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ABSTRACT

With the development of our country’s highway, the mountainous area traffic
conditions have improved greatly. Many highways were designed along rivers, lakes
and reservoir because of the restriction of landform in mountainous areas and hilly
country, inevitably forming a large number of reservoir bank subgrade. Because of the
special environment to reservoir bank subgrade, instability and deformation failure
frequently occurred. There is a remarkable difference in stability analysis between
conventional subgrade and reservoir bank subgrade. Therefore, relying on basic
research projects of the Ministry of Communications "mountain reservoir banks
subgrade stabilization technology research” (No. 200 831 874 006) . Based on
existing research, use theoretical analysis, large-scale simulation experiment,
engineering entity application and other research methods and means to research
stability and protection structure of the reservoir bank subgrade in the following
aspects:

@ Analysis on the main factors impacting the stability of reservoir bank
subgrade is conducted in geological and other aspects. Base on the special
environment, an in-depth explanation is given with regard to the instability mechanism
of reservoir banks resulted from forces imposed by reservoir water and groundwater.

@ Also this paper deduced the Sweden slice method and simplified Bishop
slice method on stability analysis method for reservoir banks subgrade. Stability and
protection structure of the reservoir bank subgrade are analyzed from the part and the
whole aspects.

® Based on analysis and comparison with the reservoir bank protection
structure and the new protection technology, select three kinds of protection structure
including gabion retaining walls, reinforced earth retaining wall, self-inter lock
structure retaining wall as prototype for large-scale simulation experiment and
established the corresponding physical test model.

@ Due to the action of reservoir water, reduction of shear strength (c. @) of
rock-soil mass may be unfavorable for subgrade stability. According the comparative
analysis of test data and combination with model tests to study the dynamic change of

reservoir water level on the impact of subgrade saturation line to lay a foundation for



stability analysis of reservoir bank subgrade. Tests show that types of protective
structure have little effect on the saturation line, reservoir water level fluctuation and
subgrade padding are the main factors affecting saturation line.

® 1t is revealed that the anti deformation capacity of three kinds protection
structure t as a whole are suitable to the demand of the project. With the reservoir
water level fluctuation gabion protection structure produce certain distortion as
flexible structure. Distortion of reinforced wall and self-inter lock structure retaining
wall have good overall stability, especially the self-inter lock structure has great
advantage in the project should be widely used. Through laboratory tests, also obtained
structural dynamic reservoir bank subgrade protection structure failure mode for road

repair works in time to provide favorable reference.

KEY WORDS: reservoir bank subgrade; prevention technology; stability analysis;

physical simulation experiment
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Fig.2.6 Calculation diagram of safety factor considering the pore water pressure
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Fig.3.1 Physical model for protection structure of reservoir bank subgrade
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Table 3.1 Similar constant of protection structure for subgrade
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Fig.3.4 Experiment materials
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Fig.3.7 Cross-section and plan of gabion structure model (unit:cm)

B 7K AL LB 523 B 4 B KB K lem X lem X 1.5em (I FTERE, X
T 5347 FUAR B AR M T 7K B AL LAE et T KK AL BARRIEE AR5, A 4mm
B EERERTILN PVC EBEBNKER R E THEBTMERREA 6.5cm 4,
B AT R, 5B, ERAME 2.5mm BFLERE S ERK
VESEHEBTERUSERM T KM EE WNIE 3.8 Bz,



26 BT ERBENPYEENLE
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Fig.3.8 Design of saturation line observation point
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3.9 TRANEE

Fig.3.9 Deformation observation device
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Fig.3.10 Test model of gabion

3.4. 2 i+ EHEELg

BERIDD, BER FoA M LA, R RPE AR L AR AR,
AL R A 1710, Krmand 3.11 BiR.



