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Influence of Details of Column Bases on Structural Behaviour

Influence des socles de colonne sur le comportement structural

Einfluß der Stützenfussplatte auf das strukturelle Verhalten

705
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SUMMARY
There are three types of column bases, which have been used conventionally in steel structures, namely
exposed type, encased type and embedded type. In this paper, their mechanical Performances will be
discussed respectively. In addition, a new type column base with brackets will be introduced. It will also
be shown that this new type column base has a sufficiently high degree of fixity and that its restoring
force characteristics are of stable hysteretic form. Further, the relation between the column base fixity
and the frame deformation will be discussed.

r£sum£
Trois types de socles de colonne sont utilises dans les structures en acier: embase nue, embase fermee
et embase encastree. Les caracteristiques mecaniques de chacune sont exposees dans ce rapport. En
outre, un nouveau type d'embase de colonne ä cornieres est presente. Ce nouveau type dembase
presente un haut degre de rigidite et les caracteristiques de sa contrainte specifique presentent une
hysteresis stable. La relation entre la rigidite de l'embase et la deformation de la structure est abordee.

ZUSAMMENFASSUNG
In Stahlstrukturen werden normalerweise drei Arten von Stützenfussplatten verwendet, der freiliegende
Typ, der geschlossene Typ und der eingebettete Typ. In dieser Schrift wird das Tragverhallen dieser
Ausführungen verdeutlicht. Zusätzlich wird eine neue Stützenfussplatte mit Konsolen vorgestellt. Es ist auch
ersichtlich, daß dieser neue Typ der Stützenfussplatte einen ausreichenden Einspanngrad sowie stabile
Kraftkennlinien aufweist. Weiter wird der Zusammenhang zwischen dem Einspanngrad des Stützenfusses
und der Verformbarkeit des Rahmens diskutiert.
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Ûl

44

CO

44

cz

Ifl

TJ

44

Hl

Sh

0
Cd

CJ

Sh

3

U

0
-H

TZ

0
44

3
TJ

•H

u
a

0)

dl

44

•H

ro

—

UH

44

44

0
OJ

C

E

di

dl

3

CZ

H
s*

cz

44

Sh

rJ

+4

0
Jh

Uh

•H

3

>h

43

3
Sh

5

•H

44

0)

OJ

¦H

44

cn

c
OJ

>

tu

UH

Jh

>J

CJ

•H

dJ

UH

00

rH

H
44

0

0

0
UH

rH

0
H

oi

E1

3

H
CJ

yi

TJ

44

0
dl

JJ

44

US

+J

ro

0

ra

X
0)

ro

3

U

3
0
Ul

Ul

Jh

Di

3
44

44

—>

CJ

OJ

0
dl

rH

0

ü
CJ

>l

u
0
0
CUrH

C

0)

4)

CJ

CO

W

3

43

4-J

44

ro

41

ro

0
CJ

0
44

X

43

0
0)

-H

44

CJ

CJ

0
3
S4

3
3
rM

d)

43

43

0
CJ

rH

rH

43

0
¦H

Ol

4)

43

CU

•ri

CxJ

44

dl

Cd

«H

¦

U]

TJ

X
&
&
tu

dl

OJ

Ul

PH

44

>H

Oj

U)

¦H

¦rH

44

•H

44

ro

tu

14

44

Ol

44

0

ra

TJ

4)

4)

4)

CO

44

CJ

N

3
44

H
TJ

Eh

CO

43

ro

TJ

3
44

E

C

r-H

Jh

Jh

a
US

+4

TJ

4J

CJ

US

Sh

Ul

44

>

s,

OJ

0)

3
3

&

E

Ul

CU

Sh

41

01

-H

44

Uh

CD

44

Cd

dl

d)

rH

3

0J

0
C

44

c
0

s

0)

Qj

¦
41

TJ

Ul

Ul

0

Jh

3
dl

-
44

Ul

>H

Ih

43

0
tfl

ra

ra

u
0
4*.

Uh

44

Ul

Ol

41

UH

41

CO

4)

tfl

JH

43

•rl

Cu

43

Uh

Ol

-H

as

0
4-1

TJ

u
0
44

OJ

rji
+J

>H

¦H

OJ

Ol

44

Jh

¦H

¦H

CJ

44

dl

0
0

&S?

