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Steel beams go into
catenary action at very
high temperatures;

The connections are
subjected to
significant tying force;

Capacities of the

connections to resist A series of tests are arranged to investigate the
the tying forces are robustness of steel connections at elevated
essential to prevent temperatures.

progressive collapse Objective

1. Tying capacity
2. Rotational capacity
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The loads are measured by

strain gauges fixed to the bars

At normal temperature, load
force is directly measured.

At high temperatures, force
equilibrium is used to
calculate the load.

+Strain
gauges

Camera 1 is put in front of the furnace to measure the connection deformation

Camera 2 is fixed facing the central pin connecting the three loading bars to
measure the angles between the three bars.




Setup of the
reaction frame
and the furnace

Setup of the
test specimen

View of loading

| bars from
View of the Camera 2

specimen-from
Camera 1
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Reduction of the maximum Resistances
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Load
angle 55

Load angle 35

Failure modes at ambient
temperature




Deformation after
Test 550°C and
load angle 55

The steel beams and columns were deformed so little that they were
repeatedly used for three temperatures of 450 °C, 550°C and 650°C in
each set of tests.
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One Test was performed using Grade 10.9
Bolts at 550CT and 35 load angle

60 -
50 R
40 - - :
30 | y

20 | '

Force (KN)

ot - - - -Grade 10.9 Bolts
10 .
mig Grade 8.8 Bolts

~ay ’
I I I I

O 2 4 6 8 10 12 14 16 18

Rotation (Degree)

p
4




=

Force (kN)

350

300
250 +
200
150 1
100 -

50

4 6

Displacement (mm)

10

_j2mm




)

For Test at 20°C and loaded at 55°

At the peak load, the maximum
force and the load angle are:

F=145.95kN  =44.13°

Assume plastic state, maximum shear
force per bolt is

V: 14595 sin(4413 )=10162 kN
T: 14595 cod4413 )=10476 kN

M: V™ 045=4573 KN.m
2 2
= 10162 N 104.76+45.73 —166 kN
3 3 0.375
o For Test at 20°C and loaded at 35°
7y O At the peak load, the maximum
185 :
105| —FT @ ~ \ force and the load angle are:
65 F=185.11kN  =25.26°
— 44.13°

The maximum shear force
145 95kN ~ Perboltis 155.5kN
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Plastic fracture strain of 0.25
gives approximately the
same resistance and ductility
as the test resullt.
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At normal Temperature
Fin plate connections failed by bolt shear fracture.

The maximum resistances are no less than the design
guide recommendations.

Rotational ductility of this connection type is limited.

At elevated Temperature
Fin plate connections failed by bolt shear fracture.

Reduction of the maximum resistances follows that of
the bolts.

Fin plate connections lose resistances very fast at
elevated temperatures as bolt strengths reduce fast.




