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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
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f[governmental, In_liaison with 190, also take part in the Wwork. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

main task of technical committees is to prepare International Standards. DrafthInternationa
rnational Standard requires approval by at least 75 % of the member bodies c¢asting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

22899-1 was prepared by Technical Committee ISO/TC.92) Fire safety, Subcommittee
ainment.

22899 consists of the following parts, under the general‘titte Determination of the resistance f
sive fire protection materials:

Part 1: General requirements

her parts of ISO 22899 are planned for future publication.

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies for‘voting. Publication as an

ct of patent

SC 2, Fire

D jet fires of

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=e49f4821fe3277ee30470a4f35dbdd52

ISO 22899-1:2007(E)

Introduction

The test described in the procedure described in this part of ISO 22899 is one in which some of the properties
of passive fire protection materials can be determined. This test is designed to give an indication of how
passive fire protection materials will perform in a jet fire. The dimensions of the test specimen may be smaller
than typical |tems of structure and plant and the reIease of gas may be substantlally Iess than that which might
occur in a fire
protection material, from the jet fire defmed in the procedure described in this part of ISO 22899 have\been
shown to be¢ similar to those by large-scale jet fires resulting from high-pressure releases of natural.gas:

NOTE 1 Guidance on the applicability of the test will be covered in a future part of ISO 22899.
Although the method specified has been designed to simulate some of the conditions that.occur in an agtual
jet fire, it cannot reproduce them all exactly and the thermal and mechanical loads do not necessarily coingide.
The results| of this test do not guarantee safety but may be used as elements of a fire risk assessment for
structures dr plant. This should also take into account all the other factors that are pertinent to an assessment
of the fire Nazard for a particular end use. The test is not intended to replace the hydrocarbon fire resistgnce
test (ISO/TR 834-3/EN 1363-2[2]) but is seen as a complementary test.

NOTE2 Users of this part of 1SO22899 are advised to consider the desirability of third-party
certification/ipspection/testing of product conformity with this part of ISO 22899.
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Determination of the resistance to jet fires of passive fire
protection materials —

Part 1:

General requirements

CAUTION — the attention of all persons concerned with managing and carrying out this fire
test is drawn to the fact that fire testing may be hazardous and that there is"a-possibility
and/or harmful smoke and gases may be evolved during the test. Mechanicaltand operatior
may also arise during the construction of the test elements or structures, ‘their testing and
test residues.

An pssessment of all potential hazards and risks to health shall be:made and safety precau
be identified and provided. Appropriate training shall be given to,relevant personnel.

1 |Scope

Thig part of ISO 22899 describes a method of determining the resistance to jet fires of passive fir
materials and systems. It gives an indication of howspassive fire protection materials behave in a
proyides performance data under the specified canditions.

It dpes not include an assessment of other’ properties of the passive fire protection mater
wedthering, ageing, shock resistance, impact or explosion resistance, or smoke production.

2 |Normative references
ISO|[630:1995, Structural steels — Plates, wide flats, bars, sections and profiles

ISOfTR 834-3, Fire-resistance tests — Elements of building construction — Part 3: Comment
method and test datayapplication

ISO[ 13702, Petroleum and natural gas industries — Control and mitigation of fires and explosions
prodluction.installations — Requirements and guidelines

resistance
1 that toxic
al hazards
tisposal of

tions shall

B protection
jet fire and

al such as

ary on test

on offshore

3 Ly definiti
For the purposes of this document, the following terms and definitions apply.

31
assembly
unit or structure composed of a combination of materials or products, or both

3.2

cellulosic fire
fire involving combustible material such as wood, paper, furniture, etc.
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3.3

critical temperature
maximum temperature that the equipment, assembly or structure to be protected may be allowed to reach

3.4

critical time
minimum time required to reach the critical temperature

mal
nce

one

in a

hot
nce

3.5

fire barrier

separating element that resists the passage of flame and/or heat and/or effluents for a period of time under
specified cgnditions

3.6

fire resistapce

ability of am item to fulfil, for a stated period of time, the required stability and/or integrityyand/or the
insulation, and/or other expected duty (reaching the critical temperature) specified in a standard fire-resista
test

3.7

fire test

procedure dlesigned to measure or assess the performance of a material, product, structure or system to
or more aspects of fire

3.8

flame re-cifculation chamber

mild steel Hox, open at the front, into which the jet fire is directed, giving a re-circulating flame resulting
fireball

NOTE Materials other than mild steel may be used when appropriate.

3.9

integrity

ability of a peparating element, when exposed-t0-fire on one side, to prevent the passage of flames and
gases or odcurrence of flames on the unexposed side, for a stated period of time in a standard fire resistg
test

3.10

intermediate-scale test

test perforn

NOTE A
intermediate

3.1
jet fire
ignited disc

ed on an item of medium dimensions

test performed,on’ an item of which the maximum dimension is between 1 m and 3 m is usually called
scale test”. This.part of ISO 22899 describes an intermediate-scale jet fire test.

harge of propane vapour under pressure

3.12
jet nozzle

assembly from which the flammable material issues

3.13

outside specimen diameter
specimen diameter measured to the outer surface of the passive fire protection system on a tubular specimen

3.14

passive fire protection
coating or cladding arrangement or free-standing system which, in the event of fire, will provide thermal
protection to restrict the rate at which heat is transmitted to the object or area being protected

“an
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NOTE

ISO 22899-

intumescents, from active systems such as water deluge.

3.15

passive fire protection material
coating or cladding that, in the event of a fire, will provide thermal protection to restrict the rate at which heat is
transmitted to the object or area being protected

3.16
passive fire protection system
removable jacket or inspection panel, cable transit system, pipe penetration seal or other such system that, in

po

coni

3.1
pro
mild
re-g

NOT
the f
4

The)

for ¢xample, in petrochemical installations. It aims at simulating the thermal and mechanical loads

pas
rele
and
qua
exts
Pro
ther
veld

1:2007(E)

The term passive is used to distinguish the systems tested, including those systems that react chemically e.g.

b the object

m used to maintain the fire resistance of a separating element at the position where there is provision for

ices to pass through the separating element

| fire
bustion of flammable or combustible hydrocarbon liquid spilled and retained on a surface

ective chamber
steel box, open at the front and back, which is designed to be attached to the rear o
rculation chamber to shield the rear of the flame re-circulation chamber from environmental inf|

E A protective chamber is not required for tubulansection tests but may be used to provide addition
lame re-circulation chamber.

