127
EHET —x o0 @M gERE
B OE TN

STUDY OF ELASTC2-PLASTIC STABILITY OF STEEL
PORTAL FRAMES SUBJECTED TO VERTICAL
AND HORIZONTAL LOADS.

By Minoru WARABAYASHI and Chiaki MATSUI

Synopsis

The experiments were conducted to investigate the effect of the axial force on the horizon-
tal ultimate strength and deformation capacity within the limit of stability. Models were
end fixed steel portal frames consisting of beams and columns with rectangular cross sections
and were cut off by a machine of 10 mm mild steel plate without heating. 'The span and
column height were both 200 mm. The slenderness ratios were 100, 50, 30, and the beam
column stiffness ratios were 0.5, and 1.0,. The results were compared with the plastic collapse

loads considered the influence of the axial force.
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D1E, 213 2%, 3(248ERLT B, &,
ZWFEIE M 10mm & —Ei L7zfodic =30,

Table 1. Model dimensions.

. ) B | X%y FEEOZRED rlt)a
Series | SEHE (cﬁm) (cfn) (cr%) (crg) (cm)
ZEHTE | 20,000 | 20,000 | 0.690 0.550 | 1.000
H-10 | 20,044 20,015| 0.682| 0.532 0.989

1 VH-11 | 19,966 | 20,003 | 0.675| 0.559| 0.974
VH-12 | 19,952| 19,976 | 0.682( 0.561| 0.966
VH-13 | 19,959 | 19,988 | 0.691 | 0.558 | 0.971
ST | 20,000 | 20,000 0.690( 0.690 | 1.000
H-20 | 20.021]| 20,009 | 0.676| 0.682| 0.994

i VH-21 | 19,997 | 19,996 | 0.686| 0.701 | 0.971
VH-22 | 19,984 | 20,005 | 0.682| 0.892 | 0.978
VH-23 | 19,992 19,992 0.677| 0.683 | 0.962
3 | 20,000 | 20,000 1.380 | 1.100 | 1.000
H-30 | 20,057 20,019 | 1.376 | 1.091 | 0.990

I VH-31 | 20,087 20,040 | 1.373| 1.082| 0.993
VH-32 | 20,032| 20,030 | 1.369 | 1.083 | 0.991
VH-33, | 19,927 | 20,005 | 1.374| 1.091| 1.001
VH-33, | 20,064 | 20,039 | 1.367| 1.096 | 1.003
Zy3HWTE | 20.000] 20,000 1.380| 1.380 1.000
H-40 | 19,994 20,024 1.360| 1.370| 0.988

IV | VH-41 | 20,019 19,996 | 1.371 1.368| 0.994
VH-42 | 19,997 | 20,016 | 1.366 | 1.375| 0.999
VH-43 | 20.013| 20,006 | 1.363 | 1.385 | 0.996
ZETWTIE | 20,000 | 20,000| 2.310] 1.840 | 1.000
H-50 | 20,060| 20,000 | 2.294 | 1.814 | 0.990

v VH-51 | 20,041/ 20,018 | 2.286 | 1.776 | 0.976
VH-52 | 20,053 | 19,997 | 2.304 | 1.816 | 0.988
VH-53, | 20,048 20,012 | 2.289 | 1.802]| 0.975
VH-52, | 20,053 | 20,000 | 2.300| 1.809 | 0.986
AW | 20,000( 20,000 2.310| 2.310| 1.000
H-60 | 20,039 | 19,995 | 2.278| 2.288 | 0.995

v | VH-61 | 20,051 19,980 2.283 | 2.287 ) 0.980
VH-62 | 20,032 19,986 | 2.299 | 2.295| 0.993
VH-63, | 20,100 | 20,002 2.286 | 2.285 | 0.986
VH-63, | 20,037 | 19,988 | 2.284 | 2.301 | 0.979
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Fig. 1. Model figures.

Table 2. Nature of materials.

REit  BRISAE | OB | M % Y Y T BEY v S B KR
: - APVAUVTE=UIR LA U=
| #F 5| (t/em?) (t/cm?) (%) (108t/cm?) (10t/cm?)

o) — % | No. 1 2,638 4,386 28.3 2,045
A| MWWV VI | No 2 2,737 4,568 28.8 2,058
H-10, H-20 | No. 3 2,700 4515 28.3 2,070
oy x| Ne-1 2,515 4213 33.0 2,120 2,157
B No. 2 2,479 4,199 32.0 2,109 2,045
I No. 3 2,518 4,227 32.0 2,118 2,227

Photo. 1. Loading system. Photo. 2. Detail at loading point.
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r=1m(x;_‘:;)z ........................... (5) Table 3. Buckling loads of models.

TROEND, TTI 0o; BRISIE, oy BRENE, ) _ %ﬁﬂﬁg %T%JEE }F:f_ 5 %
o ; WHIRBIET—HRIC 0g=080y Tk 2, (t/em?) | (t/cm?) | (t/cm?)
BREEHRZ (4) REFMLURICED, I 1,266 2500
rat3k —er S SRR (6) I 1,549 2,500
r -0 m 5,365 2,703 2,730
it e 1 2 OBKT I\ 6,190 2,707 2,730
5 \% 14,068 2,722 2,730
z2=h ~/ 7—57 .............................. (7) v 17.210 2;22 2730
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G, ; The point of the appearance of the first yield.

Table 4. Calculational results.

G, ; The point of the formation of first plastic hinge.