3
ra

0)

-H

HJ

¦H

44

3
43

tfl

43

CJ

0
¦rH

1

Jh

43

0
TJ

o>

-H

(0

(0

ü
¦rH

43

¦H

1/1

0

•

Cl

U

•

tfl

rO

JH

Sh

in

Ol

Sh

Oj

CJ

43

43

TJ

OJ

44

C

UH

CJ

ra

rH

3

O

44

0

-
43

r.

hj

c
OJ

rH

Ul

0
4->

0
X

tu

u
3
CU

4)

Sh

CU

¦H

E

44

Ifl

3
43

UH

3
Dl

rH

»

3

C

Sh

41

TD

r-H

0
Qj

CO

rH

41

Cd

44

CJ

w

0)

rig

¦H

Ih

tu

0
4)

OJ

Qj

c
XJ

41

—r

44

Oj

44

44

•H

Sj

44

-H

43

s

3
3
44

0

dl

¦rl
cfl

cu

E

cn

ra

43

&

3
3
•H

•H

3
CO

co

pi

uh

cn

o)

cn

X
OJ

to

X
CZ

44

TJ

4-,

4)

US

c
3

o
CJ

UH

C

•

TJ

Ul

E

>

US

3
Ul

3

c

ro

UH

>
43

0
44

ro

5

0
dl

co

TJ

dl

rö

4-1

-H

0J

CJ

3

44

co

B

Ul

Ul

dl

ro

tfl

TJ

dJ

>i
0)

dl

U

3

3

Ul

43

Ul

3
4)

0
cfl

H
¦rl

0)

tu

+4

ra

Ol

¦H

3
43

O

ü
CO

3
TJ

rH

X
ia

ro

3
U

¦H

4>

rH

U

o

u
TJ

Jh

Jh

44

3

S4

>H

tn

d)

E

rH

Ifl

4-J

Sh

0
TJ

H
43

0

3
43

43

3
0
43

3
4-1

0

H

CO

C
43

ro

c
O

HU

0)

OJ

Sh

tfl

•H

4H

Ih

rH

¦rl

¦ri

CZ

C

ro

tO

ra

ra

dl

4)

3

0
43

3
0

3
-H

3
CJ

44

cj

¦H

44

rH

03

0
44

ru

0
3
N

3

>

44

ro

oi

•H

4J

Oj

US

4«.

TD

Oi

E

0
>j
¦rl

rfl

JJ

CJ

O

rfl

43

43

43

43

>
44

&S

rH

0

3
0

43

3
3

0

¦rH

¦H

43

¦H

43

•H

(0

0

ra

¦H

OJ

ul

44

tj

Ul

US

o

O

CJ

44

>1

44

o

0

44

•rl

41

44

4)

0)

•n
>j

43

44

TJ

44

¦H

H

3

pH

3
jh

E

TJ

in

111

44

43

rH

TJ

43

¦H

o
•H

3
¦H

¦rH

>i

44

U)

3
dl

CJ

43

H

3
>
43

0
>
p

&
TJ

43

Eh

CJ

OJ

r-l

ra

H

0
rH

W

CO

0
3
dl

rH

z
tu

c
co

C

ro

d>

o
X

dl

¦H

JH

U

Ol

Sh

CU

41

3
•H

Ul

-H

Su

Ol

44

0
cfl

44

43

3
rH

Cfl

cn

3
-H

ra

H
44

43

0

P3

dl

«4H

rH

43

rH

o

in

EJ

'rH

Cn

3
31

X
44

Ul

CN

•H

IH

0
0)

dl

43

0
CJ

CJ

•H

TJ

+4

44

r-»

43

Ol

•H

¦H

43

0

0
44

TJ

SH

rH

u
OJ

CO

CJ

U

U

0
-rl

-ri

H

ro

3

c
E

U

-ss,

UH

SH

44

4-1

4J

Jh

U

¦H

U

44

Ul

rH

44

to

3

•

44

0)

UH

UH

CJ

U

(11

4)

44

Oj

•H

Jh

•H

tu

ci

dl

U

Sh

3

UH

«

4)

Qj

CJ

EH

XI

i-H

TD

•ri

3

Ul

OJ

dl

rH

U)

Ol

u
CJ

TJ

Ul

0

0
TJ

Di

4)

-H

>i
10

43

0

0

3
43

X

Dl

Di

CO

Oj

3

TJ

43

CJ

0
CO

3
rH

•

d)

•r-i

Ul

41

•r|

43

ra

rö

r-i

UH

Un

0)

•H

UH

41

>,

3
TJ

3
rH

Jh

41

UH

0)

