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Shaking table test study on basalt fiber reinforced
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Abstract: In general, the steel anchor cable can effectively reduce the deformation of the slope body, and is useful for slope
reinforcement when the seismic intensity is low. However, the anchored rock mass deforms excessively under strong earthquake
conditions, and conventional prestressed anchor cable cannot sustain the large deformation, which leads to the catastrophic slope
instability and failure. Additionally, the corrosion of steel anchor cable often occurs under the groundwater containing corrosive
substances. In view of this, the dynamic response of the slope reinforced using the new basalt fiber reinforced plastics (BFRP) and the
unsupported slope was compared through the large-scale shaking table tests, aiming to provide a scientific basis for the dynamic
rational design of BFRP anchor cables for reinforcement of high slopes. The result shows that: compared with the slope supported by
BFRP, the unsupported slope has obvious deformation stages during seismic loading, which can be divided into elastic stage, plastic
stage, plastic reinforcement stage, and failure stage. When the peak value of input wave is less than 0.2g, both the slope supported by
BFRP anchor cable and the unsupported slope are in elastic state. In addition, the peak acceleration value of the slope supported by
BFRP anchor cable is greater than that of the unsupported slope, which indicates that the BFRP anchor cable can effectively improve
the rigidity of the slope. Under the action of seismic wave in the same condition, the displacement spectrum value of each measured

point in the unsupported slope is greater than that of the corresponding measured point in the slope supported by BFRP anchor cable,
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which indicates that the BFRP anchor cable can reduce the deformation and improve the seismic performance of the slope in the slope

supporting engineering.
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Fig.12 Displacement spectrum of each measuring point on the left slope
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Fig.13 Displacement spectrum of each measuring point on the right slope

gRbpng, F—THRMREEAERT, el A, HEE SRS RGO, PiEL K
Wb M R RS A R T AR R 3 AR R EE AT K. 2R 9 BFRP #2114



398 = +

Foo 2021 4

YW TREA S, o DUR AT RO PR )3 kA T, 5 F)
T AR PUE HERE
5 AR ICAIANLE]

P NPONIKRE (0.2g) HE (0.4g). TRE

(0.6g) 75 A5 P I I 355 (A 3 AR AR ARG Tl R 43 #
AR 14 Fiw.

B 14 A PRSI
Fig.14 Deformation of left and right slopes

WK 14w, £ 0.2g MHUZRIER T, A
F PRI A I B AR TS I, 454 3.1 T
SATHIRER, A BB EE N T 0.2g I, 7o
PRI b T RS o % N IR VAR I 3
0.4g I, WK 14(b)Fi7~, £ilE BFRP 3L 4 903
HIL T — %KL 12 em (RS FZE5%, 16 5 JH
BT — 2K EZ) 8 em (11 [ Z44% , 1 A i G S 4
AE 6 WILILIH K 5 LT B AL I T AR5
IR, S LARRIEE RN, BHIB LLEE R, (Rt

A2 FEE 9(b)+ N7 Wl A 0.4g FIHLEEAER T
oI R TSR 2R BOIR e (1 15 1O o

1E 0.6g MUBRAER T, A2 47 TR AR T
S 14, HEWS, ZAlRAsE 4~6 %
P I T SARYHREILS, WAk O G 2 Y T
WIS . MBS, 4lE BFRP 45 ¥ ihd R 7E
4 P 5 FHEHE AL E BT A SEE, I
IRARTEAG LA o

Kl 15(a) 15(b)73 AR T (0.8¢g) Tt
PR3 A TR . il 15() s, XAl T
AN, AR EEA DI RIS,
[FIS, 75 3~5 AL E A Il 1 AR} R 4%,
ANARBAE 0™ 5 . ] 15(b) A 1E BFRP 452 3%
PRI AT SR B, AT AR S
FRAE 6 IR 3 R I T LA SHEELS, H
W phrb R LA B3B8 A, MR T OGS AP AT =
al kgt 2SS AER SRIOE S Zh N CAE

30 |5

30

185
30 30 30

i 5, =

Z
: o
3 41 | 392 [367 ] 467 | 367 [ 367 35 |5

280
(2) ZEWRILBE TR

30

30 30 |5

185

30 30 30

4

3] 41 [ 392 367 | 467 [367]367] 35 ||5
280
(b) AR TERCR ]
B 15 EAWRASSARHEERE (B cm)
Fig.15 Deformation illustration of the left
and right slopes (unit: cm)

30

6 4 it

AT KRS 658, % BFRP £ 2 HESE
BN SCAP I35 T ST R I P i Sz K o



%2 ]

WRICEE: KR 2P RN 5 G M RHE sy 123 B 97 mh B3Ik 5D & 1 B 7t 399

BT T X o dir, iR R EAE R T

(1) 1£ 0.2g HiFEPAEFH Z AT, BFRP i
3 R To A i s e R FF R ERAS, HAEEEAN N
Bod R, oY A B A I B AR TR B

(2) BT IR R SRR R RN fe
RS RO I AFAE A5 A R T 0 8 o i B e (i
HH AL I A R ) A T ST B K ISR

(3) BFRP 2 SC 412035 10 sk B8 e (i 34 K
TSI DN BEEAE, REART IE U
Y S, BFRP 4% Al A 803 w3k Nl .

