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Composite slabs & beams
EUROCODES .
Background and Applications O ptl o n s
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EUROCODES Composite columns

Background and Applications O pti n s
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a: steel embedded in concrete (traditional approach)

b: concrete between flanges (f.r. dependent on reinforcement)
c: concrete filled SHS

- without reinforcement (f.r. ca. 30 minutes or less)

- with reinforcement (f.r. dependent on reinforcement)




Calculation procedure thermal response
aaaaaaaaaaaaaaaaaaa ications Composite elements

Brussels, 18-20 February 2008 — Dissemination of information workshop

Non-uniform temperature distribution
Load bearing and (possibly) separating

function
» Load bearing capacity
» Thermal insulation
> Integrity

Options

;F‘e » tabulated data

» simple calculation model

» advanced calculation model




Tabulated data

EUROCODES

(steel and concrete composite members)
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EUROCODES Tabulated data and relevant parameters

Background and Applications

Standard Fire Standard
Resistance

// fire rating
Load level

R30 | R60 | R90 R12y

Minimum ratio of web to flange thickness e, /es 0,5
1 Minimum cross-sectional dimensions for load level nfi,t < 0,28
11 minimum dimensions h and b [mm] 160 | 200 | 300 | 400
\ 1.2| minimum axis distance of reinforcing bars ug [mm] - 50 50 V'\Q SeCtiOn
1.3| minimum ratio of reinforcement AJ/(A.+As) in % - 4 3 4N d .
i -
| 2 Minimum cross-sectional dimensions for load level nfi,t < 0,47 iImension
\
I 2.1| minimum dimensions h and b [mm] 160 | 300 | 400 | - . .
“H‘ 2.2 | minimum axis distance of reinforcing bars ug [mm] - 50 01 -+ RelnfOfClng
2.3| minimum ratio of reinforcement As/(Ac+As) in % - 4 4 - Steel
: 3 Minimum cross-sectional dimensions for load level nfi,t < 0,66
\ minimum dimensions h and b [mm] 160 400 [ - | -4 Concrete
minimum axis distance of reinforcing bars ug [mm] | 40 70 -
minimum ratio of reinforcement As/(Ac.+As) in % 1 4 - - cover




EUROCODES Composite Beams
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L beff Condition for application:
he slab: h. =120 mun
bgp=3im Standard Fire Resistance

N steel section: b/ e, =15

el e, 2
additional remnforcement
area, related to total area
between the flanges:

AJ(A +A) 5%

R30 | Ro0 | R90 |[R120|R180

1 Mintmam cross-sectional dimensions for load level
Mge £0.2

| min b [mm] and additional reinforcement A_ in relation to

the area of flange A,/ Ay

\‘J 11 [hz0%=mmb TOARG | 10060 178°0,9 [ 260/9,6 | 260:0.0
| 1.2 [hzl5=mmb oG, | IO, 0| 15000 (18040, 0 | 2400.0
13 [hz20=mmb oG, | IO, 0| 15000 (18040, 0 | 2400.0

2 Minimmum cross-sectional dimensions for load level
Msie 0.5

min b [mm] and additional reinforcement A, in relation to

the area of flange A, / Ay

! 21 [hz0%=mmb SO0 | ITOAR0) 230404 1 270405 -
' 22 [hzl5=mmb S0 0 | 15000 20040, 2 | 24040,3 | 30050, 5
{ 23 [hz20=mmb ARG | 120400 18040, 2 22040,3 | 28040,3
[ 24 230 =mmb GOm0 | OO0 17040, 2 | 26040,3 | 25048,3




EUROCODES

Background and Applications

Totally encased steel sections
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For,
Ie
he
5 Standard Fire Resistance
b ety
[
\ R30 Ro0 RO0 | R120 | R180 | R240
| 1.1 Minimum dimensions b and b, [mm] 150 180 22 300 350 400
| 1-% minimum concrete cover of steel section ¢ [mm) j'c; 50 ?U 73 _"_i (e
‘_‘\ 13 ninimum axis distance of reinforcing bars ug [mm] 20 30 30 40 50 o0
J Or
2.1 Minimum dimensions b and be [mm] - 200 250 350 400 -
| EE mimnimum concrete cover of steel section ¢ [mm) } _;1 D* :1":'* 30 60 B
\ = | minimum axis distance of reinforcing bars ug [mm)] i 20 20 30 40 )
NOTE: ™) These values have fo be checked according to 4.4.1.2 of EN 1992-1-1




