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Abstract

The purpose of this study is to analyze in advance the problems and improvements
that may occur during the construction of intermediate slabs and the loading of
intermediate slabs through the preliminary structural safety evaluation of intermediate
slabs for Test bed structures in deep depth tunnels. The Test bed construction can
verify and confirm the results of the design and construction technology development
of large depth double deck tunnel through the process, and can also be used as a
learning site for engineers and the general public to speed up the time of underground
space development. There will be an opportunity to do this. In particular, the design
load of middle slab built inside the circular deep-depth double-sided tunnel cross-
section varies depending on the construction method and the construction equipment
load used. Class 3 truck load of KL-510 assumed to be common load to upper and
middle slab during loading and installation is loaded on upper and lower slab with
different working position for each load combination Analyzed.
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So] 720 FL 1A B (Kang et al., 2019), 4] AJ5jo] Gl B} T2 A5 S e Ao w
Testo] ZelE ol e RS Telstart BEE A 4 sH Lot B se|n g FAI ZHst
87 5H5 UKL-510 353 E2fs1E-2 A8 olo] A3 Wl 36 Fol thet 724 FES 4shirt,

Faol] HEE THIS RS AT S FAL 91 M BT U8 g AHAe] g
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Fig. 2. A process for construction of middle slab using dedicated installation equipment

Table 1. Dimension of middle slab and air duct slab

Length (mm) Width (mm) Thickness (mm) Weight (kN)
Upper slab 12,510 2,000 350 219
Lower slab 10,000 2,000 350 175
Air duct slab 8,000 2,000 200 80

ol &8 thaol 7R 0 & o] F S R 010**174 90X 2|3t Fof| A Bapllo] A=A 7= EAlel,
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Fig. 4. Tunnel section of three-lane eccentric loading
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Table 2. Multi-lane loading factors

Number of design lane Multi-lane loading factors, “m”
1 1.0
2 0.9
3 0.8
4 0.7
More than 5 0.65
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Fig. 5. Test bed section & 3-D analysis model
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Fig. 6. Loading for multi-lane on the middle slab
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Table 3. Moment of load by position

Load Slab End (kN - m) Center (kN - m) End/Center
KL-510 Upper slab 139.76 69.15 2.02
KL-510 Lower slab 101.58 48.73 2.08

Construction Lower slab 193.10 85.63 2.25

178 Journal of Korean Tunnelling and Underground Space Association



A study on the structural safety of middle slab in double deck tunnel under live loads

—@— Upper slab
--0O-- Lowerslab

20
0 ! | | ! ! ! !
025 5 75 10 125 15 175 20
(End) Distance (m) (Center)
Fig. 10. Moment of KL-510 truck load
250
Ao — — Lowerslab
_200-
E
g
z 150 —
>
= NG
= P o
é 100 — 2 7 e &
o
P
50+
0 ! ! ! ! | ! !
0 25 5 75 10 125 15 175 20
(End) (Center)

Distance (m)

Fig. 11. Moment of construction load

58515 At E alelet S Eo] AR KL-510 355 EZstsol sl Aot sH S HoflA] &7

ZHSHA] Fig. 129}7}01
Z iAol A

7}7}

e AAES 27

17.713 mm<}6.941 mm,
= 71 0 2 et 7] 5l50] AR

gt AL Table 4°f A]stch

S

Displacement (mm)
[=)}

w

n —&— Upperslab
--O-- Lowerslab

=}

0

0
(End)

2.5 5 7.5 10 12.5 15
Distance (m)

17.5 20
(Center)

Fig. 12. Displacement of KL-510 truck load

G AcHA 8.501 mme}3.364 mm7 SO, O]

Fig. 133} Z2m, o]o]

Journal of Korean Tunnelling and Underground Space Association

179



Tae Kyun Kim - Se Kwon Kim - Hyun Jun Kim - Chang Young Kim - Wan Kyu Yoo - Sung-Pil Hwang

15\ -
i --{O-- Lower slab
12k
g \
E
g 9 ‘\‘,\_b{b
5 R 4"
& o R ey <
&
a) 3L
0 | | | | | | |
0 2.5 5 7.5 10 12.5 15 17.5 20
(End)

