BRI T S R BE AR 5 i 3 e R it — 25
R AR I Y B B R AR R R 1E R
IR FY 5% ol B L W B X 32 9 A o o 2 i

B 1 RiRh TR E

32



PP AT < 45 B 0 B 300 3 W T R ML AR 55 3 HOR

B anlE 2 18 3 Pron . HURRJEIZ A Wom R OR R
176 m PR ARTE IX K Jay 3 06 o 9 A0 B9 52 i) 5
L ATSR R D7 56 BEAT K S BT R © A A 20 0
PEAT BT R TR ARG

B3 M THRAEEER

3 ERBEGKERBESW
3.1 BRI
HY 30 7 2 A5 AR T 7 L A R Y S
SER B K VR G, S5 0T B T R B A [ R
SREETNAE TS kB RRRBEIR . ASCR AR
JC A i o T T 50 0 A e T RN R R S o BT
Sy TR RLR TR 5 O 2S (B 1 BRI D A 11
RO 1245 5 1 138 AN BB TT 1 078 4>, [T R
FHHAL B i B, B SR E R 3 mm/h, FF &L W
20 h, ZFFEFE N 60 mm, HiZ XL 5 4Ff ok H
BB L 32 B4 B 3 2 (R A ) VB

A, bR IKRFAE 28 (SWCO) R B N B S 4
o =5 )2 (BB ) B + 41 kL 2 80, B 1A
WORRA AR 2 5. PR AR R iE il 2 T 5] 4
7R

0351 - EiE

PRI KE /%

1 1 1

0.01 0.1 1 10 100 1000
R S)/kPa

4 FEtEFNHT K HFAE 22

3.2 BEBREHNN

B T AL 20 BT BSE K R 20 by BF AR 2 hy R TR
Fif T B 8] 97 S B R AR i 5 . th
bR KA L LR R A R R 2 AR Y R R
BEE L PRI B T T 35 X iR K B i R 3 T K A
LR LA EAR M, AT X A 4 R R 25 45 AR
JE =6 BRI e AR BT R B R R AT
SGIB1= R I T O B W B 9 N R R Ve
WRRFETN T3 EE R R DT — 2 W R
245051 .

B i 5 728 Ak R A K R B T 0 R K LT 4
WFB IR B R E, BT LR TR
ARZS B WLRE ik, i PR T B B A BROK B
£ B AR B 7K 23 T80, DR 00 38 728 T A L “ Vg 4
T BWAK, BEEREE RS, FBREAR
WT 3 . S B0 A P L BB T B L BROK S R
Jay AR ST S DAY 4 0 R X DA % B 5 R PN I A
X, IWE S 96 h 75 BRI R E . h A
TE X £ AL LA KT 230 5 fie 8 At R I, 65 3K 4k
R A MM kT . RN KES FB,
1117 7% FE X % Sk B A0 166 2 1, JHG e 3 30 4k 9 LB
KRR AE A EAEH N B WIS R, A
TE RSB A IX L T A S B [ R 3 R PO AL s R ST
FEHL T K HEM I S . BREW 10 h B i AR X 2
TE B A K3 A A 1K, (H 3 A4S A5 T {4 P 3 AL BR
KB BRK A 58 4 AR L I HL S AL sk L
ZLBR K 135 T as B AN B DL S 1) as B o 3 BB T i
R HE AR ) B S . BER 16 h i B

33



BEECAN k.

925 3

o

() 10h

(d)16h ()20 h

B 5 7[R A T R A S R A

ARTE X B B A 1K AR AR A L JF BLFLBRK 77 2 4
Ko A FLBR K FE T W i 35 78 B X8 A I 1 St iy
WREAG R ZZ M LR A ik B Sk Ba 0 5
225 R O 1Kk .

