


ECCS Publication - Calculation of the fire Resistance of Composite Structures

ECCS EUROPEAN CONVENTION FOR CONSTRUCTIONAL STEELWORK
CECM CONVENTION EURQPEENNE DE LA CONSTRUCTION METALLIQUE
E K S EUROPAISCHE KOMNVENTION FUR STAHLBAU

ECCS - Technical Committee 3 - Fire Safety of Steel Structures

Technical Note

Calculation of the Fire Resistance of
Centrally Loaded
Composite Steel-Concrete Columns

Exposed to the Standard Fire.

FIRST EDITION

1988 N° 55

FREE Download Publications www.eccspublications.eu



ECCS Publication - Calculation of the fire Resistance of Composite Structures

All rights reserved. No part of this publicalion may be reproduced. slored in a retrieval §ystem. or
transmitled in any lorm or by any means, electronic, machanical. pholecepying. re cording. or olher-
wise without the prior permission of the Copyright owner -

ECCS General Secretariat
CECM Avenue des Ombrages, 32/36 bte 20
EKS B-1200 BRUSSELS (Belglum}

Tel. 32/2-762 04 29
Fax 32/2-762 09 35

ECCS assumes no liabilily with respect 1o the use lor any apphication of Ihe material and information
contained in this pubkicalion.

FREE Download Publications www.eccspublications.eu



ECCS Publication - Calculation of the fire Resistance of Composite Structures

Chapter 1

-

Chapter 2

(1]

Chapter 3

Chapter 4

Chapter 5

Appendix A:

Appendix B:

Appendix C;

Appendix D:

CONTENTS

FCREWORD
INTRODUCTION

BASIC PRINCIFPLES OF TEMFERATURE AMND LOAD
BEARING CALCULATIONS

TIRE RESISTANCE OF COMPOSITE COLUMNS WITH
AOLILED PROFITES ENCASED IN CONCRETE

FIRE RESISTANCE OF COMPOSITE COLOMNS WITH
ROLLED PROFTLES CONCRETED BETWEEN THE FLANGES

FIRE RESISTANCE OF OCOMPOSITE COLRS WITH
CONCRETE FILLED HOLLOW STRUCTURAL SECTICNS
GENERAL NOTE ON PRACTICAL FIRE DESIGN DIAGRAMS

FIRE DESIGN DIAGRAMS FOR ROLLED PROFILES
ENCASED IN CONCRETE

FIRE DESIGN DIAGRAMS FOR ROLLED PROFILES
CONCRETED BETWEEN THE FLANGES

FIRE CESIGI DIAGRAMS FOR CONCRETE FILIED
HOLILOW STRUCTURAL SECTIONS

THEFMO-MECHANICAL MATERIAL PROPERTIES AT
ELEVATED TEMPERATURES

FREE Download Publications

pages

I to 11
1.1 to 1.6

2.1 to 2.11

3.1 to 3.8

4.1 to 4.9

5.1 to 5.8

III

A.l to A.9

B.1 to B.35

C.1 to C.31

D.1 to D.8

www.eccspublications.eu



ECCS Publication - Calculation of the fire Resistance of Composite Structures

FOREWQORD

This Technical note 1is to be consicered as a supplement to the Eurooean
Recormendations for the Fize Savety of Steel Struciures alsp prepared Ly
Technical Committee 3 of the Eurcpean Convention for Constructional Sceel-
work. Tnhe ECCS-Recammendations indeed do not cover coamposite steel—concrete
structuras. :

The use of carposite steel-concrete building components is bacoming increa-
singly important today. By coarbining steel and concrete in ore structural
component, the advantages of each material can be fully %aken into account.
Coampared with more traditiconal steel or concrete structural elements, the
camposite steel concrete system offers the following benafics:

= redoced overall dimensions,

- easy orefabrication and erection,
~ good resistance to instability and
- permanent fire resistance.

All these benefits are certainly achieved for composite colums. In the first
place however it should be underlired, that composite action autematically
increases the fire resistance of unprotected steel colums. If necassary, the
fire resistance can be increased to practically any cdesired level by simple
and reliable means.

Until recently the structuzal fire engineering design of composite columns
cowld only be based on fire resistance tests. Such a method is time consu-
ming, rather expensive, and sometimes gives rise to ancmalies due to varia-
tions in test conditions.

For These reasons it is felt within the ECCS-Technical Comrittee 3 thar there
is a strong reed for spreading the available calculation methods by which the
fire resistance of camposite colums can be determined. This should lead on
one side to more uniferm levels of safety and on the other side to a moze
simple and systeratic design procecure, stiralating the wuse of scructural
sceel.

In order to facilitare the analytical fire engineering design of comrposite
columns in practice, the present Technical Note was prepared offering,
pesides comprehensive background informaticn like correlation between test
and calculation results, a wide range of practical fire design diagrams for
different types of cooposite colums exposed to standard firxe.

Tre present memoership of ECCS Technical Comittee 3 "Fire Safery of Steel
cructuras” is as follows:

M, lLaw (Mrs), chairman - Great Britain
A.D. Weller, secretary (replacing G. Buckton) - Great Britain
G.M.E. Cooke - Great Sritain
J. Falke (replacing W. Bongard) - Geomany

J.P. Favre - Switzerland
M. Finzi - Italy

M. Fontana (replacing 5. Bryl) - Switzerland
J. Janss - Belgium

S. Judica - Italy

W. Klingsch - Gezmany

L. Kcampf (Mrs) = Germany
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- II -
J. Xruppa ! - France
R.M. Lawson (replacing E. Walker) = Great Britain
B, Loikkanen - Finland
F. Mahler (replacing F. Pfohl) - Austri
E. Pedersen - Darmark
R.R. Presron - (Great Britain
T. Sandman (replacing O. Pettersson) - Sweden
J.B. Schleich - Luxembourg
P. Setti - Italy
J. Thor - Swedan
A. Tovar da Lemos - Portugal
L. Twilc - Netherlands
J. Van Kesce = Balgium
H. Witte - Germany
J. Witteveen - NMetherlands

The Technical MNote was written by the Technical Working Group TWG 3.2 with
the following membership:

J.B. Schleich, chali-man

5. Bryl

J.P, Grimault and J. Kruppa
W, Klingsch

L. Twilt

Editing has been made mainly at the Department for Research and Promotion of
Steel Structures of ARBED Research Centre, Esch-sur-Alzette, Luxembourg.

Iz is the hope of Technical Committee 3 that this Technical Note will ke used
and be of wvalue not only to ECCS Member Countries, but alse to other Nations.

London, Septemier 1968
Mrs. M. Lai

Chairman of the ECCS-Technical Committee 3

Camments should be sent to the
Chairman of the ECCS=Technical Working Group TWG 3.2

J.B. SCHIL=ICH

ARBED Research Centre
P.0. Box 14l

L - 4002 ESCH-SUR-ALZETTE
LINEMBOURG — EURCEE
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Chapter 1: INTRODUCTION

Four different tyoes of composite zolums should pe considesed in relation zo
s—uvoctumal perfommance in fire (Fig., 1.2):

aj rolled H-profiles encased in concrete

b) rolled H-profiles with concrete between the flanges

a) concrate filled circular or rectangular hollow sections with and
without reinforcing bars

d}) steel core colirms erbeded in corcrete with outer circular or
serrare steal sheet

TIG. 1.1: Typical cross secticns of corposite columns

Ore of the great advantages of composite colurns are their uniform outside
dimensions in multi-storey buildings. By varying the thickness of the stesl
gection, the macterial cgualities of both steel and concrete, and the percen-
cage of reinforcement, the cross section of the colum may be adapted o
suspert an  increased load without significant changes in the outer dimen-
sians. Each tyce of corposite colums has speclfic advantages and ranges of
appligation.

The oldes: type of camposite column is the steel section encased in concrete,
Its avantages are a hignly allowable load level in fire conditiona and a high
loac carsrylng capacity rot only for centrally applied loads, bul also for
pending moments (L1.1).

Tre second type, namely the steel section with concrete between tha flanges,
can support considerable central lcads and high bending moments. The amount
of shuctexing is significantly reduced and, if the secticn 1s concreted
before erection, is even superfluous. Cther advantages are a good resistance
to mechanical darage without the need for commer reinforcerent and the abi-
lity to use conventionzl steel conrecticns between columns and steel bearms
even when the colums are concreced before arection (1.2).

It should be menticned that these two types of composite sections are also
used as bears. Furthermore they both have an excellent resistance to ear:h-

guakes.
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The load carrying capacity of the conczete filled hollow secticns 1s strongly
influenced by fire exposure, but can also be improved by using reinforcement
ard high values of concrete corpressive strength. The use of =zeinforclng bars
allows one =0 consider bending roments or small lead eccentricities uncer
fire action (1.3).

The steel core colum is a further develogment of the concrete filled rollow
section, but with the main part of the load carrying steel cross section przo-
rected against fire by layers of concrete. However, this colum type should
only be used as centrally loaded member with small load eccentricity (1.4).

The latter types of composite colums have a considerable advantage ccmpared
with the reinforced concrete columns. The outside casing will prevent spal-
lirng of the concrete and the core will remain better protected against {ire.

The range of use of cthe four types of corpositze colums is very wida, Soe
sxamples of colurms with ouzer maximum dimensions of 300 mm ® 300 mm are
given in Fig. 1.2. Generally speaking these composite colums support cent-
rally applied lcads between 100 kN and 20000 kN for the fire class F 120,
Higher load carrying capacities can be obtained by using special carposite
colutr types similar to those given in (1.5).

The calculacicn of the tempersture distribution in the cross-section and cor-
sequently of the buckling load of compoaite colurma undar fire conditicns
is not possible with the approximation methods (1.6, 1.7), but must take into
account the unequal distribution of temperatures in the cross.saction.

Chapter 2 presents the basic principles for the calculation of the terpe—
rature dist-imution in the cross section of composite colums and for the
calculation of their load bearing capacity under fire action.

