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Abstract

Recently, the construction of underground structure such as a double-deck tunnel is
increasing to manage rapid growth of roadway traffic volume. Double-deck tunnel
includes middle slab to separate upper and lower road inside, and various sources
affect the dynamic behaviour of middle slab due to dynamic loading of vehicle.
Therefore, it is important to investigate the dynamic response of middle slab precisely
to apply it to design and analysis of double-deck tunnel. In this study, dynamic analysis
model of middle slab considering structural type, design velocity, vehicle load, and
surface roughness, etc. is built. 3-dimensional dynamic analysis is performed to assess
dynamic response of middle slab. Consequently, Dynamic Magnification Factor which
represents dynamic response of middle slab shows maximum in case of elastomeric
bearings (EB) and average roughness (Grade C). It is also expected that dynamic
response can be reduced under the condition of good roughness (Grade B) and fixed
bearings (FB).

Keywords: Double-deck tunnel, Middle slab, Vehicle load, Surface roughness,
Dynamic Magnification Factor
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Fig. 1. Typical section of double-deck tunnel
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Dynamic response of middle slab in double-deck tunnel due to vehicle load
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Dynamic response of middle slab in double-deck tunnel due to vehicle load
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Table 1. Analysis conditions

Middle slab Conditions

Dimensions Width = 12.6 m, Length = 88 m, Thickness =400 mm
Young’s modulus = 27.8 GPa

Properties Unit weight = 25 kN/m®

Poisson’s ratio = 0.2

Damping ratio 2%

Normal stiffness = 102 MN/m/m
Elastomeric bearings Normal damping = 15.5 KN - s/m/m
Support Shear stiffness = 3.67 MN/m/m
Shear damping = 556 N - s/m/m

Fixed bearings All D.O.F are restrained
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Table 2. Vehicle Model conditions

Vehicle model Conditions

Model Spring-mass model Quater Car Model (QCM)
Mass 3,000 kg

Stiffness 473 KN/m

Dmaping 15 KN - s/m (20%)

3.3 '™ R &(Surface roughness)
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Dynamic response of middle slab in double-deck tunnel due to vehicle load
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Table 3. Road roughness values classified by ISO 8608 (1995)

Degree of roughness @ (n,)(10™°m?/ (cycle/m)) where n, = 0.1cycle/m
Road class
Lower limit Geometric mean Upper limit

A (very good) - 16 32
B (good) 32 64 128
C (average) 128 256 512
D (poor) 512 1,024 2,048
E (very poor) 2,048 4,096 8,912
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4.1 BEsHM

~

AR FHE R HEsiA S Aot o SHFe R AR REY

Yol T3l 7 2]SHH Table 49} 2t}

[o3

Table 4. Mode analysis results

Elastomeric bearings (EB) Fixed bearings (FB)

Natural frequency Mode shape Natural frequency

Mode shape (Hz) (Hz)

8.9

9.1

9.6

10.6

o] 79 FeEo 2 o] P} BFED| FTEH L Yo 2 APo] YAle] 1B
of ekl ol g AR B ERARS ZHr), FUFEITRL] A7 e TRe] 3 ) BE YL dune

=
W BEL0E REGAo] Bl 9o vl LAUESE AL 470 F97F HPDF K219 49

Journal of Korean Tunnelling and Underground Space Association 725



Hyo-Beom Kim - Chang-Won Kwak - Inn-Joon Park

FUEHE PR E AR EE A feha s shA RS v e 2 Ao, Lz s 9 2feke] 5
&5 58 HSIA| A7 A 5S ettt URbA 0 2 a4t of Hslof whE wagof A 9] S HIEA
Lo vlElol] 7Rl e A 02 dulA §lo B 2 MAE oA gk o2 AAIGE ofstel A o] HE
T Hasirk webA, 80 kmhrs AAEE R 7HEs5te] 23] 30 kimv/hr 4] 23790 km/hr 7FA] 10 kmv/hr 7H2.©.

2 SHSIS oty FULALE FYFOR SR TR SRS BAjshnt

421 FYHAHE 71E 4 mA)
FTHRONAE] A& AZol diste] FAEKEE A=Y F2-eHe] H(
Magnification Factor)+= Fig. 63 72T},

of

&A1, Dynamic

13

Max = 1.25 -

=
9]

=
HN

[
o

G O’
—e— Grade B-EB ot
[ =C Grade B-FB

Dynamic Magnification Factor

e
o

= M- Grade C-EB
++ [+ Grade C-FB

0.8

20 a0 60 80 100
Running Velocity (km/h)

Fig. 6. Dynamic Magnification Factor (DMF) at the center of middle slab

s 24682 TEEE 60 kiv/hr of| A IS 0™ FoQt e A I of HISl] HE0] le 2 (Grade C)°]l
= 8% E B EHIE e A9 S0 Hislel mhE S B A T A5l A
60 km/hr 7}A] FRYEI7 g0k of| wht —7}0}1’/}7} Ol % thA] Hashs A He vh, e e HES]
Aol A LRt
< o He ATEY A2 T2 2] B-HEB)/H A B-HEB)°ll HIsl ZA| e,
ol=42 ?lﬂoﬂ SteHETT el A Eleldat YA s e s Alge] oz IRk FA el 2
A
et 3594 g EH(Grade C)olal ARz 0] RHIA]R] 787 T84 60 kiv/hr oA 52 0] 25%
(DMF=1.25)2 7P A veb o, iz =g Foot Jeli(Grade B)2 A2 74-F 1 FF217% & g4