Eurocobes How to apply tabulated data in fire design
pwo different situations

Background and Applications

PRE-DESIGN

Standard fire rating

Section dimension
reinforcing steel
concrete cover




- EUROCODES
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Concrete with only insulation function

+
' e
:‘ Concrete C
}'l for Insulation Standard Fire Resistance
R30 Ro0 RO0 R120 E180
| \ Concrete cover ¢ [mm] 0 25 30 44 50




Composite elements

EUROCODES .
[EE] Calculation rules thermal response
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Similar to concrete elements
Complications due to shape
Simple calculation rules available




curocobes 1hermal response composite elements

Background and Applications
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#_slab.out
Eile Pt Depky Jook Optiors Help

| Mo Humbeing Ehements Hurrbering | Frossiers | Matesialy | Butomatic

computer simulation
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:
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IRRRRCET 32 5

1150 Colons: 14

temperature [°C]

Advanced model (illustration)

time [min]

test vs. simulation



-EUROCODES Composite elements

Simple calculation models thermal response
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Semi-empirical approach

Parameter study based on systematic
calculation with advanced calculation model

Direct application of advanced calculation
model




EUROCODES Slmp!e calc_:tflatlon models
Semi-empirical approach
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Background and A pplications

|

|

Reduced cross section

&\\\\\\\\\\\\\\\\\N c.i1

Components cross section:
flanges steel section
web steel section
concrete

re-bars

For each component:
reduced strength
and/or

reduced area




-EUROCODES Simple calculation models
Parameter study approach
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» Composite slabs with profiled steel sheet

Decking type

Concrete depth

Concrete type

Hs [mm]
re-entrant (6x) 50, 60, 70, 80, NCW and LWC
trapezoidal (49x) |90, 100, 110, 12C ENV 1994-1-1

- standard fire conditions

- profiled shape deckings taken into account
- thermal properties according to EC

: : average moisture content: 4% (NWC) and 5%

i (LWC)

Note: total number of simulations: 880




Typical temperature distribution at the unexposed
EUROCODES . .
side of a composite slab
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(o]
temperature [ C] Insulation criterion:

A average

-A®,, < 140°C
~. —~ o~ /", -A® < 180°C
r é N\




EUROCODES Composite slabs
Thermal insulation (illustration

Background and Applications
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Issues:

t=t (1,1, ..., AL, ¢)

with:
: I, I,, .. geometry slab
il L, A volume rib
¥ | L, exposed surface rib
—i b configuration factor
N " Oy

tt =a, + a;*h; + a,- ¢ + az-AlL, + a,-1/L; + a;-A/L,-1/l; [min]
with:
a, coefficients, depending on duration of s.f.c. exposure




EUROCODES Thermal insulation composite slabs
Verification simple calculation rule

Background and Applications
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A 1.50 [ ﬂ 1.50 [
! I
~ 125 - o [0 |Unsafe ~1.25 Unsafe|
i ) I o N o o o ) I
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'C i} a O
O o [u] o
E 5 I5||:| o E
o~ 8 o >
% 1.00 ,;,':EED,%D 5 1.00
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& o
- = I = I
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0
)
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o 2 |
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Fire resistance (adv. model) [min] ==>

Fire resistance (adv. model) [min] ==>

(a) ENV rule (b) new rule




EUROCODES Composite slabs
Thermal response positive reinforcement

Background and Applications
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| | compression zone
; ; concrete (20 °C)

load bearing capacity!

Temperature reinforcement
has significant impact on M* o

b —

®,=0,(u,,AlD,l,z..)
=

z =2z(u,, U,u,)

Note: steel sheet may significantly contribute to the




-EUROCODES Thermal response positive reinforcement
Simple calculation rule
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EUROCODES .
Background and Applications C o m pos Ite S I a bs
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Thermal Insulation | Equivalent thickness
:T?Ji (1ISO fire) h [mm]
| | 30 60 — h,
“ 1 60 80 — h,
1 90 100 — h,
1120 120 — h,




Concrete filled SHS columns
EUROCODES . . e
=enine i R@SiStance to fire (traditional approach)
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Design charts available DIAGRAM (22 TmE R®
Unpractical FIRE QLS F 91 FENVORCHR 865 5 400

. . 0,50 .
Need for “user friendly” design |

tool
= e.g. POTFIRE

no. concrete rebar

quality %
1 C20 1.0
2 C20 2.5
3 C20 4.0
;‘ 4 C30 1.0
| 5 C30 2.5
& 6 C30 4.0
- 7 C40 1.0
8 c40 2.5
9 c40 4.0

