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Impact analysis of transverse diaphragms on the temperature field

of reinforced concrete T-girder bridge under pool fires

Zheng Jing"*, Li Xiaozhen', Mao Xiaoyi'
(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P, R. China;
2. School of Civil Engineering and Architecture, West Anhui University ,Lu’an 237012, Anhui, P. R. China)

Abstract: The effect of transverse diaphragms on the temperature field of concrete bridge with T-girders
under fire was investigated based on the character of pool fire flame spread in this study. Firstly, the
dimensionless relation ship between the total flame extension length and the heat release rate was studied
theoretically. Then the fire models of the T-girders bridge with 4 fire scenarios were built in the FDS to
analyze thespatio-temporal distribution of the boundary temperature. Boundary temperature and heat flux
were subsequently translated to the finite element model of T-girder after surface fitting in order to analyze
numerically the temperature field inside the T-girders. The simulation result shows that: the proportional
coefficient of 2/5 power of dimensionless heat release rate to the dimensionless total flame extension length
is greater than 2. 58. The diaphragm effectively reduces the boundary temperature of the indirect influence

area of the fire source, and divides the boundary temperature along T-girders into four step sections with 9,
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7%, 41%, and 56. 8% respectively in boundary temperature reduction compared to the case of no
diaphragm. Besides, diaphragm reatrains the heat transmitting along the girders. In the section above fire

source, the temperature girders of the T-girder are 33% and 13. 3% higher in the center and bottom of the

rib and 5% higher in the bottom of flange than the similar case without diaphragms.

Keywords: pool fire; total flame extension length; diaphragms; temperature distribution; bridge
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Table 1 Fire scenarios in numerical investigation
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Fig. 2 The arrangement of thermocouples
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500

450 —

200

150

0 5 10 15 20 25 30 35
HE)/min

E: . Pays@iﬁ'l' Y6 L5 iR EE O Paya@;iﬂ‘]%’ﬁaﬂg
« FDSKHE BT iR EE * FDSSEH A2 i BE

5 FDSBEITES Payaile 55 R3ItL
Fig. 5 Comparison between FDS and test results

4 HMRERTHTEE

KA BRICHANT ANSYS 20 i fififie e+ T 22
(130 B2 (R R ST ) T SRR AN 6 Jirs . TR e
AR solid70 Hot, AR A link33 #0, HAAF 1i]
WA R B H A L KO B AR T IXCR TR
0. 05 m FRAE 20 WA » FH 4B X308 FH B ey S o 3
TG B A TG DR HTHLIG RS 3 o o 6 K EL
AT 2y W v 1 3L 3886 12 75 1) » SR 0 2 9
BAIC AGRIETT A fO0R BE AR

KA T GEA I N ERIRLEE I 5K Bk FDS R
R RC A AL 7 2 T JLIRE | AR 4 R S 40 A g O
JNEE] ANSYS A FROGEER p . (H i T FDS #7Y
54 FROTHRLR FH A AR AR 5 OGRS

7} s
E6 TRAMRTHKEE
Fig. 6 Finite Element Model of T-girders

DASE A ) B 1) 100 50 A A B e 53 . ARG FDS 46
SR AT R R R TR A S b
[0 6013 7 5 A S 9 DR ek Rl » 249 T 7 Ay
ANl T K T IR 2 43 A A 28 R 0 o A
ANSYS AT SE B[Rl 2 8] B4 5080 % 42

BEFEIF 1) ph B e 23] 7 B9 AS ) IX B T 324
AT X+ X Xo 45 5 O R A 319 U o9 3R
T RO KT T AR P 7 FioR.

B7 TREENEENRHE
Fig.7 Measuring point in T-girder

5 ZRah

5.1 RERMNESEEE

B 8Ca) () Ny KKy 5t 3D AT Hf JONE & 15
Ol 3 KM EIR B T RARUR. I 4 JIEHTE
BURKF sl . KRG 1~3 ARy AT -
S 4 AR TOUR S > HL A P S i R 3o 8 Al ]
B MARYE (D~ 3D 5% 3 42 A2 2] Bg
A E] 2P A AR R . AT, T BRI K
e 5 TG AN RN A 2 A e LU R T AT 25 ]
IERORAE 2. 58 I 1 T I 2 [ 31 K PR O
F/NTEP A

