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Study on the anchorage performance of recoverable steel anchors in loess
stratum in northwest China
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Abstract: Through numerical simulation, the influences of the parameters such as the length, diameter and prestressing
value of the recoverable anchor in the northwest loess layer on the bearing capacity are analyzed. The service and
deformation damage of the recoverable anchor are studied. The anti-pulling anchoring force and the recoverable effect of
the recyclable steel anchor are verified by field test. The following conclusions are obtained: in the case of the same
loading condition and the same diameter of the carrier, the recoverable anchor can achieve the same supporting effect as
the conventional anchor. There is an “effective perimeter effect” in the diameter of the carrier, not the bigger the better;
when the length of the bearing body is small, the application of prestress accelerates the deformation of the slope. And
within a reasonable length range of the bearing body, the application of prestress plays a role in the advance support of
the slope. The failure mode of the recoverable anchor in the loess layer is mainly the interface failure between the anchor
and the loess. Compared with the conventional anchor, the recoverable anchor is more economical and more reasonable
under the premise of ensuring safety. The recyclable anchor can meet the bearing capacity design requirements, and has
high recovery rate and simple operation. So it can be popularized in engineering. The results of this paper can provide
some guidance for the performance improvement and engineering application of recyclable anchors.
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Fig. 1 Recoverable anchor rod
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Tab. 1 Simulation parameters of finite element analysis
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Fig. 3 Three-dimensional finite element model
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Fig. 4 Model of anchor rods
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Tab. 2 Material parameters of supporting structures
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Tab. 3 Numerical simulation results (Considering diameter variation
d=300 mm d=200 mm d=150 mm d=100 mm
W | Xkl Z ikl itk | XMl Z 6l =&t | Xl Z6Mifl 248 | X8zl w4k
mm mm EX 0 mm mm EX mm mm 28 mm mm EY
A 20 —10 22 —10 21 —10 26 -1
B 23 —10 24 -1 23 —10 28 —15
C 22 —105 24 —115 24 —11.0 25 —11.8
D 30 —8.0 31 —8.73 30 —8.69 31 —8.79
1.762 1.758 1.758 1.564
E 30 —8.0 32 —8.54 30 —8.35 34 —8.56
F 26 —85 27 —10 25 —8.2 29 -1
G 25 —8.1 29 —8.65 27 —8.53 32 —8.69
H 24 —6.00 28 —6.04 25 —6.02 28 —6.19
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Tab. 4 Summary of numerical simulation results
TR IME I 1c=0.3m [c=0.5m 1c=0.8 m l=4 m
IKPALRE Xmaxdmm 41.89 38.71 36.05 30.52
W21 7% Zmax/mm 16.99 13.64 12.35 9.56
SOKN 3177 Frax/kN 30.82 36.38 38.88 40.90
b B 1.295 1.538 1.543 1.588
IKPALRE Xmaxdmm 43.45 32.53 30.11 28.03
W1 2 F% Zmax/mm 18.25 12.85 11.23 8.87
SO kN #h7 Frax/kN 60.56 66.38 68.09 69.90
b B 1.615 1.738 1.742 1.768
IKPALRE Xmaxdmm 46.46 30.16 27.95 26.41
LIS Zmadmm 20.15 12.16 10.84 8.37
o0k 477 Frnax/kN 91.45 97.35 98.46 99.94
AV RE 1.251 1.849 1.853 1.878
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Fig. 5 Curve of displacement
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Tab. 5 Summary of test results
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3 28 196.35 196.77 18.9
4 28 246.301 57.2 KL
~ 5 28 246.301 246.52 245
6 28 246.301 249.09 252
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Fig. 14 Recovered anchor
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