44

-H

•H

3

3
Ifl

tfl

0)

44

0

U

43

CU

CO

CU

P

c
0
0
O

0
rJ

W

3
d)

Tl

Ul

X
3
J4

Sh

3
TJ

44

Su

UH

-•
43

H
O

tu

0
+4

0
H

Ul

44

43

0

3

U-l

Cu

•H

0

43

43

44

H

44

rH

O,

01

Cd

dl

Z

CO

S
TJ

!U

Q

£

rH

CJ

OJ

ro

c
0)

(fl

CJ

ra

rO

0
C

Dl

Cn

tfl

tfl

ru

44

0)

UJ

¦H

oi

ra

tfl

u
3
Hl

0

TJ

U

Ul

CJ

Hl

3
TJ

O

3
dl

0)

411

43

in

ro

41

43

0143

43

3
0

3
C

Sh

C

iH

E

3
CJ

CJ

3
•H

4)

Ul

44

Ol

3
rH

ro

4)

OJ

(3

Qj

§

-.
CJ

44

J3

PH

ffi

PH

'H

dl

g

rH

X
-H

Ul

44

Oj

U

>t

C

u
U

u
•H

•rl

+4

0

>i

0
UH

CO

•

ro

•H

rH

¦H

0
0
01

&
•H

Sh

¦H

•H

Cn

3
E

v

E

ra

0
4-i

ro

&

0
3
tu

rd

X

3
«H

•ri

dJ

41

U

Sh

c
-H

rH

UH

0
C

rH

>i

3
CJ

rH

3
¦r|

Qj

>

43

TJ

tfl

3
c

Ol

0

44

CJ

rH

3
rH

43

3

Z

u

Ih

ro

to

E

X
1-3

4)

E

Ul

TJ

0)

cu

tn

Ul

0

0
tu

44

+4

41

rH

¦H

¦H

0
CO

>

0
44

H

41

3
43

•H

CU

Jh

Ol

E

Ul

W

44

ro

ro

E

H

Oi

d)

rH

Ol

X
P

44

3
-H

rH

u

o
ro

X)

44

IJ

tfl

Ifl

u
44

s

4)i
UH

CJ

43

CO

3
!H

TJ

Ul

3

CO

U

¦H

tu

CQ

E

CO

43

3
rH

3

OJ

C

44

rH

tn

CJ

rH

tu

44

rH

44

•H

u
Sh

E

0)

US

Ul

c
44

0)

41

Jh

tu

cn

TJ

UH

0
43

4)

Qj

3

rH

TJ

0
CU

3
Sh

4)

ra

OJ

ul

•ri

Cl

CJ

O

rH

rH

¦

X
¦ri

(0

0
ra

ra

0
IH

X
0

0
(0

3
0

o
ra

43

tu

41

0

0
Su

43

ra

U]

-H

-H

0

3
3
CU

tu

¦rl

E

dl

OJ

3
43

43

0
0
43

Jh

43

ro

43

.H

öl

-H

.h

n

rH

H
•P

rH

u
4a

Ol

0
0
Eh

C

CJ

Ol

43

UH

«4H

TJ

44

Jh

>H

u
Jh

Dl
FH

Qj

3
Cu

3
CJ

Ul

-H

E

43

>
¦H

3
CN

3
41

CO

-P

43

UH

44

Uh

+4

43

44

CM

lu

E

44

3
U



Table 1 Mechanical characteristics of three conventinal type column bases
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2.1 Exposed Type Column Base (R Type)

This column base is composed of a base plate welded to the column bottom and
anchor bolts. The initial rigidity is well in accord with the test result if
the modulus of elasticity of the anchor bolt including the threaded connection
of the anchor bolt and nut is assumed to be E/2. (E: Elastic modulus) When the
anchor bolts yield, the restoring force characteristics will be of the slip type
(R-l), and when the base plate yields the spindle shaped restoring force
characteristics will be obtained. (R-2) If large rotation rigidity is to be
obtained and a fully plastic load of the column is to be transmitted, this type
of column base must have large anchor bolt sections and the base plate must be
considerably thicker and the installation work will become difficult. (R-3)