Distance (m) (Center)

Fig. 13. Displacement of construction load

Table 4. Displacement of load by position

Load Slab End (mm) Center (mm) End/Center
KL-510 Upper slab 17.71 8.50 2.08
KL-510 Lower slab 6.94 3.36 2.06

Construction Lower slab 13.22 5.64 2.34
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Fig. 14. Moment diagram of construction equipment load

180 Journal of Korean Tunnelling and Underground Space Association



A studly on the structural safety of middle slab in double deck tunnel under live loads

SR %

2595507
@é&

Fig. 15. Moment diagram of KL-510 truck load

o

22 Tho] olE AfehA] HTmmEs} dAlstR, oju) s Lele] A9 WG o) 518715S &
ok Qlk, A1 S 2R geivt 470 Ao e SR SIS, TendontlA] B 744 45
MPHS S S B A 7] Z710} £ 0] support 58 F7H5te] 91 AR WMAsHe Chpe
32 % 92 Hlole. olejgh i F) shiel SeE A ZHIA e, 2} okl mhe St wisle) of
A4S EESATFig. 16). A £2E 571350 mm A9, SPHO MG AL 51852 3.873 MPa U
Sht, 518 A7 14.986 mmE 2ok 22 & 2 Ik, WebA] AR SeE T 380 mm oA AbgA] AL
8 AT WEF 5 Ik 37 L5 57 350 mmd 9ol SH WAL AL 51832 3.873 MPa

>,

o

P
AE% ™
}5

58 A2 11.266 mmS Z1FoR= AL oF 4= oJr}, wabA sl Sl H.0] =7 370 mm oA AR

eX
=
=1Q 07O HER= = = O pEz=1L oF A O =Zo}lH &
Al 51-8-5-82 =Sk, 74 380 mm O ARSA] 518 A TS TSk A & 4 Sk HEAYE SYR
= o = o = = 5]0
719] 1.10~1.158) A 0] £ 2 FAE S7HAXITHA S AHe Bt o = Alojshs 218 ¥&
2~ 0
= Qlet
5 20 5 15
—@— Stress —@— Stress
451 - - Displacement | 19 451 -« - Displacement — 14
A llowable stress dig & 20 Allowable strcss =
AN S ] BTt S s :
g A5 o 1 g Z o =13 £
2351 > N E S35 % £
< 58 q16 g 112 &
% 3k - Allowable deflection [5) % 3L Allowable deflection (5]
A N Taae®cusseny Lo B ST ensemm O TS - g
2 : O E . 11T
251 w7 2 251 o 2
: 5 14 3 : N A
oY A RS A
2+ A& R P o O o0 7|10
O
15 | | | | 12 15 | | | | | | 9
0.35 0.36 0.37 0.38 0.39 0.4 0.35 0.36 0.37 0.38 0.39 0.4
Thickness : upper slab (m) Thickness : lower slab (m)

Fig. 16. Stress & Displacement by slab thickness

¥l Q170] M9l TALE BEES Test Bed TEE 754 £910] A4 294 Bl tiig 5]
o] thol gte, T Test Bed TEE T50] ARHH Ahd DTS 4-0o] 7Fsohue Seuo] AL

Journal of Korean Tunnelling and Underground Space Association 181



Tae Kyun Kim - Se Kwon Kim - Hyun Jun Kim - Chang Young Kim - Wan Kyu Yoo - Sung-Pil Hwang

ws] EAfsle] 1 Qo] Ae} )@ BAE 4 Gl o] Halo] Masitt w7, BEEY AR AT &
Sus o N2ka0] e AJFAE U FHekE0R oot m v 2nlySe] BAlS sfdsh] i) 27
o] oAl EHreF o] 8.0l A%l A A|sto] 1rio] HEky Ul Ahare] QA S S sjop sk, o]
ol A2247)9] 7t o} g 1 QApolA] ThE Seli whe] BAE WSl o) whie] o) weier BEE
o] ZeE A7) 2 LD Tho] ek SFAT 4 Gl FU A% o 2|0 Aol Basih

