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ABSTRACT

PURPOSES : The behavior of a concrete pavement in a tunnel was investigated, based on temperature data obtained from the field and FEM analysis.

METHODS : The concrete pavement in a tunnel was evaluated via two methods. First, temperature data was collected in air and inside the

concrete pavement both outside and inside the tunnel. Second, FEM analysis was used to evaluate the stress condition associated with the slab

thickness, joint spacing, dowel, and rock foundation, based on temperature data from the field.

RESULTS : Temperature monitoring revealed that the temperature change in the tunnel was lower and more stable than that outside the

tunnel. Furthermore, the temperature difference between the top and bottom of the slab was lower inside the tunnel than outside. FEM analysis

showed that, in many cases, the stress in the concrete pavement in the tunnel was lower than that outside the tunnel.

CONCLUSIONS : Temperature monitoring and the behavior of the concrete pavement in the tunnel revealed that, from an environmental

point of view, the condition in the tunnel is advantageous to that outside the tunnel. The behavior in the tunnel was significantly less extreme,

and therefore the concrete pavement in the tunnel could be designed more economically, than that outside the tunnel.

Keywords
tunnel, concrete pavement, temperature, FEM analysis

Corresponding Author : Ryu, SungWoo, Senior Researcher

Korea Expressway Corporation Research Institute, 208-96, Dongbu-daero
922beon-gil, Dongtan-myeon, Hwaseong-si, Gyeonggi-do, 18489, Korea
Tel : +82.54.8111.4337 Fax : +82.54.811.4309

E-mail : htsrsw@gmail.com

1. H7RHHAH

Syt FEL] 70% ol4fo] AR Eof glo]
20149 @A &= HAH EHEL F 79374,
A% 621kmol| Getet, o] F g E2FA} st
U= BEL 5874, AF 446kmon FZ Al &
T2 244 A, "HY 1k o S8 o' o
tHE AR, 2014),

International Journal of Highway Engineering

http://www ksre.or.kr/

ISSN 1738-7159 (print)

ISSN 2287-3678 (Online)

Received Nov, 25 2015 Revised Nov, 27, 2015 Accepted Mar, 04,2016

THeE A Ad
A71a T A AEE W &2de I 2AF

+ 2l B3 i
7h i, duApE 32 =R AL, 2013).

U & Hok= B Aol 5.5T, BE UlFolA

1

ror

=285 =2F - M8 M2z 19



0~1TE 247 10% =olH, 4 st Bist
+ B ol 60%, Bl'd HFlA 15~20% = A
O] 25% Eolqltt, TS B R T i

S A -] R A T = AA ‘#%
o}, webs], HE Y AJHE 232 E 23 7hej A= &
A ZAL BTV v]E 71381 Qgoka & 4= Qi)
o|e} Zo] Hdy FAYE ZAL ‘TLZI@; 7‘]% U

ox 2 o

o]

275 ) ,—’\*’_‘—/\‘*—;} 80

o
5 -+ Temp._day §.
<, -f}- Temp._night >
160 F

g —4— RH_day E
© B 2
o - e & + RH_night T
2 L g g O g, 140 &
£ R £
H =2, ]
4 [T}
[

20 . . . . . . . 20

g Om 18m 36m 54m 90m  192m 264m 800m
! ) |

| outside | Inside |

Fig. 1 Environmental Characteristics of San—In Tunnel
(KEC, 2013)
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Table 1. Tunnel Information

Length| Construction | Traffic

Highway name | Tunnel (m) - (AADT)

1| Nam-ae 33K | 29" | a0 | 2012 | 24312
Heung 1
Soon—-Chung~ | Kwan—

2 Wan-Joo(90.70k) | Chon 2 420 2010 9469

3 | Dong-Hae@39K) | K9 | 960 | 2004 | 13585
Leung 4

Temperature
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installation
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installation
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Fig. 2 Installation of Thermal Sensors at Outside and
Inside of Tunnel
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Fig. 3 Air and Slab Temperature Inside and Outside
of Tunnel
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Table 2. Input Values for FEM Analysis
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Table 3. Stress Difference Depending on Element Size

Variable Value

Slab elastic modulus/nu 28,000MPa, 0.18

Lean base E/nu 15,000MPa, 0.2

Subgrade E/nu 262MPa, 0.3
Rock base E/nu 15,000MPa, 0.2
Dowel/Tie bar diameter 32, 16mm

