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Design of Rock Bolts

Motoo Otsuka, Institute of Construction Technology Kumagai Gumi Co., Ltd.

Masataka Ueno, n n " "

1 Introduction

Use gf rock bolts as a means of support in the wall rock surrounding tunnel openings has increased
considerably in the last few years. Construction work has shown that rock bolting costs will be about one-half
of the cost for supporting the same excavation with direct support. We can anticipate an ever increasing use of
the rock bolt for rock tunneling supports. Conventional methods of supporting rock assume that a ce?tain amount
of rock acts on the support as a dead load. Rock reinforcement by rock bolting helps the rock to provide its
own support. Speaking broadly, rock bolts can be said to be useful for holding rock in place by the following
ways: (1) By suspension. (2) By beam building. (3) By reinforcement of skin areas of an opening.
(4) By reinforcement of walls. In this paper theory of rock bolting is based on the general physical charac-

teristics of the rock.

2 The general physical characteristics of rock.

&)  Strength of rock and Mohr's circles. Ss = 1/2 « Scx 8t - - - - - (1) where Ss : shear
strength Sc:  compression strength St: tension strength b) Strength of rock and internmal frictiomal

-1 iSs - St .1 se Sc é

angle. 4 =tan “TEsET T - - - 2) # = tan’ (B85 - BE) _ _ . (3) where: internal frictional angle
3 Principal stress and Mohr's circles.

Jr = normal stress, i = tangential stress, Sc = compressive strength O = ;{%%%%-(02 - 8c) - - - (W
- 5= alzk™ + g - - (5) Or, 03 :principal stress, a,n : coefficient
4 Elastic zone and failure zone. r, ¢ tunnel radius,

- L B !
a [(1-n) logL)'m"'«» 2 [(T—n)a log I ]an 2 - ~---- (6) r, : failure radius.
A n
5 The length of rock bolt, 1.
' 1: rock bolt length.
ity
1=1/50 ((I +Ke )+ (3 -4p)(I - Ko 00529]' TPTE T @) K: coefficient of pressure at rest
Ko = Ph/Pz

6 Rock bolt anchor and rock strength.

(f = 3~7) P=185f-1.2 -~~~ (8) (f=8~12) P=18.1-0.627f --- (9
p: anchor strength. F: the resistance factor of Protodyakonov. Type of rock and approx. anchor strength,
(tons). (1) Igneous rock (granite, basalt, etc.) - - - 20~ 30. (2) sandstone, quartzite, etc. = - - - -
15~ 22. (3) Limestone, marble, etc. = = = = - 12~ 18, (%) Firm sandy shale, gysum = - - - - 10~~15.
(5) Shale -~ - - - - 8~r12. " (6) Wet or weak shale, coal - - -~ — ~ 3~ 6. (7) Weak, wet, unconsoli-
dated material - - - - ~ O~r 3.
7 Conclusions. (1) Theoretical analysis of the stress situation around an excavation supported by rock

bolts has been developed by Mohr's circles and principal stress. (2) The Mohr's circles and principal stress

are applied to determine the general mature of Uh€ Stresses in the rock around the excavation.  (3) The length
of rock the bolt to be determined by the deformations of the tunnel wall. (4) The spacing and No. of rock

bolts will be determined by the supporting strength of indivisual anchor bolts and the characteristics of the

surrounding rock.





