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ISO 834-1

Foreword

0:2014(E)

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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nd does not

an explanation on the meaning of ISO specific terms*and expressions related to |conformity
ssment, as well as information about ISO’s adherencettethe WTO principles in the Technical Barriers
ade (TBT) see the following URL: Foreword - Supplementary information

committee responsible for this document .is\ISO/TC 92, Fire safety, Subcommitteq SC 2, Fire
ninment.

34 consists of the following parts, underthe general title Fire resistance tests — Elemen{s of building
ruction:

art 1: General requirements

art 2: Guidance on measuring uniformity of furnace exposure on test samples [ Technical Report]

art 3: Commentary on-test method and guide to the application of the outputs from the fin

est [Technical Report]

art 4: Specificrequirements for loadbearing vertical separating elements
art 5: Spedific requirements for loadbearing horizontal separating elements
art 6: Specific requirements for beams

art 7: Specific requirements for columns

e-resistance

Part 8: Specific requirements for non-loadbearing vertical separating elements

Part 9: Specific requirements for non-loadbearing ceiling elements

structural steel elements

© IS0 2014 - All rights reserved

Part 10: Specific requirements to determine the contribution of applied fire protection materials to

Part 11: Specific requirements for the assessment of fire protection to structural steel elements

Part 12: Specific requirements for separating elements evaluated on less than full scale furnaces
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Introduction

This part of ISO 834 specifies a method for testing fire protection systems applied to structural steel
members employed in buildings as beams, columns, or tension members. This part of ISO 834 is intended
for use in conjunction with the assessment protocol described in ISO 834-11.

vi © ISO 2014 - All rights reserved
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Fire resistance tests — Elements of building
construction —

Part 10:
Specific requirements to determine the contribution
of L : . _ _

This| part of ISO 834 specifies a method for testing fire protection systems-applied to stru
menpbers used in buildings as beams, columns, or tension members. This part of ISO 834
for yse in conjunction with the assessment protocol described in ISO.834-11. It applies to st]
(including hollow sections) and only considers sections without epenings in the web. R
anallysis of I or H sections are directly applicable to angles, channéls, and T-sections for the s
fact¢r, whether used as individual members, e.g. bracing, or part of a fabricated structural s
as a(steel truss construction. This part of ISO 834 does 1riet apply to solid bar, rod, or cof
hollgw sections.

This
to dg
aweg
prot
fire

part of [SO 834 describes the fire test procedurésthat specify the tests which should be
termine the ability of the fire protection system to remain sufficiently coherent and in
I1-defined range of deformations, furnace, and steel temperatures, such that the efficag
pction system is not significantly impaired, and to provide data on the thermal characte
pbrotection system when exposed to the Standard temperature/time curve specified in

ecial circumstances, where specified in National Building Regulations, there can be a 1
bject reactive fire protection materials to a smouldering curve. The test and the requi
se are described in Annex.G:

In sy
to sy
itsu

This
tern
intended duration of fire‘exposure.

part of ISO 834 is applicable to both passive and reactive fire protection systems as d¢

The
asd
shap

fire test methodology makes provision for the collection and presentation of data which
rect input into ISO 834-11 to determine the limits of direct application to steel section]
es, sizes,'and fire resistance periods.

2 Normative references

ctural steel
is intended
eel sections
esults from
hme section
ystem such
icrete-filled

carried out
position for
y of the fire
istics of the
SO 834-1.

equirement
rements for

fined in the

s and definitions, which are installed or applied in such a way that they remain in pllace for the

s then used
s of various

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 834-1, Fire-resistance tests — Elements of building construction — Part 1: General requirements

ISO 834-6, Fire-resistance tests — Elements of building construction — Part 6: Specific requirements for

beams

ISO 834-7, Fire-resistance tests — Elements of building construction — Part 7: Specific requirements for

columns

ISO 1182:2010, Reaction to fire tests for products — Non-combustibility test

© IS0 2014 - All rights reserved
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ISO 1716, Reaction to fire tests for products — Determination of the gross heat of combustion (calorific

value)

[SO 8421-2,

Fire protection — Vocabulary — Part 2: Structural fire protection

[SO 13943, Fire safety — Vocabulary

IEC 584-1, Thermocouples - Part 1: Reference tables

3 Terms and definitions

For the pur
and the foll

3.1

characteri
temperatur
for stickabi

3.2

boses of this document, the terms and definitions given in ISO 834-1, ISO 13943, ISO 84
bwing apply.

stic steel temperature
e of the structural steel member which is used for the determination of the'\¢orrection f4
ity calculated as (mean temperature + maximum temperature)/2

design temperature

temperatu

3.3

of the steel member for structural design purposes

fire protection
protection afforded to the steel member by the fire protection system such that the temperature o
steel member is limited throughout the period of fire exposuré

3.4

fire protection system
fire protectjon material together with any supportifig system including mesh reinforcement as tesf

Note 1 to enfry: The reactive fire protection materials system includes the primer and top coat if applicable

3.5

fire protec
dry thickng
protection §

Note 1 to en
fire protecti

Note 2 to enf
excluding pr

3.6
H section

tion thickness
ss of a single-layer fire protection system or the combined thickness of all layers of 3
ystem

ry: The thickness of elements of the supporting system or joint cover strips are not included i
n thickness.

ry: For reactive fire protection systems, the thickness is the mean dry film thickness of the co
mer and €op‘coat if applicable.

ctor

f the

ed

fire

h the

hting

steel memb

loads parallel to its longitudinal axis which can be combined with bending and shear

3.7
I section

rwittrwide flangescompared with the sectiomrdeptirwhose maim furnctiom s to carry axial

steel joist or girder with short flanges shaped like a letter “I” whose main function is to carry loads
transverse to its longitudinal axis

Note 1 to entry: These loads usually cause bending of the beam member. The flanges may be parallel or tapered.

© ISO 2014 - All rights reserved
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3.8

passive fire protection material

materials, which do not change their physical form on heating, providing protection by virtue of their
physical or thermal properties

Note 1to entry: They may include materials containing water or undergo endothermicreactions which, on heating,
produce cooling effects. These may take the form of sprayed coatings, renderings, mat products, boards, or slabs.

3.9

reactive fire protection material

materials which are specifically formulated to provide a chemical reaction upon heating such that their
phygt oe i i ideft i e i i ling effects

3.10

d 11U U UU P PJIUVIUT C PDIULT UIT'OY d Uld vE dIIU TU

of the fire exposed perimeter area of the structural steel member;per unit length, Ay, to its cross

of the fire-exposed outer perimeter area of the steel.structural member excluding the¢ protection

ratiq of the internal surface area of the smallest.possible rectangle or square box encasemernt which can
easured around the steel structural member, A, to its volume per unit length, V

Note|1 to entry: For the purpose ©fithis part of ISO 834, the steel used in the testing must be of the same type.

1l mean temperature to be used as input data for the analysis which is calculated as follows:

or [ and H Section beams, this refers to the mean of the upper flange temperatures pliis the mean
emperature of the web plus the mean temperature of the lower flange, divided by threp.

or IjUH; and hollow section columns, this refers to the sum of the mean temperature of each
easuring station divided by the number of measuring stations.

— For hollow section beams, this refers to the mean temperature of the sides of the section plus the
mean temperature of the bottom face, divided by two

3.16

stickability

ability of a fire protection system to remain sufficiently coherent and in position for a well-defined
range of deformations, furnace, and steel temperatures, such that its ability to provide fire protection is
not significantly impaired

© ISO 2014 - All rights reserved 3
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3.17

test package

set of steel sections which may include short or long specimens that is tested to demonstrate adequate
stickability of the fire protection system and to provide thermal data over arange of protection thickness,
steel section factor, and steel temperatures

3.18
test specimen
steel section plus the fire protection system under test

Note 1 to entry: The steel test section, representative of a steel member for the purposes of this test, comprises

long and shoptsteetcotummsorbeamnrs:
4 Symbols and abbreviated terms
Symbol Unit Description

A m?2 area

Am m?2 exposed perimeter area of the structural steel member, per unit length
for profile protection: exposed outer perimetér area of the structural steg¢l
member excluding the protection material, per unit length

Ap m?2 for encased protection: the internal sufface area of the smallest possible
rectangle or square box encasementiwhich can be measured around the
structural steel member

b m breadth of the steel section

d mm thickness

daver mm average thickness

dp mm thickness of fire praotection material

dp(max) mm maximum thickuess of fire protection material

dp(min) mm minimumnrthickness of fire protection material

h mm depth of the steel section

Ka - range factor for thickness

Ks - range factor for section factor

Lexp mm length of beam section exposed to heating

Lspec mm total length of specimen

Lsup mym length of beam section between supports

P M perimeter of the steel section exposed to fire

Sp m-1 section factor at factor Kg

Smax m-1 maximum section factor at Kg factor of 1

Smin m-1 minimum section factor at K factor of 0

tr mm thickness of the flange of the steel section

ty mm thickness of the wall of the hollow steel section or web thickness of an I sec-
tion or H column

\%4 m3/m volume of the steel section per unit length

Vp m3/m volume of the fire protection per unit length

LB - loaded beam

LC - loaded 3m column section

TC - unloaded tall (2 m) column section

LHB - loaded hollow beam

LHC - loaded hollow column

SIB - short I section beam

4 © ISO 2014 - All rights reserved
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Symbol Unit Description
SIC - short I section column
TCHS - tall circular hollow beam
TRHS - tall rectangular hollow beam
SHB - short hollow beam
SHC - short hollow column
RB - reference beam
5 [estequipment
5.1 General
The furnace and test equipment shall conform to what is specified in ISO 834-1.
5.2 | Furnace
The ffurnace shall be designed to accommodate the dimensions of the test specimens to bel exposed to
heatiing as specified in 7.2 and their installation either upon or within the test furnace as gpecified in
Clauke 8.
5.3 | Loading equipment
Loading shall be applied according to ISO 834-1. Thedeading system shall permit loading t¢ be applied
to b¢ams as specified in 6.2.2 and to columns as specified in 6.2.4.
6 [lest conditions
6.1 | General
The |procedures given in ISO 83%-1 shall be followed in the performance of the test unless specific
contrary instructions are given.

