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Distribute of damage for steel structure with non-slip-type exposed column-base

Teruaki YAMANISHI
(Received October 31, 2025)

Abstract

Anchor-bolt-yield-type exposed column-bases exhibit slip behavior in their elasto-plastic hysteresis,
which may promote plasticity at the top of the first-story columns. In contrast, a non-slip-type exposed
column-base equipped with a wedge device suppresses the loosening caused by the plastic elongation of
anchor bolts. By eliminating slip behavior, this type of column base is expected to enhance the energy
dissipation efficiency of the first story and reduce deformation responses after yielding.

In this study, time-history response analyses are conducted on four-story frames incorporating
either non-slip-type exposed column-bases or anchor-bolt-yield-type exposed column-bases. The
effectiveness of the non-slip-type in mitigating plasticity at the top of the first-story columns is
examined through comparisons of the required column-to-beam strength ratio at the first-story

upper joint as well as the overall damage distribution of the frame.
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Fig.1 Hysteresis shaped of column-base
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Fig.5 Spring properties
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Tabel 1 Strength ratio, each value for modeling, each strenght and stiffness for column-base

Anchro bolt |sp? |d. Kr Oy Oyp L 4o Lap My K, Ky K,
(4, mm?)

o column

mm |mm  |[kN/mm  |N/mm’ |N/mm’ |mm mm kNm kNm/rad  |kNm/rad  |kNm/rad

C2 M45 (1370) | 55| 288| 11,460 384 358 1,935 1,694 1,558 | 160,016 | 220,213 | 1,899,150
0.7

C3 M42 (1180) | 45| 219 9,533 391 358 1,313 1,451 944 | 114,567 | 139,149 | 914,819

ne=3, ny=2, E=205000N/mm’

Anchor bolts 1550 297 297 297 155 &
2 (@ O O O o) =
Fo-tolHg Column: @ @ @ @ =
y 7C‘3 70 EE / [0-400x19 (C3) 21.2 41.0 41.0 41.0 212
‘ 2 0-500x19 (C2) "
S0 B g
21.6 41.5 41.5 41.5 21.6 <
7011400 [ | b _
6 700 60 I /Base plate (6v=357.5): Q
. ) PL-700x700xart (C3) 1 9 419 419 419 219 F
Anchor bolt 7, PL-800x800xsrt (CZ) »
nehor bolts Foundation Q
~
a3 o @ @ g
ol b lolgg ™ Anchor bolt y
§ SEERR i 77 77 77 (ov=357.5N/mm?) | 6,400 | 6400 | 6400 | 6400 |
73 1 500 |3 4 4 L»x
ETTEE N=802 N=1,541 N=1,541 N=1,541 N=802 (kN)
(@) Ordinary shaped of exposed column-base (b) Frame detail with each location name
Fig.6 Analysis target frame
Table 2 Member list of analysis target frame
(@) Coumn (BCP-325)
position-layer ~section shaped (mm) £ (N/mm?®) oy (N/mm?®)
Anchor bolt C2-4 0-400 x 16 205,000 357.5
O :Lt-o, As, E, Ora c2-3 (2450 x 19 205,000 357.5
B :Lap, As, E, Orp
5 C2-2 J-450 x 19 205,000 357.5
:l- Cc2-1 J-500 x 19 205,000 357.5
o :: B o C3-4 0-350 x 16 205,000 3575
E C3-3 0-350 x 16 205,000 357.5
d. d. Foundation C3-2 [J-400 x 19 205,000 357.5
Kr C3-1 0-400 x 19 205,000 357.5
Fig. 7 Each value with model (b) Beam (SN490B)
o " = R . position-floor  section shaped (mm) E*(N/mnf) oy (N/mm?)
9 & V)y Hij()%“@'/v[iﬁ'jj@]]#ﬁﬂi, JFEWY ij:U\ZI(:F G2-R H- 550 x 200 x 9 x 16 307,500 357.5
MAEDOEN L TR —ETHL. —Ji, RMEEho G2-4 H- 550x250x 9 x 19 307,500 3575
IANVF—INEIET ~h— RN MERENZ I LT, / G2-3 H- 600 x 250 x 12 x 22 307,500 3575
VA FENIFIEE v, 7 ERRE IR LTV 5. G2-2 H- 650 x250 x 12x22 307,500 357.5
i3, ﬁ:ﬂﬂ]f@‘lﬁfhfﬁ@ ﬁﬁﬁ L Xﬁ?&@ﬁﬂ}ﬁ:‘],ﬂ\;ﬁ@ﬁ}fﬂ *beam : Effect from concrete slub=1.5x E

Table 3 Calculation results

WEABDEEZTWAE. BHNOSABEINE, 7 ¥ —
AU MERBIZBW TR EE BB ETSEHETH 5

A i (') Ql (kN) Klayer-l (kN/mm) Vi (rad) R si (')

) ] . i F4 195 2,299 484 0.0024 1.24
B, VAT TR I NEETRIKTE TV A,
‘ - ) - F3 146 4,103 68.3 0.0030 0.99
X { Z - r P A2
10&0, AB#icEsi i, /22T F2 120 5,348 84.0 0.0032 0.93
> Ak ¥ T > S i =N z NS
BWTIEE Lo = 3OV F — W A AR L Fl 100 6109 ¢5.7 00035 083

TWAZEPHEARNL. HIZ, HHOT IV F - E

Table 4 Acceleration list
X VA v FRBHA LTSS OO, ZOMO I, avle % Aeceleration 1

carthquake level m/s max. acc. gal note
WA > 2y TR L T D, T, HEICBW

El Centro NS 0.75 765
TR Yy THRERHE L2 L2 X 5 200 F =10 Hachinohe EW | 0.75 359 }
HOMLICE DKL, )y THEEZHH L2 L Sraviy - il UD, constant
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Fig.8 Hysteresis of 1st story shear force v.s. story drift angle and restoring force chracteristics of column-base for El centro NS
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Fig.9 Maximum story shear force plot and story energy
absorption plot
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Fig.11 Maximum story drift angle plot
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Fig.12 Energy absorption ratio v.s.
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(a) El centro NS & strength ratio = 1.40 in 200 s ~ 3.00 s

(b) El centro NS & strength ratio = 1.40 in 3.00 s ~ 4.00 s

Fig.13 Restoring force characteristics of 1st layer member & 2nd layer column bottom on X3 for Non-slip—type
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(a) El centro NS & strength ratio = 1.40 in 200 s ~ 3.00 s

(b) El centro NS & strength ratio = 1.40 in 3.00 s ~ 4.00 s

Fig.14 Restoring force characteristics of 1st layer member & 2nd layer column bottom on X3 for Anchor-bolt-yield-type
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