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BRIEF HSTORY OF BUROCODES

Treaty of Rome 1976 Removal of artificial barriers to trade

European Commission 1980equirement for harmonized design
standardgs; started the Eurocode drafting process

1989 EC transferred responsibility to GEbmiteEuropeerde
Normalisation

CEN Committee TC250 and subcommittees wrote the standards
ENV+NAIR, IS EN + National Annexes

Period of ceexistence with national standards

58 Eurocodes in total published between 2002 and 2007

CEN remain responsible for revisions

30 YEAR PROCESS
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KEY ASPECTSOF EUROCODSYSTEM(OBJECTIVES

o Common design criteria
o Provide a common understanding

o Facilitate the marketing and use of structural components and kits in
Member States;

o Facilitate the marketing and use of materials and constituent product:
the properties of which enter into design calculations;

o Be a common basis for research and development, in the constructio
iIndustry;

o Allow the preparation of common design aids and software;

o Increase the competitiveness of the European civil engineering firms,
contractors, designers and product manufacturers in their global
activities
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KEY ASPECTSOF EHUROCODEYSTEM

Structural safety,
gerviceakbility and

Partial Factors . EM 1930 durabilty

Loading ===

Material Codes ™=

Not relevant e
to fire design

The links between the Eurocodes
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KEY ASPECTSOF EUROCODEYSTEM

A Support National Regulations (are subservient to)

A National Regulations set Nationally Determined
Parameters (NDP)

A Principals (P) and Application Rules
A Normative Annexes
A Informative Annexes

A National Annex specifies NDPs and indicates which
Informative Annexes may be used

A Non-contradictory complementary information (NCCIs)

A Contradictory National Codes to be withdrawn by
March 2010
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QURRENTSTATUSOFHJROCODHES! IRELAND

Eurocode Part Title National Annex
Publication Status

IS EN 1990:2002 Basis of structural design Published March 2005

IS EN 1991-1:2002 Actions on structures. General actions. Densities,-self Published March 2005
weight, imposed loads for buildings

IS EN 1991-2:2002 Actions on structures. General actions. Actions on Published Feb 2007
structures exposed to fire

IS EN 1992-2:2004 Design of concrete structures. Structural Fire design  Published 13 January, 2010

IS EN 1993-2:2005 Design of steel structures. General rules. Structural fire NA out for public
design consultation 19Feb 2010

IS EN 19941-2:2005 Design of composite steel and concrete structures. NA out for public
General rules. Structural fire design consultation 19Feb 2010

IS EN 19983-2:2004 Design of timber structures. General. Structural fire NA out for public
consultation 19Feb 2010

IS EN 1994-2:2005 Design of masonry structures. General rules. Structure NA out for public
fire design consultation 06Nov 2009

IS EN 1999-2:2007 Design of aluminium structures s. General rules. NA out for public
Structural fire design consultation 19Feb 2010
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QURRENTSTATUSOFHJUROCODHES! IRELAND
EXTRACT FROM EU COMISSION WEBSITE

nUnder the Public Procur emel
Member States accept designs to thelHtikbcodesThe EN
Eurocodeswill become the standard technical specification for
all public works contracts. If proposing an alternative design
one must demonstrate that is technically equivalent to an EN
Eurocodesolution.

As the National Standardisation Bodies are not expected to
maintain the withdrawn National standards in practice, there
will be little option but to use the ElRurocodeslt is extremely
likely that pressures from international clients and contractors
as well as other stakeholders like the insurance industry, will
| ead to their more rapid ap
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IS EN 1990:200ADNATIONAIANNEX 2005)

IS EN 1990 used (together with IS EN 1991) with all other IS
codes

Sets out the principles for safety, serviceability and durability

Provides the safety factors for actions and combination actior
effects ( partial factors, combination factors)

Sets durability criteria
Limit state code: FIRE is an Ultimate Limit state
Material independent code (differs from BS codes)
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IS EN 1990:200AIDNATIONAIANNEX2005)
0 EMyg W
oCANB I' &! OOARSYGlt 5Sa
0 Bg=Gy +- 1Q1t- 2Qko

Therefore! ; and! - taken as unity (for cold desigp =

1.35and!=1.5) reﬂectlng the low probability of fire and fuII

load and also reflecting the acceptance of greater levels of
damage in fire conditions

