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Freezing—Thawing Resistance of Fiber Reinforced Polymers in Strengthening RC Members
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You, Young Chan Choi, Ki Sun Kim, Keung Hwan
Abstract

The strengthening performance of FRPs(Fiber Reinforced Polymers) is directly affected by the environmental conditions
such as freezing—thawing and moisture because FRPs are usually bonded on the concrete surface. It is, therefore,
strongly required to evaluate a durability of bond between FRPs and concrete as well as FRP materials itself. The
freezing—thawing resistance of FRPs is evaluated in this study with the variables of freezing—thawing conditions, types of
FRP and freezing—thawing cycles. From the test results, it is found that tensile strength and pull—off strength of CFRP
are not affected by the freezing—thawing. On the other hands, those of GFRP show a little degradation because of
continuous water immersion during thawing process. But, cautions are needed on the bond durability between FRPs and
concrete in case of continuous water supplying from adjacent to the concrete.
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Table 1 Standard test method for FRP freezing—thawing

) Condition
Standard Object Temp. Cycle Remark
Freeze| Thaw

Water | Water Min.:—20C 3~5 h.
KS,  |Material | Air | Water | Max: 10T (80Min, 20Min)

a1S A Air | Air | @enter) ) 3~6h.
1435) Water | Water | —18~4C
Concrete —— 24 h.
Air | Water | (Center)
- .+ DO0Cycle
25T (333Min.) (12,

. | —20~55¢C| +55C @7Min)
Ar 1A bient) [+557C (333Min) 1?;:)

—-25T (27Min.) 36.000

EN | Bonding
13733 | Material

—20TC (50Min)
-20TC (Fix) |300Cycle
+30 (10Min) Total
+30 (10Min) | 30,000
(80/20Min)

JSCE, | Carbon | Air Air |-20~30T
2003 | Fiber | Air | Air | (Surface)
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Table 2 Test parameter for FRP freezing—thawing resistance

Obi Condition fck e | vl R .
ject ycle emar
Freeze | Thaw | (MPa)
0,
CFRP 50, | Appearance
FRP Air Water - 100, Tensile
GFRP | 200, Strength
300
0,
Air Air 18 CFRP 50, | Appearance
Concrete .
Bondin 100, Bonding
e Water | Water 30 GFRP | 200, Strength
300
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Fig. 2 Air—freezing and water—thawing test
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Fig. 3 Test specimen for FRP freezing—thawing
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Fig. 4 Direct pull—out specimen
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Table 3 Material properties of FRP

Nominal |Tensile Strength| Elastic Modulus | Elongation
Thickness (MPa) (GPa) (%)
(mm) Spec. | Test | Spec. | Test | Spec. | Test
CFRP 0.111 3,550 | 4,214 | 235 268 - 1.65
GFRP 0.80 560.0 | 761.5 | 25.2 | 32.7 2.2 2.52

Table 4 Material properties of concrete

Design Strength Comp. Strength Comp. Elastic Modulus
(MPa) (MPa) (GPa)
18 16.4 19.2
30 26.8 24.6




(c) FRP Bonding

(e) Freezing—Thawing (f) Test

Fig. 5 Preparation of test specimens
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Table 5 Tensile strength of CFRP with test cycles

Cycle Tensile Strength | Standard Deviation| X—3c COV
Y (MPa) (MPa) (MPa) @)
0 4,087 338 3,073 8.3
50 4,013 373 2,894 9.3
100 4,098 339 3,082 8.3
200 4,073 272 3,257 6.7
300 4,132 350 3,082 8.5
6,000 30
. HECcoy “*Strength
& 5000 25
3 4,087
£ 4,000 4013 4098 4073 4132 2 o
o g
2 3000 15 3
o 9.29 ©
E 2,000 | 827 8.26 668 847 1 10
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Fleezing-Thawing Cycle (cycle)
Fig. 6 Tensile strength of CFRP with test cycles

Table 6 Tensile strength of GFRP with test cycles

AGA A&

Cydle Tensile Strength | Standard Deviation | X—3c COV
4 (MPa) (MPa) (MPa) @)
0 690 38.2 575 5.5
50 708 48.0 564 6.8
100 695 31.4 601 4.5
200 685 51.9 529 7.6
300 623 56.0 455 9.0
1,000 30
i} | ECcov *Strength
K 25
S 80 gg 708 695 5
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g 53
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Fleezing-Thawing Cycle (cycle)
Fig. 7 Tensile strength of GFRP with test cycles
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(b) GFRP specimen