Chapters 3 to 5 give more information about the calculation of this load bea-
ring capacity for the first three composite colum types described abcve, the
fire tests for comparing experimental results with thecretical calculations,
and some exarples of complezed structural designs. Camosite column section
d, which has been developed and tested by 2 Steel Censtructor in Switzerlarc,
will not be explained in detail as the analysis Is not available for oubli-
cation,

Practical fize design diacrams for the different fire classes will be given
in appendices A, B and C for the composite colum types a, b and c. As the
ire class F30C is automatically cuaranteed for column types a, b and 2, the
F30 diagrams have been deleted fram appendices A, B and C.

All colums are uniformly heated around their surface according to the stan-
dard ISO-834 heating curzve (1.B).

Arocendix D describes thermal and mechanical material properties of concrete
and steel at elevated terperatures, applicable to the structural elements
freely expandahle as those covered by this technical note.
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NOTATTONS

Capital Raman letters

A - area, section

E - modulus of elasticity

£ - surface area of the coanposite section per unit length exposed to fire

I - moment of inertia

L - length of colun, L..~buckling length of colum

M - bending moment

N - no=mal design force, Kp-ultimate plastic load, Ng-Suler buckling lcad,
Ner—2ltimate, critical or buckling load, Ng-loading during fire

Q = heac flow

R

S % re-bar gecmetvical positions

T

Vv - volume of the coamposite member per unit length

Lowar—vase Raman letters

width, depth of cross section
widsh of structural shape
- specific heat

- concrete cover

-~ gccentricity

- function of

- depth of structural shape
free distance between re-bars
- time, ty - failure time

- hook of half stirrupcs

deflactions

coordinates or axis

TR T S - QN T o - T+ P N N
I
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Lowar-case Greak latters

o - convecticn heat transfer ceefficient

B - concrete design strength

Boy= mindmum guaranteed cormpressive strength of concrete, measured on
cubic specimens of 200 mm sicde camensions, aftexs 28 days

ﬁby‘ mirimum guaranteed compressive strength of concrete, measured on
cylindric specimens of 150 mm diameter and 300 mm height, after 28 days
By = 0.83 . Py

Yo — dasign safety factor > 1

Yo — fire =zelated partial safety factor = 1,0

£ - strain, resulcant emissivitry
N - percentage of dasign load
B - terperature
x = reduction factor for buckling
3 = theral conductivizy, A — reference slenderness ratio
U = percentage of reinforcement
p - censity '
G = strass, Oy - yield point, Ocr = buckling stress,
g p - proporticnal steel limiz, o* -Stefan Boltzmann Constant
d - diamerer of reinfcrcement
¥ - weduction factor function of the thermal stress £ield
As - subscript or suparscript
s = goncrete, convection

cr - buckling

f = fire, fire condition

£l - flange
- reinforcing bar, radiation
- steel, steel profile, colum surlace
- wltimate, failure

r

-

u

w = web
Y { eccentricizy according either y, either z
z

8

- tenperature
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Chapter 2: BASIC PRINCIPLES OF TEMFERATURE AND LOAD BEARING

CALCULATIONS

2.1. Load bearing capacity at roam temparature (20°C)

Load bearing capacity of camposite columns is based on the principle of the
addition of locad bearing capacity of its individual components, steel profile
s, concrete c and reinforcement r. Plastic load bearing capacity Ny of a
centzally loaded composite cress section can ke calculated as

|
Ny = I N 4 (2.1.1)
i3
= (A .Bi+aj. 0,4 (2,12
=Ny, * ¥p,c * Mg, r- [2:2:3)

Factors in egquation (2.1.2) represent cross sectional areas of the geparate
camponents and their ultimate strengths. This accumalation principle explains
the high values of stiffrness and ultimate plastic load of the composite cross
sections. The plastic cross section capacity Np leads to the coluwn’s buck-
ling %aad N.r by considezing the Iinfluence of the reference slendermess
ratio A.

The raference slenderness racio defined by

» = /N [2.2]

depends on the plastic capacity Np of the cross section according to equa-
tion [2.1.1] and con Euler’'s buckling load Wp of the composite colum. Np
is a func-ion of the total cross section stiffness EI and of the column buck-

ling length L.,

Ne = (0% 12) (B, I +E I +E. I ). (2.3]
The wltimate or bpuckling load N, of centrally Ilcaded colums follows
by

cr

N._.= & , Np i2.4)

where the reduction factor x depends on A and can be determined by using the
European buckling cusves (fig. 2.1). As a last step, the design load N fol-
lows by using the design safety factor Y, for composite colums

N = Neplto- [2.5]

This is the general basis for all design codes and results differ only
slightly by differences in national regulations for material parameters and
safety factors (2.1, 2.2). It can be seen that thls approach is in coamplete
agreement with EURDOODE M° 3 and EURDCODE W° 4 (2.3, 1.10).
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1.0 -
Y
 Faak Fig. 2.1; ECCS buckling curves
at room temperature (2.3). ~Tor
06 composite columns dealt with in
this technical note the buckling
04 - curve ¢ is proposed.
0.2 -
| ! ] 1 | | ] ] |

o 02 04 06 08 0 12 14_16 18 20

2.2 ganeral load bearing behamviour under fire action

Twe basic types of camposite cross section for colums can be discerned (fig.
1.1)

- steel as an external casing and

- steel embedded in concrete,

Columns of such different types of cross section having the same load bearing
capacity as normal temperature, will behave differently in fire.

Terperature cradients over the cross section of a composite stzuctural -nam:
.'I.ea::l to different heating rates of 3its separate components. In connection
with terperature dependent matesial properties, fire resistance will ‘dep:emi
on cross section design. Differences in  cross section type, 1nvolve
differences in load bearing behaviousr under fire acticn, independent of the
icad bearing capacity at normal temperature. In fig. 2.2 tre ch.anq_e in ‘."h“
ulcimate plastic load of the components is plotted against standard f:l;:e
duration t (2.4). External steel di-ectly exposed to a2 fire will lose its
load tearing capacity rapidly, because of its loss of strength as &
consequence of the high heating rate. That part of the plastic lead bea=ing
capacity, which comes from an external steel shell, rmust then be ::furied oy
rthe concrete core. Contrary to this characteristic, for cross sections with
centrally emoedded steel profiles the load will be cransferred from the
concrate to the profile, In this case, the average concrete strength over _L":ef
cross section will decrsase rore rapidly than the strength of the avbedded
steel profile.

Cross sections of type a and d of figure 1.1 kelong to the second basic type,
whereas concrete filled hollow sections (type ¢) mast be attributed to the
£irst basic type, Rolled profiles with concrete between the flanges (cLype o)
form a mixed type with directly exposed steel flanges and an insulated steal
web,

Frem figure 2.2 and equation [2.1] it can be easily understocd that d.i.ffuqn-:
cross sections will each show a different loss of load bearing capaclity wunder
fire action. For a fire resistant design the main load baaring component
should be the component exhibiting the least loss in strength. For conczete
£i1led hellow sections, high strength conczete and a significant amount oo
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=)
o
F sl

Internal Steel
{ hot rolled section.

reinforcemant,...)

Fig. 2.2; Ulrirate plastic
load of the components of the
Cross— section as a Ifunction
of fire duration time .

Concrete

S
=

External Sieel
{tube,cold rol
gsection,...)

— ultimate Plaslic Load N1 g

Standard Fire Duration

incernal reinforcement are both advantages, whereas the steel shell should be
minimized in terms of thickness and strength., For colums of rolled section
ancased in concrete, the hot-rolled prefile will be the main lcad bearing
component and should be mawimized in terms of steel cross section and

strength.

Taking into account this incteraction between the corponents of the cross
secticn under fire action, the fire resistance of composite colums can be
cptimized by cross section design. For cross secticns where the load bearing
capacity decreases early with rising temperature (external unprotected
steel), a reduction of the design load could be requested in order to reach
higher fire rasistant times.

2.3. Tha calculation of the tamperature distrikbotion

As the heat capacity of a cemposite colum is usually imortant, the general
two—dimensional differential equation of heat must be solved in order to get
the accurate transient temperature field

-1 sl Yoot .98 (2.6)

wheze A (8) : Thermal conductiwvity W/ mE
¢ (B) : Specific heat J/kgK
p : Density kg /m3

8 : Temperature in a point of the composite section (K)

the furnace temperasture being a function of time t (in
minutas) according for example IS0O-standard 834,

Bg = 20 + 345 logy, (B £ + 1).

The themmal properties of concrete and steel as a function of temperature
could be chosen accozding to appendix D. The numerical methods using finite
difference or finite elements are the most coammon and unfailing ways to =olve
this differential heat conduction problem. Typical networks with terperature
distributions cbtained by using numerical methods are presented in figures
2.3 and 2.4 for the same cross section.
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Bt Pttt Fig. 2.3: Typical terperature distribution
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T g:- hatcned, whereas cthe nutbers given repre-
70 sent the temperatures (°C) computed by a
=t 1 finite element method in nedes after 90
27 minutes of ISC-standard f£ire exposuze
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i% — = S g68 °C Fig. 2.4; Typical temperature distribution
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tcres, after 90 minutes of I1S80-standar-d
:'" 183 213 287 |a10 [sealran fire exposure {214 to 2.18).
# 1 H o |8 | s g5
L
. 1%5 2:._'0 2?5 4 niirrit 804
T 288 287 | 369 [a7afsmaln
1 818 %
342 451 634
} : : o ———
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It is essential to know, that the heat Q is transferred (fig. 2.5) Zfrom the
hot gases of the furnace or f£fire to the su-faces of a colum by the two
mechanisms of convection Qe and radiation Qr

Q = Qg + Qp (W), [2.7]

Fig. 2.5: Heat transfer at the surface
” of exposed material

éﬂ B¢ - furnace temperature

Bg - colum surface temperature

Qe = convection heat flow

Qr - radiation heat flow
CONCRETE OR STEEL
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Together with the furnace or fire temperature 6f, the colum surface tem-
perature B, the coefficient o of convection heat transfer and the resul-
tant emissivity £, determine the heating up of the colum

Q =o (B -8g) +0 . € (8- 63) [2.8]

where ¥ = Stefan Boltzmann Constant = 5,67 . 104 W/m K4,

and €& = resultant emissivity of the flames, corbustion gases and exposed
surfaces concrete or steel.