- . and. , are combination factors
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IS EN 1990:2002DNATIONAIANNEX 2005)

Table NA. 2 - Values of w factors for buildings

Action vi | w
Impozed loads in hwildings, category (see EIN1991-1-1}
Category A: domestic, residential areas

Category B office areas
Category - congrezation areas
Category It: shopping areas
Category E: storage areas
Category F: traffic area,

Vehicle welght < or = 30En
Category & mwaffic area

F0ED < vehicle welght < or = 160En
Category H: roofs
Snow loads on buildings (see EIN 109]-1-3)
Wind loads on butldings (see EN 1991-1-4)

Temperature (pon-fire) in budldings (see EN
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IS EN 1990:200ADNATIONAIANNEX2005)

EXAMPLES (Fire Limit State Loading)

OFFICE BUILDING

Eﬁ d — Gd + 0.5 Q where Q= live load and wind is na
the dominant load

SHOP

Ei d— Gd + 0.7 Q where Q= live load and wind is na
the dominant load
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IS EN 1990:200AIDNATIONAIANNEX2005)

A Fire Limit State Simplified Analysis
A Reduction Factdrg = (G + 1Q)/(* G+ oQd

AEd,ﬁ:' i Ed

AQJG=215=1.35!,=15,,=05
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IS EN 1990:200AIDNATIONAIANNEX2005)

Table NA.1 — Indicative Design Working Life

Indicative
Desion Working | design working Examples
Life category life (vears)

Temporary structures (1)

eirders, bearings

Agnicultural and sinular structures

Building structures and other common
SIUCNITES

100 (2) Monumental building structures, bridges
and other civil engineering structures
(1) Structures or parts of structures that can be dismantled with a view to being
re-used should not be considered as temporary.
2} Worlkang life for bridges of 120 years may be used subject to the requirement
of the clients
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HJROCODE (LOADINGS)
IS EN 1991-2:2002ANDNATIONAIANNEX2002)
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IS EN 1991-2:2002ANDNATIONAIANNEX2002)

Figure 1 — Alternative design procedures
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Structural Fire Design Procedure

Stepl Design Fire Scenario (EC1)
A Compartment Fire
A Localisedire

Step 2 Design Fire (EC1)
A NominalFire Curves
A Natural Fire Models

Step 3 Temperature Analysis (EC 2 to 6, 9)
A Radiativeand Convective transfer
A Location/orientation of member

Step 4 Mechanical Analysis (EC @ to 6, 9)
A Time Domain Ui X Lirequ
A StrengthDomain Ri gt X By

A Temperature Domain ¢4 Kb
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NOMINALHREQURVES, STANDARIBIRE

A Option 1 = TGDB Table A2

A Option 2 = Equivalent time of fire exposure
per NA.5.3 Annex F (NA.2.1.clause)

A Option 3 = Table 26/27 of BS9999 (also a
time-equivalent based approach)
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NOMINALHREQURVES EQUIVALENTIMEOFHREEXPOSURE
NA.5.3

A Only applicable where design of members is based on tabulated
data or simplified rules (i.e. not applicable in combination with
complex structural responsaodelling

A Not applicable to timber or composite steel/concrete

Whereq;, - design fire load density per NA.5.2
K, = conversion factor for thermal properties of boundaries

w; = ventilation factor
= (6.0/H)0.3[0.62 +90(0:#)4/1+h,h )] % n P pr

= @>. A/A, for small compartments of less than 100sgm

w= Multipicationfactor per Table NA.8 taking account of height of building
and usage

A NA recommends sensitivity analyssamount of ventilation

ﬁ Maurice Johnson & Partners




FEQUIVALENTIMEOFHREEXPOSURENA.5.3
EXAMPLE

Equivalent Time of Fire Exposure according to Annex F of Irish National Annesx to 15 EN 1931-1-2:2002
EXAMPLE - HOTEL BEDROOM in BUILDING 25m High (40sgm, 3m high with 7.2 sqm of glazing)
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Risk profile

Al(O
A2

A3
A4E)

B2 sunpg) 30 20

m((& s9mtdy N0 20

B3

B4 D

Ci1h

Ci2z?

