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Experimental Investigation on Dynamic Response of BFRP Anchorage
Structure under Earthquake Effect

LI Cihang
(China Railway Siyuan Survey and Design Group Co., Ltd., Wuhan 430063, China)

Abstract: The study on dynamic response of the anchoring system under seismic loading mainly em-
phasizes on the dynamic interaction mechanism of the anchor cable and the grouting body, or the
grouting body and the surrounding rock, which is the research focus and development trend in the rock
and soil anchoring engineering. Through the large-scale shaking table model test, the dynamic re-
sponse of the BEFRP cable in anchorage body under seismic loading is studied. Using the strain gauges
attached to the anchor cable, the strain waves on different anchor cable sections and different anchor-
age depth during dynamic loading are measured, and the axial force amplitude and residual deforma-
tion of the BFRP anchor cable caused by seismic action are analyzed. The results showed that: (1)
The dynamic response of the anchor cable caused by the earthquake is basically consistent with the oc-
currence time and duration of the strong seismic section of the input seismic wave acceleration time his-
tory curve; (2) With the increase of the input seismic dynamic load, the peak force of the BERP an-

chor cable varies with the yielding state of the slope structure, especially in the first half part of the an-
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chorage section. (3) With the increase of the relative height of the measuring points in the anchoring

structure, the influence of seismic motion on the residual axial force of the anchor cable is significant,

and the phenomenon is more obvious near the end of the anchoring section. According to the prelimi-

nary distribution law of the vibration energy of the anchor cable obtained by wavelet packet decomposi-

tion, the transmission characteristics of the main frequency of the anchor cable along the anchorage

depth are further discussed, and the damage mode of the BERP anchor cable anchored structure under

dynamic action is revealed.

Keywords: Earthquake action; BFRP anchorage structure; dynamic response; wavelet packet decom-

position
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Table 3 Energy distribution of strain wave band of BFRP cable under sinusoidal sweep

T 1 %% & M0 BL U 30 BE ik 43 7

T2 5 R4 99 B 3 BE 1 40 A

T3 5 4% & WU BLR 0 BE 4k 3 7

B/ Hz Ao/ % T/ % Ao/ %
1-2 1-3 14 1-2 1-3 14 1-2 1-3 14

0~1.562 57.52 6.00 8.84 2.81 15.18 75.85 30.13 6.51 10.93
1.562~3.125 0.63 0.25 0.42 1.31 1.01 0.48 0.47 0.35 0.56
3.125~4.687 0.45 0.17 0.57 2.50 1.81 0.26 0.79 0.46 0.41
4.687~6.25 0.82 0.44 0.94 3.84 3.04 0.35 0.74 0.44 0.62
6.25~7.812 1.36 6.51 0.54 1.18 1.03 0.32 6.27 5.01 0.75
7.812~9.375 0.40 2.23 0.40 1.73 1.56 0.27 3.07 2.51 0.43
9.375~10.937 0.23 0.23 0.58 1.89 1.54 0.28 1.10 0.71 0.42
10.937~12.5 0.33 0.73 1.24 2.85 2.45 0.16 1.77 1.59 0.44
12.5~14.062 0.81 1.67 2.27 3.81 3.23 0.17 1.74 3.17 0.38
14.062~15.625 1.36 2.87 3.90 4.72 4.33 0.20 2.48 4.54 0.47
15.625~17.187 2.44 5.60 4.83 5.02 4.26 0.18 4.19 6.06 0.54
17.187~18.75 3.13 6.83 0.92 8.06 7.44 0.29 5.28 8.26 0.83
18.75~20.312 1.13 4.81 2.01 1.30 1.21 0.30 5.00 4.01 0.58
20.312~21.875 2.02 6.34 4.73 2.06 1.94 0.21 6.29 7.00 0.80
21.875~23.437 2.87 7.25 4.25 3.64 3.15 0.24 5.17 6.04 0.49
23.437~25 2.32 6.67 38.31 2.67 241 17.85 5.14 5.29 75.19
Hofth 22.18 41.40 25.25 50.61 44 .41 2.59 20.37 38.05 6.16
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Table 4 Energy distribution of strain wave band of BFRP cable under Ludian seismic wave

T 15 2R A W5 BLIR 30 fiE 12 70 A

T2 5 3 4% W BLIR 3l BE Bt 0 A

T35l 3R 44 W BLAIR 3l fiE 12 0 A

B/ Hz Aoy % T/ % Ao/ %
1-2 1-3 1-4 1-2 1-3 1-4 1-2 1-3 1-4

0~1.562 64.23 74.10 61.10 20.86 95.98 20.40 97.67 87.12 84.57
1.562~3.125 4.22 5.89 1.39 11.13 0.37 2.22 0.56 0.79 1.02
3.125~4.687 8.49 2.79 2.68 34.90 1.57 1.65 0.13 1.97 0.04
4.687~6.25 1.53 1.88 0.50 2.15 0.06 1.56 0.03 0.58 0.13
6.25~7.812 1.41 0.69 1 1.56 0.08 0.89 0.12 0.52 0.09
7.812~9.375 2.93 0.64 1.68 4.89 0.44 1.14 0.20 1.93 0.40
9.375~10.937 2.61 1.47 1.35 3.03 0.15 1.06 0.14 0.53 0.30
10.937~12.5 3.67 1.04 1.32 6.96 0.47 0.80 0.23 1.13 0.06
12.5~14.062 0.32 0.11 0.28 0.15 0.01 0.64 0.07 0.11 0.11
14.062~15.625 0.62 0.22 0.26 0.24 0.02 0.56 0.03 0.10 0.06
15.625~17.187 1.41 1.56 1.21 3.22 0.21 0.57 0.16 0.45 0.17
17.187~18.75 0.58 0.70 0.29 0.63 0.05 0.64 0.05 0.10 0.10
18.75~20.312 3.24 4.21 1.83 0.77 0.06 2.13 0.02 1.14 1.26
20.312~21.875 1.06 1.37 0.72 1.05 0.03 1 0.12 0.82 0.38
21.875~23.437 0.77 0.45 0.78 2.21 0.13 0.69 0.19 0.94 0.18
23.437~25 0.77 0.54 20.53 4.40 0.17 53.29 0.07 0.76 10.08
HoAth 2.16 2.34 3.08 1.85 0.20 10.76 0.21 1.01 1.05

