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Crack Width Prediction in Concrete Bridges Considering Bond Resistances
affected by Corrosion
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ABSTRACT

The current design for crack width control in concrete bridges is incomplete in analytical models. As one

of the important serviceability limit states, the crack width be considered with the quantitative prediction of the initiation
and propagation of corrosion and corrosion-induced cracking. A serviceability limit state of cracking can be affected by the
combined effects of bond, slip, cracking, and corrosion of the reinforcing elements. Considering life span of concrete
bridges, an improved prediction of crack width affected by time-dependent general corrosion has been proposed for the
crack control design. The developed corrosion models and crack width prediction equation can be used for the design and
the maintenance of prestressed and non-prestressed reinforcements by varying time, w/c, cover depth, and geometries of the
sections. It can also be used as the rational criteria for the maintenance of existing concrete bridges and the prediction of

remaining life of concrete structures.
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Fig. 1 Example sketch for the corrosion of steel in concrete®
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Table 1 The threshold value of chloride ion for corrosion

initiation
For concrete weight Concentration of chloride
(%) (kg/m?)
Mean 0.36 0.782
C.O.V. 0.12 0.296
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Fig. 2 Time dependent current density function with the variations
of water to cement ratio
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Table 2 Experimental maximum crack width prediction equations for reinforced concrete and prestressed concrete structures

Proposed by

Maximum crack width H] 31

A
Ay = 1.54~——’é : mean crack spacing
Nawy and Z .

potyon dy“'") A,= area of concrete tensile zone
AE = increased strain by external loading
E = elasticity of reinforcements

Wonaer = 1.44:10725.4-107-A (AE,cE)"*' (mm)

20 =sum of perimeters of bonded reinforcements

*Compared equation |

_ s A, - A
Winaa = 25.4:10°0:3:10°° A By, (mm)
>0
Nawy and B . ) ) *Compared equation 2
h uang(”) fps—net stress change in prestressing steel after decompression omp equation
o =5.85 if pre-tensioning
o =6.51 if post-tensioning
Whas = Cl'gct'dc (mm)
Wmax4 = Cz'gct'dc'Ab]/s(mm)
Meier and Cl1, C2=bond coefficients

gergely'® For Re-bars; C1 =12, C2=8.4
For Strands; Cl =16, C2=12

£,=nominal concrete tensile strain at tensile face

*Compared equation 3, 4

% Compared equation : compared with proposed equation(Eq.")

546 | =22 o2)|Ests| =27 H18H X435 (2006)



A R20% A EL] HE AIFE HoFEr)

F2A7IE o} RAWA Alole] AAE AdFAe] I
2 (Fig. 4& ol&3d a3 g

T(C)=23.478 - 1.313C (15)

714 1,(0) = L) ZEH=A]
C=%4ug (Fad 71849 3

2]

4 wgel AR dae] ARl dEFe 4
(9= AdE 5 Utk AFdFel 42 37415
durAQl fEY o A9 FAEEE & 5 3ok 29
g Z7] B3 AEe dubEl FagEd

-
2
R
=
i3
2
i
N
o,
z
o
Z.
Q
o
<
~
w
&
a2
B
2
2
>
Rl

435 AQkAe HAeye g %E}.
t(C) : 2 Jfoi—1.313C(%) = O(MPa)
H| & 238 E (16a)
1(C) : 2.5 Jfus—1.313C(%) = 0(MPa)
T&£H 2AHYE (16b)
15(C) 2 0.11,(0) (16¢)
A71A 2] (160)9] F-2775e] Falo od Hagh(FHx

7\:111\_‘/] 100/0)‘\:: @@Q;} = o] o}_gaq‘ }\1(14)01] tl;\]o
2 Zr2d 728 2 16cs Y EHA:

Wnaxs(m1171) (7
1
0.8- (1+a)- (0, e
[(1+ad /4, ) Qff—1313C(%)E,,]
4 ..
A7), p = = i KEHIY
Ac,ef
Ao = 25% P2 esmannn o Ane 47
tW
FE & At 17y o2 ¥ A} 34 E(Table
2, Ml 1~4)7 HlaLsto], PSCRLF A e] o A3
A& TA HFIHAS (Figs. 16~17).
LMo FUE ol F
31 MBH|MEY chHGHA =2 3 3(NONCOMP: Nonlinear

Composite Section Analysis Program)

Lk

weEAE e G4 pSCRF BEel AY mHE
BAAR A, v ARE GHS FAGE] YA
49 w43 271, 293 Q%S A AgET) 9
o BYe uedstel e WBEL (Fig 9) e 2

Aol olf SAMEZAE Dest 232 E mEke| 7Y

£
A
pei |
L :
; { o fekbe
§ ------- i.-- - r e "'. c
: o Fex fex
de —C
¥.. —t+— Aps * fps +
—T > As =*fy