For practical use, values of o = 25 W/m K and € = 0,5 will be chosen (1.6).
Carputer programs, allowing the analysis of two or three dimensional tran-
sient temperature fields, are available worldwide (2.5, 2.6, 2.7, 2.8, 2.9).

2.4, Load ty of ta calumng undar the action of fire

2.4.1, Beact method

As seen before, the transient temperature field, created under the action of
fire in a composite cross section, is highly differential (fig. 2.6.). Thus
the simplified proceedings (1.8} wused with sufficient precision in orxder to
analyse protected or unprotected stesl elements are no longer applicable.

|.
jXQ Fig. 2.6; Temperature f£field given by
KR isothermal <curves 4in a composite
| 130 cross section with concrete between
E"""‘% ] : the steel flanges, after 120 minutes
— || NJ§-1800°C  of 180 fire (2.9).
| -&m*_ggg 1\:' 1I
m[.ﬁrrn'n [ ! 1 l
%p \ \\ ﬁ'\ 1
INENRN
| /NI ase
|

Indeed, the unegqual terperature field creates a rather Inhomogeneous distri-
bution of material properties within the cross section due to the temperature
depending highly non linear material properties. In addition the unegual tem—
perature field leads to strong inteznal stresses by the assurption of a plane
cross section (fig., 2.7), depending upon the type of camosite colum. These
internal stresses, together with second order effects, such as themmal res-
traint etec., undoubtedly have an influence on the load bearing capacity of
camposite constructional elements,

Indeed the cuter network patches of the composite cross section might ke hea-
vily deformed rpefore the core patches, which are less thermally damaged, be-
come  fully active, For these reasons the ecalculation of the buckling load
Nep g of composite columns under the action of fire is only possible
{without any restrictions as to the geametry of the cross sections, the buil-
ding structural system, the load combination ete) if a nurmerical model is used
FREELDdiog ca P atilfeatibagral and mechanical system analysis (2.10vaw.dddspublications.eu
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Fig. 2.7: Internmal stress situation due to the unequal temperature field
given in figure 2.6 for 2 composite cross section with concrete between the
steel flanges, after 120 minutes of IS0 fire (2.9}.

2.4.2. Limited calculation models

The nurmerical complexity increases rapidly with the greater precisicn of
exact chewmal and mechanical system analysis. Therefore limited caelculation
models have been developed. These models allowing a readily usable method of
calculating the buckling load of camposite columns, for a given applicatlon
field and a given cross section, ave based generally on

- a transient thermal field analysis,

- the caleulation of the ultimate plastic load Np, @

- ard the calculation of the buckling load Ner,@.
The transient thermal field analysis finally assigns, Ec:::_ a given fire class,
a mean temperature to any mesh. This temperature gives tha respectlive
material parameters of the cross section fer the chosen £ive class. The

eslection of ‘den-ical discretizations £or both the thermal and the
subsequent load bearing analysis is beneficial.
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The calculation models currently available for evaluating the ultimate plas-
tic load K, g of composite cross sections under fire action may be divi-
ded into twd 'grnups

- the summaticon method

£ o
= - - B .G ) i

- the balanced summation methed

i)
Moo = Z Wi9 Ay -Bre* Ve - A5 S50 {2.10)

The summation method adds the plastic loads of all meshes i,j of the discre-
tized section without considering their interaction. This simple method over-
estimates the bearing capacity of the section, as the effects of the themal
strass fields are not covered.

The balanced summation method approximately takes care of these wvery impor-
tant physical facts. Border elements are either not considered, or their con-
cibution in the total plastic leoad is strongly reduced. The reduction fac-
tors Wi, of equation [2.10} must of ecourse be avai.'l.al:lble in a parame-
tric form, ootained either by calibration on real fire resistance tests, o
by calculation.

The calculation of the buckling load Ney for a given c¢lass, consists
in using the ultimate plastic load previously calculated and feollowing the
guidelines for arbient temperature (1.10, 2.1 to 2.3}

Nep,g= * - Np o [2.11]

“ar,

It should be mentioned., that the Eurepean buckling curves were developed for
the normal tesperature range. Therefore, their use at elevated temperatures
muss ke regarded as an approximation.

Amcng those simplified calculation models, the sumation method should only
ke used for short coclums which are more or less centrally lcaded. The
balanced sumration methed may be applied to colums with moderate sienderness
and small eccentricity of load, if based on real fire test calibration.

Tor the analysis according to these simplified calculation medels, the Eure-
pean buckling curve c is proposed (see fig. 2.1), which is of course a con-
servativae approach, also considerec in (1.6).
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2.4.3. Msthods used in tha differant chaptars

In the following main chapters and appendices dealing with the composite
column =ypes &, b and ¢ of figure 1.1, the following calculation methods have
keen used:

- a precise thezmomechanical analysis according to chapter 2.4.1 forms
the basis of chapter 3 and appendix A,

- a balanced summarion method according to chapter 2.4.2 has been used
in chapter 4 and appendix B,

- the sumation method given in chapter 2.4.2 has been used in chapter
5 and appendix C.

For all these models, the maximm admissible locad under £ire action Ais
directly given by the ultimate load according to

Ny, max Ner, 6/ = ¥er, [4:09]
with a fire related partial safety factor given by
Yo = 0 - (2.13]

Purthermore when caleularing the uwltimate locad under fire action N.. p
no special material related partial safety factor is applied in order to
reduce the various material design strengths., Therefora, the concrete design
strength P as well as the yield point Oy of the steel components, axe con-
sidered in ewactly the same way as when comparing the tested and camputed
failure times of the camposite colums of chapters 3, 4 and 5 (see figures
3.3, 4.5 and 5.4).

2.4.4. Practical dasign

Normally fire resistance design consists of two alternatively used tasks

- design of a construction elament or
= crecking an existing construction element for a requested fire class.

In case of DESIGN the diagrams cive at once an adeguate composite cross sec-
tion including the gecmetry and the guality of all s:teel and concrete comDo—
nents, for the imposed fire class, the axial design leoad N to be supported
and the buckling length Ler, 8.

In case of CHECEING two approaches can be chosen

- egither the existing cemposite cross section and design load give
the maximum buckling length Ley,@ to be compared to the
existing colum end conditions,

- cr the emiscing composite cross section and the real buckling
length Lgr,8 give the critical load Nor g to be
compared to the actual design load N.

s in fire resistance design the safety factor is 1,0, the guaranteed resis-
tance time is equal to the fallure time ty. As a consequence of this, the
ultimate load Nop,p could be greater than the design load N, for
which reason 2 parallel analysis for the room temperature situation must al=
ways be done (1.10, 2.2)
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rig., 2.8; Structural beha-
viour of colums in braced

i
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\ ' S a) section through the
—+' X bed 1ding
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¥
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The curves of the appendices A to C can be only used for IS0 FIRE RESISTANCE
ANALYSIS! The colum buckling loads N, r @ have Dbeen compured for the
different standard fire classes as a function of the colum buckling length
Lc,_. g- This buckling length Lep,g should be equal to the wvalua used
in the design at room ter:pe:.atu:e Lo ~unless it can be shown that the
condizions are more favourable under fire e:-:pc:sure {(2.16).

However, it should be underlined that, initially, the fire will occcupy one
room and in general, is likely to be limited to cna storey. Consequently the
structural members adjacent to the column under consideration will remain
relatively cold. If the colum is rigidly connected to the adjacent members,
calculations show thar the assumption of built-in end conditiona can be
assumed (fig. 2.8 c). This cannot be assumed at room temperature for which
the buckling length L., is normally taken equal to the colum length L
from floor tc floor, thus covering the most unfavourable sinusoidal insta-
billty mode over several levels (fig 2.8 b). Under fire conditions a2 smaller
puckling length may be taken into account. If the colum heated on one level
continues rigidly to the upper and lower levels, the minimum buckling length
should be 0,5 L. This wvalue covers the majority of practical
situationg in m.lgtl.—ﬂnrw buildings.

¥or a colum on the top fleor, this condition willi net generally be met as
far as the connection of the colum with the roof girders is concerned. At
the top, the colum itself and all the adjacent members are nommally affected
by the fire in a similar way. Consequently, at the top of the colum, a hinge
must be assumed. If this column continues rigidly to the lower level, the
minimm buckling length should ke Lge,p = 0.7 L.

The practical design diagrams given in the appendixes A, B and € have been
estaplisned in order to enable architects and engineers a gquick, safe and
econcmic calculation of the buckling loads for composite columns. Thus in
practice three dimensional, non linear, transient finite element programs
have not to be used. They remain research tools which are needed te develop
the knowledge on corposite construction elements and to assure a firm basis
for practical design methods (2.19).
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Chapter 3: FIRE RESISTANCE OF COMPOSITE COLUMNS WITH ROLLED
PROFILES ENCASED IN CONCRETE

3.1. Description

Columns of hot rolled sections torally encased in concrete have been used in
practical engireering for a long time. Recent develorments on this type of
corposite colum, allow tTo take advantage of the locad bearing capacity of the
concrete in a more scientific way. Thus, besides the well-¥xnown fire resis-
tance, a congicderable improvement in load beaxing capacity is achieved,
Columns of this type attain a much berter load bearing capacity than columns
of reinforced concrete or pure steel (1.1).

The cross section of this composite colum consists of an H-shaved rolled
profile arranged centrally within a reinforced concrete section. According te
the design regulations for a reinforced cross section, the latter is provided
with longitudiral reinforcement at least in the section corners and with
tirrups (fig. 3.1).

Fig. 3.1: Composite
coluwm section th
H-profile encased in
concrete, including
rebars and stirrups.

s e R

The construction of closed stirruns of form A can be replaced by two half-
stirrmme of form B, provided that the hook "u" is long enough to tie the two
half-stirrups. The reinforcement can either be concentrated in the corners,
distributed proportiorally along the section sides or be symmetrically
arranged on the tension sicde and the compression side in case of additioral
bending momants.

