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' Tab.1 Subassemblage specimens
e . . -
ﬁ%ﬁo ﬁ’ffwiﬁ;ﬁ@ izﬁ:’f} % z ﬁ li\ )K‘) 2 ﬁd)*ﬁa Specimen Coltumn Beam Dg;ﬂ;l:r Material | Rpy
BOWEETLL THMT TS 15 , Tt b s [ o H-300x300x22x22 | H-350x175x9x12 | — 3 0.81
& - L. [T H-300x305x16x16 | H-350x175x0x12 | — 1 0.6
bﬂﬁﬁﬂbﬂ&rfmﬁz&?’ﬁt%néﬂﬂﬁmﬂifﬂu A0k Lo 1 0.98
0-F 9 ] 1.31
AU T MR e DB ) B3R onE | 10 il I
.y . . « [B0 H-300x305x16x16 | H-450x200x9x16 |  — ) 0.47
fﬂf~x1l,1(i4ﬂ’£££ﬁ6€%‘fiﬁ7‘ 1780 B BNES A 4 80(c) e X — 1 0.47
80-M(c) - 1 0.47
b5.G008% 1. Afpc L) FRCANTE 2t | B0 - R
. . DA , < | B - 1 0.94
VE- £ BrrPfuin Ly AL L4 5 LA ALK | Bim _ 1 0.94
B1-M* — 1 0.94
-FKEVL R ALY 1) ENERARE £ 82 & B0 H-250x255x12x16 | H-350x175x9x12 | — g 0.40
51 - 4 0.80
IFALX -~ BN LB L (F L LA CETHS 0 H-250x250x9x16 | H-350x175x9x12 |  — 1 0.28
Co-H L9 1 0.56
: v . . Co-F 209 1 0.84
A, AR CIEE R0 R, i ¥- | ool - 4 0.32
co-L' - 4 0.38
P ) o N . _
WA cECDBRCHI B ) FABY ALY | 01| Oenow) -1 |z
- - AL 155 ot * | oo H-234x234x6x12 | H-339x170x6x12 | — 2 0.23
AT 120 O TRIEM ) . corpBh Rl | 5, VRIS | 2 D R
. . . R o1 2 0.44
LUSTEEE SRRt NS RE 7 3 28/
B ELBo EERE ;{3)4)5)6)7)12 2V TH3 £mz Tab.2 Mechanical properties of material (Subassemblage
” p > -y p s o g, € & E
BB BB T F LK BB 1oy | Grow | PlateMaterial | By LBy ] U5 L (5 | i
. Cx Lo ; . . " R 9 S50 3.80 | 5.24 | 2.00 | 27.3 | 28.2
NRERFE T30 L BRI W TRET S, R-12 SMs0 415 | 5.67 | 1.85 | 23.8 | 27.7
16 SM50 409 | 572 | 1.50 | 245 | 29.4
2. AL R MLE 1 R-19 S50 3.73 | 522 1 1033 | 27.0 | 34.9
A-35 S50 3.21 | 5.03 | 12 | 32,8 | 361
NI . Yo PR M24x80 F11T ez |23 = para | =
BRYBERE L. Fig ) tEKOBELRT L) M24x100 F11T Vs {1216 | — | 17.8 | —
. ; : - s R-6 5541 300 | 4.45 | 2.15 | 28.3 | 26.0
BT ENRER (R LorBry 2 XFdo kT 2 R-12 5541 2090 | 450 | 2.99 | 2816 | 24.2
. R o \ R-9  SM50 3.97 | 5.35 | 2.21 | 21.6 | 29.3
0rADT ) L FEH ORISR (F L CBE 1 TAD s R-16 S5O 3.63 | 5.4 | 168 | 26.7 | 33.8
R- 9 SM50 206 | 5.37 | 2.20 | 26.0 | 42.9
3 )02 E¥orhy tao-%1LTab vz EAEBR . R-12 SM50 3.77 | 5.17 | 2.3 | 27.8 | 47.3
' A-16  SM50 364 | 5.46 | 1.45 | 26.3 | 50.1
.z ¢ . R-22 S50 351 | 5.29 | 115 | 27.0 | 522
BELTab2 AT, BAEWOPEH LT N T 215cm i
S Tab.3 Teat results
Specinen ar oo Phvn PRy Py SRy Shy Stwm OBy Smy fmyn PO 00 Se/8y Oua Sp/fua PRo 830 8p/0a0
(t) {(x) () (&) (%) (cm) {em) (cm) (cm) (em) (cm) (£) (em) (%) {cm) (%) (t)  (cm) (%)
0 .8 24.8 19.7 19.7 20.8 0.84 1.03 0.90 0.95 1,72 1.12 39.3 21,9 65.5 26.2 57.9 31.3 7.42 72.9
