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Experimental study on bond performance of steel strands
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Abstract: In order to study the bond performance of steel strands, 16 groups of steel strand-
concrete pull-out specimens were designed and manufactured. A monotonic pull-out test was
conducted on steel strands, and the influence of anchoring form (linear anchoring and 90° bending
anchoring) and anchoring lengths (total anchoring length and vertical anchoring section length)
on the bonding performance of steel strands was compared and analyzed from the aspects of
failure mode, peak load, and peak slip. The results show that the failure of 16 groups of
specimens is divided into two types of failure modes (pull-out failure of steel strands and fracture
failure of steel strands), and the fracture failure of steel strands should be considered as the limit

state in the design. The linear anchoring method of steel strands is difficult to ensure the full
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utilization of steel strand strength. Compared with the linear anchoring specimen, the 90°

bending anchoring specimen has a larger peak load and smaller peak slip. The total anchoring

length [.=> 500 mm is a prerequisite to ensure the full utilization of the strength of the steel

strand. Under this condition, taking a total anchoring length /., of 600 mm is the most effective

way to limit the peak slip of the 90° bending steel strand. On the premise of ensuring a certain

length of horizontal anchoring section, the larger the anchoring length [, of the vertical section of

the steel strand, the smaller the peak slip of the specimen. When the length [, of the vertical

anchoring section of the steel strand is taken as 10d (d is the nominal diameter of the steel

strand), the decrease in peak slip is the most significant, and the degradation of anchoring

stiffness during the nonlinear slip stage is the smallest. In practical engineering, when the steel

strand adopts 90° bending anchoring method, the total anchoring length should be taken as 600

mm, and the length of the vertical anchoring section should be taken as 10d.
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Fig. 1 Precast prestressed beams of PPAS system
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Table 1 Size parameters of specimens
WA S | SR /mm | % H B /mm | KOF B/ mm
L4-0d 400 0 400
1.4-5d 400 76(5d) 275
L4-10d 400 152(10d) 200
1.4-15d 400 228(15d) 125
L.5-0d 500 0 500
L.5-5d 500 76(5d) 375
L5-10d 500 152(10d) 300
1.5-15d 500 228(15d) 225
L6-0d 600 0 600
L6-5d 600 76(5d) 475
L6-10d 600 152(10d) 400
L6-15d 600 228(15d) 325
L7-0d 700 0 700
L7-5d 700 76(5d) 575
L7-10d 700 152(10d) 500
L7-15d 700 228(15d) 425
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Table 2  Characteristic parameters of material

ok d/mm | f,/MPa | f,/MPa | E./10° MPa| &/%
W 25 25.0 524 669 2.1 23.3
W @10 10.0 487 598 2.1 32.8
Bk 15.2 1764 1963 2.0 4.9
MEL | B AR Sfe/MPa|E /10" MPa
VEEE T+ | C40 | 500 mm X 300 mm>X 700 mm | 48.3 3.23
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Fig.3 Test device (unit:mm)
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Fig. 4 Pull-out failure phenomenon of steel strands
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Table 3 Experimental results
. WA AT L B Tof B A C . e -
WA g5 K, K> F./F, Sc/S. K /K 127N 15z
F./kN S./mm F./kN S./mm
L4-0d 114.971 2.061 140. 825 27.298 28. 847 1.024 0. 816 0.076 28.171 S
L4-5d 224.581 11.411 255.208 34.512 19. 743 1. 326 0. 880 0.331 14. 889 S
L4-10d 179. 626 6.734 224.232 23.391 26.068 2.678 0.801 0.288 9.134 F
1L4-15d 157. 554 6.296 193.559 20.733 23.476 2.494 0.814 0. 304 9.713 S
L5-0d 56.122 1.419 133. 346 29.271 40.514 4.326 0.421 0.074 13. 365 S
L5-5d 217.895 10. 136 263.367 34.062 20. 920 1.901 0. 827 0.298 11.005 F
L.5-10d 217.165 7.838 266. 843 20.924 26. 867 3. 796 0. 814 0.375 7.078 F
1.5-15d 224.852 9. 048 268. 807 26. 045 24.551 2.586 0. 836 0. 347 9.494 F
L6-0d 67.277 0. 981 171. 801 35. 841 40.776 2.998 0.392 0.027 13.601 S
1.6-5d 221. 338 12. 249 265. 939 26. 057 17. 869 3. 230 0. 832 0.470 5.532 F
1.6-10d 225.565 9.668 250. 534 15. 344 23.536 4. 399 0. 900 0.630 5.350 F
1.6-15d 232.413 8. 843 264.372 18. 395 22.907 3. 346 0. 879 0. 481 6. 846 F
L7-0d 138. 262 4.626 221.786 43.719 31.425 2.137 0.623 0.106 14.705 S
L7-5d 168. 283 5.207 257.474 25.291 31.992 4. 441 0. 654 0. 206 7.204 F
L7-10d 157. 282 4.942 245.235 15. 925 32.775 8.008 0.641 0.310 4.093 F
L7-15d 239. 238 8.281 256. 568 12.735 28.645 3. 891 0.932 0. 650 7.362 F
50 :‘2 5 35— . — . . __ —
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Fig.9 S,-l. curves of different anchoring forms
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Fig. 10  S,-l. curves with different [,
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Fig. 11  S,-I, curves
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