2.2 Encased Type Column Base (N Type) [2]
This type of column base consists of a steel column base of a relatively small
flexural rigidity enclosed by reinforced concrete to secure the required
strength and rigidity, both of which increase as the concrete cover thickness
and/or the encasement height increases. In this case, the uppermost hoop
reinforcement of the encasement must be properly laid out. When the encasement
height is approximately 3 times the column depth (D) and if sufficient care is
given to its detail, its fixity can be considered to be perfect. (N-2,3,4)
However, the restoring force characteristics of this column base type, if the
concrete cover is of ordinary thickness, will be of the slip mode. (N-1,2,3,4)
Further, the column base volume increased by the encasement concrete sometimes
interferes with design flexibility.
2.3 Embedded Type Column Base (U Type) [31,[4]
The initial rigidity of this type column base is 50% to 70% of that of the steel
column itself which is assumed to have been fixed to the foundation beam top.
The mechanical properties are different between the interior column and the side
column (or corner column) whose concrete cover is thin (UC-1). In the case of
the fotther, even in the absence of any special reinforcement, the restoring
force shows spindle shaped characteristics if the depth of embedment is
sufficient (normally approx. 2.5D). (UI-2,3) In the case of the latter, it is
necessary to reinforce the concrete top and the base plate level. The column,
then shows the mechanical behaviours of an interior column if it is reinforced
sufficiently by hoops and an end distance of at least 2D is provided. (UC-3)
Efficient methods of reinforcement in this case are the use of welded anchor
bar's (UC-4) or U-shape bars. In the case of this column base type, difficulties
are often encountered in concrete placement for the foundation beam when the
embedment depth is great.

2.4 Bracket T|ype Column Base (B Type)

2.4.1 Experiment Program

As mentioned before, this type column base is shown in Figs. 2 and 3. Upon this
type of column base model, monotonic and repeated loads were applied by a
hydraulic jack through a hinged attachment at a conceived inflection point. The
experimental factors were the presence or absence of brackets (L, I) placed at
right angles with the loading direction and the presence or absence of
encasement concrete (R, 0). In addition, two exposed type speeimens without
brackets (RO) and two beam type speeimens (CO) were planned, of which the beam

type speeimens were intended for examination of the mechanical Performance of
the steel column itself. The results of the elemental material tests are shown
in Table 3.

2.4.2 Results of Experiments and Discussions
The relationships between the load (Q) applied on the column and its horizontal
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deflection (<S) are shown in Fig. 4. Fig. 4-d) shows the Q-ß curves of the steel
column itself. All bracket type (BL, BI) speeimens showed stabilized spindle
shaped loops as shown in Fig. 4 a) and b). The initial Q-t5 relationships are
shown in Fig. 5, and the deflections at Q ±40 kN and the equivalent spring
constants of the column base including bracket obtained from the values of such
deflections are shown in Table 2. The rotation rigidity of the column base
covered with concrete was approximately two times that of the column base
without concrete cover. The rotation rigidity of the exposed type column base
without brackets was considerably small. The calculated values I, II and III in
Figs. 4 and 5 represent Q-6 relationships of the steel column itself, and the
value VI represents those where the column base and the bracket ends were
assumed to have been supported with pins. The calculated value V was obtained
by Computer analysis through replacement of the bending moment rotation rigidity
of the column base with an equivalent rotation spring in accordance with the
Akiyama Method [1] and through evaluation of the bracket end expansion and
contraction rigidity in terms of an equivalent expansion and contraction spring,
and also with consideration of the effect of the shear deformation of the panel
zone, as shown in Fig. 6. From the calculated values IV and V through the
replacement of the column base including bracket with an equivalent rotation
spring, p/Kg 39.1 x 105kN.cm/rad and ykg 52.2 x 105kN.cm/rad will be
obtained respectively. In the absence of a concrete cover, the rigidity by the
calculated value V tends to be over-estimated, however in the presence of a
concrete cover, it will be close to the value V and sufficiently safe if the
design is based on the assumption of the value IV.
The relationship between the column base rotation rigidity and the column head
and column base moment of the first story and also that between the column base
rigidity and story deflection of the first story when a hypothetic lateral force
is applied to the three model frames conceived as shown in Fig. 7 are respectively

shown in Fig. 8. From these figures, it is shown that the column base with
brackets may be regarded as perfect fixity. This type of column base is widely
used in prefabricated house construction in Japan as it allows efficient installation

with high degrees of fixity and stable restoring force characteristics.

3. CONCLUSION

The experiments and discussions performed have clarified the mechanical
behaviours of the conventional type column bases. It was also shown from the
behaviours of the structures and their components that the column base with
brackets excels in rotation rigidity and restoring force characteristics as well
as reliability from the standpoint of field application.
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