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Response of the slope reinforced with BFRP anchors to earthquake .
a case study of the slope at the Xiangshui River
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(1. Yunnan Transportation Investment Construction Group Investment Co. , Lid, Kunming, Yunnan 650228,

China; 2. China Northwest Research Institute Co. Ltd. of CREC, Lanzhou, Gansu 730000, China)

Abstract ;: The seismic activity of Gongdong Expressway is mainly controlled by Xiaojiang fault zone, which has
experienced many destructive strong earthquakes. The slope instability caused by the earthquake and the
damage to the original supporting structure have brought great safety risks to the highway traffic operation and
seriously threatened the safety of people’ s lives and property. This paper studies the acceleration and dynamic
stress responses of unsupported slope and BFRP anchorage slope under the action of EL seismic wave through
shaking table test, aiming to provide certain theoretical support for the seismic design of expressway slope, and
the following conclusions are obtained: (1) when the peak acceleration of the input seismic wave is same, the
acceleration amplification coefficient of the slope without support is larger than that of the supporting side at the
same elevation, which indicates that BFRP anchorage structure can effectively inhibit the acceleration

amplification, thereby it can improve the overall slope stability. (2) Due to the inhomogeneity of slope soil,
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the acceleration amplification coefficient at different measuring point in the slope increased nonlinearly with the

peak acceleration of input seismic wave, and shows a “zigzag” change trend. (3) the surface of secondary

slope with the largest compressive stress, slope surface without supporting is mainly bear the tensile stress from

the upper slope, the slope unit stress in slope body is not uniform, shows that BFRP slope anchor structure can

change the stress state of the slope units.
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Table 1 Physical and mechanical parameters of

materials in the test
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Fig.1 Arrangement and installation of anchor rod
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Fig.4 Three-way accelerometer

(2) 8 + I 5 IR A%

BE IAL B g8 o CYY9 AU+ 38 5 47 JK ) 4% 4%
(F5), AL a4 A5 S G y 0 ~SVDC (A
Jp2.5VDC) , EB B Ry 0.25% , M & 5 R
-500 ~ +500 kPa, & T #F5% 3 K 10 3 + % )
TEAR 2l ot B v % ) 07 R, 0 ) A e 3 v S B 3 i
40 cm F1 80 cm A7 B 4 & H1it s
1.5 MR A SomER 1.0

AR e BN B AN T /N VL W7 40 B, 0 sl B 2R
R KRR, R T 05820 6 VR 2 i 100 3 1 b 7R B A

5 CYY9 +EERENIERSS

Fig.5 CYY9 soil and rock pressure sensor
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Table 2 Similarity ratio of input seismic waves

WA W Co=Cr°xC"? 1/2%*
e C.=C, 1
SES C,=C""xch? A3

b 72 I RE R A B, AR D TR 14 08 % Ry T 4 D T
BRI N R 4. 47 5 g I 0 i R s 1] A i A O
TR AR 1/N" A5, B 0. 2245 i 2% P B 19 R 06 A A5
J 4 T (8 5L BE 4 7E 0.1 ~ 10 Haz, 1717 12 5% i i) 2y
40 s, PRI AE TE I 09 n 2 % O 4 B R 0. 447 ~ 44.7 Hz,
(LA B b FRON B 4k 3l 5 1) TAE S BES0 He, ) | Jin 48
6]k 8.94 s, JE 45 e i A M 72 I st A il & 4 7 6 R .

AR SCHF ST X AL T 1 ZU0 R b X 50K et v i A D ek
BEWEAH B Ry 1.0 g, >R FH 2 9 b 7% o 3kt 3 e £ ) 5 =X
AT N 0.1 g B 1.0 g, BARME T3
W3,

£3 BAMBERMHESR

Table 3 Loading mode of input seismic wave

T i8] Jn &5 1 PGA
1 E 3% 47 K (X) 0.05 g (0.1 ~50 Hz)
3 EL wave K (X) 0.1¢g
5 EL wave K (X) 0.2 g
7 EL wave K- (X) 0.4 g
8 EL wave K- (X) 0.6 g
10 EL wave IKF-(X) 0.8 g
12 EL wave K- (X) 1.0 g
14 IER% K- (X) 0.05 g (0.1 ~50 Hz)
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Fig.9 Failure of slope surface while acceleration is 1.0 g
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( excited by EL wave)
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Fig.11 Relation between acceleration amplification
coefficient of unsupported slope and peak value of

input seismic wave (excited by EL wave)
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Fig. 12 Stress distribution of at section I in slope

supported with anchorage
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