Principle
method provides an indication of how passive fire protection materials perform in a jet fire that

sive fire protection material by large-scale jet fires (see Bibliography [3]) resulting from hi
hses of flammable gas, pressure liquefied gas or flashing liquid fuels. Jet fires give rise to high
radiative heat fluxes(as well as high erosive forces. To generate both types of heat flux
htity, a 0,3 kg s~ sanic release of gas is aimed into a shallow chamber, producing a fire
nded tail. The flanme thickness is thereby increased and hence so is the heat radiated to the te
bane is used as.the fuel since it has a greater propensity to form soot than does natural g
efore producera flame of higher luminosity. High erosive forces are generated by the release
city gas.jet)I m from specimen surface.

f the flame
uences

al stability to

may occur,
imparted to
Jh-pressure
convective
n sufficient
pall with an
5t specimen.
as and can
of the sonic

5

5.1
The

a)

b)

The

Test configurations

General

re are two basic configurations under which the test can be operated:

an internal configuration where one or more of the inner faces of the box incorporates the test

construction;

an external configuration where the test construction is installed on supports in front of the box.

se two alternative configurations are shown in Figures 1 and 2.
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Dimensions in millimetres

XX
X

Key

1 protective chamber
2 jetnozzlg

3 supportd

4 flame refcirculation chamber either with coated inner surfaces or with the rear\face replaced by a panel to form the

test construction

Figure 1 — Layout for internal configuration

1\ 1000

Dimensions in millimgtres

Key

1 flame refcirculation chamber

2 flame re-circulation chamber support
3 test construction

4  test construction support

5 jetnozzle

Figure 2 — Layout for external configuration

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=e49f4821fe3277ee30470a4f35dbdd52

5.2
The
a)
b)
c)

d)

ISO 22899

Internal configuration
internal test configuration is used for determining the jet fire resistance of:
protection systems for plane surfaces;
protection systems for edge features;
bulkheads and other separating elements;

penetration systems used in conjunction with bulkheads

-1:2007(E)

5.3

The)
ass

6

6.1

The)

protective chamber. These items are all required for the internal configurations of the test 4

spe
flam

protective chamber.

6.2

The)
con
dim

External configuration

external test configuration is used for determining the jet fire resistance of protected hollow
bmblies mounted on hollow sections.

Construction of the test items and substrates

General
key items required for the test are the jet release nozzle,”the flame re-circulation char

cimen forms all or part of the flame re-circulation chamber. In the external configurations of {
e re-circulation chamber is only used to help prodace the fireball and it is not necessary

Material
material normally used is 10 mm thick'steel plate complying with ISO 630:1995, Grade Fe 430
struction shall be used and all welds-shall be 5 mm fillet and continuous unless otherwisg
bnsions are in millimetres and, unless otherwise stated, the following tolerances shall be used:
whole number %0 mm
decimal to point ,0 + 0,4 mm
decimal to point.;00 + 0,2 mm

angles + 0 30”

radii +0,4 mm

6.3

sections or

nber and a
nd the test
he test, the
to use the

. All welded
stated. All

Nozzla
N e

The fuel is released towards the specimen from a nozzle. The tapered, converging nozzle shall be of length
200 £ 1 mm, inlet diameter 52 + 0,5 mm and outlet diameter 17,8 £ 0,2 mm. Figure 3 shows the details of
construction. The nozzle shall be constructed of heat resistant stainless steel. Provisions shall be made for
fitting a sighting device.

The side, top and bottom walls of the flame re-circulation chamber shall be constructed from mild steel of
10 mm thickness. The rear wall of the chamber shall either be constructed of 10 mm thick steel welded to the
sides of the chamber or of a panel bolted on to form the rear wall. If the substrate material is not steel or the
substrate thickness is not 10 mm, the material and thickness used shall be stated in the test report. The
details of construction of the flame re-circulation chamber are given in Figure 5.

© 1SO 2007 — All rights reserved
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Dimensions in millimetres

» 450 -
200 .
‘ ’ N
~A ~ Y v
A | Ner T -
" A A
[ o]
o
[aal

Figure 3 — Nozzle

6.4 Flanle re-circulation chamber

The flame re-circulation chamber, having nominal internal dimensions 1 500 mm x-4,500 mm x 500 mm, shall
be used fonl each test. The chamber is flanged at the rear to allow bolting on @f 'a panel when required [and
attachment| by bolting or clamping, of the protective chamber when required. A general view of the flame
re-circulatign chamber is shown in Figure 4.

Dimensions in millimgtres

375

Key
1 jet positipbn
2 flame reiciretilation chamber

Figure 4 — General view of flame re-circulation chamber

Details of the flange construction, apart from the hole spacing, are not given as one of two methods may be
used.

a) The flanges may be constructed by welding L-section steel to the rear of each wall.
b) For structural steelwork specimens, the rear wall may be constructed by continuously welding a

1620 mm x 1 620 mm plate on to the rear of the flame re-circulation chamber and drilling holes at the
appropriate locations in the plate extending beyond the sides of the chamber.

6 © 1SO 2007 — All rights reserved
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Inner walls that do not form part of the specimen, e.g. the sidewalls in a panel test, shall be protected from
distortion by a ceramic board insulation material or other suitable form of passive fire protection material.

NOTE If the substrate is not steel, the material used for construction of the specimen should be at the discretion of
the test laboratory and any third-party certifying body.

Dimensions in millimetres
1620

< = B 500 N
400 385 385 400 | 25 g
A | 9 X
A [ E [ [ Z _A_ KD
- |
[ o]
m
A Y
\ )
o
(aa]
‘ —x 3 =
< ‘_ -
m
A y
\ )
=
(a0}
Y
/" —] : : !
2 — o A-A
- 1500 N
- 1520 N
- - X
R25
$22
¥
S| [y v
i i
150
1 b

Key
1 Jifting lug, 25'mm thick machined steel
2 pBixteen.holes drilled, & 18

Figure 5 — Construction of flame re-circulation chamber

6.5 Protective chamber

The protective chamber (nominal internal dimensions 1 500 mm x 1 500 mm x 1 000 mm) is used to shield
the rear of the flame re-circulation chamber from environmental influences in the internal configuration of the
test. It shall generally be constructed from mild steel of 10 mm thickness and shall be open at the front and
back and flanged at the front to allow fitting to the rear of the flame re-circulation chamber with no visible air

gaps.