K 8C b) | (o) FRWIREFAZENS K= HER M, ok
B SRR & I T L R TR [ 7K - 52 S f8 ol B AR 2 55
— MR AR AL IR TS s A7 R A SR S KK P2
JIE 52 A o Al IR A R A R L 1 A T A R I
RE,



108 + K5 x%x3% 14

£41%

N

L 13817 1333.0%'
(a)553D (b)F5HAE
8 NFREE

Fig. 8 Fire plume dynamics of four scenarios

5.2 TRORBEMNHESHEE

Bl 9(a) . (o) & 4E F1 3C 375 16 B A A Yy 2 1l
AL . o 3C HRL IR EEAE 200 s ik F|
630 “C,Rf/5HY 1 800 s PRIFAHNTRRE . AW /& JiE
AT, TSL3 ] T5[4] R ML E S, &
T Ts[2]~TAL4], WK T4L4 IR BERAR, KW EH
J7 1) B /N s 38 FR A R L R R .
s AE b TR T4[4 R e, i85 1 100 °C,
B B3 v TS0 ]~ TS5 (3 9t B8 3 Wi A, T5[4 ]
5 TS[3 R AR, Al WL, K HEIE 8l A & A T
SRR IR 25 M R P 3 T U BE 43 A L S R 3 oK AR TR
PRI 57 B e b SE A AR L o 4 R AE T
SRPIAL » T T A AU I A A T R b KA B DL S A
o

B 9(b) (D R TCHE R R AF 3D il 2
(B 53 A, LA 5 A R Bs 22 AH DL, {H 3 & 3D h
T5[3] T[4 J i 540 °C AR TAMFRAREL 3C
Yy R e BRI EE 1 2024,

YW IR TR TR 4 B (81 9 vp TS[ 24,
T5[2)-12.T5[2]-20, T5[2]-28 43 I T 45 H Bt [+
— e BE AR, 2SS R R O B AR E A 1
PRBL To[ 2 -4 B2 i T JORA BRI B, HoA 3 By
PR 9B R IR T T B RO R A IR B,
T5[2]-12.T5[2]-20.T5[ 2]-28 ¥ 5 AE ity i
FHEL T AF 43 BIFAIG 9. 756,41 %6..56. 8%, 1 UL, & e
A RUFAR T AR I H A A 1 3 IR

B 10 k375 AEL4AF T AN [A] /& B2 A9 44 1
T5[1].T502]. T3], T7 A5 3 5 W A5 1] o0 A
&L, HIIE 10 AT, JCAE e GRS (W] v B2 Ak i B2
TE B TFCIRAE FH DX I 2 S B P g D o A, T A A
B TR B B~ S B PR AR T L AN () 2 B 3 S R
YREA o

25 L [FFEIR B 2R T o B B A R AIR T KA
Ak EHAE R B B L B R SR s T 323
TRESIAT T 431X 4543 DX [B) I RE BR B FA#AIG 3 — #0

A\
1385.0

()5 5aF

[—T4-4— TSI 4— 75214 — TS2H2—T52F 20— 152 28— TS3H — 754 4]
4001

200(

0 200 400 600 800 1000 1200 1400 1600 1800

3}
= L *“u
gié s N 1 uh ! :;m.h

[—ra-4— 751114 — nos(21-12 — no5220 — 75(21-28 — 75214 — 75[314 —TS[414|
74

0 200 400 600 800 1000 1200 1400 16001 800

B lE)/s
(b)F5A4F
800
700+
600
500

400+
% [—T44 —75[1 14— T5[21-4 — T5[2}-12—T5[2}-20—T5[2}-28—T5[314 — T5[414)
300

200+
100+

0 200 400 600 800 1_]000 1200 1400 1600 1 800
Ff1H)/s

()3

600 -

500+ !
il

A
I
I

|[—Ts[21-28—T4-4—T5[2}4 —T5[4H4—T5[1 4 —TS[2}-12—T5[2} 20—T5[3H4|

0 200 400 600 800 1000 1200 1400 1600 1800

i 1E)/s
(d)#3D

9 BEGRSHE

Fig. 9 Temperature with the height of T girder
HERT R AT T Bl Spt% o3 XA SR
5.3 TREEEBRESD T

11 Dy st 4 PG 1) T BRI R 5 50 A B
T AT TR B S A R SR I K IR AR
(55 1 2B 900 °C A LAY il I AR 920 B B3 JCIA
ZK P s ) Al % B T il B AR T TG A B 24
U775

