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Bond characteristics between high strength bars and

ultra-high performance concrete
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Abstract; Pullout test was conducted to investigate the bond characteristics of high strength steel bars embedded in
Ultra-High Performance Concrete (UHPC) considering bar diameter, bar embedment length and concrete cover.
Measurements included pullout force and slip at free end of the rebar,and crack patterns were monitored and bond
failure modes were observed. Some new results had been found in this test. The bond strength increased with an
increase in the bar diameter. The thickness of concrete cover had a significant effect on the bond failure type. UHPC
had tremendous energy absorb capacity due to the debonding and pullout of steel fibers from the concrete. Analytical
models for the evaluation of bond strength and constitute relationship of the bond stress-slip curves are proposed

based on the test results, which agree well with the experimental results,

Key words: high strength bar; UHPC;pullout test;bond stress-slip constitute relationship
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Tab. 1 Mechanical properties of steel bar

LES] d/mm fy/MPa fw/MPa
HRB400 16 4412. 83 581. 10
8 556. 23 656. 08
12 531. 80 690. 84
HRB500 16 552. 66 725.15
20 550. 56 724. 20
25 543.12 727.58
HRB600 16 617.99 791. 85
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Tab.2 Design of the pull-out test

P Wi AR ﬁﬁlﬁl RyZEEE WG
/mm K /mm  GER
1 8 71
2 12 69
3 W HZE 16 2.5d 67
4 20 65
5 25 62.5
6 16 2.0d
7 4k K g 3.0d 67  HRB500
8 3.5d
9 1.0d
10 1.5d
11 Ry 2REE 16 2.5d 2.0d
12 2.5d
13 3.0d
14 HRB400
15 WS % 16 2.0d 67 HRBS00
1.4 X mEgiE

PR AE 1 000 kN LTI 8RR Lk FT,
RIS BHEN A B R 2e i 2 MES T, SR B
HH i 5 TR Bk = I AH i R, i Ek(E S i AlEs A 3
SRR, BRI S A BN AN 1 = A By B,
SRR R AL B . WO o B 3 R

Hy 85 Y0 S (45 T1ick 3 0 89 S LR L 20 mmn
IS FRAE . IR IR B 2 R,
i

2 HEmEBKE
Fig. 2 Test setup for the pull-out test
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Tab. 3 Test results
[ NpT=}
5% i RE WO/ MPe R /mm  BORNI/MPa BB

B
1 8 48. 81 0.93 488. 01 W
2 12 60. 86 1.53 608. 59 W
3 B2 16 69. 23 1. 56 692. 32 W
4 20 55.13 0.29 551. 31 BEZL R
5 25 56. 06 0.45 560. 63 BEZL -4
6 2.0d 71.79 1.49 574. 45 574. 45
3 , 2.5d 69. 23 1. 56 692. 32 692. 32

74
7 LR 3.0d 57.85 1. 74 694. 31 694. 31
8 3.5d 51.45 1. 88 720. 33 720. 33
9 1. 0d 55. 31 0.24 553. 06 BEZL P Y
10 1. 5d 57. 00 0. 27 569. 97 BEZL
11 frip 2 2.0d 59.75 0. 92 597. 48 W
12 2.5d 59. 73 1.10 597. 33 W
13 3.0d 64. 33 1.74 643. 23 W
14 HRB400 67.91 1.77 543. 27 W
6 EEE HRB500 71.79 1. 49 574. 45 W
15 HRB600 73. 28 1.08 586. 24 wH
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Tab. 4 Area under the average bond stress-slip curve

for the second batch

G WEELATECHT/N - mm ' R HiEi/N - mmT HR

1 39. 81 0.31 254. 90 0.57
2 82. 67 0. 65 329. 04 0. 74
3 127. 80 1.00 444. 13 1. 00
1 11. 29 0. 09 267. 25 0. 60
5 15.33 0.12 295. 17 0. 66
6 95. 84 0.75 418. 60 0. 94
7 100. 55 0.79 357. 08 0. 80
8 94. 04 0. 74 320. 89 0.72
9 12.76 0.10 272. 41 0.61
10 17. 46 0. 14 300. 76 0. 68
11 47.39 0. 37 348. 93 0.79
12 60. 76 0.48 364. 05 0. 82
13 124. 86 0.98 386. 02 0.87
14 127. 34 1. 00 425. 70 0.96
15 61.18 0.48 396. 71 0.89
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Fig. 6 Effect of bar diameter on average

bond stress-slip curves
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Fig. 10 Effect of concrete cover on average

bond stress-slip curves
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Tab. 5 Comparison of calculated values to experimental results
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Fg. 12 Comparison of experimental curves with fitting curves
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Tab. 6 Comparison of calculated bond strength

to experimental results
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Fig. 13 Comparison of calculated values with experimental results
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