A general view of the protective chamber is shown in Figure 6 and details of construction in Figure 7.

© 1SO 2007 — All rights reserved 7
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Eigure 6 — General view of protective chamber

]

Dimensions.in millimgtres
620
< 162 = - 1000 N
400 385 = 385 400 25 500
AL 1 1 X
I
AY r') = r') Z _A I
- [
oo
mMm
A A
A A
=
m (=3 L=J
b —1 S| =2
S — —
mMm
A ¥
A A
o
mMm
/" () 1 () $ V v
J
2 — A-A
A
1500
¢ X
R25
$22
A
8 v v
A A
150
1 b

Key
1 lifting lug, 25 mm thick machined steel
2 sixteen holes drilled, & 18

Figure 7 — Construction of protective chamber

6.6 Panel test specimens (internal configuration)

The panel test specimen shall consist of a flame re-circulation chamber, with the rear wall replaced by the
panel to be tested. The panel is sandwiched between the flame re-circulation chamber and the protective
chamber as illustrated in Figure 8. The connection between the panel and the flame re-circulation chamber
shall be gas tight. The method of mounting depends on the type of passive fire protection as described in 7.1.

8 © 1SO 2007 — All rights reserved
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Dimensions i

Key|

AW N -

For

seclions of outside diameter greater than 500./nm, a 1 620 mm x 1 620 mm panel shall be const

101
the

6.7

The]
20 1
of “I

375

et position
flame re-circulation chamber
protective chamber
panel
Figure 8 — Position of panel
cases that simulate steelwork with no corners*or edge features; or cylindrical vessels, pipes

hm thick steel. The details of construction are shown in Figure 9. If the substrate material is
hickness is not 10 mm, the materialhand thickness used shall be stated in the test report.

Structural steelwork test 'specimens (internal configuration)

structural steelwork test'specimen shall consist of the flame re-circulation chamber with the 3
hm thick central web, 250 mm deep, to simulate corner or edge features such as stiffening we
" beams. A generalview of the test specimen is illustrated in Figure 10.

n millimetres

and tubular
ructed from
not steel or

ddition of a
bs or edges
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Dimensions in millimetres

B 1620 .
400 385 385 400 25 w»
Y
A o) o) o) o) o) 'y
=
mMm
o o T
(s =]
mMm
S y
S o} o} i
o S
(aa]
o o T
=
mMm
| 4
v ° (@) (@) (@) °
A
S

Figure 9 — Construction of panels

Dimensions in millimgtres

375

Key
1 jet positibn withoweb
2 flame rejcirculation chamber

3 simulatedTomeroredge feature of t“beam

Figure 10 — General view of structural steelwork test specimen

Details of the construction of a structural steelwork specimen are given in Figure 11. For a structural steelwork
test, the rear wall shall be constructed of 10 mm thick steel. The bottom flange may be omitted if desired. The
web shall comprise two 10 mm thick steel plates, which are slotted before being welded together, to have
thermocouples inserted and fixed in accordance with the methods given in Annex A. Holes shall be drilled in
the rear wall of the flame re-circulation chamber to match the slot positions. Details of construction of the web
are given in Figure 12. If the substrate material is not steel or the steel thickness of the web and rear wall is
different from 20 mm and 10 mm respectively, the material and thickness used shall be stated in the test
report.

10 © 1SO 2007 — All rights reserved
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When testing passive fire protection materials used to protect structural sections with substrates other than
steel or when the thickness of the corner or edge feature on the structural section is different from 20 mm, the
central web and rear wall of the flame re-circulation chamber may be constructed from the relevant substrate
material and may be of the relevant thickness.

Dimensions in millimetres

< 1620 B B 500 N
- 400 ><385><385>< 400 - 25 . 250 B
1 = -
A [¥a) y
7y | = Ac
S : ) ) ) Z V _A_ m\
' K i
[o ]
m
Y
\ )
4 2 o
A Y Y S
A - n
- | C
m
Y
| )
o
m
A i Y ] Y
_’IA \ / A-A
2 3
1500 .
B 1520 -
- - X
R25
$22
3 \ &
A
150
b
Key|
1 |ifting lug, 25 mm_thick machined steel
2 thirteen holesddrilled, & 18
3 Bix holes drilled and taped in bulkhead to match machined holes in central web; threads to be similar(to 1/8 British
Starjdard Ripe Thread
4  entral web

Figure 11 — Construction of structural steelwork specimen
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Dimensions in millimetres

240
| Py 3 L 20
Y
[ == A SA
Ny
A-A 1 2 1A t A B T T B
o~
o w
20 100 S| Ny
< . N o
Jinz T &
Ly
S - &
n
- Yy oy
Key
1 groove machined 3,30 mm deep using 5,0 mm diameter ball nosed cutter
2 groove machined 3,0 mm deep using 5,0 mm diameter ball nosed cutter
3 weld preparation, four positions along this edge
4  weld preparation, full length along these edges
5 weld plajes, together after machining with a single V-butt weld; weld to.béintermittent and ground flush
6 weld plajes, together after machining with a single continuous V-buttoweld
Figure 12 — Construction of web for@tructural steelwork specimen
6.8 Tubular section test specimens (external configuration)
The tubulaf section test specimen shall‘consist of a 3 000 mm long tubular section and shall be of
following type depending on the outside diameter:
a) if the qutside diameter, including the passive fire protection system, does not exceed 350 mm the

scale tlibular section shall.beyused or

b) iftheo
tubular
thickne

A general v

utside diametersyincluding the passive fire protection system, exceeds 350 mm the diameter of
section shall‘be reduced so that the outside diameter is no more than 350 mm, keeping the
ss of thedubular section as close as possible to that to be used in practice.

ewf'a tubular section specimen is given in Figure 13.

the

full-

the
wall

The material, diameter and wall ThicCkness of the tubular section used shall be stated in the test report.
tubular section shall be drilled with holes of sufficient diameter to allow thermocouples to be passed down the
inside of the tubular section. The access hole for each thermocouple shall be not more than 50 mm
longitudinally from the measuring position.