K12 s 3 b T 3255 1.3 SR B i it 2 o



%3

A, E K TGRS SRS REL T BHBES G4 109

1200

X/m
¥:—~-E5[1] —=-E5[2] —=-E9[3] —=-E7
- F5[2] —~F5[2] —F9[3] —~F7
10 #HERIRXGREEER

Fig. 10 Effection of diaphragm on temperature
At . JOREGEIS IR AR TS 1 3R BB =
TR T RUIR T R Y 25 %0, 58 3 X B 1 il 1
TA BRI A . X T R R 0 A LA
AN T] 1 AT P A IR I 25

| - "ﬁ!

zZ
Y x
[ EEMRESS T aeee— ]
20 261.088 502.176 743264 984351
140,544 381632 62272 863.807 11049
() JR4E

T L ]

WY WX

511.438 757.156 1002.8
78 634.297 880.016

265719 8
142.859 3885 112573

(b)) 5e4F
11 3354 BRKEES

Fig. 11 Temperature field under scenario 4

I e S S
20 261.088 502.176 743264 984.351
140544 381.632 622.72 863.807

(a)HRAEE 1B,

1104.9

511438 757.156 1002.
8 634.297

265.719 .88
142.859 388.57¢ 880.016 112573

(b)¥5aF 2B

20 261.088
140.544 381.632

(c)FRAESE3 B

502.176 743.264 984.351
62272 863.807 11049

8

265.719 511.438 757.156 1002.88

(d)F5R4F5E3 B
12 3% 4 FAERREEEES
Fig. 12 Temperature fields of T-girder Sections Scenario 4

Bl 13 Ry s 3 b T 325 1 B2 BOEar il i
XX Xy it BEAR SR N i 3C, R 5t
3D, MIHEICRERAZ Y 3D i . A R b R AL X,
TREERR I R T 3300, BRI X0 0 U BE B 4
T 13300, 30 X ISR S T 500, R OLL A
i SR e A A PR A A A (58 AR B B A T ) 2 B
T I o T TS PR SR 1 L

700

0 500 1;)00 15.00 20(.)0
if18)/s
#H:«Tl +Tl -T2 -T2 —~T3 -«T3

B 13 #=3REHE

Fig. 13 Temperature gradient under scenario 3

6 it

AN BE L 2 T B8 KAz st 5
PR IJARER 3 B 1A T ISR 4 ik 1t I 5 B 48R
Berd fE . tHE T AR KI5 T RN K Rk
T B30 5l R 5 18] o3 A LA A SR b 2 T 3
THT IR E 0 A (R 5] 25 SR

DT MR AT 5 T0 i AR I 3R 2 ] i 26
P FCAER TR A PA] 25 8] (9 R R AL 2. 585

2 AR IE B TYURY 555 JAE IRF ) 41 25 T a2 i vy B 344



110 K5 xR

2 IROP 3% )

£41%

O33R 5 3 380 YOOI S 37 s o - v i i g 3
e T AT s 0 SRl rh s AL TR R A

3D FIREBRLE S5 T BT AT ALK T KA 4R
I DX TR S ZE UM B T 5% 30 I B S kA 7
G IR 2553 DX BRI 43 I REAR 9. 706,41 %0.56. 8%,
X—HUEE AT R fRIfE T SRR /M i A A

4) R T FE A0 DX 8 o AH L JCRE B 2 4 155 O
7 o S e R A B R P R R T 3300, IR 4R
BT 13 3% BAURIRR T 5% . n WL, MR AR A
R BR T A 2ok o AU B 4 FH B S A R R i T
To BRI B 1

SE LWk

[ 1] BENNETTS I, MOINUDDIN K. Evaluation of the
impact of potential fire scenarios on structural elements
of a cable-stayed bridge [J]. Journal of Fire Protection
Engineering, 2009, 19(2). 85-106.

[ 2 ] PERIS-SAYOL G, PAYA-ZAFORTEZA 1, BALASCH-
PARISI S, et al. Detailed analysis of the causes of
bridge fires and their associated damage levels [ ] ].
Journal of Performance of Constructed Facilities, 2017,
31(3): 04016108.

