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Abstract
 This paper presents the experimental results on 
the compressive behaviors and modes of failure of 
circular concrete specimens preconfined with steel 
jackets. A total of 90 specimens were tested in this 
study. The specimen’s dimension were 150 mm in 
diameters and 300 mm in height. There are 3 main 
variables i.e. the ultimate compressive strength of 
concrete, the thickness of steel jacket and the 
preconfining pressure considered in this study. From 
the study, it was found that the ultimate compressive 
strength and ductility of the Tubed concrete 
specimens are increased significantly compared to 
the control specimens, depending on the ultimate 
compressive strength of the concrete, the wall 
thickness of the steel jacket and the preconfining 
pressure. Also, the Tubed concrete specimens have 
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a linear elastic behavior up to 50-70% of their 
maximum compressive strength. Then, the behavior 
of the concrete specimen is nonlinear with a very 
large deformation before failure. The nonlinear 
behaviors can be classified into 3 types: strain 
hardening, elastic-perfectly plastic and strain 
softening. For the result, it was found that thickness 
of steel jacket was 4.5 mm and the preconfining 
pressure was 0.05 cof  were optimum for 
development of Tubed column.  
Keywords:  Axial compression, concrete specimen, 
preconfinement, tubed column, steel jacket 
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 3.2  6.0 

 1 
B/t Confining

sc

  ratio pressure As/Ag Ac cof Ec As Yf Es

   (MPa) (%) (mm2) (MPa) (GPa) (mm2) (MPa) (GPa) 
1 C18-0-0 - - - 17671 19.9 20.4  - - 
 C25-0-0 - - - 17671 26.7 24.2  - - 
 C32-0-0 - - - 17671 31.9 27.5  - - 
2 CS18-32-0 46.9 - 8.02 17671 19.9 20.4 1540.1 312.1 201.5 
 CS25-32-0 46.9 - 8.02 17671 26.7 24.2 1540.1 312.1 201.5 
 CS32-32-0 46.9 - 8.02 17671 31.9 27.5 1540.1 312.1 201.5 
 CS18-45-0 33.3 - 11.00 17671 19.9 20.4 2184.2 321.6 205.0 
 CS25-45-0 33.3 - 11.00 17671 26.7 24.2 2184.2 321.6 205.0 
 CS32-45-0 33.3 - 11.00 17671 31.9 27.5 2184.2 321.6 205.0 
 CS18-60-0 25.0 - 14.26 17671 19.9 20.4 2940.5 326.1 197.5 
 CS25-60-0 25.0 - 14.26 17671 26.7 24.2 2940.5 326.1 197.5 
 CS32-60-0 25.0 - 14.26 17671 31.9 27.5 2940.5 326.1 197.5 
3 CS18-32-0.05 46.9 0.90 8.02 17671 19.9 20.4 1540.1 312.1 201.5 
 CS25-32-0.05 46.9 1.25 8.02 17671 26.7 24.2 1540.1 312.1 201.5 
 CS32-32-0.05 46.9 1.60 8.02 17671 31.9 27.5 1540.1 312.1 201.5 
 CS18-45-0.05 33.3 0.90 11.00 17671 19.9 20.4 2184.2 321.6 205.0 
 CS25-45-0.05 33.3 1.25 11.00 17671 26.7 24.2 2184.2 321.6 205.0 
 CS32-45-0.05 33.3 1.60 11.00 17671 31.9 27.5 2184.2 321.6 205.0 
 CS18-60-0.05 25.0 0.90 14.26 17671 19.9 20.4 2940.5 326.1 197.5 
 CS25-60-0.05 25.0 1.25 14.26 17671 26.7 24.2 2940.5 326.1 197.5 
 CS32-60-0.05 25.0 1.60 14.26 17671 31.9 27.5 2940.5 326.1 197.5 
4 CS18-32-0.08 46.9 1.44 8.02 17671 19.9 20.4 1540.1 312.1 201.5 
 CS25-32-0.08 46.9 2.00 8.02 17671 26.7 24.2 1540.1 312.1 201.5 
 CS32-32-0.08 46.9 2.56 8.02 17671 31.9 27.5 1540.1 312.1 201.5 
 CS18-45-0.08 33.3 1.44 11.00 17671 19.9 20.4 2184.2 321.6 205.0 
 CS25-45-0.08 33.3 2.00 11.00 17671 26.7 24.2 2184.2 321.6 205.0 
 CS32-45-0.08 33.3 2.56 11.00 17671 31.9 27.5 2184.2 321.6 205.0 
 CS18-60-0.08 25.0 1.44 14.26 17671 19.9 20.4 2940.5 326.1 197.5 
 CS25-60-0.08 25.0 2.00 14.26 17671 26.7 24.2 2940.5 326.1 197.5 
 CS32-60-0.08 25.0 2.56 14.26 17671 31.9 27.5 2940.5 326.1 197.5 
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f
max

