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Ambient temperature design

» EN 1990 Basis of structural design
» EN 1993-1-1 Design of steel structures
» EN 1994-1-1 Design of composite structures

Ny
-

Fire design

> EN 1990 Basis of structural design
» EN 1991-1-2 Thermal actions
» EN 1993-1-2 Fire design of steel structures
F > EN 1994-1-2 Fire design of composite
structures

i

ARADA -
% EK Part 5a: Worked examples 2/62
e



WWorKed examplesi=OVerview,

Number of
examples

> EN 1991:  Actions on structures 2
Part 1-2: General actions — Actions on
structures exposed to fire

» EN 1993:  Design of steel structures 3
Part 1-2: General rules — Structural fire design
» EN 1994:  Design of composite steel and 4
concrete structures
Part 1-2: General rules — Structural fire design
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WorKed examples=OVerview,

» Actions
X Compartment fire
X Localised fire

> Steel
X Steel column
X Steel beam (N + M)
X Steel beam (hollow section)

» Composite
X Composite slab
X Composite beam (steel beam)
X Composite beam (partially encased beam)
X Composite column

-
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Sompantmeniszre

1Sk«

of a fully engulfed fire

A

Determination of the gas temperature

= Natural fire model for compartment fires

— Parametric temperature — time curve

stand:

ard tem

peratur

e-time ¢

X

curve
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6y =1(diq O, D)
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EN 1991-1-2: Annex A
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time
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Building: Cardington test facility
Type: Office

Fire load: q;4 =483 MJ/m?

Floor area:
Height:

Average window height:
Area of vertical openings:
Vertical opening factor:

Material of boundaries: Lightweight concrete
b = 1263.3 J/(m?s'2K)
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SomparmenuyEire
EUE]ORVENtIation Conirolied

0.2-10°.q,,/O=0.363 h

0.363 h<t, =0.333 h fuel controlled
0.363 h>t,. =0.333 h ventilation controlled
where

Gig =Y g A /A,
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SomparmenuyEire

Riedungreurve:

Calculation of the heating curve:

0, =20+1325-(1-0.324-6°°" ~0.204- """~ 0.472.67°")

O 1600 heating curve
where: e \
© 1200 ot
t=t.T 2 800
2 L 400
o Cw =
(0.04/1160)° Qe
0 30 60 90
time t (min)

Part 5a: Worked examples 8/62




SomparmenuyEire

MdXimumiemperdaiure:

Equal to the calculation of the heating curve, excepit:

0.2-107°. O
1:max — max{ qt’d/
1:Iim )
maximum temperature
S heating curve
O 1600 / g\\
The maximum temperature £ 1200 P B
Is needed to determine © 800
- ) :
the cooling curve. o 400 -
E 0
0 30 60 90
time t (min)
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Sompanimen

SO0MINgIcurve

Calculation of the cooling curve:
cooling curve

0 =0 —625-(t*=t* X maximum temperature
g MES ( Lo ) ~ / heating curve
O 1600 T~y \
© 1200 — oA e
-]
© .
Q400 s
-3 o .
=(0.2-10°q,,/0) T £ .
0 30 60 90
=1t1-T time t (min)

If fire is ventilation controlled: | x=1.0

If fire is fuel controlled: XO= L S
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SomparmenuyEire

Halc

CUNVednu comparison

— parametric temperature-
5 0T | fmeourve e «—— Parametric
g 1288 ~~<—"|  Gooling phase temperature-time
g 600 /. \\ curve
S 400 | RS
£ \
2 200 ~
S -

0 20 40 60 80

time t [min]

Measured maximum

1,200 - Calculatign .-'""'~¢/I\/Ieasured average
Comparison ! /:é
calculation — measurement : el \x
(Factors of gy 4: 644 =1.0, | \
8= 1.0, \
5 = 1 0 36 40 50 60 Tb )

Time (mins)

BO.‘
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VWorKediexamples=OVerview,

» Actions
X Compartment fire
X Localised fire

> Steel
X Steel column
X Steel beam (N + M)
X Steel beam (hollow section)

» Composite
X Composite slab
X Composite beam (steel beam)
X Composite beam (partially encased beam)
X Composite column
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Determination of the steel temperatures of a steel beam
exposed to fire by a burning car.