Cii1 or Ciiil
Cii2 or Ciii2
c3Be

40

NOTE 1 For occupancy characteristic A covering storage and car parks, and all basements, the fire resistance

hees) 15

EQUIVALENTIMEOFHREEXPOSUREBS9999

Table 26  Fire resistance periods for elements of structure

(based on the ventilation conditions given in Table 27 )

Minimum periods of fire resistance, in minutes &

He:ght Q of top occupied storey above access Ieve|

Not more Not more More ti\én 7
than 30 m than 60 m 60 m

75 i?OQo 90 12

300 150
60 120 300 300

Not more
than 11 m

Not more Not more

than 18 m

60 @O 60120j90 75 vs|q0
75 @O 90 \7.0/6\0
30 45 75 105 135 180

60 75 75 90 105
90 — —

30 30 45 60 60
45 60 75 90

periods are as given in Table 25.

NQTE 2 Variation of the risk profile by the addition of sprinklers conforming to BS EN 12845 (new systems) or
BS 5306-2 (extst/ng systems) can be used to reduce the fire resistance as descr/bed in 6.5.

120 |'Za[cﬁ<‘~ .

Table 26/27- Well ventilated
compartment

AGreater flexibility |

AReduced ratings in some circumstances,
increased in other circumstances

ABased on a combination of Deterministic
Analysis (time equivalent based on BSEN
parametric fires) and Probabilistic

_Risk/Consequence Analysis (Risk =

frequency x Likelihood x Consequence)
AHeight bands are related to fighting
height thresholds: i.e. ladder, high reach, di
riser, wet riser
AApplicable only to above ground storeys

V) Maurice Johnson & Partners




NATURAHREMODELS

1. Parametric timeg temperature
curves per Annex A

2. External memberg per Annex B

3. Localised fire sourceasper National
Annex

4. Advanced fire modelling

m Maurice Johnson & Partners




NATURAHREMODELS

1. Parametric 9t Curves (Annex A + NA.4)

heating phasel @ =20+ 1325 ( 1-02324e-%2" _p204e-"" _0472e-"9"

cooling phase

A Boundary properties, ventilation conditions, fire load density and
fire growth rate all taken into account

A Easily set up on spreadsheet
A No allowance for height/risk!!! i.e. no- factor

m N\aurice Jthson & Partners




NATURAHREMODELS

A Parametric Tt Curves (Annex A + NA.4)

0 20 40 60 80 100 120 140 160 180 200 220 240
Time (mins)



NATURAL FIRE MODELS

2. External Memberg.g. balcony walkway supports,
Central Bankacalloybars)

Calculates flame shapes and temperatures, maximum compartm
temperature, radiation and convection parameters
Use configuration factors to calculaseliativeheat transfer

m N\au_rice Jthson & P.artners




Eurocodes 2, 3,4, 5,6, 9

AMViaterial specific codes
ATabulated data
AHeat transfer analysis

AViechanical analysis at elevated
temperature

ﬂ Maurice Johnson & Partners
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CONCRETE : Eurocode 2 Rart 1

Until the National Annex is available, publication of this European Standard is solely for
educational/training purposes and this standard should not be used in project design until the
ant National Annex is available.
Figure 1 : Alternative design procedures
Table 0.1 Summary table showing alternative methods of verification for fire resistance

Tabulated data Simplified calculation
methods
YES

Member analysis

Analysis of parts of the
structure

Global structural
analysis
: principles are

Maurice Johnson & Partners
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CONCRETE : Eurocode 2 Rart 1

A Separating elements which are not Iebdaring: Integrity
(Criterion E) and Insulation (Criterion 1) El

A Loadbearing and not separating : Mechanical Resistance
(Criterion R) R
A Nominalc for specified duration
A Parametricg for entire duration including cooling phase

A Loadbearing and separating : Criteria R, E anel

A Example : Wall REI60, Column R60

Al STBNE YR al / ¢ FTRRSR AT Uf
respect of the external fire curve or the hydrocarbon curve
e.g. REef, REHC

ﬂ Maurice Johnson & Partners
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CONCRETE : Eurocode 2 Rart 1

A Method 1¢ tabulated datag(most likely to be used
except where there are specific issues)

