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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

The purpose of this test is to measure the ability of a representative duct or duct assembly that is part of an
air-distribution system to resist the spread of fire from one fire compartment to another, with fire attack
from inside or outside the duct. It is applicable to vertical and horizontal ducts, with or without branches,
taking into account joints and exhaust openings, as well as suspension devices and penetration points.

This document is very similar to EN 1366-1, but includes an alternative arrangement for testing elbows.

The test measures the length of time during which ducts of specified dimensions, suspended as they
normally are in practice, satisfy defined criteria when exposed to fire from either inside or outside the duct.
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Fire containment — Elements of building construction —

Part 1:

Ventilation ducts
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

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

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-section
conduits running full — Part 1: General principles and requirements

© IS0 2024 - All rights reserved
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[SO 5167-2, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-section
conduits running full — Part 2: Orifice plates

ISO 5167-3, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-section
conduits running full — Part 3: Nozzles and Venturi nozzles

[SO 13943, Fire safety — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 834-1 and ISO 13943 and the
following apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

— IS0 Online browsing platform: available at https://www.iso.org/obp

— IEC Elpctropedia: available at https://www.electropedia.org/

31
fire-resisting duct
duct used for the distribution or extraction of air and designed to provide a‘dégree of fire resistance

3.2
suspensiqn device
componenks used for supporting and fixing a duct from a floor or supporting a duct from a wall

3.3
supporting construction
wall, partition or floor through which the duct passes during the test

3.4
compensgtor
device thaf is used to prevent damage from the forces generated by expansion

4 Apparatus
4.1 Inaddition to the test equipment specified in [SO 834-1, the following apparatus is required.

4.2 Furnace, capable of slibjecting ventilation ducts to the standard heating conditions sltecified in
ISO 834-1 and suitable fortesting ducts in the vertical (see Figure 1) or horizontal (see Figure 2) ofientation.

Figures 1 pnd 2 show>two ducts being tested together. When two ducts are tested together, they shall be
separated by a minimum of 500 mm. It is also permitted to test each duct singularly in the furnac

D

4.3 Fan|A; capable of producing an underpressure of (300 + 15) Pa within duct A (see Figurg 3) at the
start and thrnnghnnf the test; andwwhich shallhe Pnnnnrfnﬂ’ ecither r]irnrf]y or hy asuitable ]nr\gf of flexible

ducting, to the volume flow-measuring station (4.5).

4.4 Fan B, capable of producing an air velocity when extracting gas from duct B (see Figure 4) of at least
3 m/s measured at ambient temperature in the duct before the test.

It shall be connected, either directly or by a suitable length of flexible ducting, to the velocity-measuring station
(4.8). The fan shall be provided with a by-pass vent that can be opened prior to shutting the damper (4.7).

© IS0 2024 - All rights reserved
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7  furnace chamber
8 OpemNgs providing a total area of 50 96 Of quct Cross-section
fire-protection system 9 furnace floor
location for fire stopping (normal practice) 10 leakage-measuring station (see Figure 3 for details)
joint in fire-protection system 11 gas-velocity-measuring station (see Figure 4 for details)
12 ductA
13 ductB

width
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H  height
D  diameter
See 4.2.
Figure 1 — Test arrangement for vertical ducts
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Key
1  furnace wall 9 ductB
2 duct with 90° elbow 10 supporting construction
3  sealed end 11 furnace chamber
4  location for fire stopping (normal practice) 12 openings providing a total area of 50 % of duct cross-section
5 fire-protection system 13 sealed end of elbow
6  location of restraint positions 14 200 mm minimum supporting construction
7  joints in fire-protection system 15 leakage-measuring station (see Figure 3 for details)
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8 ductA 16 gas-velocity-measuring station (see Figure 4 for details)
W width (rectangular duct) or D, diameter (circular duct)

See 4.2.

Figure 2 — Test arrangement for horizontal ducts

© IS0 2024 - All rights reserved
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Key
1 pressure sensor to furnace 11 flexible connecting duct
2 pressure sensor on centre-line of duct 12 support for flow-measuring system

© IS0 2024 - All rights reserved
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3 office plate, venture or similar 13 thermocouple, 1,5 mm diameter

4 pressure differential of 300 Pa 14 flow straightener (where necessary)

5 pressure sensor in laboratory 15 flange

6 pressure-differential control box 16  support for duct outside furnace

7 pressure-control dilution damper 17 testduct

8 pneumatic-actuator manual control 18 condensing device

9 balancing damper 19 horizontal duct A

10 fan 20 vertical duct A

a Thermocouple located 2d from key item 3; see Note.

