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Study on Axial Compressive Behavior of Concrete Filled

Fiber Reinforced Plastic (FRP) Tubes

Hiroshi HIGASHIYAMA* and Shuhei HAYASHI**

Many studies have been carried out on concrete filled steel tubes in recent vears. It is generally recognized that this structural
system is enhanced ductility and stability. However, the use of steel tube in corrosive environment needs to prove. Using FRP
tube, whose properties are lightweight, high strength and durability, may eliminate the problem of steel tube. In this study, axial
compressive tests of concrete filled FRP tubes formed by the filament winding method were carried out to know the
compressive behavior. And the stress-strain behavior was investigated by 2D nonlinear finite element analysis. From these
results, axial compressive strength model was proposed and compared with various models proposed by some researchers.
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Table 1 Details of concrete filled FRP tubes

Specimen Number| Fiber Matrix Ply Order (° ) d (mm)|L (mm)| ¢ (mm)
GFV 2 C-glass | Vinyl ester +79/£79/£79 153 300 1.9
CFV 1 Carbon | Vinyl ester +79/+79/+79 153 300 22
CFE-1 3 Carbon Epoxy 90/90/90/£15/90/90/90 150 300 2.1
CFE | CFE-2 3 Carbon | Epoxy 90/90/+15/90/90 150 300 2.0
CFE-3 3 Carbon | Epoxy 00/+15/90 150 300 Z.3
Table 2 Matenial properties
: i e E, In E, /i
Specimen 5 2 2 2 2
(N/mm”) [ (kN/mm”) | (N/mm”) | (kN/mm”) | (N/mm")
GFV 475 30.9 11.8
CFV 2.8 20 1470 P3.5 422
CFE-1 950 111.8 27.7
CFE|CFE-2| 293 276 1037 1144 27.6
CFE-3 855 79.7 26.3
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Table 3 Results of axial compressive tests

- Pu flcc flm:[flco fl"f‘m
S o
DR (kN) | (N/mm?)
GFV 1173| 63.8 247 046

1132 615 2.38
CFV 2050 1113 4.31 1.65
2000] 113.5 3.87
CFE-1{1972| 111.7 3.81 0.95
2058 | 116.6 3.98
20191 113.9 3.89
CFE [CFE-2| 1764 99.0 3.38 0.94
2029 114.1 3.89
19401 110.7 3.78
CFE-3[ 1558 | 89.0 3.04 0.90
1862 ] 105.5 3.60
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Fig.2 Relationships between axial stress ratio and strain
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Fig. 4 Compressive stress-strain curve of concrete
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Table 4 Analytical models and results
. e E. E; I fi Pi| e if'wlfec/f'e] Eum Eq
Specimens P2 2 2 N PR 2 2 2
N/mm )| Nmm )| (N/mm ) | (N/mm ) N/mm )| (KN) | (N/mm) (N/mm’) | (N/mm”) |

CE20-30-600 600 16.0 975 55.2 0.80 2,76 900 1800
CF20-30-800 30 800 21.3 |1184] 67.0 1.07 335 900 1800
CF20-30-1000 1000 267 1406 796 134 398 900 1800
CF20-30-1200 1200 320 |1657| 938 1.60 4.69 900 1800
CEF20-60-600 600 16.0 985 55.7 0.80 279 1500 3300
CFE20-60-800 20 23 60 800 213 1173 664 1.07 332 1500 3300
CF20-60-1000 1000 26.7 1373 77.7 1.34 3.89 1500 3300
CF20-60-1200 1200 320 |1529| B86.5 1.60 4.33 1500 3300
CF20-90-600 600 16.0 971 54.9 0.80 2.75 2100 4700
CFE20-90-800 90 800 213 |1124| 636 1.07 3.18 2100 4700
CF20-90-1000 1000 26.7 |1338] 75.7 1.34 3.78 2100 4700
CF20-90-1200 1200 320 |1492| 844 1.60 4.22 2100 4700
CFE30-30-600 600 160 |1198] 67.8 0.53 2.26 900 2000
CF30-30-800 30 800 213 [1426] 80.7 0.71 2.69 900 2000
CF30-30-1000 1000 26.7 |1673] 947 0.89 3.16 900 2000
CF30-30-1200 1200 32.0 |1938| 109.6 1.07 3.65 200 2000
CF30-60-600 600 16.0 11227 69.4 0.53 231 1600 3500
CF30-60-800 30 28 60 800 213 |1393| 78.8 0.71 263 1600 3500
CF30-60-1000 1000 26.7 1604 90.8 (.89 3.03 1600 3500
CF30-60-1200 1200 320 |1820] 103.0 1.07 343 1600 3500
CF30-90-600 600 160 |1276| 722 0.53 241 2300 5000
CF30-90-800 90 800 213 |1447| 819 0.71 2.73 2300 5000
CE30-90-1000 1000 26.7 11676 94.9 (.89 3.16 2300 5000
CF30-90-1200 1200 32.0 [1803[ 102.0 1.07 340 2300 5000
CF40-30-600 600 16.0 |1389| 786 0.40 1.96 1000 2200
CF40-30-800 30 800 213 |1642] 929 0.53 232 1000 2200
CF40-30-1000 1000 26.7 11905 107.8 0.67 2.70 1000 2200
CF40-30-1200 1200 32.0 12192] 124.0 0.80 3.10 1000 2200
CFE40-60-600 600 16.0 [1448| 82.0 0.40 2.05 1700 3700
CF40-60-800 40 31 60 800 213 1626 920 0.53 2.30 1700 3700
CF40-60-1000 1000 267 |1852] 104.8 0.67 2.62 1700 3700
CF40-60-1200 1200 320 |2084]| 117.9 0.80 2.95 1700 3700
CF40-90-600 600 16.0 |[1445| 81.8 0.40 204 2400 5400
CF40-90-800 90 800 213 |1753] 99.2 0.53 2.48 2400 5400
CF40-90-1000 1000 267 |1876| 106.2 0.67 2.65 2400 5400
CF40-90-1200 1200 32.0 [2062 116.7 0.80 2.92 2400 5400
CF50-30-600 600 16.0 [1578| 89.3 0.32 1.79 1100 2300
CF50-30-800 30 800 21.3 1828 | 103.5 0.43 2.07 1100 2300
CF50-30-1000 1000 267 (2120 120.0 0.53 2.40 1100 2300
CF50-30-1200 1200 32.0 |2424] 1372 0.64 2.74 1100 2300
CF50-60-600 600 16.0 1647 932 0.32 1.86 1900 4000
CF50-60-800 50 33 60 800 21.3 |1893| 107.1 0.43 2.14 1500 4000
CE50-60-1000 1000 26,7 2084 117.9 0.53 2.36 1900 4000
CF50-60-1200 1200 32.0 |2329] 131.8 0.64 2.64 1900 4000
CF50-90-600 600 16,0 [1660| 939 0.32 1.88 2600 5700
CF50-90-800 90 800 21.3 | 1855]| 105.0 0.43 2.10 2600 5700
CF50-90-1000 1000 26.7 |2116] 119.7 0.53 2.39 2600 5700
CF50-90-1200 1200 32.0 |2313{ 130.9 0.64 262 2600 5700
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Fig. 10 Comparison of axial compressive strength model

Table 5 Accuracy of each axial compressive strength model

=7 Exp./Cal. | COV (%)
Karbhari and Gao's 1.067 12.86
Samaan et al. 1.009 13.01
Saafi et al. 1.031 12.78
Purba and Mufti 0.891 14.84
Lam and Teng 1.126 13.34
Authors 1.000 12.73
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