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Abstract: Recoverable anchors, characterized by low carbon footprint and environmental friendliness, have
been increasingly applied in urban foundation pit support projects. However, the evolution of their bearing
performance under cyclic traffic loading has not been thoroughly studied. In this study, element—scale tests were
conducted to examine the mechanical characteristics of the anchor-rock interface under different cyclic loading

parameters. These tests captured the complete shear stress—shear displacement curve (i.e., 7—s curve) of the anchor—
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rock interface under cyclic loading. Based on the experimental results, a unified model was developed to describe
the degradation of shear strength at the anchor-rock interface, accounting for the effects of the reference load ratio
and the number of load cycles. Based on the morphological characteristics of the 7 —s curve at the anchor-rock
interface, a composite 7—s curve model for the anchor-rock interface was established, consisting of a linear segment
and a sudden drop curve. Furthermore, a unified degradation model for the 7—s curve of the anchor-rock interface
was developed, accounting for the effects of the reference load ratio and the number of load cycles. The model
demonstrates good predictive performance. Finally, a theoretical framework of load transfer of recoverable anchors
under cyclic loading considering the Poisson effect was established, and the influence of cyclic loading on the
ultimate bearing capacity of engineering anchors was investigated. The research results can provide a reliable
theoretical basis for the engineering application of recyclable anchors.

Key words: anchor;cyclic loading; anchor—rock interface strength ; degradation model ;load transfer analysis
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Fig.1 Diagram of cyclic load
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Tab.1 Anchor-rock interface test plan under cyclic loading

BRER S R RACE KPR IRRRCEIN A GROPED || iFE S FRER L R GROPE) RSB N KT GROF(E)
RIN1 1(0.3) 1(100) R3N1 3(0.5) 1(100)
RIN2 1(0.3) 2(266) R3N2 3(0.5) 2(266)
RIN3 1(0.3) 3(708) R3N3 3(0.5) 3(708)
RIN4 1(0.3) 4(1884) R3N4 3(0.5) 4(1884)
RINS 1(0.3) 5(5012) R3NS 3(0.5) 5(5012)
R2N1 2(0.4) 1(100) R4N1 4(0.6) 1(100)
R2N2 2(0.4) 2(266) R4N2 4(0.6) 2(266)
R2N3 2(0.4) 3(708) R4N3 4(0.6) 3(708)
R2N4 2(0.4) 4(1884) R4N4 4(0.6) 4(1884)
R2N5 2(0.4) 5(5012) R4N5 4(0.6) 5(5012)
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Fig.2 Recoverable anchor unit test device diagram
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Fig.6 Prediction performance of the unified model
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Fig.8 Comparison of load—displacement curves from the

experimental results and the theoretical modeling
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PUTF A 2R R 2438 Ry B £ L TR e L
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x5 HLTMEBENESHY
Tab. 5 Physical and mechanical parameters of

rock and soil

SRR BEAea gy BRI
FRUE(E/kPa
At 10 8 18
g+ 24 14 60
[ 10 38 160
iR IR 45 50 300

ZHEYT AB BOOFFZ IR E 11.3 m. SZH R €30 49
AR BE - HEVEME , 42 1.0 m, (8] H 2.0 m, % 8 % FE
4.0 m. SCHURE IR E = FE SOA TR R AR Y JCE
AT A 2R 5 307, 4l AL ELAR 150 mm , R A4
KLk 42.5 MPasK e . Hirr 55 = JEE 2 0 H BB K
6.5 m, i [# Bt 4 10 m, FLE [ Bt 438 E A p XUR
= BRI 650 kN, B R T
VR R 390 kN Bt [ 4 Fr) i A8 1 B 30 GPa JAA
Fb 3 0.22, [l ) 31 A5 i B 10 GPa . YA # LE HX
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Fig.9 The load-displacement curve of recoverable anchor

under different load cycles
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Fig. 10 The degradation law of ultimate bearing capacity of

recoverable anchor under cyclic load
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