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/] ABSTRACT /

This study aims to propose a simplified equation for estimating the bond strength of corroded reinforcing bars. To this end, extensive
parametric analyses were performed using the detailed analysis method presented in the authors’ previous study, where a wide range of
critical variables were considered, such as compressive strength of concrete, net cover thickness, and reinforcing bar diameter. The
sensitivity in bond strength of the corroded reinforcing bar according to each variable was evaluated. On this basis, a simplified formula for
the bond strength of the corroded reinforcing bar was derived through regression analysis. The proposed equation was rigorously tested and
verified using the bond test results of corroded reinforcing bars collected from the literature. The results confirmed that the proposed
equation could estimate the bond strengths of specimens with better accuracy than the existing models, providing a reliable tool for
engineers and researchers. In addition, the proposed equation was used to analyze the development length required for corroded tensile
reinforcement to exert its yield strength, and it showed that the cover thickness of concrete must be at least four times the diameter of the
reinforcing bar to achieve the yielding strength of reinforcing bar even at a corrosion degree of more than 5.0%.
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Fig. 1. Change in bond strength according to corrosion
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Fig. 2. Bond strength model for corroded reinforcing bars proposed by Han (2014)[1]
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Table 1. Dimensions and material properties considered in para-
metric analysis

db Cx

e
Cross—section ° 2
150
Compressive strength of concrete (') 20, 40, 60
Diameter of reinforcing bar (d,) 10, 16, 22, 25, 30, 35, 41

C /d 1.3-7.0
Corrosion degree (w,,,,) 0-40%

Bond strength (MPa)

Corrosion degree (mass lass, %)
(a) Effect of C./d,

--- f'=20MPa
— f/ = 40MPa
— ... f/ = 60 MPa

Bond strength (MPa)

Corrosion degree (mass lass, %)
(b) Effect of £/

Fig. 3. Parametric analysis results
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Fig. 4. Regression analysis on bond strength of uncorroded rein-
forcing bar
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16 - ® C,/d,=40

1.4 1 a C,./d,<3.0

1.2 4 %4 —— Proposed Eq. (C, / d, =7.0)
1 ¢

— Proposed Eq. (C, /d, =4.0)

Normalized bond Strength
(Tmax/ TO)

82 : —— Proposed Eq. (C, /d, =1.5)
0.4 1
0.2 1
0 -
0 10 20 30 40 50

Corrosion degree (mass loss, %)

Fig. 5. Derivation of proposed equation

Table 2. Coefficients in proposed equation

C/d, <15 C./d,=4.0 C./d,=10
Werit 0 5 10
k 0.20 0.08 0.04
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Fig. 69]=Lee et al.(2002)[8] L Almusallam et al.(1996)[6]°] 53}
B33} A5 2THE 4 S0 AT o] 2] 714k Abla el

O Test results (Lee et al. 2002)
® Detailed analysis
— Simplified Eq.

Bond strength (MPa)

8 4
6 4
4 4
2 4
0 T T T \
0 5 10 15 20
Corrosionrate (mass loss, %)
(a) £/=42 MPa, d,=13 mm, C,=23 mm
20

= 18 O Test results (Almusallam et al. 1996)
g 12 ® Detailed analysis
= — Simplified Eq.
5, 12 implitied Eq
= 10
2 8
w1
o 6
£ 4
m 2 °© o o o
0 T T ! T ! g g 1
0 20 40 60 80 100

Corrosion degree (mass loss, %)
(b) £.=80 MPa, d,=12 mm, C.=64 mm

Fig. 6. Verification of proposed equation
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Table 3. Collected bond test results
b, Xb, £ d, C C./d Wy
References (rmm) (MPa) (mm) (mm) (rom) (%)
Al-sulaimani et al. (1990)[5] 150%x150 30 10.0 - 20.0 65.0 - 70.0 3.25-7.00 0-16.73
Almusallam et al. (1996)[6] 152x254 30 12.0 63.5 5.29 0-79.95
Cabrera (1996)[7] 150x150 24 12.0 69.0 5.75 0-12.46
Lee et al. (2002)[8] 104x104 24.7 - 421 13.0 22.8-455 1.75-3.50 0-26.17
Fang et al. (2004)[9] 140x140 52.1 20.0 60.0 3.00 0-9.04
Chung et al. (2008)[10] 150x150 28.3 13.0 68.5 5.27 0-250

Notations: w

corr

: corrosion degree (%), C,

: net cover thickness of concrete, d,: diameter of reinforcing bar, f.": compressive strength of concrete
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Table 4. Bond strength equations proposed by other researchers

Researcher

Bond strength equations

Maaddawy et al. (2005)[11]

wZ“V'f q ’ A 1
= (A + 4, =) (055 +0.25—5) V7, +0‘191ﬁ
, ,

t

2100 L,

Cabrera (1996)[7] Tnax — 23:478—1.313w,,,,
Bhargava et al. (2007)[12] N T 0w=15) o
Lee et al. (2002)[8] = ¢ 0056100 1

Chung et al. (2008)[10]

Tg/TmaX :0116(a) /100)*0.55 <1.0

corr

Stanish et al. (1999)[13]

T/ Toyax = 1—0.035w,,, < 1.0

corr —

Auyeung et al. (2000)[14]

—0.076 (0,4, — 2.4

7—O/Tmax =¢ ) <10

Notations: w,,,., : corrosion degree (%), A, and A, : empirical constants depending on corrosion current density, C. : net cover thickness of concrete, d,: diameter

corr

of reinforcing bar, f.": compressive strength of concrete, A, : area of transverse reinforcement, /¢ yield strength of transverse reinforcement, s

spacing of stirrups

30 1
—~ O Maaddawy et al. (2005) AVG STD cov
§ 55 Researcher (Test/Cal) | (Test/Cal) | (Test/Cal)
= O Cabrera (1996) Maaddawy et al. 1.59 0.55 035
=
‘én 20 A A Bhargava et al. (2008) Cabrera 0.75 0.33 0.4
o Bhargava etal. 1.15 0.37 0.32
A7 X Lee et al. (2002)
= 151 Lee etal. 1.06 0.33 0.31
=] -
S Chung et al. (2008) Chung etal. 1.16 037 032
g 101 x Stanish et al. (1999) Stanish et al. 1.03 0.30 0.29
2]
<
S A tal 5.14 8.18 1.59
E s + Auyeung et al. (2000) Ly (Uel
= 7] This study 1.17 0.34 0.29
@] @ Proposed equation
0
0

Bond strength observed in test (MPa)

Fig. 7. Comparison of proposed equation and other models
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Fig. 8. Comparison of proposed equation and other models
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