[ 3] LATTIMER BY, MEALY C, BEITEL J. Heat fluxes
and flame lengths from fires under ceilings[]J]. Fire
Technology, 2013, 49(2): 269-291.

[ 4] NAHID MNH. Computational study of highway
bridges structural response exposed to a large fire
exposure [ D]. Virginia Polytechnic Institute and State
Univesity. ,Blacksburg, VA,2015.

[ 5 ]JWoodworth M A. Fire hazard assessment for highway
bridges with thermd mechanical modeling [ ] .

Dissertations & Theses-Gradworks, 2013.

[ 6 ] NAHID M N H, SOTELINO E D, LATTIMER B Y.
Thermo-structural response of highway bridge structures
with tub girders and plate girders [ J]. Journal of Bridge
Engineering, 2017, 22(10): 04017069.

[ 7] ALOSMOYA J, PAYA-ZAFORTEZA 1, GARLOCK
ME M, et al. Analysis of a bridge failure due to fire

using computational fluid dynamics and finite element

models [ J]. Engineering Structures, 2014, 68:
96-110.
[ 8 ] ZHANG G, KODUR V, XIE J C, et al. Behavior of

Under
hydrocarbon fire condition [J]. Procedia Engineering,
2017, 210, 449-455.

L9k, Eml, BR, % KRIEWEREE LHAT R
BHBFFELI]. AB%. 2018(1):56-63.

ZHANG G, WANG G F, MAO D, et al. Study of
bearing capacity CFST arch bridge after fire [ ]].

prestressed concrete box bridge girders

Highway,2018(1) :56-63. (in Chinese)

L10] B, B, sKIAT5. JOREE T MR EE T4 &3
J12EEREIR IR BT ST T ]. TR J12%,2016(8) : 58-65.
YAO W F, HUANG J, ZHANG ] X. Experimental
Study on mechanical performane of steel concrete
girders under fire loading [ J]. Engineering Mechanics,
2016(8): 58-65. (in Chinese)

[11] Standard test methods for fire tests of building
construction and materials; ASTM E119-E115 [ S].
West Conshohocken, 2015.

[12] Fire resistance tests-elements of building construction-Part
1: general requirements: 1SO 834-1:1999 (2015) [S].

[13] HESKESTAD G. Luminous heights of turbulent
diffusion flames [ J]. Fire Safety Journal, 1983, 5(2);
103-108.

[14] QUIEL SE, YOKOYAMA T, BREGMAN L S, et al. A
streamlined framework for calculating the response of steel-
supported bridges to openrair tanker truck fires [ J]. Fire
Safety Journal, 2015, 73: 63-75.

[15] MCGRATTAN K B, BAUM H R, HAMINS A. Thermal
radiation from large pool fires[ R]. National Institute of
Standards and Technology, 2000, Doi: 10. 6028/nist.
ir. 6546.

(16] $hZ. £, BIIK. BRIE K P IE BRI KRB PE
MSEs i sE ()] TR 12, 2017, 34(8): 241-248.
ZHONG W, WANG T, LIANG T S. Experimental
investigation on the burning characteristic of n-heptanes
pool fire in tunnel [J]. Engineering Mechanics, 2017,
34(8): 241-248. (in Chinese)

[17 JKARLSSON B, QUINTIERE J. Enclosure fire dynamics
[M]. CRC Press, 1999. Doi;10. 1201/9781420050219.
[18] HASEMI Y. Surface flame spread [ M]// SFPE
Handbook of Fire Protection Engineering, 2016,

[19] MA T G, QUINTIERE J G. Numerical simulation of
axi-symmetric fire plumes: accuracy and limitations
[J]. Fire Safety Journal, 2003, 38(5): 467-492.

[20] BAUM, HR, McC BJ. Fire induced flow field-theory
and experiment [ C]//Fire Safety Science-Proceedings
of the Second International Symposium, Hemisphere
Publishing, Newport, Australia, 1989, 129-148.

[21] YANG P Z, TAN X, XIN W. Experimental study and
numerical simulation for a storehouse fire accident []].
Building andEnvironment, 2011, 46(7) . 1445-1459.

[22] ALOSMOYA J, PAYA-ZAFORTEZA 1, HOSPITALER A,
et al. Valencia bridge fire tests: Experimental study of

Journal of

Constructional Steel Research, 2017, 138 538-554.

a composite bridge under fire [ ] .

(p# =)



