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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Background

Recent developments in steel construction have seen the introduction of cellular beams consisting
of openings of various sizes and shapes cut in the web of the steel section. These offer a number of
advantages over conventional beams without openings such as lighter/less steel required to provide the
same structural performance and the ability to accommodate services within the depth of the section.

An opening in the web of a beam may be circular or rectangular but in reality can be any shape. Cellular

beams may,
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ims can be fabricated from either hot rolled sections or welded steel plate. In‘the ca
ections this involves cutting around the centre line of the web along the beams length
g the two halves together. Assymetric beams can be fabricated by weldingtegether the

fferent size sections. In the case of plate girders, asymmetry can also bé’achieved by y

hte thicknesses for the top and bottom flanges.

web openings behave differently to solid beams in that additional failure modes at thd
FLS) are possible as a result of the proximity of openings and web slenderness. Solid b¢
il in bending but a beam with web openings can fail in oné/of several mechanisms w

— bucklinlg of the web-post,

shear a
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These failuj
factors and

[ an opening,
eel bending around the opening.

'e modes generally occur at lower temperatures than for a solid beam at similar utilisg
therefore require greater thicknesseg of fire protection.

Overview ¢f structural geometry
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th circular web openings ds\illustrated in Figure 1. The figure also shows some of
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5 4 3

Key
steel beam

Circular opening
Epacing of openings
jveb post

bnd post

Epan

N O U W

romposite floor slab
Figure 1 — Beam with circular openings

Datq generated from the tests in this document cam be used for beams with circulaf openings,
rectangular openings and elongated openings formed by joining two circular openings. The data can
alsolbe used conservatively to assess openings of other shapes by forming around the opening a circular,
rectangular or elongated opening which just touches (circumscribes) the shape. Exampleg of this are
shown in Figure 2. For non uniform shapescthe smallest circle is described touching the extreme tips
aroynd the shape.

height of rectangular opening
width ofrrectangular opening

bosition of opening

1

2

3

4 :]nngahﬂd nppning with circular ends
5 hexagonal opening inside a circle

6

triangular opening inside a circle
Figure 2 — Beam with mixed openings

Interaction with ISO 834-10 and ISO 834-11

In most cases, failure of the web will be critical to the overall performance of the beam but failure of the
bottom flange may also occur.

Where the web is critical, its corresponding temperature can be used in conjunction with its relevant
web reference modification factor to find the limiting steel web temperature. This temperature together

© 1S0 2019 - All rights reserved vii
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with its elemental web section factor and the product specific elemental re-analysis of ISO 834-10 test
data, can be used to determine a product thickness to achieve the required fire resistance rating.

Where the bottom flange is critical, a similar approach (without the need for modification factors) is
adopted using its limiting steel temperature, its corresponding elemental bottom flange section factor
and the product specific elemental re-analysis of ISO 834-10 test data to determine a product thickness

to achieve t

he required fire resistance rating.

Steel temperature distribution

A large number of fire resistance tests on flre protected beams have shown that if the temperatures of

various par
of the cent
Where the
that the ho
temperatur

In this docu
post widthg

The top fla
bottom flan

Process to

In order to
important t

e of the web away from any openings, the ratio of the temperatures is reasonably con’s
eb temperature is measured at least 250 mm from the edge of the hole it can b€ assu
has no effect on this temperature measurement. This is referred to as the webrefer]

e.

Iment, a relationship is provided to assess the temperature ratios for both a range of
and a number of points around openings in relation to the web reference temperature.

hge steel temperature may be assumed to be 75 % of the temperature of an equal
ge.

determine the thickness of fire protection material

Hetermine a thickness of fire protection material to protect a beam with web openingd
o understand:

a) thestr
b)
c)

d)
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the tem
the tem
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global y
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ctural failure mode at the fire limit state;
post width at the point of failure (if failureis in the web);
perature of the web at failure;

perature of the bottom flange atfailure.

is document and a suitable)structural calculation model.
lerive limiting tempeTratures for cellular beams one should make use of a structural mg

ral calculation niodel should provide arealistic anlaysis of the beam exposed to fire. It sh
on fundamenta) physical behaviour in such a way as to lead to a reliable approximati
d behaviour 6f the relevant structural component under fire conditions. It is not withi
s document to define the detailed analysis methods of the structural model, however
odes offailure as a minimum should be accounted for at the fire limit state:

ertical shear;

ature
tant.
med
ence

web

dized

itis

[ of fire protection required should be based on the thermal information derived from the

del.

ould
n of
the
the

web-po
web-po

web-po

viii

global bending moment;
vertical shear at openings;
bending moment at openings;

Vierendeel bending moment at openings;

st buckling;
st bending;

st horizontal shear.
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In this document, three methods are described in the informative Annex A to determine the thickness
of fire protection for beams with web openings:

a) analysis for any fire protection material;
b) iterative thickness analysis incorporating product specific fire protection data;

c) iterative steel temperature analysis incorporating product specific fire protection data.