NOTE d is the diameter of the measuring duct downstream from the flow-measuring device.

Figure 3 — Leakage-measuring station for duct A

© IS0 2024 - All rights reserved
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Key
1 pressure sensor to furnace 11 thermocouple, 1,5 mm diameter
2 pressure sensor on centre-line of duct 12 support for velocity-measuring station near duct

© IS0 2024 - All rights reserved
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3 pressure sensor in laboratory 13 flange
4  pressure-differential control box 14  support for duct outside furnace
5  pressure-control dilution damper 15 inletnozzle
6  pneumatic-actuator manual control 16  testduct
7  balancing damper 17  flow straightener (if required)
8 fan 18  horizontal duct B
9  flexible connecting duct 19  vertical duct B
10 support for velocity-measuring station near flexible duct

Figure 4 — Gas velocity station for duct B
4.5 Volyme flow-measuring station, consisting of a venturi, orifice plate or other suitable ¢levice and
(where nefcessary) an air-flow straightener, installed in straight lengths of pipe, all sized to ISO 5167-1,
ISO 5167-4 and 1SO 5167-3.
It shall be ¢onnected to the end of duct A outside the furnace to determine the volumeflow rate of gas passing
through dfict A during the test. The measuring device shall be capable of measuxing to an accuragy of +5 %.
Regardless of whether vertical or horizontal ducts are being tested, the volume,flow-measuring stlation shall
always beused in a horizontal orientation.
4.6 Congensing unit, installed between the end of duct A and the{low-measuring device and which shall
allow for drainage.
The gas tpmperature adjacent to the flow-measuring device shall be measured by a 2 mn] sheathed
thermocoyple with an insulated hot junction, arranged pointing downwards to allow the moisture to drain.
[ts measuyling junction shall be located at the centre-line of'the measuring duct and at a distance,|d, equal to
twice the fiameter of the measuring duct downstream from the flow-measuring device. The temperature
measured by this thermocouple shall not exceed 40 <C.
4.7 Danpper, installed between the fan and the velocity-measuring station to shut off the air floy in duct B
during evdluation of integrity in the “fan off”)condition.
4.8 Veldcity-measuring station,to-determine the air velocity in duct B and which shall conpist of one
or two inlet nozzle(s), or another(Suitable device, installed in a straight length of pipe sized to ISO 5167-1,
[SO 5167-4 and 1SO 5167-3.
It shall be Fonnected to the’end of both the vertical and horizontal ducts B outside the furnace.
49 Equjpment forrmeasuring gas pressure, located in the furnace and inside duct A.
4.10 Thermalsmovement-measuring device, for measuring the expansion or contraction pf duct A,

accurate t

b £1 'mm.

4.11 Force-measuring device, for measuring forces at the point of applying the restraint in duct B (see

Figure 5).

© IS0 2024 - All rights reserved
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Dimensions in millimetres

Key

1 location of device measuring the restraining forces

2 duct

3 stifflogd cells (used forapplying and measuring restraint)
4  furnacp

a  Allow movement in both directions.

o

Resist movement in both directions.

Figure 5 — Restraint of duct B outside the furnace

5 Test conditions
The heating conditions and the furnace atmosphere shall conform to those given in ISO 834-1.
The furnace pressure shall be controlled to (15 * 3) Pa throughout the test at the mid-height position of the ducts.

Details of test conditions within the ducts during the test are given in Clause 10.