3.2, Method of calculation and experimental basis

Within a European research project, extensive experimental and theoretical
workX has been done in order to ascertain the fire behavicur of these colums
(3.1},

The different heating behavicuzs of the iadividual component parts, i.e. =e-
bars, concrete and hot rolled section are shown in £fig. 3.2. BAs a consegquence
cf the more rapid heating of the reinforcing bars in comparison to the steel
secticn, the increase of the percentage of reinforcement, used to improve
considerably the load bearing capacity at nommal temperature, gives way, in
case of fire, to an earlier failure of columns. Indead, the total load of the
failing cuter component must be transferred to the efficient inner one. Wnen
the influence ¢f the steel section prevails, the load bearing capacicy of the
colum is inproved under the action of Zire due to the mach slower heating cof
this component.

The knowledge by experimental investigations of the dependence on parameters
has bkeen generalized by numerical analysis (2.10, 2.1, 3.2, 3.3). More
detailed test conditions and test results are given in figures 3.3 and 3.4
(3.1}, The cormparison between failure times ascertained numerically and by
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experimant, given in figure 3.3, shows a divergence of less than 10 %, which
may parcially be a resul: of gecmetrical imperfections.

Fig. 3.2: The different hea-
ting behaviours of individvoal

carponent parts.

o 30 80 w0 120 180
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2 Fig. 3.3; Failure times of
| experiments (£585%) cor-
15 7] A-10% pared to numerically (exact
180 r == calcularion method) predicted
| 5 |£, failure timras t ':Erputﬂd;
A6 for 18 tested carposite
.. s k| columns with encased rolled
’ v profiles (3.1, 3.5, 3.9).
s
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Concrate should not be the dominant component, because the outer concrete
part heats up first and therefore leses strength earlier than the rolled pro-
file. An increase in the profile cover d? intensifies the effect of insu-
lation and thus improves failure time under fire action. This increase in
profile cover means however, an increase in the amount of the concrete as the
load bearing component and, at the same time, a decrease in the proportion of
the rolled profile in relation to the lcad bearing capacity at service condi-
cione. Since econcrete has a2 higher heating rate than the steel profile, an
increasing portion of load has to be redistributed frem concrete to profile.
This procedure cannot be recormended to obtain optimum fire resistant quali-
ties of cross secticons of this type of camposite colum. With equal loading
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and egual failure time, the outer colum dimensions can be considerably
reduced, if the quantity of reinforced concrete is reduced and the poofile
becanas the predominant component,

Composite colums with hot rolled steel sections totally embedded in con-
crete, which have been optimized in this way, not only attain a considerably
nigher load bearing capacity than colums of reinforced concrete with compa-
rable dimensions (1.1, 3.4) but addicionally have higher f£fire resistance
times. In figure 3.5 it is proved that, in comparison to reinforced concrete
colimns, the recuired fire resistance can be obtained with much smaller cross
section dimensions.

Fig. 3.5; Minirum dimension "a"

T 500 T T E of concrete colums and campo-
]E E\ E E o site colums with  encased
I "I 1 BZ rolled profiles, as a function
"f-'lﬂﬂr 107 : of the required fire class F30
" | te F180 (DIM 4102, 4;(3.l1)) and
— N=100 %, For composite colums
E with encased profiles the given
=T curve is based on tests {3.1),
L with a colum buckling length
- of 2940 mm.
O
:
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g n
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S0E00A)

] acc.ao DIN 4102 [BSL 4
1-Co st nd
e s (5158

Increase in colum length involves a decrease of failure time due to slender-
ness. Figure 3.6 shows however, that even in the case of full design lcad
(N = 100%), with coluwn slenderness typical of normal multi-storey buildings
(both ends hinged), wnere colums can be supposed to have at least cne fixed
end under fire action (L., g * 0,7 L)}, a minimm of 90 minutes failure
time will still be attained. Surthermore, figure 3.6 proves the validity of
this statemrent for instance by using HEM-profiles. Indeed in spite of smaller
outer dimensions, & failure time of 120 minutes is obtaired in case of these
cross sections with high fire resistant qualiries. The heavier HD profiles
will of course be even more efficient (3.5, 1.9).

Systeratic investigations have shown that load eccentricitles have no nega-
tive affects on colum: five behaviovr, if the design lcad is also calculated
in function of the bending moments caused by this eccentricity. This favou-
rable behaviour can be assumed up to an eccentricity of e § 0,5a, i.e. nommal
force acting at the cross section edge. In case cof a normal force applied
eutside the cross section, the eccentricity e > 0,5a should act according to
the main axis of inertia of the hot rolled steel profile.
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3.3. Practical dasign

Tre following recommendaticns (3.5, 3.6} guarantee, besides optimum behaviour
in case of £ire, advantages under service conditions and Zfor construction
{like prevention of spelling etc).

tu | Lerd Profiie remarks
HE da HD dz
i i Fig.3.7; Minimem
>100A | 250 | 22¥0-210-48 steel section sizes
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30 21008 | =40 | = 28026073 ana concrete cover
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21004 | 250 | out design load re-
- 54200 Ty T Z360-360-134 | duction, as a func-
Z 400 - 400 187 cover dq tion of the buckling
< 5600 | 21008 | 240 aEeondlig 10 length L., g.
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la columns 111 ! i '
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=99 | peintoreament : of concrete speci-
Z00M | 240 | 2310-310-130 . fications, (E.1. o,
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22008 | £50 | =360 360148 R toc srall) reinfor-
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1i

= 360 360196 cions and test re-

sults (2.1, 2.2,

idﬂﬂl'ﬂﬂrﬂ"m? 3-1; 3'5}'
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Tor steel sections of figure 3.7 and within the geometric limitations indi-
cated ctherze, full design Jload can be applied to reach the inalcated Eire
resistance times. For smaller profiles load reduction 1s necessary, becaucse
of accelerated heating. Values of ultimate loads for this situation are given
in the diagzams of appendix A.
In the case of thicker profile cover dy than indicated in figure 3.7, fire
resigtance will increase remarkaply. For profile cover d? > B0 mm and up to
a buckling length in the fire case of L., g S 4,00 m, the following
design criteria can be used :

- profile types EE-RA and EE-R correspond to the fire class F 120,

- and profile types HE-B and HE-M to the fire class F 180 without

any design load reduccion.

For stickability of such thick concrete cover stirrup reinforcement near the
column surface is necessary (di 5 40 mm).

Design of cross section:

- the minimm covar d2 of the hot rolled steel section has to be 40 mm,

- in order to obtain optimum fire resistant qualities with minimized cross
section dimensions, heavy hot rolled steel sections are of advantage
i.e. HEM, HD profiles and the like,

- this design leads to an economic solution, when high stremgth steel is
used for rolled shapes,

- reinforcement (A, x Oy, ¢! should be minimized,

- concrete of higner "quality Zis not advantageous (if possible, limic
Bey To 30 N/mm2),

- it composite coluoms of this type are built in normal malti-storey buil-
dings with a load design for both ends hinged under service conditions,
they will have under fire lcad effective supporting conditions for
Ley,g = 0,7 L. Without reduction of design load (n = 100 %) these
columns will reach a minimm fire resistance of 90 minutes; the £ire
resigtance of 120 minmstes is given when the rolled profils is clearly

the predominant load bearing component (see fig. 3.7).

3.4. Constructional details (3.5, 3.7, 3.8)

* Tne hot rolled steel section has to be earbedded evenly into the con-
crete; wvertical concreting is advantageous. The concrete has to be con-
pacted by vibration. The maximum grain size should be limited to 16 mm.

* Spacers should be arranged in a sufficient muerber and size in order to
guarantee the central position of the hot rolled steel profile within
the cross section, during concreting.

" The c¢ross section has to be strengthened by stirrups., If high bending
morents are introduced in the beamcolumn connection, the nuiber of
stirrups has to be increasad.

* Distripetion of load between the not rolled steel section and reinforced
concrere component, has to be ensured for instance by using top and base
plates. Load introduction, between these plates inte the steel section
of the column, is possible by means of a welded butt strap, Efurther
transfer of the load to the reinforced concrete can be obtained through
shear studs welded to the web of the profile or the like.

* Composite columns with encased rolled profiles are suitable for prefa-
bricated single storey as well as multi-storey elements.
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Fig. 3.8; Colums with rolled pro- Fig., 3.9; Columns with rolled pro-
files encased in concrete - LUNZBURG, files encased in concrete used in
Administrative building (3.7}, connection with camosite beams and
W. GERMANY. slabs - MUNICH, Industrial building

{3.10, 3.11), W. GERMANY,

Fig. 3.10 and 3.11; Composite columns before and after concreting, used in
connection with flat slabs - Office building LE FOYER (1.5), LUXEMBOURG.
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Chapter 4: FIRE RESISTANCE OF COMPOSITE COLUMNS WITH ROLLED
PROFILES CONCRETED BETWEEN THE FLANGES

4.1. Dascription

This column +type develcped by the Steel Industzy of Luxerbourg in collabora-
rion with several European Universities (1.2, 4.1 te 4.8), is a component of
the corposite AF-construction system currently awvailable for colums, beams
and the corresponding connections. It can be designed for any fire resistance
time of 30, 60, 90 or 120 minutes (4.9 to 4.21) and has been installed at
numerous buildings in several European countries (4.22 to 4.24, 1.5).

The main characteristic of this colum type consists in using rolled H-pro-
files and filling the spaces between the flanges with concrete. The exterior
faces of the steel flarges remain wvisible. The concrete contains leongitudinal
reinforcing bars wnich contribute to support loads. Stirrups or shear studs
are welded to the web of the section in order to ensure solidarity of the
rainforced concrete with the steel section at normal sarvioe conditions
(1.10, 2.2) and under the action of firxe (Fig. 4.1).

Fig. 4.1; Composite c¢olumn secticn
with main cenponents: H-profile, ze-
bars, stirrups welded to web and con-
crete between the flanges.

4.2. Method of calculation and experimantsl basis

The exact method of calculation is based on the principles cutlined in chap—
ter 2. The transient thermal field anaslysis of these camosite cross sections
ard the nurerical calculation of the buckling loads He. g wunder fire
conditions of the same colums, have shown a very good agreement with the
measured temperatures and the buckling loads during the corresponding fire
tests., For the calculation of the temperature distribution during the fire,
che SAMCEF-Program (2.9) and the zecently develeoped CEFICOSS-Themmamechanical
Numerical Computer Code (2.14 to 2.18) have been used. Typical results of
such calculations are presented in Fig. 2.3 and 2.4.

