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Numerical analysis on bonding performance between CFRP bar and
concrete at polar low temperatures
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Abstract: In order to further study the bonding performance of carbon fiber reinforced polymer ( CFRP) bar and
concrete at polar low temperatures, a numerical model considering the CFRP bar surface characteristics was
proposed utilizing ABAQUS. A total of 64 conditions were simulated in this study, to analyze the effect of CFRP bar
diameter, rib height, rib width and concrete cover thickness on bonding on the bonding performance under low
temperature conditions. The results showed that the numerical model considering the surface characteristics of
CFRP bar can effectively reflect the stress transfer between CFRP bar and concrete, reflecting the damage and
bonding failure mechanisms between CFRP bar and concrete at low temperatures. Low temperature significantly
enhances the bonding strength between CFRP bar and concrete. At low temperatures, as the diameter of CFRP bar
increases, the bonding strength between CFRP bar and concrete decreases, weakening the enhanced effect of low
temperature on bonding strength. With an increase in rib height of CFRP bar, the low temperature bonding strength
initially increases and then decreases, reaching the maximum value when the rib height is 8% of the reinforcement
diameter. The variation in r1ib width of CFRP reinforcement mainly affects the shape of the bonding slip curve.
Compared to specimens at room temperature, specimens at low temperature exhibit a thicker concrete cover when
pull-out failure occurs.
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Fig. 1  Design of pull-out test
WS 1 poR Y R T IREE K. RIS CFRP i i1 T700 SRk 2T 2k Fi 3R E R
MIBCE LL AR 2, TREELIFAIRL N P.0.42.5 90k e, Horh £ 4E AR R 00 B0 68% , R HDE 2 12
R ER/KUE D R RAF A R R A R BRI, AR R AR 3 R
®1 HKRAGSH

Tab.1 Parameters of pull-out specimens

KRS t/°C d/mm Sfeu/MPa L,/ mm 7/ MPa 7/ MPa T/ Ty
D5T20L25 20 5 37.3 25 4.59 5.00 1.09
D5T601.25 -60 5 37.3 25 8.30 8.65 1.04
D5T80L25 -80 5 24.0 25 8.72 8.25 0.95
D8T20140 20 8 37.3 40 3.60 3.82 1.06
D8T60140 -60 8 37.3 40 9.00 10.31 1.14
D10T20L50 20 10 37.3 50 4.72 4.64 0.98
D10T60L50 -60 10 37.3 50 6.66 7.09 1.06

oo BRI, d Sy CFRP /i BAR f,, R # IR BE LR L | L N BRI 7 YRGS SR BRI, 7 o R SR BRSO
*2 BRIBSHMRERE

Tab.2 Mix proportion and compressive strength of concrete

KU/ (kg-m ™) W/ (kg:m ™) A/ (kgom ™) K/ (kgem ™) YURBE L/ MPa
316 783 1082 219 24.0
419 533 1243 205 37.3

F3 HIRINE CFRP S #HEaE
Tab.3 Material properties of CFRP bars at room temperature

jnwGs TR d/mm d,/mm g h,/mm w,/mm S/ MPa E./GPa
D5 5 4.9 Epoxy 0.10 9 2 549 155
D8 8 7.8 Epoxy 0.12 9 2438 157
D10 10 9.9 Epoxy 0.10 9 2 428 153
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Fig.2 Finite element model of specimen
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Tab.4 Material properties of CFRP bars at different temperatures'”’
TLEE/C W/ ( kgem ™) P i/ GPa TR LE 1 B 58 FE/ MPa e BN AE /10 ~6
20 1 500 131.64 0.3 3 054.59 23 262
-30 1 500 131.78 0.3 2 854.43 21 684
-60 1 500 133.17 0.3 2 785.07 20 896
-80 1 500 133.44 0.3 2 854.59 21 470
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Fig.4 Comparison of bonding slip curves between finite element simulation and test
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Fig.5 Stress distribution curves of CFRP bars with different diameters
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Fig. 6 Radial stress of concrete with different thickness of protective layer
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Fig.7 Circumferential stress of concrete with different thickness of protective layer
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Effect of temperature on bonding behaviors between CFRP bar and concrete
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Tab.5 Design parameters and main results of finite element analysis
. HE, Whes Whvis  WRES BRPRRE/ FhEssRIE/ IR RS/ FhEh R/ o
S - - e B,
mm mm mm C mm MPa mm (MPa-mm’l)
D5T20 20 5.01 4.41 1.59 W
D5T30 -30 7.20 4.50 2.24 i
5.0 0.1 10 70.0
D5T60 -60 9.52 4.94 2.70 W
D5T80 -80 11.40 5.12 3.12 L
D8T20 20 3.86 4.44 1.22 P
D8T30 -30 5.37 4.72 1.59 W
8.0 0.1 10 70.0
D8T60 -60 7.21 5.00 2.02 Wi
D8T80 -80 8.56 5.19 2.31 Wi
D10T20 20 3.52 4.44 1.11 L]
D10T30 -30 4.76 4.81 1.39 Wi
10.0 0.1 10 70.0
D10T60 -60 6.39 5.21 1.72 Wi
D10T80 -80 7.63 5.31 2.01 L]
D12T20 20 3.33 5.12 0.93 Wi
DI12T30 -30 4.26 5.02 1.19 Wi
12.0 0.1 10 70.0
D12T60 -60 5.38 4.72 1.60 L]
D12T80 -80 5.06 4.34 1.50 W
HO.2T20 20 6.55 5.42 1.35 L
HO.2T30 -30 8.01 5.68 1.58 P
5.0 0.2 10 70.0
HO. 2T60 -60 10.40 6.50 1.79 W
HO. 2T80 -80 11.61 5.96 2.18 Wi
HO. 3T20 20 8.14 5.29 1.66 P
HO.3T30 -30 10.07 7.07 1.99 L]
5.0 0.3 10 70.0
HO. 3T60 -60 11.54 6.50 2.48 Wi
HO. 3T80 -80 12.58 5.83 3.01 P
HO. 4T20 20 8.41 5.29 2.45 L]
HO.4T30 -30 10.45 4.63 4.57 Wi
5.0 0.4 10 70.0
HO. 4T60 -60 13.46 4.10 5.88 W
HO. 4T80 -80 15.50 4.89 6.77 L]
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Effect ofrib height of CFRP bar on bonding performance of CFRP bar-concrete
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