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Abstract

Since the double-deck tunnel is deeply constructed in the city, it is necessary to secure
the installation space of air supply and exhaust, escape passage stairs, elevator,
distribution facilities and connection tunnels in the vertical shaft for the double-deck
tunnel. Also, in order to minimize the effect of construction on adjacent area, it is
necessary to construct the concrete structures at high speed in vertical shaft after tunnel
excavation. Therefore, the slabs and the stairs in vertical shaft are needed to be
constructed using precast concrete, and the rapid construction techniques of bracket
for supporting the inner precast structure are needed. The bracket installation
methods include cast-in-place concrete, precast concrete and steel. In this study, the
improvement of the steel brackets with good economical efficiency and good
workability was carried out in consideration of the improvement of the construction
speed. We have developed a new bracket that is optimized through bracket shape
improvement, anchor bolt position adjustment and quantity optimization. As a result
of the structural performance test, it was confirmed that the required load supporting
capacity was secured. As a result of structural performance test for bar type anchor bolt
and bent anchor anchor bolt, it was confirmed that the required load carrying capacity
was secured and that the load bearing capacity of bent anchor bolt was large.

Keywords: Vertical shaft, Steel brackets, Embeded anchor bolt, Structural
performance test, Support capacity
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Fig. 1. Model of developed bracket made of 3D printer
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Fig. 2. Two types of embeded bar-type anchor bolt brackets
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Table 1. Dimensions of brackets

Items PL-1 PL-2 PL-3 PL-4
Dimensions 260 x 255 x 10t 250 x 232 < 10t 240 x 240 > 10t 235 x 222 x 10t

Table 2. Material properties of brackets

o . Allowable bending | Allowable shear stress
3

Items Unit weight (kN/m’) |Elastic modulus (MPa) stress (MPa) (MPa)

Steel (SS400) 78.5 205,000 140 80

4.2 Type-1 E24Z! siiA 2t

Fig. 33} Fo] i Befjzl & 2-¢-of YALE 27HE 212t Type-1 42t Hejzlo] Ask= #6532
s 25 51859 ojfiel=nz Hefzlo] 72458 Shshe o= ARSI RS2 34.8
MPa=2 51852 140 MPaXth 217 IS, TAYHTH-E22 17.9 MPa 2 51834152 80 MPalit} 217
WAYSIAT. Fig. 3(c)= Bro 2 At ol Hoks dut Aol 2 she A3 HojFal glt.
Fig. 3(d)= Ae-6-22 Bzl Ayt A gl I sz 2le HolFal glt.
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Table 3. Material properties of brackets

Anchor bolt and Embeded anchor Embeded anchor  |Location and number of] No. of vertical
bracket types bolt diameter bolt shape embeded anchor bolt steel plate
Type-1 16 mm Bar type Left & right 1
Type-2 16 mm Bar type Upper & lower 2

Fig. 6> Hel|Zl 72435 A& SR AAIRF Al ARRIS B ojT=10 QI Fig. 72 All 7FA] Hefizlof| tigt A
O] Bzl AeAlE AitE Bl Qlrk. At g & AnE FASEE A o F- ol A A
(4 EA)Z719] Z-90lk=233~256 kN O] 5150l EE mjto] BT iy YAEBE 2 ¢ X2 EA)X
719 Z-olli= ssAllst 125~175 kNof|A] 2 E - Fo] A=, 200~209 kNof|A] EE mpdto| B3I
5 BAZE A - st 22 EA)Z79] Z-9ell= sksAfist 120~160 kNoA 22 E dFdo] WAsHAL
160~197 kN 2| 5F5of| 4] EE upcto] 2AFsHGI.

(a) Test body

(0) Type-1
Fig. 6. Structural performance test body and test photograph of embeded bar-type anchor bolt type brackets
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Fig. 7. Real scale bracket performance test results for embeded-type bar-shaped anchor bolt type brackets
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(a) Structural performance test body (b) Test photograph

e
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Fig. 9. Structural performance test body and test photograph of embeded bent anchor bolt type brackets
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Fig. 10. Structural performance test results for embeded bent anchor bolt type brackets
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Table 4. Results of structural performance tests

Bracket types Anchor bolt Location and number of No. of anchor | No. of vertical Failure loads
shape embeded anchor bolt bolts steel plate

General type Chemical types 4 1 233~256 kN

Type-1 Bar type Left & right 2 1 200~209 kN

Type-2 Upper & lower 2 2 160~197 kN

Type-1 Bent type Left & right 2 1 267~323 kN
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