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Foreword

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

Technological advancesin the fire protection of structural steelwork have resulted in a range of materials
being developed that are now in widespread use throughout the building construction industry. These
are broadly categorized as intumescent coatings, sprays, renders, and boards and are often referred to
as lightweight systems in comparison to the some of the more traditional materials such as brick, block,
and concrete.

Fire protection materials reduce the rate of temperature rise of steel members when exposed to fire by
a varlety of methods. Apart from 1nfluenc1ng heat transfer mechanlsm such as conductlon convection,
and [t ' mcal reactions,
as well as shape changes that increase the thlckness of the materlal and delay the rate/at which the
undé¢rlying steel substrate heats up. Relatively simple changes such as the release pf\free moisture at
aroynd 100 °C, or water of crystallization and sublimation, which all occur within gpecific temperature
ranges, often result in a plateau of rising temperature versus time of varying magnitud¢ depending
upon the type of material and even the way in which it is applied to the steel substrate.
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erstanding the behaviour of fire protection materials is complicated;not least when t}
hical reactions and changes in thermal properties occur at differeftytemperatures and
5, depending on their chemical constitution and reaction temperature. This makes the d
itable standards for testing and quantifying their behaviourasinsulation materials dif]
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efore, to rationalize the behaviour of fire protection products for protecting structursa
simple design tables that manufacturers-<¢an use to specify their products involves the g
arge number of parameters.
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irope, the development of testing*and assessment protocols for fire protecting struy|

tural steel

menced during the 1990s under.a European mandate within CEN TC127 (Fire resistande tests) and
the beginning of drafting Edropean standards such as DD ENV YYY5. Since then, firg protection

manjufacturers in collaboration/with the test laboratories throughout Europe have developed a series

of te
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st packages and assessment methods over the past 15 years which have been throug
aisal process by thefire protection industry. This work has culminated in the drafting
5 4 and 8 which broadly cover passive and reactive products.

ired in a test package to characterize the performance of a fire protection product over
resistance‘times, applicable section factors, type of structural element, and design tem

e of the keydssiies in developing these standards have been identifying the number of

a rigorous
bf EN 13381

specimens
the range of
perature. In

arationale
0 maximize

addition, Because of the vagaries in fire resistance testing, it has been necessary to establish
for pplylng correction factors to the test results for use 1n the assessment process partly {
the .

In Europe, four assessment methods have been developed, referred to as Graphical method, Differential
equation analysis (variable 1), Differential equation analysis (constant 1), and Numerical regression
analysis. Each method has been through a process of validation and are now included in the standards
EN 13381 Parts 4 and 8.

Inthis partofISO 834, the four methods have been directly incorporated into the standard and technically
are identical to the European counterparts. However, it is recognized that other assessment methods
may be suitable and therefore this part of ISO 834 provides a set of criteria for their acceptability. One
such method which has undergone an evaluation process and meets the criteria for acceptability is the
3D method developed in the UK and currently used for reactive materials.
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The 3D assessment was formerly presented as a published research paper at the SC2/WG2 meeting in
Kyoto, Japan in November 2006 (N414). Since 2006, it has been published and presented in various forms
in the technical journals and seminars and is now included in the Dutch Standard NEN 7878 (2011) and
the Dutch Fire Safety Handbook (2011).

This part of ISO 834 recognizes that some assessment method/s are more suited to particular types of
fire protection materials, and for this reason, they are presented as Informative Annexes, which enables
freedom of choice in their application. However, only a single method can be used for the assessment
process for a particular data set and cannot be mixed.

This part of ISO 834 specifies methods for assessing fire protection systems applied to structural steel

members, e
for use in cq

mMptoyed I buitdings as beams, COIUMNS, Of Tension Members. 1 nis partof 1ISO8341sinte
njunction with the testing described in ISO 834-10.

Vi

ded
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Fire resistance tests — Elements of building
construction —

Part 11:
Specific requirements for the assessment of fire protection
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Scope

assessment detailed in this part of ISO 834 is designed to cover a range,of-thicknesse
pction material, a range of steel sections characterized by their sectiomfactors, a rang

part of ISO 834 covers fire protection systems that include both passive (boards, mat

hssessment procedure is used to establish

pbn the basis of the temperature data derived frofm.testing loaded and unloaded sj
correction factor and practical constraints on theZuse of the fire protection system ({4
performance) and

bn the basis of the temperature data derived from testing unloaded short steel spe
thermal properties of the fire protection-material (the thermal performance).

limits of applicability of the results-of the assessment are defined together with perm

s of the fire
re of design

5, slabs, and

becimens, a

he physical

cimens, the

itted direct

jcation of the results to different steel section sizes and strength grades (but not stai

hssessment in this part of 4SO 834 are directly applicable to steel sections of “I” an
onal shape and hollow séctions. Results from analysis of I or H sections are directly a
bs, channels, and T-sections for the same section factor, whether used as individual ele
of a fabricated steel truss.

results of the assessment are applicable to fabricated sections.

part of 1S©,834 does not apply to concrete-filled hollow sections, beams, or columng
5 or openings of any type or solid bar.

psséssment method is acceptable provided it meets the acceptability criteria given in 5.|
sessment methods in common use are given in Annexes C to G.

less steels)

Lo the fire protection system tested. The results of the tests obtained according to 1S0|834-10 and

“H” cross-
plicable to
ments or as

containing

b. Examples

2 Normative references

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.

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

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

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

© IS0 2014 - All rights reserved
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ISO 13943, Fire safety — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 834-1, ISO 13943, ISO 8421-2,

and the following apply.

31
characteristic steel temperature

temperature of the structural steel member which is used for the determination of the correction factor

3 - Licl 3 1 1 | 3 C 29D
for stickabi 1t_y wWhten s earctrateaaceot g too 22

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 exposure

34
fire protection system
fire protectjon material together with any supporting 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 protection thickness
dry thickndss of a single-layer fire protection system\or the combined thickness of all layers of g
protection §ystem

Note 1 to entjry: The thickness of elements of the supporting system or joint cover strips is not included in th
protection thickness.

Note 2 to enfry: For reactive fire protection-systems, the thickness is the mean dry film thickness of the co
excluding primer and top coat if applicable:

3.6

H section
steel membpr with wide flanges compared with the section depth whose main function is to carry
loads parallel to its longifudinal axis which can be combined with bending and shear

3.7
I section
steel joist dr girder with short flanges shaped like a letter “I” whose main function is to carry |

f the

ed

fire

b fire

ating

hxial

bads

transverse toits longitudinal axis

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

3.8
passive fire protection material

material, which do not change their physical form on heating, providing protection by virtue of their

physical or thermal properties

Note 1 to entry: Passive fire protection materials may include materials containing water or undergo endothermic

reactions which, on heating produce cooling effects. These may take the form of sprayed coatings, renderings
products, boards, or slabs.

, mat
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39

reactive fire protection material

material which are specifically formulated to provide a chemical reaction upon heating such that their
physical form changes and in so doing provide fire protection by thermal insulative and cooling effects

3.10
reference section
steel section which is taken from the same length of steel as its equivalent loaded section

3.11
section factor (unprotected steel)
ratigof the fire exy perimeter ar to its cross-

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

ratid of the internal surface area of the smallest possible rectangle dr'square box encasemert which can
easured around the steel structural member, Ap, to its voluthe per unit length, V

Note|1 to entry: For the purpose of this part of ISO 834;the steel used in the testing must be of the sjme grade.
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ity 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 the efficacy of the fire protection is
not gignificantly impaired

3.17,
test|package
set df steel sectiens which may include short or long specimens that is tested to evaluate the|stickability
of tHe fire protection system and to provide thermal data over a range of protection thickness, steel
sectjon 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 short steel columns or beams.

