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INELASTIC BEHAVIOUR OF FULL SCALE STEEL FRAMES

By Minoru WARAWAYASHI, Chiaki MATsul,
Koichi Minam1 and Isao MITANI

Synopsis

The inelastic behaviour of steel frames under monotonous or repeated horizontal force was
experimentally investigated, using nearly full scale one-bay one-story frames with mild steel wide
flange sections. The test program consisted of eight specimens, which was composed of four
unbraced and four braced frames. Four of them were tested under constant vertical loads on
the columns. The horizontal force was applied to the beam-to-column connections of test frames.

The experimental behaviour are described in detail and are discussed in comparison with the
analytical ones which are consisted the effects of repeated horizontal force on the elastic plastic
behaviour of the frames.
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Table 1 Nominal dimensions and loading programs of test frames.

Specimen . Iy+h | Loadin
name P(ton)| P[P, | P[P, |h(cm)|{l(cm)| Fk[i Column Beam Brace Iz ] conditic;gn
H-175X175/H-250X .
FM 0 0 0 0 260 | 500  34.7 X7.5%11] 195xX6%x0 0.768Monotonic
FM5 70 | 0.12 | 0.489 ” n | 34.7 ” ” — 0.742 ”
FC 0 0 0 0 ” » | 34.5 ” ” — 0.737Repeated
FC 5 70 0.12 | 0.516 ” ” 34.5 " ” - 0.745 ”
BMO | 0 | — 0 | »|3.44 " v [BS100%) 0.756Monotonic
BM 5 70 — | 0.542 ” ” 34.6 ” ” ” 0.736 ”
BC O 0 — 0 » | 35.0 ” ” ” 0.741|Repeated
BC 5 70 — | 0.557 ” 7 | 34.8 ” ” ” 0.746 ”

P:column load P,: Euler’s buckling load P,: yield loadof column  k: column height
/: beam length i: radius of gyration of a column for in peane flaxure

Ib . ’l
Il

: beam-to-column stiffness ratio
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Fig. 1 (b) Braced test frame.
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Table 2 Actual dimensions of test frames.

Column member

Beam member

Bracing member

Specimen

name t,tt,,,‘B'Dt,’lwIB}th’tw‘B‘D

FM 0 '10.32] 7.42) 173.2] 174.9| 8.90 6.21] 125.0) 250.3] | | | —
FM 5 10.71) 7.90; 173.5/ 175.6, 8.82 5.98 125.7| 250.6 — — — .
FC 0 10.79, 7.61 175.1 175.8, 8.93] 6.31 125.5 249.9 — — — —
FC 5 10.70, 7.53 174.8| 175.6/ 8.94| 6.03| 125.5 250.8§ — — — .
BM 0 10.94) 6.23| 174.2| 174.1] 8.84] 6.20| 124.7/ 250.1f 5.42| 6.20| 50.01| 101.5
BM S5 10.89| 7.45| 174.3| 175.6| 8.79 6.28 125.2 251.2| 6.12| 4.83| 50.08| 100.7
BC 0 10.88| 7.64] 173.8| 174.0; 8.81) 6.18) 124.9 251.3| 6.17| 4.78| 50.38| 100.6
BC 5 10.80| 7.65 174.6| 174.5| 8.84] 5.95 125.4| 251.2| 5.56/ 4.95 50.64| 100.8

171 thickness of flange ¢, : thickness of web B:width of flange D:

height of web

Table 3. Actual properties of test frames.

Column member

Beam member

Bracing member

Specimen

meme ltemjrem)| Gos (o) fome ) ottt o) Coms )
FM 0 48.84| 2744 | 313.8| 350.7| 37.91| 4052 | 324.8 366.5 — — — —
FM 5 50.55| 2838 | 323.4| 362.5| 37.34| 4048 | 321.7| 363.0 — — — —
FC 0 50.77| 2878 | 327.5| 366.4| 38.32| 4078 | 326.2 369.5 — — — —
FC 5 50.21| 2844 | 324.0| 362.3| 37.64] 4073 | 324.9| 366.7 — — — —
BM O 48.78| 2783 | 320.6, 355.6| 37.74; 4036 | 322.0, 364.8/ 11.53 11.53} 4.61 7.79
BM 5 50.66| 2868 | 327.5 365.8( 37.93 4058 | 323.2| 366.3| 10.86 12.95/ 5.17| 8.35
BO O 50.68| 2804 | 323.3| 361.4] 37.68| 4048 | 322.2| 365.3| 10.89| 13.29] 5.28 8.49
BO 5 50.64] 2821 | 324.2| 362.4] 37.30] 4046 | 322.1| 363.7] 10.51| 12.18 4.81] 7.83

A: cross sectional area I: sectional moment of inertia

Z: section modulus  Z,: plastic section modulus :'t:tf
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Fig. 3 Test bed. (unit : m)
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Photo. 1 Loading system. Photo. 2 Rollers for frame sway.

Photo. 3 Lateral supporting unit.
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Fig. 4(a) Lateral supporting unit.
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Fig. 4(b) Lateral supporting unit. (unit : mm)
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Fig. 5 Measuring points of deformatior.
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Photo. 4 Measuring arrangements of
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Fig. 8(a) Horizontal force-displacement relations.

Fig. 8{b) Horizontal for:e-displacement relations.
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Fig. 8(c) Horizontal force-displacement relations,
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Fig. 8(d) Hgrizontal force-displacement relations.
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Fig. 8(e) Horizontal force-displacement relations.
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Fig. 8(f) Horizontal force-displacement relations,
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Fig. 9(a) Horizontal force-joint rotation relations.
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Fig. 10 Introducing moment and axial force due to fixing column ends.
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Photo. 5 Local buckling of column bottom (FC 5).
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Photo. 6 Lateral buckling of column (FC 5). Photo. 7 Lateral buckling of beam (BMO).
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Fig. 11(a) Horizontal force-strain relations.

T

FCO

Fig. 11(b) Horizontal force-strain relations.
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Fig. 11(c) Horizontal force-strain relations.

—t—o—— Virgin

X [P —é- cycle }=ﬂ
———o—— -%— cycle

2
w
——— 3 cyde HQ
Hiton) . wire_strei gougat+— xfz_:g
1]
ag
] T A 03 N - ; 1 T .
1.2 \'3 ' \ 12t I
10 ’ D
o o o ]
o o——0
FCO - —
A % 6'0 __’,v:_:\v/ﬁ,ﬁsya-m_ x(cm)
N il
T 5001 E. /\« —alon L
Il
J \ W %\f/,/‘/"/T,FﬁA:‘“/
I8 AN e Y o
\ \kmwm Y \N/'
-2 priunton WA
NL 7 i 2\
~ O

Fig. 11(d) Horizontal force-strain relations. Fig. 12 Distribution of curvatures
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Fig. 13(a) Horizontal force-elongation of bracing member retationss.

Hiton)

1 /’L
y/
30

BCO /%5/2 cycle

"/
W

-0p01 0001 0p02 €.

WA’/
—§/2 cycle

g

Fig. 13(b) Horizontal force-strain of bracing member relations.
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Photo. 8 Local buckling of column top (BC5). Photo. 9 Local buckling of column bottom (BC5).
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Photo. 10 Frame after test (FCO).

Photo. 11  Frame after test (FC5).
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Photo. 12 Frame after test (BCO).

Photo. 13 Frame after test (BC5).
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Fig. 15 Assumed moment-curvature relation

Fig. 14 Assumed moment-curvature relation
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Fig. 21 Bracing member for analysis,
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