A Applies to standard fire curves only
A Subject to National Annex
A Based on Normal Wt Concrete asiticiousaggregates

A Method 2¢ Simple calculation methods per Annexes
B to E (informativeq Section 4.2 of code

A Method 3¢ Advanced calculation methodSection
4.3 of code (limited real design information in the
code)

A Method 4c¢ Fire tests

m Maurice Johnson & Partners
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CONCRETE : Eurocode 2 Part 1

Method 1¢ tabulated data

Columns to Eurocode

>, = ratio of design axial load at fire limit state
with design resistance at normal temperature

Table 5.2a: Minimum column dimensions and axis distances for columns with
rectangular or circular section

Standard I‘vlinimum dimensions (mm)
fire bmin/axis distance a of the main bars
resistance

5
200/25 200/25 200/32 155/25
300/27

200/25 200/36 250/46 155/25
300/31 350/40

200/31 300/45 / 155/25

300/25 400/38

250/40 350/45** 350/57* 175/35
350/35 450/40™ 450/51™

350/45* 350/63** 450/70™* 230/55
350/61* 450/75** - 295/70

Minimum 8 bars
For prestressed columns the increase of axis distance according to 4.2.2. (4) should be
noted.

Harors of conisruzsn and madernialz

Columns to BS8110

Tahle 4.2 — REemforcs noerste columns

zems sxcinding azy camburhkls finiak for & fire

maiviance of

Lghtweizht concrete

r iz sxprazoed hace oz win s oo N ImaE (o
idzroemant azd ihase dlazed ralues zaed i be de

Maurice Johnson & Partners
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CONCRETE : Eurocode 2 Part 1

Method 1¢ tabulated data (continued)

Beams to Eurocode Beams to BS8110

Table 5.5: Minimum dimensions and axis distances for simply supported beams
made with reinforced and prestressed concrete

Standard fire
resistance Minimum
Possible combinations of a and by
where a is the average axis

distance and bmin is the width of Class WA Class WB | Class
beam
80

3 — Concrete heams

(4[5 | & | 7 | & |
80

finmouas|
80

100 te (simaply supported):
120

150

¥ Oarerc i sxpoezzed s
A0 seiafsrcement Ku
(see note

For prestressed beams the increase of axis distance according to 5.2(5) should be noted.
asq is the axis distance to the side of beam for the corner bars (or tendon or wire) of
beams with only one layer of reinforcement. For values of byin greater than that

given in Column 4 no increase of ag is required.

* Normally the cover required by EN 1992-1-1 will control.

Maurice Johnson & Partners
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CONCRETE : Eurocode 2 Part 1

Method 1¢ tabulated data (continued)

Slabs to Eurocode Slabs to BS8110

Table 5.8: Minimum di s and axis distances for reinforced and prestressed Tahles 4.4 — Plain soffit concrete floors

concrete simpl ported one-way and two-way solid slabs =
Matnrs of conmrucnon xod o

£11 £11 £21 41

trht concrets

]
b
b
s
z

Maurice Johnson & Partners
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CONCRETE : Eurocode 2 Part 1

Method 1¢ tabulated data (continued)

Loadbearing walls to Eurocode  Loadbearing walls toBS8110

Tabkle 3.4: Minimum dimensions and axis distances for load-bearing reinforced
concrete walls Takls 4 § — Concrete walls with vertical reinforcement

Minimum dimensic

dasTeassd aczzrdamply.
* the Talus of wal thisicoecn oy b imberpoinied.
bart o7 e than 78 mm.

eF nequirsd

Mote: Forthe definiton of wssee 5.3.2 (21

Maurice Johnson & Partners
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CONCRETE : Eurocode 2 Part 1

Method 2¢ simplified calculation methods

Temperature profiles in Annex A
500° isotherm method as per Annex Bl
Zone Method as per Annex B2

Annex E sets out a simplified method for slabs and beams
which allows in the case of continuous slabs significant
redistibutionof moments towards the supports where the
rebarsare in the top of the beam/slab and obviously
significantly cooler

A Gamma factor for concrete,, = 1.0 in EC2 and 1.3 in
BS8110

A For rebar gamma factor = 1.0 in both codes

v > v

Maurice Johnson & Partners
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Capacity at fire limit state