Fig. 8 Final failure of test specimens
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Table 7 Direct pull—out strength of CFRP on concrete with respect
to freezing—thawing cycles

o Water—freezing Air—freezing

Condition Water—thawing (MPa) Water—thawing (VPa)
Cycle 1 2 1 2
Conc. 1 Conc. 2 Conc. 1 Conc. 2

0 2.82 2.65 2.8. 2.65

50 2.76 2.67 2.77 2.58

100 2.83 2.40 3.03 2.91

200 2.62 2.52 2.22 2.24

300 2.64 2.22 3.03 2.45

1. Design compressive strength : f,, =18MPa
2. Design compressive strength @ f,., =30MPa

10 | 8- yater freezing-water thawing (Fck=18)
=#water freezing-water thawing (Fck=30)
=8 air freezing-water thawing (F'ck=18)

0.0 =+ air Ireenus-wmer Ihewina !F‘:k=M!
1] 100 200 300
Freezing Thawing cycle (cycle)
Fig. 9 Direct pull—out strength of CFRP on concrete with respect
to freezing—thawing cycles
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Flg. 10 Direct pull—out strength of GFRP on concrete with respect
to freezing—thawing cycles

Table 8 Direct pull—out strength of GFRP on concrete with respect
to freezing—thawing cycles

» Water—freezing Air—freezing

Condition Water—thawing (MPa) Water—thawing (MPa)
Cycle 1 2 1 2
Conc. 1 Conc. 2 Conc. 1 Conc. 2°

0 2.65 2.37 2.65 2.37

50 2.94 2.57 2.72 2.39

100 3.04 2.58 2.81 2.80

200 2.73 2.57 2.64 2.55

300 2.04 2.02 2.44 2.56

1. Design compressive strength : f,.,=18MPa
2. Design compressive strength : f,., =30MPa

UehH Fig. 99} 2o, 7} A9S Fsto] dojxl #-2
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Table 9 Direct pull—out strength of CFRP on concrete after 300
(f.,=18MPa, Water—freezing Water—thawing)

Table 11 Direct pull—out strength of GFRP on concrete after 300
(f.=18MPa, Water—freezing Water—thawing)

No. Pull-off Load Bondinngrea Bonding Strength Failure No. Pull—off Load Bondinngrea Bonding Strength Failure
™) (mm?) (MPa) ™) (mm?) (MPa)
1 5,190 1,936 2.68 Conc. Failure 1 2,800 1,936 1.45 Bond Failure
2 4,830 1,936 2.49 " 2 4,700 1,936 2.43 "
3 5,140 1,936 2.65 " 3 2,952 1,936 1.52 "
4 4918 1,936 2.54 " 4 3,080 1,936 1.59 "
5 4,148 1,,936 2.14 " 5 5,374 1,936 2.78 Conc. Failure
6 6,578 1,936 3.40 " 6 6,000 1,936 3.10 "
7 4,654 1,936 2.40 " 7 5,220 1,936 2.70 "
8 5,468 1,936 2.82 " avg. 3,953 2.22
avg. 5,116 2.64

Table 10 Direct pull—out strength of CFRP on concrete after 300

Table 12 Direct pull—out strength of GFRP on concrete after 300
(f.,=18MPa, Water—freezing Water—thawing)

(f.,=18MPa, Air—freezing Water—thawing) Pull—off Load |Bonding Area|Bonding Strength .
No. 5 Failure
\o, | Pull=off Load[Bonding Areal Bonding Strength | ™ (ann’) (MPa)
(V) (mm®) (MPa) 1 3,626 1,936 1.87 Bond Failure
1 4,292 1,936 2.22 Bond Failure 2 4,474 1,936 2.31 "
2 6,872 1,936 3.55 Conc. Failure 3 5,600 1,936 2.89 "
3 5,586 1,936 2.89 " 4 4,484 1,936 2.32 "
4 5,658 1,936 2.92 " 5 4,412 1,936 2.28 "
5 4,696 1,936 2.43 " 6 3,644 1,936 1.88 Conc. Failure
6 5,822 1,936 3.01 ” 7 5,234 1,936 2.70 "
7 5,948 1,936 3.07 " 8 6,328 1,936 3.27 "
8 6,536 1,936 3.38 " avg. 4,725 2.44
avg. 5,676 2.93
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Table 13 Environmental reduction factor (ACI440, 2R—08)

Condition Fiber/resin type Enviro?gfgai Cr;)d uction
Carbon/epoxy 0.95
Interior exposure Glass/epoxy 0.75
Aramid/epoxy 0.85
) Carbon/epoxy 0.85
(Ei;:lzr ;ZS:SZE) Glass/epoxy 0.65
Aramid/epoxy 0.75
Carbon/epoxy 0.85
Aggressive environment Glass/epoxy 0.5
Aramid/epoxy 0.7
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