(4) [Fl— THRHERAER T, ot
I B AL RS VB I B KT BFRP 43 S 136 B
WAL R, 0] BFRP & T4 T
TR, ATDURLF R RR G AR, AR T E
RIBLREPERE .

(1] WK, RN, ZEzeut, &5 HuRR MR T IL3 iR 7

iR 2R R, 5 A S TR SR, 2012,
31(3 7 1): 2847-2854.
YE Hai-lin, ZHENG Ying-ren, LI An-hong, et al. Shaking
table test study of slope prestressed anchor cable under
earthquake[J]. Chinese Journal of Rock Mechanics and
Engineering, 2012, 31(Suppl.1): 2847-2854.

2] B&EB, FES, s HRER T IR IR

FaE M b0, 5 J1%, 2020, 41(11): 3604-3612,
3631.
JIA Zhi-bo, TAO Lian-jin, SHI Ming. Stability analysis of
prestressed anchor cable slope under seismic loads[J].
Rock and Soil Mechanics, 2020, 41(11): 3604-3612,
3631.

31 H&ME, FF, B, % SRR A AL
[ 1 5% AR IR B AU[D]. A b TAEEAR, 2020, 42(12):
2180-2188.
YAN Zhi-xin, LIU Chun-bo, LONG Zhe, et al.
Experimental study on seismic response of anchorage of
bedding rock slope with weak layer[J]. Chinese Journal
of Geotechnical Engineering, 2020, 42(12): 2180-2188.

[4] FHUbe, ROHAE, AEZMS. HEZRGAT SC B bR Y

Yo zh & ARG HF 7 (1], & £ S, 2019, 40(11):
4240-4248.
YE Shuai-hua, ZHAO Zhuang-fu, ZHU Yan-peng. Large-
scale shaking table model test study on loess slopes
supported by frame bolts[J]. Rock and Soil Mechanics,
2019, 40(11): 4240-4248.

(3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

XEH, REFT, BILE, . FRP § A LG sn i it
AMESFFa P MG R iR(BAR 5 TR
FiX), 2005, 18(1): 66-73.

LIU Zhi-yong, WU Gui-qin, MA Li-guo, et al. Durability
and life prediction of FRP bars and reinforced concrete [J].
Journal of Yantai University (Natural Science and
Engineering Edition), 2005, 18(1): 66-73.

BAENA M, LLUIS TORRES, TURON A, et al
Experimental study of bond behaviour between concrete
and FRP bars using a pull-out test[J]. Composites Part B:
Engineering, 2009, 40(8): 784-797.

FIORE V, SCALICI T, DI BELLA G, et al. A review on
basalt fibre and its composites[J]. Composites Part B
Engineering, 2015, 74: 74-94.

RAMACHANDRAN B E, VELPARI V, BALASUB-
RAMANIAN N. Chemical durability studies on basalt
fibres[J]. Journal of Materials Science, 1981, 16: 3393-
3397.

NASIR V, KARIMIPOUR H, TAHERI-BEHROOZ F, et al.
Corrosion behaviour and crack formation mechanism of
basalt fibre in sulphuric acid[J]. Corrosion Science, 2012,
64: 1-7.

PRASAD V V, TALUPULA S. A review on reinforcement
of Basalt and aramid (Kevlar 129) fibers[C]/7th
International Conference of Materials Processing and
Characterization. [S. 1.]: Elsevier, 2018: 5993-5998.

R, EVE, SRaTgE, S5 ZulUs £ 4k 500 il AT 4
PERET 7 0 LR IS T 9T [1]. & 0%, 2019, 40(11):
4185-4193.

FENG Jun, WANG Yang, ZHANG Yu-feng, et al. Field
comparative test study on the anchorage performance of
basalt fiber and reinforced anchor[J]. Rock and Soil
Mechanics, 2019, 40(11): 4185-4193.

URBANSKI MAREK, LAPKO ANDRZEJ, GARBACZ
ANDRZE]J. Investigation on concrete beams reinforced
with Basalt rebars as an effective alternative of
conventional R/C structures[J]. SciVerse ScienceDirect,
2013, 57: 1183-1191
FRANCESCA N, GIUSEPPE V. Experimental
investigation on the debonding failure mode of basalt-
based FRP sheets from concrete[J]. Composites Part B
Engineering, 2018, 153: 205-216.

