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SUMMARY

In the aseismic steel frame structure, the effectiveness of a column-base
is determined by its strength capacity and fixity. An evaluation formula for
the column-~base introduced in this paper, is based on the experimental results
that have been performed to investigate the behaviour of the components.
Furthermore, to verify the validity of this evaluation formula, some analytical
simulations have been pertormed.

INTRODUCTION

As an earthquake resistant structures, the column-base also plays a very
signiticant function from the standpoint of structural mechanics. This is
because the earthquake ground motion is induced as an inertia force in the
super-structure through the column-base, and the motion energy of super-
structure is simultaneously dispersed to soil through the column-base. In this
process, the column-base is the passing point of forces, theretore, its failure
will result in the collapse of structural framing.

To prevent the disastrous collapse, the column-base should be a moment-
carrying connection just like the beam-to-column connection. However, this
research is still in the frontier stage. The peculiar point of this research
comes from the composite mechanism between the elements of steel and concrete.
Moreover the environment of construction strongly
influences the actual characteristics.

i || Distribution
This exposed steel column-base system is ) I L of concrete
composed of a stiff base plate against out-of- Tensile ¢ | bear’g stress
plane bending, which is rigidly welded to anchor bolts !fT\ul gﬁiﬁ?
column, and anchor bolts, which are embedded in &l 4= 1l /' concrete
concrete foundation. Both elements are tightly Reaction force r——TTTAbIN
connected by means of post tensioning (Fig.l). around | N\
anchor'g plate
The first author has performed experimental Ve
research on the column-bases with this type of ‘ﬁgt’ !
connection system focusing on their force i |
transmission mechanism. Based on these results, -—|—
In tension In compression

the design formula for this type of column-base

was proposed (Ref.l). Fig.l Steel Column-Base Figure
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COLUMN~BASE FORCE TRANSMISSION MECHANISM

Along with the axial compression, the column-base must withstand a bending
moment, and a shear force which are caused simultaneously by the external
disturbances.

Consider a case where the axial force is constant, and the bending moment
increases gradually. When the moment is sufficiently small, the entire base
plate is subjected to the compressive stress of concrete (bearing stress). As
the moment gradually increases, the bearing stress of concrete shifts to the
compressive side, and the anchor bolts begin to go into tension. As the moment
increases further, the bearing stress distribution becomes parabolic with the
maximum stress directly under the compression flange of the column. In this
process, the distribution of the bearing stress is related to the base plate
stiftness against out-of-plane bending, and that the maximum stress tends to
shift outward as the stiffness increases.

Meanwhile, as the anchor bolts go into tension, the separation between the
anchor bolts and the concrete progresses towards the lower portion. Ultimately,
the anchor bolts and the anchoring plates act as an anchoring mechanism become
unbonded. In this way, the axial force and bending moment acting on the column-—
base are balanced by bearing stress on concrete and tension in anchor bolts.

COMPREHENSIVE EXPERIMENT

The test specimen is a full size column-base with cast steel base plate
which is set on a pedestal of a reinftorced concrete foundation beam of adequate
capacity (Fig.2). One-half of the anchor bolt length is embedded in the
foundation beam to prevent cone failure of concrete. The concrete pedestal is
adequately reinforced for force transmission even under the ultimate strength
state of the column-base. The steel column is of adequate plate thickness to
prevent yielding at the ultimate state of the column-base.

A transverse horizontal load was applied, with consideration to the
inflection point. The test speciments are listed in Table-l. The paramenters are
the sizes of the base plate, column axial load, and yield ratio of the anchor
bolt.

N(+)
Table-1 Test Specimens - 4 a
0 -200x200 a —
Specimen| HIBASE szch;r bolt Coluz;\) load (1 -300x300) ‘ ‘ ——1
| (oy/on) HIBASE 580
B:Z-O . 0 Non-shrink motar (750)[ 1705
B-24 | Box200x200| 4M30 50
B-2-7 % 0.95) 100 Anchor bolts
B-2-M -8 ~ 100 Anchor'g frame ) L so
4-M42 | ]
B34 |BOX300x300 100 4 _| 250
(0.93) 20d 4\, —1(400)
h
B-2-0S |BOX 200x200| +M30 0 S | 550
(0.66) (900)
Fig.2 Test Specimen Configuration
Experimental Results The column-base hysteresis curve is an inelastic type

with less energy absorption until the yielding of anchor bolt in the threaded
part, and thereatter it shifts into slip-type hysteresis loop (Fig.3).

Cracks formed on the compression side of the concrete pedestal before the
maximum force, but no reduction in column~base strength occurred. The
horizontal displacement of the base plate due to shear force was mostly
unnoticed for all test speciments. Therefore no strength reduction occurred.

