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A Study on the CFRP Confine the Reinforced Concrete Cylinder

Specimen to Measure the Swelling Stress of Steel Rebar Corrosion

Yeou-Fong Li and Yao-Ming Xie
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ABSTRACT
In this paper, the experiment and finite-element analysis were used to obtain the swelling

stress caused by the corrosion of steel rebar.  Twelve reinforced concrete cylinder specimens with

a dimension are 10 cm (diameter) 20 cm (height) were built.  These specimens were lay up by

the different dimensions of rebar and confined by different layers of carbon fiber reinforced

plastics (CFRP).  And then we use the electrochemical method to accelerate the steel corrosion

and to cause the reinforced concrete cylinder specimens blow out.  Stain gauges were put on the
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surface of CFRP to measure the CFRP stain caused by the volumetric swelling because of steel rebar corrosion.  It is

not easy to calculate the swelling stress caused by steel rebar using theoretical methodology.  Therefore, we proposed

the finite-element analysis to model the experiment of the reinforced concrete cylinder specimen, and applied different

temperature change to replace the swelling stress caused by the swelling stress of steel.  The relationships between the

stress of steel rebar and the strain of CFRP were obtained, and then we can easily find the swelling stress of steel

caused by steel corrosion.

Keywords: carbon fiber reinforced plastics; corrosion; swelling stress.
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1 .

Table 1. The test items and their specifications of

CFRP.

2 . : 

= 100 : 35

Table 2. The test items and their specifications of

primer.

3 . : 

= 100 : 35

Table 3. The test items and their specifications of

epoxy resin.

4 .

Table 4. Control variables of the experiment.

:

5 . CFRP 

Table 5. The strength of the confined concrete.
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6 . 0.002 

Table 6. The swelling stress of the steel reinfor cement

when the strain of CFRP reaches to 0.002

1 . [6]

Fig.1 The illustration figure of corrosion process.

2 . - pH [6]

Fig.2 The illustration figure of the pH value and

voltage.

3 .

Fig.3 The illustration figure of the accelerated

current corrosion.
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4 .

Fig.4 The finite-element meshes of the guarter

concrete cylinder.

5 .

Fig.5 The finite-element analysis model.

6 .

Fig.6 The woven CFRP.

7 .

Fig.7 The flowchart of measurement processes.
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8 . CFRP -

Fig.8 The strain-time relationships of the No.3 steel

reinforcement wrapped wite CFRP.

9 . CFRP -

Fig.9 The strain-time relationships of the No.5 steel

reinforcement wrapped wite CFRP.

1 0 . CFRP -

Fig.10 The strain-time relationships of the No.7 steel

reinforcement wrapped wite CFRP.

11 . CFRP -

Fig.11 The strain-time relationships of the No.9 steel

reinforcement wrapped wite CFRP.

1 2 . (

CFRP )

Fig.12 The stress-strain cure of the specimen (No.3

steel reinforcement wrapped wite 1-layer

CFRP).

1 3 . ( Mirza 

MacGregor ) 

Fig.13 The stress-strain cure of steel reinforcement

(Mirza and Mac Gregor).
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1 4 .

Fig.14 The stress-strain cure of CFRP.

1 5 . CFRP 

Fig.15 The contour plot of the No.3 steel

reinforcement wrapped with 1-layer CFRP.

1 6 . (1~3) CFRP 

Fig.16 The stress-strain curves of the No.3 steel

reinforcement wrapped with 1-3 layers of

CFRP.

1 7 . (1~3) CFRP 

Fig.17 The stress-strain curves of the No.5 steel

reinforcement wrapped with 1-3 layers of

CFRP.
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1 8 . (1~3) CFRP 

Fig.18 The stress-strain curves of the No.7 steel

reinforcement wrapped with 1-3 layers of

CFRP.

1 9 . (1~3) CFRP 

Fig.19 The stress-strain curves of the No.9 steel

reinforcement wrapped with 1-3 layers of

CFRP.

2 0 .

CFRP 

Fig.20 Substitute the strain value of CFRP to obtain

the swelling force of the No.9 steel

reinforcement wrapped with 2 layers of CFRP.

2 1 .

Fig.21 The failure of specimen.
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