© 1S0 2019 - All rights reserved ix


https://standardsiso.com/api/?name=a44be163abb29b8d5464724c22fe0645



https://standardsiso.com/api/?name=a44be163abb29b8d5464724c22fe0645

INTERNATIONAL STANDARD ISO 834-1

3:2019(E)

Fire-resistance tests — Elements of building
construction —

Part 13:
Requirements for the testing and assessment of appl
fir i i i

This| document specifies a test and assessment method for determining the gontribution n
protection systems to the fire resistance of structural steel beams, I and H!sections, in thg
plange containing openings in the web which may affect the structural performance of the
appljcable to beams subjected to three or four sided fire exposure.

ied

hade by fire
b horizontal
beam. It is

For gny cellular beam with a single web opening or where the webropenings are considered t¢ be of small

dianpeter in relation to the web depth the applicability of this docirment is intended to be def
a strjuctural engineer

This| document adopts the principle of establishing ratios of temperatures between 3
openings in the web of a beam with the temperatures‘of a solid portion of that beam. This
intention that these data can be utilised within a struetural model to derive the value and lo
assofciated limiting temperature of the beam at the¢ fire limit state. The limiting temperature
in cdnjunction with data for the fire protectionimaterial determined from ISO 834-10 and I§

detefmine the necessary thickness of fire priotection material for beams with web openings.

This| document applies to fire protection materials that have already been tested and
accordance with ISO 834-10 and ISO.834-11 and is not intended to be used in isolation. It
protection systems that include both passive and reactive materials which follow the sectid
defiped in this document.

This|document includes the 1se of a multi-temperature analysis (MTA) derived from ISO 8
basi for determining the thickness of fire protection for beams with web openings.

ermined by

ind around
is with the
ation of the
is then used
0 834-11 to

assessed in
covers fire
n profile as

4-11 as the

This| document cortains an assessment method, which prescribes how the analysis of the test data

shoyld be made and'gives guidance on the procedures that could be undertaken.
The pssessment procedure can be used to establish:

a) [Fheé\thermal response of the fire protection system on cellular beams, (the thermal p¢g
priithe basis of the temperature data derived from testing unloaded steel sections.

rformance)

b) The temperature ratio between the web post and the web reference temperature, which will vary

depending on the web post width.
c¢) The temperature ratio between points around the web openings and the web reference

d) A structural model that can be used to derive limiting temperatures for cellular beams.

2 Normative references

area.

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
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[SO 834-1, Fire-resistance tests — Elements of building construction — Part 1: General requirements
[SO 834-6, Fire-resistance tests — Elements of building construction — Part 6: Specific reqrements for beams

ISO 834-10, Fire resistance tests — Elements of building construction — Part 10: Specific requirements to
determine the contribution of applied fire protection materials to structural steel elements

[SO 834-11, Fire resistance tests — Elements of building construction — Part 11: Specific requirements for
the assessment of fire protection to structural steel elements

ISO 8421-2, Fire protection — Vocabulary — Part 2: Structural fire protection

[SO 13943, Fire safety — Vocabulary

ISO 15614-]l, Specification and qualification of welding procedures for metallic materials ~~>Welding
procedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alleys

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 834¢1;1SO 8421-2, ISO 13943,
and the follpwing apply.

ISO and [E(fmaintain terminological databases for use in standardizatiof at the following address¢s:
— ISO Onliine browsing platform: available at https://www.iso.or

— IEC Eleftropedia: available at http://www.electropedia.org/

31
bottom flapge temperature
average of the bottom flange temperatures

3.2
cellular beam
structural qteel beams with openings in the:web

3.3
elemental multi temperature analysis
outcome of fin assessment carriedout on data from ISO 834-11 based on arange of average temperatjures
of the web g4nd flanges separately

3.4
elemental $ection facter
section factpr of theaweb or bottom flange in isolation

3.5
fire protection'system

fire rotecties matarialtoagathaor uath Sy e aetin g cuctara 1ol Al g panch ot forcnaant Ac tac ed
P SHateFarttogetne Wit hy-Su ¥ £-5¥5 S

3.6
fire protection thickness
dry thickness of the fire protection system

Note 1 to entry: For reactive fire protection systems, the thickness is the mean dry film thickness of the coating
excluding primer and top coat if applicable.