Reduction factor
ks 1

Slope of linear elastic range

200 400 600 800 1000 1200
Temperature [*C]

Reduction factors for the stress-strain relationship of carbon steel
at elevated temperatures

A\ Maurice Johnson & Partners
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A1y s=1.0in EC3 (same as BS5¢®) Y S, &
A Simplified Calculation Methods

Al £ Odzft I §S &/ NA U A O IUtilisattoSBFadids
>0 = B o/Riig,00r conservatively =gl 4/ ol
(applicable to restrained beams or tension members onl
NA may quote default, e.g.>, -0.65 > a.cr= OR

A Calculate load bearing resistance at elevated temperature Vs
design load at fire limit state

G Advanced Calculation Methodgry little detail)
G External Steelworlas per Law and O Brien)

m Maurice Johnson & Partners
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Critical temperature method

Table 4.1: Critical temperature 8&,., for values of the utilization factor

NOTE: The naticnal annex may give default values for critical temperatuzes.

A\ Maurice Johnson & Partners
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Critical temperaturevs EN1338#4 Test Standard

7.11 Presentation of the Results

An example of a method of presenting the results is given in Table 30:

Table 30: Fire Resistance Classification R30 (30 minutes)

ovsgrrmpc| 0 | w0 | 0 | w0 | w0 [ o | s0 | w0 [
—

Thickness of material required in mm

etc to limit

The section factor interval may be varied as required.

The results may also be presented graphically.

Maurice Johnson & Partners
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For an equivalent uniform temperature distribution in the tion, the increas temperature

L
S I | I l p I e %+ 10 AN unprote eel member during a time int
L sk ,

time interval [
e unit f

ulated s

Advanced e.g. TASEF

Maurice Johnson & Partners
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COMPOSITE : Eurocode 4 Part 1

Scop

Trapezoidal
profile

Re-entrant profile

Flat profile

ﬂ Maurice Johnson & Partners
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COMPOSITE : Eurocode 4 Part 1
Eurocode BS5950

NOTE: A method iven in D.4 of Annex D for the calculation of the effective

-—screed
=—concrete
=—steel sheet

1

Figure 4.1: Symbols for trapezoidal sheeting  Figure 4.2: Symbols for re-entrant sheeting eed)

— Insulation thickn
Table D.6: Minimum effective thickness as a function of the standard fire resistance.
Standard Fire Resi: Minimum effective thickness

gff [mim]

Table 14 — Minimum thickne

Maurice Johnson & Partners
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COMPOSITE : Eurocode 4 Part 1

B5 5950 Part 8

j. EC4 Part 1.2

_ e . q

Minimum slab depth (h,+h,)

—
\

Data for fx=fy
Mormal range
of application

| IS SR I T — E— |
40 &0 an 100

Dack height, hy (mm}

Figure 22 Comparison of BS 5950: Part 8 and EC4: Part 1.2 in terms of insulation
depth of composite slabs (R0 case)

Maurice Johnson & Partners
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COMPOSITE : Eurocode 4 Part 1

DESIGN OPTIONS
A Simple calculation models
A Advanced calculation Models

ATabular Data for specific
cases/structural forms




COMPOSITE : Eurocode 4 Paxt 1
SIMPLE CALCULATION MODELS

A Annex D gives methodology for calculating the moment
of resistance (sagging and hogging) of the composite
slab when subject to the standard tirtemp curve and
Insulation thicknessg similar to SCI P186

A Composite beams without concrete encasement

U Method 1¢ Critical Temperature Method (simply
supported beams, depth less than 500mm slab, at least
120 thick)

U Method 2¢ Bending Moment of Resistance Method
A Partly encased beams and columns

Tabular Data for specific cases

m Maurice Johnson & Partners
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COMPOSITE : Eurocode 4 Paxt 1
ADVANCEALCULATION MODELS e.g. Vulca

Plate Element

Slab nodes

Refensnoe Plane

ifributed Steel Layers

Concrate Layers

anmector node

pved lay e Sab e

Maurice Johnson & Partners
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A Replaces BS5268 Parts 2, 3, 4,5
A Method 1- Residual Section, or

