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Crack Width Calculation Method of
Fiber Reinforced Concrete Composite
Bridge Deck
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Abstract: To consider the crack bridging effect of steel
fibers in fiber reinforced concrete (FRC) and its beneficial
effect of restricting crack initiation and development in
composite bridge deck, a calculation method of residual
stress and cracking width was proposed. The main
parameters influencing the residual stress fz; were
yielding stress of fiber o;, fiber volume fraction Vi,

compression strength of concrete f.,, fiber length I;, fiber
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aspect ratio a. The correlation between the afore
mentioned parameters and the residual stress was derived.
Based on the linear regression analysis from test results of
35 three-point bending tests on notched beam recorded in
the literature, an equation to calculate f;, with 95%
confidence level was proposed. Including the contribution
of residual stress in the calculation method for the
composite structure under negative moment suggested by
Eurocode 4, a crack width calculation method for FRC
composite bridge deck was proposed. A FRC composite
bridge deck specimen subjected to negative moment
loading was used to validate the calculation method. The
results show that the calculated rebar stress and crack
width fits well with the tested value.

Key words: bridge engineering; crack width; residual
strength; fiber reinforced concrete composite deck;

negative bending region
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Fig.1 Section stress distribution after concrete

N\

crack (Neglecting tension stiffening effect)

o6.=0., T Ao, 3
Moul_M F

00— % AL 4)

o A ) 5

()P, M F AT L B 1 RT7R 4% N 1 2 18]
I C R TR

Mf—fh (e —0.5h) 6

fn D

ﬁﬁﬂﬁE%E%¢@%hﬁh&Jﬁﬁﬁﬁ

IR

M.+ M, =M., (8)
Wik 716 71k O AT A5 E 4 P 7 A A F
F +Ff:Foul (9)

B BT R, HOR S22 ML AV F

S A AR RS 2T HEA T T ELSE P R
Do s G AT AT FF 24T 1T (B PR 5 5 2, AL
I ST 0, e N

M. (he — hua)

o-s‘neu: I (10)
TFLMT I T RS2 W ) F o il 2R h
Fcr:(ysvneuAcr (11)

W 2K (9)—=0 (1) BR A7, 75 51 88 11 % 18 21 4 5%
A I 9 RS W 8 S B P SRS e, AN C12) BT
o h oA BT BE 5 Ao MR BE UL, AR TR BE
F AR AR 3 L A he 53 51 R T 24 BT A 15T SR L T
R AR v i e e T R MU R G R A s

E{jﬂ:iﬁﬁigiﬂiz&l\ s i/l hreal/J\a:hcon Hj‘%%{ﬁ
.
Fil.,
hreal :hcr 7 AC:M" (O<hreal <h ) (12)
1.3 FiEiE)E

DRCHH LA 21 v TR B b 20 4 [ R T 4% 2K (13) 3
I8 T IR R R AR ELAR B A R
S = 3.4c+ 0.425k, kz¢/,0p, eff (13>
s e N PR AP R R RE , @ AN AR s b % 8
B 5 R B b R EN R BE Y AR KL, A B A I O. 85 &
ORI BEFRRIT IO 7504 ) 288, R 52 25 PRI O. 5
Xt T AN £ YER BE - 454, T 25 28 4EVE TR
556 AEK 2 4 9] 9 7977 5 TS O - Y 1 A8 22 , R4S (] B ik
AN BN AT AR BE T A S AR, i T ARRAEH,
TRGE T R AE M A2 3 FIA SRR, b ] fig
52 B 1) B0 317 3 P A SIS
] 0 A B 3 X R 5 L AR T A 1) S S RE 2 .
RS0 A SCRRERT o PR Z W] (AR B, o 1
{23 2 B R BT , A SR I A5 AN AT 4 |
R i) A9 A5 A ) TR B B2, LS | T AL
BERC R S /A

2 FREERFRNNHHEHE

AT SCAL, fron JE LT HETRBE 1+ FF 245 2485 SE R T
BRI FREERMBEZ —. fib B g iR
FA B3 = SN  E frme AT O AL
YR EE 2 PIANH G FR Bt 11 5% = i in 28 A di
P — fr LR