MR RN 45 ST (20 b, $1 3R T XN FL B
KR 3 B 58 4 B, IF BT LA B B A ALK .
R K B R X R A8 Bl AR X 4
PRI T 2 i KT 4 LR K R T (3 K. e
O S AR T X0 5 U e (E AL K e ) i kAR
PR AR IR
3.3 BEWREEIEN

T 3o R I T R Al X 2 0 B R AT AR E A A
SYHT L [ Sl RN T W T IR IR B R
Wi 20 h B30 B W 7E 0 s R X an i 6 s . 1%
e AR TV XV A T S T A v AL BR K R AL B E
BT AR XA S 2 12 007 Bt S L Bt K L T 3 B K
B HEM 2 Ab . BT AR R 3 A v 7 W X
W 5 LB B R ILT— 2, o] W% i % 248 4
AR T IR AE 8 TR S 1) A7 7E 388K 1 9 A8 KU

P 7 J@oR T R Ao v 10 AR I IX R Tk R
KR, R BN RS, 30 AR Y X R E M A
REEARK S o T 0 B0 I S R A X 0 28, 4 h 5 B ok
W, OF B2 5 R ACH R N — 5. FERERY 13 h
Fidy AEE RERARZE 1. 0, BIFE %0 1) 35 155 30
AR ¥ & A B AR M R AR IR .l TR R A
DA e KA T R AT PRI 2R S 0 B e AR R
PR [R)B AR R AR M S B | — BE AR R KR
Ja S R e M RS I BE R RRAE .

4 ERBEGAKERRTHH

I AE T IR HE M AR R R S R B B
Wi, FEGH Y AR B PR L E L R REE MR L
R EYE TR, BRTE KRR T00 T M fig 4t

34

—_—
6 £ 20 h BB ERINBIREX

; 10 1I5 2IO
L
M7 BEdEhIHTHREEEEREY
FRRE AT E I L R 45 R T A e iE LA B 3 R A

W ih B e ROk B AR E M C R B 22 TR R



FLRPR AR < 451 2 4 B 30 3 e W K BIL R 5 B R

R T W B A s R v R R AR . A X i B
LB AR T DX 114 B TR B3ME 50 AT FE R 2 B T o AR
H AR X AL R K L B S R K R W K, O 3% W
SR T IX L - A 5 B B K R A AR T TR T AT
T B LR K B K R 7 X B R A R B
JE S 22 K e = B 2B T A i TR R 4 A R R Y
YRR MR AT AR, 1 & R AR R AR IR

RER I i B DR 0 A DR B ki A AR Y
B 2L A Sy 37 3, 58 0 2 R L E SOk b AR R A K
AN LK R L e 2 R B R A 5 b R X
LA B 72 S5 55 R )32 o 224 i i I AR IE 22 Fl B0k
b 7% B Hb T AG 1552 Bl 25 A 1 L R B R PR
WM REENIELNE, FWHOEHRES
TRBLAE KX A A 0 0 v L R VR L 51 ) 2R i
JER TN 551k, 2 KA G X TR a2
B 4 LA IR Ak 4 R R, K Sk A K R )
AT DL R HE R
5 ERBEBEBIEEA

N BRI BT 13 m, AR R R E
B R T RIS 5 s M TR P, SR
SRR 5 L R BT i 3 R A — s R Y 5 3 R
A HBCHE R =2 2 A T B A 6 TR L o R Y
R BB A S, e Bl I S, L MR ) R 2
55 BOZ 3 A8 T B I 90 B R A 1 R A A
— b B A I R B AT X R R R AL R
EJRVNERY

I Zh IR B M A2 ) %D Y R R 4 SRR
W AEAE B b J5 () 80 R O A O — R AR R IX
TE 3 B T 45 08 R A7 72 2 R S R ml i, o 3l % i 428
FT R R s — R R AEAE Z AW B I A A 2
PR P 4 e B B 4, T8 WE JE U 1Rl v A
B XT3 R T B S [R) R, T 43l SR FH AR B A B 9 4
AL I 1% A2 0 T B A AR T . AREE
Hb 3 T HIL I 22 B ) i 3 b R AR T AR R
Ty W9 3 3 7 3 TR e KL B ik ™ Y 58 38
BELIBT , L B0k J5 1) VK 2 52 i e DA 190 0, R A 8K
X 320 395 A8 T AR E A7 SR B B Ak A R 3 mX 4 m
HEZRAEAT (20 HEAT B 47 Al FF (2O M f 207, 3 b
FFE 18 m, fi B FAE TR IR AT & 5 P 5 3, S R K
24 m, i B T AT AR R, ¥ 5k v AR W sl T A
AR AR E AR, A 8 TR .