3.7
limiting temperature
temperature at a point within the beam at which structural failure of the cellular beam will take place

2 © IS0 2019 - All rights reserved
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3.8

multi temperature analysis

outcome of an assessment carried out in accordance with ISO 834-11 based on a range of average
temperatures of the whole steel section

3.9

passive fire protection material

sprayed coatings or renderings formulated with ingredients enabling the retention of their physical
form upon heating while providing insulation to the substrate

3.10
platggirderdimenstions
overfll beam depth, by flange width, by flange thickness, by web thickness

Note|1 to entry: Plate girder dimensions are given in millimetres.

3.11
readtive fire protection material
reacfive materials which are specifically formulated to provide a chemical réaction upon heating such
that|their physical form changes and in so doing provide fire protectien by thermal indulative and
coollng effects

3.12
stictability
ability of a fire protection material to remain in position for a defined range of deformatigns, furnace
and fteel temperatures, such that its ability of the materialto provide fire protection is not gignificantly
impaired

3.13
test[specimen
stee] test section plus the fire protection system

3.1

Vierlendeel bending
mechanism by which shear is transferred across the web opening and causes bending in fhe top and
bottpm, left and right, parts of the'beam surrounding the opening

31
web|post
portjion of steel betweerithe web openings

3.1

web|post buckling
bucKling that occurs when the web separating two openings is unable to transfer the required
horigontal shiear force and the shear stress is greater than the shear strength of the web

31

web posttemperature
proportioned average temperature of the web post derived from thermocouples fixed across the web at
mid-height

3.18
web reference temperature
mean temperature of a solid portion of the web without holes in close proximity

© IS0 2019 - All rights reserved 3
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4 Symbols and abbreviated terms

Symbol Unit Description

b m width of beam flanges
d m depth of beam

tw m web thickness

tr m flange thickness

a m heated perimeter

v m?2 cross section area

5 Test equipment

5.1 Gendral

The furnacq

5.2 Furn

The furnacg
as specified

5.3 Test

[ace

and test equipment as appropiate, shall conform to that specified in 1S0)834-1.

shall be designed to permit the dimensions of the test specitnens to be exposed to heg
in 9.2 and their installation within the test furnace as specified in 7.2.

conditions

A number o

shall be hedted in a furnace according to the protocol given in ISO 834-1.

Where several test specimens are tested simultaneously, care shall be taken that each is adequately
similarly eposed to the specified test conditions.

The proce
contrary in

6 Tests

6.1 Gense
The test sed

There are s
Tables 1, 2,

short steel beams all containing web openings and protected by the fire protection sy

res given in ISO 834-1 shall be followed in the performance of this test unless spd
structions are given.

pecimens

ral
tions shouldbe chosen to suit the scope of the assessment.

becifictest packages designed to suit a specified fire performance period as given in 6.5
hnd, 3\

iting

ttem

and

cific

and

6.2 Precautions against erroneous results

In the event that there should be a loss of valid results from the package of short steel sections tested
(through failure of thermocouples, abnormal behaviour of fire protection etc), then the conditions given
in 10.1 shall be applied and a further number of short steel sections may be required to be tested.

6.3 Cons

truction of steel test specimens

6.3.1 Cellular beam test sections

The cellular beam test sections shall be fabricated from welded steel plate to ensure that flange and
web steel thicknesses are consistent, however the thermal data may be applied to both steel plate and
hot rolled section.

© ISO 2019 - All rights res
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In each case the welding techniques shall be in accordance with [SO 15614-1.

The cellular beam sections shall have alength of 1 200 mm * 50 mm and will have circular or rectangular
openings cut out of the webs.

The cellular beam sections shall be constructed according to Figures 3, 4 and 5.

A Beam Reference Number is assigned to each construction. The Beam Reference Number is used to
identify components of test packages described in 6.5 and Tables 1, 2 and 3.

