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Abstract: The interfacial bond between the fiber-reinforced polymers (FRP)tube and concrete is crucial for load
transfer, and it is an important prerequisite for their interaction. To investigate the bond behavior of concrete-filled
GFRP tubes (CFFTs) in the Arctic and cold regions, a testing program with 12 circular and 16 square CFFTs was con-
ducted under various low temperatures ranging from 20 ‘C to —80 “C. The bond stress versus slip curves and typical
failure modes of the GFRP tube-concrete interface were obtained. The influences of different low temperature levels
(T=20°C, -30°C, —60°C, and -80 'C), inner surface texture (sand-coated or not) , diameter to thickness ratio
(D/t=30.0, 31.3, 37.5, and 50.0), cross-section types (circle, square), and FRP tube manufacturing technol-
ogy (pultrusion, filament winding) on the bond behavior were investigated. The test results show that in addition to

interface failure, some square specimens with sand-coating show corner cracking. Low temperatures improve the
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bond behavior of the GFRP tube and concrete. The influences of 20 C to —60 ‘C on the bond behavior are stronger

than those of -60 ‘C to —80 ‘C. Sand-coating can significantly improve the interfacial bond strength of CFFT. At

—-60 ‘C, the bond strength of circular sand-coating specimens can be improved to 2.18 times in comparison to the

specimens without sand-coating, and the bond strength of square sand-coating specimens can be improved to 7.93

times in comparison to the specimens without sand-coating. Increasing the D/f ratio reduces the ultimate bond strength.

Circular CFFTs exhibit higher bond strength than square ones. Pultruded FRP tubes exhibit lower bond strength than

the filament winding ones, which shows that the bond strength of a GFRP tube-concrete interface is affected by fric-

tion (circumferential confinement pressure) . Finally, a prediction model based on experimental data for the ultimate

bond strength of CFFT at low temperatures. This study can provide a reference for CFFT component application at low

arctic temperatures.

Keywords: arctic low temperatures; bond behavior; CFFT; push-out test
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Tab.l1 Design parameters of a specimen
Vi E/C PA#%/mm J 5L /mm Dit LSt il T2 four /MPa
Cl1 20 150 5.0 30.0 s ENE 40.69
2 -30 150 5.0 30.0 Bhmb by 64.36
C3 -60 150 5.0 30.0 Bhmb by 71.62
C4 -80 150 5.0 30.0 Bhmb by 81.84
Cs -60 150 5.0 30.0 KEH by 71.62
C6 -60 150 5.0 30.0 Zh> ElEZ 71.62
S1 20 150 5.0 30.0 s ENE 40.69
S2 =30 150 5.0 30.0 Bhimb Eiigs 64.36
S3 -60 150 5.0 30.0 Bhimb Eiigs 71.62
S4 -80 150 5.0 30.0 Bhimb Eiigs 81.84
S5 -60 150 5.0 30.0 KEH by 71.62
S6 -60 150 3.0 50.0 Bhimb Eiigs 71.62
S7 -60 150 4.0 37.5 Bhimb Eiigs 71.62
S8 —60 150 438 31.3 Fikb EE 71.62
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Tab.2 Mechanical properties of GFRP tubes

. BN mEAL - i
i BHRA | WE/C nfie Jid
AR - SREE/ | M MR SRIE/ Giitdn PR BR SREE/ [1i83 PR BR
MPa GPa I AR 1% MPa Wi /GPa | WAE/% MPa Wi /GPa | WA /%
20 61.76 6.27 1.00 78.09 5.58 1.55 34.00 8.40 0.43
. -30 73.71 7.80 0.80 87.88 5.62 1.49 37.87 9.90 0.39
B e -60 81.72 10.40 0.67 90.79 6.63 1.38 37.54 10.45 0.37
-80 83.23 11.30 0.66 87.26 6.10 1.44 38.10 10.80 0.35
L —60 399.80 25.23 2.00 — — — 66.19 12.65 0.58
20 139.50" 21.82" — 176.60 19.48 0.87 44.79 21.25 0.28
. -30 152.80" 3225 — 181.90 23.20 0.77 57.10 23.45 0.28
VB e -60 170.50" 38.06" — 189.40 24.24 0.75 64.58 24.20 0.26
-80 173.10" 44.47 — 182.20 24.04 0.76 66.04 24.20 0.27
YL —60 — 12.45 11.33 0.10 68.78 12.30 0.55
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Fig.4 Push-out test and measurement setup
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C6-1 | 650 |151.66 | 211 | 1.89 |0.266 | Hedmik FRP E7EACIR T s R FiREE L. Nk, IR T
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