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Mechanism of Reinforcement and Restraint Effect
of Soil Nailing Method in Cut Slop

by

Tatsuaki Nisuicara *, Kazuhiko Nisuma * and Shinichi Inasa ™™

Conventional design method for soil nailing is based on the effects of tensile force developed in reinforcement
installed in cut slope. As the tensile force is affected by the deformation of reinforced slope, the approach of the
design method should be on the basis of the allowable deformation. On the other hand, it is said that the restraint
effect in reinforced zone is more effective for reinforced slope stability under conditions of small allowable deforma-
tion. However, even the definition of the restraint effect for bar of reinforcement is still not clear. In this study, the
reinforcement mechanism of restraint effect is investigated by distinct element method firstly, and secondly the effect
of the interval of reinforcements on the development of restraint effect is examined by finite element method. Finally,
it concludes that the design method of considering the restraint effect is effective to the reinforcement of high prior-

ity structure as a cut slope in important road system.
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(b} With reinforcements

Fig. 1. Slope models for distinct element method.

{a) Without reinforcement

Table 1. Physical constants for distinct element analysis.

Normal and Friction Bonding
shear stiffness | coefficient | parameter
(kN/m) (kN)
Soil Particles 1x10* 0.3,0.5, 23
0.7,1.0
Reinforcements 1x10" 0.5 -

(a) Without reinforcement

(b) Reinforced slope

Fig. 2. Slope models for distinct element method.
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Fig. 3. Horizontal displacement in reinforced area for
the case of friction coefficient = 0.5.
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Fig. 4. Horizontal displacement in reinforced area for
the case of friction coefficient = 0.7.
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Area of restrained
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Reinforcement

Fig. 6. Reinforced slope model for FEM Analysis.

Table II. Physical constants for FEM analysis.

Slope soil Reinforcement
Unit weight (kN/m’) 18 —
Elastic modulus (kN/m’) 33000 1.6X10°
Poisson’s ratio 0.35 0.3
Internal friction angle (° ) 253;043 > -
Cohesion (kN/m?) 10 —
Bending stiffness (kN-m?) — 40
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Fig. 7. Horizontal displacement in reinforced area by
FEM analysis for the case of internal friction ¢ = 35°.
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Fig. 8. Horizontal displacement in reinforced area and
influenced lengths by FEM analysis for the case of
internal friction ¢ = 30°.
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Fig. 9. Horizontal displacement in reinforced area and

influenced lengths by FEM analysis for the case of
internal friction ¢ = 38°.
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Fig. 10. Relationships between the influenced lengths
of reinforcement and friction angle.
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Fig. 11. Relationship between friction angle and space
of reinforcement on condition that the restraint
effect becomes effective.
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Holizontal earth pressure (kN/m2)

Fig. 12. Distribution of horizontal earth pressure with
height in reinforced area.
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Table lll. Provided horizontal deformation at top of slope
for management of safety cutting by Japan Highway
Public Corporation.”

Safety level Caution level Unsafety Jevel
(%) (%) (%)
Soil | shH=020 | 020=sWH=040 | 040<8hH
3“‘ SWH=0.15 | 0.15=6WH=030 | 030<8WH
ock
I;a;f SWH=0.10 | 0.10=8hH=020 | 0.20<8sWH
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