Dimensions in mm

A
2 A -
8 5 7 6 8 A

I

G 3

! [ 9

| 4

) @A - [

| 3

I e A

Cy,

A

Key
Beam Dimensions of beam sections
reference
humber ¥ 2 3 4 5 6 7 8 9
600 [1200+50|170x 12| 8thick 130 160 400 200 400

2 600 [1200+50[170x 12| 8thick 160 225 400 200 400
3 600 [1200+50[170x 12| 8thick 130 225 400 200 400
6 600 [1200+50[170x151] 10thick 130 160 400 200 400
7 600 [1200+50|170x 15| 10 thick 160 225 400 200 400
8 600 [1200+50{170x 15| 10 thick 130 225 400 200 400
11 600 [1200+50[170x20| 12 thick 130 160 400 200 400
12 600 [1200+50|170x20| 12 thick 160 225 400 200 400
13 600 |1200+50|170x20 | 12 thick 130 225 400 200 400

Figure 3 — Beam sections with circular holes

© IS0 2019 - All rights reserved 5
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Dimensions in mm

A
2 A -
8 5 7 6 8 A

|
G 3
! le———»{ P |
| 4

||l CG+F+——1——TF —— {—— 1 — - — Cp,
| 3
] | |
C,
A

Key
BearI Dimensions of beam sections
Reference
Numbkr 1 2 3 4 5 6 7 8 9
5 600 1 25000 * 170 x 12| 8thick 130 225 400 200 400
10 600 1 25000 * 170 x 15| 10 thick 130 225 400 200 400
15 600 ! 25000 * 170 x 20| 12 thick 130 225 400 200 400
Figure 4 <Test specimens with rectangular holes — Narrow web post

6 © IS0 2019 - All rights reserved
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Dimensions in mm

2 A -
6 5 6 A
| |
G G 3
! | <~ ]
| | 4
! : =
| ~lod — 4 I S ER— IS Y N N e A 1,
| | 3
| | ~——~zzzzp
G G,
A
Key
Beam Dimensions of beam sections
Reference
Number 1 2 3 4 5 6 7
4 600 1200 £50 170 x 12 8 thick 500 200 400
9 600 1200 #50 170 x 15 10 thick 500 200 400
14 600 1200 + 50 170 x 20 12 thick 500 200 400
Figure 5 —\Test specimens with rectangular holes — Wide web post
The [130 mm web post specified in Figures 3 and 4 may be replaced by a narrower web post if a wider
scopie is requireddy the sponsor.
To nﬂlnimize heat transfer at the ends of the beams, the ends shall be protected with insulption board
or similaftwhich at elevated temperatures is capable of providing equivalent or greater insyilation than
that|ofthe fire protection material provided over the length of the test specimen (see Figur¢ 6).

The linear dimensions of the end protection shall be greater than the total overall dimensions measured

over

the fire protected steel member.

© IS0 2019 - All rights reserved
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=

steel sedtion
furnace over

1

2

3 insulatiqn board
4  stud / plate / locking nut
5

insulatign board end_cdp

Figure|6 — Unloaded beam — Typical construction — Circular holes (Rectangular holes
similar)

6.3.2 Application of the fire protection to the test sections

The surface of the steel shall be prepared in accordance with the manufacturers recommendations and
the fire protection system shall be applied to the beams in a manner representative of practice.

6.4 Composition of test specimen component materials

6.4.1 Steel sections

The grade of steel used shall be any mild steel structural grade excluding engineering grades, that is
used for load bearing members in building construction.

8 © IS0 2019 - All rights reserved
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The dimensions of the steel sections shall be measured and these values shall be used to determine the
elemental section factors (a/v). The elemental section factors, (a/v), shall be calculated in accordance

with Figure 7.
. a
Elemental section factor = —
1%
where

a isthe heated perimeter of the steel section in meters;

v isthe cross-sectional area of the steel section in square meters.

[ | [ ]

tw tW

QJ j[

[N N _ [ L |
b | f b
Lower flange Web
Heatted perimeter (a) meter (2b+2tf) - tw 2d -4 tr
Arep (v) square meter b x tf (d-2tf) x ty

Key
Sectipn factor = a/v(mt)
b  width of beamflanges
d fepth of beam

tw fhickness:of web

tr  thickn€ss of flanges

Figure 7 — Elemental section factor

All the steel sections shall be fabricated from steel plate to ensure a consistent approach in determining
the thermal data.

6.4.2 Fire protection materials

The composition, dimensions, (including thickness), verification and properties of the fire protection
materials shall be determined in accordance with the requirements of ISO 834-10.

