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Criteria for determining factor of safety of anchor against pull-out
by using reliability analysis
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(1. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and Hydropower
Research, Beijing 100048, China; 2. Shenzhen Julian Anchor Technology Co., Ltd., Shenzhen 518034, China)
Abstract: In the existing specifications and codes, the factor of safety of anchor against pull-out is generally defined by
considering tensile strength of steel bar/strand, bond strength of grout and the steel bar/strand, and bond strength of grout and
surrounding rock/soil. It results in three different types of factors of safety, which are being applied in practice. The current
China's specifications and codes suggest the same allowable value for the above three different types of factors of safety.
Actually, there is quite difference among them due to different pull-out failure mechanisms of tendon. In view of this limitation,

the difference among them is studied and discussed under the same reliability (or failure probability) by using the reliability

analysis, and the criteria for determining the factor of safety of anchor against pull-out are proposed.
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Table 1 Design parameters for permanent steel-strand anchors
HEFFHUR Bt sl - WMak A WEREPURER AL
i T/KN D/mm = " d/mm Wi £, /kPa I 1 /kPa
600 =75 4 15.2 mm 1.860 % 10° 2.109 X 10°
1000 =115 7 15.2 mm 1.860 % 10° 2.109 X 10°
2000 =140 13 15.2 mm 1.860 % 10° 2.109 X 10°
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Table 2 Relationship between K, and p,

AT BHEAN R RHK, FIFESRRT B,
600 1.736 6.487
1000 1.823 6.842
2000 1.693 6.296
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Fig. 2 Diagram of number of strands » and factor of safety K,
versus reliability index 8, (u, = 1000 kN)
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Fig. 4 Diagram of number of strands » and factor of safety K,

versus reliability index 8, (6, =0.3, 1, =1000 kN)
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Table 3 Range of factor of safety K,

Al PR Ry K, (i
B o, K ’
0.1 1.171 1.171~2.671
2.7 0.2 1.470 5.
:0.1~0.
0.3 2.671 (0,:01~0.3)
0.1 1.260 1.260~12.669
3.2 0.2 1.877
o,:0.1~0.
0.3 12.669 (0,:01~0.3)
8; éggz 1.363~2.596
3.7 . :
N 0,:0.1~0.2
0.3 R (0,:0.1-0.0)
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Fig. 6 Diagram of the diameter of bore hole d versus factor of
safety K; and reliability index g, (8, =0.4, u,=1000kN)
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Table 4 Range of factor of safety K,

A R 27
SIS SeE L Kt
0.1 1.108
27 0.2 1.123 1.108~1.278
' 0.3 1.278 ( 5 :0.1~0.3)
0.4 KEL
0.1 1.137
32 0.2 1.195 1.137~2.649
' 0.3 2.694 ( 5 :0.1~0.3)
0.4 KEL
0.1 1.17
0.2 1.309 1.17~1.309
3.7 0.3 KR ( 5 :0.1~0.2)
0.4 KEL
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