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

© ISO 2014 - All rights reserved 3
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Symbol Unit Description
for profile protection: exposed outer perimeter area of the structural
steel member excluding the protection material, per unit length

Ap m? for encased protection: the internal surface area of the smallest possi-
ble rectangle or square box encasement which can be measured around
the structural steel member

Ca ]/ (kgK) temperature-dependent specific heat capacity
temperature-independent specific heat capacity of the fire protection

Cp J/(kgK) material

Cn,n+l... - regression constants in constant A method of assessment

d mm thickness

d; mm protection thickness of the short section

dnn+l... - regression coefficients

dmax mm maximum protection thickness of the loaded section

dmin mm minimum protection thickness of the loaded section

dp mm thickness of fire protection material

dp(max) mm maximum thickness of fire protection material

dp(min) mm minimum thickness of fire protection material

dsc mm t_hickness of fire protection material on an unloaded short column sec-
tion

dup mm thickness of fire protectiontmaterial of an unloaded beam section

D mm protection thickness fon\the loaded section or tall section

D1 mm protection thickness.for the reference section

Dp min length of the moisture plateau

k - correction factor

ki - stickability correction factor for the short section at thickness dj

Kimax - sticKability correction factor at maximum protection thickness

Kimin - stiekability correction factor at minimum protection thickness

K - constant applied to A5 (p)

Kq - range factor for thickness

K - range factor for section factor

n - number of specimens

m perimeter of the steel section exposed to fire

S m-1 section factor of the loaded or tall section

S1 m-1 section factor of the reference section

Sp m-1 section factor at factor Ky

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

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

tw mm thickness of the wall of the hollow steel section

t min time from the commencement of the test

t1 min time for the reference section to reach the design temperature

tc min corrected time for thickness and section factor

4 © ISO 2014 - All rights reserved
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Symbol Unit Description

tq min time required for a short section to reach the design temperature

te min time for an unlogded section to reach an equivalent temperature to the
loaded beam at time ¢t

ti min time for the loaded section to reach the design temperature

trecal min time at recalculated steel temperature

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

At min time interval

ABO, °C increase in steel temperature during the time interval At

0 °C design temperature

Oat °C average steel temperature at time ¢

Oc(sk) °C corrected mean temperature of an unloaded cpltmn section

Oc(uf) °C corrected mean temperature of an unloaded béam section

OLB °C characteristic steel temperature of a loaded beam

OLc °C characteristic steel temperature of adeaded column

Om($0) °C modified steel temperature of amunloaded section

Ot °C average temperature of the furhace at time ¢

6p °C protective material temperature at time ¢

OLc °C characteristic steel temperature of a loaded column

OuB °C characteristic température of a short unloaded reference beam

Aavelp) W/(mK) mean value of Ap‘calculated from all the short sections at a temperature
0

Achafr(p) W/(mK) characteristic value of the thermal conductivity of the fire prptection
material

Ap W/(mK) effective thermal conductivity of the fire protection material

Ap,t W/(mK) thermal conductivity of the fire protection material at time tfand for a
thickness dj, of protection material

As(p W/(mK) standard deviation of A calculated from all the short sectionf at a tem-
perature 8

p Kg /s density

Pa Kg/m3 density of steel (normally 7 850 kg/m3)

PLB Kg/m3 density of the fire protection on a loaded beam

Pproféetion Kg/m3 density of the fire protection material

PUB Kg/m3 density of the fire protection material on the unloaded beam

pPuc Kg/m3 density of the fire protection material on the unloaded column section

LB - loaded beam

LC - loaded column

TC - tall column

LHB - loaded hollow beam

LHC - loaded hollow column

SIB - short I-section beam

SIC - short I-section column

© IS0 2014 - All rights reserved 5
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Symbol Unit Description

TCHS - tall circular hollow beam
TRHS - tall rectangular hollow beam
SHB - short hollow beam

SHC - short hollow column

RB - reference beam

5 Assessmen

5.1 Gene

The assessy
[SO 834-10.

The tempef
relating the

section facfor. Where the performance at minimum and maximum protection thickness of the lo
all column is less than that of the equivalent short reference section, the time to reach the
design tempperature shall be corrected in accordance with Annex A.

section or t

The section

equivalent loaded or tall sections. The analysis of the data shall be'made on the basis of an assessme

the test dat

described il the assessment report.

The results
maximum t|

Examples o

PITECTTIIT

ral

ature data obtained from the loaded and unloaded steel sections are used as a basi
time to reach a specified steel temperature, the thickness of fire(protection material

factor and applied material thickness of the reference sections shall be within +10 % of

h where the predicted performance satisfies the.a¢Ceptance criteria given in 5.5 and is

of the assessment may not be used to extrapolate fire protection thicknesses beyond
hicknesses evaluated.

fthe methods of analysis are givenid Annexes C to G. Itis incumbent upon the testlaborg

or other ap

appropriatg method to provide the best fit of the test data.

Only one m¢thod shall be utilized to provide the full scope of the assessment of the data from the te

of the prod

This part o

described in this International Standard determined in accordance with the principles give

[SO 834-10.

I or H sectid

roved organization/company, in,consultation with the manufacturer, to utilize the 1

ct, i.e. different methods-.cannot be used to evaliate different portions of the test data.

[ [SO 834 defines\tést packages to suit the scope of the assessment for the methodold

ns and Hollow sections are treated separately for the purposes of the assessment.

5.2 TemTerature data

nent shall begin with the collection of the data from the fire testing obtained according to

5 for
and
hded

heir
nt of
fully

| the

tory
mnost

ting

gies
n in

5.2.1 Steel temperature for calculations

The steel temperature for calculation purposes shall be the overall mean temperature of each section
calculated as follows:

temperature of the web plus the mean temperature of the lower flange, divided by three.

measuring station divided by the number of measuring stations.

mean temperature of the bottom face, divided by two.

For I and H section beams, this refers to the mean temperature of the upper flange plus the mean

For I, H, and hollow section columns, this refers to the sum of the mean temperature of each

For hollow section beams, this refers to the mean temperature of the sides of the section plus the

© ISO 2014 - All rights reserved
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5.2.2 Characteristic steel temperature

1:2014(E)

The characteristic temperature is calculated as (mean temperature + maximum temperature)/2.

5.3 Correction for discrepancy in stickability and insulation performance over the
thickness range tested

Correction factors shall be determined for the thickness range tested in accordance with Annex B. Linear
interpolation shall be applied to correct the time to reach the design temperature for the short sections.

The characteristic steel temperature derived in accordance with 5.2.2 will be used to determine the

corr

5.4

Assdssment of thermal performance shall be carried out on the basis of the gorrected tinj
the glesign temperatures of each short section and they must satisfy the criteria for accep
limifations given in 5.5 and Clause 7 respectively.

A minimum number of short steel sections shall be tested according toSO 834-10. If further
are fequired, additional specimens shall be tested.

5.5
The

or the sponsor) and duration of the test shall be judgedup to the maximum temperature tg
following basis:

a)

b)
c)

d)

pction factor assessment procedures for thermal performance

Assessment procedures for thermal performance

Criteria for acceptability of the assessment method used and the resulting

hcceptability of the analysis within the range of steel se¢tion temperatures (as defined by

For each short section, the predicted time toréach the design temperature calculated to
place shall not exceed the corrected time by more than 15 %.

The mean value of all percentage differences as calculated in a) shall be less than zero.

A maximum of 30 % of individual values of all percentage differences as calculated iy
nore than zero.

hll other parametersemain constant:

1) The thickness-of fire protection material increases with fire resistance time.
D) As the séction factor increases, the fire resistance time decreases.

B) As_thefire resistance time increases, the temperature increases.

1) 7As the thickness increases, the temperature decreases.

es to reach

tability and

data points

analysis
r1SO 834-10
sted on the

bne decimal

| a) shall be

The results of the analysis;wWhich satisfy a) to c) above must comply with the following rules provided

5) Asthe section factor increases, the temperature increases.

6) As the section factor increases, the thickness increases.

The criteria for acceptability shall be individually applied to all design temperatures included in the
scope of the assessment. This should be carried out in 50 °C steps, starting at 50 °C below the minimum
temperature within the scope or 350 °C, whichever is the higher, up to the maximum temperature within
the scope. There must be at least three temperature steps of 50 °C within the scope of the assessment.

Modification of the analysis should be made until the criteria of acceptability are met.
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6 Report of the assessment

The report of the assessment shall include the following:

a)
b)
c)
compor
d) Genera
measuf
e) Thered
f) The asg
g) The me
h) The coy
i)
j)  For all
specifie
k) The thg
resista
table o
require
inform
approp
factor n
overaf
1) Therep
proced
thickng
m) The rej
8

The name/address of the body providing the assessment and the date it was carried out. Reference
to the name/address of the test laboratory, the unique test reference number, and report number(s).

The name(s) and address(es) of the sponsor(s). The name of the manufacturer of the product or
products and the manufacturer or manufacturers of the construction.

