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Material properties of prestressed concrete girder bridge

after exposed to fire
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Abstract: The factors such as maximum temperature, duration, diffusion condition and concrete bursting at
high temperature increase the difficulty of obtaining material properties by using temperature. In order to
quickly obtain the real performance parameters of the materials of the pre-stressed concrete beam bridge in
the post-disaster bridge evaluation, the appearance classification and material test of 32 hollow slabs

demolished after the fire of the existing beam bridge in a highway were carried out. The relationship
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between the commonly used testing indexes and the properties of materials is obtained by measuring the
properties of materials after fire. The applicability of these indexes is verified by the ultimate bearing
capacity test and finite element simulation. The results show cracking and spalling of concrete at high
temperature not only results in significant loss of section, but also significantly reduces the strength of
concrete and prestressing steel strand in this area, which leads to the reduction of bearing capacity. When
the spalling depth of concrete exceeds 2/3 of the net protective layer of steel strand after overfire, the
reduction coefficient of compressive strength and tensile strength of pre-stressed steel wire reaches 0. 7,
which will seriously affect the ultimate bearing capacity. Fire action will change the ultimate failure form of
hollow slab from ductility to brittleness. The ultimate bearing capacity of the prestressed hollow beam after

fire is analyzed by using the reduction relationship between the conventional inspection indexes and the

material properties, and the finite element simulation, so as to meet the engineering precision.

Keywords: bridge engineering; hollow slab beams; experimental research; cover thickness; fire

UTAF R | B R AZ I8 1A 28 B 52 95 e i O % A8 3l
AT TR SR BE R KR BB AR R R 2
KA A B R GG T H 25 B 3222 42 li R 1
T AR R L IE e A PR RE . AR e A2 iz i A
BRI G AR O R R, TR R E b MR R
AR LT 17 25 00 Al 2 2 v /DN B 2 B 22 I 4
Pyt DL AR 3 TR AR A 46 28 3R 4t s BF 5T Ho gt
KAERE .

AR 2557 3 Xk KR G5 K P RE A5 0 RN K BT
T AR R HEIE . H AT, 45 Bt KA R 2
3 JR FIS KA P R4 A AR I K T T A 3 B
Jaiid K5 RGHUKPERE DT I, 53 Ah, REPL KT
T VK e R RE 1 VAl B B OB BRI ) F 5
W%, Kodur 5E-H EF R I 5K i~ 1R 5 1 2 8]
BHLE U RV RE RO L B2 R R O A BT S
KIFRAETT I I8 5R TEPT K Z IR EE 5
CTRTTDANSR IR e ol = g SIS I AN E
Bailey &5 BF5E 1 )5 1K J0 Kk 25 5007 7 18 5E - B 1] iz
PURAERE I L 2R 00 2 K0 A R B R0 CRE TR
B0 M A [ i 524 A I S B S R e 3D
S5 N BBURR PR 2R L TS X S5 R ZR 5 PR R RS, 2 2R
FWY L TE IR T L A [ Al it 249 SRRk 2 % 1500 )
T B b W Y 72 T 5% 1 R TT 200 . Majorana 40
Foxk 5 FE A M A A KRB AT T S A S K (]
Y53BT, i ) — R A A R BB R K
A BE RN Ty 1 . Kim 8808 0 HA iR T A L 4 3
i FLAR G L F 5 5 W S B T i A0 4 2T ZE 5 o TR Bt
b BOHUARA AR BE Y DA 3R 25 SR R T R O AR AR BT
Fe 5 52 CDPT 97 {55 J5£ 1 Wy 28 B B 25 Jin 4% i) 48 i
WA . AWET B BE R 8 T il Je o 5 BT 9K 98 /Y

