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Experimental analysis on size effect of axial compressive behavior for
reinforced concrete columns strengthened with CFRP
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Abstract: To study the size effect of reinforced concrete columns strengthened with carbon fiber reinforced polymer
(CFRP) under axial compression loading, three groups of thirty geometrically similar reinforced concrete columns
strengthened with CFRP were designed and tested. Test parameters including column size, reinforcement layout,
and loading history were studied, and the relationships between the properties of the proposed columns (such as
failure mode, ultimate strength, peak stress, and residual deformation) and column size were investigated under
axial compression loading. Experimental results show that with the same size, the ultimate strength of the reinforced
concrete columns strengthened with CFRP was higher than that of the plain concrete columns. As the size of the
concrete columns strengthened with CFRP increased, the peak stress first increased and then decreased. The
normalized axial deformability and residual deformation of the concrete columns strengthened with CFRP decreased
with the increase in the size of the columns. Different loading histories had little effect on the bearing capacity and
ultimate displacement of the concrete columns strengthened with CFRP.
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Fig. 1 Dimensions and reinforcement details of specimens( mm)
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Tab.1 Specimen design parameters
- i R/ 0/ iﬂﬁifﬂ(i/ {RAPZ IR R ENI S LA 2% 18 f 21/
mm | mm R/ % R/ % mm
S1L1HOC 200 x 200 600 3 15 1 32
SIL1HOP 200 x 200 600 3 15 1 32
SIL1H1C 200 x 200 600 1 15 3¢$8 1 1 32
SIL1IHIP 200 x 200 600 1 15 3H8 1 1 32
SILIH2C 200 x 200 600 1 15 3638 1 P6@ 133 0.5 1 32
SIL1H2P 200 x 200 600 1 15 3638 1 P6@ 133 0.5 1 32
S2[2HOC 400 x 400 1200 3 30 2 64
S212HOP 400 x 400 1200 3 30 2 64
S2[2H1C 400 x 400 1200 1 30 316 1 2 64
S212H1P 400 x 400 1200 1 30 316 1 2 64
S212H2C 400 x 400 1200 1 30 316 1 PB@ 118 0.5 2 64
S212H2P 400 x 400 1 200 1 30 316 1 PE@ 118 0.5 2 64
S3L3HOC 600 x 600 1 800 3 45 3 96
S3L3HOP 600 x 600 1 800 3 45 3 96
S3L3H1C 600 x 600 1 800 1 45 8 25 1 3 96
S3L3HI1P 600 x 600 1 800 1 45 8 25 1 3 96
S3L3H2C 600 x 600 1 800 1 45 8 25 1 d10@ 123 0.5 3 96
S3L3H2P 600 x 600 1 800 1 45 8 25 1 d10@ 123 0.5 3 96
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Tab.2 Mechanical parameters of CFRP

ik mgi’:ﬂﬁ FEE/mm BEEBCRR MPa ST/ %
CFRP 3 461 0.167 2.41 x10° 1.61
x3 WEZIEE
Tab.3 Measured strengths of steel bars
WFEA/mm WFER R/ MPa REREEE/ MPa
6 HPB300 381 536
8 HPB300 386 452
10 HPB300 316 424
8 HRB400 419 570
16 HRB400 496 694
25 HRB400 453 609
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Tab.4  Test results

n / NS/ WEAE Y / %3 }Tf_ﬂ":/ 7N
. WeBRA 2L, A FRALRS, WA R 1/ VRIENLAS/  BEdR

kN mm MPa 103 fr
SILIHOP 1 515.85 1.45 37.89 2.42 s
SILIHOC 1 590.56 1.25 39.76 2.09 T
SILIHIP 1 892.45 1.14 47.31 1.90 Lk
SILIHIC 1 861.70 2.23 46.54 3.72 g
SILIH2P 1783.52  3.95 44.59 6.58 rhg
SILIH2C 1971.23 1.33 49.28 2.22 T
S2I2HOP 6 833.53  2.52 42.71 2.10 g
S2I2HOC 7 066. 02 1.87 44.16 1.56 s
S2I2HIP 7 821.69  2.58 48.89 2.15 i
S2U2HIC  7246.86  2.07 45.29 1.73 Lk
S2I2H2P 7574.04  2.00 47.34 1.67 T
S212H2C 8 167.69 1.89 51.05 1.58 g
S313HOP 13 787.76  2.05 38.30 1.14 g
S3I3HOC 15 064.19  2.22 40.48 1.32 i
S3I3HIP 16 113.21 1.34 44.76 0.74 g
S313HIC 14 545.72 1.64 40.40 0.91 i
S313H2P 16 568.00  1.35 46.02 0.75 g
S3I3H2C 16 970.00  1.76 47.14 0.98 T
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Fig.5 Load-displacement curves
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Fig. 12 Normalized load-displacement curves
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Tab.5 Comparison of experimental and calculated

values of bearing capacity

A P, /kN P.,/kN P,/ kN mo Mm

S1L1HOP 1168.13 1515.85 1596.37 1.29 1.05
S212HOP 4 672.52 6 833.53 6 966.11 1.46 1.02
S3L3HOP 10 513.17 13 787.76 14 515.38 1.31 1.05
SIL1HIP 1 336.62 1 892.45 1794.98 1.41 0.95
S2I2HIP 5470.33 7 821.69 7 331.95 1.43 0.94
S3L3HIP 12 292.10 16 113.21 14 464 .44 1.31 0.90
SILIH2P 1 356.15 1 783.52 2 061.39 1.32 1.16
S212H2P 5539.77 7 574.04 7 068.77 1.37 0.93
S3L3H2P 12 445.07 16 568.00 16839.83 1.33 1.02
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