Generic description of the product or products, particularly the fire protection system and any
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The values of all thermal data required to be calculated by the chosen assessment method.

description of the test specimens forming the basis of the assessment including
ed dimensions of the test specimens.

son for the omission of any test data.
essment method used.
an steel temperatures used in the analysis in accordance with 5.2.4«

rected times used in the analysis determined as described in Annex A.

methods of analysis the ability of the method to satisfy the criteria for acceptabilit
din5.5.

rmal analysis shall produce a series of tables\and graphical presentations relating tq
ce classification periods appropriate to thé&’performance of the protection material.
- graphical presentation shall show the minimum thicknesses of fire protection mat
d to maintain the design temperaturéi;fAn example of the presentation of such tabul
ition is given in Table 1). Any alterpative presentation of the data specified by the spo
Fiate to local/National needs and-different design temperature limits and intervals of se(
hay be used. Whatever the presentation of the data are adopted, interpolation is only allg
naximum range of 50 °C and-.10 m-1.

ire, especially with tegard to the range of section factors, design temperatures, mat
sses, fire resistanceperiods, three- or four-sided protection, etc.

ort will include tables of actual and predicted times.

the

y as

fire
Fach
erial
ated
nsor
tion
wed

ortshall also include a statement regarding the limits of direct application of the assessment

erial
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Table 1 — Example of tabulated data

Fire resistance period - 30 minutes

Design temper- 350 400 450 500 550 600 650 700
ature
oC

Section factor Thickness of fire protection material to maintain steel temperature below design
m-1 temperature

40
50
60 N
70 NV
80 N

90 ko)
100 O
110 .
120 e
130 RO
140 N
150 ¥
160 X
=
180 3
190 B\
200 .’\\O
210 B
220 N
230 C)~
240 O
250 o
260 )
270 -~
TR

C\

Temperature range for illustration only. Actual range to be determined by the scope of the assessment.

7 Limits of the applicability of the results of the assessment

7.1 General
The results from the assessment procedure are applicable to the fire protection system over the range of

fire protection material thicknesses tested, the values of section factor Ay, /V tested, and the maximum
temperatures established during the test.

© ISO 2014 - All rights reserved 9
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The results of the analysis for columns can be applied to beams exposed on all four sides up to the
maximum protection thickness predicted from the appropriate loaded beam test. In order for this to
apply, it is necessary for beams to have been tested in accordance with 7.2.1 of ISO 834-10.

For an assessment to be valid for any fire resistance period, the loaded sections protected with the
maximum protection thickness shall achieve a loadbearing capacity performance as defined in 11.3.1
and 11.3.2 of ISO 834-10 within 85 % of this period.

The fire resistance period resulting from the test and assessment is limited to the maximum period of
testing or some shorter period for which the sponsor requires approval.

Th ltc aftha accnccrmant ara o Licabhla +a all atbhaor gradoc of ctoal +o that +oactad ac cnacif d
e resu Ul U1V dooCooIlIrIvIIiv ar v ul_ll_lll\fuul\.r LU dIl ULIlICI 6 AULO Ul OLUUTI tTU tIIdalt tLotlteu do Jl,l\.r\'lll\ ln

ISO 834-10{These shall be hot finished, mild or micro-alloyed steel that have not been heat treat¢d to
improve th¢ir mechanical properties.

The maximpim web depth will be limited to the web depth of the loaded beam plus 50 %;
The assessthent is only applicable to the method of application used in the test specimén preparatipn.
The results|of the assessment are also applicable to fabricated sections.

Nominal exfensions only beyond those variables evaluated during the test are permitted. All permitted
extensions must be applied concurrently and are given as follows:

7.2 PerrIitted protection thickness for beams
a) Maximyum permitted thickness: Up to 5 % above the maximum thickness tested on a loaded beam.

b) Minimym permitted thickness: Up to 5 % below the minimum tested on a loaded beam.

7.3 Pern‘[itted protection thickness for columns

a) Maximym permitted thickness: Up to 5 %.above the maximum thickness tested on aloaded colymn.
If only loaded beams are tested, the maximum permitted thickness will be that of the loaded bgam.

b) Minimym permitted thickness: Up.te 5 % below the minimum tested on a loaded column whhere
such a flest has been carried out. Where this is not the case, the permitted minimum will be limited
to that fested on a short unloaded column.

7.4 Pern‘[itted section factor for beams

a) Maximym permitted-section factor: Up to 10 % above the maximum section factor of any Heam
section|tested.

b) Minimym permitted section factor: Up to 10 % below the minimum tested on any beam sedtion
tested pubject to the minimum permitted beam protection thickness being applied. For se¢tion
factorshbelow the extended minimum, the same protection thickness as that applied to the extended
minimum section factor must be applied.

c¢) Where only columns have been tested, then the minimum permitted extension factors are based on
the minimum section factor of any section tested

7.5 Permitted section factor for columns

a) Maximum permitted section factor: Up to 10 % above the maximum section factor of any column
section tested.

b) Minimum permitted section factor: Up to 10 % below the minimum tested on any column section
subject to the minimum permitted column thickness being applied. For section factors below the

10 © ISO 2014 - All rights reserved
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extended minimum, the same protection thickness as that applied to the extended minimum section
factor must be applied.

The above extensions are confined to each section type, i.e. the permitted extensions for beams are not
appropriate for columns and vice versa. Similarly, those extensions applied to I or H sections may not be
applied to hollow sections and vice versa.

7.6 Specific issues for passive protection

The method of fixing boards (or slabs) is confined to the method used for the test specimens since it may
not be suitable for other situations. The suitability of the tested fixing system for different applications
shal] be demonstrated by appropriate testing.

For renderings applied to large sections outside the scope of testing, it may be necessary to include
reinforcing mesh.

The festing of passive protection shall take into account various factors including the following:
a) Prientation - fixing methods may vary between columns and beams

b) Phape - fixing methods may vary between different shaped sections, e.g. rectangular gnd circular
ections, channels, and T’s, etc.

c) [Loading - flexural and compression loads may affect the /performance of the fixing method in
Hifferent ways

d) Numbers of layers - the combination of layers may perform differently compared with a[single layer
pf the same overall thickness

e) [[he web depth - for deep web depths, a different support system may be needed

f) ['he spacing used between the boards.dnd the test specimens in the fire tests shall bg as follows:
fested distance -5 mm to +50 mm with no change in fixing

The ftesting may be limited to any oriall of the above but the scope of the assessment will be restricted
accordingly.

© ISO 2014 - All rights reserved 11
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Annex A
(normative)

The applicability of the results of the assessments for passive

protection to sections other than I or H sections

A.1 Strugtural hollow sections
Test data exists on structural hollow sections (SHS) as compression and flexural members which,
together wjth recent research, have indicated comparability between SHS sections :and “I” o1l “H”
sections in ferms of the fire protection thickness related to the section factor. The testihformatiorn has
been analyged for rectangular, square, and circular sections to establish comparability with respeft to
fire protectiion thickness, section factor, and fire resistance performance and the approaches in A.1.1,
A.1.2,and Al1.3 are recommended for both three- and four-sided protection tqo both beams and columns.
However, the sponsor may wish to carry out testing on structural hollow(sections in accordance with
[SO 834-10 to obtain more suitable data.
A.1.1 Boxed systems
Where thicknesses of the fire protection material have been as§éssed from “I” or “H” sections with bpxed
protection, no change in thickness is required, i.e. the thickness for a SHS of a given Ap/V value is gqual
to that for the “I” or “H” section of the same “box” Ap/V value.
A.1.2 Prdfiled systems
Where thicknesses of the fire protection matérial have been assessed from “I” or “H” sections with
profiled pratection, a correction to the thickness is required based on the A, /V value of the sectign as
follows:
a) Establish the Ay, /V value of thesstructural hollow section.
b) Deternjine the thickness dp;in millimetres, of the fire protection material based on the “I” of “H”

section|data in accordance with Formulae (A.1) or (A.2).
c) For Ap/|V values up £6.250 m-1, increase the thickness as follows:

L AV
Modified thickness=d | 1+ 1000
(A1)

d) For Ap/V values higher than 250 m-1, increase the thickness as follows:

Modified thickness = 1.25 (A.2)

A.1.3 Alternative fixing methods for boards/slabs

Where the method of fixing boards to hollow sections is not the same as that used for the testing of the
“I” or “H” sections, the suitability of the fixing system shall be demonstrated by appropriate testing. The
testing should take into account the following:

a)
b) shape-

12

orientation - fixing methods may vary between rectangular columns and beams

fixing methods may vary between rectangular and circular sections
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c) loading - flexural and compression loads may affect the fixing method in different ways

d) numbers of layers - the combination of layers may perform differently compared with a single layer
of the same overall thickness

e) multi-layered boards of different thickness - the size of the fixings may vary depending upon
whether the thinner layer is on the outside or the inside

The testing may be limited to any or all of the above but the scope of the assessment will be restricted

acCco

A.l.

rdingly. The appropriate tests for hollow sections should be as defined in ISO 834-10.

The
thicl

The
new

maximum thickness that can be applied to structural hollow sections shall not exceed'th|
kness assessed for “I” or “H” sections.

rules outlined in this annex may be used provided that the different section shape does
fixing techniques and does not affect the physical performance of the fireprotection sy

e maximum

not require
stem.
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Annex B
(normative)

Correction of data/nominal thickness

B.1 Correction of data

B.1.1 Pra

To take intd
be correcte
upon the s¢

The protect
and C of ISQ

Table B.1 — Correction procedures for various test packages for reactive materials

cedure

account the stickability performance of the product, the data for the short sections srk:lcol
d against the loaded beams, loaded columns, and tall columns (reactiveonly), depe

Feactive and passive materials respectively.

ion thickness for all reference sections must be within the tolerances stated in Annexes
834-10 for passive and reactive systems respectively.