— Natural fire model for localised fires

Not impacting the ceiling Impacting the ceiling
i Lh »
Flame axis: Flame axis'_.r

Il e
Ho
L)

v //fl//igbl/fl/// v /////////////////

+—+D +—+D
EN 1991-1-2: Annex C ‘ .
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Cocaliseatire
drdimeiers

il < Most severe

fire scenario Building: Car park Auchan,
Luxembourg
Type: Underground
car park

Height: H=2.7 m
Horizontal distance
from flame axis to beam: r=0.0 m
Diameter of flame: D =2.0 m

Steel Beam: IPE 550
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Localisea

)

Hdielorhedls: dS€

Curve of the rate of heat release of one car

Q (MW)
O =2NWPkOO OO

O

30 60 90

time t (min)

From ECSC project:Development of design rules for steel structures
subjected to natural fires in closed car parks. ‘:
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LocaliISEANine
Hdmerengrn

— Model A has to be used @ 'Flame axis

AL L L L LSS
1

— Model B has to be used

8

6

Y/ L L

5 I ceiling (H) Flame axis__ 7
0

\_jlame length (L) :,_/,:/ u / ] /;:_—/\:\/
30 60\ 90 H N ? f

height (m)

) ik
_4 /AF////////)////////

time t (min) H \
D ‘.ﬁ

Part 5a: Worked examples 16 / 62




Temperature-time curve for the unprotected steel beam:

A /V
ear=6m+ksh' : 'ﬁﬁet'
, Ca'pa
1000
O
< 800
2 600 /\
O =770°C 3 [\
tt,, =31.07 min & 0 J N
a = s o
S E 200 -
g /
0
0 30 60 90
time t (min) .
|
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WorKed examples=OVerview,

» Actions
X Compartment fire
X Localised fire

> Steel
X Steel column
X Steel beam (N + M)
X Steel beam (hollow section)

» Composite
X Composite slab
X Composite beam (steel beam)
X Composite beam (partially encased beam)
X Composite column

-
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Determination of the design Bracing system

axial resistance for a steel

column. &
Column

exposed to fire L

™ L

— Simple calculation model

for compression members

EN 1993-1-2: Section 4.2.3.2 ‘
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Steelrcoiumn

FAardimneiers

Building: Department store
Fire resistance class: R 90

Loads: G, = 1200 kN - Encasement
P, = 600 kN —HE 300 B

Profile: Rolled section
HE 300 B
Fire protection: Hollow encasement
of gypsum board (d, = 3 cm)
Steel grade: S 235
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Accidental situation:

E,, =E- (ZGk +A IV, 'Qk,i)

Combination factor for shopping areas: = VY,,=0.6

= N, =1560 kN
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Steelrcoiumn

VidximunisieeIiemperdiure:

bare steel 10 A A
N 100 40 25 .
200/ 60 | 30/ 20 15 2000 V d
- e 1500
~ 600
2 3
Euro-Nomogram: g >00 o
- 5 400 £
= 0 ~ 445 © =
a,max,90 g_ 300 E
e
. Reduction factors: 100 |
ke o = 0.655 30 60 90 120

fire resistance time (minutes)

VA %
ﬁ% K Part 5a: Worked examples 22 / 62
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JﬁoLunn

JCTIONNacior andiverrcanon

» Reduction factor y:

e K
Aio =A- |[—L==0.25
kE,e

= %; =0.86 00 0510 15 20 25 30 35
non dimensional slenderness
> Flexural buckling: in fire situation (-)

for: 6, = 445 °C
\ S 235

AN
S~

cNeoNoNe

ONDIMOO O -

reduction factor
in fire situation (-)

fy
Nb,fi,t,Rd =% A-K T

y,0,max
Ymii

Nfi,d/ Np fitrg = 0-58 <1
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WorKed examples=OVerview,

» Actions
X Compartment fire
X Localised fire

> Steel
X Steel column
X Steel beam (N + M)
X Steel beam (hollow section)

» Composite
X Composite slab
X Composite beam (steel beam)
X Composite beam (partially encased beam)
X Composite column

-
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SIEEIEam(IN==AV])
Ta

.,!
Jl

Verification of a steel beam subjected to bending
and compression loads.

G, Iy G« T Px

| 10.0 m |

71 I

— Simple calculation model for members

subjected to bending and compression loads

EN 1993-1-2: Section 4.2.3.5

o
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SIECINEAmN(IN=1V])
FAldInelers;

Building: Office building
Fire resistance
class: R 90

Loads: G, = 96.3 kN ! ;—Slab
g. = 1.5 kN/m I HE 200 B
Pk = 1.5 kN/m E Gypsum

board

Profile: Rolled section

HE 200 B
Fire protection: Hollow encasement
of gypsum board (d, = 2 cm)
Steel grade: S 235 o
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':—):—)J PEAM(INEEAV)
anical dCuonsdunngmire’exposure!