LT A TR e+ T 2405 10 22 AVOW T 2445k
S| VRS2 SSE S B T S Tl B ES S S B R 1 B i)
WFSE FIPAAR 27 Sk WL 95 %5 . 4R 4R e LT



5 6 1

W, 45 LT HEIREE L2053 17 IR ARCRAE T8 1 TR vk 791

S5 MR AT 1 5 7 3400 B AR 5y )
AR SE S RO VIR G B R IT 240 T £ 44k 2o
TR AT,
2.1 HEFESHHHM

Stroeven'"" ' B T23 [ JLfT g 4 h T % 18
LT AETT 1) FIV53 AT 500 F 2T AR e+ T 24 v —2%4
BETERETH AR

kw

o= L e Vi1 )+ 21— ) (14
3 2 l;

P a WA GEEHE B8, a=L1/d; Vo A 4R R
T 532 AT G S IR E 2 R B R w0, R
F A S B 21 47 1 R 32 107 1) K - T
(OFREE ; £ J R IR LT e Z 50, 20 7 P4t =8,
M LU I =4 w W [ N A YK
JE o AR IR ) 7 A S A i R
SN PR 27 2 1A K 3 B A P 3B 4 1 ) 7
TR Hoh AR fib B L A A, =
0.1/ fom 17 "5 HURR LT A LB AT S
2.2 LFfERHEHIIE

Abdallah™ 8 14 25 S 2P 4E AN EL 2 57735 ) Bk
R A e A A b A AN, TR 3 R BT
TRk A M R B A, PR (15) 1. B
SFUEURSERR I, M R S e 5 — AN T E
FERTIBPERENS 2, Bk 1 IR, i 1 e
N

\)’1/
g ; g
f Ly
kd lf ﬂJ'
B 2 HinAbES AR HERIR
Fig.2 Shape of the fiber with hooked endings

< ________m—»

pa)
5 B Py

B 3 fFdEkitidiE

-
< »r v 0<Al<L,
Ab |
< 4 4 -
5 P
— e 5
P A2 a4 a L1<A2<L1+L2
MR R
< | > ———
’—A}/ “ a4 P4
A3° Li+L,<A3

Fig.3 Fiber pull-out process
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Tab.1 Three-point bending test on notched beam
recorded in the literature

Sk o,/ di/ v, L/ f!  frem/

MPa mm mm MPa MPa

mom [33] 1115 1050 0.0039 50 45 126

Carmona [33] 1115 1 050 0.0064 50 44 3.05

2500 0.500 0.0026 30 37.4 2 .42

Ginccio [35] 2900 0.500 0.0051 30 5 5.31

2500 0.500 0.0103 30 59.7 7.86

1100 0.750 0.0051 60 53.6 3.50

1160 0.896 0.0220 60 86 18.71

1160 0.896 0.0180 60 86 18.71

Sormionto (3] 1160 0-896 0.0190 60 86 18.71

1160 0.896 0.0160 60 86 18.44

1160 0.896 0.0190 60 86 17.25

1160 0.896 0.0180 60 86 18.23

1270 0.620 0.0050 30 39.7 5.00

1270 0.620 0.0100 30 25.4 5.79

1270 0.620 0.0100 30 36.4 5.09

2300 0.380 0.0050 30 75.7 8.98

L 2300 0.380 0.0100 30 52.8 10.08
Tiberti [ 37]

2300 0.380 0.0150 30 56.8 7.38

1100 0.550 0.0150 30 41.7 6.71

1100 1.050 0.0150 50 75 7.66

1270 0.620 0.0050 30 40.8 4.12

1270 0.620 0.0100 30 27.4 5.43

1340 0.550 0.0050 35 56.2 1.92

A (3] 1340 0.550 0.0100 35 60.1 3.11

1340 0.550 0.0040 35 61.3 1.93

1340 0.550 0.0080 35 63.8 2.95

1225 0.750 0.0100 60 63.2 3.26

De Montaignac [34] 1345 0.550 0.0100 35 46.9 2.35

1345 0.550 0.0125 35 56.1 3.03

1050 0.625 0.0100 50 82.7 13.80

1050 0.625 0.0100 50 80.7 11.80

. 1050 0.625 0.0100 50 78.2 8.00

Bencardino [38] ) 0y 695 0.0200 50 78.4 1410

1050 0.625 0.0200 50 76 13.70

1050 0.625 0.0200 50 80.2 13.50
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