1 ¥ 3 —
BOLING LM L. 8 (m) ——




Brussels, 18-20 February 2008 — Dissemination of information workshop

% potFire [_ o] =] |

Poftfire

Section

Material characteristics I

Type of section ICircuIar

Dimensions of steel section

I
I 323.9 M
[ & m

Diameter

‘Wall thickness

Reinforcement bars

{* By rr of bars By %

mmm

Re-bars ; #

| 43

Concreke covering From

rebars axis I 0] mm
Equal ko I 1.645 %

Buckling length

Buckling lenath

—

Y¥ield strength of steel section

I 555 | Mimim?
I sop | Mimim2

Compressive strength of concrete | a0 M2
(cylinder at 28 days)

Y¥ield strength of re-bars

Eccentricity of the load

Eccentricity | to buckling axis

I—Dmm

Calculation of

% Ultimate laad " Fire resistance duration

I—ggj i

Fire duration

Result

Mon-dimensional slenderness 0.4185

Ultimate load 2912 kN

iInput

output YIT)

'J pot]_txt - Motepad Hi=]

File Edit Seach Help

Calculation nr 18 =]
Section
Type of Section Square
Width 240 mm
Wall thickness : 8 mm
Reinforcement bars :
Humber of re-bars :
- In the corner .
Diameter : 24 mm
- In the mid-size :  Hone
Percentage of re-bars 3.739 %
Concrete cowvering : 4@ mn
Buckling length : : 1.8 nm
Material characteristics :
Steel section 275 H/mm?
Reinforcement bars 588 H/mm?
Concrete 38 N/mm?
Eccentricity
{perp. to buckling axis) : B omm
Calculation of : Ultimate load
Fire duration 28 min
Result :
MOH-DIMEMSIOMAL SLEMDERMESS = _.2718 -J
ULTIHATE LDAD : 618 kH
b
K I 2




Validation POTFIRE

EUROCODES

Background and Applications
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JEEJ EuRocoDES Logiciels de calcul
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PrROEIL AREED

AFCB
Composite Beam Fire Design

Logiciels _
according Eurocode 4 (ENV 1994-1-2)
« AFCOI umn ) et Version 3.06, February 2001

waritten by
FrofisRBED Diaedalus Engineering = &l
BE. rue de Luxembourg Dipl. Ing. Henri Colbach
(( )) L-4221 E sch-sur-Alzette malzoh Ba
Fhone [+352] 5313-3007 L-E251 Geyershof
Fax [+352] 5313-3095 e-mail: henr.colbach®daedalus. v
e-mail: europrofil. dsmiEprofilarbed.lu Internet: wenw. dasdalus.lu

internet: http: /v europrofil lu

Thiz zoftware takes only account of factorz or variables that are generally the most determining |
The software is only for users who are able to make themzelves an accurate idea of itz pozsibilities, itz limitations and 1
adequacy to the various practical applications.

L4 J 4
D eve I O p p e S p a r The customer uzes it under his own responsibility. at his own risks and waives any warranty and all rights of recourse.
|

ProfilARBED T [ o B

Info
rroFIL.MAAREED

AFCC
Composite Column Fire Design
according Eurocode 4 (ENV 1994-1-2)

Version 3.01, March 2001

Peuvent étre obtenus
sur le site

wiritben by
FrofilaREED Diaedaluz Engineering =& r.l.
EE. rue de Luxembourg Dipl. Ing. Henri Colbach
\ L-4221 Esch-sur-dlzette maizon Ba
! FPhone [+352] 5313-3007 L-E251 Geyershof
- Fax [(+352) 5313-3095 e-mail: henr.colbach@daedalus. u
e-mail: europrofil. derm@profilarbed.lu
www.arcelormittal.com
Thiz zoftware takes only account of factors or wariables that are generally the most determining. |~

The zoftware iz only for uzers who are able to make themselves an accurate idea of itz possibilities, its limitations and
adequacy to the various practical applications.
The customer uzez it under hiz own responsibility, at hiz own risks and waives any warianty and all rights of recourse

~ANers
x Refuse G ROU P




EUROCODES Simple calculation model

Background and Applications (Steel and comPOSite memberS)
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Beams (steel or
composite)

T 1
T 1

Columns

=]
1




eurocopes Slimple calculation model (composite beam)
- plastic resistance theo

Background and Applications

Concrete slab

Steel section

Joletdt bt S AL Connector
S

1

i l i r Section S,

Fe
l = G
D+
—t)
F
Section Temperature Stress Moment
geometry distibution distribution resistance
+ +
Mfi,Rd+_ Ft x D




EUROCODES Composite beams

Background and Applications

0 100 200 300 400 500
| facteur de massiveté [m-1]

‘\

| - ECHAUFFEMENT : 90 min.