(% )
max

u (GPa)
C18-0-0 19.9 - 0.22 - - crushing 
C25-0-0 26.7 - 0.21 - - crushing

1

C32-0-0 31.9 - 0.21 - - crushing
2 CS18-32-0 58.4 2.93 0.44 2.00 21.5  3 

CS25-32-0 69.2 2.60 0.45 2.14 25.4  3 
CS32-32-0 82.2 2.58 0.48 2.29 27.9  3 
CS18-45-0 74.0 3.72 0.51 2.32 22.6  2 
CS25-45-0 86.1 3.22 0.49 2.33 26.5  3 
CS32-45-0 96.7 3.03 0.51 2.43 28.9  3 

 CS18-60-0 90.3 4.54 0.56 2.55 23.8  1 
 CS25-60-0 100.9 3.78 0.54 2.57 27.5  1 
 CS32-60-0 108.7 3.41 0.53 2.52 29.7  1 
3 CS18-32-0.05 64.4 3.24 0.50 2.27 22.7  3 
 CS25-32-0.05 74.1 2.82 0.48 2.29 27.0  3 
 CS32-32-0.05 85.6 2.68 0.49 2.33 29.6  3 
 CS18-45-0.05 83.4 4.14 0.55 2.50 23.9  3 
 CS25-45-0.05 96.8 3.60 0.53 2.52 27.9  3 
 CS32-45-0.05 104.8 3.29 0.53 2.52 30.4  3 
 CS18-60-0.05 97.1 4.88 0.58 2.64 24.8  1 
 CS25-60-0.05 104.5 3.81 0.53 2.52 29.3  1 
 CS32-60-0.05 115.6 3.62 0.54 2.57 31.3  1 
4 CS18-32-0.08 67.0 3.37 0.51 2.32 23.1  3 
 CS25-32-0.08 76.5 2.94 0.48 2.29 27.1  3 
 CS32-32-0.08 88.4 2.77 0.49 2.33 30.6  3 
 CS18-45-0.08 85.6 4.25 0.54 2.45 24.8  2 
 CS25-45-0.08 98.4 3.65 0.52 2.48 28.5  2 
 CS32-45-0.08 107.0 3.35 0.53 2.52 31.6  3 
 CS18-60-0.08 98.4 4.94 0.56 2.55 25.7  1 
 CS25-60-0.08 106.6 3.87 0.53 2.52 30.1  1 
 CS32-60-0.08 117.5 3.68 0.55 2.62 32.0  1 

:
 1  Strain hardening 
 2  Elastic perfectly plastic 
 3  Strain softening 
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CS18-32 58.4 64.4 67.0 1.10 1.15 
CS25-32 69.2 74.1 76.5 1.07 1.10 
CS32-32 82.2 85.6 88.4 1.04 1.08 
CS18-45 74.0 83.4 85.6 1.13 1.16 
CS25-45 86.1 96.8 98.4 1.12 1.14 
CS32-45 96.7 104.8 107.0 1.08 1.11 
CS18-60 90.3 97.1 98.4 1.08 1.09 
CS25-60 100.9 104.5 106.6 1.04 1.06 
CS32-60 108.7 115.6 117.5 1.06 1.08 
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 2 

maxf
(MPa)

max

co

f

f
max

(% )
max

u (GPa)
C18-0-0 19.9 - 0.22 - - crushing 
C25-0-0 26.7 - 0.21 - - crushing

1

C32-0-0 31.9 - 0.21 - - crushing
2 CS18-32-0 58.4 2.93 0.44 2.00 21.5  3 

CS25-32-0 69.2 2.60 0.45 2.14 25.4  3 
CS32-32-0 82.2 2.58 0.48 2.29 27.9  3 
CS18-45-0 74.0 3.72 0.51 2.32 22.6  2 
CS25-45-0 86.1 3.22 0.49 2.33 26.5  3 
CS32-45-0 96.7 3.03 0.51 2.43 28.9  3 

