Journal of the Korea Institute for Structural Maintenance and Inspection

Vol. 21, No. 6, November 2017, pp.147—-161 PISSN 2234—-6937
https://doi.org/10.11112/jksmi.2017.21.6.147 elSSN 2287—-6979

(57 mm) & 17&(550 MPa) BTHD{2] 20| B3| ALRES MBS
9|5t RS IOl Bt AT

DESESLI PSS

3
, @O, z\ﬂ_—l—

rjo

Code Change for using the High-Strength(550 MPa) Headed Deformed Bars
of Large-Sized Diameter(57 mm) in Concrete Containments

Byung-Soo Lee!™, Sang-Jun Lim’, Hyun-Do Yun’

Abstract: Generally, significant amount of reinforcements are used in nuclear power plant structures and it may cause several potential problems during
the construction. In particular, it is more difficult to pour concrete into structural member joint area than other areas because of the significant congestion
of the joint area due to a lot of hooked bars, embedded materials, and other reinforcements. The purpose of this study is to solve these problems due
to the reinforcement congestion by using the high-strength(ASTM A615 Gr.80) headed deformed bars of large-sized diameter(43 mm & 57 mm) in
nuclear power plant structures as a alternative of standard hooked bars. In order to use headed deformed bars effectively, It is necessary to find the
method how to relax limits on their use while maintaining or improving the anchorage capacity. Therefore, this study will analyze the results of tests
planned to evaluate the influence of the restricted variables, such as bar size, yield strength, clear cover thickness.
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(b) Lap Splice Test(Thompson et al., 2006)

Fig. 1 CCT Node & Lap Splice Test
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Fig. 2 Shallow & Side Blowout Pullout Test
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Test matrix

Test results

Specimen d, U < K, 5, £ 1, 1, l,,/d,
(mm) d, d, d, MPa  MPa  MPa f7 IV
#14-S4-F42-1.20 20 533 636 031
#14-S4-F42-1.30 30 464 532 781 0.38
#14-S4-F42-1,40 ) 591 868 0.46
#14-S4-F70-130 ( :134) N 2 606 674 578  70.4 0.43
#14-S4-F42-1.15-Con.2 15 1.6 50 747 0.2
#14-S4-F42-120-Con. 08 484 584 840 0.24
#14-84-F42-1.20-Con.2 0 16 612 880 0.23
#18-S4-F42-1.20 355 593 0.34
#18-S4-F42-1.30 359 455 759 0.4
#18-S4-F42-1.40 ) 511 853 0.47
#18-S4-F70-1.30 ( ;178) N 2 583 529 571 785 0.38
#18-S4-F42-1.15-Con.2 15 12 411 686 0.22
#18-S4-F42-120-Con. 20 06 359 485 809 0.25
#18-S4-F42-1.20-Con.2 12 50 867 0.23

=28 M1 M 6Z(2017. 1)



Table 1 Lap Splice Test matrix & results(Lee, 2013; Chun, 2015)(Continued)

Test matrix Test results
Specimen d, 1y < K, f, 1! 1. £y ly/d,
(mm) d, d, d, MPa  MPa  MPa i £IVE
D29-S2-F42-L15 15 312 485 0.31
B
D29-82-F42-125 25 $B4 674 0.37
D29-52-F42-130 30 4.0 459 724 0.41
D29-S4-F42-L15 29 15 ; 710 335 521 0.29
(#9) 2 414
D29-54-F42-1.20 20 379 589 0.34
D29-52-C3.5-F42-L15 15 366 579 0.26
D29-$2-C3.5-F42-120 20 1 401 442 698 0.29
D29-82-C3.5-F42-125 5 501 792 0.32
D25-82-F42-1.20 smm 20 1 _ o a6 507 0.39
D25-S2-F42-1.25 (#8) 25 408 63.5 0.39
D29-82-F21-1.20 20 235 521 0.38
D29-S2-F21-125 5 203 e es 0.40
D29-$2-F70-L15 15 - 345 435 0.34
D29-S2-F70-L20 20 629 432 544 0.37
D29-$2-F70-L25 25 464 585 0.43
D29-S2-F42-L15-Con. 5 484 752 0.20
D29-S2-F42-1.20-Con. 2?#‘;1)‘“ 1 1> 710 414 585 909 0.22
D29-52-F42-1.20-LCon. 20 0.6 489 760 0.26
D29-$2-F42-L25-Lecon. 35 05 570 90.0 0.28
TET L e T me e
D29-82-F42-1.20-Con.2 20 681 1075 0.19
s o e me o
D29-82-F70-L20-Con. 20 730 921 0.22
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% 71&(Frying Action) 0.2 215f| o} ml2 ZF 2| E7} HA & s I8
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5% 7ol ol el e=e gl el Fig. 5 Anchorage capacity of Lap Splice Test
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7] 3 TH(Lee, 2014).
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Fig. 6 Concept of TTC node Test(Hong, 2013)

