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Experimental study on bond behavior for ribbed steel bars and grout

YU Qiong, XU Xuejing, YOU Gaoshuai

(Research Institute of Structural Engineering and Disaster Reduction, Tongji University, Shanghai 200092, China)

Abstract; To provide theoretical data for the grout used in prefabricated structures and reinforcement reconstruction
field. Pull-out tests were conducted on 27 specimens having grout with ribbed reinforced bars, and the failure mode
and the variation of bond strength were studied. According to a typical bond-slip curve, the cracking, crushing and
shearing process were analyzed. Based on the experimental data, the bond strength formula, the slip formula and
the bond-slip formula were fitted. The empirical value of anchorage length of reinforcement in grout was presented.
The result shows that the average bond strength increases with the increase of the cover thickness. While thickening
the cover thickness, the increasing rate of bond strength is lower than that of concrete. In addition, increasing the
bar diameter, the average bond strength decreases. Further-more, with the increase of the anchorage length,
average bond strength decreases. The increase of anchorage length results in higher increment rate of the bond
strength of grout compared to the self-compacting concrete. With the same compressive strength grade, the bond
strength of grout is higher than that of ordinary concrete. In conclusion, the bond-slip behavior between ribbed steel
bar and grout is different from that of concrete.
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Tab.1 Mechanical parameters of reinforced bar
WA EAR e A i BB 50 L

mm SEIIMH £,/ MPa EHIE £,/ MPa

16 432 590

18 483 643

20 464 620

TR AT HIHE SR IR d 5 TR M R B
Al TR H=-40 HER R AR Hi GB/T 17671—1999
ORI RP 58 G 50 7 )7 Al GB/T 50081—2002
838 TR % 1 7 2F M Re 8 O vk AR Y A5
40 mmx40 mmx160 mm FEHAMAEARPR b
PR A 58.83 MPa; 45 150 mmx 150 mmx 150 mmitE
HREST T 2B RIS B 3.89 MPa.
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Tab.2 Parameters of specimens
R WERGH, BPREE, WER  EERE, Wl
I mm mm mm mm /I\ﬁl
Al 150x150x150  32(2d) 16 96(6d) 3
A2 150x150x150  48(3d) 16 96(6d) 3
A3 176x176x150  80(5d) 16 96(6d) 3
Bl 150x150x150 67(%J4d) 18 96(4y5d) 3
B2 150x150x150 67(#4d) 20 96(4y5d) 3
Cl 150x150x150 67( % 4d) 16 32(2d) 3
C2 150%150x150 67( % 4d) 16 64(4d) 3
C3 150x150x150 67( % 4d) 16 128(8d) 3
D 150x150x150 67( % 4d) 16 96(6d) 3
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Fig.1 The benchmark specimen size for steel drawing test( mm)
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Fig.2 Schematic diagram of loading device
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Tab.3  Failure type of specimens
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Fig.4 Failure patterns of specimens
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Fig.5 Sketch map of grouting material bonding mechanism
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Tab.4 The bond strength of the specimens under different cover

thickness
K PR AR iR Fhaksm BE
G2 L /mm F,/kN 7,/MPa 7o /MPa
Al-1 77.38 16.04
Al-2  32(2d) 78.97 16.37 16.84
Al1-3 87.26 18.09
A2-1 109.51 22.71
A2-2  48(3d) 124.43 25.80 24.64
A2-3 122.61 25.42
D-1 — —
D-2 67(#j4d) 121.06 25.10 25.15
D-3 121.58 25.21
A3-1 123.83 25.67
A3-2  80(5d) 123.96 25.70 25.69
A3-3 — —

e =" FoR B AR A K EE R 96 mm, B AR Y
5 16 mm.
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Tab.6  Fitting curve of bond strength test values under different
cover thickness
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Fig.7 Comparison of bond strength formulas between grout and
different kind of concretes
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Tab.5 The bond strength of specimens with different bar diameter

