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ABSTRACT

The purpose of this study is to investigate the strength and ductility improvement of columns retrofitted by
steel-fiber composite plate. Test specimens strengthened by three different materials - steel plate(SP), carbon fiber
sheet(CF) and fiber-steel composite plate(CP) - were tested under cyclic lateral load with a constant axial load equal
to 20% of the axial compression capacity. The structural capacity of composite plate was good or better than that of
other retrofitting materials. Test results from all retrofitted specimens showed that considerably higher retrofitting
amount was required for strength enhancement. The ductility of retrofitted columns by composite plate was fairly
improved. Also, energy ductility ratio was more effective than displacement ductility ratio for ductility estimation of

retrofitted column.
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Table 2 Material properties of steel bar

Fig. 1 Specimen details (unit :

mm)

and concrete

Longitudinal steel

Confinement steel

Yield
strength
(MPa)

Bar
No.

Reinf.
ratio

Bar
no.

Yield
strength

(Mpa) | (mm)

Spacing|Reinf.
ratio

Compress.
strength
(MPa)

D16| 392.3

0.018

D10

392.3 100

0.0L1

26,5

plate and epoxy resin

Table 3 Material properties of carbon fiber steel

Baus dA FA dAdd gdANFE A A Tensile |, Modlfllus Shear

= « 5 1.0 . onga [¢) —tension
24549 [r] Z 50mm & ‘©” 2¥oE s Eikuks Materials Sfﬁrﬁ%t)h “tion | elasticity | strength Remarks
YA 2 AL GG FEolE 806 BER (MPw_| (MPa)
7‘%@.3}93\ : H:_z:,—l_’ ﬂ'lﬂi‘éfﬂﬂ %JH?_] D D : ] _') Carbon fiber| 3311.4 | 0.0153 | 224572.3 - -
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Table 1 Details of test specimens

Specimens Retrofitted Retrofitted Retrofitted Retrofitted Band Remarks

P Material Method Length (mm) Spacing (mm) Width (mm)

RCR1-NO - - - - Control
RCR1-SP-16 . 1.6 mm
RCR1-SP_20 Steel plate Jacketing 50 mm
RCR1-CF-P2 Carb 2 Ply

— arbon .
RCR1-CF-P3 Fiber Bonding 100 50 3 Ply
RCR1-CF-P4 4 Ply
RCR1-CP-08P2 c . 0.8mm + 2Ply
RCR1-CP-16P2 Ogig?j‘te Jacketing L6mm + 2Ply
RCR1-CP-16P4 1.6mm + 4Ply

ex) RCR1-CP-16P2

(type) 16,20= plate thickness, P2,P3,P4= no. of ply
(material) NO=none; SP=steel plate; CF=carbon fiber; CP=compo. plate

(original member) RCR1=column designed by lateral confining require.
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Table 4 Material properties of composite plates

. Modulus
Composite Tensile Elonga of Bond
D Load |7, g . .. |Strength| Remarks
Plates (kN) tion | Elasticity (MPa)
(MPa) a
CP-08P2| 129 |0.0174 | 208332 275 0.8mm+2Ply
CP-16P2 | 1563 | 0.0151 | 208882 275 1.6mm+2Ply
CP-16P4 | 2589 | 0.0160 | 219669 2.75 1.6mm+4Ply
40
© CP-16P4
< CP-16P2
=3 ) CP-08P2
o 300 A - -« -CFP1 [
o S SP-20
o . ' —— SP-16
2000 . ! ----3P-08
1000
o]

0 i 2 3 4 5
Strain (%)

Fig. 2 Stress-strain relationships of retrofitted

materials
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Fig. 6 Loading history

(a) RCR1-NO  (b) RCR1-SP-16 (c) RCR1-SP-20

(d) RCR1-CF-P2 (e) RCR1-CF-P3 (f) RCR1-CF-P4

(g) RCR1-CP-08P2 (h) RCR1-CP-16P2 (i) RCR1-CP-16P4

Fig. 7 Failure patterns
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Table 5 Test results

Specimens Yield load |[Max. load| Ult. load |Normalized

(kN) (kN) (kN) | max. load
RCRI-NO 55.5 67.9 53.8 1.00
RCR1-SP-16 52.0 71.0 60.3 1.05
RCRI1-SP-20 52.6 78.3 66.5 1.15
RCR1-CF-P2 48.4 63.5 53.9 0.94
RCRI1-CF-P3 51.2 67.6 57.5 1.0
RCR1-CF-P4 50.0 76.2 64.7 112
RCR1-CP-08P2 52.6 68.9 58.6 1.02
RCR1-CP-16P2 52.9 73.4 62.4 1.08
RCRI1-CP-16P4 54.9 80.1 68.1 1.18

—#—RCR1-CP-16P4
——RCRI1-CP-16P2
~gRCR1-CP-08P2
—a—RCR1-CF-P2
——RCRI-CF-P3 60 |
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———RCRI1-SP-16
—=5—RCR1-5P-20 20
--—-RCR] NO

Load (kN)
3

50 100 150
Displacement (mm)

-150 -100

Fig. 8 Load-displacement envelope curves
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Fig. 9 Load-displacement relationships of specimens
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Table 6 Test results for ductility
Displacement Displ _ Energy A.CC‘u. Proposed
Specimens ?jilseg? Uljtii;r;?te D_L!C* Né)lllzn, dl;ft. Accumulate(zlid\(llfrslﬁz)ated energy _D_qc NOlfm~ Si;lgpy d:ggi\;g
(mm) | (mm) | Y| —ility %) vield |max. load| ultimate tility | ductility | i ratio
RCRI1-NO 16.75 61.67 3.69 1.00 | 3.74 519.8 3889.6 10793.8 20.8 1.00 0.987 0.89
RCRI1-SP-16 | 14.80 82.4 6.23 1.67 4.99 807.2 5042.4 38063.6 472 2.27 0.776 0.40
RCR1-5P-20 | 15.85 105.8 6.79 1.834 | 641 392.4 6817.7 46155.0 51.7 2.49 0.751 0.38
RCR1-CF-P2 | 17.45 108.1 6.26 1.70 6.55 1255.1 4045.1 33284.8 26.5 1.28 0.811 0.44
RCR1-CF-P3 | 15.39 85 6.20 168 | 515 828.2 5099.2 35680.5 43.1 2.07 0.745 0.37
RCR1-CF-P4 | 16.34 106 635 | 1.72 | 642 10274 8893.5 37276.4 36.3 1.74 0.761 0.39
RCR1-CP-08P2| 17.65 91.3 538 | 148 | 553 1063.6 6846.8 46366.8 43.6 2.10 0.772 0.40
RCRI1-CP-16P2| 15.55 935 6.40 1.73 | 5.67 826.6 4612.5 45619.3 55.2 2.65 0.728 0.36
RCR1-CP-16P4| 16.15 110 7.24 1.96 | 6.67 782.5 4217.7 52336.0 66.9 3.22 0.678 0.32
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