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RC Hinge Relocation Beam with Additional Flexural Reinforcement
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(Correlation Diagram of Specimens)
Table 1 ABRIKRE T—Fa
(List of Specimens)
HEBRAKA RB1 RB2 RB3 RB4 ST1 RB11 RB12 RB13
HEHBH i (R R B U EvSay= T HEHBE T Eosuns—
HEBS AT Fods wammsm o | PUBEL | ST Rss evvynml Fe36 YavEa g | HREAK B
B @ ,Bx,D(mm) 325 x 425 325 x 425 325 x 425 325 x 425 325 x 425 325 x 425 325 x 425 325 x 425
7w YIS E T (mm) 170 170 170 85 _ 170 85 170
[*D / *dy] [0.4D / 17dp) [0.4D / 17dp) [0.4D / 17dy) [0.2D / 8.5dp] [0.4D / 17dp) [0.2D / 8.5dp)] [0.4D / 17dp)
109~ P E Fo(N/mm?) 48 36
REEH 16-D19-SD490 16-D19-SD490 16-D19-SD490 16-D19-SD490 8-D22-SD490 16-D19-SD490 16-D19-SD490 16-D19-SD490
(BI5R 8/ tbpt(%)) a/sBsD +8-D19-SD490
[1.66% ] [1.66% ] [1.66% ] [1.66% ] [1.95% ] [1.66% ] [1.66% ] [1.66% ]
Zz Tyt =R 16-D10-SD685 16-D10-SD685 16-D10-SD685 16-D10-SD685 16-D10-SD685 16-D10-SD685 16-D10-SD685
(B3R Hp(%)) alBoD [2.07%] [2.07%] [2.07%] [2.07% ] - [2.07%] [2.07%] [2.07% ]
B A B4R 3R A (BB 1 46 3R E0) 4-D10-SD390@60 : 4-D10-SD390@75 : 4-D10-SD390@60 : 4-D10-SD390@60 _ 4-D10-SD390@60 : 4-D10-SD390@60 : 4-D10-SD390@60
([t A BT B 38 55 L pu(%)) [1.46% ] [1.17%] [1.46% ] [1.46% ] [1.46% ] [1.46% ] [1.46% ]
AR (E Y D) 4-D10-SD390@90 : 4-D10-SD390@90 : 4-D10-SD390@90 : 4-D10-SD390@90 : 4-D10-SD390@90 | 4-D10-SD390@90 : 4-D10-SD390@90 : 4-D10-SD390@90
(& A W7 458 B L pu(%)) [0.98% ] [0.98% ] [0.98% ] [0.98% ] [0.98% ] [0.98% ] [0.98% ] [0.98% ]
A BTRER A (— AR RED) 2-D10-SD390@90 : 2-D10-SD390@90 : 2-D10-SD390@90 : 2-D10-SD390@90 : 2-D10-SD390@90 | 2-D10-SD390@90 | 2-D10-SD390@90 : 2-D10-SD390@90
[t A B B3R 55 L pu(%)) [0.49% ] [0.49% ] [0.49% ] [0.49% ] [0.49% ] [0.49% ] [0.49% ] [0.49% ]
ErmE Bx.D(mm) 475 x 475 475 x 475 475 x 475 475 x 475 475 x 475 475 x 475 475 x 475 475 x 475
1Y~ P R E Fo(N/mm?) 60 60
B ANKN) 1354 1354 1354 1354 1354 1354 1354 1354
st | (HFHEN=NI(B-D-F)) [0.10] [0.10] [0.10] [0.10] [0.10] [0.10] [0.10] [0.10]
£S5 12-D16-SD490 12-D16-SD490 12-D16-SD490 12-D16-SD490 12-D16-SD490 12-D16-SD490 12-D16-SD490 12-D16-SD345
(8% L pg(%)) [1.06% ] [1.06% ] [1.06% ] [1.06% ] [1.06% ] [1.06% ] [1.06% ] [1.06% ]
B AR 4-D10-SD390@80 : 4-D10-SD390@80 : 4-D10-SD390@80 : 4-D10-SD390@80 ; 4-D10-SD390@80 | 4-D10-SD390@80 | 4-D10-SD390@80 : 4-D10-SD390@80
(& A W7 458 B L pu(%)) [0.75% ] [0.75% ] [0.75% ] [0.75% ] [0.75% ] [0.75% ] [0.75% ] [0.75% ]
% A BT GE B 4-00-D10-SD390 4-00-D10-SD390 4-00-D10-SD390 4-0-D10-SD390 4-00-D10-SD390 4-00-D10-SD390 4-00-D10-SD390 4-[0-D10-SD390
ng; (4 A B 4338 55 L pjul %)) [0.37%] [0.37%] [0.37%] [0.37% ] [0.37% ] [0.37%] [0.37%] [0.37% ]
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Table2 =27 U — b OB R
(Material Properties of Concrete)

