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Mechanism of Water-Damaged Landslides of Embankments and Comparison of

Reinforcement Measures

HU Minghua'?,ZHANG Baiyong'?, XU Kui'”?
(1.Anhui Transport Consulting & Design Institute Co., Ltd., Hefei, Anhui 230088,China; 2.Highway Traffic Energy Saving and

Environmental Protection Technology Transportation Industry R&D Center,Hefei, Anhui 230088,China)

Abstract: Water damage to embankments seriously affects the normal operation of highways, so it is extremely
important to ensure the stability of the embankment. In addition, it is necessary to analyze the mechanism and
study the safety control measures for water-damaged landslides of the embankment. A highway subgrade
embankment was studied, and the causes and formation mechanism of the landslide were qualitatively analyzed
based on the on-site deformation monitoring and stability calculation. Then, the stability coefficients of different
reinforcement schemes were calculated. An appropriate reinforcement scheme was recommended by considering
the project cost, construction technology, and construction period. The results indicate that uneven settlement of
the embankment stratum is the fundamental cause of landslides under the influence of continuous rainfall. As
rainfall accumulates in the depression on the left side of the embankment and penetrates into the soil layer,
swelling and softening of clay layers and blockage of drainage channels further accelerate the formation of
landslides. The composite reinforcement scheme of steel pipe piles and backfill back pressure meets the stability
requirements, and the reinforcement effect is good.
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Figure 1 Typical subgrade section of embankment (unit:m)



28 ¥

N~ %

2024 5

JEFFEE LI . 18] 2 O TR 5% 5 05 ) A 6 A8 TE B I

() A2 A7 B0, 1 3 2 g T 234 5 7 T T

10 70
= E
iz 65
g " s
2 60
= 6 ol
23 55
=&, B%
= so 2
2 2 —o— B E 45 \_mé
® ——mEaR | W
0 I I I

1 2 3 4 5 6
UL B ] /d
2 HEAZSEBESTHEREEAER
Figure 2 Variation of pavement cracks and staggered

deformation with time

T BEH

. . LY o dy
SU4%7 4 K46+080 HAEH AUKA6+146

3 OBERETE
Figure 3 Illustration of pavement cracks
2.1.2  BEAT B3R T SRR SR
P4 o B A By 47 5 B A

(b) i hEoh 54
E4 BREMIPRENS

Figure 4 On-site indication of existing protective diseases

R4 0T DL Y« 3R B A 5 9 s B g AR
B 3.0~5.0 cm, K46+ 130 4b 14 % 32 34 5% 5% &
AL AT L A B 2 10.0 em, Hb oy B4 5 A i B AR
T FEZ, e SR8 5 b £ 8% I I 1 A HR B AR &2
M/NRLSE 55 0.5~1.0 cm.,

P 5 ol WE AT HE K B 18] 5 35k 2 ) = ffy 3 b 7= 74
7K BREE 2 50.0 em, A RE S HE o B A ) % 32
P4 55 110 0k 7K AL A A0 /N R B SN SRR . A I R
I BEIAL % B Ak SRR K R 24 10 L/ min.

AR .~

(b) S ik S R
Es5 BREHKRFHER
Figure 5 Existing drainage site conditions

2.2 KEBIEHIES
220 WEH RS

P 6 Jhy 7K BT o B R IR ol T SR FE R
FEOFERA SRR VIR, B IR
3 A 8 T A D A AT LA JLAS 5 T

LT IURE e S|

6 KB ERER (A :cm)
Figure 6 Illustration of water-damaged

landslide process(unit:cm)



% 34

YU e A AR K

YR AUEL R e ] 3 56 VLA BT R 29

(1) HuJP b 30 DR 2% o 32 B fi R 20 M = 1T 3R 1L, it
2 R NI e o e NI N e R A CI B S |
BT B AR AL b R FE 10°~20°, 6 P M A7 7
WY S AR I BR R o AR B e A I R A A A E — &b
M b, T T35 22, T MG S 4 W T K 1 29I
50 em, HMTHb 3 A AT R UK, o i 38 ik 3k T HE 1

(2) FEWI N2 . 00 H XN PR S sm e, 22
T R 7K T T o 9 98 1] 12 Bt 6% 2 A AF KR 32
AT AR T i 7K R b 7KK 2 A S S5 1 DA B Ji
GBI N FRAE A E AL, 1 )32 1)t 5 - R B BRI -

(3) WiZ N, [ 1R 552 0 g+,
LA 55 W v WK 2 ik A, A2 i 3R K LR K52
Wi R 4 R o, TE RS20 T M 2 BRfb 7 R T B
GEcRice: Bk

(4) BEIEI R o 2% BB I OB DL A0 e 3
{60 Sy SO AT o B B T TR N T S T B U
10 A A 300 Bl N B RE N — T T % R A T4
AR BN E b T AR M B i fr 2 5 — O
T, i 3 T A2 0 S A B R SR () 1 At /N SR 3
FEP 5 HEK AL, B S A BE I Y HE K G E B %
222 REMEST