A number of steel membets)“1”, “H”, and hollow test sections, protected by the fire protection

heat

Load
syst
colu

Itis
com

ed in a furnace aceofding to the protocol given in [SO 834-1.

ed beams and‘lpaded columns are heated to provide information on the ability of the fir
bm to remaintintact and adhere to the steel members (stickability). Unloaded beams af
mns are heated to provide information on the thermal characteristics of the fire protect

recommended that the tests be continued until the steel temperature reaches the max
hensurate with the application of the data.

system, are

b protection
d unloaded
ion system.

imum value

The method of testing loaded beams in this part of the test method is designed to provide maximum
deflection (span/30) under the influence of load and heating as defined in ISO 834-1. If this is not
possible, then the rate of deflection exceeds what is given in ISO 834-1.

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

6.2

Support and loading conditions

6.2.1 General

Details of the calculations made to define the test loads shall be included in the test report.

© IS0 2014 - All rights reserved
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6.2.2 Loaded beams

For each loaded beam test specimen, provision shall be made for the proper support, positioning, and
alignment in the furnace in accordance with ISO 834-6, subject to any amended requirements of this
part of ISO 834.

The beam shall not be provided with additional torsional restraint except where deemed necessary as in
7.2.1. The simply supported span (Lgyp) shall not be greater than the length exposed to heating by more
than 400 mm at each end. The length of the specimen (Lspec) shall be the exposed length plus up to a
maximum 500 mm at each end.

The loadedbeam—test-specimens—shal-be—subjected—to—a—tota Wt trepresents
design monpent resistance, calculated using the actual yield strength from the batch test certifics
conformity [or the actual measured value.

Cl Oath;

The actual Joad applied shall be the calculated total load less the dead weight of the beam, congrete
topping, an(l fire protection system.

The method of loading shall be by a system which will produce a bending moment that is uniform over
at least 20 %o of the span of the beam around mid-span. The small increase in applied moment between
jacks due tg the cover slab may be ignored.

Loading shdll be uniformly and symmetrically applied at two or more ldcations along its length.
The loading shall be applied using either of the two methods described in Figure 1.

The ends of{floaded beams outside the furnace shall be insulated'with a suitable insulation material.

6 © ISO 2014 - All rights reserved
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Side elevation
a/s -=9 .

R I EPEERACEE I I )
\\‘ %(: ; ¢ f\\
% S ;
\ 6 7 J
N
Detail A 4
. - 7 44F
11 12 =N

Detail B - method 1

~
)
<

Hetail A - fixing of beam topping

letail B - beam loading method 1 or 2

veb stiffener at end bearing™ I or H section
web stiffener at load points - I or H section

stud /plate/lacking nut
fibre inSulation or equivalent
compressible fibre insulation to width of beam (see 7.1)

Ehaln
r

brovide sufficient.clearance to ensure furnace lining does not interfere with protection
oad applied centrally to top of beam via load spacer 13 or to concrete slab 12

Detail B - method 2

O 0 N O Ul D W N - T >

-
o

steel beam - I section shown, hollow beam similar

Juny
=

gap to be sufficient to ensure beam is able to bend without being restricted by the slab

aerated concrete slab sections of nominal density 500 kg/m3 retained as in 7.1; nominal size of slabs 600 mm

(¥100 mm) width x 625 mm maximum length x 150 mm to 200 mm thick

Juny
N

11
13 load spacer

14 additional bracing to prevent rotation of beam if necessary

lightweight concrete slab section of nominal density 1500 kg/m3 retained as in 7.1; nominal size of slabs as

Figure 1 — Construction arrangement options for loaded beams
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6.2.3 Unloaded beams

Each unloaded beam test specimen shall be supported as shown in Figure 2.

Side elevation

S

End elevation

Key

1  furnace pover

2 insulatign board

3 stud/pldte/locking nut

4  steel sedtion

5 insulatign board - end cap

Figure 2 — Support arrangement for unloaded beams

6.2.4 Loaded columns

1 1 1 > > 1 111 1 L i | " L > 1 1.
For each loaded COTUIIIIT, PTOVISIOIT SiIdil D€ IIIdut 10T tIe Proper suppor (. POSTUIOIIIITG, daira duguulent

of the column test specimen in the furnace in accordance with ISO 834-7 subject to any amended or
additional requirements of this part of ISO 834. An example of the test arrangement is given in Figure 3.

© ISO 2014 - All rights reserved
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Dimensions in millimetres

=N
[$)]
N

N\
\

AN

AN

AN
\

7

3 4
Key
1  hydraulicjack
2 oading frame
3  furnace
4  Joaded column
5  pteel plate (only applies to reactive coatings)

Figure 3 — Loaded columns, example of general test arrangement

The |loaded column shall be subjected to an applied test load which represents 60 % off the design
bucKling resistance calculated-.using the actual yield strength from the batch certificate of|conformity
or ap actual measured value-Details of the calculation made to define the test load shall bejincluded in
the 'Iest report.

6.2.5 Unloaded columns

Unldaded colunin sections shall be supported vertically within the furnace; either installed|to the soffit
of thie furnaee ¢over slabs (see Figure 4) or stood directly on the furnace floor or on plinths (s¢e Figure 5).

© ISO 2014 - All rights reserved 9
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1 2 3
// \\ //
= ’/_ﬂ_ . ) \\ jf - .
9 Lo R | \
4 - 1\ ( < \\ l’ - Af /
MY MY
7 : | 7
|
|
|
|
|
}
|
4 |
|
|
|
|
|
|
|
i
| Column elevation
|
|
1
| - - yom
} // \\ N - ‘
w )
} \\\\ //“/,“
I \:’* — // -
| — .
| Column circular Column Column Square
6= T T ] hollow section | and H section-~and rectangular

Column elevation hollow section

Key
furnace fover

insulatign board
stud/pldte/locking nut
tall column

short cojumn

insulatign board - end cap

N O U W N

steel plate (see Figure 7) to be applied te.all columns with reactive protection systems whether situated dn
the flooy or fixed to the furnace roof fsteel plates are not used with passive protection systems)

Figure 4—Support arrangement for unloaded columns

10 © ISO 2014 - All rights reserved
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Column elevation

Column circular Column Column Square
hollow section | and H section and rectangular
hollow secfion

Key

1  furnace floor or plinth

2 Insulation material sufficient to prevent heat transfer via end,of section
3 phort column

4 Insulation board - end cap

Figure 5 — Installation of unloaded column on the furnace floor or on a plinth

When unloaded columns are tested-simultaneously with beams, the columns shall be bglted to the
und¢rside of the furnace cover slab or stood on plinths or the furnace floor. When unloaded columns
are flested simultaneously with a leaded column, the columns shall be stood on plinths or dirfectly on the
furnface floor.

7 [lest specimens

7.1 | General

The [test sections should be chosen to suit the scope of the intended assessment and will ihclude both
loadpd and-unloaded sections. The testing of loaded tall and equivalent unloaded refererjce sections
proyidésithe basis for the stickability correction to be applied to the thermal data generatpd from the
unloaded short sections

Depending upon the scope of the assessment, the principle of selecting the loaded and unloaded sections
shall be based on the details presented in 7.4.

Whenever possible, for each test involving a loaded beam or column, an equivalent unloaded reference
beam or column section respectively shall be included and tested in the furnace at the same time.
Where it is not possible to test a loaded column and a reference column together in the furnace, then
the reference section shall be tested separately in the same furnace in the same position as the loaded
column. In the case of hollow sections protected with a reactive protection system, it shall be necessary
to do this for both circular and rectangular columns.

For both the maximum and the minimum thickness of the fire protection system, a loaded beam shall
be tested to examine stickability during maximum deflection of the steel section, up to a maximum
anticipated steel temperature. The two loaded steel beams do not have to be the same size as each other.

© ISO 2014 - All rights reserved 11
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If the assessment is to be confined to four-sided protection of columns, the loaded beam tests shall be
replaced by loaded column tests. In this case, the unloaded reference beam sections shall be replaced by
unloaded reference column sections.

The data from the loaded and equivalent unloaded reference sections shall be used to determine the
correction factor for stickability across the range of fire protection thickness.

For passive protection systems, it shall be necessary to consider loaded tests on both beams and columns
if the supporting systems are different for each type of structural element. In the case of stapled board
systems, the above rule applies only to the minimum thickness tested with staples.

7.2 Spec

7.2.1 Loalded beam sections

Loaded bea

Steel test s¢
accordance

Each beam
000 mm.

The suppor

The span b
at each end
500 mm at

The additio

men design and preparation

In test sections shall have an I or H cross-sectional shape or hollow rectangular section

ctions used in loaded beam tests shall be constructed according to Figure 6 and testq
with ISO 834-6 subject to any amendments given in this part of ISO.834.

shall have a total length, which provides an exposed length fortheating, of not less th|

fed length and specimen length shall be specified as follows:

ptween the supports (Lsyp) shall be the exposed length plus up to a maximum of 400
The length of the specimen (Lspec) shall be the-é¥posed length plus up to a maximu
pach end (see Figure 6).

bd in

an 4

mm
m of

hal length, required for installation purposes; shall be kept as small as practically possible.

Where the $pan of these beams is such that additienal restraint is required, provide web stiffeners as

follows subject to agreement with the sponsor and as reported:

To give wely stiffness and torsional restraint, the beams may be provided with

a) web stiffeners in the form of steel plates or triangular gussets, welded at each loading point; these
shall hgve a thickness at least equal to the thickness of the web and a depth of at least 10 mm| less
than the depth of the beam flange (details are shown in Figure 6) and

b) web stiffeners in the formof steel plates or channels, welded at each support point; these shall have
thickngss at least equal'to the thickness of the web; web stiffeners comprising steel plates shall be
trapezdidal in shapeto provide additional torsional restraint (details are shown in Figure 6).
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Dimensions in millimetres
5 4 1 1 4 5
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150 minimum = }—h

) A O
il | 1i1i1iiil ! g
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b z -
r ; 7]
Side elevation

Plan
TR ﬁg\ 4 Eﬁ 9
/ \\
,/'/ / 6 6

i 6 i 6 6 > < 6

f I I
—==— 10 min Qizzzmi/
Fﬁ 2 x bottom flange —-4

Key
oad

pxposed length, Lexp

Epan

veb stiffener atload points if required - I or H section

web stiffenel/at bearing positions if required - I or H section
measuringpoints for sprayed coating

holléwrsection beam

O N O Ul W DN

ot H section

Figure 6 — Construction of loaded beam with web stiffeners and thickness measuring points

7.2.2 Unloaded beam sections
Steel sections used in unloaded beam test shall be constructed according to Figure 2.

The minimum length of unloaded short beam sections shall be 1 000 mm * 50 mm. For board systems,
joints in the protection should not be included unless the maximum board length is less than 1 000 mm

© ISO 2014 - All rights reserved 13
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To minimize heat transfer at the ends of the unloaded beams, the ends shall be protected with insulation
board or similar, which at elevated temperatures is capable of providing equivalent or greater insulation
than that of the fire protection material provided over the length of the test specimen (see Figure 2).