Ref |Correction procedures required for the test packages listed in Tables H.1 and H.2

a) Corr¢ct I and H beam data using minimum and maximum ‘thickness loaded beams and reference begms.

b) Corr¢ct I and H column data using minimum and magimum thickness loaded columns and reference
columns.
Corr¢ct I and H column data using the worst.case of the maximum thickness loaded beam and refergnce
or thp maximum thickness tall column and reference column. For the column assessment, correct I gnd

) H column data using the minimum thickness loaded beam and the reference beam and the worst cade
of mgximum thickness loaded beam and reference beam and maximum thickness tall column and refer-
ence [column.
Corr¢ct I and H column data for-atbeam assessment using minimum and maximum thickness loaded

) bean}s and reference beams~For‘the column assessment, correct I and H column data using the minit
munﬂthickness loaded beam-and the reference beam and the worst case of maximum thickness loaded
bean) and reference beam ahd maximum thickness tall column and reference column.

o Corr¢ct hollow coluthn)data using the worst case of the maximum thickness loaded column and its
equiyalent tall maximum thickness column and reference column.

f) Corré¢ct hollownbeam data using the maximum thickness loaded beam and reference beam.

g) Corr¢ct hollow beam data using minimum and maximum thickness loaded beams and reference beajms.

h) Corr¢cthollow column data using minimum and maximum thickness loaded columns and reference

colur

nns.

For reactive materials where the reference column is notincluded in the furnace with the loaded column,
then the worst case of the loaded column and reference column or the tall column and reference column

shall be used.

14
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Table B.2 — Correction procedures for various test packages for passive materials

Ref |Correction procedures required for the test packages listed in Tables 1.1 and 1.2

a) Correct I and H beam data using minimum and maximum thickness loaded beams and reference beams.

b) CorrectI and H column data using minimum and maximum thickness loaded columns and reference
columns.

9 Correctl and H beam and column data using the minimum and maximum thickness loaded beams and
reference beams.

d) CorrectI and H column data using minimum and maximum thickness loaded beams and reference
beams.

e) Correct hollow beam data using minimum and maximum thickness loaded beams and refergnce beams.

f) Correct hollow column data using minimum and maximum thickness loaded columns,and reference
columns.

For all protection systems, the short section data are corrected for “stickability” against the loaded

or tgll sections (reactive materials only). This is carried out by comparing/the time for the loaded or

tall s
refe]
to 5.

The
asse|

B.1.

The
havg
to re
load

The

Whd

The
corr

ection (reactive materials only) to reach the design temperature with that of the equiy
ence section. In all cases, the temperature is calculated as the charaCteristic temperatuf
2.2

correction factor is calculated for each design temperature required within the s
ssment. The corrected time to each design temperature for each section shall be used in

2 Method

loaded or tall section (reactive materials only) and its equivalent short reference sect

ach each of the design temperatures are-adjusted to the same section factor and thick
bd or tall section using Formula (B.1):

L oSt D
{5 {25
correction factor for k i§ calculated using Formula (B.2):

k= t/
[orrection factor te

re the carnection factor is greater than one, a correction factor of one is used.

fimes\for the short sections to reach the specified temperatures are corrected using the
pction factor and the corrected times are used as input data in the analysis. Examples

ralent short
eaccording

cope of the
the analysis

on may not

identical section factors and protection thickness, in which case, the time for the short section

(ness as the

(B.1)

(B.2)

hppropriate
are given in

Tabl

s B3 amnd B4 for reactive amd passive protectiom materiats Tespectivety:
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Where the
correction

Table B.3 — Calculation of the correction factor for reactive materials

Corrected time
Section Time to reach for thickness Correction
Section |[Thickness| factor desi and
esign temp . factor
type mm An/V in section factor (k=t/to)
m—l tC - C
min
Loaded
beam (LB) 2,50 (D) 158 (S) 67 (t1)
75,6 0,88
Reference | 2,56 (D) | 161 (S1) 76 (t7)
beam (RB)

Table B.4 — Calculation of the correction factor for passive materials

Corrected time
Section Time to for Corfection
Section | Thickness | factor reach thickness and factor
type mm Anm/V design temp | section factor k= t/to)
m-1 min tc e
min
Loaded
beam (LB) 45,0 (D) 158 (S) 128 (t1)
Ref 14.4.,2 0,89
eference
beam (RB) 46,1 (D1) 161 (S1) 145 (t1)

factors derived at maximum and minimum protectionthickness.

The correct

The correc
interpolatig

dr

Corrected t

Examples o
B.5 and B.6

nax_k
—d

hax min

—minj(di _dmin)+kmin

me for the short section = k; x time to the design temperature.

f the calculation relating to the correction of loaded and reference beams is given in Tgble
for redctive and passive protection materials respectively.

elected test package includes loaded sections with minimum and maximum thicknesg, the
factor for the short sections is calculated. by linear interpolation between the corre¢tion

ion factor is determined at minimum.and maximum thickness using the above methodology.

fion factor for short sections With thicknesses within the range is obtained by linear
n using the Formula (B.3):

B.3)

9]

16
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Table B.5 — Example calculation for beams, for reactive materials

Corrected time
. Thick- Section Time to reach for thickness Correction
Section factor . and
ness design temp . factor
type Am/V . section factor
mm X min k
min
LBd 2,50 158 67
e 75,62 0,88 (kmax)
RB dmax 2,56 161 76
40,72 0,98 (kmin)
RB dmax 0,39 154 42
a  Time that the short beam would have achieved if its protection thickness anéd.section
factor were the same as that of the equivalentloaded beam. An example is given in Table B.5 b.

Table B.5 b — Continuation, example calculation for beams, for reactive materfials

_ Thickness | Time to design Factof Modified time
Short section d; temperature k .
. i min
mm min
short beam 1,25 75 0,939 70,4

Factpr kj is obtained by linear interpolation between ky35dand kpin using Formula (B.2).

Table B.6 — Example calculation for beams, for passive materials

. . Corrected time for
. Section Time to . . Correc-
. Thick- thickness and section .
Section factor reach tion
ness . factor
type Am/V~1 design temp factor
mm pd - tc
m-1 min : k
min
LBd 45,0 158 128
max 144,2a 0,89
RBdmax | 46,1 161 145 (kmax)
LB dpj 8,5 155 69
min 72,8 2,95
RB dpmin_ 08,1 154 67 (kmin)
a  Time-that the short beam would have achieved if its protection thickness and section
factgpwas the same as that of the equivalent loaded beam. An example is given in Table B.6 b.

Table'B.6 b — Continuation, example calculation for beams, for passive materjals

Chriret ot Thlc’l;mess T: me to design Factor Modified time
orisection d; temperature -
" . K; min
mm min
short beam 25,5 85 0,931 79,1

Factor k; is obtained by linear interpolation between kpyax and kmin using Formula (B.2).

Short unloaded sections shall be corrected in accordance with Tables B.1 or B.2 for reactive and passive
materials respectively.

The correction factors for all design temperatures above the temperature at which the loaded section
fails loadbearing capacity as defined in ISO 834-1 will be based on a lowest value derived as follows:

a) determine the factor at a temperature equal to 100 °C below that at which loadbearing capacity
failure occurred as above;
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c)
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ine factors for intermediate temperatures at intervals of 10 °C in the same way;

loadbearing capacity failure occurred.

B.2 Nominal thickness-Graphical method

select the lowest value and use for data correction for design temperatures above that at which

Itis unlikely that a set of data will have exactly the same thickness for each of the sections; therefore, the
performance at an actual thickness should be adjusted to reflect a nominal thickness in order to draw
more meaningful plots. The nominal thickness is calculated as the mean of the individual thicknesses in

the nomina

For each d4
accordance
passive mat

Reactive m

Assuming |

of 0,500 min, use a data point of 0,523 mm actual thickness with a time to.réach a specified dg

temperatur]
using this a

Passive md

Assuming |
of 50,0 mm,
to obtain 61

Corrections

I a115c.

ta point adjust the corrected time to reach the specified design temperature derive
with B.1 on a pro-rata basis of nominal and actual thickness. Examples for reactive
erials are given below:

aterials:

near behaviour to adjust the time to reach a specified temperature for a nominal thick]

e of 64 min, calculate 0,500/0,523 x 64 to obtain 61 min for this data point. Correct
pproach should be limited to +10 % of the nominal thickness.considered.

terials:

near behaviour to adjust the time to reach a specifiédtemperature for a nominal thick]
use a data point of 52,3 mm actual thickness withratime of 64 min, calculate 50,0/52,3
min.

using this approach should be limited to #10° % of the nominal thickness considered.

d in
and

ness
sign
ions

ness
k 64,

18
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Assessment methodology: Graphical approach

Methodology

1:2014(E)

The
a)
b)
‘)
d)
e)
f)
8)
Inpy

Step

For
the s

Step

For ¢
inve

following stepwise methodology shall be performed:
Step 1: Determination of nominal thickness

Step 2: Preparation of graphs

Step 3: Methods for plotting lines or curves

Step 4: Application of criteria for acceptability

Step 5: Derivation of intercepts

Step 6: Linear interpolation

Step 7: Reporting of results

|t Data:

the design temperatures as defined in 5.5 which must have at least three steps of 50 °C
[he corrected times to reach the designtémperatures
Lhe calculated section factor for the'Steel members

the mean thickness of the protection only (for reactive coatings this is the thickness of
part of the coating system)

1 - Nominal Thickness:

bach section with-asrilominally similar thickness of coating, adjust the time for the sect
pecified desigfi' temperature as given in B.2 with respect to a nominal thickness.