 CS18-60-0 90.3 4.54 0.56 2.55 23.8  1 
 CS25-60-0 100.9 3.78 0.54 2.57 27.5  1 
 CS32-60-0 108.7 3.41 0.53 2.52 29.7  1 
3 CS18-32-0.05 64.4 3.24 0.50 2.27 22.7  3 
 CS25-32-0.05 74.1 2.82 0.48 2.29 27.0  3 
 CS32-32-0.05 85.6 2.68 0.49 2.33 29.6  3 
 CS18-45-0.05 83.4 4.14 0.55 2.50 23.9  3 
 CS25-45-0.05 96.8 3.60 0.53 2.52 27.9  3 
 CS32-45-0.05 104.8 3.29 0.53 2.52 30.4  3 
 CS18-60-0.05 97.1 4.88 0.58 2.64 24.8  1 
 CS25-60-0.05 104.5 3.81 0.53 2.52 29.3  1 
 CS32-60-0.05 115.6 3.62 0.54 2.57 31.3  1 
4 CS18-32-0.08 67.0 3.37 0.51 2.32 23.1  3 
 CS25-32-0.08 76.5 2.94 0.48 2.29 27.1  3 
 CS32-32-0.08 88.4 2.77 0.49 2.33 30.6  3 
 CS18-45-0.08 85.6 4.25 0.54 2.45 24.8  2 
 CS25-45-0.08 98.4 3.65 0.52 2.48 28.5  2 
 CS32-45-0.08 107.0 3.35 0.53 2.52 31.6  3 
 CS18-60-0.08 98.4 4.94 0.56 2.55 25.7  1 
 CS25-60-0.08 106.6 3.87 0.53 2.52 30.1  1 
 CS32-60-0.08 117.5 3.68 0.55 2.62 32.0  1 

:
 1  Strain hardening 
 2  Elastic perfectly plastic 
 3  Strain softening 

 3 
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f

f

f

CS18-32 58.4 64.4 67.0 1.10 1.15 
CS25-32 69.2 74.1 76.5 1.07 1.10 
CS32-32 82.2 85.6 88.4 1.04 1.08 
CS18-45 74.0 83.4 85.6 1.13 1.16 
CS25-45 86.1 96.8 98.4 1.12 1.14 
CS32-45 96.7 104.8 107.0 1.08 1.11 
CS18-60 90.3 97.1 98.4 1.08 1.09 
CS25-60 100.9 104.5 106.6 1.04 1.06 
CS32-60 108.7 115.6 117.5 1.06 1.08 
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 4  passive confinement  active confinement 

1 1cc cof f k f
maxf

(MPa)
maxP

(kN)
steel

(microstrain)
steelP

(kN)
concP

(kN) max,concf

(MPa)
cof

(MPa)
max, passf

(MPa)
max,acf

(MPa)
C18-0-0 19.9 - - - - - - - - 
C25-0-0 26.7 - - - - - - - - 

1

C32-0-0 31.9 - - - - - - - - 
CS18-32-0 58.4 898 231.6 71.9 826 53.7 19.9 33.8 0.0
CS25-32-0 66.2 1018 171.1 53.1 965 62.7 26.7 36.0 0.0
CS32-32-0 82.2 1266 603.9 187.5 1079 70.1 31.9 38.2 0.0
CS18-45-0 74.0 1145 103 45.9 1099 71.4 19.9 51.5 0.0
CS25-45-0 86.1 1325 127.6 56.8 1268 82.4 26.7 55.7 0.0
CS32-45-0 96.7 1487 375.6 167.3 1320 85.7 31.9 53.8 0.0
CS18-60-0 90.3 1390 120.4 69.9 1320 85.8 19.9 65.9 0.0
CS25-60-0 100.9 1496 216 125.5 1370 89.0 26.7 62.3 0.0

2

CS32-60-0 108.7 1673 149.3 86.7 1586 103.0 31.9 71.1 0.0
CS18-32-0.05 64.4 991 81 25.1 966 62.7 19.9 33.8 9.1
CS25-32-0.05 74.1 1141 143.9 44.7 1096 71.2 26.7 36.0 8.5
CS32-32-0.05 85.6 1310 530.6 164.7 1145 74.4 31.9 38.2 4.3
CS18-45-0.05 83.4 1284 94.5 42.1 1242 80.7 19.9 51.5 9.3
CS25-45-0.05 96.8 1490 163.2 72.7 1417 92.1 26.7 55.7 9.7
CS32-45-0.05 104.8 1613 390.3 173.9 1439 93.5 31.9 53.8 7.8
CS18-60-0.05 97.1 1495 101.5 58.9 1436 93.3 19.9 65.9 7.5
CS25-60-0.05 104.5 1609 192.5 111.8 1497 97.3 26.7 62.3 8.2