#0 027.419.1 13.2 14.1 0.85 1.34 1.06 1.43 10.8 4.12 28.8 26.4 74.7 27.6 74.9 23.0 8.20 73.2
A0-H 027.419.1 18,0 18.4 1.14 1.17 0.93 3.39 4.24 1.55 33.0 16.9 58,6 20.3 60.8 30.8 10.2 60.3
L L AO-F 027.419.1 21,5 22.3 1.43 1.09 0.87 .08 1.82 1.27 33.5 11.2 30.2 12.8 39.5 33.5 11.2 30.2
1 2 20-L 6 16,6 12.8 8.1 8.0 1.46 2,36 2.06 2.73 22.7 12.8 16.3 29.5 80.8 30.0 80.6 12.8 11.7 J8.1
- a1-t 6 16.6 12.8 14.6 15.8 2.31 1.86 1.63 3.27 2.05 1.57 26.2 20.9 29.3 28.1 24.7 26.2 20.9 23.3
Q| vorvee 50 .050.6 36.3 18.1 18.0 0.67 1.43 1.15 1.85 29.3 11.7 45.5 28.8 80.4 —  -— 32.5 7.12 71.2
Hr2 B0-55(c) 9349 36.3 16,0 17.3 0.59 1.27 1.15 0.96 16.8 12.2 44.6 29.2 94.8 — — 30.9 5.90 &7.]
BO-(£)(6) 9449 3.3 15.4 17,1 0.59 1.27 1.151.03 — ~ 35.010.5 90.1 — — 30.0 5.81 87.8
51 05006 36.3 32.4 32.2 D.89 0.95 0.77 2.51 3.57 1.45 65.2 23.7 61.5 -  — 54.4 8.70 63.2
¥ olpim 5.0 50.6 36.2 39.0 28.1 0.89 0.95 0.77 3.93 5.47 2.15 45.0 4.97 60.3 —~ — — — —
W2 Pl prm [0 50,6 36.3 39.0 23.6 0.89 0.95 0.77 4.17 — 2.3d 43.65.3% 39.9 — — — - —
-0 B0 5244 18.8 9.3 10.5 0.66 1.66 1.45 0.78 17.2 10.5 27.0 31.1 87.1 33.5 — 17.0 6.50 86.6
e L 5 24.4 18,8 16.5 17.5 0.89 1,12 0.98 1.17 2.31 1.32 37.3 23.2 67.9 26.6 55.7 30.0 8.04 71.8
' ) 3.6 26.9 18.8 6.0 6.6 0.59 2.141.70 0.78 — — 17.532.0 8.9 — — 13.3 6,82 83.2
Standard Model Co-4 6 26.918.8 10,1 11.0 0.80 1.62 1.29 2.25 18.4 8.00 25.5 32.2 85.6 — — 19.2 7.48 79.8
H=215¢n Co-T 6 26,9 18.8 13.6 15.2 1.20 1.45 1.15 4.37 8.10 3.46 32.9 25.0 66.1 26.1 66.8 24.8 8.35 39.0
Ly=L=159n a 3.6 26.9 18.8 12,2 14.0 0.77 1,40 1.11 1.21 10.2 3.56 28.6 24.3 75.6 29.1 73.6 23.1 8.08 74.7
v 0L 4164 12,6 4.5 4.4 1.11 3.47 3.04 1.65 20 Yla 7 9lia — 2 gl7 1.4 90.0
e co-1’ 2196150 5.1 4.9 0.852.65 2.32 1.58 — — 12.7 2816 86.6 — - 10.0 9.79 84.8
1=L2=231cn £o-n 12506 18.6 5.5 7.0 0.57 2.05 1.66 0.92 — — 13.414.3 93.2 27.5 86,7 11.0 6.63 89.7
Li-TYRE b 714.910.3 3.2 3.3 0.44 1.88 1.56 0.57 — — 85275 9.1 — — 6.3 5.3 92.3
Liz2dlen o 2122 9.3 2.8 2.8 042151 1.251.44 — —  6.026.0 — — — 53 6.48 94.3
2=15%em - T1G. 1| py 516.112.0 4.4 5.8 0.541.231.021.25 — ~ 11.527.8 94.1 35.2 95.1 9.6 5.79 87.0
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BEOME L Fig.25 L Tab. 310K T, 6 o P 1 T K # (HBE) Gy —oe vy 20 oeia kit (1420
FHEF VRS, Fig3BELRT 28 22 o8 Py estieikm (398) 6, - Plaviafs (i)
Ny (F-2 7 4 7%) 72 ﬁ 12Ny (P19 47 )% Tab.4 Frame model specimens
; U: 1 E 120y ( F-1B1, F=1B1") 03 &O%KZ Specimen Column Beam Material Rpy |Remarks
