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Table 1 Main mechanical parameters of loess in test area
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Table 2 Main mechanical parameters of BFRP anchor and epoxy resin
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Fig.2 Number and arrangement location of strain gauges
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Table 3 Calculation values of ultimate pull-out load of
different anchorage lengths
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Fig. 4 Overview of the test site
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Fig. 8 Load-displacement curves and cumulative failure mechanism of the BFRP anchorage system
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Fig. 9 Mechanical mechanism of the BFRP anchorage system (Bai et al, 2024)

G218 ZE U B, BRI B2 T Dk iz i 22 3 A5 A e
KEEW R M 275.09% H189.35% . 7F— % {1 [l
DAY T Al 14 B T 2 e R e AR 3 T L (ELX B
FI A [R)3 A FRAE SE AN (B 3

(3) AN TR [T B2 451 T g 2 — 0 8% 1 42 11
T A BT K o Al (il B4 B2 2.0 m) 52 L0
TR R TR B 9 4.0 m) MY PP 25 B HLth 2k mT

Vol. 34 No.1 Feb., 2026

Rl 53 S SPE TRV R B BEIR 3B B, A
A 38 ) 06 {1 a7 28 04 07 7 43 ] 24 75.67 mm il
160.00 mm,,

(4) BRSSP LA
B —K YR I S BT UV 0 &, R LUK P —
T AREE R IR A A K Y K N IR AE
BRI J137 , H 88 5341 532 1 )5 T AR EL A



ARMESR S - BERP R AT RH 45 1L RE B 710005 oy A% o e

% % 3 ik (References) :

DailY,YinSP,LinFJ,etal,2023.Study on bond performance
between seawater sea-sand concrete and BFRP bars under
chloride corrosion [ J . Construction and Building Materi-
als,371:130718.

Dhand V, Mittal M, Rhee Y R, et al, 2015.A short review on ba-
salt fiber reinforced polymer composites [J]. Composites
Part B: Engineering, 73 : 166-180.

Dong Z Q, Wu G, Zhu H, et al, 2020.Flexural behavior of sea-
water sea-sand coral concrete-UHPC composite beams re-
inforced with BFRP bars [J]. Construction and Building
Materials,265:120279.

Fan X C,ZhangM Z,2016.Behaviour of inorganic polymer con-
crete columns reinforced with basalt FRP bars under eccen-
tric compression: an experimental study [J]. Composites
Part B: Engineering, 104 :44-56.

Fiore V, Scalici T, Di Bella G, etal, 2015. A review on basalt fi-
bre and its composites [ J].Composites Part B, 74 : 74-94.

FuGY,DeoR,JiJ,etal,2021.Failure assessment of reinforced
rock slopes subjected to bolt corrosion considering correlat-
ed multiple failure modes [ J ].Computers and Geotechnics,
132:104029.

GodatA, Aldaweela S, Aljaberi H, et al, 2021.Bond strength of
FRP bars in recycled-aggregate concrete [ J]. Construction
and Building Materials,267:120919.

Hadjigeorgiou J, Savguira Y, Thorpe S J, 2019. Comparative
susceptibility to corrosion of coated expandable bolts [ J].
Rock Mechanics and Rock Engineering, 52 (8) : 2665-
2680.

Jiang SH,LiD Q, Zhang L M, et al, 2014. Time-dependent sys-
tem reliability of anchored rock slopes considering rock
boltcorrosion effect [ J ] Engineering Geology, 175:1-8.

Jo B H, Shin G B, Chung C K, 2024.Load transfer behavior and
interference effect of load distributive compression anchor
inresidual soil [ J].Acta Geotechnica, 19(6) : 3883-3900.

LiCC,GaoDY,WangY L,etal,2017.Effect of high tempera-
ture on the bond performance between basalt fibre rein-
forced polymer (BFRP) bars and concrete [ J]. Construc-
tion and Building Materials, 141 :44-51.

LiuHT, ZhouG D, Han Z J, et al, 2024.Research on the influ-
ence of major ions in weakly alkaline mine water on anchor
cable corrosion and protection technique [J].Case Studies
in Construction Materials,21:e03584.