2 - Graph:

rhe reactive

on to reach

pach section tested within each nominal thickness range and for each design temperatiire, plot the

'se’section factor (V/Any) against the adjusted time (see B.2) to reach the steel design t

as shown in Figure C.1. An additional conservative “virtual” data point represented by the

emperature
roordinates

V/Am of 0,0m and the time taken to reach each design temperature taken as specified from the heating
curve in ISO 834-1 can be used for all design temperatures and nominal protection thicknesses. This
virtual data point can be used in constructing each nominal thickness line.
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Steel temperature 550°C
0.015 I I I I d_ ‘
0.014 -+— Theline for thickness dmin cannot be d" d
extrapolated to 120 minutes. The intercept is \\ / 2
0.013 +—— derived by plotting time against thickness for
0.012 constant section factor and interpolating to /
. T 120 minutes.
i i i / / \ Intercept d, at
E 0.011 | | | / / 120 minutes i.e.
- 0.01 +—] Ahorizontal line is drawn at the lowest / 82m
<E inverse section factor for each nominal / dmax/
; 0.009 +— thickness line to intersect with the B = No greater I
~ nominal thickness line / than 15% for
‘6 0.008 -+ - y 4 Z va all points -
-
8 0.007 / / IA Intercept d, at L i
b An intercept l/ / / 120 minutes i.e.
g 0.006 at 60 minutes 137m? use all data points for
= / / / — each thickness to draw,a
8 0.0Q5 / 'y / best fit striaght line on
(7] 0.004 \ X} / y the basis of least squares
[ ’ 4 z
£ oogs /1 L7 = > !
> )< \ Intercept for d,,,, at 120
£ 0092 //, | minutes i.e.286m
x
0 X+ —r— — —r— —r— — —r— — —r —r— —
0 \ 20 40 60 80 100 120 140 160 180 200 220 240
Vitftual data point at V/A of 0,0 m and 4,5 min . R .
(tifne to reach a furnace temp. of 550° () Adjusted corrected time minutes

Figure C.1 — Inverse section factor vs. adjusted time for a steel temperature of 550 °C

Step 3 - Line Plotting:
The plots mjay be drawn as best fit straight lines or eurves or a simple point to point line constructjon

Straight Line

For each thjckness, draw a horizontal line from the “Y” axis at the lowest inverse section factor from
Tables H.1 and H.2. For each set of data pgints of the same nominal thickness, draw a best fit straight line
based on the principle of least squarés)ensuring the slope of the line is positive. A straight line mgy be
drawn fron} the virtual data point through the lowest predicted data point horizontal to that real |[data
point as shgwn in Figure C.1.

Curved Ling

For any nompinal thickneSs requiring a curve fit plot, a minimum of six data points will be required{ The
additional data pointsymust be accommodated within the minimum data set from Tables H.2 and H.3
and Tables 1.6 and £7for reactive and passive materials respectively. The curve must be a parabolic |east
squares fit gndsshall pass through the virtual point.

Point to Point

For any nominal thickness requiring a point-to-point plot, a minimum of six data points will be required.
The additional data points shall be accommodated within the minimum data set from Tables H.2 and H.3
and Tables [.6 and L.7 for reactive and passive materials respectively in between each pair of consecutive
section factors that have been tested. Where there are two points of the same A/V, the most conservative
point shall be used.

As section factor increases, the time to reach a given design temperature shall be decreasing; otherwise,
points which do not meet this requirement shall be omitted.

Step 4 - Compliance with 5.5:

Apply the three criteria given in 5.5 a), b), and c) for each design temperature as shown in the example
given in Figure C.2. Figure C.2 shows a plot of inverse section factor against the predicted time and
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adjusted corrected time for an average thickness of nominal thickness range at a particular design
temperature.

The data given for this example is given in Figure C.1. If for any line criteria a) is not met, then the line in
question must be moved towards the “Y” axis maintaining the slope until it is met.

Where criteria b) or c) is not met for a particular design temperature, then the lines should be moved
as described above starting with the line containing the smallest unconservative prediction which is
redetermined and the process is repeated until the criteria are met.

Criteria d) shall be satisfied in all respects for the scope of the assessment.

Where a thickness line crosses over another thickness line, then the results of the final analysis in the
thickness tables shall default to the conservative thickness line above the point of crossover.
Fror the data in Table C.1 and Figure C.2, consider data point 3 in which, the predicted valug¢ is given by
the intercept with the plot line, a corresponding predicated time may be obtained from the x-axis (or by
using the formula for the line if the data point is above the horizontal line), in"this case 39,5 jmin.
Table C.1 — Adjustment of fire resistancetimes
D . Section factor Inverse Section factor Time to design temperature
ata point 1 )
m m min
1 70 0,014 286 84
2 110 0,009 091 58
3 185 0,005 405 43
4 285 0,003 509 28
Comparison of Predicted time against Adjusted corrected time
0.016
0.015 |
0.014 LData point 1 o
0.013
E€ 0.012 /
< o.011
% 0.010 i Data point 2
o o
£ 0.009
g 0.008 /
2 0.007
§ 0.006 //I_
# dpes T— | Datapoint3
E 0.004 Data point 4 I / —
o 0.003 ‘/
0.002 |
| predicted time is 39.5 | ‘ adjusted corrected ﬁme|
0.001 [ minutes | | fs43minutes |
0.000 t t + t
0 10 20 30 40 50 60 70 80 90
Time minutes

Figure C.2 — Adjustment of fire resistance times

The same approach can be applied to each data point for all nominal thickness lines and steel design
temperatures. In this case, Table C.2 may be obtained and the criteria for acceptability applied to the
values.
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Table C.2 — Corrected and predicted times to design temperature

. Corrected time to design Predicted time to design temperature
Data point temperature min
min
1 84 839
2 58 58,0
3 43 39,5
4 28 30,0

Step 5 - Deriving Intercepts:

For each de

sign temperature and each nominal material thickness plot, establish the limiting inverse

section factpr at the intercept for each required period of fire resistance. The intercept is derived ysing

the line that satisfies the criteria for acceptability as shown in Figure C.3.

Where a nominal thickness line does not intersect a fire resistance period, as shownon’Figure C.1 fof the
minimum thickness and 60 min, an intercept may be derived by interpolation by plotting an additional

graph of nominal thickness against time for a constant section factor.

Reactive prptection materials

For reactivg fire protection materials, an example plot is shown 41 Figure C.3 which is based pn a

hypotheticg

I minimum thickness of 0,200 mm and intermediate thicknesses of 0,450 mm and 0,850 |mm.

Thickness mm
o (=]
I v
(=] =]

<
[
1=

0.20

0.10

0.00

Intercepts for 550°C/70m*

Intercept is now detérmined
as 70m-%and 0.260mm

_____________________________ %

ad

10

20 30 40 50
Time minutes

60 70 80 90

Passive protection materials

For passive protection, an example plotis shown in Figure C.4 which is based on a hypothetical minimum
thickness of 8 mm and intermediate thicknesses of 15 mm and 25 mm.

22

Figure C.3 — Method for deriving intercepts - reactive materials
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Intercepts for 550°C/70m™

30
28
26
24 i
22 /
20 /
E 1o /
0 Intercept is now determined /
8 11 as70m-1and 9.5mm I
,ﬁ 14 }— /
£ 12 /
0 o= F=——=—=g==—=—F=———+ ==
8 o
6
4
2
0

20 60 80 100 120

140 160 180 200

Time minutes

220 240

Step

For

6 - Linear Interpolation:

the mominal dry film thicknesses.