Fig. 5 The locations of centroid of stress-strain diagram and
equivalent rectangular area

o] Axtgitt,

step 1) i=0, ¢'=¢'+ Ac: ZAYE HIEL 02EH 3

7HNH

step 2) THF 9 7MY

step 3) 73 E FEFO o TR MPBES g

HEAS o} P, o = o . 2IAE TP
ck

(Fig. 6) H&zke] 789 ®ol(o,,: 57HEHA
Z4ge] zol, fy: FAYE 28U YFAE), B 2
AYE FAYFA P2 ADonHE AR =
A7k ] Azl (Fig. 8)

step 4) afy b c=A, £ +A, £ -A) £ AR
WS HITHA: %Jﬂw} 2)E o|F3|A vl

] '§ (Newton-Raphson 3% )& &

d.—c¢ . -
step 5): g, = ss( s ) HEE HEUE Y
(6

2068 ; l ,
1724 I | '
1379
1034

689

345

Stress (fps, MPa)

-345 i i i
005 o] 00s 01 015

Strain (eps)

Fig. 6 Nonlinear constitutive relationship of prestressed
reinforcement (Menegotto and Pinto Model™®)

Z 0% | 547



827
689
552
g
S s
2
w276
N
£
» 138
0 4
-138 | 1 i . x
-0.02 1 0.02 0.04 008 g.08

Strain(es)

Fig. 7 Nonlinear constitutive relationship of prestressed
reinforcement (Sargin Model

21))

10 0.9/150+5, €,

Fig. 8 Nonlinear constitutive relationship for concrete

d, — _ .
step 6):€,, = €, ¢ +8(P ) W8 54 Sl A
C
ep 7): 5y = L2 EAWAT] ARAYE
ps
2
A e
step 8): &, = ( ’“f”e)(l —-07] TANE 4P &
AEC ¥

HY g gt %@%k 2k (Figs. 6~8)
g g SIAFEUME

- Bo) + A f(d;— Be) — A’ f,(Be - d')

5T WRE F7)

M= Apfp(Gys

step 11) i=i+1, step )2

A7 FEA O] d.= (Aplosdp AL AN(A sfpsd ot AL

714,
ATZE §9 :G=Gm|:2f.+—(_8.)2:|
€, ‘&,
BT+ 8 o=0,(1-Z-¢,)), z=150
C+7+ 38 :,6<0.16,,

548 | 2232 ESS| =28 HM18H X435 (2006)

Inpat data of
Section Propexties
Cons ftutive equations

of steel and concrete
Intiaize
Variables

ec =0.00005 Ee
nitial extreme prs—— .x(
compressive s tram %}

cv

Deterraine
P

alpha and beta

i
i

From stam ik
Internal farce equdbriom Update (i)
ecmec+0,00005 c=T by secant method

Resisting Mornerd
od carvature at
ec(i}

!

Quiput
M, curvatare,
ecu, fps, wxmax

Fig. 9 Flowchart for nonlinear analysis for un-cracked or
cracked section™

Z= 2
gm[l —2£+(_‘i) ]
8m Sm
Om=fuo &= 0.00014 ff.,
o714, FE ¥ = f, g, TAZE AJdHe H¥Ec: &
AN FHEAY AZLEFH: c=o,bc=of4be,
T=121%34

3.2 oMo T o A 2 el A H|RHF

8 47, 22 %é(aszu S A8 Tk

%, FLEYA BASE oy, = st (18)
AS+ glAp
Topk P Topi
A7IA L, B8 =02 ERRER A0}
Tbs,kq)p Ths.k
el §& g8 Atole] A, 1= H2o B
2-3EHT o W2 AX(MPa), 1= ZHSEHS T
o] HRFAEEET o ¥ I (MPa), = Zgjs
E 2 e FAAE (mm)
Fgo] AR ol 4 (18)F 2ol Wy APy
AL olgste] o] HYES 7 F 4 (199 Fig.
73} o] Ao WAFFAARF AN E g FI
d —

g, =g, -2 ¢ (18)
[

c$s2_Ees &, 558, (193)



o=/, & <& <ty (19b)

E (e,—¢€y)

Eg(e, — g, [I—L—S] 19¢

i h 27 (19¢)

c: TR Akx dvom E THF A, E,:

Y2EH A A S& duk A2 @A, d: 3

EA7A 8 de] 7o), g A W
€

sh "434 YE B3y

=
T o

=
o et 2ol
2

52
o
)

4.1 wEo| M

A7t 25me] VAR 2}
& oz A48 sle) Y

Table 3 The properties of PSC Girder Bridge

Thickness of slab d,=200 mm

Compressive strength J. =40 MPa (Girder)
of concrete f.=27.6 MPa (Slab)

Tensile strength of tendon fou = 1,863 MPa

Yield strength of tendon foy =0.9 f,,=1,676.7 MPa

Elasticity of tendon E, =16,490.8 MPa

Elasticity of rebar E,= 196,508 MPa

Elastictty of concrete E.=33,701 MPa

Area of tendon Aps=2,964 mm®

Area of rebar A =230 mm’
Depth of rebar d;=1,321 mm
Depth of tendon dp=1,321 mm
A
Partially prestressed ratio(P.P.R.)"'® = pilps 0.98
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Fig. 19 Predicted crack width by the suggested crack width
prediction model (Eq.17) during life cycle
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