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An Experimental Study on the Deflection Estimation of RC Flexural
Member by Corrosion of Reinforcement
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Flexural test of reinforced concrete beam with corroded reinforcement were performed to measure the deflection, curvature and
cracking moment for various bar diameter and amounts of corrosion. The amounts of corrosion are varied from 0% to 10% by weight
and the bar diameters are chosen as 10mm, 13mm, and 19mm. The changes in reinforcement diameter do not affect the flexural
behaviors significantly according to this experiment . If the amounts of corrosion is greater than 2%, the deflection and curvature of
the beam increased and the cracking moment decreased. It means that the lower amounts of corrosion does not result structural
damage in flexural member significantly as in direct tensile test. A modification factor considering an effect of amounts of corrosion is
proposed based on the experiment, which can be used to determine the deflection of reinforced concrete beam with corroded

reinforcement.
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Table 1. Experimental variables

Cover | Reinforce- Amounts of
Span, 1 . .
P depth | ment, dj, (mm) corrosion | Beam series
(mm) (mm) (%)
0 NB-D10-00
2 CB-D10-02
30 bio 1,000
9.53) 5 CB-D10-05
10 CB-D10-10
0 NB-D13-00
0.01315 2 CB-D13-02
35 b13 1,300
(0.368 py,) (12.7) 5 CB-D13-05
10 CB-D13-10
0 NB-D19-00
2 CB-D19-02
40 b1o 1,500
19.1 5 CB-D19-05
10 CB-D19-10
N: Normal, C: Corroded, B: Beam
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Fig. 2. Test specimens
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Table 2. Concrete strength
Experiment Strength(MPa) Average(MPa)
58.17
Compressive 57.97 58.07
experiment
58.06
478
Tension 3.62 429
experiment
448
Table 3. Rebar strength
Experiment D(mrn) f y,ave (N]Pa) f u,ave (N[P a)
D10
9.53) 476 594
Tension D13
experiment (12.7) 471 3%
D19
(19.1) 477 594
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Fig. 4. Test setup

Table 4. Experimental equipments

Jy

1—0.001077x
1-0.01z

oo =

Measure of capacity

ol

00
Tl

ol
alll
ol

ol

50ton

s

E.. =
sT A E
sz © s

S0mm

(PL-60-11-3L)
TDS-530(30CH)

Experimental
equipment

One-axis fatigue

durability tester

LVDT

Strain gauges

Data logger

Classification

Load device

Measuring device

Data output device

Et&A%=0]0 200,000MP

o
=T —

o
E=

0171M,

=
1o

0<e, <0.002

1.

(8a)

Q.
&
2

,

e

=

I

3
7 %0
L <

mr
S
ol =1
ol
~ __o|_
ofu mm_
Eaile
T 3
M o
Hrm -
2 5
= O
B 82
— 19
[N
oF Kl
~ on
o Xr
o 1
mo &
o ud
H 6l
mo 00
KO o
Ko

]

8§—10%¢,
4(6—10%,)

12

od

Stanish et al.(1999)0| X|

o
-

]
o
S
[en]
Vi
&
N
N
[en]
<
o
o
= o
o3 00
o
B
O]
H N
ol Klo
ol
100 H.:m_|
ol KO
i o
R4
o) ™
R0 T
<! o
mr o
RO I
ol 100
of ©
=
o+ &kl
=
of OH
s =
o~
__A_| O__IH_U

o)
©
N —_
[
=
W | =
El
— | ©
Tle
\.o”c 386
g2
/AI:\ Nej
I
S=Y
Mpﬂc
NS
=
™
I
—
[
3
o
__oo
ol
M
KU
0lJ
&0
=
iil)
KO .
ol O
or of
<k
L —
o ol
BJ -
ol _
— O
m —_
T
__.A_| _I|_
I+ 0o
< 2
U
==
T3
o) It
&

(3a)

n X Xdy X1, X7,

sz

T

a(0.857,, )bd

Z(mm),

T

MPa), b=

EURY(

TFR12] 22| (mm)O| T,

AI2|E 7

o
j—

7M. fa

=l

:Z;x = Asxfyx

146 vol. 9, No. 2 (2021)



0|83 HYEL Chgn 2ot ol MHAR Chen 2ot
k 1 1 1
=t e, (10) (] =q2)  +a-o[%] (15)
17k r e r crack r uncrack
Z32|E HES0| ZYEH 0121} Zo| BXjo| gz 7 C7IM, (1/r),,. = T EDHE Ol RHTHHO 2 A
ottt 5t ZBOIH, (1/r), = #F LM xIxo| 280l