Accidental situation:

E,,=E- (ZGk +A IV, 'Qk,i)

Combination factor for office areas: =y, =03

= N;, =96.3kN

M, 4 = 24.38 KNm
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SIEEIEam(IN==AV])

VidximunisieeIiemperdiure:

bare steel 10 A k

100 40 25 Vi
200/ 60 | 30/ 20 152000 V G,

- Euro-Nomogram:

= 0, maxgo= 940 °C

insulated steel

temperature (°C)

Reduction factors:

' = Kk, 4= 0.656
kE,e —_ 0.484

\ 4

60 90 120
fire resistance time (minutes)
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SIECINEAmN(IN=1V])

Heauctionidaciors and \verificauon

> Reduction factors y; ;:

Similar to example ,Steel column®

- » Flexural buckling:

Nfi,d - ky i My,fi,d

=0.98 <1
Xmingi * A - ky,e 'fy/ Ymji Wpl,y 'ky,e 'fy/ Ywi

» Lateral torsional buckling:
N;i 4 N kLT Myfld _ 114 <1 %
Nosi - A ky,e 'fy/ Yai Xt W Ly ye y/ Y

o
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WorKed examples=OVerview,

» Actions
X Compartment fire
X Localised fire

> Steel
X Steel column
X Steel beam (N + M)
X Steel beam (hollow section)

» Composite
X Composite slab
X Composite beam (steel beam)
X Composite beam (partially encased beam)
X Composite column

-
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dIMNIBIIWISECLION)

Determination of the design bending resistance for
the steel beam.

A Y G F P
JAN 7\

! 35.0m L

= Simple calculation model:
« for members subjected with bending loads

 without stability problems

EN 1993-1-2: Section 4.2.3.3
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SIECIPEAMN(NOIOWISECTION)!

FAardimneiers

Building:
Fire resistance class:

Loads:

Profile:

Fire protection:
Steel grade:

Hall roof structure
R 30

g =9.32kN/m N,
P, = 11.25 kN/m

AN

Welded section
h/b=70cm/45cm
t, =t =25 mm

none

S 355
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.un O1OWISECTION)
dCHONSAUnngiirerexposure!

Accidental situation:

E,,=E- (ZGk +A IV, ‘Qk,i)

Combination factor for snow loads: =y, =0.0

= M, =1427.1kNm
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SLEEIDEAMN(NOIIOWISECTION)

VidXimumssieeinemperdiure:

» Standard temperature — time curve:

6, =20+345:log,, (8 -t+1)

O 1000
o 750 |
> Steel temperature — time g %0 [ -~
a 250 /
curve: E e
0 15 30 45 60
A /V
AB,, =K - : -Iﬁ?ﬁet - At time (min)
: Ca Pa
Section factor with equal thickness A, 1 40 1
of flanges and web. V ot m

ol
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SLEEIDEAMN(NOIIOWISECTION)

Veriticauon

» Verification in the temperature domain:

Mo =Ejq/Rpg0 =0.31

Yamax0 _ 0 9 < 1
= 0,4 =659 °C O, or

» Verification in the strength domain:

Y 1

Miiird = Moirasoec Kye - y:::; - s =1645.4 KNm
where

k, o =0.360 M.

. id _0.87 <1

K =1.0 M

o
*
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WorKed examples=OVerview,

» Actions
X Compartment fire
X Localised fire

> Steel
X Steel column
X Steel beam (N + M)
X Steel beam (hollow section)

» Composite
X Composite slab
X Composite beam (steel beam)
X Composite beam (partially encased beam)
X Composite column

-
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SOMpPoSitersidn
S K«

Determination of the design sagging moment resistance
for the composite slab.

WAy 9+ Pe

A D

| 4.8 m |

— Simple calculation model for composite slabs

exposed to fire

EN 1994-1-2: Annex D

o
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SOMPESILETSIan;
LAldITIEIeTS]

Building: Shopping centre
Fire resistance
class: R 90

Loads: g, = 4.62 KN/m?
pk = 50 kN/m2

Heigth of slab: h=14.0 cm

h,
Strength class: C 25/30 /f% S % /ﬁ %H;
|
L 1 2 L

Steel sheet: Re-entrant L ; X !
h,=5.1cm
Yield stress: f, = 350 N/mm?2

Gl 1 |
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SOMpPoSitersidn

VIECTTAanICAl dCHIONSIAUTINGHIreeXposure

Accidental situation:

E,=E- (ZGK +A,+ 2V, 'Qk,i)