Table 2 TTC Node Test matrix & results(Jung, 2016)
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Test matrix

Test results

Specimen d, l_d < ﬁ f, f) 1. £ 1,/d,
(mm) d, d, , MPa MPa MPa f FIVE
#14-12-4-0 12 4 ] 27 355 0.34
#14-15-3-0 3 - 246 419 0.36
#14-15-2-0 ] 6187 483 202 30.4 0.49
#14-15-2-1 s 2 o 326 53.1 0.28
#14-15-2-2 2 397 65.9 0.23
#14-28-4-0 43 28 - 606 85.9 0.33
#14-23-4-0 L 511 716 0.32
#14-23-4-1 2o 560 78.4 0.29
#14-184-0 o GI87T 467 430 60.6 0.30
#14-18-4-1 8 1 493 72.1 0.25
#14-18-4-2 2 548 80.2 0.22
#18-12-4-0 12 4 - 192 36.1 033
#18-15-3-0 - 192 413 0.36
#18-15-2-0 57 s - 5566 483 193 30.4 0.49
#18-15-2-1 2 | 331 49.6 0.30
#18-15-2-2 2 390 64.9 0.23
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Fig. 8 Test of hooked bar in Beam-column joint(Marques and Jirsa, 1975)
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Table 3 Test matrix and result of hooked bar beam-column joint test(Chun et al.,2105; Marques and Jirsa., 1975)
Test matrix Test results
Specimen J Ly < K, f r) 1. £y
b d, d, d, MPa MPa MPa 't
D43-L10-C1-S42 10 1.0 - 44.4 297 410 44.6 61.5
D43-L13-C1-S42 13 1.0 - 48.4 388 500 55.8 71.9
D43-L16-C1-S42 16 1.0 - 48.4 525 476 75.5 638.4
D43-L.20-C1-S42 20 1.0 - 48.4 582 541 83.7 77.8
D43-L10-C2-S42 10 2.0 - 48.4 361 445 51.9 64
D43-L13-C2-S42 13 2.0 - 48.4 466 480 67.0 69
D43-L16-C2-542 4(1;2‘;‘ 16 2.0 - 619 484 577 538 829 773
D43-L10-C1-S42-C 10 1.0 2.22 479 491 543 70.9 78.5
D43-L13-C1-S42-C 13 1.0 2.05 48.4 494 552 71.0 79.3
D43-L16-C1-S42-C 16 1.0 2.05 48.4 560 528 80.5 75.9
D43-L10-C1-S70 10 1.0 - 69.0 315 440 37.9 53
D43-L13-C1-S70 13 1.0 - 73.1 428 445 50.1 52
D43-L16-C1-S70 16 1.0 - 69.0 545 513 65.6 61.8
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Table 3 Test matrix and result of hooked bar beam-column joint test(Chun et al.,2105; Marques and Jirsa., 1975)(Continued)