© IS0 2024 - All rights reserved
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6 Test specimen
6.1 Size

6.1.1 General

Ducts of sizes other than those given in Tables 1 and 2 have restricted the field of direct application (see

Clause 13).
6.1.2 Length
The minimum lengths of the parts of the test specimen inside and outside the furnace shall be as given in
Table 1 (sge also Figures 1 and 2).
Table 1 — Minimum length of test specimen
Minimum length
Orientation m
Inside the furnace Outside the furnace
Horizontal 4,0 2,5
Vertical 2,0 2,0
6.1.3 Crjoss-section
The standgrd sizes of ducts given in Table 2 shall be tested unless only smaller cross-sections arefused.
Table 2 — Cross-sectional dimensions of test specimen
Rectangular Circular
Duct width height diameter
mm mm mm
A 1000710 500 £ 10 800+ 10
B 1-000 £ 10 250 £10 630 £ 10
6.2 Number
One test specimen shall be tested for each type of installation being evaluated.
6.3 Desjgn
6.3.1 Gegneral
The test shall'be performed on a test specimen representative of the complete duct assembly] on which
informatidn s required he edoe conditions and the method of fixing o onort inside and dutside the

furnace shall be representative of those used in normal practice.

Ducts shall be arranged as shown in Figures 1 and 2.

6.3.2 Minimum separation

There is no limit to the number of ducts that may be tested simultaneously in the same furnace, provided
that there is a minimum space of 500 mm between the ducts, in accordance with the dimensions shown in

Figures 1 and 2.

© IS0 2024 - All rights reserved
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There shall be a separation of (500 + 50) mm between the top of a horizontal duct and the ceiling. A minimum
separation of 500 mm shall be provided between the underside of a horizontal duct and the floor. Similarly,
there shall be a minimum separation of at least 500 mm between the sides of ducts and the furnace walls.

6.3.3 Configuration of duct A (horizontal only)

The horizontal duct A shall include one sharp bend, a T-piece and a 500 mm long length of duct forming a
short branch duct having a cross-section of 250 mm x 250 mm and shall be arranged as shown in Figure 2.
All specimens, including this branch, shall be mounted with the suspension or fixing devices as intended in
normal practice.

An alternative test arrangement where the elbow in horizontal duct A is replaced by a vertical section of

duct, whi passes H‘\rnngh the furnace roof andis then connected to the measuring system and the fan, is
illustrated in Figure 6.

6.3.4 Openingsin ductB

Two openi
the openin

be positioned (200 + 10) mm below the furnace roof. (See Figures 1 and 2.)

In both ve
section of
opening sh

6.3.5 Jo

The test cq
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Outside th
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The distamce between joints and suspension devices shall not be less than that used in prac
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the duct and a total opening area of (50 + 10) % of the cross-$éctional area of the dug
all have an area of (25 * 5) % of the cross-sectional area ofthe duct.

nts in horizontal ducts

nfiguration shall include at least one joint inside and at least one joint outside the furng

1 duct.

e furnace, the joint in the outer layer of the fire-protection material shall be no further th
upporting construction and no nearer than 100 mm to thermocouples T2; see Figure
furnace, the joint in the outer layer of fire-protection material shall be located at app

distance has not been specified, suspension devices shall be arranged so that the jointa
1y between them. Centres of the suspension devices shall be specified by the manufa
presentative of practice.
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Figure 6 — Alternhative arrangement for duct A with vertical elbow
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nfiguration shall include at least one joint inside and one joint outside the furnace (see

|1 be at_least one joint for every layer of fire-protection material, both inside and ¢

d in any-steel duct.

ecfurnace, the joint in the outer layer of the fire-protection material shall be no fu
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11

location of restraint posit
sealed end

joints in fire-protection s
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ions

ystem

Figure 1).
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es T2; see

Figures 10 to 12. Inside the furnace, the joint in the outer layer of fire-protection material shall be located at
approximately mid-span.

6.3.7 Support for vertical ducts

Vertical ducts shall be supported on the furnace floor and shall penetrate through the furnace roof slab/
supporting construction (see Figure 1); the ducts shall be fixed at the furnace-rooflevel as they are normally
fixed in practice when penetrating a floor. This shall be as specified by the sponsor.
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6.3.8 Compensators

Only where compensators are normally used in practice shall they be incorporated in the test specimen.
Where a compensator is being tested, it shall be located within the furnace for duct A and, for duct B, outside
the furnace approximately 500 mm from the wall or floor.

7 Installation of test specimen

7.1 Gen

eral

The test specimen shall be installed, as far as possible, in a manner representative of its use in normal

practice.

The suppo
and shall h

Where thd
dimension
supportin

rting construction selected shall be a wall, partition or floor of the type used in notm
ave a fire resistance greater than the required fire resistance of the duct being tested.

duct passes through an opening in the furnace wall or roof, the opening\shall be of
s that the minimum distance between the edge of the fire stopping (see”7.4.5) adjad
b construction and the outside perimeter of the supporting constructionds200 mm (seq

1

Al practice

sufficient
ent to the

Figure 7).

duct

furnace wall or furnace roof
fire stopping
supporting construction

Dimension 4 shall be a minimum of 200 mm.