Table 3 #kfif Db FF R BRAE 5
(Material Properties of Steel Bar)

R BRIRIG A | BI5R3E S | B [EIRE YUURE
. o | EfemE | EMERE BIRMEE % % Oy Bs | & E
HBEE | B Boss | TYURBE | #R , + | o sou (x10° R
og : " ) or e (N/mm?®) | (N/mm?) () (V)] 2
) (x10°N/mm?) ) N/mm?)
(N/mm?) €m(M) (N/mm?) B ABTERAES
- EAM| 659 3056 3.27 440 | Mi69R D10 | SD3% | 443 621 | 071 | 2428 |2%48 | 182 | (Rei~4STD
RB1 ~ HERFH
£ 50.9 2861 2.89 3.54 HiEr54 A D10 | SD390 | 439 626 070 | 2425 | 2900 1.81 (RB1~4.5T1)
- BAM| 645 3113 3.14 400 | #iwasH S AE R
RB2 D10 | USD685 | 749 909 082 | 3644 | 3804 2.05
2 48.2 2837 2.83 3.38 338 (RB1'~::1)
RB3 - EEE| 641 3135 3.16 3.85 518 D16 | SD490 565 755 0.75 2858 | 3069 1.98 (Rs?iﬁgm
= 485 2905 278 3.32 Hi#368 D19 | SD490 | 545 723 075 | 2758 | 2964 1.98 REH
Rpa || 644 3162 3.11 4.00 | #i#63H (RB1~4,5T1)
2 50.0 2853 2.85 3.11 M4 H D22 | SD490 | 522 690 076 | 2602 | 2716 2.01 ’%SET f;’
. A\ e
ST1 ic3 ?§=%“ 66.1 3126 3.05 348 LU D10 | SD390 | 444 611 073 | 2370 | 3053 1.87 ?R/‘E’f:ﬂ*i?f;)”
2 49.9 2795 2.83 3.39 w428 T
RBA1 B EAE 63.5 2964 3.19 3.60 58 A D10 | USD685 740 894 0.83 3644 | 3777 2.03 (Rg‘]j1 ~33)
2 37.6 2686 2.53 3.01 | Min4dR D16 | SD345 | 395 563 | 070 | 1987 |2155 | 190 (’EB%?)
RB12 - EEE 64.0 2989 3.15 4.49 518 BEE
2 377 2612 257 3.09 W3 D16 | SD490 | 565 755 075 | 2858 | 3069 1.98 (RBI1, RB12)
re13 E A 5.2 3008 3.21 4.37 Hip48H D19 | Sp4go | 545 723 075 | 2758 | 2964 1.98 (RB%IF?; -
3 38.0 2585 2.66 2.88 348 ’21%
D19 | SD490 | 532 704 076 | 2756 | 3018 1.93
(RB13)
Table 4 BRI /) — 52
(List of Specimen Strengths)
HBRAE RB1 RB2 RB3 RB4 ST1 RB11 RB12 RB13
= HAEHBRK B 1 4532 40 . ervoyns— — AR HEFHBRK evvynsr— 5
BBk (7 Fc48 HAMHEE D ELEGL vavEs | EyVYOEL Fc36 vyavkE @ RERAL £
£ Stk AfE BT A vQlu-act (kN) 349 347 347 326 - 338 317 331
BI A2 @I +Quact (kN) 375 374 374 375 350 365 365 357
i (X8 @ x50y, 7 v I8 xp0y)
£ [ 17 248 ] [5Quaci” 5QlvAct ] [1.07] [1.08] [1.08] [1.15] - [1.08] [1.15] [1.08]
£ v DT A Bt 51 (R,=0.02) Qsu,bu (KN) 512 504 505 509 514 442 442 442
[t A MR E] [6Qsu5u 5Quu-aci] [1.47] [1.45] [1.45] [1.56] [1.47] [.31] [1.40] [1.34]
PR BE AR AK A Qomu 616 613 613 575 618 597 559 585
i # B it Quact (kN) 836 833 833 833 837 819 819 724
i [ et 17t A k] [cQuaci” Qbmu] [1.36] [1.36] [1.36] [1.45] [1.35] [1.37] [1.47] [1.24]
# A it 31 (Rp=0.01) Qquu (KN) 1007 1000 1000 1000 1008 1000 1000 1000
[ ABTRIBE] [eQsu b0 «Qome] [1.63] [1.63] [1.63] [1.74] [1.63] [1.67] [.79] .71
PEFRBE BAMEANA Vomo 2096 2084 2086 1957 2129 2032 1901 1989