Test matrix Test results
Specimen l c, K, f 1! f £
@ d, d, d, ]Lﬂy’a ]Lﬂr’a ]li;’a f)
D57-L10-C1-542 10 1.0 - 376 231 278 377 453
D57-L13-C1-542 13 1.0 - 376 391 425 638 693
D57-L16-C1-542 16 1.0 - 376 441 435 719 709
D57-L20-C1-542 20 1.0 - 450 609 524 908 781
D57-L10-C2-542 10 2.0 - 376 412 328 672 535
D57-L13-C2-542 57mn 13 2.0 - 376 474 468 773 763
D57-L16-C2-S42 (#18) 16 2.0 - 9 45.0 555 544 82.7 811
D57-L10-C1-842-C 10 1.0 1.44 376 382 388 623 633
D57-L13-C1-842-C 13 1.0 1.44 376 449 47 732 696
D57-L16-C1-842-C 16 1.0 1.44 376 476 488 776  79.6
D57-L10-C1-570 10 1.0 - 20 279 239 431 369
D57-L13-C1-570 13 1.0 - 20 421 381 650 588
17-90-15-1-H 13.9 443 317 628 - 1S -
17-90-15-1-M 13.9 443 352 690 - 1163 -
J7-90-15-1-L 13.9 443 3.0 669 - 1163 -
J7-90-12-1-H 10.4 443 269 434 i 8.7 -
17-180-15-1-H 13.9 443 283 600 - 1128 -
J7-180-12-1-H ZI;I)“ 10.4 4.43 24 421 - 74.0 ;
17-90-15-2-H 13.9 3.29 324 683 - 1200 -
17-90-15-2-M 13.9 3.29 3.0 655 - 1138 -
17-90-15-3-H 13.9 3.29 1.0 B 717 - 1246 -
17-90-15-3a-H 13.9 3.29 2.0 41 248 676 - 1357 -
17-90-15-4-H 13.9 1.72 317 510 - 906 -
J11-90-15-1-H 73 2.75 - 345 338 - 57.5 )
J11-90-15-1-L 73 2.75 466 324 359 - 63.1 ;
J11-90-12-1-H 5.1 2.75 324 290 - 509 -
J11-180-15-1-H 14.6 2.75 620 648 - 82.3 -
J11-180-15-1-H 14.6 2.75 620 648 - 82.3 -
J11-90-15-2-H (3#61“11“]) 7.3 2.04 38 331 - 569 -
J11-90-15-2-L 73 2.04 303 366 - 66.5 -
J11-90-15-3-L 73 2.04 0.6 330 428 - 744 -
J11-90-15-3a-L 73 2.04 12 345 476 - 81.0 -
J11-90-15-4-L 73 1.06 283 303 - 570 -
J11-90-15-5-L 73 2.04 12 338 455 - 783 -
S ST B2 A DA LB E Marues 2] Sz o1 2 45 Al 0 A
9101739, 27722, 36 mmyIPFE@20 MPa) EEDTR] ol WAlel A9 TEAE A1) Slstel AEAIE Fie
Ato] Fate H-7)%5 HeFJoint) AAA|E Fig. 83 Zo] A 92} o] =3l AJHi = 4353t
A ARS st 2 Ade] Aol 43, 57 e Aot A Ans |l mdare] A A2
mm)/27FE(550 MPa) E-dare] o] H2Hd5-S H7lo} o] A A] G Irof] E-8% Marques A3 Hlo]E]2} 4| Table 3
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Table 4 Test matrix and result of headed bar in beam-column Joint Test(Chun et. al., 2017)