Figure 7 — Details of duct passing through an opening in the furnace wall or roof
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7.2 Standard supporting construction

Where the type of supporting construction used in normal practice is not known, then one of the standard

supporting constructions described in Tables 3 to 5 shall be used.

Table 3 — Standard rigid-wall constructions

Type of Thickness Density Test duration
construction mm kg/m3 }i
Normal concrete/masonry 110 + 10 2200+ 200 t=2
150 +£10 2200200 2<t<3
175+10 2200=200 3<psp
Aerated concrete 2 110 £ 10 650 £ 200 62
150 £10 650 +200 r<t<h

a  This supporting construction may be made from blocks bonded together with mortar or adhesive.

Table 4 — Standard flexible-wall constructions (gypsum plasterboard)

Fire rgsistance Wall constructions
. Number of layers Thickness Insulation 2 Thickphess P
pin on each side mm D/p mjm
B0 1 12,5 40/40 75
60 2 12,5 40/40 190
D0 2 12,5 60/50 125
120 2 12,5 60/100 1%0
180 3 12,5 60/100 175
340 3 15,0 80/100 190

a2  Disthe|thickness in mm of mineral wool insulation inside the wall; p is the density in kg/m3 of mineral wool insulation inside
the wall.

b Toleranfe of +10 %.

Table'5 — Standard floor constructions

Type of Thickness Density Test duration
construction mm kg/m3 }tl
Normal concxrete 110 £ 10 2200+ 200 t=1,5
150+ 10 2200200 1,5<t<3
175+ 10 2200200 3<t<4
Aerated concrete 125+10 650 = 200 t=2
150+ 10 650 £ 200 2<t<4

7.3 Non-standard supporting constructions

When the test specimen is intended for use in a form of construction not covered by the standard supporting
constructions, it shall be tested in the supporting construction intended for use.
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7.4 Restraint of ducts

7.4.1

Inside the furnace

All ducts shall be fully restrained in all directions at the furnace wall or floor remote from the penetration
point. Where there is a possibility of movement of the furnace wall, the fixings shall be made independent of
the furnace structure.

742 At

the penetration point

Where, in practice, the duct is fixed at floor level, then both vertical ducts A and B shall be fixed where the
duct penetrates the furnace roof/supporting construction as specified by the sponsor.

7.4.3 O\Ltside the furnace

Only horiz
position (2
directions
restraint s
unrestrair

744 C(Cl
The end of]

of any furnace enclosure, by materials and construction similar te the remainder of the duct.

7.4.5 Fi

The fire st
If the widt
width of 5

7.4.6 Unsupported vertical ducts

Where, in
to simulat

8 Cond

8.1 Ge

il
Conditioni

ontal duct B shall be restrained outside the furnace. The restraining point shall be Iq
000 + 50) mm from the furnace wall and shall provide restraint on moverment in the
but shall allow movement in the vertical directions (see Figure 5). Theframe used td
hall be rigid and have sufficient strength to resist all horizontal forces)All other duc
ed outside the furnace.

psure

the ducts within the furnace and the end of any branch duetattached shall be closed indg

re stopping

opping at the penetration through the supperting construction shall be as intended i
h of the gap for fire-stopping around the duet at the furnace penetration point is not s
D mm shall be used.

e the weight of the remainingheight of unsupported ducting.
itioning

ral

g of theltest construction shall be in accordance with ISO 834-1.

8.2 Hyglroscopic sealing materials

cated at a
horizontal
apply the
ts shall be

pendently

h practice.
pecified, a

practice, vertical ducts are net fixed to each floor, then the test specimen shall be suitably loaded

Hygroscopic materials used to seal the gap between the supporting construction and the duct where the gap
is > 10 mm wide shall be conditioned for 7 days before fire testing.

Hygroscopic materials used to seal the gap between the supporting construction and the duct assembly

where the

gap is > 10 mm wide shall be conditioned for 28 days before fire testing.
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9 Application of instrumentation
9.1 Thermocouples

9.1.1 Furnace thermocouples (plate thermometers)

Plate thermometers shall be provided in accordance with ISO 834-1 and shall be positioned as shown in
Figures 8 and 9.