Detdrmine intermediate thicknesses and section factors’by linear interpolation. In order to
polation, it is necessary to ensure that there are sufficient steps in the thickness rary
nservative predictions.

intel
uncq

For

thicknesses are given in Table C.3.

Figure C.4 — Method for deriving intercepts - passiye materials

Maximu-m/ minimum Number of thickness
thickness
steps
mm
Upto 3,0 4
>3,0 up to 5,0
>5,0 6

For

thickneSses are given in Table C.4.

pach design temperature and fire resistance period, detefmine the limiting section factors against

hpply linear
ge to avoid

‘eactive materials, the number of thickfiess steps required between the maximum and minimum

Table C.3 — Requirements of the number of steps between thicknesses - reactive materials

bassivesmaterials, the number of thickness steps required between the maximum and minimum

Table C.4 — Requirements of the number of steps between thicknesses - passive materials

Max1mu_m/ minimum Number of thickness
thickness
steps
mm
Up to 40 4
>40 up to 75
>75 6

Step 7 - Reporting of Results:

Report the results of the assessment according to Clause 6.
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The virtual data point represents a conservative data point for protected steel. It is a data point provided
by the standard furnace temperature/time relationship defined in ISO 834 for the design temperature.
Itis appropriate for unprotected steel for all design temperatures and section factors within the scope of
the assessment since the steel section cannot be at a higher temperature than the furnace temperature.
This facilitates the drawing of a conservative curve from this point to the intersection of the horizontal
line by the straight line.
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Annex D
(informative)

ISO 834-11:2014(E)

Assessment methodology: Differential equation analysis (variable

A approach)

D.1| Methodology

The following stepwise methodology shall be performed:
a) Ptep 1: Basic formula

b) Ptep 2: Input data

c) PBtep 3: Preparation of input data

d) Ptep 3a: Determination of moisture plateau (passive materials only)

e) Ptep 4: Determination of elementary variable conductivities’from each short column

f) Ptep 5: Determination of the temperature of protective'material

g) Ptep 6: Transformation of conductivities

h) Ptep 7: Determination of average variable conductivities for the protective material

i) Ptep 8: Check on criteria of acceptability

j)  Ptep 9: Adjustment of characteristicwvariable conductivities
k) Ptep 10: Presentation of the results

1) Ptep 11: Reporting of the kesults

Step 1 - Basic formula:

The pasic differentialformula for reactive materials is given in Formula (D.1):

Ap 4
NG, =L~ P L X(0y =6, )x At
od Vo oc,xp, '
P (D.1)
The bastediHerenbormalatorpasstvemaberido s orven - Hormula b
Aot A
Ny =| 2oy L (o, -0, )At [(e‘/’/“’ 1)A9t}
d vV | 1+¢/3
p (D.2)
where
p=—22F pPp xd, wAm
apa
In both Formulae (D.1) and (D.2)
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with A8, >0and At <0,5min
if the calculated At is higher than 0,5 min, then 0,5 min should be chosen.

To satisfy the numerical stability criteria, the time increment At shall be chosen to be not more than
80 % of the critical time increment and be given by

At =0,8><Mxl
Apvt/dp Ap

Ap/Vis aknown geometrical property of the test specimen and it mustbe derived from actual dimensions
of steel elerfilents and calculated according to Figure D.1.

(D.3)

Steel section Perimeter (P) - Profiled Perimeter (P) - Boxed
I or H section —
——
F—b— 4 sides 4 sides
T — P =4b + 2h - 2tw =2b+2h
|
| - u
< —|—tw e
| . :
I Lz XL
3 sides 3 sides
i P =3b + 2h - 2tw P=b+ 2h
Cross section area
=tw (h - 2tf) + 2(b x tf) | .
Square or rectangular hollow sections /ﬁ ]
—b 4 sides 4 sides
‘ P=2b+ 2h P=2b+ 2h
= | tw \Tay —
J 7 Y
3 sides 3 sides
) P=b+2h P=b+ 2h
Cross section area
= 2b x tw + (h - 2tw) x (2tw)

Circular hollow sections

4 sides 4 sides \
P=7d P=7d /

Cross section area
= (d'+2)2 - 77 [(d - 2tw) + 2]2
Section factor = Perimeter + cross sectional area

I N Vol | Lades £ o £ e
riguic .1 — UWAItUIdUvUII UT SClUUIT Idtiur S

Where the sponsors has not supplied data, then the following values are used for the protective material:
— ¢p=1000]/(kgK)

— pp=100kg/m3

Step 2 - Input data:

To carry out the assessment properly, the following input data for all non-loaded short elements are
required:

— design temperature which shall have at least three steps of 50 °C;
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— corrected times to reach the design temperature;
— uncorrected average steel temperatures;
— calculated section factors;

— mean thickness of the fire protection material (for reactive systems, this is the mean thicknesses of
reactive product only).

Step 3 - Preparation of input data:

For each specimen, the input temperatures mentioned in Step 2 must be validated according to the
following rules:

a) [[here should be no decrease in the average temperature between two time increments

b) [fthis happens, the lower temperature is discarded and the temperature used.is'deterniined from a
inear interpolation between previous increment in time and the next incremental valup.

Step|3a - Determination of moisture plateau length (passive materials ond

Detdrmine a smooth curve of moisture plateau length (Dp) versus fire\protection thicknesg (dp) shown
in Fipure D.2 and as follows:

A
A

00 f-—————-=

t ti+D, B

Key
A emperature °C

B  time (min)

Figure D.2 — Determination of moisture plateau

)P =(‘><d3 (D4)
In which
c 3
dexDp
c=1=1 (D.5)

B n
2.4y
i=1

Step 4 - Determination of elementary variable conductivities from each short column:
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For each short section, basic Formula (D.6) provides the thermal conductivity of the protective material
versus time for reactive materials.

%
Age =d  X—XC X P, Xx———XA0O D.6
p.t p Ap aXPa (et —Ba’t)XAt at ( )
For passive materials, this is given by Formula (D.7):
V(1+9/3) 10
Apy =d X—————=XC, X X—X[AO +(e?10-1)A0 } D.7
p.t p Ap a*Pa (Qt—ea't)XAt at ( ) t ( )

NOTE

[o—

1} this step, the uncorrected average steel temperatures are used.
Step 5 - Determination of the temperature of protective material:

For each shprt column and for each time interval, determine the protective material témperaturg¢ 0y
from Formyla (D.8):

0, :{ D1 +9t% +(9a,t—1 +9a,t%} /2 D.8)

Step 6 - Transformation of conductivities:

A~

Transform the (/”tp 'S t)/lp't values to (?tp vs 6 )lp’ep values.
Step 7 - Determination of average variable conductivities for the protective material:

Since the thermal conductivity may be dependent upon the-thickness of the protective material,|two
thermal conductivities should be determined respectively for the minimum and maximum thickngsses
of protectivle material.

For passive| materials, values of thermal conductivity calculated between the start and finish of the
moisture plateau are not used in this process:

For the mihimum thickness, the Amean (6p) relevant to short non-loaded sections protected with
minimum thickness must be considered:

For the mgximum thickness, the Amean (0p) relevant to short non-loaded sections protected with
maximum thickness must be censidered.

For each of the above, the felloawing procedure is adopted:

a) from the elementapy variable conductivities /lp'ep , a mean variable conductivity Amean (6p) of the

protectlive material must be determined according to Step 7a;

b) then an average variable conductivity Aave (6p) must be determined according to Step 7b.

Step 7a:

For the sections protected with minimum thickness and sections protected with maximum thickness
from each elementary variable conductivity /”Lp 6, calculate the arithmetical mean values of Amean (6p)

for successive range [0, 0y + 50] for 6, from 0 to 1 000 °C at 50 °C intervals, i.e. for 21 ranges. The
corresponding temperature 6}, for each arithmetical mean value Apean lies in the middle of each interval
considered, e.g. 375 °C, 425 °C, 475 °C, etc.

Step 7b:

Two average variable conductivities must be calculated for the minimum and maximum thickness of
protective material.
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For the sections protected with minimum thickness, the average variable thermal conductivity and
corresponding standard deviation must be calculated for each 50 °C temperature range.

For the sections protected with minimum thickness, the average variable thermal conductivity and
corresponding standard deviation must be calculated for each 50 °C temperature range.

For both sets and for each range [0y, 6 + 50] for 8, from 0 to 1 000 °C at 50 °C intervals and from each
arithmetical mean values of Ajean (6p), calculate the arithmetical average values of Aave (6p) and the
standard deviation o (8)) associated for 8, from 0 to 1 000 °C at 50 °C intervals, i.e. for 21 values.

Step 8 - Verification of the fitness of average variable conductivities:

Step|8a:

Usinjg the thermal conductivities calculated in Step 7b, the temperature time curves for-éach section are
computed and the computed times to reach the design temperature are comparegdwith the measured
timgs.

