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Abstract

In this study, an experiment on pullout capacity was conducted of rock bolts using
grouting materials such as cement mortar and resin, which are widely used, and a
newly proposed steel pipe friction type rock bolt using elastic restoring force, and the
results were compared and analyzed. The experimental results showed that the pullout
capacity on the rock bolts with cement mortar under a dry condition (no ground water)
was relatively larger than the rock bolts with resin and the steel pipe. Nevertheless, the
friction type steel pipe rock bolt to use elastic restoring force is expected to be useful
in the field particularly where groundwater exists and it affects the loss and curing of
grouting materials such as cement mortar or resin. In addition, it was found to have the
advantage of being easy and quick to install.

Keywords: Tunnel, Friction type steel pipe rock bolt, Elastic restoring force, Pull-
out capacity
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Swellex rockbolt
Fig. 1. Swellex rockbolt (EBN Industrial Economy, 2022)
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Inclined incision

(a) Before rock bolt insertion (b) After rock bolt insertion
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Fig. 2. Schematic view of rock bolt installation and mechanism of radial expansion pressure generation
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Dizmeter of holes: 38mm
() Drill holes formed after removing PVC pipes

Diameter of holes: 42mm

Fig. 3. Formation of rock bolt drill holes

Table 1. Cases of rock bolt for pullout capacity tests

Diameter of | Diameter of C(;rmzrelslsn;e C(zrmﬁre}slsnf
Cases drillhole | drillhole | STeMEMO strength 0
(38 mm) (42 mm) concrete block | concrete block
(27 MPa) (40 MPa)

Cement mortar + 25 mm deformed rebar O O O O
Cement mortar + Cement expanding agent (1%) + o O 1 O
25 mm deformed rebar
Cement mortar + Cement expanding agent (10%) + o o O O
25 mm deformed rebar
Resin for quick fixing + 25 mm deformed rebar O @) O @)
Incised steel pipe
(SGT275, diameter:42.7 mm, thickness: 2 mm) O O O O
Incised steel pipe O O 1 O

(KSD3507, diameter:42.7 mm, thickness: 3.5 mm)
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(c) Inser‘uon of the incised steel pipe into a dr|II hole using hydraulics and reaction beam

Fig. 4. Manufacturing various types of rock bolt test specimens
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Fig. 5. Measuring instrument for rock bolt pullout capacity

< B

(a) Pullout capacity test of 25 mm deformed bar

Incised SGT275 and
KSD3507 pipes

(b) Pullout capacity test of incised steel pipe

Fig. 6. Measuring pullout capacity of various rock bolt test specimens
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Table 2. Results of pullout capacity measurement of different rock bolts (based on the length of 50 cm), unit:
kN

Diameter of | Diameter of Diameter of Diameter of
drill hole drill hole drill hole drill hole
(38 mm), (38 mm), (42 mm), (42 mm),
Cases Compressive | Compressive | Compressive Compressive
strength of strength of strength of strength of
concrete block | concrete block | concrete block | concrete block

(27 MPa) (40 MPa) (27 MPa) (40 MPa)

Cement mortar + 25 mm deformed rebar 125 144 145 232

+ i %) +
Cement mortar + Cement expanding agent (1%) 240 229 117 238
25 mm deformed rebar
+ i %) +

Cement mortar + Cement expanding agent (10%) 256 250 3 4

25 mm deformed rebar

Resin for quick fixing + 25 mm deformed rebar 55 52 30 58

Incised steel pipe

. . 33 34 32 34
(SGT275, diameter:42.7 mm, thickness: 2 mm)
Incised steel pipe
. . 1
(KSD3507, diameter:42.7 mm, thickness: 3.5 mm) 37 > > >0

547} gl 72T AWEY 27 Sl SRE Q1] 24497 Ak AUE B2 + 25 mm o34
T2 ol 87 SRE A AE BEELE + WHR(10%) + 25 mm [P BTL 0} 87 SRE AFH oA
QrElo] 74 7 Lkebgie
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g ofet- 824 Tl 42 St ol irk BAlo] EAKRITE. 5 Algdniolx Ut utet o]
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A ek AR S (Resing S 0| G2 7450 SEE oIzl x270] 2 e
9 2> 9190tk A (Resin) A1) 735, AIRIE BEERES o] §51 7350} ulamste] ez} w2 7o) glovt
55 T ARIE BERE AR o0 G4 508 Q15 40 FAYEE 9 5 gl

Aol Qit. AR € 3 SR E | Qe el TAPE AR SGT275 (P71 2 mm)S] A9 HEE X

2]
74 S 2 ESY Aol A Y WA (ke Aoz vERg o, SAHE IEE 2 Ard Aol L 0.5
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