Development of Earthquake Resisting Joint
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Although many studies and improvements to prevent brittle fracture of beam-to-column welded joint have been
done since Hyogoken-Nanbu earthquake, solution of this problemis not yet found. NKK developed Earthquake
Resisting Joint as high performance quake-proof joint concerning problem of brittle fracture. This paper de-

scribes the general description of Earthquake Resisting Joint and the test results of cyclic loading of full scale
Earthquake Resisting Joint.
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Table 1 Experimental parameters of specimen

Specimen Beam size Section modulus (cm®) Bolt First bolt (mm) Mechanical properties| o ; [Bending moment
No. z Z, Z, | Z, | layout |Diameter| Pitch|Guage| o, o, Yr M, M,
20YHD26B] ,._ 1996 | 2320 ©26 | 60 | 2 | 303 | 414 | 73 [Li1] 867 | 1511
20vHD2zg) H000% 199x 9x 182524 | 2865 1500040 |Parallel] @22 | 60 | 2 | 303 | 414 | 73 |115] 867 | 894
20YLD26B| H-600% 200x 9x 22 | 2920 ] 3280 | 2279 | 2619 ©26 | 60 | 2 | 270 | 429 | 63 [1.27] 887 | 1379
30YHD26B 3424 3871 ©26 | 45 | 2.75 | 343 | 458 | 75 |108| 1640 | 2135
30YHD22B,, 3761] 4220 . 022 | 60 | 2 | 343 | 458 | 75 |1.18] 1640 | 2135
30vHD24p] 800 300 12x 2214290 4780 [0 o172 219230 = 54T 60 | 2 | 343 | 458 | 75 |1.17] 1640 | 1459
30YLD26B 3424 3871 ©26 | 45 | 2.75 | 266 | 415 | 64 |126] 1270 | 2135
20YHW | H-600x 199x Ox 18 | 2524 ] 2865 303 | 414 | 73 867
30YHW _|H-600x 300x 12x 22| 4290 | 4780 343 | 458 | 75 1640

Z: Section modulus of bram, Z,: Plastic section modulus of beam, Z,: Effective section modulus of beam (reduction due to bolt hole),
Z,.. Effective plastic section modulus of beam (reduction due to bolt hole), o ,: Yield stress (N/mm?), o , Tensile strength (N/mm?),
Y Yield ratio (%), M, Full plastic moment of beam on the column side (kN m), M, Sliding moment of bolted connection (kN m)

2ss 2% 5 300 2>
N 1 926 @ . J—
] P 026 ¢ 26
¢ 26 0 26 \ \ — Welded jOInt
! ‘ f T
R 4 \)béo ollo o o
2 oooouoooo 1 © 3 © 00
o d R = 9 A R | o g D ol
VRS I "H' ”””” [l Q ﬁ N Tt T [ ﬂ al - E
21 ©000Io00O0 y o o o Hooo
f — : o I o o f
l 3-060 | 90 | 3-860 \J ‘ l
40 VT A\ — | Pl 4-e45 |90 ] S-@ | 20
- 40 ) —+
20YHD26B (Yg=73), 20YLD26B (Yr=63) 30YHD26B (YR=75),30YLD26B (YR=64): ¢ 1=26,¢ 2=22,p1=45 20YHW (Yg=73)

30YHD22B (YR=75): ¢ 1=22,¢ 2=26,p1=60

300 25

-7 024 (26 %4' Weldedjomt ]
r_/% , A
; 1
4 [e]

- o To o o
*Iooooooooo 00 O Oy
8 8 R  Ep—— 3 2 | O g g —
o -r ™) 1| ar 1| )
o1 0O 0000IO0OO0OO0 oo o o' o o
A ’ 1L H o) o
‘ 4-@60 90 37@60% ‘ ‘ '
40 4( 1 '4060 4-@45 | 90 S5-e 4d 1
20YHD22B (Yx=73) 30YHD24B (Yz=75) 30YHW (Yg=75)
Fig.5 Shapes of specimen joint
(1) TIB R 1mm R 6mm
TJB 1 R 10mm
aj R=10mm =10mm
2
Z O Z
= _"e 4)
Zp Oy Zp ‘YR, 32
Fig.6
1 Op 20 p 40, .. 2
¢ 26 M24 ¢ 24 M22 ¢ 22 dp
M20 20YHD22B 30YHD24B
u =0.5 3.3
u =0.7 Table 2
2)TI Fig.7
TIW Q) 2) TJB 200mm 30YHD24B
1 A
R 300mm 30YHD24B 2
FEM 1

NKK No.178 (2002.8) —60—



Actuator

|
!
HP * ~
+ - /= N\
I
Loading beam |
Specimen | a o
™~ o
| 19 g
\ N
TJB, TIW ‘ =
.4.. y
2| | | —
} U

| +

Fig.6 Diagram of test setup
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Table 2 Experimental results and n ¢ B TIW
C
Specimen Max. Load (kN) @Fractur Deformation capacity| 85
No. Py | Py | PPy CNC|E Mode| n e WCle p
20YHD26B| 429 | 509 | 119 105 px 1+| A 129 | 83 px 2-
20YHD22B| 457 | 538 | 118 [120 px 1+| A 170 [ 105 px 2- (a) TIB
20YLD26B| 501 | 549 [ 110 [120 px 1+] A 214 | 105 px 2- )
30YHD26B| 831 | 893 | 107 | 85 px2- | B | 108 | 85 px 2+ Fig.8 (a) (d) TJIB 300mm
30YHD22B| 906 | 930 | 103 [116px1-| A 158 [ 115 px 1+ 3 p
30YHD24B| 895 | 990 | 1.11 | 126 px 2+| B 189 | 120 px 1-
30YLD26B| 752 | 852 | 113 [10d px2-| B 219 | 105 px 2+ Mp
20YHW | 314|398 | 127 [ 9 px2-| C 147 | 93 px 2+ 30YHD26B ¢ 1=26, ¢ 2=22 30YHD22B ¢ 1=22,
30YHW | 636 | 735 [ 116 [ 9O px2+| C 103 [ 98 px 1-
¢ 2=26 30YHD22B
CPU:. Calculat(?d valuelgf max. load, . P, Experimental vglue of max. load 30YHD26B
n .. Cumulative ductility factor which was calculated using abserbed energy
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Fig.8 Experimental results of TIB and TIW
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