YUAN C, CHEN W, PHAM T M, et al. New epoxy

anchor for better bonding between FRP sheets and

concrete[J]. Construction and Building Materials, 2020,



400

Inls
H_

& 2021 4F

[15]

[17]

(18]

[19]

(20]

248: 118628.

B, T, MRz, 55 BFRP BT L it b S v
TEFC[T]. LAEHLF 4R, 2016, 24(5): 1008-1015.

ZHAO Wen, WANG Hao, CHEN Yun, et al. Laboratory
and field tests use of BFRP anchor bolt in supporting soil
slope[J]. Journal of Engineering Geology, 2016, 24(5):
1008-1015.

LW, BT, Bl 2 2045 (BFRP) ) 5 VR At
TR R IR U A [)). s LR 515 B,
2010, 8(3): 124-130.

SHEN Xin, GU Xing-yu, LU Jia-ying. Experimental
study on the bonding properties of basalt fiber (BFRP)
bars and concrete[J]. Journal
Engineering and Information, 2010, 8(3): 124-130.
rrse k. KA SRR B A BT S b BUA R
THERTAREG T [D]. BHR: VU 2@ K, 2017,

GAO Xian-jian. Experimental study on the design method

of Transportation

of basalt fiber reinforced composite bolt supporting
soil slope[D]. Chengdu: Southwest Jiaotong University,
2017.

SEAE, R, BOC, A JETIR /) BFRP ATl 1
A Z 0 e R[], A RRASERHE, 2017,
34(7): 20-28, 36.
GAO Xian-jian, XIE Qiang,

ZHAO Wen, et al.

Experimental study on determination of design
parameters for soil slope reinforced by non-prestressed
BFRP anchors[J]. Highway Transportation Science and
Technology, 2017, 34(7): 20-28, 36.

K, BRiGiE, BB, BFRP AhHGFT a3 s i b
FARFFC[I]. ST HhEE, 2017(14): 140-141.

XING Fei, CHEN Hao-hao, WEN Geng-ma. Application
research of bfrp reinforced anchor rod soil
support[J]. Urban Geography, 2017(14): 140-141.
Fgetm, R0, FH, S AR T BFRP IR (R)
SCIPBETE RN BT L], IR SRR, 2017, 43(3):
10-13, 17.

WANG An-fu, ZHAO Wen, LI Yong, et al. Design and

slope

[22]

(23]

(24]

[25]

application of BFRP anchor (cable) support for highway
rock slope[J].
Technology, 2017, 43(3): 10-13, 17.

REME, RN, W, 55 il BFRP 4
W 45 K (K AR 30 65 1RG0, o [ 3t o e B 5 v A,
2019, 30(6): 94-104.

WU Zhi-xin, WU Hong-gang, XIE Xian-long, et al.

Hunan Transportation Science and

Shaking table test of BFRP anchor structure in high slope
protection[J]. Chinese Journal of Geological Hazards
and Prevention, 2019, 30(6): 94-104.

AN WEMERTT BFRP SR AMEZLIN [ L3 (13 )
Wi NI FE[D]. AbEt: o EPGERART AR, 2019.

LI Ci-hang. Research on dynamic response of BFRP
anchor frame reinforced slope under earthquake action[D].
Beijing: China Academy of Railway Sciences, 2019.
RN, RN, Gy MRS BFRP i[5 4514 5)
JIEE R[], & 715, 2020, 41357 2). DOL:
10.16285/j.rsm.2019.0824.

LI Ci-hang, WU Hong-gang, MA Ning. Research on
dynamic slope fixing effect of BFRP anchored structure
under earthquake[J]. Rock and Soil Mechanics, 2020,
41(Suppl.2). DOI: 10.16285/j.rsm.2019.0824.

HE, BOOK, RELWI, SE. BRI IR B & -
Wtk BB IR ERT FE[]. BRI TARER, 2017, 34(9):
22-28.

ZHENG Jing, NIU Wen-qing, WU Hong-gang, et al.
Large-scale shaking table test of micro-pile-research on
dynamic characteristics of slope and pile[J]. Journal of
Railway Engineering Society, 2017, 34(9): 22-28.
FEELLE, KEZ, A5, 5 BRALKE N B AR BT
T3 LU B AR AL 0 ] S S R e N I D).
J12#, 2016, 37(9): 2617-2623.

WANG Zhi-jia, ZHANG lJian-jing, FU Xiao, et al
Separation and similarity design method of model test:
taking model test of anchor rope lattice reinforced slope
as an example[J]. Rock and Soil Mechanics, 2016, 37(9):
2617-2623.