The thickness of fire protection material applied to the inside edge of an opening may be less than the
thickness tested on the main body beams in the test packages in 6.5 provided it is not less than the

© IS0 2019 - All rights reserved 9
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minimum tested on aloaded beam in ISO 834-10. Other materials or combinations of different materials
may not be used unless alternative fire test evidence is available that is not covered by this document.

6.4.3 Fire protection thickness requirements

Thickness measurements shall be evenly distributed and shall be taken in order to provide an overall
mean for each section, each bottom flange and each web post as follows;

Ten thickness measurements shall be taken on each face of each web post within an area 125 mm above
and below the web centreline in accordance with Figures 8, 9 and 10.

The mean
web post si

In the case

[Te protection thiCKNess on each Web post 15 determined as the sum of the means of
e divided by two.

250 mm x 250 mm square around the four thermocouples (see Figure 10).

Twenty thig
mean thick

hess of fire protection material on the bottom flange is then determined:

each

of the 500 mm web post, the thickness measurements are taken in an area within a

kness measurements shall be taken on the underside bottom flange of €ach section and the

The mean thickness of the fire protection material on each face of each web-post and the underside

of the bottc

thicknesseq shall not vary by more than 15 % from the minimum meant0 the maximum mean.

m flange shall be within 15 % of each other and the overall mean, i.e. the range of mean

If any area ¢loes not meet this requirement, physical adjustments shall be made to ensure compliarice.

In the case
the edge of

of reactive coatings, thickness measurements shall be taken at a minimum of 20 mm

manufactuyer for details.
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Figure 8 — Locations of fire protection thickness measurements and thermocouple positions
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6.5 Selection of test specimens — Test packages

The scope of the assessment will determine the selection of the test specimens. Tables 1, 2 and 3 provide
suitable test packages with specific section details for fire performance periods up to and including
240 min. Where the scope of the assessment is required to include web posts narrower than those
listed in Tables 1, 2 and 3, then additional sections shall be tested, or, the 130 mm web posts can be
replaced by 100 mm web posts.
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Table 1 — Test package for protection up to 60 min fire resistance

Beam Plate Web post
reference |8irder dimensions|  width Cell opening type
number (mm) (mm)
130 Circular
1 600 x 170 x 12 x 8 -
160 Circular
160 Circular
2 600 x 170 x 12 x 8
225 Circular
136 Cirewdar
3 600 x 170 x 12 x 8 -
225 Circular
4 600x170x12x8 500 Rectangular
5 600 x170x12x 8 130 Rectangular

Table 2 — Test package for protection up to 90 min fire resistance

Beam - Web post
reference . ;:1te width | cell openirig type
number girder
(mm)

130 Circular

6 600 x 170 x 15 x 10 -
160 Circular

; 600 x 170 x 15 x 10 160 Circular
225 Circular

g 600 x 170 x 15 x 10 130 Circular
225 Circular

9 600 x 170 x 15 x 10 500 Rectangular

10 600 x 170 x 15 %10 130 Rectangular

Table 3 — Test package for protection up to 240 min fire resistance

Beam - Web post
reference . ::ite width | cell opening type
number girder
(mm)
130 Circular
11 600 x 170 x 20 x 12 -
160 Circular
160 Circular
12 600 x 170 x 20 x 12 -
225 Circular
130 Circular
13 600 x 170 x 20 x 12
225 Ciretdar
14 600 x 170 x 20 x 12 500 Rectangular
15 600 x 170 x 20 x 12 130 Rectangular

7 Installation of test specimens

7.1 Fixing

Each unloaded beam test specimen shall be bolted to the soffit of the furnace cover slabs using appropriate
diameter studs welded to the beam. There shall be a suitable steel plate beneath the locking nut.
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Each specimen shall be provided with a layer of ceramic fibre insulation board placed between the
soffit and the top flange of the beam.

The insulation material shall have an uncompressed thickness of (30 + 5) mm and a nominal density
of (125 £ 25) kg/m3. The insulation shall have a width equal to the width of the top flange of the steel

beam (see Figure 11).

Alternative insulation materials of Class A1 determined in accordance with I[SO 1182 and ISO 1716 may
be used provided they have similar thermal properties and thickness to the specified ceramic fibre
insulation.