28 BEF FEREAEN P YEEHIAR

e o0 L 1

wl 1] —
B /e

i

T T T T
2 "I'_I"I'i

100

Y
A

o
N
AR \ Sé AN

"X \.‘ AN

Frorcrrrerreern

r
-CLCL]
3NN
N
\

170 176
(a) #RM (b) #RH
B 3.1 M L BA PSRBT (2460 cm)
Fig.3.11 Cross-section of reinforced earth retaining wall (unit:cm)
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Fig.3.12 Prefabrication of cement block and bar strip
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Fig.3.13 Laying bar strip of reinforced earth retaining wall and completes
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Fig.3.14 New self-interlock structure
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Fig.3.15 Cross-section of self-interlock structure

H R REE T HALE SR I T 5e ik, REBRSE 10em X Sem X 3em, # (6] I8 %
ABRTH. SHERGHEE—Z TR, SR T 8RR RUT B ki, K
HRELG, HAESE, X HEERE LR, SRt TR RO,
BT E—BRES, WE 3.16 Fik.



B=% ERBEGPYEEIRE 31
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Fig.3.16 Construction process of self-interlock structure
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Fig.3.17 Fix and erection of scale and probe system
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# 3.2 BEEKBAK. BKAE

Table 3.2 Rising and drawdown of reservoir water level plan

S THAEH FK. BAKHER
1 FEMAAK 1emvh (5 60min EEEIE—K)
1.15 29 43 57 71 85 99 113 127 141 ME(h)
2 WK 1em/h (45 60min FEEEHE—K) Gl
PAIEEK 1cm/h (48 60min IZEEIE—K)
3
1 15 29 43 57 71 85 99 113 127 141 mf(h
4 WAFK 3em/h (B 60min EEUEEE—K)
or
’ 135 7 911131517 19212325 2729 31 33 H@E(H
50 |
5 HWRIMA 3emm (5 60min EEEIE—K)  Ew
20
1o
° 13 5 7 911131517 19 21 23 25 27 29 31 33 ¥@(h)
6 | HRIBK Somh (4 30min MEUEIE—U)  [Ze

1 3 5 7 9 1113151719 21232527 e3fj(h)
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Fig.4.1 Saturation line of different reservoir water rising rate
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Fig.4.3 Saturation line of different reservoir water rising rate
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Fig.4.4 Saturation line of different reservoir water dropping rate
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Fig.4.5 Saturation line for gabion structure of different reservoir water rising rate
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Fig.4.11 Saturation line for reinforced earth retaining wall of different reservoir water rising rate
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Fig.4.12 Saturation line for reinforced earth retaining wall of different reservoir water dropping rate
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Fig.4.13 Saturation line for self-interlock structure of different reservoir water rising rate
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Table 4.2 Pitch elevation deformation observation record form the basis Cunit: cm)

1t U
1—1 1—2 1—3 [ 2—1 | 2—2 | 2—3 | 3—I 3—2 | 33
e
Eﬁ; 75.4 58.6 30.1 75.6 54.4 28.4 73.5 58.5 31.5
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Table 4.3 The deformation for gabion structure of rising rate of lcm /h  (unit: mm)
Pt
1—1 1—2 1—3 2—1 2—2 2—3 3—1 3—2 3—3
EEK
Ocm 81.00 81.88 76.00 92.46 92.66 92.22 122.56 48.34 48.20
259 cm 80.90 81.38 74.46 92.32 90.42 88.54 122.46 48.04 48.15
35.1cm 80.80 81.31 73.54 92.26 86.78 86.88 122.36 47.36 48.04
44.6 cm 80.60 81.28 73.00 90.80 85.30 86.58 122.00 47.26 46.28
54.5cm 80.10 81.18 72.80 90.40 84.72 86.28 121.26 46.78 45.10
64.1 cm 80.10 81.10 71.48 86.48 82.62 85.80 120.76 46.48 45.06
73.6cm | 80.00 | 81.00 [ 70.60 | 86.20 | 80.24 83.94 R 328 17273
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Table 4.4 Deformation observation record of the elevation from the basis (unit: cm)

Bz
- 4—1 | 42 | 43 [ 44 | 51 |52 | 53 | 54
il 20

72.4 59 33.5 | 18.2 | 75.2 | 58.9 | 36.9 18
mifg

1 HepRF R ERIE KA R FRE B SR, B2 FARRIKAL
AL EXIE, WFE 4.5 Fix.
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Table 4.5 The deformation for reinforced earth retaining wall of rising rate of tcm /h (unit: mm)