AR 45 2R O 7R B 1 5 A v o (EL R 284 BB 8 1) R X 451 A
AR, BT RGBS B AT R X 2R 2 R R A
BRI AR FU H G 27 2 () S A 0 R ffR ke AR 45
XSO WO SR EE £ T T8 8w P4 21T B
KERETEAL L AF 5T K K FNEE A [ B S 8000 BE L )
B I T B AR T S BT R TR K
TR0 AR FUR 36 R A, 57 3 F RSM-MCS 11 5 $ii
PES M7 % I DAL T R U S IR 8+ T % 4 1 2
1) G WHE BT . S FAT AR 5 42 T ) TR A
A AT G R G S BB A 7k, H 94 JF
P T —EHBRITHIR B PC A5 AT KRN
B 5 M 7 e R SR DO X M o AR IR B
(UHPO) Byt k P fig #1791 25 B 52, il 3t %) UHPC
A5 B BB AR B S O B A I, A R R T
UHPC #5342 50 T35 38 T BE 1, A [7] 41 AR 43
) UHPC A T2 82 Rl K, P oo, ik
PERE 50 3 19 56 R J2 R 2805 3 IF 03 ks i
OB RE Y H & a5, 32 K 37 F e T B LR S ) [R] 4
FRAR AR A5 R ) KO e 5 M L S JRE K A iR B A
THE I M0 380 Ao R K TR R S W R R R )
I3 A R R BCE RS 0L 2 R R 3 43 A5 B, AN 25 TR e
IR R A R S R IR 3 AR A A R R A
AR TR . SR, AE L SE S R N, IR EE T
SR 5, FEE 0 IR BB TT R A B e AN
2 JE I PR K 52 M 1% 5 A I ask S AR B A i
.

S — B B R N ) A5 O AOR i KR
BHE BB IEAT IR L 38 i G T M L AR AR TR A 4
b 5 MORHE RE 19 06 7 L i 2 A R TR S R i B 7
i AE 77 150 50 i A



108 + K5 ;B £

FOROP E

% 42 %

1 IREBARNRIGEE

BB A B — FE 9 m X 20 m T 37 56 BK TN 1R
W8 - T A 25 4 B L R T SRR AT B 16
Jas DA HF RS N 52, 7A° IR BE 1 58 B 4R 2%
oy C50, B A 3% 14 MR R CH ALK B 780 ~1 996
em) BRI I B A 6 X @'15. 2 4. R P2
37.4 mm, R E LA E . TN J) 8 A R
1 860 MPa, skFL# il S5 1 395 MPa, 57 [ A&
LA UL 1, B H %R 2 5 15 4y, — I e 4 1
AR T WSS 7 L) & AR A 245 R b L I
55 8 LM TH B A L K 7ol it RN B v W 258 8 L. &
FOZAT A& P FL 32 1T 2 2B KT BRUR e L TR o
ODREIE 2, RAKLER A4 10 3 EAINK i3
KA 2 by AR G I 45 SR L % 0 Bl 0F s ok U 2k
Br B2 KOG B0 15 LI 3. &R R4 5 . A
M5 7.8 FLERYrbRE &, IR AR AL T A,

2000 2000 2000 2 000 302,
T ™

-

-t - A
- T
)l g e
Jow | ) P
g | & |
o ! o0 ==
i 1 o564 476 T --:
:l} }“ i
L i i
n v TR 37.14
|19-4095 Uis-101 ;LJ;;—MJE Lia=t2.24 i i3t
G ©

(a) S

6x10 Positive stirup
cent

S er line 6x10_\3

8'3 Seeews
&l L:\:“ = %__ \ ;{
, 7.26 E _E%= NN

DESNSREE —
2377 12x10 41 Q. 41x20 1210 M 674
1 960 10284 |

.0, 21

85

(EECAIS T T BICREIET]

(b) AL
Bl 1 scEKPIREE
Fig.1 The bridge layout
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Fig. 2 The schematic diagram of fire source center
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Fig.3 The damage of bridge after fire
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Table 1 Corresponding relationship between fire temperature

and concrete color

F MG W/ °C
EW <300
LN 300~500

RN T Y S RER 800~850
=i 850~900

YSREN T 900~1 000
T H# =>900
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Table 2 Corresponding relationship between fire temperature

and thickness of concrete sparse layer

B J2 B B/ mm MR/ C
1~2 <700
2~3 700~800
3~4 800~850
4~5 850~900
5~6 900~1 000
=6 =>1 000
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Table 3 Basis and Number of Sample Classification
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Fig. 4 The peeling of base slab
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Fig.5 The peeling of base slab
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Table 4 Test results of concrete strength