For everyday use, a balanced summation method (see chapter 2.4.2) using large
cross-gection parts has been developed for centrally lcaded colums composed
of rolled H-profiles concreted between the flanges (4.9, 4.10). This model
has been calibrated on a saries of B colum tests performmed before 1980 and
the ¥; gp-facters were determmined frem these tests (4.1, 4.5 4.25
4.26) . This procedure was validated by 10 more coltmn tests, executed between
1983 mand 1987 (see figure 4.4).
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According to that methed, the cross section of this composite columm type is
divided into four parcs (see figure 4.2). It is appreciated that the mechani-
cal properties of these parts wvary according to their average temperatures,
which are known as a2 functicn of the fire exposure time t and of the section
gize. When calculating the ultimate load bearing capacity, the whole section
is assumed to yield according to the changes in properties as a function of
the average attained temperatures.

Zz
* Fig. 4.2; Reduced camposite cross sec-

tion depending on the fire exposure
= time. For the buckling arcund the weak

axis Z, the static properties of the
four indidivual parts are given by:

-
o

- Iw, moment of dinertia of re-
duced web area W, p.-A,

- Igys moment of inertia | of

h flanges with area A

- Iy, moment of inertia of =zein-
forcing bars with area Ay

- o, moment of inertia of recduced
concreta area “'::,E""'c

By camparing the wvarious test resullts, showing the temperatuze evolution as a
function of time and cross sectional shape, to the well known variation of
material properties as a function of terperature (4.2, 4.27, 4.28) the folle—
wing relationships could be set up:
The ultimate plastic load is given by (see [2.10])

N8 = Vi, 0AwOp,0 * AROyr18 * ROz * Ve,0-AcPe,p Ll
and the effective rigidity is calculated as

Elger,g = (Enp-Lo *+ (Epg-Ig1) + (Ep g-Ix) + (Eg p.Ig) (4.2]
The Euler bucxling load follows by

Nog = Elggs g.(ne/L2, g) (4.3)

and the reference slenderness ratio is

e V'NP,E ! NE;E' [4.4]

This slendermess ratio A used with the European buckling curve ¢ (2.3) gives
a reduction factor w» (2.1) to be applied to the total ultimate plastic load
[4.1] in order to cbtain the ultimate, or buckling load.

Nep g =% . HP-B [4.5]
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More than twenty practical tests of fire endurance, on corposite columns with
H-sections concreted between the Llanges have been carried out in several
Eurcpean Fire Testing Laboratories (4.5, 4.6, 4.15, 4.19, 2.14).

These tests consisted of heating the ambient ges tempsrature, surrounding the
previcusly lecacded column, according to the IS0 standard curve. The moment ar
which the lcaded column collapses under these fire conditions gives the res-
pective ultimate failure time.

Tre temperatures measured during the colum test described in the test report
Nr 5093 of GENT UNIVERSITY (4.6), is given on figure 4.3 up to the Ffailure
time of 116 minutes,

e[*c]
1200
TTEAT REPOAT BoRa|
measured mean tomperatumms ——m=— ;Erﬂ UI-IIE::IH?
Standard Fire A
\ (1S0) _‘/..5—
I//P f
c 1

g 8 & B

o

B0 120
Fire duration t [min]

Fig. 4.3; The heating bshaviour of individual comoonent parts measured in
test column N° 15 (see figure 4.4): = A, profile web-flange junction

- B, centre part of profile web

- £, outer re-bars

More getailed test conditions and test results are given in figures 4.4 and
4.5 and in the respective available technical certificates, It can be sean
frem these figures that the ultimate failure times predicted by the limited
calculation method are very close to the memsured failure times, except for
test mumbers 7, 17 and 18.

Test nuvber 7 gave a shorter time of failure because concrete spalling
occurred right at the beginning of the test (234 minute), exposing one
reinforcing bar. This failure occurred because the test was carried out too
early, before the concrete was sufficlently dried out. Fire this reason com—
posite column tests should be conditioned for € months at least. By that
time the expected water content will represent 2 to 4 % of the weight of con-
crete,

Test nurbers 17 and 1B gave higher times of failure compared to the values
camputed by the limited calculation medel. This is due to the low thecmal
characteristic values « and € of the FIRICO-Furnace in Borehamwood, in compa-
rison to the corresponding higher values of the ERAINSCHWEIG-Furnace in which

the colum tests, used for the calibration of the limited calculation model,
were performed.
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1 I |
Test Colurm Colemn Columm Mxial |Test Ultimate Technical
mmber | profile |length end test |date failure time | certifi-
conditions |load M {min) cates
L (m (EQ) tested | camouted
1 |EP360x132 | 3,8 N 2200 11977 141 123 77150 R
> |me3soxi3z | 3.8 g g’ 3000 112 95 FRG
3 |HP240%37 3,8 700 a1 81
4 |4p240x57 3,8 600 g9 57
5 |HP300xB8E 3,8 L| 1600 68 79 86044
6 |HP300xB8E 3,8 1250 | 1979 87 86 FRG
7 HP3IEOx174 3,8 3250 50 73
B |HP360x174 @ 2,8 2800 91 87
orscrsss A
9 |HE 320 AR | 3,68 2090 1983 86 a9 B31009
10 |HE 320 AA | 3,68 1600 102 102 FRG
| *H
11 |ep3t0x78 | 5,71 | 2 700 |1983| 115 126 | 831016
12 |HP310x79 5,71 J-[ 700 116 127 FRG
I
13 |HP300x122 | 3,73 N 1500 [(1984! 107 a5 SFB 148
14 |HP300x202 | 3,73 + 3420 39 50 FRG
dx—
L
15 |HE 400 Aa | 4,19 2400 |1984| 116 102 5:1:3
¥
T
N
16 HE 500 AR | 3,66 % 2200 |1986| 117 119 86-0-~052
TR
17 1UC 356x202( 3,30 L | 1900 [1987| 179 130 TEE143/44
18 |EP 305279 | 3,30 1700 130 99 UK

Fig. 4.4; Centrally loaded colums tested under fire conditions in Braun-
schweig (FRG), Gent (B), Maiziéres-les-Metz (FR) and in Borehamwood (UK) and
calculated by the limited calculation model
- the load eccentricity ey was 0 mm for tests 1 to £, but equal to 5 rm
for tests 9 to 18, |
- the buckling length Ler,8 considered in the calculation was taken
equal to 0,7.L, except for tests 11, 12, 16, 17 ard 18 where
L = L,
- :'Ltr:xh?ll the tests, buckling ocoured around the weak axis Z (see fig.
4.2),
- the fire resistances have been carputed on the basis of the measured

- lities.
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A
t'est [min)
Fig. 4.5; Comparison of fire

o 11'? endurances for centrally loa-
..-""’m?’ ded composite columns based
/ on H-sections with concrete
150 — between the flanges, measured
¢ £rom tests and computed
1% ~-10% according to the limited cal-
e ’ culation model of chapter 4.2
120 TR :"_' {see also fig. 4.4).
"3& 16
o7
" HH%’%
e
60 ~ ;: _a
W43
an A
7
tﬁumnutad [mln]
o . ; : —
a0 60 90 120 150

4.3. Practical design

* A set of diagrams for nearly all series of European and American rolled
H-profiles (1.9) has been drawn up on the basis of the calculatien
method described in chapter 4.2. These diagrams allow a wery fast
design. Indeed each diagram contains the whole series of one profile-
type fram 240 to 1000 mm in height. For a given fire class, design lead
and colum buckling length, each diagram presents an adecquate composite
cross section including geometry and qualities of all the steel and con-
crete components. Loads are supoosed te be practically axial, an acci-
dental eccentricity of 5 mm being included.

The following parameters have been considered:

= the colum buckling lengths L g up to 5 m,

- the fire classes F&0, F90, FlSﬁ,

- the concrete gualities C20, C30, C40 according to Eurocode 2,

- the steel grades Fe 360 and Fe 510 according to Euronorm 25,

- the longitudinal reinforcing bars of quality S5300 according to
Euronorm B0 up to 3 % of the concrete area.

A selection of these diagrams is given in appendix B. In this appendix ,
the diagrams for the F30 £fire class are not given because a proper
design for nowmal temperature also ensures a minimm fire resistance

time of 30 minutes.
Buckling lengths should ke chosen according to the preposals of chapter

2.4.4., In this chapter 4 as well as in appendix B, buckling 1s presumed
to occur arcund the weak axis 2.

FREE Download Publications www.eccspublications.eu



ECCS Publication - Calculation of the fire Resistance of Composite Structures
_"'q * E'-

w Furthermore computer programs for the design of this type of compo-
site colum are available on different hardware configurations. These
programs allow to consider any steel or concrete qualities given by
national standards and to establish different catalogues according to
material grades of national standards, provided the ranges of parameters
covered by the initial catalogue (4.9, 4.10) is not exceeded.

* It should be mentioned that, apart from the previocusly explained
balanced sumation method applicable to centrally lcaded AF-colums, a
general numerical, thermal and mechanical system analysis is also avai-
lable (2.14 to 2.18, 4.29). In that respect general N-M interaction dia-
grams, buckling included, will be established for different types of
camposite columns (2.19).

4.4, Constructional datails

It should be noted that a construction designed according to this process
still has the characteristics of a steel structure. The elements are pre-
fabricated in the shop, or on site, and are erected and assembled according
to methods similar to those of traditional steel construction. Steel or com-
posite beams can be bolted to vertical steel plates welded to the composite
columns (Fig. 4.6 and 4.7). Another method consists in using bleck shear con-
nectors welded te the column flanges, the steel or composite beams simply
laying on these connectors (Fig. 4.8).

But these composite columns are alse ugsed in connection with flat slabs. The
colunn is delivered with the steel shear head already welded (Fig. 4.9}).