The size of the end protection shall be greater than the total overall dimensions of the fire protection.

7.2.3 Unloaded reference sections

Where practical, each unloaded reference test section shall be taken from the same length of steel as its
equivalent loaded section, thereby ensuring that it is of the same dimensions and characteristics. If this
cannot be achieved, the test laboratory should ensure that the reference section is of similar dimensions
and characteristics.

The minimy
For board s
lessthan 1

m length of shortbeams and columns used as reference sections shall be 1 000 mm.# 50
ystems, joints in the protection should not be included unless the maximum board leng]
D00 mm.

mm.
th is

7.24 Lo

A loaded c]?umn test specimen shall have a minimum height exposed to heating of 3 000 mm an

prepared a

7.2.5 Unl

Unloaded t4
to Figure 4.

7.2.6 Unl
Short steel

The minimy
joints in the

Short colun
To minimiz
with insula

greater insty

The size of
(see Figure

ed column sections

shown in Figure 3 and described in ISO 834-7.

paded tall column sections

1l column sections shall have a height of 2 000 mm .50 mm and be constructed accor

paded short column sections
Column test sections shall be constructed,according to Figures 4 and 5.

m length of unloaded short columnsections shall be 1 000 mm *= 50 mm. For board syst
protection should not be includéd,unless the maximum board length is less than 1 000

e heat transfer from the ends of short steel column sections, the ends shall be prote
Fion board or similar{which, at elevated temperatures, is capable of providing equivale

the end protection shall be greater than the total overall dimensions of the fire proteg
4).

ed tall and short column sections - upper plate (reactive fire protection)

ns may be tested on the floor of the furnace or suspended from the ceiling or on plinth§

d be

ding

cted
nt or

lation performance®fhan the fire protection material provided over the height of the colymn.

tion

7.2.7 Lo]d

In order thgt the thermal insulation performance of an intumescent coating applied to a tall column|may
be accurately determined, the top edge of the column undergoing the test shall be adequately insulated
to prevent inappropriate heat transfer to the section at this location

A 6-mm steel plate shall be fixed directly to the top edge of the unloaded columns at a distance of 3 m
from the base of the loaded column. The plate shall be welded to the section and coated with the reactive
material to all exposed areas (except the top face) to a thickness similar to that applied to the main
section. The upper edge of the plate shall be protected with an insulation board or similar, which at
elevated temperatures, is capable of providing equivalent or greater insulation than that of the fire
protection.

This arrangement should allow the intumescent char to form in a more realistic manner and prevent
false temperature data being recorded in this critical area. Figure 7 shows the details.
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The arrangement may also be applied to the loaded column except that the plate may be positioned
below the top edge to avoid interference with the loading equipment. In this case, the minimum exposed
height shall be maintained.

Dimensions in millimetres

R A
/’ 2
I
~ T BN
) 2
25 = = = =25
2
N 2
N
~4 N
§ ~3
e
4
Unloaded column elevation Elevation at top of | @f H unloaded column
Loaded column elevation
i
g
//:,:\\
=5 =25
N J) )
~N
[}
| or H column plan Square hollow Circular hollow Rectangular hollow
section plari section plan section plan

\ /
/

Unloaded sections
Key
1 |nsulation board fixed to plate
b-mm steel plate

3 rontinuous welds along outer flange of I or H column with 30 mm welds staggered elsewhere, coftinuous
welds for hollowseetions

4 tolumn section
5 tontinuous welds

NOTE Intumescent at similar thickness to main section to exposed areas of plate, these areas of plate
preppred as for main section.

Figure 7 — Steel capping to tall columns protected with an intumescent coating

7.2.8 Application of the fire protection to the steel section (all materials)

The surface of the steel sections shall be prepared and the fire protection system applied to the beams
and columns in a manner representative of practice. The method of applying the protection system
to columns shall not be different to that for beams; otherwise, separate tests and assessment shall be
required incorporating loaded columns.
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7.2.8.1 Passive protection

Any variability of density of the fire protection system applied to the loaded and equivalent unloaded
beams shall be within the limits specified in 7.3.2.3.

For board and slab fire protection systems, the loaded beams and loaded steel column section shall
incorporate an example of any constructional or peripheral joint that may be used in practice.

In the case of beams, the fire protection system shall be supported from the steel test section or the
concrete deck as appropriate. Where the fire protection system is to be fixed to the lightweight concrete
deck by artificial means, e.g. bolting through, the assessment should take into account the intended

method of f

The fire pr
the case of
guidance.

The fire pr
of each coly
ensure that
to ensure t}

H o 1 43 4 4 g3 43
Allls LU LIIT ouyyun Lllls SLIUtiulrT ustu 111 l,ll dClILUC.,

tection material shall be applied to loaded steel test sections before the load is applie

btection material shall extend beyond the heated length and shall extend the full h¢
Imn section. In addition and for loaded beams, sufficient clearance should be providg
the furnace walls cannot interfere with the protection material. Thisclearance is requ
at the fire protection material is not adversely affected when the heam deflects.

d. In

loaded beams protected by board or slab fire protection systems, see 11.3 for jadditjonal

pight
d to
ired

Where the flire protection system is of the box type, the ends of the cavity between the material angl the
steelwork shall be sealed at the point where the test specimen exits the furnace wall. This is to pre
any flow of gases beyond the heated length of the specimen.

Care shall
result of an}
to any expa

7.3 Comj

7.3.1 Steg¢

The grade ¢
treated steg

The dimen{
internal and
to the equaf

e taken to ensure that during installation of the test specimens into the furnace, or
 movement of the test specimens during the testythe fire protection system is not subje
nsion or restraint stresses contrary to its use in practice.

position of test component materials

]l sections

f structural steel shall be any hot rolled structural mild steel grade (non-alloyed, non-
1) with a yield strength of 200 N/mm?2 to 290 N/mm?2.

ions and cross-sectjenal areas of the steel members shall be measured, neglecting
| external radii. Thesevalues shall be used to determine the section factors (A, /V) accor
ions given in Figure 8.

vent

as a
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ding

16

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=4901a35791889dbca4d4ac38f8ac599a

ISO 834-10:2014(E)

Steel section Perimeter (P) - Profiled Perimeter (P) - Boxed
[ or H section
i % 4 sides 4 sides
T o P =4b +2h - 2tw P=2b+2h
= tw
| / /
-
Cross section area gs=id3ebs+ S g iiiei "
=tw (h - 2tf) + 2(b x tf)

Square or rectangular hollow section

_~fb ‘ﬂ 4 sides 3 sides

P=2b+2h P=2b+¥2h
= = tw \—— ) -1
X /, %
n\ / 7
Cross section area gi":}ei o gS:K:)ei ”
=2b x tw + (h - 2tw) x (2tw)
\&g————/ —
Circular hollow section
4 sides 4 sides /1
e o \\J

Cross section area

=n(d+2p- d - 2tw) +2)k
m@d=2p- i b Section factor = Perimeter - cross sectional ared

Figure 8 — Calculation of the section factor, Ay,,/V

7.3.2 Fireprotection systems

7 3 P 1 Conaoral
o —rp o otntrar

The composition of the fire protection system shall be specified by the sponsor and shall include at least
its expected nominal density and moisture content. Additional information may be required relative to
the heat capacity for the purpose of the assessment.

For confidentiality reasons, the sponsor may not wish detailed formulation or composition details to be
reported in the test report.

For reactive coatings, the dry film thickness of the coating shall be measured at the time of the test. The
appropriate procedures and verification process are given in Annex B.

For passive fire protection materials like boards, slabs, and sprays, the actual thickness, density, and
moisture content of the material shall be measured at the time of test for each specimen. The procedures
appropriate to different types of fire protection material are given in Annex A.
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The dimension for boards and slabs shall be determined in accordance with national standards and be
within the tolerances defined in these standards.

Similarly, the thickness for boards and slabs shall be determined in accordance with national standards
and be within the tolerances defined in these standards.

7.3.2.2 Thickness of fire protection material

7.3.2.2.1

Slabs and boards

The thickness of slab or hoard fire protection materials should not deviate hy maoare than 15 % o

the

mean value
and in the li
the maximy

The mean s

7.3.2.2.2

The thickne
specified in
in loaded bé¢

The measuj

The thickndg
value. The 1

over the whole of its surface. The mean value shall be used in the assessment of the ie
Imits of applicability of the assessment. If the board thickness varies by more than 15 %,
m thickness recorded shall be used in the assessment.

hall be the mean of all measurements in accordance with Annex A.

Spray renderings and passive coatings

ss of sprayed renderings and passive protection materials shall he'mreasured at the locat
Annex A. The thickness measuring points shall not be closer than 150 mm to web stiffe
ams.

ement shall be taken between 50 mm and 100 mm away from each thermocouple posit

ss of spray-applied fire protection coatings should notdeviate by more than 20 % of the n
hean value shall be used in the assessment of thelresults and in the limits of applicabili

the assessment. If it deviates by more than 20 %, then_the maximum thickness shall be used i

assessment

The mean t
thickness) d
used, shall

difference s

7.3.2.2.3

For reactiv
subtracted

hickness (or maximum thickness accordihg to the above criteria for permitted deviati
fthe fire protection material applied\te each loaded beam and loaded column section, w
be the same as that applied to its-reference beam or short column section. In each case
hall not be greater than 10 % of the maximum value or +5mm, whichever is the lesser.

