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Abstract: To address durability issues in concrete structures caused by steel corrosion, this study
proposed replacing steel reinforcement with carbon fiber-reinforced polymer (CFRP) tendons and
systematically investigated the seismic performance of CFRP-reinforced concrete columns. Through low-
cycle reversed loading tests on three full-scale specimens and OpenSEES numerical simulations, the
influence mechanisms of key design parameters—including axial compression ratio (v) , concrete
strength, shear span ratio (A) , longitudinal reinforcement ratio (p) , and stirrup ratio (p_) —were
elucidated. The results demonstrated that a threshold effect of axial compression ratio (), beyond which
the risk of reinforcement yielding surged and seismic performance deteriorated abruptly; unlike strength
degradation induced by excessive v, enhanced concrete strength significantly improved load-bearing
capacity and energy dissipation but exacerbated brittle failure; increased shear span ratio (A) shifed
failure modes toward flexural dominance, reducing load capacity while the linear-elastic constitutive

behavior of CFRP tendons limited energy dissipation enhancement; higher longitudinal reinforcement
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ratio (p) boost load capacity, delayed yielding initiation and stiffness degradation, and improved energy

dissipation; stirrup ratio (p_) exerted negligible effects on lateral stiffness but maintained post-yield

strength stability through enhanced core concrete confinement at elevated ratios.

Keywords: CFRP-reinforced concrete column; low cyclic reversed loading test; OpenSEES; numerical

simulation; seismic performance
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Fig. 1 Structural detailing of column specimens
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Table 1 Design parameters of test specimens

N s = . " i 775 AR AK /mm o -
WIS MM A fmm ABRGRG —— L W EL 3 5 2
e X AR 1X.
1 12 14 1.15 8@100 8@150 0.25 C50
2 12 14 1.15 8@100 8@150 0.42 C50
3 12 14 1.15 6@60 6@150 0.42 C50
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Fig.2 Structural detailing of column specimen
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Fig.3 Tensile stress—strain curves of CFRP tendons
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Fig.4 Compressive stress—strain curves of CFRP tendons
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Fig. 8 Comparison of experimental and numerical simulation results
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Fig. 9 Parametric analysis results of axial compression ratio
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Table 4 Seismic performance indices of axial compression ratio

specimens
HUE 1 AE 1 Ji R A A [ A% R A
A /mm M /(kN - m) A, /mm M, /(kN - m)
0.1 50.41 350.8 73.50 439.3
0.2 45.24 337.9 73.50 431.5
0.3 41.73 326.2 73.50 416.3
0.4 38.88 312.4 73.50 394.6
0.5 36.35 296.0 73.50 368.2
0.6 33.83 2717.3 73.50 338.5
0.7 30.69 253.8 73.50 306.1
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Table 5 Seismic performance indices of concrete strength grades
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FEAR R A /mm M_/(kN - m) A /mm  M,/(kN - m)
€30 56.02 315.3 73.50 381.3
€40 52.83 3355 73.50 414.6
€50 50.41 350.8 73.50 4393
€60 47.95 366.1 73.50 463.6
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Fig. 11 Parametric analysis results of shear span ratio
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Table 6 Seismic performance indices of speciemens with different

shear span ratios

S AF [ J IR A NARES

A /mm M, /(kN - m) A /mm M,/(kN - m)
3.75 39.88 483.6 52.50 588.0
4.125 42.82 440.9 57.75 541.4
4.5 45.62 406.4 63.00 503.0
4.875 48.05 377.1 68.25 469.3
5.25 50.41 350.8 73.50 439.3
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Fig. 12 Parametric analysis results of longitudinal reinforcement ratio
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Table 7 Seismic performance indices of speciemens with different

longitudinal reinforcement ratios

) 1F [ Ji# IR A NAREETS

I L /% A),/mm M /(kN - m) A /mm M, /(kN - m)
1.15 50.41 350.8 73.50 439.3
1.54 53.85 426.5 73.50 524.1
1.92 55.93 497.5 73.50 602.1
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Fig. 13 Parametric analysis results of stirrup ratio
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Table 8 Seismic performance indices of speciemens with different

stirrup ratios

if 4 % 1E 1) JiE IR L 1E 1) B PR A
@ijf/ﬁﬁ%% e A/mm M/(KN-m) A /mm M/(kN-m)
0251 8@200 5111 361.8 73.50 450.4
0279 8@I80  51.06 360.0 73.50 448.4
0283  6@100  51.57 364.0 73.50 452.8
0335  8@150  50.90 356.8 73.50 4452
0419  8@120  50.66 353.2 73.50 4417
0.503  8@100  50.41 350.8 73.50 4393
0.628  8@80  50.08 348.3 73.50 437.0
0785  10@100  49.18 340.4 73.50 429.0
0838  8@60  49.70 346.0 73.50 4352
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