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Effect of hot and humid acid rain environment on shear

bond properties of CFRP-concrete interface
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Abstract: In order to study the influence of hot and humid acid rain environment on the shear bond performance
of carbon fiber reinforced polymer (CFRP)-concrete interface, 45 CFRP concrete single shear specimens were de-
signed and manufactured. The hot and humid environment was simulated by mechanical high temperature dry and
wet cycles and manually configured acid rain solution with pH 1.5. Through CFRP concrete shear tests, the effects of
concrete strength and corrosion times on the interface failure mode, peel bearing capacity, ultimate displacement,
load displacement curve and strain distribution in the bonding zone were discussed, an interfacial constitutive
model based on the influence coefficient of hot and humid acid rain was established, and the reference method for
the division of corrosion degree in hot and humid acid rain environment was proposed. The results show that with

the increase of concrete strength, the interface bonding performance is enhanced, and the interface peeling posi-
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tion gradually changes to the adhesive layer. With the increase of corrosion times, the interfacial bonding perform-

ance presents a trend of increasing first and then decreasing. The corresponding interfacial peel bearing load and
ultimate displacement of the three strength concretes are 3.04%, 3.50%, 5.78% and 0.50%, 0.49%, 0.95% higher than

those of the uncorroded specimens, respectively. SO3 ions in acid rain invade the concrete surface to generate ex-

pansive material CaSO,-2H,0, which will temporarily enhance the interfacial bonding performance in the early

stage of corrosion. In the tangential shear test, the load displacement curve presents four stages: Rising, concussion,

strengthening and falling. The direction of stress transfer in the bonding zone is from the loading end to the free

end. The interfacial constitutive model of the influence coefficient of hot and humid acid rain proposed in this

paper is in good agreement with the existing test data, with high accuracy and safety. The related research results

can provide theoretical support and design guidance for CFRP reinforcement project in high humidity and high

heat acid rain area.

Keywords: hotand humid acid rain environment; CFRP; concrete; interface; shear bonding property; durability
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Table 1 Mixture ratio of concrete

kg/m’®
Specimen Cement Fine sand Coarse aggregate Water Fly ash Water reducer w/C
C30 298 824 1007 167 53 5.27 0.48
C40 335 737 1018 164 53 9.50 0.42
C50 353 725 1044 144 53 7.20 0.35
Note: W/C—Water to cement ratio.
F2 WHRESHISR
Table 2 Material physical parameters

Material fo/MPa fi/MPa E¢/MPa f¢/mm my/(g-m™)

C30 35.0 5.3 — — —
Specimen C40 46.0 6.4 — — —

C50 57.5 7.4 — — —
CFRP —_ —_ 3400 2.3x10° 0.167 300
Epoxy resin — — 38 2.4x10° — —
Notes: f,—Compressive strength of concrete cube; f;—Tensile strength of concrete, carbon fiber reinforced polymer (CFRP) and epoxy

2/3

resin, the tensile strength of concrete is not measured in the test, so it is converted by the formula f; = (fC; ; Er—Elastic modulus of fiber

cloth and epoxy resin; #r—Single layer thickness of fiber cloth; my—Mass per unit area of fiber cloth.

Jy #5 %] CFRP-JR % 1 5 1 kG I DX 38 A4 17 28 43
A, f£ CFRP [ 2 18 15 K B 5 ) K5 G 6 A4~ B, BH
% R (5 mmx3 mm), AiE UL E 2 F1E 3 frs .
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0—=x 370
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20 20
| 220 |
Unit: mm

x— Horizontal distance from the free end
2 CFRP A X IR E 7R
Fig.2 Bond area position graphic of CFRP
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Fig.4 Increasement temperature curve of CFRP-concrete specimens
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Table 3 Acid rain solution mixturement
40L

65% nitric acid Mole ratio
content/(g-L™") H,SO,: HNO,4

7.12

98% sulfuric acid
content/(g-L™)

pH
value

1.5 63.24 9:1

I€5  CFRP-iR#E +- iU AR R TS BRI

Fig.5 Acid rain corrosion environment of CFRP-concrete specimens
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Table 4 Test conditions of acid rain corrosion

Number Specimen/block Corrosion cycle time Corrosive environment

fi-0 3x3 0 Non corrosive

fr10 3x3 10

fi-20 3x3 20 High temperature and humidity
£i-30 3x3 30 acid rain environment

fr40 3x3 40

i=30, 40, 50 Total: 45 -

Notes: In the expression fi-a, i represents three concrete strength grades, C30, C40 and C50 respectively; a represents the number of

corrosion cycles. For example, f3,-10 represents the C30 CFRP-concrete specimen subjected to 10 corrosion cycles.

1.3 L
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Fig.6 Tangential shear test system of CFRP-concrete specimens
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Fig. 7 Failure modes of CFRP-concrete specimens
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Table 5 Interfacial shear test data between CFRP
and concrete

Strength grade  Peelload/kN Ultimate displacement/mm

C30 6.89 2.02
C40 7.15 2.05
C50 7.78 2.10
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Fig. 8 Interfacial failure patterns under different corrosion times of CFRP-concrete specimens
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Table 6 Peelload and ultimate displacement of CFRP-concrete specimen

Strength I Py/kN Sy/mm
d Corrosion time
grade 1 2 3 Average 1 2 3 Average
0 6.89 6.86 6.92 6.89 1.88 1.92 2.26 2.02
10 6.54 6.99 7.77 7.10 1.95 1.99 2.15 2.03
C30 20 6.19 6.35 6.45 6.33 1.45 1.62 1.37 1.48
30 4.03 3.88 4.15 4.02 1.43 1.41 1.45 1.43
40 4.03 3.89 4.05 3.99 1.25 1.30 1.35 1.30
0 6.95 7.07 7.43 7.15 1.91 2.07 2.17 2.05
10 6.56 6.72 8.93 7.40 2.43 1.62 2.14 2.06
C40 20 6.65 6.98 5.66 6.43 0.81 2.24 1.75 1.60
30 3.09 5.49 — 4.29 1.28 1.70 — 1.49
40 4.24 4.39 4.32 4.32 — 1.37 1.35 1.36
0 7.05 7.77 8.52 7.78 2.10 2.24 1.97 2.10
10 8.20 8.45 8.04 8.23 2.10 2.33 1.93 2.12
C50 20 6.99 7.13 6.55 6.89 1.95 1.80 1.89 1.88
30 4.99 4.77 4.55 4.77 1.71 1.75 1.88 1.78
40 4.10 4.70 4.85 4.75 1.60 1.70 1.80 1.70
Notes: "—" in the table indicates that no valid data is collected due to test error, human operation and other reasons; P,—Peel load;
Si—Ultimate displacement.
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Fig. 10 Strain distribution of CFRP under different corrosion time
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Table 7 Corrosion degree of concrete surface corresponding to corrosion environment

I category Il category

Il category IV category

corrosion

iR

Harsh corrosion

Moderate corrosion

Slight corrosion

*8 AXERSHEREERELLY

Table 8 Accuracy comparison between new and existed models

Proposed model Lu™ Neubauer & Rostasy™ Monti et al®
Data source
Test/Predict Test/Predict Test/Predict Test/Predict
Wu et al® 4.29 6.98 13.14 12.27
Takeo et al* 2.23 3.50 5.55 5.68
Tan® 1.82 2.91 4.56 4.52
Ren®! 1.66 2.68 3.76 3.78
Ueda et al®? 2.67 4.12 6.48 6.47
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