Also this type of colum can be prefabricated in one piece over several
levels, re-bars being adapted to the changing axial loads, 2o that the speed
of building construction will be accelerated (Fig. 4.7 and 4.8).
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Fig. 4.6; Corposite F90 column with Fig. 4.7; Composite F390 beams bol-
qussets for floor beam connecticn ted to corposite FS0 columns
- COLOGHE, Office building TradePRBED, = Eight level office building "Val
W. CERMANY de la Pétrusse', LUXEMBOURG.
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Fig. 4.8; Corposite F90 peams as-
sembled to F20 colums by block
shear connectors - Induscrial bull-
ding ADU, LUKEMBOURGS.
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Fig. 4.9; Composite F 90 columns
with stesl shear heads after ecec-
tion - GEMEVA, Coamrerclal Centre
Jumbo Vernier, SWITZERLAND,

The casting of concrete in the horizontal column position before erectlon,

requires no shuettering (Fig. 4.10}:

for an AF colum in wvertical position

after erecticn, shuttering will be simplified, due to the straight edges cf

the profile flanges.

The proportional transfer of load between the two components of hot rolled
steel section and reinforced concrete must be guaranteed, either, by using
top and base plates (Fig. 4.11), or by welding locally shear studs to the web

of the profile or the like,

Tne outer dirensions of these corposite profiles are significantly reduced
comared to the dimensions of a traditional steel or concrete colum. In
addition, their high resistance to impact, due to the exposed stesl flanges,
is a big advantage in the case of industrial and public buildings.

Fig. 4.10; Composite Fl20 column
during horizontal concreting before
erection - Social Assurance Bullding
EVI, LIEMBLURLE.
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Fig. 4.11; Composite F90 beams
directly settled on the top plates
of composite F90 colums - NORDER-
STEDT, Chocolate  works DEA,
W. GERMANY.
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Chapter §: FIRE RESISTANCE OF COMPOSITE COLUMNS WITH CONCRETE FILLED
HOLLOW STRUCTURAL SECTIONS

5.1. Description

Concrete f£illing of Hollecw Structural Section (ESS), has been initially deve-
leped to inczease the load bpearing capacity of the steel section, without
increasing its external dimensions. Another feature of this colum type is
that the steel remains wvisible, which is often considered as an advantage
from an architectural point of view.

Concrete f£filling has, however, also been shown to improve the fire resis-
tance. One reason is that the concrete increases the heat capacity of the
colum. More important however is that, when exposed to fire, a redistribo-
tion of loads will occur in the colum £rom the hot steal section to the

Fig. 5.1; Examples of con-
crete filled HSS with optic-
nal reinforcement.

It follows that for a given buckling lencth and loading, the fire resistance
will cZepand mainly on the czess sectional dimensions, the concrete quality
and the zeinforcement. By & proper choice of these parameters practically any
fire rasgistance recquirement can be met. If the column is under its maximm
design load at room temperature conditions, a fire resistance of 30 minutes
may ke achieved for sections wider thar 240 mm. If the loading is redueced, an
even higher fire resistance is possible (5.1).

5.2. Method of calculation and exparimental basis

Both in France and Germany and with financial aid from che Commission of the
European Community (C.E.C.) and the "Comité Intermational pour le Développe—
ment et l1‘Erude da la Construccion Tubulaire"™ (CIDECT), experimental and
theoretical work has been carried out into the behaviour of fire exposed con-
crete filled HSS—olumns. On the basis of this work, calculation models for
the fire resgistance were established (5.2, 5.3, 2.11).

The German medel (5.3, 2.11) starts with a thermal analysis, leading to tem—
perature fields calculated for a certain time of fire exposure. The ultimate
load is caleulated by means of an incremental elasto-plastic analysis, taking
inte account geometrical and physical non-linear effects. Stress—-strain
relationships at elevated temperatures are specified and the effect of ther-
mal stresses is taken into account explicitly. This model can therefore be
identified to the "exact method" reviewed in chapter 2.4.1. In the French
model (5.2), the terperature distribution over the cross section of the
colum is first determined as a function of time. For a given temperature
state, the ultimate buckling load is detemmined by means of a procedure
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similar to the Guyaux/Janss calculation method developed for composite
colums under room temperature conditions (5.4). This orocedure is adapted by
using temperature-dependent, idealized stress-strain relationships for the
steal section, reinforcement and concrete. Effective wvalues for the bending
stiffrnase of the comosite cross section are derived from thegse stress-strain
relationships, in corbination with the colurn geometry. The starting point
for the calculation is the c-buckling curve according to the ECCS (5.3). A
curve fitting Zactor is introcuced in order to obtain reasonable agreement
between theoretical and experimental results. Tre effect of the thermal
stresses is ignored. Thus, the French model is an approximate method and can
be identified with the swmation method, reviewed in chapter 2.4.2.

Both the Trench and German models show reasonable agreement with available
test data. However, the calculatec fire resistance according te the two
models differs quite significantly for conditions outside the range of buck-
ling lengths used in the tests. The reasons for this descrepancy are analysed
in (5.7) and appear to be mainly due to

- the different idealisation of the mechanical properties of concrete at ele—

vated temperatures and
- *he different appreciation of the effect of thermal stresses.

From the point of wview of consistency, this situation 1is unsatisractory.
Therefore, a set of harmonized properties of concrete at elevated tempera-
tures is proposed in (5.7). Using these iInput data produces almost identical
results, when applying the French and Gemman calculation models. This is
illustrated for instance in figure 5.2 which refers to one type of reinforced
concrete f£filled HSS-column having a fire resistance of 90 minutes. The har-
monized imput data are given in Appendix D.

300
2500~ 3.5%’_ _ _' 6,s(@=20°C) = 295 N/mm?
:mu{ o A, 8:20°C) = LON/mm’
2000} o F T 6, (0:20°C) = 400N/mm?
Ner o [KN] a9 g=1,1% (8 ®12mm)
1500k 'y German model, but neglecting the therm
. stresses
French model, but assuming
1000 harmonized concrete proportie
and neglecting the curve
500+ fitting factor.
1 ] | | i
0 2 A 6 8 10

e Lcr.&‘ [ITI]

Fig. 5.2; Buckling curves at elevated temperature, based on the French and
German models for a reinforced concrete filled HSS-column and the fixe class
F90.
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The original French calculation model with the hammonized input data is
dencted as the "harmonized calculation medel". The advantage of this model,
when coampared to the original, more “exact" Gepman work, is that a simpler
numerical procedure can used.

The dasign infortaticn on concrete filled RASS—colums given in this Technical
Note is based on the harmonized calculaction modal. Since the harmonized

calculation rodel is closely related to the original French model, it must
alsoc be identified with the sumation method as reviewed in chapter 2.4.2.

Tost Column Column |Reinfor=- [Colunn [Test |Eccen- |Uitlmate fal- |Technlcal
Fid, profiie langth |cemant e i0ad [cxlcicy | lura time cers Lilcates
{mma) {m} Bk} condli= | (KN} | (mm) (rin)

tlons tested |comput, o cel
1 |140%140%3.6 @ 3.60 1.1 c se| o, 46 3 |74.8205 5.2
2 |160x160xe.3 | 3.80 3.7 c 830 0. 35 38 14,8223 "
3 200x200x5.0  3.60 1.7 B 503 0. 83 1] TT.U66/T68 | "
4 225x225x3.6 3.€0 1.8 c 560 0. 137 101 TH. U35 T34 | ™
L |[260x280mE6.3 | 3.60 2.0 c 1500 a. 1039 71 1.049/T9% | ™
& I0030x7.C | 3.60 1.1 c 2570 &, 57 &8 78,033,732 | "
7 | 350x350x13 3,60 2.1 - 4560 0. 51 4€ £1.3403 "
B |200x200x6.3 | 4.20 2.9 | 8 !mu 20 63 s¢  |ar.79/1/1 5.3
9 2EOx260xT.1 | 4.20 1.7 B 1017 26 37 L) ] BR.OOSL/S "
0 300x300%7.0 | 4.20 1.2 B EXG 0 52 53 BR.BOSLSAA |
il 200x200xE.3 | 4.20 8.9 3 403 20 23 29 BR.80.1/%6 |
s 200x200x6.3 | 4.2C 2.5 A £33 o, 79 66 BR.BO.LSA8 (M
13 Z220x220x%8.2 | 4.20 4.4 B 521 22 gs 14 BR.B2SL724 |
13 260x260x7.1 | 4.20 3.8 B Bes 26 64 67 BR.82.1/25 | *
15 300x300x7.0 | 4.20 3.6 8 1507 30 36 a7 BR.B2.1/26 | "

b 77
a 19 s 14 c
i - ’

Fig. 5.3; Review of the French and German tests, selected for verification of
the harmonized calculation model: test and calculation results are also pre—
sented (5.2, 5.3, 5.7).
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To validate the hazmonized calcvlation model and set proper limits to its
application, the correlation between a representative series of TFrench and
German test results and che corresponding calculation results have been ana-
lysed. A review of scame major test conditions as well as the measured and
calenlared fire resistances is given in figure 5.3. The calculation results
ara based on the actual mechanical properties of steel and concrete as deter-
mined at the time of the tests and are based on the harmonized calculation
modal (5.2, 5.3, 5.7).

A graphical display of the correlation Dbetween calculated and measured
results is presented in figure 5.4. This shows reasonable agreement,

150

120 -20%

a0

60

&= e (5.2) |

|
f .’éﬁf © = cidect (5.3)

30 ;,"( -~ i i
e - :
a | tﬁnmpulﬂd Lmin]
: = C ¥ -
a0 &80 a0 120 150

Fig. 5.4; Calculated fire resistances according to the harmonized model (5.7)
vs. measuraed values (5.2, 5.3).

For a statistical analysis of the effect of the wvarious test parameters
(buckling length, size of cross section and reinforcemant) on the discrepancy

tween measuzed arnd calculared fire resistance, see reference (5.7). On the
basis of this analysis, the following limitations for a proper use ©If the
harmonized calculation model are suggested:

1m S buckling length L. g $ 4.3m
140 mm S size cross section a < 400 mm
0% < reinforcement S 5%
30 min. S fire resistance &y s 120 min.