3

CS32-60-0.05 115.6 1780 134.2 77.9 1702 110.6 31.9 71.1 7.5
CS18-32-0.08 67.0 1031 117 36.3 995 64.6 19.9 33.8 11.0
CS25-32-0.08 76.5 1178 175 54.3 1124 73.0 26.7 36.0 10.3
CS32-32-0.08 88.4 1361 576.6 179.0 1182 76.8 31.9 38.2 6.7
CS18-45-0.08 85.6 1318 97.8 43.6 1274 82.8 19.9 51.5 11.4
CS25-45-0.08 98.4 1515 145.4 64.8 1450 94.2 26.7 55.7 11.8
CS32-45-0.08 107.0 1646 412 183.6 1462 95.0 31.9 53.8 9.3
CS18-60-0.08 98.4 1515 113.7 66.0 1449 94.1 19.9 65.9 8.4
CS25-60-0.08 106.6 1641 176.2 102.3 1539 100.0 26.7 62.3 10.9

4

CS32-60-0.08 117.5 1803 155.6 90.3 1713 111.3 31.9 71.1 8.2
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 4  passive confinement  active confinement 

1 1cc cof f k f
maxf

(MPa)
maxP

(kN)
steel

(microstrain)
steelP

(kN)
concP

(kN) max,concf

(MPa)
cof

(MPa)
max, passf

(MPa)
max,acf

(MPa)
C18-0-0 19.9 - - - - - - - - 
C25-0-0 26.7 - - - - - - - - 

1

C32-0-0 31.9 - - - - - - - - 
CS18-32-0 58.4 898 231.6 71.9 826 53.7 19.9 33.8 0.0
CS25-32-0 66.2 1018 171.1 53.1 965 62.7 26.7 36.0 0.0
CS32-32-0 82.2 1266 603.9 187.5 1079 70.1 31.9 38.2 0.0
CS18-45-0 74.0 1145 103 45.9 1099 71.4 19.9 51.5 0.0
CS25-45-0 86.1 1325 127.6 56.8 1268 82.4 26.7 55.7 0.0
CS32-45-0 96.7 1487 375.6 167.3 1320 85.7 31.9 53.8 0.0
CS18-60-0 90.3 1390 120.4 69.9 1320 85.8 19.9 65.9 0.0
CS25-60-0 100.9 1496 216 125.5 1370 89.0 26.7 62.3 0.0

2

CS32-60-0 108.7 1673 149.3 86.7 1586 103.0 31.9 71.1 0.0
CS18-32-0.05 64.4 991 81 25.1 966 62.7 19.9 33.8 9.1
CS25-32-0.05 74.1 1141 143.9 44.7 1096 71.2 26.7 36.0 8.5
CS32-32-0.05 85.6 1310 530.6 164.7 1145 74.4 31.9 38.2 4.3
CS18-45-0.05 83.4 1284 94.5 42.1 1242 80.7 19.9 51.5 9.3
CS25-45-0.05 96.8 1490 163.2 72.7 1417 92.1 26.7 55.7 9.7
CS32-45-0.05 104.8 1613 390.3 173.9 1439 93.5 31.9 53.8 7.8
CS18-60-0.05 97.1 1495 101.5 58.9 1436 93.3 19.9 65.9 7.5
CS25-60-0.05 104.5 1609 192.5 111.8 1497 97.3 26.7 62.3 8.2

3

CS32-60-0.05 115.6 1780 134.2 77.9 1702 110.6 31.9 71.1 7.5
CS18-32-0.08 67.0 1031 117 36.3 995 64.6 19.9 33.8 11.0
CS25-32-0.08 76.5 1178 175 54.3 1124 73.0 26.7 36.0 10.3
CS32-32-0.08 88.4 1361 576.6 179.0 1182 76.8 31.9 38.2 6.7
CS18-45-0.08 85.6 1318 97.8 43.6 1274 82.8 19.9 51.5 11.4
CS25-45-0.08 98.4 1515 145.4 64.8 1450 94.2 26.7 55.7 11.8
CS32-45-0.08 107.0 1646 412 183.6 1462 95.0 31.9 53.8 9.3
CS18-60-0.08 98.4 1515 113.7 66.0 1449 94.1 19.9 65.9 8.4
CS25-60-0.08 106.6 1641 176.2 102.3 1539 100.0 26.7 62.3 10.9

4

CS32-60-0.08 117.5 1803 155.6 90.3 1713 111.3 31.9 71.1 8.2
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