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1. Background

m Typical beam-column connections in China are rigid
connections, which can provide great axial and
rotational restraint to the column;

m The existence of axial restraint can reduce the failure
temperature of the column. However, both the design
codes 1n China and other countries don't incorporate
the effect of restraints;

m At present, there 1s very little research data on the
behavior of restrained columns under the combination
of axial load and bending moment.
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Typical beam-column connection

Typical beam-column connections in China
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2. Fire tests on restrained columns

m 2.1 Test set-up
m 2.2 Test specimen

m 2.3 Test results

m 2.4 Failure of the column
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2.2 Test specimen

m Test design m Test column

test | Azzial load '-5..1:|.1 E.l:lt:at.i-l:ln:al Wlazitmum i Bt Slendemess: 998,
SpECinen LA} restratit restrait Ernperature
Load Ratio: 0.75;
Yield Strength: 235N/mm?
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2.3 Test results

Furnace Temperature Column Temperature
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2.3 Test results

m [ ateral deflection of the restrained column
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2.4 Failure of the column

m Global buckling of the column in Test-01
! A
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3. Practical design methods

m 3.1 Restrained co.

umn und

m 3.2 Restrained co.

er axial load

umn und

er the combination of

axial and bending moment ( under development )
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3.1 Restrained column under axial
load

Parameters:

m [ oad ratio

m Slenderness

m Axial restraint ratio

m Rotational restraint ratio «——Effective length factor

Parameters:
m [ oad ratio
m Slenderness

m Axial restraint ratio
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3.1.1 Axially restrained column under

different load ratios

Buckling resistance calculated by ABAQUS

/

Buckling resistance according to CECS200

——[R=0.1
—v— LR=0.2

~~~~ ¥4 m ——LR=0.3
3 —<«—LR=04
——LR=0.5
—e—[LR=0.6
—+—LR=0.7
—e—[R=0.8
——LR=0.9

0

I I T I T I T I T 1
300 400 500 600 700 800

Temperature ( °C )

—
100 200

Axial force

4/19/2008

Mid-Span moment ( kN.m )

100

Plastic moment capacity

—eo— [ R=
—a— ][ R=
—v— LR=
—o— [ R=
—<— [ R=
—— [ .R=
—e— | R=
—+— [ R=l
—e— [ R=

I T I T I T I T I T 1
300 400 500 600 700 800

Temperature ( °C )

T
200

Mid-span moment




3.1.1 Axially restrained column under
different load ratio
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3.1.2 Simplified design method
-- before buckling

B Design equation: m Model for calculate u.:

At ambient Free expansion Restrained colum
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3.1.2 Simplified design method
-- after buckling

m Design equation m Model for calculating w

a=caliL.p)
A 15 the slenderness ratio
[ is the axial restraint stiffness ratio Before bending éﬂfter bending

£ 15 the axial load ratio




3.1.3 Relationship between
u, and w?/L

m Effect of restraint stiffness

—m— ABAQUS results
ExpDec? fit of Datal_B

y = Al*exp(-x/tl) + A2*exp(-x/t2) + y0

0.2 0.3

Axial restraint stiffness ratio
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3.1.3 Relationship between
u, and w?/L

m Fffect of load ratio

—m— ABAQUS results

Linear Fit of LoadRatio_D

Load Ratio
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3.1.3 Relationship between
u, and w?/L

m Effect of slenderness

—u— ABAQUS results
ExpDec1 fit of Data6 D

\j Al*exp(-x/tl) +y0
u

80 100 120
Slenderness ratio
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3.1.3 Relationship between
u, and w?/L

m Parameters:
m [oad ratio (9):
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9;
m Slenderness ratio (6):
40, 60, 80, 100, 120, 150;
m Restraint stiffness ratio (9):
0.001, 0.002, 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5.

B Total: 9 X 6 X9 = 486

m Results of curve fit :

c,=1842¢74%% 42 11

c,= 1.180+0.54
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3.1.4 Design Procedure

m (1) Calculate the buckling temperature of the column
without any restraint, T

cr,free?
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3.1.4 Design procedure

m (2) Calculate the buckling temperature of the
restrained column, T

res,buckle?
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3.1.4 Design procedure

m (3) Calculate the failure temperature of the
restrained column, T

res,failure?

c,=18 427490 L2 11

¢, =1.18p+0.54
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3.1.4 Design procedure

m (4) Failure temperature of the restrained column
should satisty:

T <T

res,buckle res, failure = Ttree, buckle
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3.1.5 Verification of the simplified
method

m Comparison of buckling temperature of
restrained column

Restraint ratio=0.02 | Paf ameters:
—=— ABAQUS results

—0— Simplified method Sle nderﬂe SS: 8 O

Restraint ratio=0.05

—e— ABAQUS results 5 5 .
—o— Simplified method Restrained Stiffness Ratio :0.02
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3.1.5 Verification of the simplified
method

m Comparison of failure temperature of restrained
column

m Parameters:

Restraint ratio=0.02
—=— ABAQUS results
—o— Simplified method Slenderness: 80

Restraint ratio=0.05

—e— ABAQUS results Restrained Stiffness Ratio :0.02

—O— Simplified method

(&)
o
o

I
o
o

S~

O
o

~
e
=}
N
=
9]

&
=
5]
H
e
=
‘=
F

0.4 0.6
Load Ratio

4/19/2008 26




Conclusions

m Two both axially and rotationally restrained
columns are tested by the authors to study the
behaviors of the column under the combination
of axial load and bending moment.

m A simplified design method 1s proposed for
calculating the buckling and failure temperatures
of restrained column.
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