W WA X R FEETRE FESIREIE

s /mm B c/d F,/kN 7,/MPa T,/ MPa
D-1 — —

D-2 16 4.19 121.06 25.10 25.15
D-3 121.58 25.21

Bl-1 121.16 22.33

B1-2 18 3.72 100.93 18.60 19.86
B1-3 101.20 18.65

B2-1 125.63 20.84

B2-2 20 3.35 118.00 19.57 19.22
B2-3 103.98 17.25
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Fig.8 The bond strength fitting curve under different bar diameters
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Tab.6 The bond strength of the specimens under different
anchorage length of steel bar

W AR BRGTE FhUSRE RAGSURBERNME
His KE/mm F,/kN 7,/MPa Tym/MPa
Cl1-1 41.92 26.07
Cl-2 32(2d) 46.10 28.67 26.72
C1-3 40.84 25.4
c2-1 93.67 29.13
C2-2  64(4d) 95.78 29.79 28.63
C2-3 86.71 26.97
D-1 — —
D-2 96(6d) 121.06 25.1 25.15
D-3 121.58 25.21
C3-1 125.49 19.51

128(8d) 19.62
C3-2 — —
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Fig.9 The bond strength fitting curve under different anchorage

length of steel bars

75}
7.0

6.5
$6.0t

5.5¢
01 —e A
AL e | e RAESEEL
0.12 0.16 0.20 0.24
dll,

B 10 EEMS5RETHNEHEERKEITLL

Fig.10  Comparison of steel bar anchoring length in grout and concrete
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Fig.15 Comparison of each specimen’s 7=s curves to fitting curve
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Tab.7 Comparison of test value and calculated value of grout

bond strength model

Fhaiim
[ENEE e -
KEE 7, /MPa  HEAH 7, /MPa Tu0/ Tue
Al 16.83 17.67 1.05
A2 24.64 20.50 0.83
A3 25.69 26.15 1.02
B1 19.86 22.61 1.15
B2 19.22 21.64 1.13
C1 26.71 27.74 1.04
2 28.63 24.83 0.87
c3 19.62 23.37 1.20
D 25.16 23.86 0.95
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AT /K IRAT, Jr LA A0 S5 AR 5 s, 54 77 1)
FhobnR A e TR BE | [ IR B P A R
B IR AR, BT LA 2590 B A R HIK.
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Tab.8 Comparison of bond strength in different material model

HELHY HHEARK 7,0 FHH/ MPa
R K (17) 22.99
i TR K (12) 15.25
ARG #(13) 22.62
o i P AR TR 2B - K (14) 20.71
A % SR EE+ A (15) 19.16
TR AR IR SE + #(16) 30.79

52 FAEBRENRIBHMES,

TR IR B A PR 230, S X5 285 4 0 % g ) ¥
BAH N s, (VLR A FRBhas i ) 2Kk gt
EYSIRCEalf o g A AW

s, =—0.009 (7, - 23.23)% +5.73.  (18)

WA R BB s, RS A 8AE
XL 9.5, /s, SFYIME 1,22, br1EZE N 0.57,
AR SE RN 0.47, A IUA R

R EEHFEBBRRESITEEL
Tab.9 Comparison of test value and calculated value of grout

bond-slip model

RhGHREXS
v s
I E 8, o/ mm HEE 8, 0/ Mm S0/ Su.c
Al 2.68 2.67 1.00
A2 7.15 4.99 0.70
A3 7.64 4.89 0.64
B1 2.70 5.69 2.11
B2 2.82 5.48 1.94
C1 2.30 3.72 1.61
Cc2 3.75 5.48 1.46
C3 8.47 5.73 0.68
D 6.82 5.69 0.83
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Tab.10  Comparison of different material model bond-slip

R AR 5.0 HFE{E/mm
IR K (18) 7.64(A3),2.30 (C1)
e YR £ 14 0.036 8d 0.589
R gt 18 0.015 8d 0.253
TR gL 0.029 1d 0.466
R 50 P R v £ L1 0.028 84 0.461
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Fig.16 The free end and loading end displacement curve

relationship with reinforcement stress
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Tab.11  Geometric dimension deviation statistics
i H BEAR BN /1 PRI/ AR/ d
FIMH 1.025 0.90 1.00
AR5 A6 0.077 0.30 0.018
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Comparison of recommended values for anchorage

Tab. 12

length of different material
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