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Development of Improved Rock Bolt for Reinforcement of Fracture
Zone in Slope and Tunnel
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There are many slopes generally developed by excavation and cut slope with small steps on massive slopes of
roads. Especially these cut slopes which excavating around fault fracture zone need a reinforcement technology in
order to ensure safety. In the case of slope excavation, it is difficult to use the existing slope support at fracture
zone because of geological characteristics. Especially the factor of safety decreases significantly due to the move-
ment of blocks in bed rocks and the expansion of interspace of discontinuous planes in fractured zones caused by
excavation. Thus an efficient reinforcement technique in accordance with geological properties of fracture zones
needs to be developed because the existing slope support has a restricted application. Therefore it is necessary to
develop the specialized rock bolt technique in order to ensure an efficient factor of safety for anomalous fracture
zones in slopes and tunnels. The purpose of this study is to develop newly improved rock bolt to increase a supporting
effect of the swellex bolt method used recently as a friction type in fracture zones.
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Table 2. Characteristics of existing rock bolt types.
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Table 1. Classification of rock bolt types.

Anchoring type Remarks

Slot wedge bolt
Expansion shell bolt
Resin anchored bolt

Vertical anchoring type

Cement grouted bolt
Resin anchored bolt
Cement cartridge bolt

Front cementing type

Anchored resin bolt

Anchored cement grouted bolt
Hollow expansion bolt

Wedge pipe bolt

Mixing type

Swellex bolt

Fractional type Split set bolt

Type Advantages Disadvantages
. *High cost of anchoring type of cement
. k . i .
Normal -I(?;aos(t)dstigg;tr;ritcll?griygrstren oth * Poor anchoring condition because of lack of anchoring
resin * Possibility of construction with a lot of material when larger the boring hole diameter
Resi . * Limitation depth of 3m caused by fast cementation when
esin water around site .
type man made boring hole
Foamin. *Usage of normal resin at the vertical * Cementation decline with larger foaming rate
resin & point, and other part use foaming resin,  « Existing fall out the rock bolts installation after caused by

therefore possible usage of prestress

cementation later than normal resin

*Low cost than resin type

* Ensure anchoring strength with expand-
ing a boring hole diameter

« Construction of long rock bolt (L =6 m)

Cement mortar

type

* Poor anchoring effect with existing water
» Water content loss in sandy coarse soils
*Need equipment of mortar mixer, pump, and ect.

*Make early strength using accelerator
* Possibility of construction with existing
water, and unclean boring hole for
installing rock bolt
* Ensure certain filling

Cement milk
type

* High cost using accelerator, packer, injection pipe, and
evacuation pipe

*Required time packer connection, injection, and confir-
mation

‘Need two mixer pumps

*Required a lot of injection for remediation of soils and
ground with cracks

*Need equipments of mortar mixer and pump
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Swellex bolt is inserted
inside the drill hole with a
FACE plate until the plate
is tight against the rock

Cross section before
cpansion

A=>B
Cross section
after expansion

High pressure water is
inserted to expand the
hollow bolr. In the final |
stages the water is forced oufl§

Fig. 1. Conception of swellex bolt(from Atlas Copco Rock
Drills AB, 1998).

Table 3. Specification of swellex rock bolt.

Tube diameter 26 mm
Yield load, steel tube 130 kN
Ultimate load, steel 130 kN
Ultimate axial strain, steel 10%
Weight of bolt 2 kg/m
Recommended borehole diameter 35 +/- 3mm

Table 4. Advantages and disadvantages of swellex bolt.

Advantage Disadvantage

*Easy and fast installation * Relatively high cost

* Reinforcement after installation® Need a pump

* Keep expand a face plate with * Need corrosion protection
shorting a length of bolt as long term

Pullout resistance

kN/m
Hole diameter = 38 mm
200 =
100 4—=1—
Pump
pressure
0+
250 275 300 bar

Fig. 2. Effect of different inflation pressures on the pullout
resistance of a standard swellex rock bolt installed in a 38
mm diameter borehole in granite(from Atlas Copco Rock
Drills AB, 1998).
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Table 5. Specifications of steel pipe for development of improved rock bolt.

Chemical Composition (%)

Tensile Properties

Steel Pipe

Tensile Strength Yield Point Elongation %

Name Symbol c Si M
i n i
102%kgf/om? (N/) 10%kgflem®(N)) IT\f;tl IP e
35min. 18min. .
Carbon
Stonl A (340min)  (175min) oM
Tubes for STKM 40min 28min .
Machine 12 B 0.20max 0.35max 0.60max 0.040max 0.040max (390min.) (275min.) 25min
Structural c 48min. 36min. 20min
Purposes (470min.) (355min.) :

Fig. 4. Design of improved rock bolt.
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Fig. 5. Cutting of end part for breaking an improved rock bolt and shape after breaking.
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Fig. 6. Design for pilot test system of improved rock bolt.
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Fig. 7. Expansion test of improved rock bolt.
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Table 6. Results of rock mass classification.

Area
Classification
A B C D
SMR 37 37 29 35
Class v v v v

Fig. 8. Slope for field test of improved rock bolt.

Table 7. Set number of joint in test slope.

Zone Spacing (cm) 0~5 5~10 10~15 15~20 20~25 25~30 30~35 35~40

Joint No. 3 3 2 2 2 0 2 0

A % 22 22 14 14 14 0 14 0
B Joint No. 1 4 1 2 1 1 1 1
% 8 34 8 18 8 8 8 8

Joint No. 4 5 4 1 1 0 0 0

¢ % 27 32 27 7 7 0 0 0
Joint No. 2 3 3 1 2 0 1 0

P % 17 25 25 8 17 0 8 0
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(e) Effect of grout injection (f) Effect of injection in aperture
Fig. 10. Process of pilot test of improved rock bolt.
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Fig. 11. Diagram after field test of improved rock bolt.
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