Ihe

In some cases, e.g. a pipe penetration specimen, the outside diameter may exceed 350 mm for a short length

of the speci

12

men.
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Dimensions in millimetres

Key|

6.9

6.9.

Ass
an g
are
imp

6.9.

Ass
spe
ass
ass

750

flame re-circulation chamber
fubular section specimen
et position

Figure 13 — General view of-tubular test

Assembly test specimens

1 General

emblies can be mounted on a panel(internal configuration) or a hollow section (external confi
ssembly is more than 400 mm in width or the geometry sufficiently complex that the flame ch
clearly affected, a demonstration at full scale may be necessary, e.g. a 3kgs~! natural
nging on a full scale specimetat 9 m from the release point.

P Assemblies mounted on a panel

emblies to be muolnted on a division (e.g. cable transit systems) should be mounted on
Cimen made from the type of division to be used in the intended application in accordance wit
bmbly cannot-be tested full size without affecting the key features of the test, then a red

to

assemblies are tested simultaneously, they shall be placed symmetrically about either side of

be%ositioned no closer than 200 mm from exposed edges of the panel. Where more than one ag

bmbly can. be used provided it reproduces the key features of the intended application. The as§

tested simultaneously in a panel, the separation between adjacent assemblies shall be 20(

guration). If
aracteristics
gas jet fire

to a panel
h 6.5. If the
uced scale
embly shall
sembly are
mm. If two
the vertical

centreline of the panel. The positioning of features that may affect the flow of the jet fire shall be at the
discretion of the test laboratory and any third-party certifying body. The positions for a single panel mounted
assembly and two panel mounted assemblies are given in Figure 14.

© 1SO 2007 — All rights reserved
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Dimensions in millimetres

&
200 200
&
& &
200 200 200
& 4
Figure 14 — Positions of panel mounted assemblies

6.9.3 Assemblies mounted on a tubular section

Assemblies to be mounted on a tubular section (e.g. removable jacket, pipe penetration seal) shall be
mounted on a tubular section specimen in accordance with 6.7. For assemblies, such as soft jackets, which
are applied uniformly, the maximum outer diameter (including the passive fire protection system) shall be a
maximum of 350 mm. For asymmetric assemblies, such as valve protection boxes and pipe penetration seals,
these shall normally be positioned in the centre of the tubular section. However, the positioning of features
that may affect the flow of the jet fire shall be at the discretion of the test laboratory and any third-party
certifying body. The maximum outside specimen diameter may be up to 400 mm provided that this is for less
than a length of 400 mm. The position of an asymmetric tubular mounted assembly is illustrated in Figure 15.

14 © 1SO 2007 — All rights reserved
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Dimensions in millimetres
400

v %

400

3 000

A
 J

Key|
1 |passive fire protection material
2  pipe penetration seal (placed centrally)

Figure 15 — Position of tubular mounted assemblies (shown with a pipe penetration seal)

7 |Passive fire protection materials

7.11 General

Thel| passive fire protection materials and systems are either coated or mounted onto the substrates described
in Clause 6.

7.2| Panel test specimens

When the passive fire protection’material is in the form of a panel, the panel shall be fixed to act|as the rear
wall| of the flame re-circulation”chamber as shown in Figure 8. The method of mounting shown in Figure 16
depends on the type of passive fire protection and is detailed as follows.

a) |For a rigid standsalone panel, at least one joint shall be included in the panel and this shall b¢ positioned
vertically, offset’from the centre by 250 + 50 mm. If the joint is not symmetrically resistant [to a jet fire
flowing aer@ss the front of the rear wall of the flame re-circulation chamber, e.g. a lap joint, tHe joint shall
be oriented to give the most severe exposure to the jet fire as shown in Figure 16.

Theyrigidzpanel may extend to the full 1 620 mm x 1 620 mm substrate dimensions as discussed in|6.5.

b) If the panel profile is not planar (e.g. trapezoidal), it may be necessary to incorporate a rigid surround
around the panel to achieve a gas tight connection.

c) When the passive fire protection material is in the form of a flexible panel, it may be necessary to
incorporate a rigid surround (e.g. 50 mm box section steel) around the panel to achieve a gas tight
connection as shown in Figure 16.

d) When the passive fire protection is in the form of a coating, the joint is omitted as shown in Figure 16.
The connection between the panel and the flame re-circulation chamber shall be sealed to prevent passage of
hot gases, for example, using soft mastic or ceramic fibre. In all cases, the side, top and bottom walls of the

flame re-circulation chamber shall be protected by a ceramic board insulation material or other suitable
passive fire protection material.

© 1SO 2007 — All rights reserved 15
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joint
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box sect
passive
passive
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7.3 Stru

<t— O

psed to jet fire
panel

profile rigid panel

on surround
ire protection covering
ire protection coating

Figure 16 — Different types of panel PFP

ctural steelwork test specimens

For testing

passive fire protection materials applied as coatings, the structural steelwork test specimen s

hall

have passive fire protection material applied directly to all inside surfaces of the specimen. The oulside
surfaces of the sides, top and bottom of the specimen shall also be coated to a distance of 50 mm from the

front edge,

including any reinforcement.

7.4 Tubular section test specimens

A minimum of 2 500 mm and a maximum of 2 700 mm of the central part of the tubular section test specimen
shall be covered by the passive fire protection material under test. The unprotected ends of the tubular section
shall be protected by a suitable insulation material. The flame re-circulation chamber shall be protected by a
ceramic board insulation material or other suitable passive fire protection material.

16
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7.5.1
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Assembly specimens

General
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Penetration systems may be tested as either a panel (internal configuration) or tubular mounted (external
configuration) assembly. The configuration chosen shall be the most severe for the type of seal to be tested

and

shall be at the discretion of the test laboratory and any third-party certifying body.