XiF FAEAE Jay 5 e A 4 e i Bk B s bl LT AR
R % 3k B R A TR B P AR R Ak B A AL YA Y
RO H TR A o v R R TR Y

2760

2 740

2720

2700
E
il
2 2 680
2660
2640 F \§
2
L T =\ b+
2020 =\ s
@\
\
2600 F i
[—
~e e . \
2580 1 1 1 ‘-l—-“'*T'*—»»p-v_. \N
0 20 40 60 80 100 120 140
SR /m

8 EMBEIBLERR

S5k 4 B R AR AT B B A P B S ARE IR 4 B
JiD ] b 5 5 300 3 TR] 6% 25 [R] IR 1 7% A Al T A A% Al
20k vk A B B RO A A AT

6 it

DB 44 18 220 2k H #8 2 K R i Hr B (Ko +
000~K56-+059) F ) K39 4280~ K39+ 390 BtiZE
4300 35 A B8], A A O A S Atk b T 2 3 B R TR R AR
BLH 5 B 6 H R A 5T A5 B0 R 4518,

(1) By R B 1 732 AN AN B #2351 & 3 iy K %, Hidth
WP 59 AR TR 5 A R 25 1 4 AN T 3 5 B Sy )
12 IE R R A AR R AL A A
B, LRSS AN, BIRAR R HE LT &+
PR R T AE AR B R AL, 5 BOH S8 IR R M R %

(2) BT 320 30 752 440 10 728 0 A4 S5 A 235 ) Tl
JUEE AL T B B G L R A R AR
KRR T, 3 BB ORN B BRUK R BUB R AR Gk
BT ORI R NGNS S o {2 7 N1 G | A = | A
J1o FLBRAK T 3 LR K A W L A R B AR 1
TWURLR] | 25 ¥4 T 22 [) (14 B8 458 BHL . 5 350 B 87 0 2
[ (A (TR R AF I %N el B i e 2 N O < N2
LR YN S

(3) = P 7Y 71 Y 37 Wb 72 1% 20 5% 3 RO, B
TEATRE AR TE A A, Bl 38 35 i A7 AE fo A R L 42

35



BRIl 25 % 43l

R X 2R S B B 3P 5 % A & 45 A m B =L (6] m3CHl, SIMy, ey, 5. )2 5% 28R 3 W W fik & %
T 2 L ’f/ﬁﬁﬁﬁ Zbﬁﬂ%m*@%%ﬁ(%’?)ﬂﬁ? AL M Fa @ M. A =B WA BIL)]. A A S

, 5T, 2016, 35(11); 2197-2207.
% A T A 440 B S R LR R
PRI By T e S 8 i K2 4R 2R A T C7] SRR JEARSE. MR A DO AR e AR

sgE@ﬂiﬁmu%]ﬂjﬁﬂ%\ﬂ?éjﬁﬁﬁ(?E@fi*ﬁi%+% %ﬁilﬂﬁﬁ&?ﬁm“]m%[]] ﬂ{l%ﬁﬁg}’k' 2010, 17(5) .
R HEAT B4, BE 2K B By 478508, T 4 TR A 234-242.