X fe/MPa SD/MPa Hrik 7 54 REA R

2% 58.5 4.52 1. 00 6
F7E A 49.7 4.15 0.85 15
7% B 43.7 4.29 0.75 15
#i% C 39.6 5.21 0. 68 15
ZuE A 54. 2 4. 64 0.93 15

M 54.8 4.82 0. 94 15
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Table 5 Test results of yield strength of steel strand
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Table 6 Tensile strength test results of hot rolled ribbed

Jati IR 5 B / MPa SD/
X EREEX
T ICFN 7/ MPa
2% 1888 9.71 1.00
FE A 1816 1842 1876 46. 32 0.96
#7% B 1687 1341 1819 73.62 0.89
FE C 1441 983 1732 99.53 0.76
S5E A 1881 1 864 1902 23.53 1. 00
24 B 1718 1 440 1858 35. 88 0.91
[m] 35 1 780 1685 1874 52. 42 0.94

steel bars
R R/ MPa SD/ iR T
X
Jit 1R e PR MPa Jit IR e B
B x 401 540 <20 1. 00 1. 00
FvE A 388 551 <20 0.97 1.02
H% B 384 553 <20 0.96 1.02
7% C 398 556 <20 0.99 1.03
25 A 377 536 <20 0.94 0.99
245 B 376 529 <20 0.94 0.98
[ 3 368 525 <20 0.92 0.97
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Table 7 Tensile strength test results of round bars

PR/ MPa SD/

X
e iz e R MPa
2% 373 487 <20
FE A 382 507 <20
F% B 388 503 <20
v C 360 487 <20
HEE A 359 486 <20
245 B 362 484 <20
[r] 3 369 479 <20
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Table 8 Test Beam Appearance
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Fig.7 The peeling of base slab
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Fig. 9 The bearing capacity test
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Fig. 11 The hollow plate beam loading program
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Table 9 The results of finite prestress after fire
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Fig. 12 Contrast of mid-span deflection
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Fig. 13 The photos of cracks near the mid-span
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Fig. 14 Fracture diagram in case of failure
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5 #ig

1) ¥R 35 - o i 48 L% B3O8 2 0 AR T 45 2%
Ik — 2P B AR 2 DX R B b 2 T 0 4 40 45 L
Je P BUZ AP R BAE S PR T2 RA

2) M KR R BE R R T 2/3 ML v
PRAP R I IR B T 5 J3E L TIN5 85 4 0 (it J3E
Priml 2 KK 0. 7 5 7 H R 0 25 A A FRORARE T .

30 JCRAE A 78 25 0 ARl BR BB 25 iy 2iE

4 R R HUAS D45 B 5 B4 B BE A 47 08056 A%
I8 5 A BRITA AL, 3 BT it K FUNE g 23 0 A 2% B A
FROKEBE Ty, i 1 TARERT I

5) 4 H A H RN 45 45 55 4 1 BE BT sl 2 K Y
KA AN /NS 1R TN 73R B+ 280 A B2 R T 4
3K HAU S TR 52 LA KA [R] T 52 KO B 7 itk — 2
e

S %2 3k
[ 1] 5kBl. TREE M KRB HBEBE S HI (D], FHER.
R 38 K2, 2018.

ZHANG K. Numerical simulation analysis of fire
cracking of concrete beam bridge [ D]. Chongqing:
Chongqing Jiaotong University, 2018. (in Chinese)

(20 5kpd, BRERME. BeXE. 5. TN R %k A7 B0 KB 5T

k[T, KERZFZMARFIZEMD . 2018, 38(6):
1-10.
ZHANG G, HE S H, HOU W, et al. Review on fire
resistance of prestressed-concrete bridge [J]. Journal of
Chang’an University ( Natural Science Edition), 2018,
38(6): 1-10. (in Chinese)

[ 3 ] KODUR V. AZIZ E, DWAIKAT M. Evaluating fire
resistance of steel girders in bridges [ J]. Journal of
Bridge Engineering, 2013, 18(7): 633-643.

[ 4 ] KODUR V. Properties of concrete at elevated temperatures
[JJ. ISRN Civil Engineering, 2014, 2014; 1-15.

[ 5] BAILEY C G, ELLOBODY E. Fire tests on bonded
post-tensioned concrete slabs [ J ]. Engineering
Structures, 2009, 31(3): 686-696.

