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Tab.1 Mechanical indexes of steel and concrete after elevated temperature

T/C B R 200 400 600 800
E./GPa 193.2 192. 6 188.2 198.8 196. 1
M o16 f,/MPa 516. 1 494. 5 461. 4 394. 9 275. 1
fu/MPa 626.6 605. 4 577.1 490. 7 470. 4
% C30 fo/MPa 37.9 38.7 37.5 21.6 13.8
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Fig. 1 Dimensions of specimens (unit: mm)
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Tab. 2 Pull-out test results of specimens after high temperature

T /C T T g B iy 2% g A1 7o 2% Rl 45 WEAE T W5 1 B
N T2 3\
/kN ¥i{H /kN /MPa /mm #I{H /mm
80.5 1.01
20 B 70. 6 74.1 18. 4 1. 02 1. 04
71.1 1. 08
58.0 1. 04
200 BEZL 55.5 13.8 1. 04
53.0 1. 06
34.8 1.11
400 B2l 33.5 8.3 1.12
32.1 1.13
3.2 1.31
600 W 3.4 0.8 1.17
3.6 1. 02
‘ 0.8 0. 69
800 W 0.9 0.2 0.67
0.9 0. 65
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Fig. 3 Bond-slip curves of specimens Fig.4 Bond strength &. concrete compressive strength
after elevated temperature reduction coefficient-temperature curves
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Tab. 3 Experimental results database

o WEERF BUREE WG MEKE R ;fﬁ; e Z‘ﬁ
/mm /MPa /mm /mm /mm /CC/min,s min) R
/d /d
AR 150X 150X 150 44,9 16 80 % 120 10, 300 F 2
Morley-*! @126 X 300 33.3 16 32 w - 2, 60 A 1
Royles!'™ @126 X 300 — 16 32 % 90 2, 60 F —
FMmE-"- 130X 130X 130 30 20 40 w — . 30 A 2
JE 3T R -1 100X100X100  33.8 14/16/22  56/64/88 75 28 —, 120 F —
AT 100X100X210 31,3 16 160 7 — —, 360 A —
FEEEG-S 100X 100X100  56.1 14/20 70 % — 10, 360 F —
Arelt"*- 150X 150X 150  38.5 14 70 w5 28 5, 180 F —
FALE'- 100X 100X 400 * — 16 175 $8 — IS0, 120 A 30
Haddad"’- 100X100X400 %  73.4 10/20 150 $8 35 2, 120 F —
RIS 100X 100X 150 35 16 100 $6 — 10, 45 A/W 7
Bingoltt @100 200 55.8 8 60/100/160 £ 28 12~20, 180 A 1
B2 100X 100X 100 27.2 12 80 ¢4 — IS0, 120 A 30
P S 100X 100X 100 38.2 10 100 i — 1.67, 120 A 20
Hassan®- 150X 150X 150  33.7 20 60 N 28 —, 60 A 20h
Lubloyt#- @120 100 61.4 12 40 i 28 —, 120 A —
BJE - 100X 100X100  41.1  12/16/20 60/80/100 % 28 10, 120 — —
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Fig.5 Comparisons of bond strength coefficients

from tests and previous data
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Fig. 8 Bond failure mechanisms at ambient and elevated temperature
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Fig. 9 Comparison between residual bond strength of concrete and microscopic test results
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Experimental study on bond behavior and damage
mechanism analysis of reinforcing steel to

concrete interface after elevated temperature

ZHOU Zi-jian', HUO Jing-si*'*, JIN Bao'*’
(1. China Ministry of Education Key Laboratory of Building Safety and Energy Efficiency. College of Civil Engineering, Hunan
University, Changsha 410082, Hunan, China; 2. College of Civil Engineering, Huagiao University, Xiamen 361021, Fujian, China;
3. Wuhuan Engineering Co. » Ltd. » Wuhan 430070, Hubei, China)

Abstract: Bond behavior of reinforcing steel to concrete interface at elevated temperature is the basis of
studying fire-resistance of RC structures. Fifteen cubic concrete specimens and eleven central pull-out
specimens were made, then compression tests and pullout tests were conducted to experimentally
study the variation of concrete compressive strength and bond behavior after exposed to 200 ~800°C
temperature. Experimental data of bond behavior of reinforcing steel to concrete after exposure to
temperatures conducted over the years were statistically analyzed. The experimental temperature field
was corrected based on finite element analysis. Degradation and influencing factors of bonding
behavior between reinforcing bar and concrete after high temperatures were summarized. At the same
time, the correlation between bond strength and compressive strength, elastic modulus and tensile
strength of concrete after elevated temperatures was compared and analyzed. Based on existing
microstructure tests on plain concrete after elevated temperatures, the change of macroscopic bond
behavior was explained from microscopic point of view. Microscopic damage mechanism of bond
behavior after elevated temperature heating was analyzed. Analysis results show that the residual
bond strength decreases with the increase of heating temperature, which is similar to the degradation
of tensile strength of heated concrete. At the same time, the residual bond strength of heated concrete
is closely related with its microstructure at elevated temperature, and also related with the porosity of
hardened cement paste (HCP).

Keywords: after high temperature; reinforced concrete; bond behavior; statistical analysis; damage

mechanisms