i NN T WA S 0.6 A 65 ) i 7 D% B 5 ]
Bt BERP i % 25 W 45 4R 2 Be &t 40 W& 4, 4 by
e 45 A5 RE 0 A, AN BERP SR 454 T1.T3
15 52 Bl J3 AE R AE AR 3 A DAAR A B (0~
1.532 Hz) 2y 3=, [T 44 N 25 000 5 Al 2 17 A% P 0 1 3¢
TS WA g o N N S =4 D I =
Wl K 3.125~4.687 Hz, 0~1.562 Hz il 23.437~25
Hz, By [ SCH B ml 0, 20 33k v 38 8 2% Bl g o 2 7F 4
N HB R I 0 B 5k B 0.6 I A A% 338 B, T L) R R
it ) 235 K 5 R 5 i 2R IR B S A A A G R T AR Y
BERNAR ERR — B, & R R RS E R R
WL 2= R R SRR R S AR Z R P
iz gl R — AN B 37 B B B TR 45 4 E
e R 1 sf 1) R R0

iy A JEE (B N 0.6g 1Y E1 Centro M 52 I 1,
Gl [ BE 9 BERP 4l 2 45 o5 4% 2h g i 40 A WL 3 5,
A3 AT 2 R A5 RE B 40 A, BFRP AR 4580 T1. T2,
T3 119 7 A8 % 3 4 35 SR A A B (0~1.532 Hz) , 4 [
RN RS 2R 5 TR Z AR JE U R], EL AT A - 11 3 A

P, 7] LA N El Centro #1572 3% /£ FI N BFRP 4 & 4
[ B B 45 B 4 1 i A1

3 & it

(1) %l [ Bt N BFRP 4l 28 5% 4% i 3 76 3l 72 i 8
il ik A A O AR S AR A TR — A R BUE LAY i
Tt I 26 il 1 45 R R g 1940 80l T4 14 il 6
PR B AR iy B SR S Ml R A S R A O X — i e
e i i 1 5 11 A7 5 T HEPTORH A 8 4 AL IR

(2) B 25 i A\ 3t 75 50 30 B2 W P A 38 R, il T
S A 2 A it JIROR: 2 P 2 e A A Ak i R 4 T el g e
{EL R /N 308 R AR I i 3 MR 28 R AR A A A
i ] TR b U AT 1] b A ) e R A7 A ) 33
AR Bl 3 e I3 2 3 A, X 4% 4 i e T i T 445 A 1) Bl
T I AN 58 2 AR TR, IR e 4 1T BE RP 4[5 45 14 15
T H R IE 20 R A 3 L A A A [ T

(3) i 7] Bt P L 2% I8 431 % R A 5 i A B R i 2
RUA O, TTCHE) A T3 (3 To0) 5 4 5 [ B oA )
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Table 5 Energy distribution of strain wave band of BFRP cable under El Centro seismic wave

T 1 2R 4 W0 BEAIR 30 it 12t 3 A

T2 5 R A I BUR S g 1k 70 A

T35l 3R 45 I BLAIR 3l fiE 12k 0 A

B/ He T/ % /% A/ %
1-2 1-3 1-4 1-2 1-3 1-4 1-2 1-3 1-4
0~1.562 45.17 94.92 47.97 63.69 96.9 59.09 83.61 89.87 66.97
1.562~3.125 2 0.39 1.37 2.86 0.12 0.95 2.86 0.55 1.42
3.125~4.687 7.54 0.28 3.21 7.06 0.61 0.70 0.40 0.64 0.30
4.687~6.25 4.47 0.31 1.16 2.43 0.15 0.95 0.48 0.71 1.15
6.25~7.812 3.04 0.24 2.29 1.24 0.11 0.50 1.56 0.55 0.66
7.812~9.375 4.33 0.36 2.26 3.54 0.34 0.72 1.06 0.63 0.76
9.375~10.937 4.10 0.17 2.20 6.95 0.43 0.54 0.71 0.29 0.57
10.937~12.5 2.14 0.19 2.08 5.23 0.50 0.98 1.39 1.35 1.10
12.5~14.062 0.22 0.03 0.21 0.13 0.01 0.28 0.16 0.08 0.38
14.062~15.625 0.33 0.03 0.91 0.29 0.02 0.36 0.21 0.16 0.49
15.625~17.187 2.34 0.21 0.44 0.86 0.07 0.39 0.76 0.42 0.51
17.187~18.75 0.86 0.09 4.06 0.24 0.03 0.32 0.62 0.19 1.24
18.75~20.312 7.74 0.89 2.35 1.11 0.16 0.44 1.11 1.01 0.71
20.312~21.875 3.60 0.51 2.72 1.38 0.16 0.49 1.41 1.01 0.84
21.875~23.437 3.96 0.44 3.17 1.42 0.16 0.29 1.26 0.88 1.63
23.437~25 4.48 0.53 20.80 0.77 0.11 28.54 0.69 0.72 18.59
Hott 3.68 0.41 2.80 0.80 0.12 4.46 1.71 0.94 2.68
i 7 T % 58 1 A% 1 I e S e R 10-13,17.
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