5% 3 [8] 1‘5]%‘]: ﬁfrf”a% ¥/f§w}yl £ ﬁ@&?kﬁiﬁﬁﬁ%%ﬁ%ﬁw

FIMBHAELEN . B S =Fh g BOBI[T]. FhariR

(1] =HERE, BRAS. B M AR 25 8% 300 3% 0 F 4 7 B R ) i 3 5T, 2024, 24(5); 1823-1836.
RERGRSI]. A8, 2020, 65(5); 26-33. [9] BAIHL.FENG W K., LIS Q. et al. Flow-slide charac-
(2] FEokREr. /NG, FAe., B 7= 72 5 R TR 3 A 28 R teristics and failure mechanism of shallow landslides in
IR S R BT, KRR E R, 2012, 32(5).: granite residual soil under heavy rainfall[J]. Journal of
113-116, 121. Mountain Science, 2022, 19(6); 1541-1557.
[3] X%, Em%E, P, % MESRENATET =mE M [10] Suk. fTEM, P, 5255 W 88 5 8 sh L
ERBR B AR E AT, T TR 5 B IR [J]. AL TR, 2011, 33(1) . 135-139.
. 2018, 29(1): 23-33. [11] FR&Gedd, 20T, &5, % KAWL\ HIH 5=
[4] TANG C, ZHUJ, QI X, et al. Landslides induced by the Ji W IR SR 3 B S ). RO RI TR A A 4R CH AR
Wenchuan earthquake and the subsequent strong rainfall R, 2017, 44(4) ; 385-402.
event: a case study in the Beichuan area of China[J]. En- [12] Z##&, AWB, FAE. % WiZ)s e T HE R
gineering Geology, 2011, 122(1/2): 22-33. WAL FF I [T]. b TR, 2023, 45(4).
(5] VFumk, 200K, ERL, %, DI % E SR B0 B R b 801-809.
FAES B AL W BB 5E (1], A A % 5 LR%H, [13] FRICH. fEFik. T IR08 36 X i i X 8 -+ i 46 2 04 5
2017, 36(11): 2612-2628. MAELT]. B AS TR, 2024, 24(3): 933-940.

Mechanism and Prevention Technology of Rainfall Disaster on Earthquake Damaged
Highway Slope: Taking the Slope of the Newly Built Provincial
Road S220 K39+280~K39+390 Section as an Example

BAI Huilin, FAN Anjun, JIANG Guowei

(Sichuan Highway Engineering Consult Supervision Company Ltd. , Chengdu 610041, China)

Abstract: On June 10, 2022, a 6. 0-magnitude earthquake occurred in Caodeng Township, Marcang City. Aba Prefecture. Sichuan Province.
The earthquake not only caused a large number of landslides and landslides, but also caused seismic cracking and deformation of the slope rock
and soil mass. Taking the K39+280~K39+4 390 section of the newly built provincial road S220 from Ribu to Muerzha Bridge in the earthquake
stricken area as an example, the rainfall disaster mechanism and prevention technology after slope seismic cracking and damage was studied. Tt
is found that during seismic activity, the seismic Bora shear effect promotes the expansion of rock joints and fissures, leading to the relaxation
of soil structures. As a result, seismic cracking damage is widespread and has a significant impact on slope stability. The pores, joints, and
fissures in the rock and soil structure of earthquake damaged slopes have good permeability, which is conducive to rainfall infiltration, resulting
in a rapid increase in soil moisture content during the rainfall process. Joint fissures continuously accumulate water, and the entire earthquake
damaged deformation body gradually reaches saturation during the rainfall process, forming high-value water pressure near the potential failure
surface. In addition, the lubrication and softening effects of pore water and joint fissure water reduce the frictional resistance between soil
particles and rock structural surfaces, leading to a decrease in shear strength and promoting the stability of the deformation body to continuously
decline until instability. Earthquake damaged slopes can be prevented and controlled by point surface combination. In areas with severe
earthquake damage and deformation, frame anchor rods can be used for overall slope protection, while dangerous rock falling blocks are
generally developed but relatively weak. The slope surface adopts the method of retaining at the foot of the slope (concrete retaining wall+ steel
grating) take protective measures.

Keywords: provincial highway S220; earthquake damaged slope; rainfall seepage field; disaster mechanism; prevention technology
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