7.2 | Installation pattern

A typical test specimen installation arrangement for a 4 m by 3 m furnace is given imFEigurg 11. Beams
shall have a spacing of a minimum 450 mm from flange toe to flange toe and berpositiongd such that
theylare at least 300 mm from the furnace wall as shown in Figure 11. Care shall be taken fo eliminate
direft burner impingement onto the test specimens.
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1 furnace prea

2 unloadef beam specimen fixed to’furnace cover slab as shown in Figure 6
3 furnace fover slab

4  minimum separation ofj450 mm

5 minimum 300 mm

Figure 11 — Typical test specimen installation pattern

7.3 Furnace load

In order to ensure that the specified furnace temperature/time relationship is complied with and to
avoid test specimens being affected by adjacent specimens and other obstacles it may be necessary to
control the amount of steel within the furnace.

Typically a furnace of size 4 m by 3 m by approximately 2 m deep can accommodate up to 45 Kg/m3
without adverse effects.

7.4 Conditioning of the test specimens

All test specimens, their components and any test samples taken for determination of material
properties shall be conditioned in accordance with ISO 834-1.
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8 Application of instrumentation

8.1 General

The instrumentation for measurement of temperature and furnace pressure shall comply with the
requirements of ISO 834-1.

8.2 Instrumentation for measurement of furnace temperature

8.2.1 General

Plat¢ thermometers, of the type specified in ISO 834-1, shall be provided to measure the'temperature of
the flurnace and shall be uniformly distributed, as stated in [SO 834-1, to give a reliable\indigation of the
tempperature in the region of the test specimens.

8.2.2 Furnace temperature in the region of test specimens

The furnace temperature shall be measured by plate thermometers situated in the same popition as if a
loadpd beam was installed as specified in ISO 834-10.

The [plate thermometers shall be oriented so that side ‘A’ facés the side walls of the flirnace. The
insujated parts shall face towards the beams.

8.3 | Instrumentation for measurement and detérmination of steel temperatures

Thegmocouples for measurement and recording of steel temperatures shall be of the type and fixed as
stat¢d in ISO 834-10.

8.3.1 Location of thermocouples attachéd to the beams

Figufres 8, 9 and 10 identify the locationS.of the thermocouples to be attached to the beams.

8.3.2 Location of web reference thermocouples
The web reference areas are’lgcated on sections 5, 10 and 15 as given in Tables 1, 2, and 3.

There are four thermocouples for each reference area positioned at the corners of a 100 /mm square
aroynd a point on thecentre of the web and 500 mm from the edge of the hole. See Figure 10 (key item E).

8.4 | Instrumentation for measurement of pressure

Eunment for measuring pressure within the furnace shall be provided, located and used ps specified
in IS0 834¢1.

9 Test procedure

9.1 General

Carry out checks for thermocouple consistency and establish data points for temperature as specified
in ISO 834-1 before commencement of the test and the procedures defined in 9.2 to 9.5.

9.2 Furnace temperature and pressure

Measure and record the furnace temperature in the region of the test specimens using the plate
thermometers defined in ISO 834-1 and the furnace pressure in accordance with ISO 834-1.
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9.3 Temperature of steelwork

Measure and record the temperature of the sections using the thermocouples attached to the steelwork
as specified in Figures 8, 9 and 10 at intervals not exceeding 1 min.

9.4 Observations

Monitor the general behaviour of each of the specimens throughout the test and record the occurrence of
cracking, fissuring, delamination or detachment of the fire protection material and similar phenomena
as described in ISO 834-1.

9.5 Ternjination of test

Continue th
temperatur
until this o
less than 57

e test until the required fire performance period is reached. If the mean bottem fl
e recorded on all the steel sections has not reached 575 °C then the test shall be contii
ccurs. If the maximum temperature in the scope of the MTA generated frem ISO 834-
5 °C then this shall be used instead of 575 °C for termination of the test:

hnge
hued
11 is

10 Test results

10.1 Acceptability of test results

re of
tc. If

It is possible that within any test package apparently erroneous-¥esults may occur through failu
thermocouples, abnormal behaviour of fire protection, incorrect-assembly of the test specimen e

any results pre to be disregarded, the laboratory, in consultatioh with the sponsor, shall justify thid and

apply the following rules:

— From tle thermocouples on each web post only 1.¢an be invalid.

— From tle 4 thermocouples on the lower flange at least 3 results shall be valid.

— If one ¢f the outer web post thermocotples fails then the other should be double counted Wwhen
determjining the weighted average.

10.2 Test report and presentation of test results

The test regort shall include the-fellowing statement:

“This repoft provides the“constructional details, the test conditions, the results obtained and the

interpolateql data obtained when the specified fire protection system described herein was tgsted

following the procedures of ISO 834-10.