726 Journal of Korean Tunnelling and Underground Space Association



Dynamic response of middle slab in double-deck tunnel due to vehicle load

ohe & 4= Qo Ej S o] Hstof| g 54-3 5O Hel P2 T2 HE o] ool Pk Hrom XXy
A2 545 270l FFS rlx= A= mpelE Q)

B4 o] 2 B 2| A]A] T4 50 km/hr, 60 km/hr 2 70 km/hr of| 4] 2] AlZHo]E] S ATRE A
5P Fig. 73 2k 2jefo] F1kaeiBef A Ydohs 27| = TG v AR 7 HSls e SR
2] AL FASHA 755, 2Fe] Y= ool whet iAo w2 SO X}OW 74 A=A
= SIS = QI Ajgo] FYR-E AU FHRE 7FAA S| A2 dast] AldshH S858E Zu
FAEHEE 2Pd5] o]’ & =7 0 2 AR 9] l&o| FTkstal o] A XEoh= AS L 4 alu}. = 2t
o] TRl Hgoll w2 10| F7tok= ko] LR olzfet B2 ot LA of Hoh
HF0] Li/JEjol A Kot S5 HA F|thsd-8H3ko] o AXth 2L o) iE 54 2 SH F
oA IA TAYck= B3-S eI 1 2[thghe] Zol= lLUt_‘EJ i}ol(Grade B, O)Erh=sdgt
L HxE 21 o Aggeatolof| B 27| o)&Esh= Fake Bt Eot FYEKL T oA HA SR 2

0.4 0.4
0.2 0.2
g 0.0 E‘ 0.0
E 02 E‘ 0z |
(7] i ——EB-50km/h v ——EB-50km/h
06 | R T — EB-60km/h 06 [ N EB-60km/h
......... EB-70km/h <weeees EB-70km/h
0.8 L L L ! 1 1 L -0.8 . .
0 1 2 3 4 5 3 7 8 0 1 2 3 4 5 6 7 8
Duration (sec) Duration (sec)
(a) Grade B, good (b) Grade C, average
Fig. 7. Settlement at the center of middle slab in case of elastomeric bearings
0.4 04
0.2 0.2 |
g 0.0 -g 0.0 AR

:Ié: -0.2 ‘d=-.: 02

£ £

o 2

% 0.4 E 04
(7] Static w Static

0.6 ¥ o e EB-Grade B 06 . mmmmaa FB-Grade B

- EB-Grade C - FB-Grade C
.08 -0.8 . L
4] 1 2 3 4 5 6 7 (1] 1 2 3 4 5 6 7
Duration (sec) Duration (sec)
(a) Elastomeric bearings (EB) (b) Fixed bearings (FB)

Fig. 8. Settlement at the center of middle slab (60 km/h of running velocity)

Journal of Korean Tunnelling and Underground Space Association 727



Hyo-Beom Kim - Chang-Won Kwak - Inn-Joon Park

Fig. 82 L7160 kiv/hr & o SYHolA 0] FA-SH 525 He D7 AR Aol 2o S
]

2ol Hedeks 2719] = duEH E
o] o

- | i = |
AAAC Bl Z7F517] W0 & PEHET, S AR 22 A]0] Sk Al R AR} ol A9
of 13} 13591 79014 S5l H|eh €F200% 714 21Fo] F7FstH] o] 2 Qlal HrhEA AT F/HS &
% 9lek.

4.2.2 THEAAE 715 88 m A7)
ZHRo||A ] AZ] 2] tste] FaP& T SASH A2 51 Fig. 99 2t

Max = 1.53

—&— Grade B-EB s .

- ©= Grade B-FB s T

-4~ Grade C-EB e
| --E}-- Grade C-FB

- I
N »
S
N
£ N

g
=}

Dynamic Maghnification Factor
%
o

0.6

20 40 80 100

60
Running Velocity (km/h)

Fig. 9. Dynamic Magnification Factor at the end of middle slab

e SEE kSt 9-2] e A8 FHE I 70 km/hroflA] 5% oW 2 UER o m Lo mh2 #s)
20 97 ¢F 11 AA-Stho]| 77ke e B AT, F4 5 40 kmvhr, 70 kmvhr(BHJ 2] 2], Grade B)olA1 = A
A-ggoll vlal 54-8F0] L8]] ZA A= AT i g7t BEQ1 - ST 40 km/hroll 4] A FRFo]
F A= o o] 7ol wet 54 JFe S okl A ] HalE e
=7 e

A2z e -gEE 4
EVdHRR] A2 %2710) ot - 5
km/hrollA] ©F42% = UFER O m BHJHER] 2]2] 0] 739 T U S ollA 53% = g UEIgIch oli= 94
Z3A R Qloto] FEH BV A gold vt AIAE THo =M ko] TP 0 2 QIgh-F A gRto] Zobslv]

o =
A
I
H1
&8
:
R
1
g

N

728 Journal of Korean Tunnelling and Underground Space Association



Dynamic response of middle slab in double-deck tunnel due to vehicle load
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