. . o . - - - . 0.8
KA L BRAABHEBKE O ATA Ty e PAE F-28(c) | H-150x150x7x10 { H-200x100x5.5x8 | 1 % 0.42 -
0.95| 0.20Ny
BY 4T o e HBoOMER K OB I HOMAEL 0¥ H ¥ 0.8
) F.1A(c) | H-150x150x7x10 | H-200x100%5.5x8 | 1 gggg gc;SN
9. - Tab.4 (2, : Tab.5 ¢ kL,
). ®o ii l xﬁ?ﬁ!ﬁﬁ%ﬁ ab.5 [o 4, F-2B{c) | H-150x150x6x12 | H-200x100x6x12 3 7 050
7. F-1BH(c) RBB RN ALY - Y8777 - T 08 02ony
R <+ 0.41
F et CHE. £ F-1BT (C)ﬁyﬁ%li F-1BH{c) | H-150x150x6x12 | H-200x100x6x12 3 g 1) N
N . . 30Ny
EpooMaR Ky ES (wrRlEry 3.5 ) R et
26
B HhThHs, Tab b KR Rev BUBERBN O W [ H-150x150x6x12 | H-200x100x6x12 2 & 0.52] Ne=
¥ b7 v ~ 29 . > . F-18(c) o 0.46| 0.25Ny
ERECUM L BAEB I W TED Rt D THS [Fimic) | misonsomsnz | 1-200m1006x12 3 w 0.61] Ne-
0,20Ny
c KEREOMEL Tab.61CAT, £-1B1'(c) | H-150x150x6x12 | H-200x100x6x12 3 o 0.60 Ne=
H-120x120x6x12 < 0.82| 0.20Ny
Tab.5 Mechanical properties of material (Frame)
. Sy s A Es
Group Plate Material (t/en’) (t/ggg) Eﬁ (%) (t/cnt\')
R-5.5 5541 3.21 4.5 | 1.98 | 22.9 | 34.2
R-7  ss41 303 | 4.4 | 1.83 | 28.2 | 385
1 R-8 5541 2.58 | 4.35 | 1.91 | 24.9 | a2.7
H-9 sS4l 3062 | 4.74 | 1.99 | 25.0 | 31.3
A -10 $541 2.85 | 4.45 | 1.89 | 26.4 | 23,0
) R-6 sS4l 3.26 | 476 | 2.07 | 28.0 | 43.4
R-12 5541 3.06 | 4.5 | 2.23 | 27.6 | 27.0
5 R-6  SS4 3.61 4.75 | 2.29 | 24.9 | 35.2
Tab.6 Test results 3 A-12 SS4l 300 | 4.5 | 2.22 | 2906 | 2906
v N v N . u
(P U] svecinen| S, e, vE. Py S, PSS, 6%, 5. G5 Sy S PS5 p/0y Sua Si/Sua Pl S50 66/Sa0
=1 (k) {(t} (£} () (&) (£} (cm) {(ecm} (cm) (cm}j {cm) (cm) () (em} (%) {cm) (%) (t)  (cm) [§3]
-9 « Al r-aage) [12.5 2406 27.6 20.7 12.0 17.7 0.57 1.10 0.93 0.87 5.79 2.12 25.3 9.04 49.8 12.4 53.1 25.1 7.10 47.7
F-1A{c) |11.7 12.2 13.8 11.3 9.9 10.3 0.89 0.93 0.86 2.44 2.76 2.17 14.8 12.7 46.8 13.6 47.2 — —
L 170m F-28(c) 1111 27.3 3006 21.2 15.7 22.5 .41 1.00 0.77 0.66 2.39 1.46 39.5 17.3 84.3 — — 38.0 8.02 83.0
. F-1BH(c)[21.9 18.7 21.3 14.5 22.7 24.8 1.36 1.17 0.90 2.01 1.66 1.26 33.4 9.9 39.2 11.8 382 — — —
F-1B1,F-181 F-18(c) | 9.8 20.9 23.8 14.5 9.5 12.7 0.49 1.04 0.72 1.07 5.92 1.75 22.2 1.5 80.2 25.8 79.5 22.2 8.84 79.6
) F-1B 9.8 20.9 23.8 14.5 9.6 12.5 0.49 1.04 0.72 0.94 4.83 1.62 22.4 11.1 78.6 21.5 79.3 22.0 8.63 78.5
Fig.3 F-1B1(c)|18.2 30.1 37.4 23.3 19.0 22.1 0.45 0,75 0.58 0.73 3.13 1.17 33.6 13.2 75.5 14.0 /5.3 32.7 6.06 76.0
£-181(c)|15.6 19.0 24.0 14.7 12.5 17.3 0.47 0.57 0.44 0.87 1.31 0.80 26.1 10.4 73.4 13.4 72.5 26.0 8.9 73.4
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Specimen AQ-H