Any deviatipn with respect to thickness and/or density of fire protection material and constructjonal

details, edgp, or;end conditions other than those allowed under the field of application could invallldate

the test result

In addition to the items required by ISO 834-1, the following shall also be included in the test report:

a) The measured dimensions and actual material properties, especially the thickness, density and
moisture contents of the fire protection where relevant together with those values to be used in the

assessment, according to 7.4.

b) The individual results of all furnace temperature measurements and the mean of all individual
furnace temperature measurements, taken as specified in ISO 834-1, graphically presented and
compared with the specified requirements and tolerances given in ISO 834-1.

c) Theindividual results of all furnace pressure measurements and the mean of all individual furnace
pressure measurements, taken as specified in ISO 834-1, graphically presented and compared with
the specified requirements and tolerances given in ISO 834-1.
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d) The weighted mean steel temperature of each web post as defined in 11.2 and the mean steel
temperature of the bottom flange shall be tabulated.

e) The steel temperatures at all the additional thermocouple positions shall be tabulated.
f) The mean steel temperature of the web reference area shall be tabulated.

Observations of the behaviour of the test specimens shall be made and the time at which they occur
shall be recorded.

Only data maintained in the laboratory files shall be used in the assessment.

11 Assessment

11.1 General

The ftemperature data obtained from the steel sections is used as the basis for relating each web post
temperature and the temperatures recorded by the additional thermoeouples to the wep reference
temierature at the required fire performance period.

This|document defines test packages to suit the required fire perforntance period as given in 6.5.

11.2 Determination of web post and web reference témperatures

11.24.1 Calculation of web post temperatures

Web| post temperatures are dependent upon the web post width and calculated as folloys, also see
Anngx B:

a) For web post width = 100 mm

(Temp at Position Ax37,5)+(Temp at Position Cx37,5)+(Temp at |[Position Bx25)
100

Web post temperature=

b) For web post width = 130mmt

(Temp at Position Ax45)+(Temp at Position Cx45)+(Temp at Posjition Bx40)
130

Web post temperature=

c) For web postwidth = 160 mm

(Temp at Position Ax50)+(Temp at Position Cx50)+(Temp at Position B»60)
160

Web postitemp=

d) Foérweb post width =225 mm

(Temp at Position Ax50)+(Temp at Position Cx50)+(Temp at Position Bx125)
225

Web post temp=

e) For web post width =500 mm

(Temp at Position Ax50)+(Temp at Position Dx50)+(Temp at Position Bx200)+(Temp at Position Cx200)
500

Web post temp=

11.2.2 Calculation of web reference temperature

The web reference temperature is calculated as the average of the four thermocouples referred to in 8.3.2.
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11.3 Determination of web-post lines

The web post line assessment shall be based on the ratio of the web post temperature to the web
reference temperature, for the maximum required fire performance period.

There shall

be a separate web post line plot for both circular and rectangular web posts.

Where there is more than one web post of the same width, then the mean of the individual ratios shall
be determined. This ratio is then plotted against web post width (see Figure 12). If the web post ratio
is less than 1, then the web post ratio for web posts greater than this shall equal 1. The web post ratio
shall increase with a decrease in web post width. If any point does not satisfy this criteria then it shall

be replaced
in which ca

As a minim
in within 175
the web po;s
and not wh
benefit will

A single fif
assessment
web post te
ratio of the
period achi

by theratioof therexthighestwebpostwidthruntessthis point s themarrowestweb
be it shall revert to the next highest web post ratio.

lm requirement, the average bottom flange temperature shall not reach 575 °C before

% of the required period of fire performance. No upper limit has been set in this respe
t to web reference temperatures will be taken when the bottom flange hasteached 57
en the predicted period of fire performance has been reached. ThisAwill ensure thg
be gained from over-application of the protection system.

e test at maximum fire resistance period may be used to detéfrmine a web post
for all fire resistance periods below by taking the worst casedndividual ratio of the n
mperature to the web reference temperature for each fire resistance period compared t
mean web temperature to the web reference temperatube at the maximum fire resist
eved.

post
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t,as
5°C
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line
hean
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Figure 12 — Example of web post lines

11.4 Additional thermal modification factors

Some structural models utilise a protection product specific temperature distribution across the
section, and may therefore require additional temperature measurements at a number of locations on
the steel section around the web openings. Therefore thermocouples in addition to those on the web
post and web reference area may be included in the test specimens but their use is considered optional
depending upon the requirements of the structural model. These additional thermocouples may be
situated, but are not limited to, the top and bottom of the web posts and underneath openings.