For gach short element, recalculate the steel temperature by using Formula)(D.9) (reactiv¢ materials)
and Formula (D.10) (passive materials) and with A, (1‘}p) for 6, from 0't0’1 000 °C at 50 °( intervals.

L el®y) 4,

NG, = —=Xx(0, -0, |xAt D9
RTINS (6 =0a) (D9)
AavelOp) A ¢
NG, = LN e p)x—px 1 X(0p =0, 34, |- e40—1 X AB, (D.10)
CaXpa dp 4 1+%

For femperatures 6, higher than 1 000 °C, use valye'of A3ve (6p) determined for 20th range [950, 1 000] °C.

For passive materials when the steel temperature reaches 100 °C, the time to reach 100 °C is increased
by the length of the moisture plateau, Dy, and the process continued.

The [value of Aave (0p) related to dp niust be calculated by considering linear interpolation hetween the
Aave [0p) calculated for minimumand maximum thicknesses of protective material, as descrjibed in Step
7b.

Step|8b:

Frorh each recalculated’steel temperature of non-loaded short element, determine times t;¢c¢a] to reach
the qteel design temperatures.

Step|8c:
Comjpare altthe trecal versus texp, according to the acceptability criteria as defined in 5.5.

three criteria are simultaneously satisfied, the average variable conductivities Aavq (6p) for 6;
i 1ot T T vely can be
estimated as representative of the performance of the reactive product.

If the three criteria are satisfied then, proceed to Step 10.

If the three criteria are not satisfied, the average variable conductivities Aave (6p) must be modified in
order that the three acceptability criteria are satisfied simultaneously. Proceed to Step 9.

Step 9 - Adjustment of characteristic variable conductivities:
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If the three acceptability criteria are not matched simultaneously, the average conductivities Aave (6p)

must be mo

Rady (0p )= Rave (0 )+ K x (6, )

dified using Formula (D.11):

The value of K must be the lowest possible value.

(D.11)

The calculation is started with K equal to 0,001 and repeating Step 8 using Aa4j (6p) instead of Aaye (0p).
This process is repeated with further increments in K until the three acceptability criteria are met
simultaneously.

Step 10 - Py

Use the rel
Formula (D
factor rangg

Use these st
Step 11 -R

Report the

resentation of the results:

pvant Aave (6p) or Aagj (0p) conductivities issued from either Step 8c or from Step 9,
5) or (D.6) to determine the predicted temperature of steel elements belonging.to the s
e and to the thickness of protective product range as defined in 5.5.

eel temperatures presented in the assessment report as required in Clause 6.
eporting of the results:

‘esults and their assessment according to Clause 6.

with
hape
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(informative)

ISO 834-11:2014(E)

Assessment methodology: Differential equation analysis (constant

E.1
The

g)

A approach)

Methodology
following stepwise methodology shall be performed:
Step 1: Input data from test results
Step 2: Determining the A for a defined design steel temperature
Step 3: Linear regression
Step 4: Verification of criteria of acceptability
Step 5: Modification of cg
Step 6: Presentation of results

Step 7: Reporting of the results

Step 1 - Input data from test results:

Input Data

the design temperatures as defined'in 5.5
Lhe corrected times to reach the design temperatures
the calculated section factor for the steel members

Lhe mean thickness of the protection material only

Lhe following procedure:

Lliat of the similar straight line (d2) with the line t = 100 °C

for passive materials only, the moisture plateau is determined as follows:

For each short section, evaluate the moisture plateau length Dy, as shown in Figure E.1 4ccording to

The:moisture plateau is the distance in minutes between the intercept of the straight ljne (d1) and

where

dy is the straight line drawn through the following temperature points (60 °C/ts °c) and (80 °C/

tgo°c);

dp is the straight line drawn through the following temperature /time points (115 °C/te0 °c) and

(200 °C/tgo °c)-

For the determination of the moisture plateau, the steel temperature of each short section is

calculated as defined in 3.15;

— the corrected times taking account the moisture plateau to reach the design temperature, i.e.

corrected time as defined in B.1 minus the moisture plateau D,

© IS0 2014 - All rights reserved

31


https://standardsiso.com/api/?name=3f9aaf17831e53052a80d496d06bff9f

ISO 834-11:2014(E)

200

115
100

80
60

b — o — = e

Key
A

B time (m

Step 2 - De

Formula (E
are known.
corrected ti

Basic form

The temper]
be determiy
passive mat

temperdture °C

|
I
!
|
|
|
|
|
|
|
|
t
|
|
|
|

]
1

| I
| |
| (
|

t (60) t(80)

Jpoe

B

t(115) t(200)
n)
Figure E.1 — Determination of the length of the moisture plateau

termining the A for a defined design steel temperature:

.1) provides a relationship of the steel temperature against time. All variables exce

pt A

For each short section, determine A using Farmula (E.1) by iteration in order to match the

me and calculated time to reach the design-steel temperature.
ula

ature increase during a time step-At.of a steel section protected by a protection materia
ed using the basic differential Fermula (E.1) for reactive materials and Formula (E.2
erials:

can
) for

|

A, = L/pr—mx(Ot—Bat)At} E.1)
) Capa V )
|

Aeat=L/pr—mx 1 x(@t—Oat)At}—[(e‘p/m—l)Aet} E.2)
Tl capa WS (1+0/3 '

where

q):ﬂj_xr] )(A_m
Capa

Step 3 - Linear regression:

For a defined steel temperature, a general function for A can be obtained by linear regression (least
squares method) and using the formula

Ap

:C0+C1XAm/V+C2Xdp

(E.3)

Determine the constants cg, c1, and ¢z by solving the regression formula using all the data points of the
short sections for a defined design steel temperature.

Step 4a - Verification of criteria for acceptability (reactive materials):

32
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For each design steel temperature, calculate A using the constants cg, c1, and ¢ and Formula (E.3). Use
the basic Formula (E.1) to calculate the theoretical time to reach the given steel temperature for each
short section.

Determine whether the results meet the acceptability criteria of 5.5 a), b), and c).
Step 4b - Verification of criteria for acceptability (passive materials):

Determine a smooth curve of moisture plateau length (Dp) versus fire protection material thickness (dp)
shown in Figure E.1 as follows:

D (E4)

whele

whefe
h  is the number of specimens;
Dy is the moisture plateau length for each short section calculated according to Step 1|(minutes);

1, is the thickness of fire protection material on‘each short section (mm).

For ¢ach design steel temperature, calculate+} using the constants cgp, ¢1 and ¢z and Formula (E.3). Use
the lpasic Formula (E.2) to calculate the theoretical time to reach the given steel temperatiire for each
shorjt column.

The moisture plateau length may. be introduced as follows and as shown in Figure E.1.
— [alculate 8, using Formuila)(E.2) until 8, = 100 °C obtained to give time t1.

— [alculate Dy as a funCtion of the thickness of fire protection material dp,.

— Add this time to&p

For fime after (£3¢Dp), calculate 8, using Formula (E.2).

Detdrminexhéther the results meet the acceptability criteria of 5.5 a), b), and c).

Step 5--"Modification of cg:

If the acceptability criteria are not met initially, repeat Step 4 with modified cg until the acceptability
criteria of 5.5 a), b), and c) are met. The outcome of the analysis is the combination of regression
coefficients cg (modified if appropriate), c1, and c3.

Step 6 - Presentation of the results:

Use the regression coefficients cg, c¢1, and cp, as well as Formula (E.1) (reactive) and Formula (E.2)
(passive) with Formula (E.3), taking into account the moisture plateau, if relevant, to determine the
information to be presented in the report of the assessment as required in Clause 6.

Step 7 - Reporting of the results:

Report the results and their assessment according to Clause 6.
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Assessment methodology: Numerical regression analysis

F.1 Methodology

Annex F
(informative)

The followihg stepwise methodology shall be performed:
a) Steps 1jto 5: Use of input data from test results
b) Step 6: Reporting of the results

Input Data:

— design femperatures as defined in 5.5
— corrected times to reach the design temperatures
— calculafed section factor for the steel members

— thickndss of the protection material only

Basic Formula
The multiplt linear numerical regression analysis is conducted using Formula (F.1).

d 0 6 1
t=ap+{d, +ay—L—+a:0. +a,d 0. +a-d a_1q a_1q F.1
0 1%p ZAmV 3Ya 4% pYa 5pAm/V 6Am/V 7AmV ()

where

aptoa; areregression coefficients.

Steps 1 to 3: Use of output data from the test results:

Step 1:

Determine the constants ao, ai, az, as, a4, as, as, and a7 by solving the regression formula using alfl the
test data fgr designr*temperatures from the minimum to the maximum temperature appropriate for
which the apalysis is requested, in 50 °C intervals.

