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Abstract

The paper is focused to the temperature distributio the reverse channel connections
to concrete filled tubular column during two firests on an experimental building in Veseli
nad Luznici. Temperatures of connections withorg firotection as well as fire protected
connections were investigated. The connected beants columns were without fire
protection.
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INTRODUCTION

The fire design of structures is based on memlbrer tests in furnaces and connection
behaviour is usually neglected. Connections hawgedotemperature than the adjacent
structure during the fire which is caused by thecemtration of the material in the connection
area and they are protected by a similar thickné#ise fire protection as connected members.
During the heating and cooling, the connectionssalgected to different forces which were
not taken into account in the design for the antliemperature. The connection behaviour is
based on the change of mechanical properties okt and on the interaction between
different parts of the connection. To determinedbgradation of the mechanical properties is
necessary to find out temperature distribution Witan be used in the component method.
The temperature in the connection can be predlzyasvo methods. According to the first of
these methods, the temperature of the beam-to-la@anibeam-to column connection with a
concrete slab above the connection is calculatesh fihe temperature of the bottom beam
flange in the mid-span (CESTRUCO, 2003). The secoathod is based on the concentrated
mass and the temperature is predicted by usings#wion factorAn/V for the each
component of the connection. Numerical (Franssé@2pand experimental studies (Wald et
al., 2006) show necessity to improve the tempeeaprediction in order to achieve the
acceptably accurate description of the connecterabiour during the fire.

The real temperature field in the structure camol&ined from a test on a real object only.
Therefore two fire tests on the two-story buildimigh real fire scenarios create the part of the
European project COMPFIRE — Design of Joints to Gosite Columns for Improved Fire
Robustness. The tests enabled to obtain the tetapemevelopments in the reverse channel
connections.

Connections in the partially fire protected stemiiposite structure at the fire cannot be
critical part of this structure. Heat transfer irttee connections can be reduced by fire
protection. Temperatures during the fire reach iBaggmtly lower values compared with
temperatures of unprotected connections. Therefbie selected connections in the
experimental building were fire protected.

1 EXPERIMENTAL STRUCTURE, CONNECTIONS, FIRE PROTECT ION

A two-storey composite steel-concrete experimesttakcture on the area 10.4 x 13.4, with the
height of 9 m was designed and represented a part administrative building. Composite
ceiling slabs consisted of simple trapezoidal shegath the rib of 60 mm and 60 mm of



reinforced concrete C30/37. Beams under the slabgyged as IPE 220, 240, 270 and IPE
330 (steel S355) were supported by hollow sect@arons (TR 245/8, steel S355) filled with
concrete and by columns of sections HEB 200. Therdh stiffness of the building was
provided by two cross bracings in the both direwioSteel cladding with thermal insulation
was used. In each floor there was one window wiitiedsions 5 x 2 m, see Fig. 1 and (Wald
et al., 2011).
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Fig. 1 Experimental structure

Connections were designed according to (EN 19932085) to resist shear force at ambient
temperature and were checked in accordance witlopean guidelines (ECCS) and
(SCI/BCSA). The reverse channel connections coedelobeams with the cross-sections IPE
220, IPE 270 and IPE 330 to the composite circwiaalar column. The reverse channel was
formed by standardized rolled section UPE-DIN obeynt sheet metal of the thickness 8 mm.
The thickness of the end plates was also 8 mmlicagkes. Size of bolts, M12, M16, M20,
corresponded with the size of the connected bea. T summarizes the arrangement of the
connections which were observed during the firestes

