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Decay of rigidity for prestressed concrete T-shaped girder
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Abstract: To study the decay of rigidity for prestressed concrete (PC) bridge with T-shaped
girder under fire hazard, the relation equation between variance rate of deflection and decay rate
of rigidity was given out, the coupled calculation model between decay rate of rigidity and
deflection variance ratio was proposed, and the thermo-dynamics coupled calculation method was
adopted to analyze the variance rate of deflection for PC T-shaped girder exposed to fire. Thus,
the decay law of rigidity for PC T-shaped girder exposed to fire was disclosed. The results show
that the temperature peak value is located at the corner of horseshoe part and web floor.
Temperature at direct corner is higher than that at obtuse corner. Deflection variance ratio of
single girder has a linear increment during the entire fire process. The variance rates of deflection

of two girders and multi-girders have a quadratic parabola increment during the entire fire
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process. The variance rate of deflection for unilateral and continuous girder exposed to fire is

greater than that for the same number and interval girder exposed to fire. With increment of fire

time, the whole rigidity for PC T-shaped girder has a nonlinear increment when more girders are

exposed to fire. The study is sensible to assessment for prestressed concrete bridge after fire

hazard. 2 tabs, 7 figs, 20 refs.

Key words: bridge engineering; multi-beam T-shaped girder bridge; prestressed concrete; fire

hazard; rigidity; deflection variance
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Tab.1 Thermo-mechanics parameters of material
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Fig. 1 Rigidity decay model
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Tab.2 Test conditions of deflection variance ratio of

T-shaped girder under fire hazard
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Fig. 3 Ribs numbering and temperature measuring points distribution
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Fig. 4 Temperature cloud charts of single T-shaped girder
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Fig.5 Time-dependent curves of temperature measuring

points for T-shaped girder

—0.05
—0.10
—0.15
—0.20
—0.25

—0.30

0 50 I(I)O 1;0 260 2%0 360
i 18)/min
(a) PHAR

0 50 160 1150 2(I)0 2150 360
i [8)/min
(b) ZRBHHEER
B 6 perds a4

Fig. 6 Time-dependent curves of deflection variance ratio

T 7 Ry O T~ IV F A a] B 3 2

KERRGEZ KB R IE I R £ . ol 181 AT R AR



56 k& XRFFROGAMFR)

2016 4

RS2 KBRS R G 4 Jr B 32 K I e AL A 22 AR
Fraf ZORA s B0 i B 2 KO ) B A A b A g
3K R e AR R EAH TR 3 B R &2 K
I 58 A R 5 SR S7 O B AS RAN 25 (L TR AR IR A
BER 52 R B S Uy 32 K B 8 AR R 25 A 4 K S
PRS2 K B AL R 22/ I T(b) g TV ~
IX 18] B 2 My B r il 32 K I 5 B 52 I ) e A8 3R 2
IpRE 2k . AT B R R B 32 O Y AR R
IR KON HE A R 2 A A R B K, 5 i 2
W 3% KRB — 2.

0
i —0.05
=
g
g —o.10f
)
W —o0.15
B
Jép(
2 —0.20

—0.25 50 100 150 200 250 300

i [8)/min
(a) T I~THIV
0

|
o
o
&

—0.10

$3F & Z/(mm » min~")
|
(=]

50 I(I)O 1%0 260 2150 360
i [8)/min
(b) THV~THIX

BT B R
Fig. 7 Time-dependent curves of deflection

variance ratio difference

LRI 6 RIAL 7. i WIS B AR AR A S Rl
ORI o Bt 32 IR [ 14 58 0 22 il 32 K B g 3R 5
T R A PR W1 5 S AR R IS 5 e s R AL
¥ —E.

7 & iE

(D H T2 32 KPR 5L 1 I HE 3 5 7 v
(9 S5 281 07 R AN ) BE Y L HE AR T S P
eI PR RGN AR KR T I T
W e 728 5 2 B AL R 5 T A

()4 T R 5 G F & 52 K, A
T A1 J= AT 48 5 4 1k b B N 38 )2 0 A il B 06 {1
A BEAE S iy A AL s B R IR TR A S 4 L B2 T

Iyl 5 TR Ol 7 P B i BE A 3 XL 3R il
5 DB AR R XY R B A AR E T
AR s th T ORI AR IR BE L T B3
GO G IR R R TR 5 TOURR A8 B A it R 5 B
B2 2 Ak 1 L G /N T 3 KT R E

OBRHM 32 K T RePeAE AR AN 28 3 51 ki
S P S P DL b A2 K B R B AR AR A R )
2 e Hath 3 5 PR R B S I 2 kT BRI He AR R A
KT R EE b el 52 T B2 R4 3 5 B 35 4 iy
] B 1. 22 W 32 KR OB g R e T SR A M B2
B RARR K SRR OB S — 2

(O KR FETN IR+ T R A W 3 22
WIS AT Sy R 3 TR A5 A7 R 1A O P B (AR

(5) KR WL SR BE £ T GE 4 v] g 2 th B b
]G5 s IRt — 282 T J R B iR e+ T
R ARG E YRR 5T LATSUI 30 7 R e+ T A 1
Y5 SR (A

S E 3k

References:

L1 CREARSFROGIES. =R TR AR5 LR -

20140, W E S AR . 2014,27(5)  1-96.
Editorial Department of China Journal of Highway
and Transport. Review on China’s bridge engineering
research: 2014 [ J ]. China Journal of Highway and
Transport.2014,27(5) :1-96. (in Chinese)

[ 2] GARLOCK M,PAYA-ZAFORTEZA I,KODUR V K
R.et al. Fire hazard in bridges: review, assessment and
repair strategies[ J |. Engineering Structures, 2012, 35
(1) :89-98.