IV-194



15+ M(tmf)

60 80 100 120

R(x10 rad)
B-2-0S(M-R) N=0tf

-15
Fig.3 Restoring Hysteresis (anchor bolt with low yield ratio)

Evaluation of Fixity Against Rotation The following assumptions are made
for evaluating the fixity against rotation (K= :K-value) (fig.4).

1) Base plate is rigid and the deformation is negligible.

2) Tensile force acts on anchor bolt, and its elongation is expressed by (dL).
3) The compressive reaction acts at a distance (d) from tensile anchor bolt.

4) The elongation of anchor bolt and the concrete deformation causes the
rotation of the column-base with the center of rotation at point 0. The location
of point O is (a*d) from tensile anchor bolt.

K = (1+ 0 EBAyefa® + 5y - 6 - ) {1+ 00E 2 dyad | e (D)

where L: Length of noh-threaded part of anchor bolt
Ap: Sum of cross-section areas of non-threaded part of anchor bolts on the tension side.
K: (=Kc/Kp)

The second part of formula (1) shows the effect of column axial force.
The K-value becomes greater, provided that the axial force is applied (Fig.4).
Next, in the state from the separation of bolt to the yielding of the threaded
part, K-values are almost the same whether the column axial force is present or
not. The second part of formula (1) has almost no effect in this case.

M(tmf) K=4.61x10"3
K=1.42x1072 M(tnf) tof/rad
-

— WILgrge
c axial force

W/Small
.— axial force

./‘ .
Non-tensile-force

A .
- induced
D Rx10 Tad
T:Tensile force of anchor bolt 10 20 0 R
C:Center of compression force
0:Center of rotation re (a) B-2 (b) B-3-4 (c) Idealization of M-R Curve
Fig.4 Diagram of Model Fig.5 1Idealization of Fixity against Rotation

Also, since K = 0 in the first part of formula (1) after the separation, the
K-value at that stage: KO, can be obtained by formula (2).

K, =%-EEAbaﬁd’ (2)

The M-R relationship is idealizes as a tri-linear curve, which is defined by
the separation of anchor bolt(Point-A) and the yielding ot the threaded part of
anchor bolt(Point-B). Also, the K-value is noticeably large until the
separation, which confirms the effect of column axial load. In a practical
design, this can be idealized using a tri-linear curve (Fig.5). From the
standpoint of practical design, the simplified formula is proposed as follows:

K=(I+0.4¥)'0'5}iﬂ(dr+dc)z I )
dt = ad de = 0.7dt  En =0.85E Bd = dp+dp
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Evaluation of Ultimate Bending Moment The bending N
strength of column-base depends on the quality of the M
anchor bolt material, and the deformability varies with
the yield ratio of anchor bolts. An evaluation formula Eil!?
is developed from the force balance requirement. n~TU#—“gﬁc“u
. -,__ "—TT
Table-2 Ultimate Bending Moment 84_ ! ea
B |1 ;ﬁ Ao=B.X A;=B.D
Stress condition N My i L-'I Ao
bp——1| Cou= F¢/5—
A Lo Fe N,,>N>Nu~%- Mﬁ#{“(%)} I—Do &1
| TFE wZornSon | mevaen & Fig.6
o :l—m" M >t g, MusTud,+———(N;T")D{I~(L;,%‘-)}
c; Tl my"‘ %—7,,>N> -7 Mu=r,,d,_ﬁ+_27v£{1_(%)>
D [ —Ty>N>-2T, My =(V+2Tu)d;
.4

Fig.7 M-N Condition

EFFECT OF COLUMN-BASE HYSTERESIS CHARACTERISTIC
ON THE BEHAVIOUR OF SUPERSTRUCTURE

Hysteresis Model of Column-Base The experimental results of column-base are
expressed as the hysteresis model which is largely dependent on the elongation
behaviour of anchor bolts (Fig.8).

Residual strain

Residual strain of bolt

of bolt vielding | Bﬁc

Yielding N of bolt E
of bolt * Separation
of bolt 0
R R
D
(a) Without Axial Force (b) With Axial Force Fig.9 Dual Slip-bilinear
Fig.8 Hysteresis Loop of Column-Base Model

As a dual slip-bilinear model (Fig.9), a stitt base plate was used as the model,
and assuming no horizontal deformation, it was matched with the results of an
experiment (Fig.l0c). The fixity against rotation Kf for the fixed model (Fig
.10a) corresponds to the initial stiffness of the dual slip-bilinear model.
Also, fixity against rotation due to anchor

bolt Ke was derived from formula.(l)

And the elasto-plastic hysteresis loop c
is assumed as a design model (Fig.l0b). W‘;/D/ 7
/ / S
N
4 M i -
e &L / Mo -
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(a) Fixed model (b) Design model (c) Analysis model(Dual slip-bilinear)
Fig.10 Idealization of Column Base Hysteresis Loop
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Model for structural framing In order to investigate the effect of
structural fundamental period, seismic response analyses were performed on three
kinds of framing model (Fig.ll). The design method was in accordance with the
Japaneses seismic design code. With regard to the degree of column-base fixity,
the formula (3) was taken into account, and stress computation based on the
point of inflection of column was performed.