Reactive coatings

e fire protection materials, the average primer thickness shall be measured first
from the total average primer and reactive coating thickness. The resulting perm

thickness folerances excludihg primer and topcoat (assuming normal distribution of meas

thickness) 3

a)

atthet
A minix

A mini

hall be as follows:
bmperatlice measurement stations:

hum, of 68 % of readings shall be within +20 % of the mean.
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um oI 75 7o oI readings shall be within £5U 7o OI the mean.

All readings shall be within #45 % of the mean.

All readings shall be within +45 % of the mean at the temperature measurement stations.

b) overall:
stations.
stations.
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If the thickness is outside these limits, the test specimens shall be adjusted to comply with above
requirements.

7.3.2.3 Density of passive fire protection materials

The density of the fire protection material (where appropriate) applied to each section shall be measured
according to Annex A and recorded.

At each thickness of fire protection material, the density of each should not deviate by more than 15 %
of the mean value. The mean value shall be used in the assessment of the results and in the limits of
applicability of the assessment. If it deviates by more than 15 %, then the maximum density recorded
shal] be used.

The [mean density of fire protection material (or maximum density according to thesabove] criteria for
permitted deviationin density) applied to eachloaded beam and to the loaded steel colurhn se¢tion, where
used, shall be the same as that applied to its equivalent unloaded beam or short'steel column section.
The difference between the densities in each case shall not be greater than 10,% of the maxjmum mean
valup at that thickness. The test laboratory shall confirm equilibrium valties” of loaded anld reference
sectjons are within 10 % of each other.

7.3.2.4 Verification of the test specimen

An ekamination and verification of the test specimen for confofmity to specification shall b carried out
as described in ISO 834-1.

The properties of the fire protection materials used in,the preparation of the test specimens shall be
meapured, using special samples where necessary th€ methods given in Annex A or B.

The |sponsor shall be responsible for verification*that the fire protection material has bgen applied
correctly, and in the case of sprayed or coated materials, to ensure, by methods appropfiate to the
material, that it is of design composition and.specification.

The gap between the internal face of abeard or slab system and the steel section must be rgcorded. For
bearps, measurements should be taken at approximately mid-span and at both ends of a bpam casing.
For olumns, measurements should'be taken at approximately mid-height and at the top pf a column
casing.

7.4 | Selection of test specimens

7.4.1 Principle of selection
The kcope of the'assessment will determine the selection of the test specimens.

For passive-protection materials, guidance on the selection of test pieces is given Annex C. For reactive
protection materials, guidance on the selection of test pieces is given in Annex D.

Annexes C and D allow for various assessments to be carried out, depending upon whether the
manufacturer wishes to carry out limited or extensive testing. Each test package indicates the minimum
number of test specimens required for the given scope.

7.4.2 Test sections for evaluation of stickability

The methodology for determining the stickability correction is dependent upon the scope of the test
package and the fire protection system.

Guidance for passive protection materials is given in Annex C. Guidance for reactive protection materials
is given in Annex D.
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7.4.3 Sections required for thermal analysis

In addition to the requirements in 7.4.2, a range of unloaded I sections will be required whichever
analysis method is used. These will be selected to cover the range of protection thickness, section factor,
and fire resistance period and will include the short reference section equivalent to the loaded section
or tall section.

Additional short and tall sections will be required for the analysis of hollow sections similarly chosen to
cover the range of protection thickness, section factor, and fire resistance period.

The selection of the spec1mens W111 be determmed by the scope of the assessment requlred for the
protection prodtret: : ctionfactor—+ ange—{m and
thickness range (max1mum and mlmmum) for each fire re51stance perlod The range factors w1ll be 1,0
for maximum and 0,0 for minimum and will be determined by the manufacturer.

For passive|protection materials, guidance is provided in Annex D. For reactive protection materials,
guidance is|given in Annex E.

8 Instal]ation of the test specimens

8.1 Loaded beams

Lightweight or aerated concrete slabs shall be provided for the concrete’topping which are bolted tp the
beam using|12-mm diameter bolts. Only the two sides and the soffitef the beams are exposed to heating,
as shown in Figure 1. The slabs shall have the following properties:

a) the width measures across the beam shall be 600 mm #3100 mm;

b) the thidkness shall be within the range of 150 mmt¢’200 mm;

c) the maximum length shall be 625 mm;

d) the norpinal density of aerated slabs shallkbe 500 kg/m3;

e) the norpinal density of lightweight cencrete slabs shall be 1 500 kg/m3;

f) the confrete slabs shall have a gap-between them sufficient to allow the beam to bend.

There shall|be a layer of compressible ceramic fibre insulation material placed between the lightwgight
concrete anld the top flange of\the beam. The insulation material shall be a Class A1 insulation matgrial
determined in accordance with EN 13501-1 and have an operating temperature of at least 1 000 {C. It
will have ap uncompressed thickness of 30 mm + 5 mm and a nominal density of 125 + 25 kg/m3| The
insulation shall have-a' width equal to the width of the top surface of the steel beam (see Figure 1).

Alternative|ClassiAl insulation materials determined in accordance with ISO 1182:2010, (1) and ISO 1716
may be used provided they have similar thermal properties and thickness to the specified ceramic fibre
insulation.

The elements of the lightweight concrete topping shall be secured to the beam by bolting to studs of an
appropriate diameter welded to the beam. There shall be a suitable steel plate beneath the locking nut.
These studs may be situated within the junction between each element of the concrete topping or within
the length of the concrete topping (see Figure 1; fixing within the length of the topping shown).

Each element of the concrete topping shall be secured by at least two fixings. The gap between the
elements of the concrete topping shall be filled with fire-resistant packing.

Atthe commencement of the test, the soffit of the concrete topping to the loaded beam shall be nominally
flush with the soffit of the adjacent furnace cover slabs.

Arrangements, appropriate to laboratory practice, shall be made to ensure that the gap between the
concrete topping to the loaded beam and the adjacent furnace cover slabs is sealed to prevent escape
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of furnace gases, especially when the beam is subject to deformation during the test. The loaded beam
shall be installed, with special attention taken to insulate the bearings of the beam from the influence
of heat.

In addition, the ends of the loaded beam outside the furnace should be insulated and sufficient clearance
should be provided between the underside of the protection system and the furnace walls to prevent
interference.

8.2 Unloaded beams

Each unloaded beam test specimen shall be bolted to the soffit of the furnace cover slabs comprising the
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8.4

The
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sect

e concrete as that used as topping to the loaded beam. There shall be a suitable steelpl
pcking nut.

specimen shall be provided with a layer of ceramic fibre insulation fibre placed betwe
Lhe top flange of the beam as specified in 8.1 for the loaded beam and Figure 2

‘native insulation materials (Class A1) may be used provided they havesimilar therma
thickness to the specified ceramic fibre insulation.

ends of the beam shall be insulated with a layer of rigid or flexible insulation material. §
typical construction detail.

Loaded columns

iJded column test specimen shall be installed as shown'in Figure 3 and described in ISO

Unloaded columns

Fall column and short column test specimens shall be either bolted to the underside of the
rete furnace cover slab [described in*6:2.5, using 10-mm diameter studs welded to
on and (100 x 100 x 6) mm plates beneath the locking nut] or stood on the furnace flo

or o plinths).

Suff
and

The

cient fibre insulation as described in 8.1 shall be used between all contact surfaces of t
the cover slab, or the furnace floor, or plinth to avoid heat transfer via the ends of the sg

inear dimensions of the fibre insulation material shall be greater than the total overall

of the fire-protected ste€l section.

8.5

For ¢
be iy

For ¢

Test specimén installation patterns

pach test.involving a loaded beam or column, an equivalent unloaded beam or column §
cluded-and tested in the furnace at the same time.

bach loaded beam, the equivalent reference beam shall be positioned parallel to and at

ate beneath

bn the soffit

| properties

ee Figure 2

834-7.

lightweight
the column
or (directly

he columns

ctions.

dimensions

ection shall

mid span of

thel

oaded beam.

Each tall column and its equivalent unloaded reference column section shall be installed within the
furnace at the same time and tested together wherever possible.

The sections should be positioned in the furnace to ensure they are not shielded or affected by the
furnace walls, other test specimens, and obstacles. A minimum distance of separation of 300 m is
recommended or a distance equal to the depth of the web if the beam depth is greater than 300 mm. A
typical test specimen installation pattern useable in a 4 m x 3 m furnace is given in Figure 9.
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<

Key

1 position|of unloaded shortreference beam (parallel to loaded beam)
2 unloadef short column

3 loaded Heam

Figure 9 — Typical test specimen installation pattern

8.6 Furnace load

In order to ensure that the specified furnace temperature/time relationship is complied with, it may be
necessary to control the amount of steel sections within the furnace and their location.

Typically, a furnace size 4 m x 3 m by about 2 m deep can accommodate up to 45 kg/m3 without adverse
affect.
9 Conditioning of the test specimens

Alltestspecimens, 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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10 Application of instrumentation

10.1 General

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

10.2 Instrumentation for measurement of furnace temperature

10.2

.1 General

Plat} thermometers, of the type specified in ISO 834-1, shall be provided to measure the't
of the furnace and shall be uniformly distributed to give a reliable indication of the temper

regi
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ther

being two plate thermometers at each location, one on each Side of the beam. The plate thg
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The
furn|
diffe
each
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bn of the test specimens. They shall not be placed in positions where they are uiiable to 1
Ace temperature correctly because they are obstructed by test specimens.

.2 Furnace temperature in the region of loaded beam test spécimens

furnace temperature in the region of each loaded beam test,specimen shall be measuj
mometers, placed atlocations at 1/5, 2/5, 3/5, and 4/5 of the heated length of the loaded

be positioned at a distance of 500 mm below the soffitas shown in Figure 10.

plate thermometers shall be oriented so that for-half their number, side “A” faces the
ace, and for the other half, side “A” faces the longer side walls of the furnace. The distrih
rent orientations shall be such that there shall be equal numbers facing the floor and
side of the beam.

e commencement of the test, these thermocouples shall be positioned as specified in IS
bn in Figure 10.
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neasure the
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Dimensions in millimetres
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Key
1  plate th¢grmometer
2 TorH section beam shown, hollow beam similar

NOTE For illustrative purposes only, the beam is.shown with profile protection on the left and bloxed
protection o the right.

