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ABSTRACT

A new deformation of reinforcing bar in coils was proposed to improve a machinability of straightening process,

which has crescent-shaped transverse ribs with an inclination angle of 50 degrees, a crest width of 0.15d,, and a flank inclination of
55 degrees. The proposed deformation can increase contact area between a surface of re-bar and a groove of a roller during a
straightening process and, therefore, it might reduce a damage of ribs, improve a final straightness, and enhance an efficiency of the
straightening process. Splice tests were conducted to evaluate bond strengths of three types of re-bar in coils including the proposed
re-bar, of which the inclination angles of transverse ribs were 50, 60, and 90 degrees, respectively. Test results show that the re-bars
in coils have higher bond strengths than predicted strengths by equations of Orangun et al., ACI 408, and KCI by at least 10%.
Correlation coefficients of bond strengths between a straight bar and re-bars in coils are 0.94 and more. Consequently, equations of
the KCI code for determining development and splice lengths can be applied to the tested re-bars in coils.
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Fig. 1 Reinforcing bar in coils

Fig. 2 Rollers for straightening bar-in-coil (courtesy of
SCHNELLY)

Fig. 3 Comparisons of contact areas and pressure during
straightening process between bamboo-shaped and
fishbone-shaped reinforcing bars
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(a) Tested re-bars

(b) Sections of C50

(c) Sections of C60

Fig. 4 Details of ribs of tested re-bars
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Table 1 Dimensions of re-bars after straightened (unit: mm)

Re-bars ST | C50 | C60 | €90

Outer Major axis 16.8317.21| 17.3 | 16.83
diameter Minor axis 16.02/16.30[16.85| 16.02
Core diameter 14.82114.55|14.74| 14.82

Flank inclination, oo | 45° | 55° | 45° 45°
Transverse Height 126 | 133 | 1.28 | 1.26
rib Spacing 9.67 | 104 | 10.4 | 9.67
Crest width 201 | 24 | 1.6 | 201

Gap between ribs | 598 | 3.2 | 4.8 | 598

Fig. 5 Test setup
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Table 2 Test matrix

Sk Ch L K

. 0
Set Specimen 1D (MPa) | (dp) | (d») | (db)

S-L16-C2.5

S-L16-C2.5-1
1 | C50-L16-C2.5 16d;
C60-L16-C2.5
C90-L16-C2.5

S-L20-C2.5

S-L20-C2.5-1
2 | C50-L20-C2.5 20dy
C60-L20-C2.5
C90-L20-C2.5

2.5d,
S-L28-C2.5

S-L28-C2.5-1
3 | C50-L28-C2.5 28dy
C60-L28-C2.5
C90-L28-C2.5

S-L34-C2.5

S-L34-C2.5-1
4 | C50-L34-C2.5 344, -
C60-L34-C2.5
C90-L34-C2.5

27

S-L20-C1.25

C50-L20-C1.25
5 204,
C60-L20-C1.25

C90-L20-C1.25

S-L28-C1.25

C50-L28-C1.25
6 284,
C60-L28-C1.25

C90-L28-C1.25

S-L40-C1.25
1.25d,

C50-L40-C1.25

7 40d,

C60-L40-C1.25

C90-L40-C1.25

S-L28-C1.25-F50
8 | C50-L28-C1.25-F50 50
C90-L28-C1.25-F50

28dy,
S-L40-C1.25-Conf

9 | C50-L28-C1.25-Conf 27 1.27dy
C90-L28-C1.25-Conf

D D-L@-CB-(-@) : D is the re-bar types, S represents a
straight bar and C50, C60, and C90 represent re-bar in
coils with 8 of 50°, 60°, and 90°, respectively; ) is the
splice length normalized by bar diameter; (3 is the bottom
cover thickness normalized by bar diameter; @ is a optional
variable, F50 of set 8 is the compressive strength of concrete,
Conf of set 9 represents the confined specimens, and “1”
of some specimens means a duplicate specimen.
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(a) Unconfined specimens

(b) Confined specimens

Fig. 6 Details of specimens (unit: mm)

Table 3 Test results and comparisons of bar stresses between tests and predictions