[3] ZRER.2 M. EE#. TRAEWH AR S

BT Al S 45 # o J . 2010,12(5) . 13-18.
LI Guo-qiang, WU Bo, JIANG Shou-chao. State-of-
the-art and suggestions of research on fire-resistance
of structures [ J]. Progress in Steel Building Struc-
tures,2010,12(5) :13-18. (in Chinese)

[4] DD ENV 1992-1-2:1996, Eurocode 2: design of con-
crete structures-part 1. 2: general rules-structural fire
design[ S].

[5] DD ENV 1993-1-2: 2001, Eurocode 3: design of steel
structures-part 1. 2: general rules-structural fire de-
sign[ S].

[ 6] EN 1994-1-2: 2004, Eurocode 4: design of composite
steel and concrete structures-part 1-2; general rules-
structural fire design[ S].

[7] CAPUA D D.MARI A R. Nonlinear analysis of rein-



# KORLF

K& Rt TEENEZRST 57

L9]

[10]

[11]

[12]

[13]

[14]

[15]

forced concrete cross-sections exposed to fire[ J ]. Fire
Safety Journal,2007,42(2) ;139-149.

KODUR V K R,DWAIKAT M. A numerical model
for predicting the fire resistance of reinforced concrete
beams[ ] ]. Cement & Concrete Composites, 2008, 30
(5):431-443.

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

AZIZ E,KODUR V K R. An approach for evaluating
the residual strength of fire exposed bridge girders
[J7]. Journal of Constructional Steel Research, 2013,
88(5) :34-42.

HOU X M,KODUR V K R,ZHENG W Z. Factors
governing the fire response of bonded prestressed
concrete continuous beams[ ] ]. Materials and Struc-
tures,2014,48(9) :2885-2900.

RS S SCE. 1860 FARMA T AR L £k il T ) 2 1
AEL) . W Rk 1 Tl R 54274 . 2007, 39(6) - 861-865.
ZHANG Hao-yu. ZHENG Wen-zhong. Mechanical
property of steel strand at high temperature[J]. Jour-
nal of Harbin Institute of Technology,2007,39(6):
861-865. (in Chinese)

JRSE A R B B . IR T A A Ry A g
AR IR S LT ], DU R A= 4R LA AR, 2008, 40
(9):106-110.

ZHOU Huan-ting, LI Guo-qiang, JIANG Shou-chao.
Experimental studies on the properties of steel strand
at elevated temperature[ J]. Journal of Sichuan Uni-
versity; Engineering Science Edition, 2008, 40 (9) .
106-110. (in Chinese)

RREERWE T BCE MR THDES MR
BB A7 1R B i 2 TR B A A A [T ). R JRIE AR K
2EdR,2011,32(2) :165-172.

ZHU Da-lei, WANG Zhen-qing, QIAO Mu, et al. E-
lastic-plastic analysis on continuous reinforced con-
crete beams at elevated temperatures caused by the
redistribution of internal forces[J . Journal of Harbin
Engineering University, 2011, 32 (2): 165-172. (in
Chinese)

KA, ERA. B KL KRE IR EE A T
ARWIEEAE ], TR 127 .2011.28(8) :193-197.
ZHU Jian-ming, WANG Xiao-chun, WEI Dong, et al.

Estimation of the residual stiffnesses of fire-damaged

[16]

[17]

[18]

(19]

(20]

concrete members[ J]. Engineering Mechanics, 2011,
28(8):193-197. (in Chinese)

KR BRI, R A RO T R BE A 0 B
B B A8 43 A [T ] 3838 38 i L% 2 4k, 2014, 14
(1):26-34.

ZHANG Gang., HE Shuan-hai, WANG Cui-juan.
Time-dependent variation distribution of fire tempera-
ture for concrete hollow thin-walled pier affected by
flame fluid[J]. Journal of Traffic and Transportation
Engineering,2014,14(1) :26-34. (in Chinese)

KR BRI A BN IR BE 4 A O T RE B
A E 5B b E S #2014, 27
(11):46-54.

ZHANG Gang, HE Shuan-hai. Thermo-dynamic cou-
pled deformation difference and layering stripping a-
nalysis for concrete hollow thin-walled pier affected
by flame fluid [ J]. China Journal of Highway and
Transport,2014,27(11) ;:46-54. (in Chinese)

K RLERELX .5 B KRR SN R B
T2 R T ARG A L] A5 IR
] .2015,32(2) :52-57.

ZHANG Gang.JIANG Chang-an,LIU Yang,et al. A-
nalysis of buckling for pre-stressed concrete multi-
beam T-shaped structure exposed to unilateral fire
[J1. Journal of Architecture and Civil Engineering,
2015,32(2):52-57. (in Chinese)

SR L BRI L 4% 3 WL Rl I n [ A R JEE 2 5 6 A7 TR
Bt T G IR R 3 43 L], SUBEHLAL 5 it T B A
1£,2010.27(7) :67-69.

ZHANG Liu-yu, WU Xiao-guang, LI Qi-qian. Analy-
sis on thickness of reinforcement material and ulti-
mate bearing capacity of RC T-section beams
strengthened with steel plate and CFRP[]J]. Road Ma-
chinery &. Construction Mechanization, 2010,27(7) .
67-69. (in Chinese)

KRG . R KRR T 2 RA
PC T BRI B 1 fir AL L) ). K22 R 224 B AR A
I ,2014,34(6) :79-84,

ZHANG Gang, HE Shuan-hai, LIU Yang, et al.
Shear-lag effect of multi-beam prestressed concrete T-
shaped girder bridge exposed to explosion fire[ J].
Journal of Chang’an University: Nature Science Edi-

tion,2014,34(6) :79-84. (in Chinese)



