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Numerical simulation of anchoring mechanism for wood bolt
with the variable diameter used in earthen sites

Huang Junpeng' . Zhang Jingke' . Wang Nan' , Li Juangiang' , Guo Qinglin** *, Zhao Linyi* *
(1. Key Laboratory of Mechanics on Disaster and Environment with the Ministry of Education in Western China;
School of Civil Engineering and Mechanics, Lanzhou University, Lanzhou 730000, P. R. China;2. Dunhuang Academy,
Dunhuang 736200,Gansu,P. R. China;3. National Research Center for Conservation of Ancient Wall Paintings
and Earthen Sites, Dunhuang 736200, Gansu,P. R. China)

Abstract ; Based on the physical model of laboratory pull-out test,a numerical calculation model of wood bolt
with the variable diameter was established by means of FLAC3D. The load transfer mechanism, the
interfacial shear stress distribution, the stress field and displacement field of slurry were analyzed. The

influence of anchor hole diameter,anchor diameter and anchorage length on anchoring effect were studied by
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the numerical simulation experiment. The results show that Q-S curve from numerical simulation is in
agreement with that from laboratory pull-out test, which proves that the numerical simulation on wooden
bolt pull-out process is feasible and scientific. The interfacial shear stress distribution along wood bolt with
the variable diameter is uneven,and shear stress mainly concentrates among the distance of 0. 1m at the top
and the end of anchorage section. Structural characteristics of bolt leads to the increasing trend of shear
stress near the anchor end. Furthermore,it strengthens the anchor capacity of wood bolt with comparison
to regular bolt. The wood bolt with the variable diameter has the characteristics of tension-type and
pressure-type bolt,and radial dilation is another feature. Compared with anchor diameter which has little
impact on anchor capacity,the anchor hole diameter and anchorage length have significant influence on the

pullout capacity. The formula for the ultimate pullout capacity for wood bolt with the variable diameter is

proposed.

Keywords: earthen sites;bolts;anchoring mechanism;numerical simulation; parameter analysis
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Table 1 Physico-mechanical parameters of materials

y/(kN -
MEFEE  E/MPa v c/kPa /(")
m~?)
FE1 16.03  15.11 0. 30 26. 50 36. 6
FE2 16.07  15.14 0. 30 26.53 37.2
F)23 16.14  15.25 0.29 26.58 37.5
24 16.22  15.30 0.28 26. 62 38.0
FE5 16.27  15.37 0.28 26. 65 38.3
Itk 30.00  15.30 0.30  600.00 32.0

AREHFM3 1 579. 00 7.18 0. 46
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Table 2 Interfacial mechanical parameters

FEfbTE ks/(Pasm™!) kn/(Pasm™!) c¢/kPa  ¢/(") o/MPa

FEMRT 1 6.579X 10 6.579X10°  500.0  24.0 0.5

Befphiii 2 2.500X 108 2.500X10%  212.0 30.0 0.4
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