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Experimental Study on Bond Anchorage Properties of Bundled Bars

YI Weijian'*",ZHANG Qinqin’
(1. Hunan Provincial Key Laboratory on Diagnosis for Engineering Structures (Hunan University ), Changsha 410082, China;
2. College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: Aiming at the problems that the effective contact area between the steel bar and concrete decreases
and the bonding property becomes worse after the reinforcement is bundled, the bond anchorage property of the rein-
forcement was studied through the bond anchorage tests of 57 pull out specimens and 6 beam specimens. The influ-
ences of the number of rebars, test method, diameter of rebar, strength of concrete, anchorage length and the position
of rebar on the bond slip performance of the bundled bars were studied. The test results show that the greater the num-
ber of parallel bars, the lower the nominal bond strength; Compared with a single steel bar, the test method, anchor-
age length, diameter of steel bar, concrete strength and position of steel bar have a similar influence on the bond
strength of bundled bars, but the influence degree is different. Based on the test data analysis on the empirical for-
mula of bond strength in design codes, it is suggested that the equivalent diameters of 2 and 3 bundled bars should be
1.41 and 1.73, respectively, so as to be used for the values of anchorage length and thickness of cover. When the
thickness of cover is reduced, the anchorage length of the bundled bars can be appropriately extended.
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Tab.l Summary of specimen parameters and test results

)
Sk BT E L/ i;d — ) Sl F.J F./ s/ ./ )
mm MPa kN kN mm (N-mm™)
mm
S16-1-1 43.01 72.99 72.99 0.70 18.16
S16-1-2 80 25 D6@80 0.014 1 43.01 60.69 66.08 0.08 16.44
S16-1-3 43.01 67.60 68.37 0.63 17.01
............ s
S16-2-2 80 25 P6@80 0.014 1 57.09 83.72 95.26 0.72 23.70
S16-2-3 57.09 95.26 95.26 0.39 23.70
............ e
S16-3-2 %0 » Poeso 001 70.96 100.04 100.04 0.88 24.89
............ i i
$20-2-2 100 25 D6@100 0.0113 57.09 68.42 113.70 0.43 18.11
$20-2-3 57.09 82.75 115.24 1.04 18.35
............ 520—3—110025%@IOO00113709614934149341452378
$20-3-2 70.96 141.05 141.05 0.90 22.46
............ b
S25-2-2 125 25 D8@100 0.020 1 57.09 115.20 148.27 0.83 15.11
S25-2-3 57.09 119.81 159.85 0.72 16.29
............ T
S25-3-2 1 » PEeioo 00201 70.96 183.40 183.40 0.73 18.69
.......... D
LS16-1-2 160 25 D6@80 0.014 1 43.01 94.53 99.11 0.96 12.33
LS16-1-3 43.01 89.87 108.36 0.82 13.48
.......... i
1820-1-2 200 25 D6@80 0.0113 41.38 132.88 158.26 1.79 12.60
1820-1-3 41.38 130.62 159.76 0.67 12.72
.......... i
1825-1-2 250 25 D8@100 0.020 1 41.38 154.45 213.52 1.05 10.88
1825-1-3 41.38 226.67 226.67 0.67 11.55
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mm MPa kN kN mm (N+mm™)
mm

D16-1-1 36.05 94.01 96.81 0.68 12.04
D16-1-2 80 25 D6@80 0.014 1 36.05 73.85 82.21 0.47 10.23

CT16 16 25 D8@80 0.0251 42.89 79.45 79.45 1.00 6.59
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different quantities of reinforcement
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Fig.4 Bond stress—slip curves of specimens

with different quantities of reinforcement
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Fig.9 Bonding stress—slip curves of

specimens with different test methods
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Tab.2 Summary of average bond strength for

different test methods and different locations

" FHE5 50 /M Pa
i LRk e 3P ey A 7
AN 17.20 15.29(0.89) 11.28(0.66)
b 5477 10.35 9.78(0.94) 8.12(0.78)
=JFH 8.60 8.23(0.96) 6.59(0.77)
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Fig.10 Bonding stress—slip curves of specimens

with different diameters of steel bars
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Tab.3 Summary of bond strength of

reinforcement with different diameters

L TR /M Pa
i
16 mm 20 mm 25 mm
PR A A7 23.7 18.43(0.78) 15.97(0.67)
T 14.43 11.42(0.79) 10.36(0.72)
=55 10.32 10.72(1.04) 9.06(0. 88)
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Fig.11 Relationship between bond strength

and concrete compressive strength
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Tab.4 Comparison of standard anchorage requirements for reinforcement in different countries

u It =]

SIREN

( B BEAEROR S ORI R (A IRl ) AR R Bk il T AR R B PR 2 R (AR AT iE ) 45 3% R 4K
FE 1.41 1.41 2.08 1.73

N I A 1 1.41 12 1.73
el R 1.41 1.41 1.73 1.73

g 2Ll 1 1.41 1.2 1.73

H A 1.22 1.41 1.54 1.73
Y 1.41 1.41 1.73 1.73
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Tab.5 Comparison of bond strength between

single reinforcement and double reinforcement

o~ NG AHXHE AHXFE AHXHE
A FHME bz R R
L] 7 1.00 — —
I 7 0.68 0.06 0.08
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