Test matrix Test results
Specimen d, li < K, f, I 1. fs
(mm) d, d, d, MPa MPa MPa 1)
D43-L7-C1-S42 7 1.0 479 297 328 429 474
D43-L7-C1-S42-HP0.5 7 1.0 H"0.5 479 449 385 649 556
D43-L7-C1-S70 7 1.0 682 501 501 607  60.7
D43-L10-C1-S42 10 1.0 522 437 437 605 60.5
D43-L10-C1-S42-HP0.5 10 1.0 H"0.5 522 489 498 677 689
D43-L10-C1-S70 10 1.0 812 595 590 660 655
D43-L13-C1-S42 13 1.0 458 475 475 702 702
D43-L13-C2-S42 s 13 2.0 606 443 540 540  81.1  8l1.1
D43-L13-C1-S42-T1.5 13 1.0 1.5 405 468 468  73.5 73.5
D43-L13-C2-S42-T1.5 13 2.0 1.5 418 644 644 996  99.6
D43-L16-C1-S42 16 1.0 458 572 572 845 845
D43-L16-C2-S42 16 2.0 458 607 607 897  89.7
D43-L16-C1-S42-T1.5 16 1.0 1.5 418 424 424 656  65.6
D43-L16-C2-S42-T1.5 16 2.0 1.5 443 628 628 944 944
D57-L7-C1-S42 7 1.0 514 338 330 471 460
D57-L7-C1-S42-HP0.5 7 1.0 H"0.5 514 424 424 591 591
D57-L7-C1-S70 7 1.0 769 405 388 462 442
D57-L10-C1-S42 10 1.0 514 354 380 494 530
D57-L10-C1-S42-HP0.5 10 1.0 H"0.5 514 470 475 656 663
D57-L10-C1-S70 10 1.0 769 445 445 507 507
D57-L13-C1-S42 57 13 1.0 583 405 439 439 69.0  69.0
D57-L13-C1-S42-HP0.5 13 1.0 H"0.5 405 586 586  92.1 92.1
D57-L13-C1-S42-HP1.0a 13 1.0 H"1.0 405 586 586  92.1 92.1
D57-L13-C1-S42-HP1.0b 13 1.0 H"1.0 405 588 588 924 924
D57-L13-C2-S42 13 2.0 405 550 550 864  86.4
D57-L16-C1-S42 16 1.0 418 510 510 789 789
D57-L16-C2-S42 16 2.0 418 588 588 909 909
1) H : Confined with hairpin bar
2) T : Confiene with tie bar
L & LT
%HH“‘@\”"HHHH
Typical top view PR D166
: S N S m .
IIIIIIJIIIIIIIIII[I ”’3"156@(9@3-1122“) ”
ey I 8 s Bt
Semmo| - e e [ °
Top view Cross section L13Kt0.5  L13Ktrl0a  L13K&rl0Ob  LI10-Ktr0.5 L7-Ktr0.5
(a) Details of specimen confined with ties(D43-L13-C2-S42-T1.5) (b) Details of D57 Specimen confined with Hairpins

Fig. 13 Specimen details confined with ties or hairpins(Chun et. al., 2017)
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Table 5 Required development length of headed bar according to
the test results

Location Confinement terms ~ Development length equation
With Iy
K >12d 1, =0 — 3
Tie-Bar tr b dt \/f(—’ b ( )
Lap Splice ¥
& C = 20db ldt = z 7 (4)
TTC Node Without VI
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¢, =1.0d, g = \/J% d, &)
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Hair-Pin tr b dt \/fT b ( )
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Column c.=>20d, = Y_d, (7
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¢, 2104, Iz =
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Table 6 Relaxed limits on the use of headed bars

Limits on using the headed bar

Bar yield strength (f,) =< 420 Mpa(60,000 psi)
Bar diameter (d,) < 36 mm(#11 bar)
Clear cover (c,) = 2d,
. Clear space (s,) = 44,
As-is - .
Concrete weight = Normal weight concrete
Net bearing area of head > 4,4 * Bar arca)
(4y,,)
Concrete strength (f(,,') < 42 Mpa(6,000 psi)
Bar yield strength (f,) < 550 Mpa(80,000 psi)
Bar diameter (d,) < 57 mm(#18 bar)
Clear cover (c,) = 14,
Cl , =24,
To-be ear space (s,) A
Concrete weight = Normal weight concrete
Net bearing area of head > 44,4 % Bar Area)
(4y,,)
Concrete strength( f,:') < 70 Mpa(10,000 psi)

Table 7 Change of development length of headed bars

- Condition of application Development length
(Current equation)
As-is  Within as-is limits of table 6 L, =019 Iy d, (mm) (9)

Within As-Is limits of Table 6

* f, =420 MPa (Current equation)
cd <
% = 36 mm by = 0194, (mm) (9)
TG = Zdb ' \/fT
© s, = 4d,.

Out of as-is limits of Table 6
& in beam-column joint
To-be 1) Use the (Basic Equation)
2) Use the multiplying

- K, = 0.5d, (with Hair-Pin)
- Out of as-is limits of Table 6
& in other location
1) Use the (basic equation)
2) K, =1.2d, (with Tie-Bar)

modification (0.75) (Basic equation)
c e, =24
“ " o df =02 \./'ff% b
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Fig. 18 Flow chart of code change
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