Tab. 1 Arrangement of connections

: : Beam | Column Designed
Dizlr?:::t?c?nm cross- | cross- | End plate | Reverse channel | Bolts thickness of
section | section fire protection
First fire test (24 floor)
A2-B2 to A2 sheet 165/200/8
IPE 270 165/160/8 4x M16 20 mm
A2-B2 to B2 UPE 160
TR 245/8
B2-C2 to B2 UPE 120
IPE 220 135/120/4 4x M12 -
B2-C2 to C2 sheet 135/160/8
Second fire test fifloor)
A2-B2 to A2
IPE 270 165/160/8 sheet 165/200/8 4x M16 -
A2-B2 to B2
TR 245/8
B2-C2 to B2 sheet 200/220/8
IPE 330 200/180/4 4x M20 60 mm
B2-C2to C2 UPE 180

Some connections were protected by the fire protedf the thickness 20 mm in the second
floor at the first fire test. In the first floor @he second fire test, the fire protection of the
thickness 60 mm was applied on the some connecfidresreverse channel connections were
protected in the length of 250 mm from the edgehef column in the both cases and a
mixture of mineral fibres and a cement binder weeduas the fire protection.



Fire load was created by piles from softwood dteanoisture of 12 %. The first fire test in
the second floor had a character of traveling Wiehout flashover (fire load was 173.5
MJ/n?), the development of the gas temperature at thenskefire test in the first floor
corresponded with fire scenarios with flashoverainfire compartment of the ordinary
administrative building (fire load was 520 MJmThe main objective of the fire tests was a
monitoring of the heat transfer into the composttecture and a subsequent determination of
mutual influence of the fire unprotected and prteedcparts of the structure. Temperature
distribution in the structure and gas temperatarén@ compartment was measured during the
both tests by 120 thermocouples. Typical tempeegatiields in the reverse channel
connections are shown thereinafter.

2 TEMPERATURES OF FIRE UNPROTECTED CONNECTIONS

2.1 Reverse channel connection B2-C2 to B2 at thiest fire test

Fig. 2 shows three-metre beam to central columnnection with six thermocouples.
Thermocouple TC13 was placed into mid-height of leam web, 100 mm from the end
plate, TC14 was installed into the upper bolt, T@b the lower bolt. TC16 was placed into
mid-height of the end plate between both bolts, T@kasured temperature in mid-height of
the reverse channel flange and TC18 temperaturthensteel tube of the column. The
connection was not fire protected.
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Fig. 2 Fire unprotected beam-to-column connectB+C2 to B2) in the @ floor
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Fig. 3 Comparison of the measured temperaturdssimfiprotected reverse channel
connection (B2-C2 to B2) with the gas temperatuie lzeam flange temperature in mid-span

In Fig. 3, there are compared the measured temyerat different parts of the connection
with the temperature of the bottom beam flangdérid-span and with the gas temperature.
You can see that the connection temperatures werer lthan the temperature of the flange



and the parts of the connection close the compaositeann were lower temperature than the
connection components more distant from the coluffrat shows a positive impact of the
great heat capacity of the concrete in the columreduce the component temperature in the
fire unprotected connections.

2.2 Reverse channel connection A2-B2 to B2 at thec®nd fire test

The seven thermocouples were on the nine-metre beaslumn reverse channel connection
without fire protection. The thermocouple TC56 vpdaced into mid-height of the beam web
A2-B2, 150 mm from the end plate, TC57 was installgo the upper bolt, TC58 into the
lower bolt. TC59 was placed into mid-height of gl plate between the both bolts, TC60
and TC61 measured temperatures in the middle ofeerse channel flange surface and TC
101 temperature in mid-height of the end reversmohl weld, see Fig. 4.

Fig. 4 Fire unprotected beam-to-column connectirB2 to B2) in the 1 floor

Temperature distribution of the connection during second fire test is shown in Fig. 5.
Analogous to the temperatures at the first firet, teseasured temperature of the each
connection component is again significantly redusedhe direction from the beam to the
composite column. The connection temperatures latelawer than the temperature of the
bottom beam flange in the mid-span.
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Fig. 5 Comparison of the measured temperaturassimhprotected reverse channel
connection (A2-B2 to B2) with the gas temperature heam flange temperature in mid-span



3 TEMPERATURES OF FIRE UNPROTECTED CONNECTIONS

3.1 Reverse channel connection B2-C2 to B2 at thecend fire test

In three-metre beam to column connection, temperatwas monitored by five
thermocouples. TC62 was placed into mid-height ebwf beam B2-C2, 150 mm from end
plate, TC63 was installed into upper bolt, TC64 ildwer bolt. TC65 was placed into mid-
height of end plate between both bolts, TC66 meakstemperature in mid-height of reverse
channel flange, see Fig. 6. The connection waepted by the fire protection in a length of
250 mm from the edge of the column.

