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A Study on Finite Element Methods for HSS(Hollow Square Section)
Steel Columns Strengthened with Carbon Fiber Reinforced Polymer
Plastic(CFRP) Sheets
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Abstract - This paper presents the finite element method results for HSS(Hollow Square Section) steel columns strengthened
with Carbon Fiber Reinforced Polymer Plastic(CFRP) sheets. 6 specimens were fabricated and the specimen groups were
non-compact short columns, slender short columns, and non-compact long columns. Test parameter was the number of CFRP
ply. The finite element analysis was performed by using ANSYS Workbench V.14.0 and the results of FEM were compared with
those of Test for failure mode, load-displacement curve, maximum load, and initial stiffness. The comparisons between
experimental observations and computed results show that the analyses provided good correlation to actual behavior. Finally, the
buckling stress were calculated according to the AISC cold-formed structure provision and the retrofitting effect were verified
for each section type.
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Table 1. FEM model list

Specimen | Section size bt Length |Number of
label (mm) (mm) | CFRP ply
NS-0P [1-75%75%3.2 21.4 225 -
NS-3P [1-75%75%3.2 21.4 225 3
NL-0P [1-75%75%3.2 21.4 1600 -
NL-3P [1-75%75%3.2 21.4 1600 3
SS-0P [1-147x147x2.2 62.7 441 -
SS-3P | [-147x147x2.2 | 62.7 441 3
Table 2. Material test results of steel plate
Thickness F, F, Elongation | Elastic
(mm) (MPa) (MPa) (%) Modulus
32 310 384 234 192
2.3 288 371 23.0 207
Table 3. Material test results of CFRP sheets
Thickness Tensile Strain at Elastic
(mm) Strength(MPa) rupture Modulus
0.184 2,696 0.015 180
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Table 4. Summary of test and FEM results

) Results Ratio of gain or loss Errors
Specimen label Item
Test FEM Test FEM Pren/Prest | Kpen/Kies:
Max load(kN) 340.8 337.8 0.99 -
NS-0P Control
Stiffness(kN/mm) 87.5 87.5 1.00
NS.3P Max load(kN) 357.8 347.8 1.05 1.03 0.97 -
Stiffness(kN/mm) 71.4 88.9 0.82 1.02 - 0.80
Max load(kN) 286.9 294.0 1.02 -
NL-0P - Control
Stiffness(kN/mm) 67.0 69.0 - 1.03
NL3P Max load(kN) 350.4 3394 1.22 1.15 0.97 -
Stiffness(kN/mm) 75.0 73.0 1.12 1.05 - 0.97
Max load(kN) 228.0 234.1 1.03 -
SS-0P - Control
Stiffness(kN/mm) 328.7 292.7 - 0.89
SS.3P Max load(kN) 290.0 307.3 1.27 1.31 1.06 -
Stiffness(kN/mm) 358.3 310.6 1.09 1.06 - 0.87
Mean 1.01 0.93
St. dev. 0.03 0.09
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Fig. 7. Reduction factor vs slenderness results
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