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Stability study on reinforced embankment under action of rise and fall of
water levels
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Abstract: The highway damage due to floods is becoming more frequent, and the rise and fall of water levels caused by the
floods has irreversible damage to road embankments. Taking the reinforced embankment slope as the research object,
considering the reinforcing effects of different geosynthetics, the model tests on the rise and fall of water levels are carried out
to in vestigate, the hydraulic characteristics, settlement and damage modes of different types of embankments. The test results
show that during the rise and fall of water levels, the reinforcement changes the pore water pressure and magnitude of change in
soil pressure and the rate of response of volumetric water content to water infiltration in the soil near the reinforcement layer,
and the reinforcing effects of different reinforcing materials have different impacts. Compared with that of the unreinforced
embankment, the change amplitude of the pore water pressure in the geogrid-reinforced embankment increases with the process
of rise and fall of water levels, and the response of the volumetric water content in the geotextile-reinforced embankment is the
fastest. The change of them is beneficial to the stability of the embankment. The change in the geocomposite-reinforced
embankment is favourable to the stability of the embankment, and the effect of geocomposite reinforcement are optimal. After
the water level falls, traction slip occurs on the slope of the unreinforced embankment, which does not occur in the reinforced
embankment, and the reinforcement effectively reduces the settlement of the embankment. It is of great significance to study
the stability characteristics of the reinforced embankment under the rise and fall of water levels for the prevention and control of
water damage.
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Fig. 1 Arrangement of sensors

2 AEERSHH
2.1 FLBEKIEAS

IO TE IS AR P B SRR FL IR /K ) 28 4k it 28
i 2 BoR, 4 B Lo ALK E 18k AR AR —
o WRKATIA, BEAKAL_LEK, EANK NS,
FUEFFUEAR, BB Bl 5 KA B ik, fR
FEEKBDIRAS, /KA 28 1) R R P g, Iy
AR ZEDN, BTN, LR S Tk
KIGHT, AKROIRE bk, B, FLUERKIEE
I

KA FERY B, FLER/KE 2188k, W2 L&
TR, W3IRZ, W4/, W15 W3 ilFEHN
B, LRI K S B AP SR E N . el %,
AL BREEAE TR AR X I 2 B 3 A4
FLE IR A Bk, FT RS e 1.

= TSN 5 % AL AR PR S T AN 2 ] A
Az, WK 2 (a), LA PP1 oA, W3 5 W1 iz
AT, RETRIR, HE 2 () Mg N
RIFR AT, 22 SO EARONIE K G # . 35KR0 4,
W3 LR/ T W, TR I A8 3 N 172 7
51 A A AA BRI = A R S BE T, I e R 2
BT Ak, KABRIBIEZE, BRIERLLE, M
FUE N o ST B, 30 P KA 28 28 3 I i /2
BT R R B, RN AR B sh B
B, W3 AFEFLE R W, 1A, &4k
HA MR, BT, W4 iR W,
FUERFIE R TR G . fukthnal BiRe, KeMtprkl s
AR SR I FHRE I T FLE AR AL, TSR 2 Ak
BB ST R 2



$ T 2

RN, A KL T R SRR R R AT 3

ME 2 (a) ~ (o) A, W2 il mifl
R 7K ASE AR A R 37 45 Fie bR o T RO -+ AT B A
K K TORE, Al A A% s 24 B = TA R
Jis KA b3k ZE 3 e AR K o A M ) 5
WA, KU TATB R K TAE Ak, [FR,
P )+ AT 3 SN AL . W Sl
ﬂgwmmﬁwmm&%@,%%mﬁ%@ﬁﬁ?,
SEMEINF ARHRIUR D AB IRE LT HE =38
%%ﬁﬁo%%,ﬂzw)¢mﬁwﬁ,ﬂﬁﬁﬁﬁ

fEJE/ME T, BN BRI e, A
PRRUL, KL B R SRR AE I FLERIE R, K
(AT ol wt S S PRRE W ks DR WATS:cl B eee IR Ici SO
FLH TR WAL s

