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A Study on the Reinforcement Effects of Fully-Grouted Rock Bolts

Hae-Sung Jung and Hyun-Koo Moon

ABSTRACT The axial stress in rock bolt, the shear stress at the bolt-grout interface and the neutral point are analyzed
to understand the mechanical behavior of rock bolt. To analyze the support effects of rock bolt in various geological
conditions, numerical analyses are performed with regard to bolt spacing and bolt length in several geological conditions
and tunnel sizes. Through the numerical analyses, the distributions of maximum tensile stress and shear stress are
determined. And the excavation width of underground opening affects the position of the neutral point. In the circular
opening supported by pattern bolting, the increase of confining pressure, the reduction of plastic zone, and that of ground
displacement are determined by using the radial stress increase ratio, the plastic zone reduction ratio and the displacement
reduction ratio respectively. The results of this study can be applied to a practical tunnel design through understanding of
the trends of these support effects.

Key words : rock bolt, shear stress, axial stress, neutral point, radial stress increase ratio, plastic zone reduction ratio,
displacement reduction ratio
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Table 1. Material properties of rock mass, grout and rock
bolt used in numerical analysis

rock mass| grout rock bolt
Young's modulus (GPa) 5.9 1.5
Poisson’s ratio 0.25 0.1 Young's
modulus :
unit weight (kN/m") 27 10 210 GPa
cohesion (MPa) 0.8 2.95 | diameter :
- “ 25
internal friction angle (°)| 25 50 mm
tensile strength (MPa) 1.02 2.1
7 §
;4 3m -~
Grouted rock bolt b, f);:;xr:!ze)n i
y 4m

N Half excavation
H=tm I" P icth B2y

(a) Rock balt in continuous
rock mass

(b) Rock bolt 1n duscontmuous
rock mass

Fig. 1. The model used for the analysis of rock bolt
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Fig. 2. Variation of shear stress and axial stress of
grouted rock bolt for widths of the opening in
continuous rock mass. (a) shear stress (b) axial
stress
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Fig. 3. Variation of shear stress and axial stress of
grouted rock boit for widths of the opening in dis-
continuous rock mass. (a) shear stress (b) axial
stress
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Fig. 5. Variation of shear stress and axial stress of
grouted rock bolt for depths of the opening in
discontinuous rock mass.
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Table 2. Material propetties used in parametric study

rock mass
rock bolt
type I | type2

bulk modulus (GPa) 0.2 2
shear modulus (GPa) 0.1 | Young's
unit weight (kN/m’) 24 25 | modulus :

- 210 GPa
cohesion (kPa) 30 250 diameter :
internal friction angle (°) 33 35 25 mm
tensile strength (kPa) 30 250
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Fig. 6. Variation of radial stress increase ratio with the
increase of bolt area ratio.
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Table 3. The plastic zone radius resulted from elastic-
plastic analysis

rock bolt area plastic zone radius
ratio (%)  |D=64m{D=102m|{D=140m
unsupported 36m 65 m 92 m
0.033 1.6 m 30m 40 m
type |
0.049 ILIm 20 m 32m
0.098 0.6 m 1.0m 1.6 m
unsupported 26 m 5.6 m 7.8 m
0.033 20m 34m 45 m
type 2
0.049 1.7 m 27 m 36 m
0.098 I.I m 1.8 m 2.6 m

1.00
——f}—— D= 64m (ype 1)
——fr—— D=102m (type 1)
———— D=140m (type 1)
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big. 7. Variation of plastic zone reduction ratio with the
increase of bolt area ratio.
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Fig. 8. Variation of displacement reduction ratio with the
increase of bolt area ratio.
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