& AT Viu (kN) 2424 2387 2387 2387 2429 2381 2381 2381
% (AL AHRBE] [Vie vQ'u-aci] [1.16] [1.15] 1.14] 1.22] 1.14] 1.17] [1.25] [1.20]
Ea EABAREHRARALESHE T(N/mm?) 10.90 10.90 10.90 10.90 12.09 10.90 10.90 10.64
EAMKRE G AERE T(N/mm?) 12.54 12.38 12.38 12.38 12.56 12.31 12.31 12.31
[ & HMRREH O M HRBE] [n/1] [1.15] [1.14] [1.14] [1.14] [1.04] [1.13] [1.13] [1.16]
TR DEE L 2D e o DIEEAEIIE T = A 205 . 008 735
T 0.06
> N ©
7y I EERGO T v/ MTRAETORSE 0.9 5L E oo oy e |
L. . N - . . 2 1/400 1/200 1/100 ' A A ’
TN & UE LTz, K57 = A APLEO T ik v PhhA & % [s00 AANNNAN
) ) A 0 AVAVAVAVAVAV
(ROl BT AR R LT b R 2 BT TV 578, it B o0 VVVVVV
- N N, n& -
NFEICBNT T w7 - & WA OIS 77 B 1L 7 O FER R mgﬁ
B FRE LTS ' -,
ey ‘ Fig. 4 #fiEIE (RB11~RBI13 R {£)
2. AL . .
e L . e L (Hysteresis of Loading)
TR AR LA AR b A UM SR U, AEBRICER
& L7 #AT Y v o i L 0 B 2 2 7%, B
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o, BRARLEEE Fig. 5 7~7, FEBIIEMZETAG/L) T
HE L, SERMAITBWT 2 [0/ R L 2 S5 Lz,
TR IR OB IR IX R U723, FBz-1s S L ‘ _
=P 3 =R 7 = : IR Sehe N
7= RBI1~RB13 BRI TIE KA TGS OB Z L 0 2EHH Fig. 5 ZIPARMITE
THB% T L A BT 1/33rad. O #iE b 1T o 7 (Calculation of the Story Drift Angle)
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(Relationships between Beam Shear Force and Story Drift Angle)
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(a) RB1 BB i
(Beam End on RB1)
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(ST1 Beam End)
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(Column Joint on RB1)
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(Damages of the Specimens at Rs=+1/25 rad.)
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RC Hinge Relocation Beam with Additional Flexural Reinforcement

Daiki Hinata, Takashi Okayasu and Motomi Takahashi

Recent studies have reported that in the case of an RC frame with smaller column-beam flexural

strength ratio, column joints fail first and the theoretical beam flexural strength may not be achieved. To

avoid this phenomenon, it is considered useful to relocate the hinge to keep the hinge position of the beam

away from the column face. We have developed a hinge relocation beam with increased amount of

reinforcing bars at the beam ends by providing additional flexural reinforcements with hooks of 180°. We

confirmed that the additional flexural reinforcement effectively moves the yield hinge position from the

column face toward the center of the beam. Structural tests showed that damage to the column beam joint is

reduced.