0

Column
/ Beam

S-ITTFTL - RO E IR T HS .

RHEONE LU V. C T4 7 oBKKCE co-H 9 Fh

Tab.7 Absorbed Energy (t-cm)
Specimen £y E E/E Ep/E
(max) |(max) |(max}
70 22,57 | 666.2 | 29.5 | 67.0
A0 32,10 | 605.2 | 18.9 | 77.2
AO-H 28.05 | 438.1 | 15.6 | 61.2
AO-F 26.15 | 289.7 | 11.1 | 41.1
AD-L 34.28 | 355.5 | 10.4 | 84.9
Al-L 27.07 | 422.1 | 15.6 | 31.9
80 64.37 | 992.5 | 15.4 | 88.5
% B0-SS{c¢) | 50.69 |1021.0 | 20.1 | 97.8
JAT-L o AK BO-(F){c) | 50.69 | 265.5 | 5.2 | 95.9
B1 42.71 | 1244.0 | 29.1 | 65.7
#1/3 ph |BI-N 42.71 | 153.1 | 3.6 | 69.1
B1-M’ 42,71 | 167.0 | 3.9 | 43.1
. W : 3 B'O 35.62 | 509.3 | 14.3 | 89.7
ﬁliﬂ’??/ﬁ TOTERS LU B'1 24.01 | 671.8 | 28.0 | 70.0
s~ - 0 50.52 | 454.7 | 9.0 | 94.6
B0 ERECAHL TS Co-H 38.26 | 663.3 | 17.3 | 88.8
Co-F 34,17 | 617.8 | 18.1 | 69.7
C0-L 49.95 | 286.7 | 5.7 | 94.6
co-L' 45.57 | 292.5 | 6.4 | 96.5
C0-N 47.40 | 144.5 | 3.1 | 97.6
cl 32.96 | 553.6 | 16.8 | 78.
00 25.71 | 184.1 | 7.2 | 99.1
DO-R 16.96 66.9 | 3.9 {100.0
Dl 17.87 | 282.6 | 15.8 | 96.1
A S
Tab.8 Absorbed Energy (t-cm)
VHEELRT. ﬂ 1210 [specimen Eo E | E/Eo | Eo/E
R {max) [(max} |(max)}
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CONTRIBUTION OF THE RESTORING FORCE CHARACTERISTICS
OF STEEL BEAM-TO-COLUMN CONNECTIONS
TO THE ASEISMIC BEHAVIOR OF FRAME

Takeo NAKA* , Masami NAKAO** , Hiroshi OSANQ***

1.Introduction

Recent philosophy on the seismic design of structures is characterized by the
combination of the following dual criteria;
1.The frame should be proportioned to remain within the elastic limit under a

strong earthquake which reasonably expected during the service life.
2.The frame should be proportioned to avoid collapse under the most severe earth-
quake which possibly could occur.

As the behavior of steel beam-to-column connection( panel-zone ) is considered
to be a great help to the design under the Tatter criterion,the contribution of
the behavior of panel-zone on the aseismic behavior of frame is investigated
through the analyses of test data on the beam-to-column connections composed of
H-shapes subjected to strong axis bending and is reported herein.

2.0utline of experiments
Experiments of which the data are analysed are of the following two series;
1.Experiment on 24 specimens of frame subassemblages listed on Tab.1 of which
configurations and loadings are shown in Fig.1.
2.Experiment on 8 specimens of frame model of reduced size Tisted on Tab.4 of
which configurations and loadings are shown in Fig.3.

3.Restoring force characteristics of panel-zone

Because of the phenomenon of "reinforcement of panel by the ends of beams and
columns",the ultimate strength of panel-zone is usually far larger than the yield
strength of this part for weak-panel type. A method for evaluation of the restor-
ing force characteristics of panel-zone among elastic and plastic range was
proposed in ref.9) through the consideration of this phenomenon. This method can
be revised on the estimation of ultimate strength by making use of Eq.(1).

4. Deformation share of panel-zone

Contribution of the deformation of panel-zone on the deformation of overall
frame is large as shown in Fig.6 and Fig.7. Deformation share of panel-zone can
be estimated by Eq.(2). Panel-zone can bear more than 1/3 of the deformation of
overall frame even when the case of strong-panel type.

5.Energy absorption

Absorbed energy and contribution of panel-zone in it are shown in Fig.9 and
Fig.11 for each specimen. Contribution of panel-zone in energy absorption is more
than 1/3 usually.

6.Conclusion

Contribution of the behavior of panei-zone on the aseismic behavior of frame
is remarkable concerning to deformation capacity or energy absorption capacity.
Application of weak-panel type is recommended to utilize this peculiarity,where
lower bound of “panel- yield ratio" Rpy { ratio of panel-zone yield strength to
the lower one between column yield strength or beam yield strength ) available
is 0.4.
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** Associate professor,Dr.Eng.,Tokyo Denki University.
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