Step 2:

Using the constants, calculate the time required toreach each design temperature for various thicknesses
of the fire protection system and various section factors.

Step 3:

Compare the predicted times to reach each design temperature with the measured times and determine
whether the results meet the criteria of 5.5 a), b), and c).

Step 4:

“u_n

If necessary, determine for each of the three acceptance criteria a simple linear modification factor “x

where “x” < 1.0 which, when applied to all the regression constants, causes the predicted times to just
meet the acceptance criteria.
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Step 5:

Use the modified regression coefficients to determine the information to be presented in the report of
the assessment as required in Clause 6. This will require the transposition of Formula (F.1) to determine
the protection thickness required for a given section factor for each required period of fire resistance
period and for each steel temperature. Formula (F.2) should be used to determine the thickness.

ago a
t—ay—az0,—| 2 |- 7
oo (Am/V] [Am/VJ
d,= 0 (F.2)
al+a490+( % L( 95%a
/Y ) AV
Step 6: Reporting of the results:

Report the results and their assessment according to Clause 6.
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Assessment methodology: 3D Interpolation method (reactive

Annex G
(informative)

systems)

G.1 MetlLodology

The followi

a) Step 1:
b) Steps 2
c) Steps6
d) Step9:
e) Step 10
f) Steps 1

perform
g) Step 14
h) Step 15
Input data:
The data sh
Basic formu

The basic fq

ng stepwise methodology shall be performed:

Use corrected data from test results

- 5: Determination of triangles (domains)

- 8: Determination of line formulae and plane formulae

Calculate performance time as a function of dry film thickness
Calculate performance time as a function of section factor

1 - 13: Calculate required dry film thickness as a“function of section factor for spd
hance times for each design temperature

Presentation of results

: Reporting of results

pll be modified in accordance with the principles given in Annex A.
lae:

rmulae are as follows:

Line formula:

y=ax+

Plane formu

ax + by

b

=
2

|

Fez+d=0

cific

G.1)

Step 1: Use

output data from test results:

(G.2)

Calculate the modified times for each short section to reach the required design temperatures (the
temperatures of interest), e.g. 350 °C to 750 °C in 50 °C intervals using the methodology detailed in

Annex A.

Steps 2 to 5: Determination of triangles (domains):

Step 2:

Prepare an orthogonal xy-axis system, where x represents the section factor (4p/V) and y represents
the dry film thickness.
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Step 3:

Determine and plot the coordinates (xj, yi) for each test specimen, where x; is the section factor (4p/V)
and yj is the dry film thickness for test specimen i.

Step 4:

Identify and create triangular domains in the xy-plane using the points (xj, yi) as the corner points, in
accordance with the following algorithm:

a) Draw the perimeter of the data set by linking subsequent outermost points in the xy-plane with
straight lines

b) Ptart drawing triangles which share one edge with the perimeter.

c) Pivide a trapezium shape (formed by four points at the corners) into two triangles infsuch a way
that the division line is the shortest possible.

d) Work from low Ap/V value to high Ap/V value and work from low to high-dry film thickness.
Stepl5:

Idenfify every triangle with a reference.

Steps 6 to 8: Determination of line formulae and plane formulae:
Stepl6:

Detdrmine the formulae for the lines which form theriangles.

The formula for the line through the points has a-general form:

)r:ax+b (G3)

Stepl7:

Addfa z-axis to the orthogonal xy*axis system, where z represents performance time.
Detdrmine and plot the coondinates (xj, yj, zi) for each test specimen

whefe

ki is the section-factor (A,/V) for short section i;

bi is the dpy film thickness for short section i;

yi  isthe time to reach the design temperature for short section i.

Step 8:

For each triangle, determine the formula of the plane that contains the corner points. The corner points
are (xj,yi, zi), wherei=1, 2, 3......... n. The formula of the planes has a general form:

ax+by+cz+d=0
(G.4)
Each triangular domain has its own unique plane formula.
Step 9: Calculate performance time as a function of dry film thickness:

Calculate the performance time ¢t as a function of dry film thickness. This is established by considering
a vertical cross section through the collection of planes for a chosen Ap/V.
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Do this for all Ap/V values of interest.

Determine the performance time ¢ for constant Ap/V by inputting a range of dry film thickness values
in the plane formula, i.e. calculate the z-value for a range of y-values with constant x. Use the applicable
plane formula within the domain of each plane.

Step 10: Ca

Iculate performance time as a function of section factor:

Calculate the performance time t as a function of Ap/V. This is established by considering a vertical cross
section through the collection of planes for a chosen dry film thickness.

Do this for

1l dry film thickness values of interest

Determine
in the plang
plane formy

Steps 11 to

performanice times for each design temperature:

Step 11:

Calculate th
time t. This
a chosen pe|

Repeat this

Determine {
time ¢ by in|
x-values wi

Step 12:
Repeat step

Design tem
650 °C, 700

Step 13:

[t is possibl
combinatio
the xy-plan
function of

This can b
temperatur

the performance time t for constant dry film thickness by inputting a range of Ap/W.va
formula, i.e. calculate the z-value for a range of x-values with constant y. Use théjapplid
|la within the domain of each plane.

13 - Calculate required dry film thickness as a function of section fa¢tor for spe

e required dry film thickness as a function of Ap/Vin order to a¢hieve a certain perform
is established by considering a horizontal cross section through the collection of plane
rformance time.

process for all performance times of interest, i.e. 30560, 90, and 120 min.

he required dry film thickness as a function of s€gtion factor Ap/V for constant perform
putting a range of Ap/V values in the plane formula, i.e. calculate the y-value for a ran
h constant z. Use the applicable plane formula within the domain of each plane.

8 to 12 for every required design'temperature (temperature of interest).

peratures may be any temperature, e.g. 350 °C, 400 °C, 450 °C, 500 °C, 550 °C, 600 °C, 62
°C, and 750 °C.

e to determine the'steel temperature development as a function of the heating time fo

). This procedure allows for the steel temperature of any test specimen to be predicted
Lhe heating'time, i.e. for test specimens that have not been tested.

achieved by repeating step 8 to 12 for every temperature T from 20 °C up to 750 °C,
e steps of 1 °C, i.e. for 20 °C, 21 °C, 22 °C, 23 °C ... 750 °C.

lues
able

cific

hnce
s for

ance
be of

any

n of dry film thickness and Ap/V within the domain of the data set (perimeter of all points in

as a

with

Calculate the performance time for every temperature by inputting the dry film thickness and Ap/V in
the plane formula for every temperature T.

The temperature development as a function of the heating time is obtained by linking the temperature
of the plane formula with the performance time returned from that particular plane formula, e.g.

— 20°C=
21°C=
22°C=

23°C=

38

0 min, 23 s
2 min, 44 s
6 min, 16 s

7 min, 34 s
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.. etc.

— 750°C=113min12s

Step

14: Presentation of the results:

Present the temperature data and performance times obtained in a scatter plot.

Prep
Step

are the graphical outputs and the tables as required in Clause 6.

15: Reporting the results:

RepTI’t the assessment results according to Llause 6.

Modijification to meet criteria for acceptability:

An 3

nalysis carried out using the 3D Interpolation method will automaticallypmeet the

criteria for

acceptability outlined at 5.5 a), b), and c). In cases where 5.5 d) is not met, then a modification must be

carr

(Fighre G.2) as appropriate in the region of the graphical output where the output is not mg
g or is not monotonically declining (see Figure G.2). This shouldcbe“done conservatiyely over as

risin

ed out. This is done by maintaining a constant value of thickness (Figure’G.1) or perforjmance time

notonically

shorft a range as possible such that the unacceptable slope of line is«aveided. Figures G.1 and G.2 show

exarples of correcting for negative and positive slopes:

60 Minutes Performance Time to/600°C

14 - \

Modification to give
agreement with
Clause 5.5 d)

08 r
06 r

Thickness mm

04 Slope of line not in
accordance with

Clause 5.5 d)

02 r

0 ! l | . l |
0 50 100 150 200 250 300 350 400

Section Factor m™'

Figure G.1 — Correction for negative slope
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Time to 500°C for a thickness of 1.5mm

Section Factor m”

80 1
70 - Slope of line not in
accordance with
60 Clause 5.5 d)
£ 50 ¢
E .......
o 40 F
E
~ 30 |
Modification to give
20 - agreement with
10 t N~
0 L I L )
0 50 100 150 200 250 300 350 400

Figure G.2 — Correction for positive slope
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Annex H
(normative)

Selection of test specimens — Reactive materials

H.1 Principle of selection

The| scope of the assessment will determine the selection of the test” [specimens.
Tablp H.1 allows for various assessments to be carried out depending upon whetherthe manufacturer
wanfs to carry out limited or extensive testing. Each test package indicates the minimum number of test
spedimens required for the given scope.

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