7.5.2 General requirements for assemblies mounted on panels — Cable transit systems

For
cha
pas
flam
pas

A cable transit consists of a metal frame, box or coaming, sealant system or material and the c3

may
into
coa
830
the

bac
type
siz¢
Cros

insifle of the transit shall be the minimum which is allewable for the actual penetration sealing S

FSSEMDiEs Tounted o panets,; the panet strattbefixedtoact as the Tear wattof theftame T
mber as shown in Figure 8. The connection between the panel and the box shall be sealed
sage of hot gases, for example, using soft mastic or ceramic fibre. The side, top and battom

Sive fire protection material.

be uninsulated, partially insulated or fully insulated. The metal frame, boxX or'coaming shall
a panel representative of the actual bulkhead using the normal method( For example, the fra
ming, which supports the cable transit system, may be incorporated into a bulkhea
mm x 740 mm). The frame, box or coaming should be fitted such that it is flush with the fron
bulkhead. The bulkhead is then welded into a hole cut into a support panel, e.g a firewall. Th
panel of the flame re-circulation chamber. The transit(s) shall be tested incorporating a range
s of cable (e.g. in terms of number and type of conductor, type of sheathing, type of insulation
) and should provide an assembly which represents a practical situation. No more than 40 % ¢

p-circulation
to prevent
walls of the

e re-circulation chamber shall be protected by a ceramic board insulation material lor other suitable

bles, and it
be mounted
me, box, or
d (typically
t surface of
s forms the
of different
material or
f the inside

s-sectional area of each transit shall be occupied by cablés and the distances between the cables and the

ystem. The

cables shall project no more than 250 mm beyond the panel on the exposed side of the panel and{500 mm on
the unexposed side. The test results obtained fromza*given configuration are generally valid for cgbles of size
equpl to or smaller than those tested. A general*view of a cable transit system in position is iflustrated in
Figyre 17.
NOTE Details of the arrangements for‘panel mounted pipe penetration systems will be given in a future part of
1SO[22899.
Dimensions |n millimetres
1
2
\
3
[¥al
M~
[aa}
Key

1
2
3

flame re-circulation chamber
cable transit system

jet position

Figure 17 — General view of cable transit system
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7.5.3 Gen

eral requirements for assemblies mounted on tubular sections

For assembilies fixed to a tubular section, see Figure 15.

a) |If the assembly (e.g. soft jacket) is intended to protect a tubular section or vessel, a minimum of
2 500 mm and a maximum of 2 700 mm of the central part of the tubular section test specimen shall be
covered by the assembly under test.

b) If the assembly is a removable jacket, the fixing method shall be representative of the intended use and
joints/fitments shall be oriented to give the most severe exposure to the jet fire.

c) Ifthe
speci
7.5.4 Pip
Penetration
is as follows:
a) a300
approx
b) a secg
section

perforgted end plates;

c) the sez

d) the sufface of the substrate which is not protected by thé seal should be coated with the passive

sembly is a pipe penetration seal, a representative seal shall be mounted on the tubular seq
en.

penetration systems

5 shall be mounted on to a tubular section specimen in accordance with 6.8. A typical arrangen

p

mm long, approximately 215 mm outside diameter steel tubular section-with a wall thicknes
mately 6 mm is used as the basic substrate for the specimen;

nd approximately 550 mm long, approximately 305 mm outside diameter 10 mm thick tub
is then sleeved over the narrower diameter section and welded into position by means of

| is then attached between the two different diameter pipes;

tion

hent

s of

ular

two

fire

protectjon to be used in practise; this passive fire protection should extend to within 150 mm of each|end
of the Qasic substrate;
e) the 15D mm at each end of the pipe which\jis unprotected shall be wrapped in a suitable insulgting
materigl to prevent any heat transfer from the-énds of the substrate to the seal.
A typical arrangement for fitting the seal in shown in Figure 18 and a general view of the a penetration peal
mounted or] a tubular section in position-is-given in Figure 19.
Dimensions in millimgtres
3 4 1
150 1 \}4 2 150
, A A
/ V \ A
2 % 7
\s 6
Key
1 passive fire protection 4 seal

2 small outside diameter pipe 5 perforated plates
3 large outside diameter pipe 6 fastenings

Figure 18 — Typical arrangement for fitting a pipe penetration seal to tubular sections

18
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Key

1 flame re-circulation chamber
2 pipe penetration seal mounted on tubular section

8

8.1

Thermocouples shall be fastened to all test)specimens. The type and fixing shall be in accordance]
the methods described in Annex A. For fests requiring use of a protective chamber, the air tempg
be measured inside the protective chamber 500 mm + 25 mm from the back of the rear wall g

re-¢
Res
8.2
The]
with

join

8.3

750

et position

Figure 19 — General view of external configuration of a pipe penetration test

Instrumentation

General

rculation chamber, in the centre, and 250 mm + 25 mm from the top.

dings shall be recorded.at-intervals of not more than 30 s.

Panel test specimens

rmocouples:shall be fastened to the back of the rear wall in positions as shown in Figure 21 in
one of theymethods described in Annex A. Additional thermocouples may be fastened to thd
at thediscretion of the testing laboratory and any third-party certifying body.

with one of
rature shall
f the flame

accordance
rear of the

Structural steelwork test specimens

Thermocouples shall be fastened to the back of the rear wall in positions shown in Figure 20 in accordance
with one of the methods described in Annex A. Sheathed thermocouples shall be inserted into the central web
as shown in Figure 21 and in accordance with the method described in Annex A.

© 1SO 2007 — All rights reserved
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Key

1
2
3

20

Dimensions in millimetres

view fror
thermoc
joint

2 1
® [ ] A_
3
4 5 6 Y
® ® [ ] A_
Y
7 8 100 11 v
[ ] ® ® [ ] ® —
i
3
12 13 14 v
® e ® ey —
1.5 N Y
16 17 18 L
® ® [ ] =,
i
250 | 250 | 250 | 250 3

N rear of specimen
buple location

Figure 20 — Thermocouple'positions for panel test specimen
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Dimensions in millimetres

1 3 2
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I
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I
w 7
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° ° m ® ° 'y L e |15
m
s ¥ -1 o |16
III N | ]
i i Kap:andl L
11 ||| 12 (]
¢ i ° L~ |18
i|i
I

250

A
Y

Key
1 |iew from rear of specimen

2 thermocouple location

3 pimulated corner or edge feature of “I” beam

Figure 21 — Thermocouple positions for structural steelwork test specimen

8.4| Tubular section test-specimens

Thermocouples shall be.fastened to the test specimen at the positions shown in Figure 22, in accgrdance with
one|of the methods described in Annex A.