Set Specimen ID fc/c(l) P? ‘ﬂ,g(g) Predictions (MPa) Failure mode®”
fso Jis408 fskcr
S-L16-C2.5 32.0 73.6 405 360 347 319 SP
S-L16-C2.5-1 27.5 63.4 353 334 335 296 SP
1 C50-L16-C2.5 332 68.1 379 367 351 325 SP
C60-L16-C2.5 332 63.1 353 367 351 325 SP
C90-L16-C2.5 27.9 66.9 371 337 336 298 SP
S-L20-C2.5 33.2 88.5 486 430 400 400 SP
S-L.20-C2.5-1 27.5 72.5 401 391 381 364 SP
2 | C50-L20-C2.5 32.0 88.3 485 422 396 393 SP
C60-L20-C2.5 32.0 90.4 496 422 396 393 SP
C90-L20-C2.5 27.9 73.5 406 394 383 367 SP
S-1.28-C2.5 32.6 124.7 678 560 504 558 SPY
S-1.28-C2.5-1 27.5 94.5 519 515 483 512 SP
3 C50-L28-C2.5 332 102.6 563 566 507 563 SP
C60-L28-C2.5 32.6 108.5 593 560 504 558 SP
C90-L28-C2.5 27.9 90.5 497 518 485 516 SP
S-L34-C2.5 32.0 116.8 636 647 575 662 SPY
S-L34-C2.5-1 332 122.2 667 660 580 676 SPY
4 | C50-L34-C2.5 332 105.5 579 660 580 676 SP
C60-L34-C2.5 332 123.0 674 660 580 676 SP
C90-L34-C2.5 27.9 108.6 595 605 555 619 SP
S-L20-C1.25 32.6 80.8 407 283 318 278 SP
5 C50-L20-C1.25 332 73.5 375 286 320 280 SP
C60-L20-C1.25 32.6 69.8 356 283 318 278 SP
C90-L20-C1.25 27.9 57.7 297 262 306 257 SP
S-L.28-C1.25 32.6 99.9 500 360 386 390 SP
6 C50-L28-C1.25 32.6 86.4 436 360 386 390 SP
C60-L28-C1.25 32.6 90.7 457 360 386 390 SP
C90-L28-C1.25 27.9 80.6 408 333 372 361 SP
S-L40-C1.25 32.6 127.3 634 472 486 555 SPY
C50-L40-C1.25 33.2 125.5 630 476 488 560 SP
7 C60-L40-C1.25 332 114.0 574 476 488 560 SP
C90-L40-C1.25 27.9 114.5 575 436 467 513 SP
S-L.28-C1.25-F50 55.0 111.2 547 467 440 507 SP
8 | C50-L28-C1.25-F50 55.0 107.6 532 467 440 507 SP
C90-L28-C1.25-F50 55.0 117.9 580 467 440 507 SP
S-L40-C1.25-Conf 27.5 104.6 526 483 507 512 SP
9 | C50-L28-C1.25-Conf 27.5 93.6 448 483 507 512 SP
C90-L28-C1.25-Conf 27.5 100.1 553 483 507 512 SP

" Measured compressive strength of concrete at test date (MPa). @ Measured maximum load (kN).
3) . . .

Bar stress obtained from a section analysis (MPa).
@ SP represents a splitting failure and SPY represents a splitting failure after re-bars yielding.
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Table 4 Measured properties of re-bars

Yield strength Tensile Modu!gs of
Re-bars (MPa) strength elasticity
(MPa) (MPa)
ST 549 661 188333
C50 563 692 207000
C60 587 717 209333
C90 517 698 188000

Fig. 7 Typical failures of specimens
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(a) L16-C2.5-series

(b) L20-C2.5-series

(c) L28-C1.25-F50-series

Fig. 8 Load-deflection relationships

Fig. 9 Comparisons of re-bar stresses of C2.5-series
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Fig. 10 Comparisons between tests and predictions of re-bar stresses
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Fig. 11 Averages of ratios of tests to predictions

Fig. 12 Comparisons of maximum stresses of straight bars
and bar-in-coils
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