528

ESHE Test Bed T g2 E.0 AR 7= A 718 fskala, 222 thadh 2

1. A - S LB 2H881= KL-510 353 o5 ZHEE Bd W $4%(20.0 m) thH] ©H(0.0 m)7}
2.02~2.258) FA UepRtoH, k0.5 L (L: SEE Ho))7HA = Ade Bto] gt 7o = eyt

2. SR & B A KL-510 355 Eolsoll Hlol 71 AH]6l5-9] HRIEZ}1.76~1.908) =LA UFERst O™, Test
Bed?] 5hi Sef|Hof| 71 AH]ol5S F5] dLestolof it

3. SO KL-510 355 Egskzol tofl A<} obf SeffEollA TafiehA] ZH2F 17.713 mm@t 6.941 mm,
Z9H A5k 8.501 mme}3.364 mmZtHIAYSIH O W, SEE TF AEAR AE s TYFH20.0 m)y=
Sl S EollA Folsol 3t AR 7S HESh, B AA IS 206l

4. &8 hio] ol A, S QIS 2okl Qlow AAES RESAIZ17] Q1o T Sl B &
g LT EHE F719] 1.10~1.155 AF8o1H, G3HAQ1 32 S Alold 4= 93-S o = k. &

Q

T, S H S0 S HE QA IS e E S5 E E o S H A2A B’ ASels AR o] Tlige] B

ALl =

B AIE ZE WENFENENS7|EA0TY) 2014F 7S ATARI] AT EEEE A 9 Al E
71&71EH(14SCIPB088624-01) AT Bl =& Ql<5H Tt Az o] A=Y

182 Journal of Korean Tunnelling and Underground Space Association



A study on the structural safety of middle slab in double deck tunnel under live loads

References

1. Chung, C.H., Sung, Y.E., Hyun, B.H., Park, S.J. (2008), “Experimental study on connectability of
half-depth precast deck panels with loop joint”, Journal of the Korean Society of Civil Engineers, Vol. 28,
No. 4A, pp. 581-590.

2. Kang, K.N., Lee, S.H., Song, K.L., Liu, L., Motamedi, S. (2019), “Performance-based evaluation of a
double-deck tunnel and design optimization”, Sustainability, MDPI, Open Access Journal, Vol. 11, No. 1,
pp- 1-20.

3. Kim, B.Y., Lee, D.S., Choi, W.S., Kim, K.Y. (2016a), “An experimental study on precast road deck slab
of double deck tunnel in great depth under fatigue loads”, Proceedings of the Korean Society of Civil
Engineers, Vol. 2016, No. 10, Jeju, pp. 89-90.

4. Kim, B.Y., Lee, D.S., Kim, T.K., Bae, C.K., Kim, J.G. (2016b), “The experimental study on transverse
field connection method of precast road deck slab of double deck tunnel in great depth”, Proceedings of
the Korea Concrete Institute, Vol. 28, No. 1, Goseong, pp. 125-126.

5. Kim, B.Y., Lee, D.S., Kim, T.K., Kim, Y.J. (2016c), “An experimental study for the improvement of
construction speed on pc and steel bracket”, Proceedings of the Korean Society of Civil Engineers, Vol.
2016, No. 1, Jeju, pp. 91-92.

6. Kim, T.K., Bae, J., Choi, H., Min, 1.G. (2012), “Experimental studies on PSC airpit-slab with fire
resistance panel under static and dynamic loads”, Journal of the Korean Society of Civil Engineers, Vol.
32, No. 4A, pp. 245-253.

7. KSSC (2011), Korean steel structure design code and commentary-load and resistance factored design,
Korean Society of Steel Construction.

8. Lee, D.S., Kim, B.Y., Bae, C.G., Hur, J.H. (2017), “The experimental study on transverse field joint
method of precast road deck slab of double deck tunnel in great depth”, Journal of the Korea Concrete
Institute, Vol. 29, No. 1, pp. 23-32.

9. Lee, D.S., Kim, T.K., Chae, G.B. (2015), “The experimental study of full-scale optimized composite
beam (OCB) reinforced with open strands”, Journal of the Korean Concrete Institute, Vol. 27, No. 5, pp.
471-480.

Journal of Korean Tunnelling and Underground Space Association 183