For all ducts, the plate thermometers shall be oriented so that side "A" faces the walls of the furnace opposite
the ducts being evaluated.

Bimrenrsionrsmmillimetres
g = N =\P%
H o = = =
— Lon - - - 1
- = - = /
i xH x| x5 = xl Z
AL = || E =L
% § - x || x g é X
o = = = =
o - - — -
LN - - - -
S U UUVUUS TTNNUUUS
)(\ )i 1\
illlllllllllllll_ J _L "
n E E X :. X
X = vi L
" ] -
AATAUAVANARAVAUA 100
Key
furnade wall 4 furnace floor
furnade roof 5 vertical duct A

one opening on each side of the duct, providing a total 6  vertical duct B
inlet area of 50 % of the cross-section of the duct (see
6.3.4)

X  furnace thermocouple locations
This figure shows two ducts being tested together. It is also permitted to test each duct singularly in the furnace.

Figure 8 — Location of furnace thermocouples for vertical duct testing
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duct Ajwith\90° elbow (see 6.3.3)

500 +50

4 furnace roof

5 one opening on each side of duct B provi
inlet area of 50 % of the cross-section of

Hing a total

uct B (see

fire-protection system
span inside furnace

location of furnace thermocouples

6.3.4)

6  supporting construction

See Figure 3 for details of flow-measuring system.
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b See Figure 4 for detail of velocity-measuring station.
This figure shows two ducts being tested together. It is also permitted to test each duct singularly in the furnace.

Thermocouples shall be located along the horizontal section of the duct when the L-shaped duct shown in Figure 6 is
used.

Figure 9 — Location of furnace thermocouples for horizontal ducts

9.1.2 Unexposed surface thermocouples

9.1.2.1 General

The tempgrature of the test specimens shall be measured with thermocouples as described. i [[SO 834-1.
The positipn of thermocouples at the point of penetration of the duct through the wall or floor i$ shown in
Figures 1( to 12 for a number of different penetration details. At least one thermocouple-of-each|type shall
be positioned on each side of a rectangular duct.

Dimensions injmillimetres

1 < 2 A
TS ~
|
T1
- T1 T2
JUUUUUUUUUUUU UUUUULY UUUUULY
| = s
(VAVAVAVAVATAVAVADAVAVAVAVAVAVAVAVAVAVAVANAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA AVAVAVAVAVAVAVAVAVAVAVAVAVAVAL
H 11 T2
4 4
/'TTS 25
3— 300
Key
furnacp

fire-registing'duct

suppo Hng construction

surface thermocouple

Ts position of thermocouple to measure the maximum surface temperature on the supporting construction; minimum
of one on each side of the duct

T1 positions of surface thermocouples for determining the maximum temperature; minimum of one on each side of the
duct

T2 positions of surface thermocouples for determining the average and the maximum temperatures; minimum of one
on each side of the duct

Figure 10 — Location of surface thermocouples where duct penetrates supporting construction —
Example 1
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Figure 11 — Loeation of surface thermocouples where the duct penetrates
the supporting construction — Example 2
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Figure 12 — Liecation of surface thermocouples where the duct penetrates
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Figire 13 — Interior surface thermocouples forducts with a combustible internal lin

9.1.2.2 aximum temperature rise

(=)

ng

Additional thermocouples, T1, for determining-the maximum temperature rise shall be located i positions

on the outer surface of the fire-protection material to coincide with all joints, including inner laye

9.1.2.3 ucts with combustible linings

For ducts where a combustible internal lining is used, four additional thermocouples, reference 1
fixed inside duct A at a position of approximately mid-span within the part of the duct exposed
furnace. The thermocouples'shall be fixed to the inside face of the duct at the locations shown in
The thermocouples shallnot'coincide with joints or cover strips.

I joints.

3, shall be
within the

Figure 13.

er surface
Fature rise

limits only-

9.1.2.5 Suspension device

Where steel suspension devices are protected, their temperatures shall be measured. A thermocouple shall

be positioned on each component of at least two suspension-device systems.