[ 6 ] MAJORANA C E, SALOMONI V A, MAZZUCCO
G, et al. An approach for modelling concrete spalling
in finite strains [J]. Mathematics and Computers in
Simulation, 2010, 80(8): 1694-1712.

[7] KIM J, LEE G P, MOON D Y. Evaluation of
mechanical properties of steel-fibre-reinforced concrete
exposed to high temperatures by double-punch test
[J]. Construction and Building Materials, 2015, 79:
182-191.

[ 8] skiR#tR, Shandk, BRI, EBOICRAERT W IR %

T T RS RITELT] KER¥ 2 CARPLY
) ,2018, 38(6):12-19.
ZHANG X D, MA R J. CHEN A R. Vulnerability
calculation method of prestressed concrete T-shaped
girder exposed to vehicles-related fires [J]. Journal of
Chang’an University (Natural Science Edition), 2018,
38(6): 12-19. (in Chinese)

[ 90 AR, B T TN I B A2 T0UNE ) TR B - 46 3 4% ) 2%

PEREZ MBS [D]. PE%. K% K%, 2018,
ZHENG X S. Influence of fire of bridge deck on the
mechanical properties of long-span prestressed concrete
box girder bridge [ D]. Xi’an: Changan University,
2018. (in Chinese)

(100 M3t , BEE. HHEMREEE R RI] &5
ZEF) F AR, 2015, 36(10) : 44-58.

ZHENG W Z, LV X Y. Literature review of reactive

powder concrete [J]. Journal of Building Structures,



114

T REx®¥E I FROPE D

% 42 %

[11]

[12]

[13]

[14]

2015, 36(10): 44-58. (in Chinese)

I3 TR K KOK Ve TR BE + 3 MR . JTG E30-2005
[S1 bt A RACH A, 2005.

Test methods of cement and concrete for highway
engineering: JTG E30-2005 [ S]. Beijing: China
Communication Press, 2005. (in Chinese)

BRI, 22055 /0N AR SRR T AR IR 45 K i BT R
TR L], PH 22 H HUR B K 2 CH AR RO
2002, 34(4): 407-409.

YANG Z M, L1 N P. Application of small diameter
core sample to the compressive strength identification of
concrete structure [ J]. Journal of Xi’an University of
Architecture & Technology, 2002, 34 (4): 407-409.
(in Chinese)

EmA BRI 5 1Mo FREAK % GB/T
228.1—2010 [S]. JLHT. r [EAR#E AL 2010,
Metallic materials-Tensile testing-Part 1: Method of
test at room temperature: GB/T 228. 1-2010 [S].
Beijing: Standards Press of China, 2010. (in Chinese)
BURE 77 6 &k + A A 86 T ¥ . GB/T 218392008
[S]. dtae. shEFRES A, 2010,

Steel for prestressed concrete test methods: GB/T
21839-2008 [ S]. Beijing: Standards Press of China,
2008. (in Chinese)

(151 TH, Al W9, 4. TN IR EE - ARG T %5 1)

I IR 37 5 TN ) A AR s B SE T ] R AR AR
., 2015, 48(Supl): 42-47.

DING Y, ZHANG W, XIAO H, et al. Study on the
temperature field of prestressed concrete beam-plate in
underbridge fire hazard and the prestress loss of tendon
[J]. China Civil Engineering Journal, 2015, 48(Supl) :
42-47. (in Chinese)

L16] AB3CE, Y488, £0E. HIAGIRBE L K WON Jy iR 5 L4

BHIT JCPERE LT, M R B # 5T R % = 4. 2002 (4)
6-10.

ZHENG W Z, XU M X, WANG Y. Fire resistance
behavior of reinforced concrete and prestressed concrete
materials [J]. Journal of Harbin University of Civil
Engineering and Architecture, 2002 (4): 6-10. (in
Chinese)

(177 fewgiy. 50N 7718 B 4 AR BT K Pk BE 5 B0 K BT 7 i

WD, MGIREE : MRIE Tl K%, 2009,

HOU X M. Research on fire resistance and fire safety
design method of prestressed concrete beam and slab
[D]. Harbin: Harbin Institute of Technology, 2009.

(in Chinese)

(# AR