If any of the four above conditions is not fulfilled, the hammonized calcula-
tion model should nmot be used and a more detajled analysis is necessary
(2.11, 5.6). It is felt however that most practical situations are within the

given range.
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5.3 Practical desigm

For practical design purposes, a set of diagrams is given in appendix C, in
which, for a standard fire exposure of 60, 90 or 120 minutes, the ecritical
load Ner, 8 of concrete filled HSS-colums is given as a function of the
buckling length L-:::,E' A practical range of sguare and clrcular sec
tions, reinforcement, and concrete qualities 1s chosen, taking due account of
the limitations suggested in chapter 5.2. Material qualities at room tempera-
ture are in accordance with Eurccode 4.

All the diagrams are calculated for a structural steel quality Fe 360 and
HSS-profiles with minimum wall thicknaess. Using the diagrams for structural
steel with a higher grade and/or for sections with a larger wall thickness,
will render conservative results.

5.4 Constructienal details (5.2, 5.8, 5.9)

It is essential to ensure that the concrete is of correct quality. To achieve
this, the concrete should be designed so as to be sufficiently workable, 1i.e.
the slurp measured using ‘Abrams’ cone (5.9) should be between 70 and 200 mm,
The minimezn amount of water needed to obtain good workability should be
used,

Filling can be accomplished 1in situ by gravity, with a concrete pump or
plunge pipe, and by injection from the bottom.

Gravity filling is only recommended if the length of the column does not
exceed 3 m in height. “hen a pump is used for filling, the end of the dis-
charge pipe must be placed clese to the surface of the ceoncrete. Both for
filling by gravity and with a purp or plunge pipe, the concrete should be
vikrated, Size of the gravel aggregate has to be chosen accordingly.

The cuality of the filling process can be checked by tapping the coluwn, seo
as to detect by ear possible £illing defects. Wnen a defect is located, it is
necessary to correct the fault by drilling holes, injecting grout and resea-
ling the holes.

For the concrete cover, di on the reinforcement bars (Fig. 5.5), the lar-
gest of the following values must be taken:

d] = 30 mm whera
n'm} a

= sgide of square section or diameter of circular
section in mm.

HSS-profile

d] = a/B

Fig.5.5;Concrate cover d)

i stirrup

S
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Stirrups must be provided over the full length cf the (reinforced) column at
distances of not more =han 15 % the dianeter of the smallest reinforcemnant
bar.

Small drain holes (¢ = 10 e 15 mm) are required in the walls of the HSS,
vsually in puirs. Such holes must be provided for each single length and at
each fleor level, with a maximom distance of £5.00 m. They must be claced
between 100 and 120 mm £from each colunn end. These holes are intended to
prevent the burstiing of the column under steam pressuré from the heating of
entrapped water in the enclosed concrete.

Exarples of buildings wusing the concrete £illing HSS-column concept for
improving the fire resistance are given in figures 5.6 vo figures 5.12.

Figqures 5.6, 5.7 and 5.8; Concrete filled circular 4SS-columns with bolted
beams and concreting by injection of superplastified concrete - DUSSELDORT,
Forschungsinativtut VAEH, ¥W. GERMANY.
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Figures 5.9 and 5.10:; Concrete filled
circular HSS-colums and colum-keam

connections - BEIRALIN, Research buil-
ding o©f the Fraunhcfer @Gesellschaft,
. CERMANY .,

.-"-:u‘;ﬁ.-%q.ggi:; ,‘::r :

e

Fig. 3.11:; Concrete filled HSS-colums for Fo60 resistance -
SWINDEN, Water Research Centre, UNITED XINGDOM.

Fig. 5.12:; Concrete filled HSS-colums
for P90 resistance - BORDEAUX, hApart-
ment  building "Résidence les Mille
pertuis", FRANCE.
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GENERAL NOTE ON PRACTICAL FIRE DESIGN DIAGRAMS

The following apperdices A, B and C give fire design diagrams for the colum
types a, b and ¢ (see fig. 1.1) allowing to determine the AXIAL 3UCKLING LOARD
Nor,g 4in function of the SUCKLING LENGTH L., g and of the FIRE
CLASSES Feld, F90 or F120.

This means that column failure by buckling will occur immediately after 60,
90 or 120 minutes of ISC-834 fire exposure.

FPurthesmare it has to be noted that al) diagrams of appendices A, 3 and C are
based on profile sections corresponding to the wall known Section Standards
(EUROMNOAM or ASTM). ©f course these diagrams could be used in comnection to
gimilar rolled sections.

The colum buckling length should be chosen according to the recoammendations
of chanter 2.4.4.
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Appendix A: FIRE DESIGN DIAGRAMS FOR ROLLED PROFILES ENCASED IN CONCRETE

Te design grachs given on pages A.4 to A.% are limited to the following
material arnd gecmetrical properties:

dz Z
Msterial properties:
'.;'r # Fa L4 g d_l
Combinations: C20/Fe360/5400 (A7 77
C40/Fe510/5400 ot . /
eyl A, 8z
i .
Gecmetrical propartias: Y v XN A
Reinforcement: 4 ¢ 12 mm XA AT / dz
Covers: dy =~ 30 ey

mh
o - }8m i E i

It has to be noted that the buckling loads given for the fire class F30 with
ds = 40 mm are more or less similar to those given for the fire class F120
with d2 = 50 mm.

Axial force eccentricity: ey S L., g !/ 500
Buckling length : 1,5 m S Ly, g S 5,0 m

Profiles (1.9):
HE-B: 100/120/140/160/180/200/220/240/260

HD : 210.210.46/210.210.358
260.260.73/260.260.8%/310.310.97

W : 130.130.23,8/150.150.22,5
200.200.46,1/200.200.71/200.200.100
250.250.115/250.250.167

The following 12 design graphs give interactions, for buckling around the
weak axis 2, between failure locad N,. g and buckling length L., g
for fire classes F30 and Fl20 respectively and different combinations oI
material properties of profile and concrete. In order to reach the F-classi-
fication, design lcad must be smaller or equal to the N.. g vaiues of
the graphs. The single plots are assigned to profile types, each curve Lis
appoirted to a profile section. The graphs show only profile types and sec-
tions which cannmot he lcaded with full design load te reach the assigned fire
registance. All HEM-profiles and heavier profile types and sections than
shown nere reach F90/F120 within this slendernmess area without design load
reduection (see figure 3.7)

The fire classas F30 and FE0 are guarantead auvtomatically for £ull design
loads ar normal temperature sange if a minimum concrete cover d; ia fore-
seen.
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Exprple 1:

—_———————

- Le.,g™ 400 m F90: N = 5000 kN,

- N> F¥ern in all design graphs,

- no one of the srall profiles is possible.

Result: Colum must be desisned according to the standard for normal tempera-
ture range with minimen profiles fulfilling the conditions of figure 3.7 in

order to reach F80.

Bxarpla 2!

-~ Lo g ™ 5,00 m: Fl20; HE 180 M by design for normal temperature range

- no graph for this profile type is aiven,
Result: By figure 3.7 this profile can be fully leaded for FL20.

Exxrple 3:
=
DPUT @ Loy g™ 0,7 . 7,00 = 4,90 m,
[+ = EE-D ]":Nr
Fa0.
DESIGN Using the design-graphs the following minimm cross-sections can
be chosen for the input-data given above.
PROFILE MATERIAL Hcr;ﬁ [N} percentage T\
of design lcad
HE 220 B C20 - Feltl 700 93 %
Ho2e0/200/73 C20 - Fe360 750 87 %
w200/200/71 €20 - Fe360 700 83 %
HE 200 B C40 - FeS510 800 81 %
HD210/210/ 46 C40 - FeSlO 850 100 %
wW200/200/48,1 C40 - FeS10 650 100 %

Bl) cross sections : profile-cover dz = 40 rm,
reinforcement 4 @ 12 - S 400, cover d; = 30 mm.

The definitive cross section can be selected for
- minimmm total cross section size,
- minimm profile waight,
- optimized combination of profile type and material
guality by economic reasons.

EXANPLE 4:
—_— ==
INFUT @ Lo, g=3,50m
- E'D'Dﬁ ]"-'lif
£120.
DESIGN  : All design ctables N g << N, that means heavier sections

than tha plotted ones are needed,

Consequently the design table of £igure 3.7 for fully loaded
colums is wvalid. HE 180 M and heavier or HD210.210.100 and
heavier can be designed without design load reduction, Profile
type and its section can be determined by design for normal
temperature renge without rtestrictions for the required Zire
resistance.
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Survey on diagrams
' I :
Fire |Concrete Profile Profile Rainforcement | dj ds diagram
elass |quality type steel qualicy {rrm] | [rm) No.
Fa0 o | 40 Al
FL20 e 30 vl
ES0 40 A3
F120 c20 HD e 360 50 Ad
Fa0 W 40 AE
F120 4 2 12 rm 30 S0 A6
S 400
a0 HE-B 40 A7
F120 50 h8
Fa0 40 RS
120 C40 HD Fa 510 &p ALD
790 " 40 AL
F120 50 AlZ
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=H, 1=
Appendix B: FIRE DESIGN DIAGRAMS FOR ROLLED PROFILES CONCRETED

BETWEEN THE FLANGES

The design graphs given on pages 2.4 to 3.35 are limited to the following
material and gecmetrical properties:

Matmarial propertias:

Corbinations: C20/FedsDd/s500
C30/re360/5500
C30,/Fe510/5500
C40/Fe510/5500

Gaomatrical proparties:

Zeinforcement: 20 rm S 2 S 23 mm,
diamerers and mumbers chosen to achieve | - 3 &,

Covers : s2e Oag-ams

Axial force escentricity: ey = 3 mm

Buckiing larngth: 0.3 m 3 Lap g <530m

Profiles (L.8):

AE-AA 240/280/320/360/400/450/500/550/600
: ; &50/700/800/900/1G00

H2 250.250,62/310,310.79/360.370.108/360.410.176

L}

530,315.150/610.325.155/610.325.217/690.360.217/690.360.265/
760.380.257/760.380.314,/840.400.299/840.400.359/920.420.342/
920.420.417/1000.450.286/1000.450.3%9/1000.450.444,/1000.450.488

W

-

The rolled profiles considered in the diagrams correspond to the Eurcpean
Seandard Buronorm 53-62 and Bmerican Standard ASTM RG6-88 (1.9).