0.8
Qi Gy _ _§\ S v,, =0.9
= k1 1 1 0.6 | k1]
Gk gk nﬁ \\‘\%\‘*A iy [T l|12.'1 = O 7
04 - ——y,, =05
| 05 -y, =02
Bending moment 00 10 20 3.0
in fire situation: Q,./G,
M; 4 =n; -My, =21.76 KNm/m
Part 5a: Worked examples
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SOMpPoSitersidn
RIOIGEOMELYAdCiOol,

. . Area: A
Rib geometry factor considers

positive effects of mass and /
height of the rib. prosed surface: L,

3

h
2=27mm X//{//)éilﬂ;
P P

e {*57)
5
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SOMpPositersian

hnermaninsuiaton

The temperature on top of the slab should not exceed
140 °C in average and 180 °C at its maximum.

t. =131.48 min>90 min

B
>

temperature

standard temperature - time curve

upper concrete temperature

140 °C
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SOMpPoSitersidn

Viaximumsieei i

. R
» Calculation of the steel temperatures: X f v / = /%&4
0

Steel Sheet a,u ea,w es ea,I
A

[ENPErdiuresdandverificdaton

_b0|+b1|'| b,l.L_+b3,|.¢+b4,|.¢2
Reinforcement bars
U, A 1
UG, 16 & +C,-Z+C, - — THENEUEEC, - —
h L I
2 r 3

> Verification:

., f .
Mitra =2 A2 Ky g {J Olgap - 2 A2, - Ke g { = j

YMmii YMiic
=25.00 KNm/m >21.76 kNm/m
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WorKed examples=OVerview,

» Actions
X Compartment fire
X Localised fire

> Steel
X Steel column
X Steel beam (N + M)
X Steel beam (hollow section)

» Composite
X Composite slab
X Composite beam (steel beam)
X Composite beam (partially encased beam)
X Composite column
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SOMPOSILEN!
1 SK

Determination of the design sagging moment resistance for
the composite beam.

Ay 9 * P

A D

L 5.6 m

| |

— Simple calculation model for composite beams
exposed to fire

EN 1994-1-2: Annex E
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SOMPOSILEN
FAldInelers;

Building:
Fire resistance class:

Loads:
Heigth of slab:
Strength class:
Profile:

Fire protection:

Steel grade

Office building
R 60

gy = 28.0 kN/m
o, = 15.0 kN/m

h.=160cm b, V
C 25/30 f ,,,,,,,,,,,,,, 1

Rolled section

HE 160 B Contour ﬂz iHE 160 B
encasment==t==

Contour

encasement

of plaster (d, = 1.5 cm)
. S235

i
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Sompesiteream (5,
MECTHanicdl dCLioNSAdUuringii

Accidental situation:

E,,=E- (ZGk +A IV, ‘Qk,i)

Combination factor for office areas: =y, =03

= M, =127.4kNm
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. bare steel
Upper flange: . 100 40 25 10 A 4

.

200/ 60 30/ 20 15 2o¢o vd
Oamaxu=3890 °C e ks
6\ 600 _ y EE A
2 o
- Web = s00 L[] 3
Bamaxw=650 T 2 400 | ;
= K, = 0.350 2 a0 z
o
200
Lower flange: 100 =
ea max,| = 550 OC o : I_u’ i ::.'i:‘fE; .

30 60 90 120
fire resistance time (minutes)

AR .
ﬁ% K Part 5a: Worked examples 47 | 62
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SOMPOSIIETNET fedm)

I EMPErdiures;orneic OMPressioniZone

Check, if the temperatures in the compression zone are
lower than 250 °C:

(h, —h,)=12.2cm>x=5cm

= Concrete compression
strength is not reduced.

where

x: Concrete zone with temperatures 6, > 250 °C
h,: Height of the compression zone

i
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Sompositerpeamisiecitedn)

Designisdggingimomentyesisidncerandvennication

» Design sagging moment resistance:

Miga =T (Ve —y7)=274.2 kNm

E)eff 1 fc 20° c/YM fic __ <£ )
h‘i?ﬂf 1€ \ fay qzly“" fl.a Ye
h W ie fay qvv/ YM fi,a— -_I-_’

i | b ayq1/YM fi,a yT

> Verification:
|Vlfi,d

=0.46 <1
IVIfi,F{d

ol
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WorKed examples=OVerview,

» Actions
X Compartment fire
X Localised fire

> Steel
X Steel column
X Steel beam (N + M)
X Steel beam (hollow section)

» Composite
X Composite slab
X Composite beam (steel beam)
X Composite beam (partially encased beam)
X Composite column
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Sompositerveamypartiallyencasedi;
1 SK

Determination of the design sagging moment resistance for
the composite beam

WA ey 9c T P
JAN 7\

B 12.0m !