Figure 10 — Location of furnace control plate thermometers for loaded beams

10.2.3 Furpace temperature in-the'region of loaded column test specimens

Where aloaded column is testedin isolation, the furnace temperature in the region of the column se¢tion
shall be megsured using twaplate thermometers placed on either side of the column at 1/4, 1/2, and 3/4
column height and at a distance of 100 mm from the column.

The plate thermometers shall be oriented so that side “A” faces the side walls of the furnace. The insulated
parts shall face towards the column.

At the commeéinicement of the test, the hot junctions of these thermocouples shall be positioned| and
maintained throughout the test as specified in ISO 834-1.

10.2.4 Furnace temperature in the region of unloaded test specimens

10.2.4.1 Columns on furnace floor with or without a loaded beam

In the case where short or tall columns are included in the same furnace as a loaded beam or a loaded
column and they are placed on the floor of the furnace, the furnace temperature in the region of each
column section shall be measured using two plate thermometers placed, on either side of the column,
at a distance of 0,5 m from the top of the column and shall be used to control the furnace temperatures
as given in ISO 834-1. These thermometers shall be placed as evenly as possible taking into account the
location and number of test specimens.
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The plate thermometers shall be oriented so that side “A” faces the side walls of the furnace. The insulated
parts shall face towards the column.

At the commencement of the test, the hot junctions of these thermocouples shall be positioned and
maintained throughout the test as specified in ISO 834-1.

Short columns on plinths (height > 500 mm) are equivalent to the fixing at the ceiling and therefore do
not require additional plate thermometers

10.2.4.2 Tall and short sections fixed to furnace roof with a loaded beam

Where the short beams, short columns, or tall columns are included in the same furnacelas a loaded
bearn and they are fixed to the roof of the furnace, the temperature shall be measuredrusing the plate
thermometers positioned as given in 10.2.2.

10.2.4.3 Tall and short sections fixed to furnace roof without a loaded beam

It is |ikely that the test series will include at least one test where only short ‘aptall sections dre installed
in the furnace. In such tests, the furnace temperature will be measured By plate thermometprs situated
in the same position as if a loaded beam was installed as given in 10.2:2.

10.3 Instrumentation for measurement of steel temperatures

10.3.1 General
Thegmocouples for measurement and recording of ste€l temperatures, of the type and fixjng given in

Anngx E, shall be located at measurement stations,and other points as specified below (se¢ 10.3.1.1 to
10.3]5) and shown in Figures 11 to 14.

10.3.1.1 I or H sections

The [thermocouples on the flanges shalleach be fixed mid-way between the toe of the flahge and the
web| the thermocouple on the web shall be fixed mid-way between the two flanges

10.3.1.2 Rectangular hollow. columns and beams

The thermocouples on the appropriate face shall each be fixed mid-way between the adjacent corners.

10.3.1.3 CirculardieHow columns

Thethermocouplesateachmeasuringstation onshalleachbe fixed equidistantaround the cir¢umference.

10.3.2 Loaded beams

FOF Aach loadad hoaya tact cnncivann thovn chall ha thenn yanaciirnaan £ ctatinnc nne h ﬁnnni)ting Of five

T T T OO O T O ot o t e o T o P e e Ot e O oo o Tt T C e T o ot I e ot oo o Cati COTTroT

thermocouples at 1/4, 1/2, and 3/4 of the length of the beam exposed to heating.

For I and H sections, the thermocouples shall be attached to the lower flange on alternate sides of the
web at a distance of 250 mm from the central measuring station. For hollow beams, these additional
thermocouples shall be on the lower face.

Temperature measuring points shall be separated from loading points by at least 150 mm and shall not
be closer than 150 mm to web stiffeners where fitted. The thermocouples on the web shall be positioned
on alternate sides of the web (see Figure 11).
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Dimensions in millimetres
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Thermocouple locations applicable to loaded 'I' and 'H' beams (17total)
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L L)
%
Positions 1 to 3 Positiods\Aand B

Key
position| 1
position|2
position|3
position|A
position|B

m o> W N R

span of beam

Figure 11 —‘Thermocouple position/orientation for loaded beams

10.3.3 Unlpaded beams

For each bpam test specimen, there shall be three measurement stations each consisting of| five
thermocouplesat'l/3, 1/2, and 2/3 of the length ofthe beam exposed to heatlng The thermocouple
the web and :

sections (see F 1gure 12).

Similarly, for hollow sections, the thermocouples shall be at a similar measuring stations and at the
centre of each face.
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Thermocouple locations applicable to short 'l' and 'H' beams (9 total)

Positions 1to 3

Thermocouple leeations applicable to short hollow section beams (9 total)

Key

1 position 1
2 position 2
3  position 3
L  length

Figure 12 — Thermocouple locations/orientation for short beams

10.3.4 Loaded columns and unloaded tall columns

For each loaded and unloaded column test specimen, there shall be a measurement station consisting of
five thermocouples located at a distance of 200 mm from the top of the column and also at 1/3 and 2/3
of the heated length of the column (see Figure 13).

Thermocouples on the web shall be positioned on alternate sides of the web.
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Figure 13 — Thermocouple locations/orientation for I and H section columns

Similarly, for hollow sections, the thermocouples shall be at similar measuring stations and at the centre
of each face (see Figure 14).
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Figure 14 — Thermocouple locations/orientation for hollow sections

10.3.5-Unloaded short columns

For each short I or H column, there shall be a measurement station consisting of five thermocouples
located at a distance of 200 mm from the top of the column and four located at mid-height of the column
(see Figure 13). Thermocouples on the web and flanges shall be positioned on alternate sides for adjacent
measuring stations for I or H sections.

For hollow section columns, there shall be four thermocouples at each measuring station and at the
centre of each face (see Figure 14).

10.4 Instrumentation for measurement of furnace pressure

The vertical deformation at mid-span relative to the supports, for loaded beams, and the axial
deformation, for loaded steel columns, shall be measured as specified in ISO 834-1.
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10.5 Instr

umentation for measurement of deformation

The vertical deformation at mid-span relative to the supports, for loaded beams, and the axial
deformation, for loaded steel columns, shall be measured as specified in ISO 834-1.

10.6 Instr

umentation for measurement of load

Instrumentation for the measurement of applied load shall be provided and used as specified in [ISO 834-1.

11 Testp

rocedure

11.1 Gene

Assemble the required number of test specimens forming the testing package as detailed'in Clause{7

Incorporatg

Conduct tes
unloaded ¢

equivalent finloaded short column specimen.

Carry out
commencer]

11.2 Furn

Measure aj
thermomet

The locatio
specimens

The plate th

of ISO 834-1.

Some Natio

(slow heatimg curve). Where this-is necessary, the test procedure is described in Annex F.

11.3 Appl

11.3.1 Loaded beams

Using the p
accordance

pce temperature and pressure

Tl’l

ral

these in several tests according to the capacity of the furnace and the criteria in 8.5.

ts on aloaded beam together with its equivalent unloaded beam and{ when possible, ing
lumn specimens. Whenever possible, conduct tests on a loaded\.column together wit

thecks for thermocouple consistency and establish data points for temperature bg
hent of the test and the procedures defined in 11.2 to 11%4¢

d record the furnace temperature in the region of the test specimens using the j
brs defined in 10.2 and the furnace pressurein accordance with ISO 834-1.

of plate thermometers to be used to centrol the furnace temperature is dependent upo
corporated within the furnace.

ermometers as specified in 10.2%2to 10.2.4 will be used to control the furnace to the cri

hal Bodies may require tests on the fire protection to be carried out under a smouldering

jcation and centrol of load

Focedures of ISO 834-1, apply a constant load to the loaded beam, of magnitude deriv¢
with 6.2.2, throughout the test period until after a deformation of Lsyp/30 is reached

lude
h its

fore

blate

h the

reria

 fire

bd in
ora

rate of defld

ction of | 2[/0 Q00d mmI/min’ atwhich pm'nf the load shall be removed

Lsup/30 shall be reached in the range of 500 °C to 600 °C. If this is not achieved after reaching 575 °C,
then the load shall be increased gradually and carefully until Lsup/30 is reached. The temperature used
shall be the mean of the bottom flange temperatures. In the case of the maximum thickness loaded
beam, Lsyp/30 shall be reached within 85 % of the maximum fire resistance period within the scope of
the assessment.

For board or slab fire protection systems, it is possible that applying the required load to an already
protected beam may lead to disruption of the protection material. Therefore, up to 50 % of the required
load may be applied prior to the installation of the fire protection.

30
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.2 Loaded columns

Using the procedures of ISO 834-1, apply a constant load to the loaded column, of magnitude derived in
accordance with 6.2.4, throughout the test period until the point of maximum elongation is reached and

the c

olumn has returned to its original height at which point the load shall be removed.

In the case of the maximum thickness loaded column, this shall be reached within 85 % of the maximum
fire resistance period within the scope of the assessment.

11.4 Measurements and observations

11.4

Mea
atta

11.4

Ide
Th
and
cont|

11.4.3 Observations

Mon|
crac
asd

erI, using the procedures of 1SO 834-1, apply the test load, measure-the zero point for

itor the general behaviour of each of the specimensthroughout the test and record the og

.1 Temperature of steelwork

sure and record the temperature of the loaded and unloaded sections using the the
ched to the steelwork as specified in 10.3 at intervals not exceeding 1 min.

.2 Deflection
ify an initial deflection datum point, relative to the supports, before application of t

monitor the deformation of the loaded beam and the axial contraction of the loaded coly
inuously throughout the test, at intervals not exceeding 1 mif.

king, fissuring, delamination, or detachment ofthe fire protection material and similar
pscribed in ISO 834-1.

11.
All

assegsment.

For
thet
and
Othe
ISO

12

12.1

.4 Termination of the test

sts should provide thermal data\up to the maximum temperature required for the §

ests thatinclude loaded specimens when the load has been removed, it may be necessary
estuntil the mean température recorded on all the steel sections exceeds the maximum t
Fhe duration of the teStjexceeds the maximum time period for which the sponsor requir
rwise, terminate the test when one or more of the reasons for termination which are
B34-1 occur.