For each of these additional temperature measurement positions, the equivalent temperatures across
all sections in the test package should be averaged and reported. These mean values should be used to
determine further modification factors calculated as the ratio of the mean values to the web reference
value. These modification factors may be used as additional thermal information should they be
required by the structural model.
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The optional thermocouples are shown in Figures 8, 9 and 10.

11.5 Location of limiting temperatures

For any cellular beam design, there will be a weakest point along its length depending on the applied
load and a number of geometrical variables.

A structural analysis of the beam containing web openings shall be conducted by a professional
structural engineer to locate the weakest point related to the fire limit state. The structural analysis
shall address each of the potential failure modes. The structural analysis shall be based on a model
validated by fire test data on a loaded specimen whose size is in compliance with ISO 834-6.

NOTE Al
was controll

11.6 Dete

The fire prd

limiting tempperature as determined in 11.3.

The thickng
assessment
Table 4.

The structy
temperatur
protection {

The fire protection thickness applied to any cellular beam shall be sufficient to keep the beam b

the temper

process is presented in Annex A.

The web o
carrying oy
or bottom

analysed w
average bed
column test

Conservatiy
factors of t

thickness shall be that derived from an assessment in accordance with ISO 834-11.

Table

validation fire test has been conducted on an uncoated, unprotected beam where the fire expa
bd by a rate of temperature rise of 10°C/min.

rmination of the elemental multi-temperature analysis (EMTA)

tection thickness applied to any cellular beam shall be sufficient to keep the beam belo

ss required for each fire resistance period is determined from-the EMTA generated by
from ISO 834-11. Examples of the presentation of such tabulated information are giv{

ral model will indicate whether failure is governed by the web or the bottom flange lim
es so that the most appropriate elemental analysis’can be used to determine the
hickness.

htures derived from a structural analysis at elevated temperatures. Information on

bottom flange temperature for a.given thickness of fire protection may be obtaine
t an assessment to ISO 834-11 {for the web or bottom flange temperatures only. The
lange temperatures are analysed in the same way that average beam temperatureg
th the exception that the stickability correction factors used are those already used fo
m temperature given in1SO 834-11:2014, Annex B. Where the assessment is based on s
ing only, the assessment shall be carried out using the mean of both flanges.

rely, the web and-bettom flange temperatures may be assumed to be equal and the seg
he individual web and flange are calculated according to Figure 11. The fire proteg

l — Example of tabulated data base on the mean steel temperatures of the web of]
I-section beams
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Fire resistance period - 30 min

Design
temperature 350 400 450 500 550

oC

600

650

700

Section factor

m-1 temperature

Thickness of fire protection material to maintain steel temperature of web below design

90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

240

250

260

270

280

290

300

Tem

of thle assessment.

12
The

Assessment report

assessment report shall include the following:

he nnmp/nddrpcc of the hndy prnviding the assessment and the date it was carried ou

perature and sectiémfactor ranges for illustration only. Actual range to be determined By the scope

Reference

to the name/address of the test laboratory, the unique test reference number and report number(s);

the name(s) and address(es) of the sponsor(s). The name of the product or products;

the generic description of the product or products, particularly the fire protection system and any

component parts (where known). If unknown this shall be stated;

general description of the test specimens forming the basis of the assessment including the

dimensions of the test specimens; reason for the omission of any test data;

the composition and measured properties, of test specimen components required to be determined

from 6.4;
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f)

temperatures for all the additional thermocouples for each fire performance period;

g)
h)

the web post, the web reference, mean bottom flange temperatures, and the means of all the

where measured, the thermal modification factors calculated from any additional thermocouple data;

the thermal analysis shall produce a table of web post data points and a graphical representation of

the ratio of the web post temperature to the web reference temperature against web post width;

j)

agains

a statement regarding the limits of direct application of the assessment procedure;

elemental a/v for each fire resistance period in the format illustrated in Table 4
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of the applicability of the results of the assessment
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hnd with the limitations therein.
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imiting temperatures for beams with other, shaped openings. This is achieved by
a larger circular or rectangular opening that'is circumscribed around the other sh
e beam can then be treated as a beam with\eircular or rectangular openings in the web

h).
hent may be applied to both hot rolled sections and plated girders.

| data generated giving web post modification factors applies to all web thicknesses.

the elemental thermal data generated and reported in ISO 834-10 shall be reassessed and reported
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