LuZY,LiYC,Xiel H,2021.Durability of BFRP bars wrapped

in seawater sea sand concrete [ J]. Composite Structures,
255:112935.

Mangquehual CJ, Drevland Jakobsen P, Bruland A, 2021.Corro-
sion level of rock bolts exposed to aggressive environments
in nordic road tunnels [ J ].Rock Mechanics and Rock Engi-
neering, 54(11):5903-5920.

Monaldo E, Nerilli F, Vairo G, 2019. Basalt-based fiber-rein-
forced materials and structural applications in civil engi-
neering [ J].Composite Structures, 214 :246-263.

Shugar D H, Jacquemart M, Shean D, et al, 2021. A massive
rock and ice avalanche caused the 2021 disaster at Chamo-
li, Indian Himalaya [ J].Science, 373:300-306.

Tang L, WuH G, Wei H, etal, 2023. Application of a new basalt
fiber-reinforced polymer anchorage structure in the tunnel-
slope system under rainfall action [ J].Journal of Mountain
Science,20(2):570-584.

TangY,SunZY,WeiY,etal,2022.Compressive behavior and
design method of BFRP bars constrained with a BFRP spi-
ral with different spacings in concrete members [J]. Engi-
neering Structures,268:114757.

Tang Z X, Zhou Y Z, Feng J, et al, 2021. Concrete protective
arches reinforced with BFRP bars: construction and quasi-
static structural performances [J]. Tunnelling and Under-
ground Space Technology, 108:103731.

Wang X G, Sun X S, Wang Y J, et al, 2023. Service life predic-
tion of prestressed anchor cable exposed to a dry-wet cy-
cling corrosion environment [J]. Construction and Build-
ing Materials,406:133365.

WeiH,WuHG,WuDY,etal, 2023.Stress response character-
istics of BFRP anchors on loess mudstone slope under rain-
fall conditions [J].Journal of Mountain Science, 20 (5) :
1469-1482.

Wei W, LiuF, Xiong Z, et al, 2019.Bond performance between
fibre-reinforced polymer bars and concrete under pull-out
tests [J]. Construction and Building Materials, 227:
116803.

Zhang SA,Zhang LM,Li XY ,etal,2018.Physical vulnerabili-
ty models for assessing building damage by debris flows
[J].Engineering Geology,247: 145-158.

Zhu C X, Zhao W H, Liu X, 2022. Load transfer behavior and
failure mechanism of bird’ s nest anchor cable anchoring
structure [ J].Applied Sciences, 12(14) : 6992.

FIBET, S Pebh, E XU, %5, 2024.BFRP LTSl AT 4k 1 g
WIS 5 7 AL R [T) 8 A 177 5 TR A,
43(6):1335-1346.Bai Xiaoyu, Wu Zekun, Wang Fengjiao,

2026 FF2 B HF34E-F1H

175



176

B4t

etal,2024.Load transfer behavior of BFRP anti-floating an-
chors based on field pull-out tests [J]. Chinese Journal of
Rock Mechanics and Engineering,43(6) : 1335-1346.

MR B & RBE , 2012. 00T Bt 3 5 [ 28 S8 N 722w B4 0y

1]+ 712%,33(1) : 197-203.Chen Changfu, Cheng
Xiaowei, 2012. Time-varying reliability analysis of anchor
system of rock slopes with double slide blocks [J]. Rock
and Soil Mechanics,33(1) : 197-203.

R 2, 205 ,2008. 7 LA - 4T - WESHREE - — R

Beit SR (MLt SR T ik . Cheng Li-
angkui, Li Xiangfan, 2008. Geotechnical anchoring, soil
nailing, and shotcrete: principles, design, and applications

[ M ].Beijing : China Architecture and Building Press.

A, EIE, RN, 520190, K RELFAEE G MR 24

Froth e RE BRI B IE [V ]. 55 1 715%,40(07) : 2563-
2573.Feng Jun, Wang Yang, Wu Honggang, et al, 2019a.
Field pullout tests of basalt fiber-reinforced polymer
ground anchor [ J ].Rock and Soil Mechanics,40(7) : 2563-
2573.