Dowel/Tie bar E, nu 200,000MPa, 0.26

Dowel-slab support modulus(Tie) 12,800(1,000)MPa

Max principal stress Accuracy
Mesh Ever—
. ABAQUS Westergaard| Ever—FE |Westergaard
size FE
100 1.396 1.95 2.01 71.59 69.45

75 1.435 1.95 2.01 73.59 71.39

50 1.62 2.013 2.01 80.48 80.60

25 1.805 2.02 2.01 89.36 89.80

3.00

i BABAQUS

OEVERFE

OBradburry

S6.02%

9435

98.37%

Max Principal Stress (MIPa)

0.00

20 15 10 5
Temperature Gradient

Fig. 4 Accuracy of FEM Model for Temperature Loading
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Table 4. Stress Difference Depending on How to Make

Mesh

Type of Stress % to ) % of

model (MPa) |bradburry Time - [Elements element
Eq“é‘ijz'zta”‘ 1318 | 9691 | 1day |385400| 100%

Mesh 1386 | 9456 |4 hours|202052| 52%
refinement (1)

Mesh 1369 | 9573 |4 hours|118980 | 31%
refinement (2)
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Table 5. Stress Difference Depending on Models

Center Corner Edge

Stress Accur Stress Accur Stress Accur
(MPa) acy (MPa) acy (MPa) acy

Ever- |ABAQ| , |Ever-|ABAQ| , |Ever-|ABAQ| |,
vl e us | * | eeus| ® | FE|us| ®

208 | 185 | 9204 | 284 | 193 | 67.78 | 390 | 3.18 | 8146

1
2 |1 063|071 8868 | 1.07 | 097 {9025 | 115 | 1.36 | 84.87
3 | 063|071 |8774|184 | 239 | 7708 | 113 | 1.05 | 9333
4 1040 | 039 | 9810 | 0.62 | 057 | 9317 | 113 | 113 | 9991
Joint width=6mm 6m
-
e
e —
2 2 =
[} — @ v,
By 2 &
O} ] o
/3
Dowel bar —

(a) Plan View of FEM Model
(Figs. Continued)
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Concrete 300mm
. e 1 150mm
b 100mm
h
Rock 1000mm
| ;
P f 7
k=300 Pa‘m

(b) Geometric Structure and Boundary Condition of FEM
Model

32mmD dowel bar

‘ 6mm Joint width

I=—= ConcreteSlab
Lean Concrete

(c) Meshing of FEM Model

Fig. 5 3D FEM Model
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Table 6. Analysis Condition for Concrete Pavement
in Tunnel

Analysis condition

Foundation Rock foundation

Temperature loading AT =x10

Boundary condition Two side fixed

98kN (Single axle—Sing tire,

Traffic loading Single axle—Dual tire)

Table 7. Comparison of Ever—-Fe and ABAQUS

Loadin Loading Ever— | ABAQUS |Accuracy
9 | condiion | FEMPa) | (MPa) (%)
Single axle=), g 041 | 90.0%
. Sing tire
Traffic Single axle—
g'e ax 0.4 037 | 925%
Dual tire
, single axle=; 44 2.12 95.0
Environmental| Sing tire
traffi i —
& traffic  |Single gxle 211 219 96.3%
Dual tire
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Table 8. Input Values for Slab Thickness of Inside
and Outside Tunnel

Inside tunnel Outside tunnel
Thickness 24cm, 26cm, 30cm 30cm
AT +5 +10

Curling down Single axle=Single tire (98KN)

Curling up Dual axle-Dual tire (150KN)
Joint spacing 6m
Dowel bars 12

Rock base E/nu 15,000MPa \ n/a

Fig. 62 Sel2 FAo mg s 2o J8-549
oS Ho{Fal oy B Uiy 240 e2 =AY
sfords o 9] A7) B3 Fbeke A
e ek, F79 #ate] Hsid e sl FA7}
24emQl ol He Aol FFEF e % 1.31
MPa, 3tF2® <] 49 1.64MPa& 7P ZA Jebe
o, B T 2o S oF 40% &4l HA
okt webM, B U 232E SE FAE Hast
o= 22 A IS oFE Ao 2wt
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. Curling up Inside tunnel Onside tunnel
[ Curling down AT=2B6"C AT=x10°C
54 Erock=15,000MPa Esg=262MPa

Max. principal stress (MPa)

