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Numerical Analysis on Influence of Support Pattern of Variation Bolt Length
Combination on Slope Stability
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Abstract: To search the optimal form of bolt layout in the slope engineering, the way of variation bolt length
combination is used. First, the way of separate bolts laying at different positions of the slope is discussed,
which shows that it has apparent difference in the contribution to the whole stability of the slope. Then, the
effect of slope layer place is raised and emphasized. In addition, considering the economy of bolt length
variation combination, the bolts are divided into 3 combination types: long-medium-short type, medium-long-
short type, and short-long-medium type, by analyzing the changes of difference of safety factor, axial force
ratio of bolts and position of sliding surface, the influence of arrangement methods of bolts on slope stability is

studied. The result shows that (1) there exists global optimum anchorage angle 8, and layer place effective

opt
bolt length L in the case of combinational bolts, the main controlling factors of safety coefficient’s difference
and the position of sliding surface are continuously transfer among layer places with the increasing of
anchorage angle, and the failure mode of the slope mutate from deep sliding to shallow sliding with the
increasing of anchor angle; (2) when the best anchorage angle for single layer anchorage is used to lay the
bolt group of each layer, the reinforcement effect is common, and there exists “combination-bolt group

effect” , the method of arranging each layer bolts divergently by small angle may be better for this situation.
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Fig.1 Mechanical model of fully bonded reinforcement
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Tab.1 Physical and mechanical parameters of bolts
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Fig. 6 Forms of arranging bolts in each layer
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Fig. 9 Relation curves of bolt group in each layer of slope
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Tab.2 Optimization conclusion of long-medium-short

layout combination
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Tab.3 Total axial forces and safety factors of D2 combination with different anchoring angles
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G REL 1.24 1.279 1.314 1.35 1.377 1.4 1.42 1. 404 1.326 1.256
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Fig. 17 Scheme of bolt length for fixing slope waist layer
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Fig. 18 Scheme of bolt length for fixing slope foot layer
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Fig. 19 Medium-long-short layout type
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Fig. 20 Scheme of bolt length for fixing slope top
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Fig. 21 Positional relations between bolt group and sliding surface
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Fig. 22 Scheme of bolt length for fixing slope waist layer
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Fig. 23 Relationship between bolt length of slope top and

safety factor
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Fig. 24 Scheme of bolt length for fixing slope foot layer
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Tab. 4 Effect of bolt length in slope top layer on safety factor

Lholl
6/(°)
10 m 12 m 14 m
40 1.259 765 625 1.259 765 625 1. 259 765 625
45 1.208 984 375 1. 208 984 375 1.208 984 375
50 1. 166 015 625 1. 166 015 625 1. 166 015 625
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Tab.5 Calculation result of anchorage angle combination

HAAHER Oiop” (°) Ot/ (°) B/ () Y
25 30 35 1.228 515 625
/. /; [J
KRl 20 30 40 1.220 703 125
16 -10 -4 (30°)
25 30 30 1.228 515 625
1.224 609 375
30 30 35 1. 224 609 375
FER ek 30 35 40 1.419 921 875
4-16-10 (35°) 35 35 40 1.423 828 125
1.419 921 875 30 35 35 1.419 921 875
25 30 35 1. 337 890 625
HhK g 78 20 30 40 1.333 984 375
10-16 -4 (30°) 25 30 30 1.337 890 625
1.333 984 375 30 30 35 1. 337 890 625
30 30 40 1.337 890 625
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