[ e ki e 1 200

al

FLBRAKE S1/kPa
vow

—
T
-

0
0 400 800 4500 5000 5300 6000
i1 /s
(a) W EPPL
300 = KMo +TH - 800
os| LA v HAMR
Jof KR
« " VY | Wi
g 15k /;7/;1“:%--*.‘: \:\ 600 g
E 1.0} ﬂ/? : .\vA b
L AY RN 400
g o ..7‘4 ! \ 3 . 2
= _ 0.5 ! odaggiegs] 200
-10f : \ 'vviittt
sl 0
0 400 800 4500 5000 5500 6000
i} /s
(b) W PP2
+ﬂ‘<11ﬂﬁ o T A
201 ilgg iAﬂ'ﬂ 1800
L 15t fir ﬁu‘
& 14
< 10} |
R / [
Hoost Yay
X — S
% ()n,(o.uss’"&# '
" osl/
-0.5 /
10— 0
0 400 800 4500 5000 5500 6000
I} /s
() WK PPS

2 KALFKEII 2P FLBRKE AR Rk
Fig. 2 Change curves of pore water pressure during rise and fall of
water levels
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Fig. 4 Change curves of in volumetric water content during rise

and fall of water levels

IKAL L RBY B, 4 Fh T, ARELE K E N K AL
ke R AR ], 4K VC1. VC2. VC3, VC4,
FH Pl 4 FT AT, AR S 7K & KA AR A i - 43 B A
R0 R AR B K BN KA L e 7 5 48 BT
RINAEE, LB AT LUINR K 73 76 B S 113 4 1)
BUEE, R BEARBIEE. W, AH
T2 AR R AR AR B K e KA T 1 I A
W2, W3, W4, W1, RHKA BEkEHT, LTAR
XTERSE B ARBE M TR R, L TR, &
MRL TS

IKBL T IEBY B, AR K S B ARl 7K A T 4 175 ek
N, FHBEETRRE, BN R IR 4560s
W, KON, SRR SR BRI 5 T K AL
ARy, (R A [R] T X KA T 9 (1 i) 57
YN W2, W4, W3, W1, UL ES b 2 1)
HAGESE . AN ke R A5 g8, LIARfERAE
RS, FEEESE N KHMECAHES, SR o A
R VCL. VC2 #4212
2.4 STF%

Bl 5 KAk AN FIZE BB R TI%, KA _EK
i, VBRI I R R B, ARE TR
Wom ERER, B85 LTRUTRE . KA BT
TREEAA, BRI S K ER S BIR, HARgib B
AEN, BT EER R AT, B KA
Xof Ak ) B VR FRI AR R, U 2SS
KB FI&ERS, —J7TH, B ITRAEAr, XA ik
BRAMORIN T, 5 —J7TH, BB KA LI
FEAEFHGE T AR S5 R 1358 0 AR i,
1B o AR FEMTE KDL B I B SR AT, RILN
DUBEIER, TERXW ATHIMER T, DU 2R N
#

I} /s
0 10002000 3000 4000 5000 6000 7000 8000
0.5 A I'
R
L
g 10} e,
£ L] 'X.'
1.5 Wy
& W
=20 ¥ A
of ‘ \ m
i:.
2.5 -...‘-::
300 =i e +TA

S ETHm - AHM
5 FRALHE T AN B BRI R AL ]
Fig. 5 Change in settlement of different types of embankments
during rise and fall of water levels
Hi&l 5 W45, DN AT Ras MIRE, W4 TR
N, BREZIIUIEN 2 mm KA, AHEE W1 BN T
34.1%, W3 BCERIRZ, B/ 23.2%, W2 HOR B,



$ T 2

FONtE, S OKALRRVE R T R SR A e AT 7T 5

/N 13.3%.