Thel thermocouples shall be run longitudinally on the outside for no more than 50 mm before bging passed
through holes\to the inside of the tubular section.

NOTEA If the substrate diameter is less than 100 mm, a reduced number of thermocouples can be Lrsed at each
circymference.

NOTE 2  For removable systems, where the thermocouples do not interfere with the fixing of the system to the
substrate, the thermocouples can be run longitudinally along the outside of the tubular specimen.
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8.5 Asse

8.5.1 Gen

For panel mounted assemblies, thermocouples shall be fastened to the back of the rear wall in posit

shown in Fi
thermocoug
can be ass
party certify

8.5.2 Pan

For uninsul
locations sH

a) At two
25 mm
faces g

b) At two
25 mm

c) Onthe

lel mounted cable transit systems

ouple location on top of tubular section.
ouple location facing towards jet fire.

Figure 22 — Thermocouple positions for tubular section test specimen

mbly specimens

eral

gure 20 in accordance with one of the methods described in Annex A. Where necessary, additi
les shall be fastened to, and inside, the assembly to ensure that the key features of the asser
bssed. These thermocouple positions are atthe discretion of the testing laboratory and any t
ing body.

pted cable transit systems, thermocouples shall be fixed on the unexposed face at each off
own in Figure 23.

positions on the surface of the outer perimeter of the frame, box or coaming at a distanc]
from the unexposed:-surface of the panel. One thermocouple shall be fixed on the top and bo
pposite to each-other.

positions atithe end of the transit, on the face of the sealant system or material at a distanc
from a_cable;

suiface of each type of cable included in the cable transit, at a distance of 25 mm from the fag

the ses

lant system of material. In case of group or bunch of cables the group shall be treated as a si

ons
bnal
nbly
nird-

the

e of
tom

e of

e of
hgle

cable. The thermocouples should be mounted on the uppermost surface of the cables.

For each partially insulated or fully insulated cable transit, thermocouples shall be fixed on the unexposed face
at equivalent positions to those specified for an uninsulated transit as illustrated in Figure 22.

Additional thermocouples may be fixed dependent upon the complexity of the cable transit system.

22
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Dimensions in millimetres

1—> 4
g
g
1—> g
Z
Z 3
1—> Z N ~ 3
AN
4 25
Key
1 Jetfire
2 pninsulated transit
3 partially.insulated transit
4 fully insulated transit

[V

hermocouple location.

Figure 23 — Thermocouple positions for cable transit systems

For tubular section mounted assemblies, thermocouples shall be fastened to the test specimen in accordance
with one of the methods described in Annex A. The thermocouples shall be fastened to the tubular section
and to, and inside, the assembly to ensure that the key features of the assembly can be assessed. The
thermocouple positions will be at the discretion of the testing laboratory and any third-party certifying body.

NOTE Details of the instrumentation of panel mounted pipe penetration systems will be given in a future part of
I1ISO 22899.
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8.5.3 Tubular section mounted pipe penetration systems

For tubular mounted penetrations, the thermocouples shall be fastened to the tubular section and to, and
inside, the assembly to ensure that the key features of the assembly can be assessed. Typical positions are
illustrated in Figure 24.

Dimensions in millimetres

7
® ® ® ® L] ®
0| B o
e
NP 50
HRNRLL
150 250; 50 150‘
a 3
4 15 19 23
L>b — a2 165 14) (20 18) (2422
13 17 21
1
Key
1 pipe penetration seal
2 jetfire
3 tubular section

jo)

Thermogouple location on tubular section facing towards jet fire.
b Thermogouple location on upper surfade of tubular section.

Figure 24 — Typical thermocouple positions for tubular mounted penetrations

9 Test apparatus and conditions

9.1 Nozzle geometry and position

9.1.1 General

Details of construction of the tapered, converging nozzle from which the propane vapour is issued, are given
in Clause 6. It is advisable to protect the nozzle and closest part of the fuel line from the flames.

9.1.2 Nozzle position for panel (including panel assemblies) and steelwork tests

The nozzle shall be aimed horizontally and normal to the rear wall of the test specimen. The tip of the nozzle
shall be located 1 000 mm + 50 mm from the front surface of the passive fire protection material covering the
rear wall of the test specimen. Its centre shall be 375 mm above the inner surface of the test specimen's base
excluding the passive fire protection material as shown in Figure 25. For assemblies where a feature may not
be flush with the panel, the tip of the nozzle will be located at a distance and angle agreed between the test
laboratory and any third-party certifying body.

24 © 1SO 2007 — All rights reserved
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Figure 25 — Layout of test facility with panel or steelwork test specimen

B Nozzle position for tubular'section (including assemblies) tests

'sect the centre of the'tubular section test specimen. The test specimen shall be supported hg
height across the-front of the flame re-circulation chamber, and touching it. The tip of the noz
ted 1 000 mm ¥50’mm away from the front surface of the passive fire protection material cove|
Cimen as shown-in Figure 26.

nozzle shall be aimed-horizontally and normal to the rear wall of the flame re-circulation chamber and to

rizontally at
zle shall be
ring the test
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Dimensions in millimetres

Key

1 flamere
2 tubular g
3 jetnozzl
4 lightweig
9.2 Fuel

The fuel shall be commercial propane, delivered as”vapour without a liquid fraction at a steady rat
kg s~1. There shall be a means of monitoring the mass flow rate during the test. The total ampunt
s) of propane used shall be recorded; for the test to be valid, this shall be 0,3 x duration of tedt (in

0,30 + 0,05
(in kilogram
seconds) +

9.3 Test

The test sh

the test. The specimen shall be” shielded from the effects of high wind such that the wind speed in

immediate
the prevaili

circulation chamber
lection

b
=

ht insulation block

Figure 26 — Layout of test facility with tubular.section test specimen

5 %. The equipment and method ofCalculation shall be reported.

environment
all be carried out inqan-environment in which the effects of the weather do not significantly a

icinity of the specimen is less than 3 m s=1. The test may be performed if it is raining provided
ng wind does_net blow rain directly into the flame re-circulation chamber. The average subs{

temperatur

10 Test procedure

prior to testing shall be between — 10 °C and + 40 °C.

b of

fect
the
that
rate

a) The sponsor shall specify the duration of the test. It may be varied during the test according to how the
specimen performs.

b) The sponsor shall provide the specimen for the test in a condition representative of its practical
application.

c) For panel or steelwork tests, fix the test specimen to the protective chamber and mount the assembly on
a suitable support frame approximately 1,0 m from the ground as shown in Figure 25. The bottom, sides
and top of the specimen shall be protected from thermal radiation by fire resistant blocks or boards.