9.2 Pressure

The furnace pressure shall be measured in accordance with ISO 834-1 and the pressure probe(s) located ata
position 100 mm below the roof of the furnace and at a position equal to the mid-height of the ducts.
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10 Test procedure

10.1 General

The test shall be carried out using the equipment and procedures in accordance with ISO 834-1.

10.2 Control of conditions to permit assessment of integrity

10.2.1 DuctA

Control the underpressure inside duct A (see Figures 1 and 2) to (300 = 15) Pa below the ambient (laboratory)

pressure

t the hpginning of the test and maintain it atthis value fhrm]ghm]‘r the test

10.2.2 DuyctB

Prior to th
during the

At 25 min
fan runnin

Make an 3

e start of the test, stabilize the air velocity in duct B (see Figures 1 and 2) to 3 m/s. Adj
“fan on” parts of the test to maintain the velocity of (3 £ 0,45) m/s.

after the start of the test, open the fan bypass vent and then shut the damper, whilst |
g. Allow 2 min for the conditions to stabilize in duct B.

ssessment of the integrity of the duct assembly outside the furnace in the simulate

situation for a period of 3 min. Then re-open the damper and close _the bypass vent. The damp

opened or
the limits

Repeat thi
integrity i

10.3 Test
10.3.1 In

10.3.1.1 |

Evaluate t
to assess i

shut in not less than 10 s and not more than 20 s. Check towerify that velocity of the fa
lefined above.

5 procedure 5 min before the completion of every 30"'min period of the test. Make asse
h the damper open position (“fan-on” situation).at'all other times.

measurements and observations

fegrity

Ducts A and B, including where the ducts pass through the wall or floor

he test specimen for integrity as given in ISO 834-1. Table 6 summarizes the evaluatio
htegrity.

Table'6 — Summary of appropriate integrity evaluation

ust the fan

paving the

1 “fan off”
br shall be
h is within

ssments of

h required

Duct Inside furnace Outside furnace
Volume flow rate
. Duc-t A Volume flow rate Cottor? pad
(fire outside duct) Openings
Flaming
R
(fire inside duct) P ) &
Flaming

10.3.1.2 Duct A only

Record the pressure differential across the venturi, orifice plate or other suitable device at intervals of not

more than

2 min throughout the test.

Calculate the leakage from the recorded pressure differential from the venturi, orifice plate or other suitable
device using the equations for volume flow rates given in ISO 5167-1, ISO 5167-2 and ISO 5167-3.
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10.3.2 Insulation

Measure the average and maximum temperatures of the unexposed faces of the test specimens as specified
in ISO 834-1. Use a roving thermocouple to locate points of high temperature not covered by the fixed
thermocouples, at locations where the duct is outside the furnace only.

10.3.3 Restraint forces and thermal elongation or shortening

Measure and record the restraint force in horizontal duct B on the outer surface (see Figure 5) at the point of
application of the restraint outside the furnace. Measure and record the thermal elongation or shortening of

horizontal

duct A (see Figure 2) at the penetration point.

Measure the restraint forces in duct B using the device described in 4.11. In duct A, measure thermal

movemen

10.3.4 A

Througho
criteriab
a) deflec

precis
b) thee

its co

natur
c) theti

when
d) theex
10.4 Tery
Terminate
11 Perfc
11.1 Inte
Integrity f]
a) integr
b) volum

to the

using the transducer specified in 4.10.

ditional observations

t the test, make observations of all changes and occurrences that do notaffect the pe

e when the suspension or fixing devices can no longer retain a duct in its intended j
sections of the duct collapse;

pansion or contraction of each layer of protection material on the duct, at the end of horizo

mination of the test

the test for the reasons given in4SO834-1.

)rmance criteria

grity
hilure shall be . deemed to have occurred if any of the following are observed:
ity failure gs-defined in ISO 834-1;

e flow Tate measured in duct A exceeds 15 m3/(m?-h) at normal temperature and pressu
intérnal surface area of the duct inside the furnace.

rformance

Heflecting;

butable to
subjective

bosition or

htal duct A.

re, related

11.2 Insulation

11.2.1 General

Insulation

failure shall be as defined in ISO 834-1.

Only thermocouples T2 shall be used to determine the average temperature rise. Thermocouples T1, T2, Ts,
and the roving thermocouple shall be used to determine the maximum temperature rise.

11.2.2 Ducts with internal combustible linings only

Insulation

failure shall be as defined in ISO 834-1.
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