IKBL YRR EL, P13 W3 iR KT W2, B
WK, KT W3 JiBEE/NT W2. 43 ahK Az
R 0 mm, BTG, BN S KA 2
LB, RPRET R s rRs i i E s, itz
) AEARR AL RS, b A Iy = A2 5 129 70 77 Rl AR
SIEBNBE ST, IR MRS, IR 27KAL R V% AR+
TR0 A P b = T A S R AL

3 &% i

ST iR TR SR R A 7 7k R 2K R
BRI BRS E (R, T T FLBRUKIE 7. IR A
TR KR UMK BT FOR LR, L R
FIBEERBE R, 3 LA 4 M4t

(1) - TAT MBS BBk, + T A
BRI T KBRS, FEKRL T 7 AT AR A 53
He . TR S0 .

(2) TR 0 S R P R, - TR M
PR, IRBTETAE A, HILBUKIE 1 SR
TR WIS, BN AE P28 K B T 955 2 i 2 1
B

(3) AR EIREENE . T,
ST A RHRIHEBUE T 1 S KR 7RI R . A EL R
ERIE, AR AR N R 34.1%, 05O
BUf, £ TN RN 23.2%, £ TAT 0 AN
13.3%.

(4) IKREBKTE ST AN B3 Rt T 7 3] 20
B, IR R (R, LT, A
BN A 2L 7S 3 RIS KL, A X P,
A A SR R 2 ) S R R

SE -

[1] YANG K H, WU H M, TSENG T L, et al. Model tests of
geosynthetic-reinforced soil walls with marginal backfill
subjected to rainfall[J]. Geotextiles and Geomembranes, 2023,
51(2): 342-359.

[2] KOERNER R M, KOERNER G R. A data base, statistics and
recommendations regarding 171 failed geosynthetic

reinforced mechanically stabilized earth (MSE) walls[J].

Geotextiles and Geomembranes, 2013, 40: 20-27.

[3] YE W, HU J, MA F H. Centrifuge model study on the
influence of desiccation cracks on the seepage behavior of
upstream clay anti-seepage system subjected to abrupt
flood[J].
Environment, 2021, 80(6): 5075-5090.

[4] BHER, Bz, W B, S KK IR 2T
WA R AR AR AR IS T S (0], A L%, 2021, 42(2):
471-480. (XIAO Jiefu,LI Yunan, HU Yong, et al. Model tests

Bulletin of Engineering Geology and the

on deformation characteristics of ancient bank landslide
under water level fluctuation and rainfall[J]. Rock and Soil
Mechanics, 2021, 42(2): 471-480. (in Chinese))

[51 B/, BET, KT, & ARSI il
eoge Ra i AR 06 WE T )], & k1%, 2019, 40(10):
3789-3796. (BAO Xiaohua, LIAO Zhiguang, XU Changjie,
et al. Model test study of the failure of silty sand slope under
different seepage boundary conditions[J]. Rock and Soil
Mechanics, 2019, 40(10): 3789-3796. (in Chinese))

[6] HATAMI K, ESMAILI D, CHAN E C, et al. Moisture
reduction factors for shear strength of unsaturated reinforced
embankments[J]. International Journal of Geomechanics,
2016, 16(6): D4016001.

(71 ZWte, RIRR, HEK, S g sin R R a) =
W L LR (0], A S TREE R, 2020,
39(8): 1682-1695. (LI Lihua, QIN Langling, XIAO Henglin,
et al. Large dynamic triaxial test study on reinforcement
mechanisms of reinforced construction waste[J]. Chinese
Journal of Rock Mechanics and Engineering, 2020, 39(8):
1682-1695. (in Chinese))

(8] ZEWEtE, FrzeT, HETAR, & DN ks il &
H AR AT, & 1%, 2018, 39(12): 4360-4368.
(LI Lihua, SHI Anning, XIAO Henglin, et al. Model test and
mechanical properties study of reinforced earth retaining
wall[J]. Rock and Soil Mechanics, 2018, 39(12): 4360-4368.
(in Chinese))

[91 KIM M S, ONDA Y, UCHIDA T, et al. Effect of seepage on
shallow landslides in consideration of changes in topography:
Case study including an experimental sandy slope with

artificial rainfall[J]. CATENA, 2018, 161: 50-62.
(AL: PMIRE)