NOTE |

26

t is usually necessary to protect the specimen-supporting frame from flames.
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If a tubular section test is carried out, position the test specimen in front of the flame re-circulation
chamber (see Figure 26). The support stands and the bare ends of the tubular section shall be protected

by thermal insulation.
Photographs shall be taken of the test specimen before the test.

If the passive fire protection is a coating material, measure the thickness at the positions
Figures 27, 28 and 29 for panel, steelwork and tubular section test specimens, respectively.

specified in

The measurement positions indicated should be regarded as approximate. If there are clear signs of thinning
or thickening at positions away from those indicated for measurement, additional measurements should be

takq
and
fals
as

cali

9)

h)

n. The thickness may be measured by drilling a 1,5 mm hole through the passive fire protect
then using a depth gauge. Care should be taken to ensure that any reinforcing mesh does n
b reading. If the performance of the material may be affected by drilling holes, alternative’ me|
Iltrasonic depth gauges, may be used provided they are described in the report.and the
pration stated.

For thermo-setting (e.g. intumescent) materials, hardness measurements (e/g.,Shore D) shall
a minimum of three positions, selected at the discretion of the test laboratory:

Environmental conditions shall be measured immediately before the-test and any significg
during the test noted. Measurements taken shall include ambienttemperature and, for tests
outdoors, wind speed and direction, and whether there is any pfecipitation.

Ensure that a steady flow rate of propane vapour is previded. When the jet fire first impin
specimen, a timer shall be started and the flow rate, températures and pressures monitored.
the instruments shall be taken at least once every 30 s. The test shall continue until either
temperature selected prior to the test is reached.

Dimensions
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Figure 27 — Passive fire protection thickness measurement locations for panel tes
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Dimensions in millimetres

5

3 2 4
—
+ + + + | + G+
+ + + + [ + A+
THREE I + j S
+ + + + i}{— + i—}{— +
+ + L< .l + |+

2 100 ;| ~C] [ 20 100
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20

view of doated steel plate from front of flame re-circulation chamber
simulatefl corner or edge features of “I” beams

left side pf simulated corner or edge features of “I” beams

right sid¢ of simulated corner or edge features of “I-beams

front edges

Figurp 28 — Passive fire protection material thickness measurement locations for steelwork

Obsenrvations shall be recofded of significant details of the behaviour and appearance of the
specimen during the dest’ and after the jet fire is extinguished. Information on deformation, spal

cracking or burning ¢f-the passive fire protection material and continuance of flaming shall be noted.

Photographs of\the test specimen shall be taken as soon as is practicable after the jet fire has b
extinglishediand also approximately 1 h after the jet fire is extinguished. These shall be included in

test repor.

Continuous visual records shall be made of the test.

test
ing,

een
the
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Dimensions in millimetres

11
For

No

reprioducibility datadsuggest that the repeatability is acceptable.

12

The)

B 2 500 _
125 125
2 | 1 T
250 250 250 250
- »
1 9 16
1 10 1

passive fire protection
fubular section

| ocation of thickness measurement.
Top of tubular specimen.
FFace of tubular specimen towards jet fire.

Figure 29 — Passive fire protection material thickness measurement locations for tul
section tests

Repeatability and reproducibility
information on reprodueibility (between-laboratory variability), see Bibliography [4].

direct data on¢.repeatability (within-laboratory variability) are currently available. Ho

Uncertainty of measurement

ré-are many factors that may affect the result of a fire resistance test. The key factors req

con

ular
wever, the
Liring close

rol are the tuel flow rate and the distance and aiming of the jet release nozzle. 1hose concerned with the

variability of the specimen including its materials, manufacture and installation are not related to the
uncertainty of measurement.

The combined (thermocouples + transmitters + logging system) error of the temperature measurement
systems are of the order of + 3.5 °C. Hence a tolerance of 5 °C is allowed when measuring a temperature rise.

©Is
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13 Test report

The test report shall include the following information:

a)
b)

c)

d)

f)

g)

h)

name of the testing laboratory, test date, unique test reference and report identification;

names

of the sponsor/customer, the manufacturer and the product;

documentation on how and when the test specimen was prepared, details of the application of the PFP
material, the name of the applicator company and, if appropriate, the name of the third-party inspection

organis

ation:

complg
protect
measu
type, s
constru
when 3

record

1) anpbient conditions;

2) fugl pressure and temperature at least every 30 s throughout the test, where these are use

ca

3) fugl mass flow rate at least every 30 s throughout the'test and total mass of fuel used;

4) fof
teg

the char and the strength of bonding to:the underlying material shall be recorded;

5) for
teq

6) for
pe
ch

the tes

1) the behaviour'and appearance of the test specimen during and after the test and photographs;

te description of the test specimen, including measurements of the thickness of passive

rements of thickness should be given as well as details of any joint (if applicable) ‘e.g., posi
ze of overlap and method of fixing;

ction drawings of passive fire protection system wherever possible;
ppropriate, details of any deviations from the normal test configurations”and the reasons for thg

pf test details and post fire characterization including:

culate mass flow rate, and the method of control and.ealculation;

reacting materials, the thickness of unreacted or partially reacted material left at the end of
t and the char thickness at the positions where the initial thickness was measured; the conditio

materials retained/supported by a reinforcing mesh, the condition of the mesh at the end of
t;
assemblies, a full inspection following the test to validate construction details and assess
Iformance (the assembly should be dismantled so that all components of the system car

bcked for flame penetration, integrity and general condition and a visual record made);

result, in the\format given below:

2) te

thérmocouple;

perature/time graphs and spreadsheets of temperatures at no more than 30 s intervals for g

fire

on material and the hardness, if measured; the mean, standard deviation and)range of

ion,

m;

d to

the
n of

the

fire
be

ach

3) a table showing the minimum time (rounded down to the nearest minute) for the temperature rise (in
25 °C steps for temperatures below 200 °C and in 50 °C steps for temperatures above 200 °C)

ab

ove the initial temperature and identification of the thermocouple used to measure it;

4) an optional classification in terms of the type of specimen tested, critical temperature rise and period

of

resistance in accordance with Clause 15.