7 7

— Simple calculation model for composite beams
comprising steel beam with partial concrete encasement
exposed to fire.

EN 1994-1-2: Annex F
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SOMmpositerbeamypartially;/encasedeanm)
dldIMEIESS]

Building:
Fire resistance class:

Loads:

Profile:

Steel grade

VA -
DSk
PN

Height of slab:
Strength category:

Width of encasement:
Strength class:

Storehouse
R 90

gk = 21.0 kN/m

Py = 30.0 KN/m
h,=16cm haj:A
C 25/30

b, =b=20cm

C 25/30

Rolled section
IPE 500
e o8

Part 5a: Worked examples
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Sompositerveamypartiallyencasedi;

VECTTanICAl dCHIONSIAUTINGirelexXposure:

Accidental situation:

E,,=E- (ZGk +A IV, 'Qk,i)

Combination factor for storage areas: = y,;=0.8

—  M,,=810.0 kNm
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Sompositerveamipartially;encasediean)
HEedUCHION oI NEICTOSSESECHIONININEN e SItudtion

» Concrete slab
X Height reduction
» Upper flange .
X Width reduction
> Web
X Determination of
height without ;% h,

+hh

strength reduction

» Lower flange (B) (A)
X Strength reduction

» Reinforcements K fol¥mns

X Strength reduction Ko folVmss
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Sompositerveamypartially,encasediean)
Designisaggingimomentiesisiancedanawverncanon

» Design sagging moment resistance:

Mg = =T -2, = 942.7 kNm

where
T.. tension force of part of the cross-section

z: distance from compression force to the tension force

> Verification:

9 =0.86<1

fi,Rd

i
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WorKed examples=OVerview,

» Actions
X Compartment fire
X Localised fire

> Steel
X Steel column
X Steel beam (N + M)
X Steel beam (hollow section)

» Composite
X Composite slab
X Composite beam (steel beam)
X Composite beam (partially encased beam)
X Composite column
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SOmposiiercoiumn
[2153,€

Determination of the design axial compression
resistance for the composite column.

Bracing system

L
_ . Column
— Simple calculation model exposed to fire | L
for composite columns exposed \*_ L
to fire and tabulated data method .
— -
L=4.0m
EN 1994-1-2: Annex G
EN 1994-1-2: Section 4.2.3.3 -
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SOmposiiercoiumn
dldNEIESS;

Building:
Fire resistance class:

Office building
R 60

Loads: G, =960.0 kN €
P, =612.5 kN
Concrete u >|t
strength class: C 25/30 il

Profile: Rolled section
HE 300 B
Steel grade: S 235

-
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SOMpositercoiumn

VIECTTAanICAl dCHIONSIAUTINGHIreeXposure

Accidental situation:

E,,=E- (ZGk +A IV, 'Qk,i)

Combination factor for office areas: =y, =03

= N,,=1143.8kN
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SOMpESsItercolumn

REAUCTIONIOIANEICTOSSESECHIONINTIresituauon

» Flanges
X Strength reduction
X Stiffness reduction

> Web f

¥

b
ay f,0 €
X Heigth reduction an ZHZ/
' fsy,e ~ S

X Strength reduction
X Stiffness reduction oy o ~—
» Reinforcements Al
X Strength reduction f o —
X Stiffness reduction

Y

» Concrete Fayso bk i b.
Z

X Thickness reduction u,
X Strength reduction
X Stiffness reduction

VA %
ﬁ% K Part 5a: Worked examples
x
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SOMpESsItercolumn
pesigniaxialresisidnceanuVernnication

» Calculation of the axial design resistance:

Nipira = ZNiipira; = 2659.8 kN

where
Niorai  Plastic design resistances of the several parts

» Flexural buckling:

Nla© _ 05027 %, IS determined similar to
N, example ,Steel column®
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SOMpESsItercolumn

japuidaieaiaataimeinod

Existing parameters:

b=h=300 mm

e,/e =0.58

u, =50 mm

Ny, =0.28 A = 3% /

Minimum ratio of web to flange thickness e /e; 0,5 0,5
1 Minimum cross-sectional dimensions for load level 1 ¢ < 0,28
1.1 minimum dimensions h and b [mm] 160 200
1.2 minimum axis distance of reinforcing bars ug [mm|] - 50
1.3 minimum ratio of reinforcement AJ/(A+A;) 1n % - 4

Part 5a: Worked examples 62 /62