. »Insulated

1000 1t 1I5mm 20 mm 25 m

T 800t

= 600t

2 400t

£ 2001t
0

£

\w
coUIo0Io 3
333333

température de
l'a

0 100 200 300 400
facteur de massiveté (S/V en m-1)



JE) EUROCODES Simple calculation model (composite column)
- buckling curve

aaaaaaaaaaaaaaaaaaaaaaaaa
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P % (o)
\ . AZ 1.0
L Y 05
\Ask
0 —
V' Effective section Appropriate Ao

buckling curve

Load capacity: N q4 = X(Xe) Nfi.pI.Rd

x(Ag) <= strength and rigidity of effective section +
column buckling length L




-EURocoE sonstruction details shall be respected in order to
consistent with numerical models
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Reinforcing bars
between slab
and edge
columns

(&= ?

o

Maximum gap of 15
mm between beam
and column and
between lower
flange of the beam




JEE]) EUROCODES Construction details to get hogging moment
resistance in fire situation
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 Join detail - Example %

Continuous !
reinforcing bar /A

Studs—'?'::".{"- A limited gap
: allowing to

develop a
hogging
moment in the
fire situation

Sections with
Infilled concrete




EurRocopes Construction details for connection between

Background and Applications

concrete and steel
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dConnection between steel profile and encased concrete

—T; ——>
¢r =8 MM » *  welding F .
\ aw > 0,5 ds & studs
¢0s > 6 MM —— | d>=10mm

> 8 Mm ,eee ee. ote | de.
(I)—/'._L

Welding of stirrups

Welding of studs to
to the web

the web




EUROCODES  Fire design by global structural analysis

Background and Applications
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dApplication requirement of advanced calculation models
»requirement on material models

» strain composition
« kinematical material model
 strength during cooling phase

»step by step iterative solution procedure
»check of possible failure untreated in direct analysis

 rupture due to excessive steel elongation
» cracking and crushing of concrete




EUROCODES Global analysis of steel and concrete composite floor
Background and Applications under Iocalised fi re
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Composite slab
Steel deck: 0.75 mm

Standard part of the
floor system

3.2m
4.2 m

10 m

15 m

10 m



EUROCODES Choice of structural model
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Two different structural models may be adopted

»2D composite frame model (beam elements)

* membrane effect is limited to one direction
due to 1D effect slab model

* load redistribution is not possible between
parallel beams

»3D composite floor model (multi-type
element)

« membrane effect over whole floor area
 load redistribution becoming possible with
help of shell elements

More realistic to apply 3D composite floor model




EUROCODES

Background and Applications
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Hori. Disp. (mm) Vert. Disp. (mm)

3D calculation model

1

N
(22}

o
©c S

N S
o o

o

15 30 45

Validity of 3D composite floor model

Time (min)

60 75

=+ Cal. 3D

20 40 60 80
Time (min)



EUROCODES  Strategy of 3D composite floor modelling
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Fire area

Jetail of
umerical

Global structure without nodelling

composite slab




EUROCODES . . ags
—amiene [I@CHANIcal loading and boundary conditions
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Uniformly distributed load: G + ¥, ,Q

o

Continuity condition
of concrete slab

Continuity
6=0 condition of
columns



EUROC22E®  Mechanical response of the structure
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> Total deflection of the floor and check of the
corresponding failure criteria

140 mm"

20 min 40 min




EUROCODES Mechanical response of the structure
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» Total deflection of the floor and check of the
corresponding failure criteria

110 mm =< L/20 = 500 mm

o BN
£ .00 e
5 15 /
= Secondary 7
o Main beam
2 200 beam - T
8 -250 \\ i
-300
0 10 20 30 40 50 60
Time (min)

280 mm £L/20 =750 mm




EUROCODES Mechanical response of the structure
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»Check of failure criteria: elongation of reinforcing steel

1.4%=< 5%

1.3%=5%

Strain of reinforcing steel Strain of reinforcing steel
Il slab span 1 slab span




EUROCODES

Background and Applications
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Unbraced frame—-R + 3




Design
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EUROCODES Edge column temperature
: . Time : 90 minutes
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EUROCODES

Background and Applications

Central column temperature
-~
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Temperature (°C)
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EUROCODES +Bean-slab temperature

Background and Applications
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