Test results

| Acceptability of test results

rmocouples

e test load.
formation,
mn, if used,

currence of

phenomena

cope of the

to continue
bmperature
bs approval.
specified in

It is possible that within any test package, apparently, erroneous results may occur through failure of
thermocouples, abnormal behaviour of fire protection, incorrect assembly of the test specimen, etc. If
any results are to be disregarded, the laboratory, in consultation with the sponsor, shall justify this and

appl

y the following rules:

12.1.1 I and H sections

12.1.1.1 Loaded I or H beams

From the 6 thermocouples on the upper flange, at least 4 results shall be valid.

From the 3 thermocouples on the web, at least 2 results shall be valid.
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From the 8 thermocouples on the lower flange, at least 6 results shall be valid.

12.1.1.2 Unloaded I or H beams

From the 3 thermocouples on the upper flange, at least 2 results shall be valid.
From the 3 thermocouples on the web, at least 2 results shall be valid.

From the 3 thermocouples on the lower flange, at least 2 results shall be valid.

12.1.1.3 Loaded I or H columns and unloaded tall columns

12.1.1.4 Unloaded shortI or H columns

12.1.2 Holjow sections

12.1.2.2 Unloaded hollow beams

12.1.2.3 Loaded and unloaded tall hollow columns

12.1.2.4 Unloaded shorthollow columns

13 Presentation of test results

12.1.2.1 L:[aded hollow beams

From the 15 thermocouples on the column, at least 9 results shall be valid, with at least.3 yalid
resultsfat each temperature measurement station.

From tIe 3 thermocouples on the each flange, at least 2 results shall be valid.

From the 3 thermocouples on the web, at least 2 results shall be valid.

From the 11 thermocouples on the beam, at least 9 results@hall be valid, with atleast 2 valid results
at eachftemperature measurement station.

From the 9 thermocouples on the beams, atleast 7 results shall be valid, with at least 2 valid results
at eachftemperature measurement station.

From the 12 thermocouples on the column, at least 9 results shall be valid, with at least 3 yalid
resultsfat each temperatureeasurement station.

From the 8 thermagouples on the column at least 6 results shall be valid, with at least 2 valid results
at eachftemperdture measurement station.

The following shall be reported within the test report:

a)

b)

32

the results of measured dimensions especially the thickness of the fire protection, as well as the
density and moisture content for passive protection, together with those values to be used in the
assessment, according to 7.3;

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;

the individual 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 [SO 834-1;
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d) theindividual results and the mean temperature of each of the flanges, the mean of the web, and the
overall mean determined as given in (terms and definitions) and all individual results of all steel
temperature measurement thermocouples at the locations given in 10.3, all graphically presented
(evidence of compliance with the validity criteria of 12.1);

e) the deflection measurements on loaded beams specified in 11.4.2, all graphically presented (if the
load is removed according to 11.3.1, the time at which this occurred);

f) theindividual results of the axial contraction measurements on loaded columns specified in 11.4.2,
all graphically presented (if the load is removed according to 11.3.2, the time at which this occurred);

+hoyy
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The [results b) to f) may be presented as a selection of the measured data sufficient to-give|a history of
the performance of the test specimen according to ISO 834-1.

The [results b) to f) may also be prepared and printed in tabular form and/or presented el¢ctronically.
In the latter case, this should be prepared in the appropriate, secure, "read-only” format to prevent
altefation. Only legitimate data maintained in the laboratory files shall be used in the assesgment.

14 [lest report

14.1 General
The test report shall include the following statement.

“Thik report provides the constructional details, the:test conditions, and the results obtaingd when the
spedified fire protection system described hereintwas tested following the procedures of [[SO 834-10.
Any|deviation with respect to thickness and dénsity of fire protection material and constructional
detalils, loads, stresses edge or end conditions other than those allowed under the field offapplication
could invalidate the test result”.

In adldition to the items required by1SO 834-1, the following information shall be included in the test
repdrt:

a) peneric description and ac¢curate details of the fire protection system;

b) hame of the manufacturer or the product or products and the manufacturer or manufacturers of the
construction;

c) [full details of ¢he test specimen preparation including the method of installation/ application of
the fire protéction system and surface preparation (for reactive coatings, this also includes the
thickness of primer, reactive coating - brush/spray applied, number of coats, and top cqating);

d) Heseription of the fabrication of the test construction (a description of the conditioning of the test
construction and its installation into the test furnace);

e) results of the measurements obtained using the measuring devices in Clause 13 b) to f) during the
tests presented in graphical format (and any other optional format), as required in Clause 13;

f) description of significant behaviour of the test specimen observed during the test period, including
observation(s) and magnitude of any detachment of the fire protection material.

g) magnitude of the load applied to each test specimen, as a function of time, and if removed (loaded
beams and columns), the time at which this occurred;

h) elapsed time at which the test was terminated and the reason, on the basis of 11.4.4, for the
termination;

i) results of any test carried out using the smouldering fire (slow heating curve), as described in
Annex F, should be reported separately;
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j)  details of the calculations used to determine the test load.
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Measurement of properties of passive fire protection materials

A1l

Introduction
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rmination of the thickness, density, and moisture content of the fire protection matexria
brials used in fire resistance tests is important to the accurate prediction of requined fir{
knesses from the test result.

methods used to establish these properties shall, therefore, be consistent and this
Ance on appropriate procedures to be used.

special test samples to determine thickness, density, and moistire content shall be
the actual fire test specimen under the conditions described in‘€lause 9.

specific product standard existing for the measurement of\such properties shall be fo
edures given in ISO 834-1 shall be followed together witl/the following.

Thickness of fire protection materials

1 Measurement

oard or slab/mat fire protection materiatls, the nominal thickness of each material shall b

b suitable gauges or calipers in accordance with national standards. The measurem
ed out either on the actual materidls during assembly of the test specimen or on a ref
ial test sample, the minimum linear dimensions of which shall be 300 mm x 300 mm. 4
surements shall be made including measurements around the perimeter and over the sy
prial.

design thickness used-inthe assessment shall be as described in 7.3.2.2.

prayed passive fire-protection materials, the thickness shall be measured using a 1-m
e or drill bit, which shall be inserted into the material at each measurement position

of thie probe or dtill touches the surface of the building element. The probe or drill shall car1

stee
The
The

plate of diameter 50 mm upon it, for accurate determination of the surface level.
humberrand location of thickness measurement points shall be as given in A.2.2.

design thickness used in the assessment shall be as defined in 7.3.2.2.

s and other
e protection

hnnex gives

ronditioned

llowed. The

e measured
bnt shall be
resentative
\t least nine
rface of the

Im diameter
intil the tip
y a circular

For sprayed fire protection materials, of thickness very much greater than 5 mm (i.e. where the mean
thickness of the fire protection is greater than 15 % of the height of the test member), the mean thickness
shall be given by

2
A, +16V,
8

A +

(A1)

For sprayed fire protection materials and coatings of thickness less than 5 mm applied to the surface of
steel beam and column test members, the material thickness shall be determined directly upon the test
member, once the coating is fully dried.
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The thickness shall be measured using an instrument employing either the electromagnetic induction
principle or the eddy current principle with a probe contact diameter of at least 2,5 mm.

The number and location of thickness measurement points shall be as described in A.2.2. The design
thickness used in the assessment shall be as described in 7.3.2.2.

A.2.2 Measuring positions renderings

The number and location of thickness measurement points (which shall be regarded as the minimum
required) shall be as follows:

A.2.2.1 L¢aded beams

A minimum number of 88 measurements should be taken spread over the measuring stations‘indidated
in Figures § and 11.

— the megsurement stations at which temperature measurements are made on the,surface of the test
beam;

— the poditions at which temperature measurements are made on the upper Surface of the bottom
flange jof the beam, or bottom surface of hollow beams, halfway bBetween each temperature
measuilement station;

— the posjtions halfway between the outermost temperature measdrement stations and the outerfnost
points ¢n the upper surface of the bottom flange of the beam oxthe bottom surface of hollow bepms.

A.2.2.2 Unloaded beams

A minimun] number of 24 measurements at positions gh*the exposed surfaces of the beam (web|and
flanges; seg Figure 12) at locations in the proximity of

— the terhperature measurement stations (between 50 mm to 100 mm away from) at which
temperpture measurements are made on.thé surface of the test beam.

A.2.2.3 Lg¢aded columns

A minimun] number of 50 measuréments should be taken spread evenly over the measuring stafions
indicated in Figure 13 for I or H sections and Figure 14 for hollow sections.

— the temperature meastirement stations (between 50 mm to 100 mm away from) at which
temperpture measuréments are made on the surface of the test column;

— the posjitions halfway between each temperature measurement station.

A.2.2.4 Unloaded short columns

A minimuntmumberof 24 measurements shoutdbetakemr spread-eventy over the measuring stations

indicated in Figure 13 for I or H sections and Figure 14 for hollow sections.

— the temperature measurement stations (between 50 mm to 100 mm away from) at which
temperature measurements are made on the surface of the test column.

A.3 Density of applied fire protection materials

The density of each fire protection material shall be determined from measurements of mass and
dimensions using the following:

For board or panel passive fire protection materials, the density can be obtained from values of mass,
mean thickness (from nine measurements), and area measured either on the actual materials during
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assembly or on a representative special test sample which shall be at least 300 mm x 300 mm. The mass
of the board shall be obtained using a balance having an accuracy equivalent to 0,1 % of the total mass
of the sample being weighed or 0,1 g (the sample size shall be sufficient such that the minimum sample
mass is 100 g), whichever is the greater.

The density of fibrous or similar compressible fire protection material shall be related to the nominal
thickness.

For spray applied fire protection materials, the density of the material shall be determined from samples
sprayed, from beneath, into metal trays, horizontally orientated. This should be carried out at the same
time as the fire protection system is applied to the steel test specimens. These trays shall be of size

300
The

For
thicl
and

The
the t

The
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The
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The
the g
the ¢

For

min
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cont

For
dete

i
suffIéient such that the minimum sample mass.is>100 g), whichever is the greater.