P 73 I 4—1 4—2 4—3 4—4 5—1 5—2 5—3 5—4

Ocm 93.74 | 112.40 | 112.46 | 92.06 | 92.12 | 82.64 | 81.10 | 86.88
259cm | 93.30 | 112.14 | 112.16 | 91.62 | 90.90 | 82.66 | 80.50 | 85.02
35.1lcm | 93.24 | 111.50 | 110.40 | 91.34 | 90.64 | 82.66 | 79.62 | 84.32
446cm | 93.14 | 111.28 | 110.00 | 90.74 | 90.40 | 81.88 | 79.04 | 84.30
545cm | 93.00 | 110.40 | 109.92 | 90.00 | 89.82 | 80.80 | 78.92 | 84.00
64.1cm | 92.56 | 110.20 } 109.72 | 88.74 | 87.90 | 80.10 | 78.62 | 83.80
73.6cm | 91.40 | 109.72 | 109.40 | 88.24 | 86.78 | 79.82 | 78.52 | 83.22
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Fig.4.21 Deformation of reinforced earth retaining wall
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Fig.4.22 The deformation with different water levels of rising rate of lcm / h
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M 423 ARAEETRARAEE
Fig.4.23 Deformation of self-interlock structure observation points

FA46 TN FERMSERIBCRE (R4 cm)
Table 4.6 Deformation observation record of the elevation from the basis (unit: cm)

LU

E 6—1)6—2|6—3|6—4 (71|72 |73 |7—4|8—1|8-2|8-3]|84
iR 30

- 74.4 | 64.7 [ 36.1 | 18.8 | 77.2 | 58.5 | 38.5 | 18.8 | 75.5 | 55.3 [ 35.8 | 19

SEIL bR R B KGR TR P S MR R, BRI TRRAL

R EEIE, Wk 4.7 Fin.
R 47 AKER 1cmh BESHERAMBEICRE (B mm)
Table 4.7 The deformation for self-interlock structure of rising rate of 1cm /h (unit: mm)

LI

6—1|6—2|6—3|6—4|7—1|7—2|73|74|81|82|83|8
PEK

Ocm 89.94 | 84.82 | 89.58 | 91.32 | 71.14 | 79.68 | 63.84 | 68.86 | 60.20 | 66.94 | 72.50 | 78.60

259cm [ 89.72 | 85.00 | 89.52 | 91.04 | 70.80 | 78.72 | 63.84 | 67.60 | 59.00 | 66.54 | 72.40 | 78.42

35.1cm | 89.62 | 84.30 | 88.67 | 90.60 | 70.92 | 78.46 | 63.26 | 67.10 | 58.64 | 65.80 | 72.36 | 78.34

446 cm | 88.80 | 83.96 | 88.30 | 90.26 | 70.58 | 78.26 | 62.54 | 67.06 | 57.18 | 65.10 | 71.80 | 76.68

545cm | 86.28 | 82.76 | 88.04 | 89.68 | 70.30 | 77.36 | 62.24 | 66.40 | Wtk | WH | W | #IF

64.1cm | 5% | B | B | BM | 68.56 | 76.68 | 62.20 | 65.66

73.6 cm 66.48 | 75.44 | 59.12 | 65.06

R U EERBE P SRR E, LA 4. 24,




60 FWE FFBEVEEERRLERIN

—h— T A6-1
—— ¥ 56-2
—a— TLH 56-3
—a— JH A6-4

0 259  35.1 446 545 64.1 736
Fe K fiz(em)

(a) BENHEEAITHELER

5 -
[ —A— UM a7-1
sl —&— BRAT-2
L —a— WM AT-3
—— W74

0 el L 4 N ——. i I n 3 . I —,
T T T T T

0 25.9 35.1 446 54.5 64.1 736
Pk fir(cm)

