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Behaviors of Long Square Hollow Section Columns Retrofitted using Carbon Fiber
Reinforced Polymer Sheets(CFRP Sheets) Subjected to Concentrated Axial Loading
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ABSTRACT : This paper presents the experimental results of behacior of slender square hollow section columns strengthened

with carbon fiber reinforced polymers (CFRP) sheets subjected to concentrated axial loading. Three long specimens were

fabricated and one stub column were fabricated. The main parameters were the number of CFRP layers. From the tests, it

was observed that global buckling were occurred at the center of specimen for unretrofitting slender column. However, CFRP

retrofitting could prevent the global buckling of slender column. Maximum increase of 22% was also achieved in axial-load

capacity with three longitudinal layered CFRP applied on four sides of steel tubes.
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(b) FRP layers in
longitudinal direction

(a) Concept of FRP retrofit
of long columns

Fig. 1 Detail of FRP retrofit of slender columns
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(b) FRP sheet retrofitting

(a) Steel tube welding

Fig. 2 Specimen fabrication procedure

Table 1. Test specimens

Specimen |  Size(mm) Column L CFRP |CFRPdi
label (BxBxt, mm) type (mm) | Layer |rection

Stub

SH8-0T | [-75%75%3.2 25 | 0 -
column

SH38~ | 757532 | Lome | 4600 | 0 -

0T column

SH38- a Long

| Dsasae | K0 600 |1 L

SIS | rsxrsxg | LM | gg00 | 3 | L

3T column

243) 20134 62

* L : Longitudinal direction
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Fig. 3 Cross section
Table 2. Material test result of steel plate
. . Elastic
Thickness F, F, 7 /F | Elongation
(mm) | (MPa) | (e | TP | Modulus
2.83 310.0 | 384.4 0.81 23.4 192
Table 3. Material test result of CFRP sheet
. Tensile . Elastic
Th(lgiﬁsss Strength Srtéagirit Modulus
(MPa) P (GPa)
0.184 2696 0.015 179.7
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Fig. 4 Test setup (Front side)
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Table 4. Strain gauge setup plan

Gauge Location
Nog Side (from Gauge direction
bottom)
1 Front 800mm Longitudinal Direction
2 Right 800mm Longitudinal Direction
3 Back 800mm Longitudinal Direction
4 Left 800mm Longitudinal Direction
3. Agdy ¥ 24
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Fig. 6 Load-axial displacement curve
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Fig. 7 Failure procedure of specimens
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Table 5. Test results

Specimen | Ptest(kN) s(g?éﬁgﬁ Py(kN) | Ptest/Py
SH8-0P 340.6 - 340.6 1.00
SH38-0P 286.9 1.00 340.6 0.84
SH38-1P 322.9 1.13 340.6 0.95
SH38-3P 348.9 1.22 340.6 1.02
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Fig. 8 Effect of CFRP retrofitting for load capacity
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Fig. 9 Comparison of load capacity between stub column
and long column
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Fig. 11 Load-axial strain curve
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