G, ; The point of the formation of second plastic hinge.
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Mechanism curve

G,

SRE
E
(t)
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' 5 ny | mP(t)|uofem)|| n,

n, P(t)

Mpy AMpy |2 Mpy

n A1) (tem)|  Jl+MpY!

wy(cm)| n, u,(cm)

2N/1

0.3064
0.2952
0.2740

0.4632
0.2211
0.0833

0.0264
0.0226
0.0158,

VH11
12
13

0.3130
0.1343
0.0468

0.0834
0.1686
0.3372]

0.0416
0.0373
0.0281

0.0475
0.0473
0.0463

0.4980]
0.2212
0.0815

0.0420]
0.0373
0.0275

0.2840
0.2815
0.2720

0.5300)
0.5314
0.5292

0.4872
0.4920
0.4960

0.2760
0.2600|
0.3041

0.4320
0.1925
0.1359

VH21
22
23

0.2738
0.1150
0.0915

0.0275
0.0236
0.0266

0.1026
0.2052
0.2688

0.0443
0.0395
0.0365

' 0.0562
0.0554
0.0547

0.2810
0.2772
0.2737

0.0473
0.0396
0.0341

0.6849
0.6802
0.6952

0.4402
0.4430
0.4430

0.4606
0.1931
0.1269

0.0113
0.0188
0.0356
0.0131

0.0233
0.0297

0.1580
0.1440
0.1092

0.5210
0.2636)
0.0941

VH31
32
33

0.1166|
0.1016
0.0674|

0.3730
0.6863
1.4920

0.3125
0.1480
0.0451

0.1942
0.1890,
0.1404

1.2805
1.2460
1.0727

0.2107
0.2072,
0.2063

0.1975|
0.1846
0.1560,

0.2906
0.2936
0.3194

0.2632
0.2580)
0.2292

0.5300
0.2690
0.1046

0.0456
0.0768
0.1575

0.56730
0.2654
0.1060

VH41
42
43

0.1400
0.1258
0.0958

0.3736( 0.3430
0.7472| 0.1475
i
1.4944 | 0.0486

0.1281
0.1102
0.0726]

0.2140
0.1983
0.1584

1.2767
1.2304
1.0651

0.2553
0.2461
0.2130]

0.6336
0.2876
0.1091

0.3367,
0.2149,
0.1630

0.3716
0.3591
0.3125

0.2346
0.2268
0.2012

0.0501
0.0870
0.1607

0.0928
0.0826
0.0628

0.8840
0.4210
0.1777

VH51
52
53

0.6290
0.2335
0.0845

0.3330
0.2940
0.2125

0.6288
1.2576
2.5152

0.5560
0.5300
0.4455

0.5885]
0.5750,
0.5262,

0.9120
0.4365
0.1882

0.5734
0.5486)
0.4733

0.1736
0.1370
0.1927

3.5741
3.4390
2.9513

0.1544
0.1502
0.1312

0.0860
0.1489
0.2746

0.0826
0.0734

0.9725
0.4630

VH61
62

0.5820
0.2558

0.3666
0.3220

0.6288
1.2526

63 | 2.5152( 0.0933| 0.2346| 0.0554/| 0.1938

0.6116
0.5823
0.4880

1.0959
0.5151
0.2120

0.6391
0.6479
0.56331

0.2199
0.2111
0.1812

3.5533
3.4080
2.9200

0.1382
0.1336
0.1156

0.7107|
0.6816|
0.5840,
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Fig. 10. Load-deflection curve.
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Table 5.
Comparison with the failure loads
and plastic-collapse loads.

Cspapik | EFonP | Po P
S m | om i | Tl
5 kg | (kg) | %
VH11 | 385 20 | o7
VH1zZ | 330 37.3 88.5 i
VH 3 | 102 275 69.8 A s B A
VH 21 48.0 47.3 101.5 Fig. 11. Load-deflectihn curve.
VH 22 323 346 | 816
VH 23 2)3 34.1 71.1
P P
VH 31 | 1960 1975 99.2 Seres @yl b
ol o of - HP
VH 32 1790 184.6 97.0 oy i R E’,:;"f;*_";_:;;z
VH 33 1160 ; 1560 74.4 , e et
VH 41 | 2425 2367 | 1025 9 i~
VH 42 | 1375 214.9 87.2
150
VH 43 | 1375 163.0 84.4
VH 51 , 5350 573.4 934 100
VH 52 5310 548.6 96.8
|
VH 53 | 4180 4733 88.3 50
VH 61 | 697.0 689.1 101.1 e , . S
P 3 o 5 ()
VH 62 | 6570 6479 | 1014 crrt
VH 63 4725 533.1 88.7 Fig. 12. Load-deflection curve.

(a) Series T (b) Series II (c) Series IT

(d) Series IV (e) Series V (f) Series VI
Photo. 5. Collapse modes.
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Table 6.

Maximum horizontal deflection
at the top of columns

B G | eep
VH 11 14.35 2.08
VH 12 9.07 1.37
VH 13 7.96 1.15
VH 21 12.40 1.89
VH 22 10.52 1.53
VH 23 6.90 1.00
VH 31 5.58 0.399
VH 32 5.30 0.384
VH 33 4.24 0.307
VH 41 6.70 0.486
VH 42 5.00 0.362
VH 43 4.19 0.303
VH 51 4.35 0.184
VH 52 3.90 0.169
VH 53 3.55 0.154
VH 61 4.50 0.195
VH 62 4.50 0.195
VH 63 421 0.132

250 [

H Series N M
=) “ ] 4= s0
o 1ol P= P
R : Prastc Buckiing
300|— Load :3.T36 ten
//

200 — o
—_—
——
50— . e 0.2
100~ .
N
o 2L
50
I | | 1
© + 2 3 4 5 w 5 U (mm) 20
Fig. 13. Load-deflection curve.
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Fig. 14. Load-deflection curve.
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