(b) HEEHEAIELERER

—a— ¥ E8-1
—a— AWM 582
~o— P 8-3
—a— HHF 84

$ N I M — I
T T

1

0 25.9 35.1 44.6 54.5 64.1 73.6
EEKfiz(em)
(c) BB\ BEREKNEUTERER
M 4.24 ARGEHTRE
Fig. 4.24 Deformation of self-interlock structure
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Fig.4.25 The deformation with 44.6cm reservoir water level rising rate of 1cm / h
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(c) KHURIBIE— R EMT
M 4.26 BEMIFER
Fig.4.26 Failure process of reservoir bank subgrade
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5.2 TiENH

5.2.1 TR

BRI 0 3 BRIV R A B e AR K4+660~K4+710 BAL FEPOIR O B35
W, BREHMEHERE, hARRD. ZBREEMTHRERREL, &AEERK,
MARBREDPEE, FEBEASNK. BHEAKHANRNEY R WR™EZ [
B, TREXESEEFHELABAAME, AR U7 FH. XEtEN: © 8
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5.2.2 FELLi%

FBRAERPRABNSGRELRE, BERGTAEEANE, ATIHEER
R FHRNRE LD HERE, FFHE 5m SHRMANIEE 0, SRS TERAE.
B EHBRBKAR KR, WA 5.1 (@) fix. ERSELEAYG)E, 2diF
M E T, BRI RIE G BX AR B RBRA A NS L
HENE SR EH, AN AR AR AEH, RENBRAMERT
RIERE, B TABMEABNBIRHIHL.

5.2.3 EE MR

HIGHRE LT ETRR, SHESHY: HEAE v =205kNm’, &
BREER ¢'=30° BIAEHNERS ¢=35°, AEH c=15kPa.

R RBOR AR RN RS, HnEEnRERESR, Zam
535 P A R 32 e B TG SG20-20 KR 4 B P TR o B 05 2
(A6 5 T B IR AL TR A R Y

< - T,- 4,
" [(0,+ZA0,,)K, + 0, ]
Kot S — W MBERE (m ), — BB/ MEZ I B
T i R M A HATERS ( kKNm ), = @D 7SS,
TN i AV R R
4 _pWERE SR, Memean =1
O —MERZLHEEAEES (kPa), Tn=rh,
ZAC, _zemma| R EEM ML S (kPa );
K+ EhRM, WFTempk =an’¢s°-4/2),
On — K FHIAR, —BIESRABTRT UL,

WiE LR AR E+ TREEER, HER/NERELRRE, d
R THESEMRA LR AREES =1m, HHKELEH Tm. FE Sm.
TE3m. HEEXRAEHFE, KEE 2m. PEE 1.5m. LHBE 1m, BHEERN
8 0.1m DUBBHUER S . MW/INTTFMRIR A BB E S RE MW, MR E L
RFE, WEAEPREHESMINE, WEEHLE S (b).

® (5.1)
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(a) FALERTIRZE

5.1 TiENA

(b) #IEIHEEER ($6m)

Fig.5.1 Engineering application

5.2.4 AEMKRE
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MsufiEEtE. MBI EEmgAEEt: ABRERER Lt TRIERERE

MHREErRHE.
51 BrkREIHESY
Table 5.1 Rock ,s0il and geotechnical material parameters
z ¥ y (kN/m*) |y (KN/m?*) | ¢ (kPa) ¢ (®)
W ERAE R 20.5 17.3 15 35
FERR 215 18.1 80 35
kA Hb A 20 16.7 50 30
ERHHHHR | 10.11 kN/m?
TGSG20-20 X [ P % - T 4% it
9 8 1) A% PR B e JE IR A >20kN/m
P, B 2% KR R h >10kN/m
9\, BEmE SHAKEII{Hh >13KN/m

ERFLET, ERDHEAH MBI KRR SR, Fik
B 7oy AR ik BUKAL Y RAFAE, 19 5 7K AL K B R A A R B AR BRAR S
R\WARS XA AR ORMENE, REGFLERLLSYE, BETREE
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HEK.
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Fig.5.2 Project completion
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