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Table 1 Outline of Test Program

Solution Alkaline Solution Alkaline Solution Tap Water Not
60°C 20°C 20°C Immersed
Tension Level 0.65Pu 0.00Pu 0.65Pu 0.40Pu 0.65Pu Not
Tensioned
Immertion Period | 4~5 10 14 10 14 5 10 14 10 14 10 14
(Month)
SEM/EPMA @)
Observation
Tensile Test O O O O O O O
Flexural Test of O O O
PC Beam
: Test conditions conducted Pu: Tensile ultimate load
Table 2 Published Properties of Fiber Reinforced Plastics
Specimen Fiber Matrix Shape Fiber Nominal |Guaranteed| Young's |Elongation
Content Area Tensile | Modulus
(Vol.%) | (mm?) (ig‘/’f;i*;) &KNmm?) | (%)
Aramid-T Aramid Vinyl Ester Resin | Spiral Wound 65 28.3 1.76 53.9 3.6
(Technora) | (Bisphenol A, Acrylic| Round Bar
Acid, Peroxide) ($6)
Aramid-K Aramid Epoxy Resin Braided Cable 65 50.0 1.27 63.7 22
(Kevlar49) |(Bisphenol A, Amide) (48)
Carbon Carbon Epoxy Resin Spiral Cable 64 30.4 1.76 137 1.6
(PAN Type) | (Novolak, Amide) ($7.5)
Table 3 Conditions of AE Measurement (1) Table 4 Grind Condition
Environmental|Alkaline Sol.|Alkaline Sol.| Tap Water Process Powder Lubricator Time
Condition 60°C 20°C 20°C Mechanical| #80(Silicon Carbide 200um) Water 2min. in
Amplifer 40+30dB 40+30dB 40+20dB Grind (1) { #320(Silicon Carbide 200um) Two Directions
Filter Through|0.2~1.0MHz| 0.2~-1.0MHz| 0.1-1.0MHz/ #600(Silicon Carbide 200pm)
0.1-0.3MHz Mechanical| #1200(Silicon Carbide 200um) | Water 6min. in
Discriminate 250mV 150mV 250mV Grind (2) | #1500(Silicon Carbide 2001um) Two Directions
Level Final Grind| Almina Powder (0.3pum) Water 10min. in
Dead Time lmsec 1lmsec 1msec Almina Powder (0.06pm) Two Directions
Vacuum Evaporation of Gold (5~-10mA) 8min.

Table 5 Conditions of SEM

Table 6 Conditions of EPMA

Table 7 Conditions of AE Measurement (2)

Accel Voltage 2~7kV Area 4 X 4mm Amplifer 40+30dB
Probe Current 6X10%A Number of Pixel 200 Filter Through 0.2~1.0MHz
Working Distance 10~-12mm Probe Current 2~3x10%A Discriminate Level 150mV
' Gun Bias 3 (Manual) Dwell Time 60msec Dead Time 1msec
Size of Pixel 20um
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Fig. 1 Prestressed Concrete Beam Specimen
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Table 8 Mix Proportion of Concrete

Design [ NMS | S1. | Air |[W/C| sfa | Unit mass (kg/m*) | WRA
Strength
_(MPa) | am) [em| @] | @ w] cis]| 6 |egm?

40 15 [5+1) 3 | 56 | 42 |175|315(740] 1087 788

Table 9 Test Conditions of PC Beams

Specimen Tendon Prestress
Level

TN- [Aramid-T| Not Immersed/Not Tensioned 0.65Pu
TN=2 (32.5kN)
T24 Alkaline S0l.20°C 0.65Pu 4mon.
T-6-1 Alkaline Sol.60°C 0.65Pu 4mon.
T6=2
KN4 JAramidK| Not Immersed/Not Tensioned 0.65Pu
K-N-=2 (41.2kN)
K-61 Alkaline Sol.60°C 0.65Pu 4mon.

Table 10 Mechanical Properties of Concrete

Compressive Young's Flexural Tensile
Strength Modulus Strength Strength
(MPa) (x10*MPa) (MPa) (MPa)
45.2 3.51 5.77 2.65
Table 11 Mix Proportion of Grout
W (kg) C (kg) WRA (g)
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Table 12 Relaxation Rate under Immersion
Environmental Conditions | Atamid-T|Aramid-K| Carbon
Alkaline Sol. 60°C |0.65Pu| 5.45 11.0 12.8
Alkaline Sol. 20°C |0.65Pu| 2.48 2.26 0.68
0.40Puy 1.33 2.03 -
Tap Water 20°C_ [0.65Pu{ 2.03 2.22 -