Fig. 6 Fire protected beam-to-column connection-(B2to B2) in the % floor

Measured temperatures in the fire protected rewaraanel connection during the second fire
test are shown in Fig. 7. Compared with temperaturehe similar connection without fire
protection the applied fire protection with averaigiekness of 60 mm was able to reduce the
temperatures in the connection about 400 °C.
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Fig. 7 Comparison of the measured temperaturdssimfiprotected reverse channel
connection (B2-C2 to B2) with the gas temperature lzeam flange temperature in mid-span

4 CONCLUSION

Temperature distribution in the connection influemagts mechanical behaviour principally
through the change in material properties. Stegkt@nce reduce at elevated temperature.
It may be accounted by a factor expressing theo ragtween the property at elevated
temperature and its ambient temperature value (898-1-2, 2005).

In Fig. 8 is comparison of the reduction factonsdomponents of reverse channel connection
based on the measured temperatures during theds@ooiest. The figure shows a significant
reduction of the mechanical properties of the cotiae without fire protection unlike fire
protected connection. For example at th# #n the value of the reduction factor calculated



from the measured temperature in the fire unpreteldwer bolt is 16 %, while the calculated
value of the reduction factor is 97 % in the fir@tpcted connection. Utilization of the fire
protected connections and beams without fire ptiatecallow to consider the membrane
action of a composite ceiling without fire resistameduction of the connections.
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Fig. 8 Reduction of connection resistance throinghcomponents in fire unprotected
connection (A2-B2 to B2) and fire protected coniet{B2-C2 to B2)

ACKNOWLEDGMENT

This outcome has been achieved with the finanaippsrt of grant RFCS COMPFIRE,
Design of joints to composite columns for improvdole robustness, and grant
SGS12/122/0HK1/2T/11, Modelling of partially proteg structures in fire.

REFERENCES

CESTRUCO, Design of Structural Connections to Eodec3 — Frequently Asked Questions.
Ed. Moore D.B., Wald F.: Building Research Estdbhient Ltd, Watford, 2003, ISBN
80-01-02838-0. URL: www.fsv.cvut.cz/CESTRUCO.

EN 1993-1-2, Eurocode 3, Design of steel structufeart 1-2: General rules - Structural fire
design, CEN, 2005.

EN 1993-1-8. Eurocode 3, Design of steel structufemrt 1-8: Design of joints, CEN, 2005

Franssen, J. M., Numerical determination of 3D terafure fields in steel joints. 2nd
International Workshop Structures in Fire, Christcin, 2002, pp. 2-20.

Jaspart J.P., Demonceau J.F., Renkin S., Guillddrhe European Recommendations for the
Design of simple Joints in Steel Structures, EC@BI.PL26, 90 p., ISBN: 92-9147-000-
95.

SCI P212, Joints in steel construction: Simple eations, London, 2002.

Wald, F., Simdes da Silva, L., Moore, D.B., Lenndn, Chladna, M., Santiago, A., Benes,
M., Borges, L., Experimental Behaviour of SteeluSture under Natural Fire. Fire
Safety Journal 41(7), 2006, pp. 509-522.

Wald F., Jana T., Horova K., Design of joints tompmsite columns for improved fire
robustness - to demonstration fire te€tsska technika — nakladatels6eN/UT, 2011, 26
p., ISBN 978-80-01-04871-9.