Elasto-plastic type hinges can be developed at the both ends of columns and
beams in this analysis. The characteristics of column-base are shown in Table-3.

157t G1 2621 G1 157t

.5 o Columns
1571 G1_]26.2t G1 l15t{e 1 0-300x300x12
§ A=134.5cm’, /=18300cm*, Mp=36.2tmf

i3] e et | oBeams
8.0m 8.0m G1 H—450x200x9x14
A=96.76cm’ , /=33500cm*, Mp=40.3tmf 167t G3 262t G3 157t
0 71=0.70sec
Two stories model ) - G3 .83 L. | oColumns
+  C10-400x400x19 (1~3F)
187t G2 262462 _15% L 82 4. 6 o | A=271.8cm?, /=63100cm*, Mp=101.0tmf
o . & oColumns 2 @ L | 0-400x400x12 (4~6F)
= X C1 0-350x350x16 < — A=180.1c m*, /=44300cm*, Mp=65.8tmf
&1 e v A=202.8cm’, /=36500cm*, Mp=65.3tmf o e o Beams
g ©Beams A e G1 H—606x201x12x20
157t G1 | 262t 61 |q4g7/m  G1 H—600x200x11x17 157 61 losan @1 [1sn|s  A=152.5cm?, /=90400cm*, Mp=82.3tmf
£ A=134.4cm’® , /=77600cm*, Mp=71.5tmf & G2 H—600x200x11x17
e et o1 (< G2 H—450x200x9x14 e et e | <  A=1344cm’,/=77600cm*, Mp=71.5tmf
= A=96.76cm*, [=33500cm*, Mp=40.3 tmf G3 H—-500x200x10x16

0 T1=0.95 sec }-—-———}—-—' A=1142cm?, /=47800cm*, Mp=52.3tmf
) ) ® ® @ ® o Ti=1.18 sec

Four stories model Six stories model
Fig.1ll Model of Structural Framing

ACC(gal) EL CENTRO NS ....... max 450 gal
The seismic waves applied were El Centro 2800
(NS) and Taft (EW). Maximum acceleration . '
was arranged to 300 gal, and 450 gal for 24002 O | 2F model
investigating the effect of the plastic . 1
state of framing (Fig.l12). 20000 | o 4F model
Table-3 Characteristics of Column-Base rs0o LS J __6F mogel
Frame X BMp(tmf) | ~mp 1200 ‘l\uh A
model |10° tmf/rad [ext. col] int. col | (tmf) N'd | /
2-stories 4.61 38.5 | 41.2 | 36.2 800 il A
V
4stories| 649 | 57.0 | 63.0 | 653 }[ \/‘\;&",o%
6-stories 9.77 81.0 | 88.0 {101.0 400
BMP: Plastic moment of col. base (table 4.5) L"'z" =)
CcMp: ditto col. ° sec
K : Eq.4-8 0 1.0 2.0
Fig.l2 Max.Response Spectrumj;
Acceleration
Analytical Results Frame analysis assuming fixed column-base will result in

an underestimation of the storey drift and of the accumulation of plastic energy
for column top or beam of the storey directly above. The response column base
hysteresis curves for the two storey model were most significantly affected by the
hysteresis of the column-base.

In an analysis based on elasto-plastic type of column base, by using K-
value obtained from formula (3) for the column-base rotational fixity, the
forces in the storey directly above can be properly evaluated due to the lower
column inflection point. As a result, the design is equivalent to that of
seismic response spectrum analyses based on the column-base with slip type
hysteresis characteristics.
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M (temf) M (temf) M (temf)
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Fig. 13 Response Hysteresis of Column Base

In the fixed model, the plastic energy absorption of the first storey
column base had a tendency to increase, but in the design model and the analysis
model, the values of the second storey beam or the lst storey colummn top

increased (Fig.l4).

Beam end

&3 Column top
1 Column base RE

170—— Fixed model

=Ty Design .model

~ — Analysis model
2F ], o 873 2

RS 387
IF } 885 IF

2903
temf temf
500 1000 1000
Two stories model Four stories modei Six stories model

Fig.l4 Accumulation of Plastic Energy

CONCLUSION

The superior points of the proposed steel column-base system are to ensure
the sufticient fixity and deformability by means of the full moment-carrying.
The simplified plastic mechanism contributes to less deviation of the
characteristics of the column-base.

The physical property of this column-base system was certified by the
results of the experimental research. Based on these results, some practical
design formulae were proposed to evaluate the fixity and the ultimate strength.

Some seismic response analyses were conducted to ensure the correctness of
the proposed design procedure. From these results, an important suggestion is
made as to the strength of the column top and beam in the storey directly above
the column-base.
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