All loads have been established on the basis of the limited calculation model
according to chapter 4.2, for buckling around the weak axis 2, including a
maximon eccentricity of 5 mm, which correspords either to practical lcad
arplications or to real column gecmetrical impecfections.

mmgimmmn.ama.sﬁmu;ﬂummmrm
FO0 and F120 for stesl and concrete gualities according to EURONORM 25 and
80 respectively to EURODCODE 2. The water content is expacted to represent 2
ro £ % of the weight of concrete.
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-B.2-
Example 1;

CHECKOING FUR STURAGE HALL COLIMNS: F30

N

EXISTING CROSS SECTICN:
_ROQF . HE 240 AA FeS510
4 e 20 g SO0

HALL GROUND am concrete C 40
LEVEL |

B A P A e e o o o d & I

BASEMENT
LEVELS

W R . R

SHISTING AXIAL DESTIGN LOAD: N = 550 kN
HALL COLIMNS = TO? FLOOR QOLRMVINS,

{sea chapter 2.4.4):

CONTINUQUS COLUMM Ley g ™ 0,7 .L=35m

i W s W i B o G r e T

This carposite section together with the buckling length of 3,5 m allows aone
o find the axial design load for the fire clasg F90 in diagram B.38:

Nep,og ™ 0.72 MN = 720 kN > existing axial design load = 650 k.
Conclusion: For the design load of 650 kN, hall colums can be ¢lassified FS0

LOADED BUTLDING BASEMENT LEVEL; F120

EXTSTING CONDITIONS: L= 7 m

N o= 8000 kN
T |
4m
| UFPER CONTINUOUS COLUMN (see chapter 2.4.4):
LEVELS Ler,e = 0.5.0
4m = 3,5m
2 ! Knowing this bucklirg leagth as well as
Tm the design load, the following F120
diagrams give a possibla c-oss sec-
________________ i B o
4 | BASEMENT &
| LEVELS .
3 i - in diagram Bl2, with a Fe360 profile
2 steel grace and a C20 concrate quali-
" ty, the steel profile to be chosen is
y - W 1000x450x398 reinforced by 20 re—
CONTINUOUS COLUMN bars of 25 mm diameter (5 500).

- in diagram B48, with a Fe5l0 profile stesl grade and a C40 concrete

qualicy, the steel profile to be chosen 1s WB4O0x400x299 reinforced by 146
rebars of 25 mm diameter (5 500).

Nommally the last solution with the lighter steel oprofile will ba chosen,
provided the FeS510 profile steel grade (oy = 333 W/mm@) is available in
due time and the C40 concrere qualicy {EY = 40 HN/mmZ) can be guaran-
teed.
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-3.3-
Survey on diagrams
Fire |Concrete r Profile Profile Reinforcement diagram
elass|quality | type steel qualicy no.
o0 Bl
T90 HE-AR B2
£120 B3
F&0 B4
89 HE-A BS
£i20 220 Bb
re0 5500: B7
Fal HE=B 2 see BA
F120 diagrams BI
F 60 B10
F90 H2 /M Bil
F120 Bi2
ol B:3
Fa0 HE =RAA re 360 B14
F120 B1l5
£60 Bi6
r9d t=-A Bl17
F120 | €320 B1f
760 B:Y
E90 =-B B20
r.20 B21
) B22
30 =MW B23
F120 B24
F6&0 B25
F90 EE-ARA B26
F1z20 B27
F&0 B28
Fa0 HE=-R B2S
g, c30 B30
ol 5300; B3l
£od RE-B & see B3Z
F120 diagrams B33
F&d B34
Fo0 H2 /W B35
120 __ B3
FED Fe 310 B37
F90 HE-AA B38
F120 B39
Fel B40
F&0 HE-A B4l
F120 C40 B42
FED B43
Fa0 HE-B Ba4
F120 B45
T80 B46
80 HP /W B47
120 B48
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Appendix C: FIRE DESIGN DIAGRAMS FOR CONCRETE FIOLLED HOLLOW

STRUCTURAL SECTIONS

The dasign graphs given on pages C.4 to .31 are limited to the following
narerial and gecretzical properties:

Combinations: C20/Fel6d/5400
C30/7e360/5400
C40/Fe360/5400

Geamatrical propartias:

Reinforcement: ¢ = 8, 10, 12, 14, 16, 20 mm
diameter chosen to achieve l= 1 oz 2,508 4 %

~ eircular hollow section: systematically 8 bacs.

- sguare hollow section:
* 1at case: a 2 3C0 mm, 8 bars

* Ind case: 180 £ a < 300 mm
§ bars if 2 < 0,05 a
otherwise B identical bars
Covers: di = max (30 mm: a/8 mm)

Axial forece eccentricity O mm
Buckling length: 1 ms L. g S 4,0 m

Frofiles:
- Circular hollow section: 219,1 % 4,5/ 244,525/ 273 =% 35
323,9 x 5,6 / 355,6 x 5,6 / 406,4 x 6,3
- Sguare hollow section : 180 x 6,3 / 200 = 6,3 J 220 % 6,3
280 % 6,3 / 260 x 6,3 / 300 % 7,1
350 x 8 / 400 x 10

The following 39 design graphs give interaction between buckling load
Nep g and buckling length L., g for thes FIRE CLASSES F60, FS0 and
i‘ﬁl'.’l ard for different steel and concrete qualities.

The results have been established cn the basis of the harmonized calculation
model according to the chapter 5.Z.

The results o practically not change and are on the safe side, whether 2a

nigher steel grade oz a larger wall thickness is chosen for the hollow sec-
tien.
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Exanpls 1:

CHECFING FUR TOP _FLOOR COLOMNS: F90

GROUND |
LEVEL

EXTSTING CRCES SECTION

Square hollow section: 220 x 6,3/Fe 360
Reinforcemenz: p = 2,5 %, 5 400
Concrecte: C 40

I
Sm
|

BASEMENT
EXISTING AXIAL DESIGN LOAD: N = 280 kN

Top Eloor columns (see chapter 2.4.4)
Loy g = 2. 7TxL=35m

On diagram €24, we ave
Curve B

}Hm: gg = 316 mN > existing awial design load = 280 kN.

Lee,g = 3.3 0 '

For che desien lacd of 280 kM,chese top floor colurmns can be classified ¥90.
Exarpls 2:

DESTGN CF CENTRALLY LOANED BASEMENT (OLIMNE. FE0

L EHIET;& CCHDITICNS: L = im

i\ﬁ ; N = 1330 kN
“Q ) The designer wants that the dimen-
Q Sm sions of hollow section is  less
_H.,:\L=m=m—+— 1 Shar SEE

':::‘\\ / Sm EE‘EEEE CONTINUQUS COLOMNS (see chaprex
& ; o 2.4.4) allow to consider that
iy J 5m | Lep g = 0,5%xL=15m,

'"Clﬁ e iT— BASEMENT

i e 4m . LEVELS

0 .ﬁﬂ:ﬁ,—.__._—_E

WY £

ONTINUOUS COLUMMN

NN

Krowing <the buckling length L., g ard the desigrn load it is possible to
choose the -suested hollow section:
Diaswam 07 - eusves 6 o 8 - circular hollow section 273 x 5
) curve § : concrete guality C40; reinfercement: B = 2,5 %
Diagzam C25 - curves 3 to 9 - square hollow section 250 x 6,3
curve 6 : concrete quality C30; reinforcement: L = 4 ¥
Diagrar €29 - curves 5 o 9 - sguare hollow section 260 = 6,3
casve 7 : concrete cquality C40; reinforcement: L = 1 §.
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-C,3
Survey on diagrams
Fire Concrete |Section type Section Reinfor- |Seztion |Diagrams
class cualicy steel quality |cement N®
60 ]
=80 29,1 ., 4,5 c2
F120 o3
Fel : C4
Fag 244,58 . 5 e
Fli20 e
E6l c7
Fa0 c2d 273 . § c8
Fi2c €9 \
Fe 350 S 400 |CIRCULAR
Fal c30 {see dia- C10
F90 323,89 . 5,6 grams) Cll
Fl120 cl2
<40 —————
FED Cl3
=30 355,68 . 5.6 Cl4
F120 €15
E60 | Cle
Fel 406,54 . 8,3 17
r12d 18
F&0 180 . 6,3 <13
a0 c20
Fel 200 . 6.3 c2l
£380 c22
F&U 220 . &3 £23
a0 C24
1 ]
EF60 c25
Fa0 250 . 8,3 26
120 ca?
| £20
el C28
Fsd 260 . 6,3 Fe 360 5 400 SQUARE c29
Fl120 30 (sea dia- C30
grams)
Fol C3l
=90 €40 300 . 7,1 c32
£120 €33
el 34
Fa0 350 . B £35
F120 C3o
Fed £3}
Fed 400 . 10 C38
F120 35
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see Teferences
for percentage

‘ of reinforcement

concrete
. see references
=1 for concrete
quality
i >’i reinforcing bars
"
|

e L
see general title

concrecte

sea references
for concrete
qualiey

reinforcing bars
see references
for percentage
of reinforcement

a

i -

see general title
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C.18

concrece

see references
for concrate
qualicy

reinforcing bars
see references
for parcentage
of reinforcement

P .
see general title
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Appendix D: THERMO-MECHANICAL MATERIAL PROPERTIES AT

ELEVATED TEMFERATURES

The material laws given in this appendix form the basis for the calculations
shown in chapter 3 (full curves ). in chapter 4 (internmted curves
- «} and in chaoter 5 (dotted curves ....).

The thermal properties of steel and concrete are given in dlagrams D1 to D3.

Tre mechanical oreserties of steel and concrete are given in diagrams D4 to
D12.
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D.2 Speclfic heat of steel and concrete
depending on temperature.
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D.3 Thermal expansion of steel and concrete.
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D.5 Relative yield point of steel as function of temperature.
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D.6 Elastic modulus of steel as function of temperature.
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D.7 G-E£ diagram tor Fe 360 at different temperatures.
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D.9 Reduction of the ultimate compressive strength
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