For an example report format, see Annex B.

NOTE

30

Additional information on classification will be given in a future part of ISO 22899.
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14 Practical application of test results

14.1 General

As indicated in the Introduction, this test is considered to be complementary to the hydrocarbon fire resistance
test (see 1ISO 834-3).

NOTE Information on factors to be considered will be given in a future part of ISO 22899.

14.2 Performance criteria

14.2.1 General

It is|not the purpose of this test method to provide guidance on the acceptability of a particular thickness of
pasgive fire protection coating or method of assembly. The acceptance process must.be left to the|appropriate
authority, whether regulatory or advisory, which will take into consideration the proposed usage and safety
reqlirements. Although the method specified has been designed to simulate some of the conditions that occur
in ap actual jet fire, it cannot reproduce them all exactly. The results of this test’do not guarante¢ safety but
may be used as elements of a fire risk assessment for structures or plant/This should also take ihto account
all the other factors that are pertinent to an assessment of the fire hazard for‘a particular end use.

The| criterion of performance, provided by the test, is the mipniddum time required to reach|the critical
temperature associated with the fire scenario to be protected against. However, the following factofs shall also
be gonsidered when assessing performance.

14.2.2 Coatings and spray-applied materials

14.2.2.1 Substrate temperature

The| temperature time profiles at each measurement position shall be used to determine th¢ maximum
temperature at each position reached during-the test. As the jet fire is not applied uniformly over the specimen,
the [mean substrate temperature shall\not be used in the evaluation. The position and time df a sudden
increase in the rate of temperature rise/if any, should be recorded as it is indicative of possible failure of the
pasgive fire protection coating at that:point. For the same reasons, the localized maximum temparature shall
be reported in conjunction with the-hearest passive fire protection thickness measurement.

14.2.2.2 Reacted/unreacted material remaining and condition of the reinforcement (if present)

Thel amount of unreacted/partially reacted material remaining and the amount and condition of fthe reacted
marﬁerial (char for“epoxy intumescent or subliming materials) provides an indication of pgrformance.
Parficularly forsthe protection of any edge features, the condition of any reinforcement is important. The
conglition of.the reacted material and the amount of unreacted/partially reacted material may be ¢valuated in
terms of:

a) |bare metal exposed and reinforcement destroyed;

b) no bare metal exposed but the reinforcement in poor condition and the reacted material easily
detachabile;

c) reacted material firmly attached and the majority of the reinforcement intact and attached;
d) unreacted/partially reacted material present, reacted material and reinforcement firmly attached.
If the temperature criterion is met, then a specimen meeting criterion d) clearly provides a wider safety margin

than a specimen meeting criterion a). A statement of the criterion that is most appropriate should be included
in the report.
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NOTE Cementitious materials lose retained water during the test and then act as passive insulators. The external
appearance and material thickness may not change significantly. However, whilst water is present, the temperature of the
substrate remains at 100 °C and, when all the water has been driven off, the temperature increases to above 100 °C.
Examination of the temperature-time curves provides an indication of whether there is retained water (unreacted or
partially reacted material) at the end of the test.

14.2.3 Systems and assemblies

14.2.3.1 Substrate temperature

The temperature time profiles at each measurement position shall be used to determine the maximum
temperatur itt f ; jet-fire—t ; ; finen,
the mean dubstrate temperature shall not be used in the evaluation. The position and time of any-sudden
increase in|the rate of temperature rise, if any, should be recorded as it is indicative of possible failure’ of the
system/assgmbly at that point.

14.2.3.2 Lloss of integrity

The penetration of flames or hot gases through any cracks, holes or breaches in joints should be consid¢red
when assegsing the integrity of a system. Particularly for flexible systems (e.g. hlankets and jackets),| the
condition of the method of fixing (straps, etc.) is also important. The amount of penetration and condition of
the method|of fixing may be evaluated in terms of the:

a) evidenge of passage of flames through the system with the fixing system.ineffective;

b) evidenge of passage of hot gases/smoke through the system with:the fixing system effective;

¢) no paspage of hot gases through the system and with the fixing system effective.

If the tempgrature criterion is met, then a specimen meeting Criterion c) clearly provides a wider safety mgrgin
than a spedimen meeting criterion a). A statement of the criterion that is most appropriate should be inclyded
in the report.

14.3 Factprs affecting the validity of the test

14.3.1 General

It is inevitaple that, during some tests;-there is a failure of control, instrumentation or of a seal. The most
common faflures are considered as.follows.

14.3.2 Intefruption of the jet fire

This may He done deliberately to allow examination of the specimen at an intermediate stage or thrqugh
failure of the fuel supply. The main effect of an interruption is the application of an additional thermal shogk to
the specimgn resulting’in a more severe test. The test may still be considered valid provided that, whilst the jet
fire is applied to the specimen, the mass flow rate is within the limits set out in 9.2 and the duration of| the
interruption|and effect of the additional thermal shock on the specimen are assessed and recorded.

14.3.3 Fail

ure of thermocouples

Up to three thermocouples may fail during a test and the test still be considered valid provided that the
thermocouple position(s) do not correspond to the area of greatest damage.

14.3.4 Fail

ure of a seal

A gas-tight seal should be maintained between a panel and the flame re-circulation chamber. If the seal loses
integrity, flames may break through resulting in external heating of the environmental protection chamber
affecting the heat loss characteristics of the rear of the panel. The severity of the breakthrough and its effect
on the measured temperatures should be assessed. The test may still be considered valid but the maximum
temperature rise measured on the panel and the time taken to reach it should not be adjusted.
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