Unit: %/Log(hour)
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Fig.3 AE Count under Alkaline Immersion (0.65Pu)
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Fig. 4 Example of Section of Aramid-T
(Alkaline Sol. 60°C 0.65Pu)

Fig. 5 Crack in Aramid-T

(Alkaline Sol. 60°C 0.65Pu)
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Fig. 6 Distribution of Potassium (K) in Aramid-T
(Alkaline Sol. 60°C 0.65Pu)




Fig. 7 Example of Section of Aramid-K
(Alkaline Sol. 60°C 0.65Pu)
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Fig. 8 Example of Section of Carbon
(Alxaline Sol. 60°C 0.65Pu)
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Fig. 9 Distribution of Potassium (K) in Aramid-K
(Alkaline Sol. 60°C 0.65Pu)
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Fig. 10 Example of Surface of Carbon
(Alkaline Sol. 60°C 0.65Pu)

Fig. 11  Fracture Surface of Carbon
(Not Immersed/Not Tensioned)

Fig. 12 Fracture Surface of Carbon
(Alkaline Sol. 60°C 0.00Pu)
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Table 13 Results of Tensile Test

Environmental Condition Aramid-T Aramid-K Carbon
Solution Tension Immersion Tensile Young's Tensile Young's Tensile Young's
Level Period ‘Strength Modulus Strength Modulus Strength Modulus
Month) | xNmm?) | GNmm?) | (Nmm?) | &Nmm? | kNmm®) | (kKN/mm’)
Not Immersed/Not Tensioned 1.96 (1.00) | 55.1(1.00) | 1.41(1.00) | 64.3(1.00) | 1.97 (1.00) | 154.5 (1.00)
Tap Water 0.65Pu 10 1.91(0.97) | 54.1(0.98) - - - -
20°C 14 1.96 (1.00) | 56.7(1.03) | 1.43(1.01) | 62.7(0.98) | 2.10(1.07) | 136.7 (0.88)
Alkaline Sol. [ 0.40Pu 10 1.79 (0.91) | 46.5 (0.84) - - - -
20°C 14 - - 1.44 (1.02) | 63.0 (0.98) - -
0.65Pu 5 1.92(0.98) | 57.0 (1.03) — - - -
10 1.94 (0.99) | 58.5(1.06) - - - -
14 1.89 (0.96) | 40.2(0.73) | 1.53(1.09) | 64.7 (1.01) | 2.00(1.15) [ 151.2 (0.98)
Alkaline Sol. |  0.00Pu 10 1.88 (0.96) | 47.1 (0.85) - - 1.86 (0.94) | 114.4 (0.74)
60°C 14 1.93 (0.98) | 45.6(0.83) | 1.26(0.89) | 72.2(1.12) | 1.81(0.92) | 126.1 (0.82)
0.65Pu 4~5 1.80 (0.92) | 53.3(0.97) | 1.44 (1.02) | 62.7(0.98) | 1.94 (0.98) | 128.0(0.83)
10 1.85(0.94) | 61.3 (1.11) - - — -
14 - - 1.37(0.97) | 68.5(1.07) | 1.92(0.97) | 127.3 (0.82)
( ): Ratio to the specimen without immersion/tensioning
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Fig. 13 Example of Count Rate of AE (Aramid-T)
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Table 14 Results of Beam Test

Specimen | Cracking | Maximum |Displacement| Failure
Load Load at Maximun | Mode
(kN) (kN) Load (mm)
TN [41.7 (1.00) |110.7 (1.00)[ 7.54 (1.00) |
TN=2 [91.8]
T24 | 42.1(1.01) |105.4 (0.95)| 6.10 (0.81) I
[91.1]
T-64 [44.4(1.06) | 96.7 (0.87) 3.19 (0.42) o
[89.0]
T-62 [46.3(1.11)102.6 (0.93)| 4.20 (0.56) I
[89.0]
KN |55.0(1.00)|126.2 (1.00)] 5.33 (1.00) I
KN-2 [106.2]
K64 |56.7(1.03)]130.2 (1.03)] 5.63 (1.05) I
[106.9]
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(' ):Ratio to the specimen without immersion/tensioning
[ 1: Calculated value
Failure Mode: I: Flexural Tensile, II: Flexural Compressive
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ALKALI RESISTANCE OF FIBER REINFORCED PLASTIC
FOR CONCRETE STRUCTURES

Toyo MIYAGAWA, Maki YOSHIDA, Atsushi HATTORI and Kaoru IWAMOTO

Recently, fiber reinforced plastic is applied as reinforcement for concrete.

However, few reports have been

published concerning its durability. This paper describes the alkali resistance of some kinds of fiber reinforced
plastics. The influences of type of fiber, alkali solution, prestressing level and ambient temperature on mechanical

behavior are discussed.