A, T, TRATIE, 45, 2019b. KR E T 2k S A9 AT A AT [

PERE B X LI T 5T (V] %A 1 J1%%,40(11) : 4185-
4193.Feng Jun, Wang Yang, Zhang Yufeng, et al, 2019b.
Experimental comparison of anchorage performance be-
tween basalt fiber and steel bars [ J ].Rock and Soil Mechan-
ics,40(11):4185-4193.

A2, 2021, HRE A FH R BFRP 4l [ 25 44) 21 g i 17 18 46 5F

FELT]. B9k ¢ TRE=44% ,41(6) : 1212-1221.Li Cihang,
2021. Experimental investigation on dynamic response of
BFRP anchorage structure under earthquake effect [J].
Journal of Disaster Prevention and Mitigation Engineer-
ing,41(6):1212-1221.

ZEIN R EER X EE, 4F 2024 BFRP fifi 3 55 RC i 1+ B 410

AR A BRIC /T [T]. 22 2%, 69(9) : 407-415.Li Da,
Chang Xinquan, Liu Xia, et al, 2024.Finite element analy-
sis of flexural behavior of BFRP reinforced RC tunnel lin-
ing [ J].Highway,69(9) :407-415.

IR KA IR ARG, 45, 2013, 2% JEAFT I Dl A FH A0 2

PR GE AT SR A [T]. 5 4 e 5 TR, 32
(6) : 1137-1144.Li Dianging, Jiang Shuihua, Zhang Limin,
et al, 2013. System reliability analysis of rock slopes con-
sidering rock bolt corrosion [J]. Chinese Journal of Rock
Mechanics and Engineering ,32(6) : 1137-1144.

AR YL, &, FOR IR, GE L2007, 4K R A B RS £ A 2R

BT REIAAL R B AR TR (1], A0 2 5 TR
2R ,26(8) :1653-1663.Li Guowei, Gao Lei, Huang Zhi-

Vol. 34 No.1 Feb., 2026

huai, et al, 2007. Pull-out model experiment on failure
mechanism of full-length bonding glass fiber reinforced
polymer rebar [ J].Chinese Journal of Rock Mechanics and
Engineering,26(8) : 1653-1663.

i PR BRI RE  FIMIL, 45, 2023, 4748 [#1 3 BFRP ¥ - TR %E +
AL 25 PERR IS 5 AR BRI 5T [ T]. TR J1%%,40(7)
171-184.Meng Fanjun, Chen Wanxiang, Sun Hang, et al,
2023.Bond-slip test and constitutive model between BFRP
bar with anchorage and concrete [ J ]. Engineering Mechan-
ics,40(7):171-184.

ERLL X W, 2025, K8 W —Ie 10 Ui 9
MR K By VA 15 b 73 A [0 ). 5T 9 5% 5 R A 4, 36
(1): 1-5.Wang Chunhong, Liu Xia, HuAiguo, 2025. Anal-
ysis of disaster mechanism and prevention measures for the
Dashawogou landslide-debris flow disaster chain [ J].Jour-
nal of Geological Hazards and Environment Preservation,
36(1):1-5.

SV, FIRETE, NG 5, 2024, ZAE A8 T BFRP YUV i
Frek 1 RE L [T ] a0 178 5 TR A, 43(9)
2314-2328.Wu Zekun, Bai Xiaoyu, Sun Gan, et al, 2024.
Field test of anchorage performance of BFRP anti-floating
anchors under multiple cyclic loads [ J].Chinese Journal of
Rock Mechanics and Engineering,43(9) : 2314-2328.

M RK, SR, F5 ik, 45, 2024, B 4% 10 F = 2WF 6 A2 0k
-BFRP f A4 R i W R TR LI 5T (1] 55 £ 71%% .45
(}41):267-276.Yang Haotian, Wu Honggang , Wei Hong,,
et al, 2024. Coordinated deformation mechanism of three-
tier bridge abutment slope-BFRP anchor system under rain-
fall conditions [J]. Rock and Soil Mechanics, 45 (Suppl.
1):267-276.