T X 300 M and made {Tom 1-mm thick Steel piate.
depth of the trays shall be the same as the design thickness of the fire protection mater]

bach thickness of material, two such trays shall be prepared with the material.applied
kness as that applied to the steel. One of these trays is dried to provide a reference for
moisture content. The second tray shall be used to determine the density’at the time of

thickness of the specimen within the trays shall be determined at nine/positions over th
rays according to

bne at the centre (one total) and

fwo along each centre to corner axis, equidistant from each other, the centre and the c
n total).

mass of the fire protection within the tray shall-bé obtained using a balance having
alent to 0,1 % of the total mass of the sample*being weighed or 0,1 g (the sample g

design density used in the assessmentshall in all cases be as described in 7.3.2.2

Moisture content of applied fire protection materials

samples and materials used:to measure moisture content shall be stored together wit}
ame conditions as the test specimens. The measurement of final moisture content shall
lay that fire testing takes‘place.

board or slab passive fire protection materials, special test samples shall be taken|
mum 300 mm%-300 mm and of each thickness of the material used. They shall be W
1 in a ventilated’oven, using the temperatures and techniques specified in ISO 834-1. T
ent of thespecimen shall be calculated as a percentage of its moisture equilibrium weig

spray-applied passive fire protection materials, the moisture content of the mater]
romvined from oven drying of one of the sample trays referred to in A.3, for each thick

They

ial.

to the same
dry density
test.

e surface of

brner (eight

in accuracy
ize shall be

h and under
be made on

measuring
reighed and
e moisture
ht.

ial shall be
ness tested.

y shall be weighed and dried in a ventilated oven, using the temperatures and techniqu

es specified

in ISO 834-1. The moisture content of the specimen shall be calculated as a percentage of its moisture
equilibrium weight.

© IS0 2014 - All rights reserved

37


https://standardsiso.com/api/?name=4901a35791889dbca4d4ac38f8ac599a

ISO 834-1

0:2014(E)

Annex B
(normative)

Measurement of properties of reactive protection materials

B.1 Introduction

Determinat
tests is imp

The metho
guidance o]

Any test sa
under the c

The proced

B.2 Thic

B.2.1 Dry

The dry film thickness shall be determined directly upon:the test member, once the coating is fully d

as defined &

The thickn
electro-mag

least 2,5 mip.

B.2.2 Me

The numbe
required) s

B.2.2.1 Lgaded beams

A minimum
in Figures §

the med

ion of the thickness of the fire protection materials and other materials used in fire resist
prtant to the accurate prediction of required fire protection thickness from the testres|

Is used to establish these properties shall therefore be consistent and this Annex g
appropriate procedures to be used.

mples used to determine thickness shall be conditioned with the actual fire test speci
bnditions described in Clause 8.

ires given in EN 1363-1 shall be followed together with the follewing.

kness of fire protection materials

 film thickness
y the sponsor.

bss shall be measured by the test laberatory using an instrument employing eithey
Inetic induction principle or the eddy current principle with a probe contact diameter

Asuring positions

nall be as follows:

number.0f 88 measurements should be taken spread over the measuring stations indid
and 18-

beam;

isurement stations at which temperature measurements are made on the surface of the

ance
ult.

rives

men

ried

the
of at

I and location of thickness measurement points (which shall be regarded as the minifnum

ated

test

— the positions at which temperature measurements are made on the upper surface of the bottom
flange of the beam or the bottom surface of hollow beams, halfway between each temperature
measurement station;

— the positions halfway between the outermost temperature measurement stations and the outermost
points on the upper surface of the bottom flange of the beam or the bottom surface of hollow beams.
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B.2.2.2 Unloaded beams

A minimum number of 24 measurements at positions on the exposed surfaces of the beam (web and
flanges or faces of hollow beams; see Figure 12) at locations in the proximity of

— the temperature measurement stations (between 50 mm and 100 mm away from) at which
temperature measurements are made on the surface of the test beam.

B.2.2.3 Loaded tall columns

A minimum number of 50 measurements should be taken spread over the measuring stations indicated
in Figure I3 Tor I or H sections and Figure 14 for hollow sections.

— the temperature measurement stations (between 50 mm and 100 mm away: from) at which
femperature measurements are made on the surface of the test column;

— the positions halfway between each temperature measurement station.

B.2.2.4 Unloaded short columns

A minimum number of 24 measurements should be taken spread ovér the measuring stations indicated
in FiLures 13 for I or H sections and Figure 14 for hollow sectiong.

— the temperature measurement stations (between 50<4nm and 100 mm away from) at which
femperature measurements are made on the surface of'the test column.
B.3| Identification

Idenification of the coating shall be in accordange with the ETAG 018-Part 2.

The properties of the material should be utiambiguously characterized/identified (formulation).
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Annex C
(normative)

Selection of test specimens - passive fire protection

C.1 Principle of selection

The scope
various ass
out limited
required fo

Loaded bedm testing of a particular fire protection supporting system is applicable also to colu

using the sg
reflects the
upper half

protection s
system and
beam casin
Otherwise,

Fire protect
as more th
assessment
board, then|
for the two-

If fire protd
practice. If 1

Table C.1 ap
column and

f the assessment will determine the selection of the test specimens. Table D.1 allew
essments to be carried out depending upon whether the manufacturer wants-to ¢
or extensive testing. Each test package indicates the minimum number of tést+specir
" the given scope.

me supporting system. The same protection system is defined as a(system that identi

bf the beam. For example, if the beam system only uses support.noggins, then the col
ystem canberegarded asbeingthe sameifthe noggins are alsp used in the column proteg

b but not in the lower part, then the same angles must be‘used in the column casing sy
the two systems are regarded as different and a loaded column must be tested.

ion systems that include a different number of layers of board, slab, or mat must be rega
in one system. Therefore, a single-layer system requires a separate package of tests
from the multi-layered system. For examplegif a board system requires up to three laye
two test and assessment packages are required, i.e. one for the single-layer system and
and three-layer systems combined.

ction render systems are tested-without any reinforcing mesh, then mesh can be addg
mesh is used in the tested systemsthen it must be used in practice.

plies to boards, slabs, or mmats'and sprayed coatings. In the case of boards, slabs, or mats
beam fire protection syStems must be the same for the combined columns and beams oy
res 3 and 4).

dditional specimefis may be needed for heavier steel sections as identified by local needs.

5 for
arry
hens

mns
rally

bottom half of the beam protection system. It must also use the same fixing method i the

umn
tion

they are located at the same spacing. If the beam system uses angles in the upper part of the

tem.

rded
and
s of
one

bd in

, the
tion

(test packag
NOTE Al
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Table C.1 — Principle of selection - open sections

Correction
Loaded | Loaded Shortl - ShortI - Total proce-
Test beams | columns |Reference| Reference . .
Scope sections section short dures from
package | selected | selected | beamsb | columnsc .
from C.2 | from C.2 beams columnsb | sections | 1SO 834-11,
- - Table B.2
I beamsa 1 2 11 13 a)
I columns 2 v 2 11 13 b)
I beamsa
+1 3 2 13 15 d)
colymms
I beamsa
I 4 2 111 13 26 )
colymns
a means both I and H shapes.
b This beam shall be included in the thermal analysis.
¢ This column shall be used in the thermal analysis.
The gponsor can adopt the principles given in Annex A for structurakhollow sections. If thig is the case,
testing of the appropriate I or H sections in accordance with this,doetment must be carried|out.

In the case of board, slab, or mat protection where the fixingmethod for hollow sections giffers from

thatfof I or H sections or where a separate assessment of hollow sections is required, Table

[.2 applies.

NOTE Additional specimens may be needed for heavier@teel sections as identified by local needs.
Table C.2 — Principle gf'selection, hollow sections
Loaded Loaded Correction
Short Short proce-
Test beams columns Reference Total short
Scope . hollow | hollow . flures from
package selected selected sections beams | columns sections SO 834-11
from C.2 from C.2 ’
Table B.2
Redtangular 1 v 2 4 6 ¢
beams
lllollow 2 v 2 4 3 f)
cplumns
A tegt programme forunloaded sections is required to explore the relationship between firg resistance,
protection thickdess, and section factor. A typical programme will include at least six sectipns where a

range of thickness is required.

C.2

Test sections for correction for stickability

To take into account the stickability performance of the fire protection product, the temperature data
for the short sections are to be corrected against the loaded beams and loaded columns depending upon
the selected test programme. The methodology for determining the stickability correction is dependent
on the scope of the test package selected from Tables C.3 and C.4 and is described in ISO 834-11.

The mathematical process for the correction of stickability is given in ISO 834-11. Guidance for the
selection of loaded sections for evaluating stickability is given in Tables C.3 and C.4.
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Table C.3 — Selection of test sections for renderings

. . . . Minimum depth or width

Loaded section Protection thickness Section factor mgl

Beam 1 Maximum Maximum to suit scope of 300
assessment

Beam 2 Minimum Maximum to suit scope of 300
assessment

Column 1 Maximum Maximum to suit scope of 200
assessment

Maximum to suit scope of

Colupmm Z Minimum * 200

assessment

Table C.4 — Selection of test specimens for boards/mats/slab - single-layer systems

Loaded|section Protection thickness Section factor Mlmmrl:; depth

Beam 1 Maximum Maximum to suit scope of 300
assessment

Beam 2 Minimum Maximum to suit scope of 300
assessment

Coluhln 1 Maximum Maximum to suit scop€.of} 200
assessment

Coluhln 2 Minimum Maximum to suit.seope of 300
assessment

Not all loaded sections will be required to demonstrate, stickability; therefore, refer to C.1 foy the
selection of{tests required.

The methodology for determining stickability corréction is dependent on the scope of the test package
selected frgm Table C.1 and Table C.2 and is desttibed in ISO 834-11.

Correction factors for single-layer systems shall apply only to thermal data from single-layer testirg.

Correction [factors for multiple-layer-Systems shall apply only to thermal data from multiple-layer
testing.

For multiple-layer systems tested on beams and columns, the section with the minimum prote¢tion
thickness shall use two layers.of the thinnest board, slab, or mat and the section with the maxifaum
thickness shall use two orxmotre layers of the maximum thickness board, slab, or mat. In the latter ¢ase,
the outer layer of the béard, slab, or mat may be replaced by a thinner layer to produce the maxifaum
thickness td meet the-scope of the assessment.

The location of the'thinnest layer must be the same as in practice. For example, if the thinnest layer is
tested as thie euter layer of the system, then it must be the outer layer in practice.