(1) %4 RZEbRAE St 545

K AV E A AT AR F M 0 R i i Rk
iz [ GEOS HLIE S5 84 #E 47 40 Br 5 iH 5 15 3] &R
BTMLEFEIER L WSO8 HERUZ W 3, ghm
NATEIE | P SR R A% 338 2 H0k 2 Uk AT AR E M
AL

12{[( W,B 7 RD,)tan Pi + C',‘L,’}ﬁ@_/}"_ R,,

j=i

E{[Wz(sin a,+ Acosa,)+ T,;Jﬁgo, + T,

j=i

(1)

KK MREMNREGW R (K E & (KN/m) ;
B=(—r;)cosa, — A sina,;c; N5 i xREINER T1(kPa) ;
@ R RPN BEAE AR (©) s Lo o5 i 25 B T B (m)
a, R ER T AR PRI T AR (°) s A bR IR BE () 5
55 i R PG R B RN n B0 BT S (KN/m)
TN n U T W (KN/m) s Ty, B & & F
A7 53 J1 5 Ry, B8 R ) 3 W I 4 T
R,={[W,(1—7r,) cosa,—Asina, =Ry }tang,+c,L,;

n—1

T,= W,(sina, + Acosa,)+ Tos || o,=0.0i 1000
=1

K§0n—1;

T, = ywh, L tanp,cos(a, — f.); Rp = ywh, L,
tan g3, sin (@, — 8,); 8, M HE i FRHLHLF /Kt 1] o

1 REREIRAE
Table 1 Safety factor standard

p;=cos(a,— a;+)—sin(a;—a,; ) tan ¢, ;3

ATEPRZS T 9% 4 R 8
HATEE

1.05<<F<C1.25

T

F=1.25

AR KA E

EH T8 <<1.00  1.00<<F,<1.05

ZEW A <<1.00 1.00<<F=1.05 1.05<<F.<<1.15 F>1.15

A B 37 18 £ 3 1o O 3¢ AR T8 6 1 1 0, HE
TRAEDY DA RE AL T - D B 32 10 35 4% 0k 3 I Ak 5 @
BURSEHLAL 5 © HEHE A £ b o B 16 1 Sl i dn
7 BT o AR 0 2l Al g 2 2 50 5 1 0 B ik
RS ES LA RME 2R .

IO 35 75 0 2
s _‘@‘E?’%Kﬂfﬁ3

7 BERIETEE

Figure 7 Illustration of potential sliding surface
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Table 2 Calculation results of safety factor of potential sliding surface
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Figure 9 On-site temporary emergency treatment scheme
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Figure 10 Reinforcement measures in scheme 1 (unit:cm)
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312 HER2

P12 R J7 58 2 I 15 it s 2 R o A SR P 5 A
7T bR R OHE SR AT I R KR Y I
BOA G ERE R R B R BN BT

TR

WS IR E SN E, I R A = 8~
10 m, RMEZZERN S 60.0 cm X 50.0 em, D\ 4] [6]

FE 3 m, REAR S AR R BRI K E 35 m,
R 6 AR L, BB LIk I3 AN /N T 600 kN

K I GEOS B4 6 Jin [ J5 4 46 B 30 e A58 780 3R 47
R T . R R 2N G # W TH T L4 R5
H1.26, K TR ERAA 1.15, i 3 R P e 2R .
313 HE3

Bl 13 Ry 7 58 3 I #5 it B 1B o 7R 3R P R I
5 m Ab B BT AT S P B R BT A ) R AT HE 3
HE 3O3R B 3 me BUIE MR O R BUME BE, R
22mxX1.8m, FHHEK 25 m, A EEIA 11 m,
BL VAL D RE A7 T A . E BEE TR 1 moAb T RS B R
FL WS IHE UL S , AT it i 2R R AT AR AR

SR FH L TE 5 002 0 0 A o T S B 0 33 A
YA AR 8 M BT BRSS9 R A R I K4y Tk
530 kN/m , # T 5z K A7 % 66.0 mm, /v F 100 mm, 7
SRR E R . SR 3G B W T F&4eR
Kol 1,36, BR T RLIE BEORH 1.15, 18 1 3 B 1 il
SRR



- R N 2024 %

13 57 T S 5 K TR 05 - DA S

R O 0 T R

Aok AL

il 2R AE AR
| =)

10
=P
L :%f’-- ) o s
Wlll// Qe ¥ ; ‘ REAE
3 _ 500 500 = i}

=
&

Yo
e 00000 P
// BWRELOTT T %////y
L //
i

/ 7
Ny 0 e N 77 S
7 s S W s
iz R > 7 i
LI IC I 10 fik ‘////’/{ ;3

/ 53//',.
I O | N A

it %}fi‘%}’ Y, ////// ”
R B e
N 1 A | R 1 6‘5}*&\5 I e =47
Tmr’-ljxutljzjjﬁi—jj(g@\\‘H‘H‘H‘H‘M‘W‘ ‘H‘H‘H‘H‘H‘H‘H‘H‘H H‘H‘H‘H‘H‘H‘H [T 1T
I | H‘H‘H‘H‘Hi6§E¢J15g’q§CéﬁL:3200\ I A A I A | A

12 AR2MEHEEREE AR :cm)

Figure 12 Reinforcement measures in scheme 2 (unit:cm)
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