A Method 2¢ Reduced Properties

A Method 1 is recommended in code
A More complex than BS5268

A Annex E of Code also covers separating elements
attributes minutes insulation to various elements of the
barrier (somewhat similar to BS5268 Part 4.2)

A Code deals in detail with joints

A Code has charring rates for partly protected timber
elements

m Maurice Johnson & Partners
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Y

Linear elements
(beams, columns)

L
Protected
element

yes y

Calculate start of
charring £, (3.4.3.3)

no y
Calculate failure time
of panel [, (3.4.3.4)

yes g

Calculate &, and

reduced charring
rate

v
t

]
no 'l
Calculate &, and

> charring rate after
failure of panal

Structural elements exposed
to standard fire
(Simplified methods)

Wall and floor assemblies

> {section 5)

Calculate charring
depth (3.4.2)

No charring

>

Choose method for
reduction of mechanical
properties (4.2)

Calculate
charring depth for

=t
=ty

-~
Reduced cross
section method
(4.2.2) method (4.2.3)

A \J
Caleulate A, I, Wof

effective cross
section

Calculate A, I, Wof
residual cross section

A

Calculate R,

yes y
END

Figure F1 — Flow chart outlining the design procedure to check the load-bearing
function of structural members

Maurice Johnson & Partners
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Eurocode BS5268.4.1

Table 3.1 — Design charring rates /% and 5, of timbe L, wood panelling and wood- Table 1 — Notional rate of charring for the
based panels ~ . _ N
aleculation of residual s

d) Panels
Waood panelling

plytoac : i than 630 kg/m*~
molsture content

NOTE Linear interpolation or
n 15 min and 90 min

Figure 4.1 — Definition of residual cross-section and effective cross-section

Maurice Johnson & Partners
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A Method 1z Tabulated Data
A Method 2- Test Data

A Method 3 - Analysis

G Simplified analysis based on residual
section (similar to timber analysis

G Advanced calculation based on
material properties at elevated
temperatures

m Maurice Johnson & Partners
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A Draft NA for Public Comment issued on 06 Octobet
2009 until 01 December 2009

A Disallows design by calculation

A Includes tabulated data for various wall types e.qg.
EurocodeNA 1S325

Table 16a Solid masonry walls* exposed to fire from one side at a time
Sseasua . G i B M RS . : *Soltd masonry walls include walls constructed from solid concrete bloc

i, or solid concrete bricks, or clay bi
m REI) for Fire Resistane

kness (mm) ty F esistance Classification EI for Time (minutes) £ onry unit Finishes
L)

1+ 180

Nong
Masonry finished with 13 mm
thickness cement/sund render

Masonry finished with 13 mm
thickness lightweight aggregatc
ypsuin plasicr

uonENNSU0D

thickness cement/sand render

Masonry finished with 13 mm
thickness Lightweight ageregate

& calcium

silicae®

Complying with 1.8. 20 Part | : 1987 p 5. 190: 1987
Complying with 1.S. 189: 1987 it 1S, 91:198

m
=]

Q
o
),

®

)
=}
=}
©
ok
g
=}
=
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ALUMINIUM : Eurocode 9 Par2 1

Very similar in content and presentation to the steel code

Figure 2a — 0,2% proof strength ratios k;z and ratio E = E; §/E; for aluminium alloys at elevated
temperature 65 ~C for up to 2 hours thermal exposure period, EN-AW 3004 and Gxxx-alloys of Table 1a
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CHILDRENS HOSPITAL OF IRELAND (MATER SITE)

700M EURO
110,000sQm

TO START 2011
DESIGN BUILD

TIME EQUIVALENT

FEL STRUCTURAL
RESPONSE MODELLING
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CHILDRENS HOSPITAL OF IRELAND (MATER SITE)
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100,000 mShopping centre

-Structural steel frame with composite metal deck floor and composite beams
-Floor removed; oversized columns
-BS9999 reduced ratings

-FEL analysis of composite slabs/beams
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AIBCM ROJECT

-AIBCM

- DESIGNHRBELOADDEDUCEBEROMBS9999
- SviALL, MEDIUMANDLARGROOMFIRES

- PRAMETRIBREQURVESOEC1

- VULCAM\NALY SISFCOMPOSITHOORERAMES

- (OLLONADEOLUMNEXTERNALEMENTS
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