C.3 Sections required for thermal analysis

C.3.1 Shortland H sections

The sections will be selected to cover the range of protection thickness, section factor, and fire resistance
period and will include the short reference section equivalent to the loaded section. Tables C.5 and C.6
give the minimum number of sections required. Additional sections can be tested to allow curve fitting
as described in ISO 834-11 (graphical method)

Additional short sections will be required for the analysis of hollow sections similarly chosen to cover
the range of protection thickness, section factor, and fire resistance period.
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The short, unloaded test specimens for fire protection systems with joints must not include joints unless
the system would normally have joints at less than 1 m centres.

The selection of the specimens will be determined by the scope of the assessment required for the
product. This will be on the basis of section factor range (maximum and minimum) and thickness range
(maximum and minimum) for each fire resistance period. The range factors will be 1,0 for maximum
and 0,0 for minimum and will be determined by the manufacturer.

For short I or H sections, Table C.5 applies.

NOTE Additional specimens may be needed for heavier steel sections as identified by local needs.

Taljle C.5 — Fire protection thickness and section range factors for thermal analysis|(shortI or
H sections)

Thickness range factor
Section range factor K4
s 0,0 (dmin) 0,2-0,5 0,560,8 1,0 (dmax)
0,0 (Smin) v v v
vptp
0,2-0,5 4 v v
vptp
vptp vptp vptp
0,5-0,8 v Ve v v
vptp vptp vptp
vptp vptp vptp
1,0 (Smax) v v v

Tablg C.5 applies to beams and columns segpdrately.

The Jabove is an example - in any chojce there must be at least three sections in each roy and three
sectlons in each column except in.the case of the additional ptp sections.

The Joaded beam or column atmaximum thickness must be in the section factor range (0,21,0).
The Joaded beam or column at minimum thickness must be in the section factor range (0,2-p,8).
Actyal section factorand thickness are calculated in accordance with the formulas in Figure 8.

The scope of the dssessment will be limited to beams with a maximum depth equal to two tjmes that of
the tlested loaded beam protected with the appropriate protection thickness.

The scopeof the assessment will be limited to columns with a maximum depth equal to twp times that
of tl1e tested loaded beam or loaded column up to a maximum of 600 mm.

Minimum total number of short sections is 13 for beams and 1 for columns. If the system uses less than
four thicknesses in practice, these thicknesses are tested and each thickness must be tested at every
range of section factor.

If only short columns are used to assess beams, then reference beams must also be included for both
minimum and maximum loaded beam tests.

If only short I or H sections are to be used to assess beams, then the maximum web depth will be limited
to the web depth of the loaded beam plus 50 %.

If short I or H sections are to be used to assess the performance of hollow sections, then this shall be in
accordance with Annex A of ISO 834-11.
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The sections indicated in Table C.5 with a ptp reference are required as additional sections which are
intermediate to the section factor ranges on either side when using a point-to-point graphical assessment
for a particular nominal thickness line.

C.3.2 Hollow sections

If hollow sections are to be tested and assessed separately, i.e. when Annex A of ISO 834 Part 11 is not

being used, then Table C.6 applies:
NOTE Additional specimens may be needed for heavier steel sections as identified by local needs.
Table C.6 — Fire protection thickness and section range factors for thermal analysis (hollpw
sections)
Thickness range factor
Sectiop range factor K4
K
) 0,0 (dmin) 04-0,6 1,0 (dmax)
0,0 (Smin) v v
0,4-0,6 v v
,0 (Smax) 4 v

The table applies to hollow beams and columns separately.

The above i

in each column.

The loaded
The loaded

5 an example - in any choice there must be at least two Sections in each row and two sect

beam at maximum thickness must be in the section factor range (0.5-1.0).

hollow column at maximum thickness mustbe in the section factor range (0.5-1.0).

Actual sect

Minimum t¢tal number of short sections is 6for*beams and 6 for columns = 12 in total. If the system
less than thiree thicknesses in practice, thesethicknesses are tested and each thickness must be t¢

at every raij

Thislower
thickness fd

For a full as

The scope d
the tested |

The scope d
of the teste

on factor and thickness are calculated in accordance with Formulae C.1 and C.2.

ge of section factor.

umber of sections than in/Iable C.5 only allows for alimited assessment, i.e. a fixed proted
r each section factorwith no interpolation between the tested thickness ranges.

sessment, the sante approach and number of sections given in Table C.5 shall be used.

f the assessmient will be limited to beams with a maximum depth equal to 1,5 times th
paded beam protected with the appropriate protection thickness.

f the assessment will be limited to columns with a maximum depth equal to two times
1 {oaded beam or loaded column up to a maximum of 600 mm.

ions

uses
sted

tion

at of

that

For some fire resistance periods, the loaded section may not be the maximum section factor but it must
be protected by the maximum thickness.

The actual values of the range factor may be derived from Formulae C.1 and C.2.
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For thickness

dp = Kd (dmax = dmin)) + dmin

where

dp is the thickness at factor Kg;

dmax is the maximum thickness at Kq factor of 1;

dmin is the minimum thickness at Kq factor of 0.

For ¢

bxample: Thickness range 0,2 mm to 1,2 mm

Then thickness for a K factor of 0,5 is [(1,2 - 0,2) x 0,5] + 0,2 = 0,7 mm.

For

whe

For ¢

section factor

p = Ks (Smax = Smin) + Smin

e

5p  is the section factor at factor Kg;

Emax 1S the maximum section factor at K factor of 1}

Emin 1S the minimum section factor at Kg factor ‘ef0.

pxample: Section factor range 60 m-1 to 300'm-1

Thet section factor for a K factor of 0,545:{(300 - 60) x 0,5] + 60 = 180 m~1.

The
prof

The

section factor may be determined by the manufacturer subject to the selection of the
le by the test laboratory.

Lest specimens used shdll,be selected from the tables in Annex G.
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Annex D
(normative)

Principle of selection of test specimens - reactive fire protection

D.1 Principle of selection

The scope

various ass
out limited
required fo

NOTE

Table D.1 — Selection of test specimens

f the assessment will determine the selection of the test specimens. Table D.1 allew
essments to be carried out depending upon whether the manufacturer wants-to ¢
or extensive testing. Each test package indicates the minimum number of tést+specir
" the given scope.

Afditional specimens may be needed for heavier steel sections as identified by‘ocal needs.

5 for
arry
hens

Scope

LB
min

LB
max

LC
min

LC
max

TC
max

LHB
max

LHB
min

LHC
max

LHC
min

RB

SIB

SIC

TCHS

TRHS

SHB | SHC | Total
short
sec-
tions

Cor1
tion
cedy

frgm

Tabl¢

ec-
pro-
res

» B.1

[ beams

13

13

I
col-
umns

13

13

b)

I beams
+1

col-
umns

13

13

26

a), )

I beam
+1

col-
umns

3A

13

15

d)

I beams
+1

col-
umns

+
hollow
col-
umns

13

13

a), c),

I beams
+1

col-
umns

+
hollow
col-
umns

4A

13

d), e)

I beams
+1

col-
umns

+
hollow
col-
umns

13

13

6 32

a), c),

f)
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Scope | Test | LB | LC | TC
pack- | min | min | max
age + +
LB | LC
max | max

LHB
max

LHB
min

LHC | LHC | RB | SIB
max | min

SIC

TCHS

TRHS

SHB

SHC

Total
short
sec-
tions

Correc-
tion pro-
cedures
from
Table B.1

I beams
+1
col-

umns SA v v

13

21

hollqw
col-
umnpg

d), f)

I beams
+1

col-
umnp

holldw |6 4 v
beams

holldw
col-
umnp

13

o))

38

a), o), e), f)

I beams
+1

col-
umnp

hollqw |6A 4 4
beams

holldw
col-
umnp

2.

K74
2%

27

d), e, f)

I beams

hollqw
beanhs

hollqw OO ’
col-
umnp

\

25

a),e), f)

I
col-

e | <
low

/
col- O)

umne

v 'V,%\

13

25

+
hollow
beams

b), e), f)

hollow
beams
+
hollow
col-
umns

12

g),h)

[ beams
- 10 v
hollow
beams

13

19

a), g)
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Table D.1 (continued)

Scope | Test | LB | LC | TC |LHB|LHB |LHC |LHC | RB | SIB | SIC | TCHS |TRHS | SHB | SHC | Total | Correc-
pack- | min | min | max | max | min | max | min short | tion pro-
age + + sec- cedures

LB | LC tions from
max | max Table B.1

[

col-

umns

+ 11 v 4 4 13 |V v 6 19 b), h)

hollow

col-

umns

I beams

+ hol-

low 12 v 4 4 13 v v 6 19 a), h)

col-

umns

I

col-

R b v v o 13 6 19 b), g)

hollow

beams

hollow

v v

beams 14 6 6 8)

hollow

col- 15 v v v v 6 6 h)

umns

The test prlogrammes for unloaded sections are requiired to explore the relationship between| fire
resistance, firy film thickness, and section factor.

Where the|column referring to reference heams is only relevant to test packages where a Heam
assessment|is carried out using short column‘data, then reference beams at minimum and maxigum
are requiref in addition to the short column test sections. In all other cases, the reference beamg and
columns shall be included in the selected*short sections.

Testingof circularand rectangularhellow columns protected with reactive coatings does not conclusjvely
demonstratle that one particular-shape is more onerous than another. To allow test data to be used for
both types,|testing should be*undertaken to adequately demonstrate which particular shape is more
onerous pripr to assessing both hollow shapes on the basis of testing one shape only.

To determine whetherithe coating performs differently on circular or rectangular hollow columps, a
tall column|of each*type with a nominal section factor of 130 m-1 to 160 m-1 protected with the Jame
coating thidknes§that relates to the nominal maximum should be tested or the maximum section fgctor
to suit the scepe of the assessment.

The nominal section size for tall circular and rectangular hollow columns should be 168,3 mm diameter
x 6,3 mm wall thickness and 160 mm x 160 mm by 8,0 mm wall thickness respectively, or the minimum
wall thickness to suit the scope of the assessment. In this case, it may be necessary to select the loaded
hollow specimen with the same wall thickness as the tall column so that data correction can be carried
out using the same reference section.

A comparison of the steel temperature profiles with respect to time to reach each of the design
temperatures to be included in the assessment shall be made and the most onerous performance
determined.

Once the determination of the most onerous hollow type has been made the loaded hollow column and
short sections may be selected accordingly.
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