07|M, k= E2UEZS FHEfo| ME Al(Kim 2014)0]0,
12 219l R= ZZF Z0l(mm)o|ct,
F

)k MEF At Exi= Fig. 501 2ok,

Calculated
Calculated s,,,

Calculated 1
I

1

Calculatad(i)
r e

Calculated A

Input data
Calculated 73,

Calculated T,

Calculated &,

Assume £,
(if = 0.0033)

Calculated a8, k Calcutated afke |
+e Ea. (2.1002.11) Ea. (2.10a-2.11)

Calculated M,

I, Fig. 5. Deflection calculation
7

MM
1. H20| Y=otk W2 BF 16, =e

fSCT :
=a(1—ﬁ( 7 )) (14a) ARl ME0MO) ZES BAGH| st B BRI B
EIMo| 1/3X [0l LVDT 92 AX[5t0f

=
> XT0| BB HO < b 5 o LIEMLIZoD] MEtel BN WHe CigY 2t

07[M, pE of& Al £, = 2 EEY X = 2ZSH(MPe)
)

I =232E Q™Y E(MPa), (0.5f,

St = = =32E BgAe
(MPa)OIH p = SEREIHIZ BE BUME p, =25(h—d)bpE |
Atgottt,

0|2 E5f| 2 EXC2 UAENS T2F FUTS KRSt A Fig. 6. Curvature measurement

StRANRSIXIES| =27 2021 62 147



0
HO

. 1 2
sind+cos’d=1 .. —= 27a2
T a +b

07N, ez SYE AMZIH/3XEME] XE Xf0l(mm), b=
SR SYOIMEE F=A0] 1/37{2](mm)O|C,

A 012N oA ZE blwsll EUS wf FA0] ZIbE
S5 0|24 oM Hrt MgloMe 50| 2 22 7Kz A2
QI o AU, Of XHOIZ Fig. 701 LIEFLHARACY, ASigtt 0]
2 5A0] TISHA0fl EC22F MCIOOIM AMR5H Q= XI2ghk
=2)9] M2 {7} EHE|(Choi et al 2010)5IH ZI2|ERR
HA7I12(2012) 01 A3t Q= R& 2AIHHZHES XMZ5t
of S0l ool Mrids dHEates 3RIAl Yekdol Gict o

o
T
=
re

440
ToME Kat2 22 38 HE8H0 H|WE I,
MaHHAT(Ballim and Reid 2003)2} 2 0

(&)
Al M2EIHOM I ZIE Table

3.3 Al M2t

u@

Fig. 80IA Sfolgt & QU0 MElE M0 M= 2%01 A<
820 Z7t= TotX| Y=Lt O 0|Rs 71EY BAE 0%7
HAAL 7|0 7| Hi20i S7H0f CHet BF2 2Eesh| I
=0[2t1 EEEW O| E—E—OHHE Stanish et al ( )9| Xﬂ

t
H

HO

_.I"I'L 1o
o
> A
= 0o
5o St
=)
o oy
ox HI
XM
+ ol
mlm N
o
= 2
o~
n g
Ho
=2
N
R
2
Pt
_O
ﬂF
=

I
|
i
rz
ox
2
e
0]
ron
ﬂ
=
o
H
=

m
k=)

E >

o & 40

|0 Hu
n=
g
\J
2]
<
r
Il
gll__l
I
£
10

o o
El
m —
ofm
:OII__I
el
=)

rr mn

o

N
T
ol
ro
mjo
4o
ron
=)
T
Il
:O\__l
X
=)
n=
oo
]
10
=
n
]
=
Im
2
L1

ﬂ
e
H
r=
Im
10
o
_>|'_|
=
rr
]
Q
o
=2
—
m
=
£Q
|0
=
Il
N T
10

il

Il
/]
ne NE

Table 5. Summary of flexual curvature analysis
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D10 Theory Result
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(b) D13

O O [JD19 Experiment Result

D13 Theory Result

Curvature(x106)
i

Amounts of Corrosiorn(%)

(¢) D19

Fig. 7. Comparison of curvatures

Flexual Curvature((1/7) < 10°)

Re-bar
D10 D13 D19
Corrosion late(%)
k Type Type k Type
2 3 Theo. Exper. 2 3 Theo. Exper. 2 3 Theo. Exper.
0 0.927 0.98 27.32 30.94 0.933 0.982 21.84 25.06 0.942 0.986 18.19 22.58
2 0.922 0.978 27.92 225 0.927 0.98 2232 19.34 0.91 0.973 18.59 20.25
5 0.902 0.969 289 30.97 0.908 0.972 23.09 28.86 0.886 0.961 19.23 23.64
10 0.843 0.938 30.64 40.5 0.853 0.943 24.5 32.73 0.818 0.922 20.39 28.07
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Fig. 8. Flexural bond strength results of pre-study
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