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Experimental analysis of bond property and anchorage length for strands
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Abstract; To investigate the bond between the concrete and the large-diameter strands and reasonably propose
design development lengths, pull-out tests of 32 specimens with strands arranged centrically and eccentrically were
carried out. The test focused on high-strength and low-relaxation strands of nominal diameters of 15.2 mm, 17.8
mm, and 21.6 mm. Main parameters included the thickness of the concrete cover,the volumetric stirrup ratio, and
the anchoring length. The test results show that the pull-out specimens had two failure modes, though testing
parameters varied for different specimens. The first mode was concrete splitting failure for a few specimens having
both thin cover and small volumetric stirrup ratio, and the other was apparent pull-out of strand for most specimens
but no cracking was observed. Based on the failure characteristics and the relationship between the pull-out force
and slip, the mechanism of bond failure between strands and concrete was presented. The peak point of the pull-out
curve was taken as the sign of failure. A calculation method for the bond strength between strand and concrete was
proposed considering the effects of three parameters. The approximate probabilistic method was adopted to analyze
the design value of the development length of the strands to meet the requirements of the corresponding reliability
index. It can serve for the design and analysis of large-span pre-tensioned concrete members applied in precast
structures of public buildings.
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Fig.1 Geometric dimensions and reinforcement of specimens( mm)
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Tab. 1 Design parameters of specimens
P d/mm dy/mm ¢/mm S/ mm L4/ mm [ /mm p./ % U
A-1 17.8 15.59 41.1 50 200 250 2.8
A-2 17.8 15.59 16.0 50 200 250 2.8
A
A-3 15.2 13.35 42.4 50 200 250 2.8
A-4 15.2 13.35 16.0 50 200 250 2.8
B-1 17.8 15.59 16.0 100 350 400 1.4
B-2 17.8 15.59 16.0 50 350 400 2.8
B4
B-3 15.2 13.35 16.0 100 300 350 1.4
B-4 15.2 13.35 16.0 50 300 350 2.8
C-1 17.8 15.59 16.0 100 200 250 1.4
C-2 17.8 15.59 16.0 100 300 350 1.4
c4
C-3 15.2 13.35 16.0 100 200 250 1.4
C-4 15.2 13.35 16.0 100 300 350 1.4
D-1 21.6 19.05 39.2 100 300 350 1.4
D-2 21.6 19.05 39.2 50 300 350 2.8
D 41
D-3 21.6 19.05 16.0 100 300 350 1.4
D-4 21.6 19.05 16.0 50 300 350 2.8
R2 WMEEMBNFMER RIS N B AR AR AR AR A T
. . . 2 -, N Y O ™.
Tab.2 Physical and mechanical properties of strands N/mm W BRAT 2R 14 10% 43S m 2%, B Sz i g #4056 i
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$515.2 1860 1 585 1782 1982 1.98 %UTE%
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7 7
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Tab.3 Bond strength
v G T L/ dy c/dy So/dy 7/ (N - mm~?) m/f /(N - mm™?) /T,
A-1 12.829 2.636 3.207 11.351 3.329 13.255 0.856
A-2 12.829 1.026 3.207 11.145 3.268 11.668 0.955
A-3 14.981 3.176 3.745 14.397 4.222 12.635 1.139
A -4 14.981 1.199 3.745 11.882 3.484 10. 686 1.112
B-1 22.450 1.026 6.414 8.448 2.478 8.105 1.042
B-2 22.450 1.026 3.207 8.761 2.569 8.995 0.974
B-3 22.472 1.199 7.491 8.301 2.434 8.147 1.019
B-4 22.472 1.199 3.745 10. 147 2.976 8.909 1.139
C-1 12.829 1.026 6.414 10.578 3.102 10.778 0.981
C-2 19.243 1.026 6.414 9.113 2.673 8.699 1.048
C-3 14.981 1.199 7.491 11.450 3.358 9.923 1.154
C-4 22.472 1.199 7.491 8.301 2.434 8.143 1.019
D-1 15.748 2.058 5.249 9.761 2.863 10.836 0.901
D-2 15.748 2.058 2.625 10. 166 2.981 11.924 0.853
D-3 15.748 0.840 5.249 9.340 2.739 9.635 0.969
D-4 15.748 0.840 2.625 9.903 2.904 10.724 0.924
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Tab.4  Statistical parameters of variables
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