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Temperature and Stress Analysis of Box Culvert in Fire

Hyun-Jun Kim * Cho-Rong Im - Hyeon-Kyeong Yoo * Chul-Hun Chung*
Department of Civil & Environmental Engineering, Dankook University
(Received April 19, 2011 / Accepted October 31, 2011)

Abstract : This paper has presented a finite element analysis of structural behaviour of box culvert during and after
fires. The fire tests were carried out in a furnace on RC slabs using the ISO 834 standard fire curve. The load capacity
after cooling of the RC slab that was not loaded during the fire tests was evaluated by means of additional 3 points
bending tests. In the past, stress-strain models of concrete under fire loading have been proposed by several researchers.
Comparisons are made with the load-displacement relations of RC slabs after fire loading using the existing stress-
strain models with temperature, such as Schneider, EUROCODE 2, Lie, Shi and Nan model. By comparing the load-
displacement relations, Lie model was found to result in a maximum load about 2.0% higher than that of test. Based
on the fire test results of RC slabs, this paper presents an extensive analytical study on the fire response of box culvert
during and after fires.
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Table 4. Max, stress at service and ultimate loads for pre—fire stage(MPa)
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Table 6. Max, stress at service and ultimate loads for during fire stage(MPa)
Position Concrete stress Steel stress
Member
concrete steel service load ultimate load service load ultimate load
Tl TS1 -8.655 -8.641 -54.862 -31.848
T2 TS2 3.565 3.576 166.205 160.739
top slab
T3 TS3 -6.087 -4.763 67.715 157.787
T4 TS4 -1.859 -5.795 40.360 40.297
B1 BS1 -8.386 -8.210 -32.376 28.283
B2 BS2 1.509 1.651 52.765 53.374
bottom slab
B3 BS3 -6.253 -4.899 62.012 159.086
B4 BS4 -2.216 -5.741 23.952 20.292
RI1 RS1 -9.476 -10.487 -103.175 -94.712
I R2 RS2 3.569 3.568 437.079 447.973
wal
R3 RS3 -6.189 -4918 58.181 140.358
R4 RS4 -1.660 -5.307 40.790 38.811
H1 -4.001 -3.733
haunch
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Table 7. Max, stress and temperature at ultimate load during fire

Position | Max. stress(MPa) | Fire Time(min) | Temperature( C)
T1 -8.641 14.26 689.4
BI -8.201 15.33 701.9
Rl -10.490 13.55 680.5
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15
10
~ 5
g AMAA AAA A AAA A4 4 4 o
=
: 0Oe
@ 060 50 100-----~ 150" 200
— o o
»n -5 2-08%-0 000 00 0o o o
in
-10 A T2
------- T3
o T4
-15
Time (min)
(a) Top slab

Fig. 19. Stress of concrete at ultimate load during fire,

ok

IO StS| X, H26 K62, 20114

sl HAYEH=H, 75‘5}% F%l—g EHfl]r
ARSI} HtATEE WS W
Ao A L A L ““@iE— Tab oﬂ
gefstith. Table 7oA HH FAES] Zf oF
Z-g-2o] MK AlHol A SR QIF WAL
T= 9F 680C =50)th

S & ek AEiolA HatmEo A '
L x4:1_4 232 Fig 203} 2t} sl E30
EOﬂ ARG AZolAe ARbA o A5
AL, 9|5 ol AR dZoM= %
MPEl, ARe] AR gl
- HA S ol AR Ao M= AR
oA} nfRV IR 2 JE-SHL 2ulsl=
o] WAYEIiTt. FG3H5E Aejol A 3t
% 9 SesyoRRE AgE AT

A Ao A 2] 2[df 522 Table 70 A2

oZ;

[0 j‘
_|_‘

oW o
> ?23
g

olo J":

o o oo IH 2 oX

N °1N F— g‘r
S fo o oF

1}

S it 2% rl
3R
T

o

0. 50 100 150 200

Stress (MPa)

R1
R2

Time (min)
(b) Wall(U1)

15

10

AAAAA A A A A ALA A A A A A A

0e
50 ., .-100-"=-"- 150 """ 200

o
8909060 5% 000 oo

Stress (MPa)

-10
-15

Time (min)
(b) Wall

41



500

300

Stress (MPa)

-300

-500

Fig. 20. Stress of steel at ultimate load during fire,

<= 8okl A o8- e 2= ARE8kS el Fig. 21,
PG WA ok= Lie™ 7} A|ket AFearele) ¢bd ol

Sy Auiide 285kt ZlﬁPS—E:rL HRs A 130 #2714 e
o] AT SPA7E FREAL, FREO] AR

JHIR 2 o5 ARElE W =stolE Al

sk T ol ZF fiR]o A 9] 2822 Table

83} gy, shA| & AJslg-groll A WAt 242 iﬂﬂ“ N

E 9 " 2 A A Aol visiM= A A8 s &

Z oA S - Aol s AEEl @ 52

< FEs HAtt Foue L= 9

Time (min)
(a) Top slab

o

i

200

TS1
TS2
TS3
TS4

C EREETISE
e 13t Lie¥o] mel

0o
b
o

4
40
r
0

Stress (MPa)

3.5.

X
ol
izt

ra

500

300 .

100 L .o-=

%0000 0 0 000 00

-100

-300

-500

4. HIJ.L—E—&‘.'

S A oA F

2 ZoA] Y

0 50 100

Time (min)
(b) Wall

% Sh F ABFET UAT

ZA2|E 9 Ao SEHsE

Z9kslE AlEle Fig 22

v sk Rie. drdfol A 22 B9 Fig.

EH._‘(TI, D)) 5 _l_vé_

e H(B1, B2)

2 WA(R1, R2)o|th. Fig. 21~220]4 B, 34 &
of ik YiE W Z3|EofA] 7P F A& 0]

Table 8, Max, stress at service and ultimate loads for post—fire stage(MPa)

HPYE| T, 915 ol 91X Aol M Pu-3Y

o] HAPE|YIT. o] gErEe

¢

=l A 9] g2l vl
Sol iR, ek Aol sk

Foz Fast Ao

[e]
=

oF

|

rﬁé

g

e

Position Concrete stress Steel stress
Member
concrete steel service load ultimate load service load ultimate load
Tl TSI 2.290 3.033 -10.531 40.613
T2 TS2 -0.030 -0.061 -4.668 -25.456
top slab
T3 TS3 -6.210 -8.733 4.246 12.413
T4 TS4 -0.12 -0.016 0.913 -3.547
Bl BS1 2.742 3.031 -10.602 32.717
B2 BS2 -0.034 -0.062 -3.933 -13.101
bottom slab
B3 BS3 -6.431 -8.801 4917 12.360
B4 BS4 -0.017 -0.024 -1.130 -3.677
RI1 RS1 3.019 3.042 15.941 8.728
I R2 RS2 -0.030 -0.040 -39.068 -37.661
wal
R3 RS3 -5.998 -10.157 4.500 12.742
R4 RS4 -0.009 0.00002 -4.902 1.235
H1 -2.229 -3.2233
haunch
H2 -0.070 -0.1008
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