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A SEISMICRESPONSE OF FRAME & COLUMN-BASE
FOR LOW-RISE STEEL STRUCTURE WITH EXPOSED COLUMN-BASE

part 4 - Effectivity & factor for column axial force
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Abstract

Exposed column-base had double flag type restoring force characteristics, and it strength,
rotational rigidity & hysteresis were affected by the column axial force. That characteristics
understand obtain from partial frame experiment. Moreover, the influence of its characteristics on
steel structure seismic response examined by time history analysis of steel structure with rotational
spring, that rotational spring had double flag type restoring force characteristics.

However, partial frame experiment was no agreement boundary condition of column-base in
structure on ground motion, and rotational spring was no agreement influence of axial force.
Therefore, seismic response & working stress of exposed column-base with steel structure included
many uncertainty about building structural design.

The author discussed exposed column-base behavior and structure response on ground motion,
that uses seismic response analysis results obtain from low-rise steel structure with model that can
reproduce the column-base behavior.

In this paper, exposed column-base around plastic deformation are unaffected by up-down
acceleration of earthquake. On the other hand, gravity acceleration are very important consideration
in its understand.
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Fig. 4 Exposed column-base structural model Fig. 5 Code of analysis parameter
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Fig. 6 Restoring force characteristics of exposed column-base
Tabel 1 Strength ratio, each value for modeling, each strenght and stiffness for column-base
a |l cotumn Anchro bolt sef d. K O g G 1 L 4n L. My K4 Kg K,
A )
s mm | mm kN/mm N/mm® N/mm* mm mm kNm kNm/rad kNmi/rad kMNmi/rad
C2 | M45(1370) | 55 288 11,460 384 358 0 1935 1,694 1,558 160,016 220,213 1,899,150
0.7
C3 | M42 (1180) | 45 219 9,533 391 358 0 1,313 1,451 944 114567 139,149 914819
n,=3  my=2, [£=205000Nmm
Anchor bolts 15.50) 297 29.7 297 155 £
2 X oO—— ———@———% -=
s N G2 Gz G2) G2) g
7R | [, Cotumn: 2120 a0 410l 410l 212 F
I . o R o . -+
Sloca-le § | -400x19(C3) ¢ o P L,
- 5 : O-500x19 (C2) 4
i i 21.6 41.5 415 41.5 2.6 =
= I - =
% 400 6 i o o i
60 50 60 i ! /nasc plate (0v=357.5): T &
, ,  PL-700x700xm1 (C3) 219 419 419 419 219 F
PL-800x800xzet (C2 TI03 1l T [ |
Anchor bolts ~ Faﬁndalion ' . ol Q21031 LdTln. - eTor 8 by
e e @ @ @ @ ¢ 4
] "3 YT bl Yy bl ™
ol-ca-folg g Anchor bolt X1 e X3 X4 X5 ¥
[l | - —~ - _ . 2 (P 3} [Fa ) i} -
_ —n 72 7 77 (03575 Nimm) | 6400 | 6400 | 6400 | 6400 |
RS S e Eﬁ | {Ln“ mm ) - -
E tot ot —
2 w00 7 N=802 N=1,541 N=1,541 N=1,541 N=802 (kN)

(a) Ordinary shped of exposed column-base

(b) Frame detail with each location name

Fig. 7 Analysis target frame
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Tabel 2 Member list of analysis target frame
(a) Coumn (BCP-325)

position-layer section shaped (mm) E (N/mm?) oy (N/mm?)

C2-4 O0-400 x 16 205,000 357.5
C2-3 0-450 x 19 205,000 357.5
Cc2-2 O-450 x 19 205,000 3575
Cc2-1 O0-500 x 19 205,000 3575
C3-4 [0-350 x 16 205,000 3575
C3-3 (0-350 x 16 205,000 3575
C3-2 0-400 x 19 205,000 357.5
C3-1 0-400 x 19 205,000 357.5

(b) Beam (SN490B)

position-floor  section shaped (mm) E* (N/mnt) a,-:l\'.-"mnf}

G2-R H- 550 x 200 x 9 x 16 307,500 357.5
G2-4 H- 550 x250x 9 x 19 307,500 357.5
G2-3 H- 600 x 250 x 12 x 22 307,500 357.5
G2-2 H- 650 x 250 x 12 x 22 307,500 357.5

*beam : Effect from concrete slub=1.5x E
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Fig. 8 Each value with model

Tabel 3 Acceleration list

(a) Horizontal values

direction max. acc. [note

earthquake
gal

El Centro NS 765 for 75 kine
(b) Vertical values
code earthquake direction  max. ace. [note
gal
uD El centro UD 1443 for 75 kine
G Gravity uD 981 constant
0 - uD 0
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Fig. 17 Column-base moment - base plate rotation relation
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Fig. 18 Column axial force - base plate rotation relation
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Fig. 21 Column axial force timehistory
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Fig. 22 Anchor bolt shear force — base plate rotation relation
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