MG WRTTHE AR R A, 2021, TP I N 253 T BFRP -
TREE+ G SE PERERR T (1], TR J12%,38(5) : 131-142.
Yuan Peng, Chen Wanxiang, Guo Zhikun, et al, 2021.
Study on bond behavior of BFRP bars and concrete under
medium and low loading rates [ J]. Engineering Mechan-
ics,38(5):131-142.

sATHEE, TR, TR, %, 2022. BFRP ff 4 [ 45 L7 A5 1)
ol s (V] a4 2 5 TR 2, 41(4) 2 712-
724.Zhang Shubo, Wang Changsheng, Wang Gang, et al,
2022. Experimental study on the shear behaviors of bolted
rock joints reinforced with BFRP bars [J].Chinese Journal
of Rock Mechanics and Engineering,41(4) : 712-724.

SR R, A 1A 4, 45, 2024, B A PR AR R kT
LRI BEIR AL BT [T ], B L2 HOR ,32(3) 1 481-
490.Zhang Yu, Liu Xiaomin, Shi Yi’ an, et al, 2024.Dam-



RMERESE . BERP RS FT 3 45 1 AE PR 08 5 op A% 1 A

age mechanism of anchor bolt structure under dynamic and T X 4 B 4L . National Standard Writing Group of the
static pull-out loads [J].Gold Science and Technology, 32 People’ s Republic of China, 2015.Technical code for engi-
(3):481-490. neering of ground anchorages and shotcrete support: GB
B, ENE BR 2, 4 2016.BFRP A A5 FT 1 5t 3k 340 1w 50086-2015 [S]. Beijing: China Planning Publishing
W7 (7). TR 5 2% 4 , 24 (5) : 1008-1015.Zhao Wen, House.
Wang Hao, Chen Yun, et al, 2016. Laboratory and field R TTI £ #i% % 54,2013, 5L TAEB A .GB
tests use of BFRP anchor bolt in supporting soil slope [J]. 50330-2013 [S]. b5 . A [ 2 51 Tl H ikt .Chongq-
Journal of Engineering Geology,24(5) : 1008-1015. ing Urban and Rural Construction Committee, 2013. Tech-
RPN FAMEG G 4 ,2015. & 5 S50 SHE nical code for building slope engineering: GB 50330-2013
BE 4 P TR ARG . GB 50086-2015 [S]. Jb 3T : A [ S].Beijing : China Architecture and Building Press.

Bonding Performance and Load Transfer Behavior of BFRP Anchors Based
on Field Pull-out Tests
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1.China Railway 14th Bureau Group Third Engineering Co., Lid., Jinan 250000, Shandong, China;

2. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing), Beijing
100083, China

Abstract: In order to advance the engineering applicability of basalt fiber reinforced polymer (BFRP) anchors
in complex geological settings, this study undertook field pull-out tests on a railway slope and conducted a
systematic analysis of the bonding performance and load transfer characteristics of BFRP anchors under in-situ
stress conditions. The investigation focused on axial force, shear stress, load-displacement curves, and
macroscopic failure phenomena under varying pull-out loads to elucidate the influence of anchorage length on
the mechanical response. The findings demonstrate that when the anchorage length is less than 3.0 meters, the
axial force distribution remains relatively uniform. However, lengths exceeding 3.0 meters result in discrete
distributions with a tendency to shift towards greater depths. The shear stress along the anchorage depth follows
a biphasic pattern characterized by rapid attenuation followed by gradual attenuation. While increasing the
anchorage length significantly enhances the load-bearing capacity, it does not alter the overall distribution trend
of shear stress. The load-displacement curves of long anchors exhibit cumulative failure characteristics, which
can be categorized into elastic, elastoplastic, and sliding failure stages. Post-test analyses indicate that the spatial
distribution of cracks within the grout is influenced by a tensile stress field, which mirrors the deformation
sequence and stress disparities between the two interfaces. These findings elucidate the load transfer mechanism
and failure modes of BFRP anchoring systems, offering both theoretical support and empirical evidence for
parameter design and practical engineering applications.

Key words: BFRP; field pull-out test; load transfer behavior; bond performance; load-displacement curves
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