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Bond Behavior between Upsetting Steel Bar and High Strength Steel Fiber
Reinforced Concrete
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Abstract: Pull-out tests were carried out in order to investigate the bond behavior between upsetting steel bar and
high strength steel fiber reinforced concrete (SFRC). The bond lengths, concrete coverage thicknesses and different
types of steel bar were considered. Bond-slip relationship, failure pattern, bond strength and the corresponding slip
were analyzed. The results show that the bond strength decreases with the increase of bond length, which is more
obvious in the upsetting steel bar specimens than normal steel bar specimens. Increasing the concrete coverage
thickness can improve the bond strength, but the effect is limited. The upsetting steel bar can effectively enhance
the bond strength between steel bar and SFRC, significantly reduce the relative slip and change the failure pattern.
In addition, based on the experimental data, the bond-slip relationship between normal/upsetting steel bar and SFRC
is established.
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Table 1 Material property of HRB400 steel bar

L1 R

TR A B0 35 1 TR B 42 4% g 80 MPa [y SFRC Yield strength/MPa  Ultimate strength/MPa  Elongation/ %
A HRB400 #4 4L 4 il 49 i . HRB40O 4 i B 1% 4 425 605 20

#2 SFRCHIEALL
Table 2 Mix proportion of SFRC
kg/m’
Cement Mineral powder  Silica fume Fly ash  Fine aggregate  Coarse aggregate Water Water reducer  Steel fiber

430 70 30 70 625 1110 162 12 120
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(a) Specimen with upsetting steel bar
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(b) Specimen with normal steel bar
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Fig.1 Specimen design (size: mm)
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Table 3 Parameters and main test results of steel-SFRC specimens

Specimen No. //mm ¢/mm  F,/kN F,/kN r,/MPa 7,/MPa s/mm  s/mm Failure pattern

N-15d-c2d-1 90.7 29.5 0.27

5d 2d 89.4 29.0 0.38 Splitting failure
N-15d-c2d-2 88.0 28.6 0.49
N-16d-c2d-1 92.9 25.2 0. 36

6d 2d 89.9 24.3 0. 36 Splitting failure
N-16d-c2d-2 86.8 23.5 0. 37
N-17d-c2d-1 93.4 21.7 0.21

7d 2d 93.5 21.7 0.17 Steel bar tensile failure
N-17d-c2d-2 93.6 21.7 0.13
N-18d-c2d-1 94.3 19.2 0.07 Steel bar tensile failure

8d 2d 94.8 19.2 0.05
N-18d-c2d-2 95.2 19.3 0.04 Shear compression failure
N-15d-c4d-1 90.0 29.2 0.91

5d 4d 92.5 30.0 0.74 Steel bar tensile failure
N-15d-c4d-2 94.9 30.8 0.56
N-16d-c4d-1 94.5 25.6 0.17

6d 4d 92.5 25.0 0. 36 Steel bar tensile failure
N-16d-c4d-2 90.5 24.5 0.54
N-17d-c4d-1 96. 1 22.3 0.08

7d 4d 95.4 22.1 0.12 Steel bar tensile failure
N-17d-c4d-2 94.6 22.0 0.17
N-18d-c4d-1 95.6 19.4 0.04

8d 4d 94.6 19.2 0.06 Steel bar tensile failure
N-18d-c4d-2 93.5 19.0 0.07
D-13d-c2d-1 93.0 50. 3 0.98

3d 2d 90.1 48.8 0.76 Shear compression failure
D-13d-c2d-2 87.1 47.2 0.53
D-l4d-c2d-1 87.2 35.4 0.21

4d 2d 88 35.7 0.23 Shear compression failure
D-l4d-c2d-2 88.7 36.0 0.25
D-15d-c2d-1 94.6 30.7 0.17

5d 2d 93.4 30.3 0.20 Steel bar tensile failure
D-15d-c2d-2 92.1 30.0 0.22
D-16d-c2d-1 95.7 25.9 0.08 Steel bar tensile failure

6d 2d 93.3 25.3 0.15
D-16d-c2d-2 90.9 24.6 0.23 Shear compression failure
D-13d-c4d-1 95.3 51.6 —

3d 4d 94.2 51.0 0.96 Steel bar tensile failure
D-13d-c4d-2 93.1 50. 4 0.96
D-14d-c4d-1 91.7 37.2 0.38

4d 4d 92.9 37.7 0.37 Steel bar tensile failure
D-14d-c4d-2 94.2 38.3 0. 36
D-15d-c4d-1 94.8 30.8 0. 30

5d 4d 93.9 30.5 0.22 Steel bar tensile failure
D-15d-c4d-2 93.0 30.2 0.14
D-16d-c4d-1 92.4 25.0 0.10

6d 4d 94.6 25.6 0.10 Steel bar tensile failure
D-16d-c4d-2 96.8 26.2 0.10




1006 @®mOs M

IR %526 %

(1)

2.1 FIFER

TR A b A B 3 R SR L IR R B
FERE IR TR BE 55 24l YR RN A 7 BT A IR . K A2 A i
BRI R A0 1 3 B 7 . pi &1 3 0] D+ (1) 0K 4K A7 3
4 D-13d-c2d . D-14d-c2d & D-16d-c2d-2 ( A D-13d-
c2d-2 i) & HE TR BE + BT FEEOR , 244 Bk H AR B
2, W5 5% PR B9 5 0 1 F s BT 5 B A A R
B, 288 B R | B 2 5 I DNk 1) A1k S Y B

Free end

D-13d-c2d-2 Free end

Load end P

(a) Shear compression failure

(b) Splitting failure

ZERESAAE TR GE 1 0 Y A AR IR, I K 4k Y
29k 3 mm ; 76 M PR A7 2, KA S TR 7 A I
RS, [) S A A7 3 S A A7 ) Ak ) T R - R A
(2) % 38 49 #1148 N-15d-c2d . N-16d-c2d ( L N-15d-
c2d-2 R ))& A VR B - BF R IR A AN HLR
— |, B B 0 2 v BT B 5 B fr 2R 8G n
40 MR BE 1 2 10 2k B B A R o L B0
ik, e KL SERE N 0.5 mm. (3) R 2 K 1) Hi Ay
e 3 A0 A AN ORE A A 3 4 (A D-13d-c4d-2 Ry 5] 35 &
A R AL TR I a2 T R IR G 2 Ak

N-15d-c2d-2

Free end D-13d-c4d-2

(c) Steel bar tensile failure

K3 R A

Fig.3 Failure patterns of specimens
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Fig.4 Typical bond-slip curves of each specimen
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Fig. 6 Relationship between peak slip and bond length of specimens
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