T
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2% 24 ]
Slab thickness (cm)
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Fig. 6 Analysis Result for Slab Thickness
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Table 9. Input Values for Joint Spacing of Inside
and Outside Tunnel

Inside tunnel
Thickness 24cm
2XAT +5, £10, %15
Joint spacing 6m, 8m
Dowel bars 12
Rock base E/nu 15,000MPa

Onside tunnel Inside tunnel Onside tunnel

30

. G m
—8m
25

20 A

Max. principal stress (MPa)

0.5

e

-1 -10 -5 0 5 10 15
4T (T)

n
L

Fig. 7 Analysis Result for Joint Spacing
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Table 10. Input Values for Dowel Bar of Inside and
Outside Tunnel

Inside tunnel Outside tunnel
Thickness 24cm, 26cm, 28cm, 30cm 30cm
AT n/a n/a

Traffic loading Single axle=Single tire (98KN)

Joint spacing 8m 6m

Dowel bars 0,7 9 12 12

Rock base E/nu 15,000MPa n/a
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Fig. 8 Analysis Result for Dowel Bar

Table 11. Comparison of Analysis Result for Dowel Bar
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Table 12. Input Values for Modulus of Rock Foundation

Inside tunnel Outside tunnel
Thickness 24cm 30cm
AT -5 -10

Curling down Single axle=Single tire(98KN)

Max. Stress | Deflection LTE
No dowel 78.5% 95.6% 79.7%
7 72.6% 92.0% 99.1%
9 70.2% 91.7% 99.8%
12 66.0% 91.6% 99.9%
Ref. (Outside tunnel)| 100.0% 100.0% 100.0%
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BAG T4 A A A AR 2AE ARSI
(&5} et al, 2013). Table 12 ¥ B4 w2
-9 Hg FrF HeE Hojea

AL 8

=]
2]
A= 24cm, S+ 7H4

Curling up Dual axle-Dual tire(150KN)
Joint spacing 8m 6m
Dowel bars 12
Rock base 100, 1000, 15,000, n/a
E/nu 100,000MPa
Inside tunnel <L Onside tunnel
) T = 24cm, T = 30cm,
aT=-6%C IAT==10C

1
22 :
= 1
; 1
w 1
o 1
O 1
1= I
= l
o] |
= I
1
1
|
0 1

100MPa 1000MPa  15000MPa 100000MPa  262MPa

Fig. 9 Analysis Result for Modulus of Rock Foundation
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Adolet @AEte 1 o] Ao vujshy] o
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shdch E3 ABAQUSE o] {dlo] x4 By
ghEo] ot 230l High AsEAe sk 1
At 2o 9 H4 S 14 B, thduh AX

T, S 240 FA2E sl A 5
(critical stress)ofl et FF& HESI] 7 W &
By 24 Al LF HA ] 7hsdE ekt o

29| 17 AT pore oS3}

.
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1. Eld WRolX e A3d= skakde Al £5T9 &
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SHA] kot S B FA7E 24emd B, AR
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1 BAIH A g A olnsiel,

3. Bl Yl el AR Aol 4] uhe &
43 24 Aole 24 G, )7} AR
A St W4 g

e °¢139MPa4 S0 L]—E}L]— E—] R ISR S
oA thdulrt AAE Ao vlE] o] oF 30%
=T AR o= chdut A At A
o] EFH LA oA oF 10% F= =7 YRt
2 &dl=2 S et BrlelA=

=
BAA ¢ S7EeE SR A eA-gE o)
PASH A%S et sHEAN] hard rock

o] highly weathered rock(100MPa)ol H]3} &zl
Hol Zof Qg ol &3 0.4MPattol 2to]7F uh
A Belor Ao g s 2 FEAtolo gk ¢

- =
F2 ovsitte S & 4 ek

Foz By

O
ZAE 249 7Eel w24 23 Ha 9

ol sl B WFe fgstsol 24 ¢7] w2l g

Qu 232 E xH| FAE A 5 3len, $A
A =T 9 U 2A7E 2Ee Ewe o A 4
OS2 AAE Qe A gl s AE AR
A 497 8ol § 237 "2l ol& At
AL ASE 7l8ioF & Ao, B sl IF I
o] A 7] WEel dFY Ee AFHLE =
SHA] ghotte 2 Aoz T Qi) of2f’k AAA el
5 TSt FF HEW s 232 E 2F 2AE
Mdd o7k e AL2 yepgoy, @4 232E
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