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Underwriters Laboratories of Canada (ULC) was established in 1920 by
letters patent issued by the Canadian Government. It maintains and
operates laboratories and certification services for the examination,
testing and certification of appliances, equipment, materials,
constructions and systems to determine their relation to life, fire and
property hazards as well providing inspection services.

Underwriters Laboratories of Canada is accredited by the Standards
Council of Canada as a Certification Organization, a Testing
Organization, and an Inspection Body under the National Standards
System of Canada.

ULC Standards develops and publishes standards and other related
publications for building construction, security and burglar protection,
environmental safety, electrical equipment, fire protection equipment, gas
and oil equipment, thermal insulation products, materials and systems,
energy use in the built environment and electrical utility safety.

ULC Standards is a not-for-profit organization and is accredited by the

Standards Council of Canada as a Standards Development Organization.

National Standards of Canada developed by ULC Standards conform to
the criteria and procedures established by the Standards Council of
Canada. Such standards are prepared using the consensus principle by
individuals who provide a balanced representation of interests relevant to
the subject area on a national basis.

ULC is represented across Canada as well as many countries worldwide.

For further information on ULC services, please contact:
Customer Service: 1-866-937-3852

CORPORATE HEADQUARTERS
Underwriters Laboratories of Canada
7 Underwriters Road

Toronto, Ontario M1R 3A9
Telephone: (416) 757-3611

Fax: (416) 757-9540

REGIONAL OFFICES

PACIFIC OFFICE

13775 Commerce Parkway, Suite 130
Richmond, British Columbia V6V 2V4
Telephone: (604) 214-9555

Fax: (604) 214-9550

EASTERN OFFICE

6505, Rte Transcanadienne, Suite 330
St-Laurent, Québec H4T 1S3
Telephone: (514) 363-5941

Fax: (514) 363-7014

The Standards Council of Canada (SCC) is the coordinating body of the
Canadian standardization network, which is composed of people and
organizations involved in the development, promotion and implementation
of standards. Through the collaborative efforts of Canadian
standardization network members, standardization is helping to advance
the social and economic well-being of Canada and to safeguard the
health and safety of Canadians. The network’s efforts are overseen by
SCC.

The principal objectives of SCC are to foster and promote voluntary
standardization as a means of advancing the national economy,
supporting sustainable development, benefiting the health, safety and
welfare of workers and the public, assisting and protecting the consumer,
facilitating domestic and international trade, and furthering international
cooperation in relation to standardization.

An important facet of the Canadian standards development system is the
use of the following principles: consensus; equal access and effective
participation by concerned interests; respect for diverse interests and
identification of those who should be afforded access to provide the
needed balance of interests; mechanism for dispute resolution; openness
and transparency; open access by interested parties to the procedures
guiding the standards development process; clarity with respect to the
processes; and Canadian interest consideration as the initial basis for the
development of standards.

A National Standard of Canada (NSC) is a standard prepared or
reviewed by an SCC-accredited SDO and approved by the SCC ‘
according to NSC approval requirements. Approval does not refer to the
technical content of the standard, as this remains the responsibility of the
SDO. An NSC reflects a consensus of a number of capable individuals:
whose collective interests provide, to the greatest practicable extent, a'.
balance of representation of general interests, producers, regulators,
users (including consumers) and others with relevant interests, as may:
be appropriate to the subject at hand. NSCs are intended to make a
significant and timely contribution to the Canadian interest.

Those who have a need to apply standards are encouraged to use
NSCs. These standards are subject to periodic review. Users of NSCs
are cautioned to obtain the latest edition from the SDO that publishes the
standard.

The responsibility for approving standards as NSCs rests with:

Standards Council of Canada
270 Albert Street

Suite 200

Ottawa, Ontario

K1P 6N7

Telephone: (613) 238-3222

For further information on ULC standards, please contact:

ULC STANDARDS

171 Nepean Street, Suite 400
Ottawa, Ontario K2P 0B4
Telephone: (613) 755-2729
Fax: (613) 231-5977

E-mail: customerservice@ulc.ca
Web site: www.ulc.ca

The intended primary application of this standard is stated in its scope. It is important to note that it remains the responsibility of the user of the

standard to judge its suitability for this particular application.

Copies of this National Standard of Canada may be ordered from ULC Standards.

CETTE NORME NATIONALE DU CANADA EST DISPONIBLE EN VERSIONS FRANCAISE ET ANGLAISE

Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC
No reproduction or networking permitted without license from IHS

Full document details: ULC S101-14 2014

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/ulc-s101-14-2014
http://www.avadocuments.com/doc/ulc-s101-14-2014

NATIONAL CAN/ULC-S101-14

STANDARD
OF CANADA

STANDARD METHODS OF FIRE ENDURANCE TESTS OF BUILDING
CONSTRUCTION AND MATERIALS

ICS 13.220.50; 19.040

Prepared and Published by

ULC Standards

Normes ULC

Approved by

(((‘*“ Standards Council of Canada
J) Conseil canadien des normes

FIrSt EditiON. . . oo August 1982
Second Edition. .. ... October 1989
Third EdItION . . ..o e e April 2004
FOUrth Edition .. ... e e e July 2007
FIFTH EDITION. . ottt e e e e e e e e e e e e e e JUNE 2014
Copyright © 2014

ULC Standards
All rights reserved. No part of this publication may be reproduced in any form, in an electronic retrieval
system or otherwise, without prior permission.

Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC S101-14 2014


http://www.avadocuments.com/doc/ulc-s101-14-2014
http://www.avadocuments.com/doc/ulc-s101-14-2014

Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC S101-14 2014


http://www.avadocuments.com/doc/ulc-s101-14-2014
http://www.avadocuments.com/doc/ulc-s101-14-2014

TABLE OF CONTENTS

ULC STANDARDS COMMITTEE ON FIRE TESTS ..ottt i

ULC STANDARDS TASK GROUP ON FIRE ENDURANCE TESTS......cvvvviiiiiiiiieeieeeeeeeeeeeeeeee i

[ e N PSP il

R T O | PP PPPPPPPPP 1

2. REFERENCE PUBLICATIONS ...ttt a e e e e e a e e e aaa e e e e e e e aaaa e e 1

3. TEST SPECIMEN ..ot a e e e e e e e e aaas 3

4. PROTECTION AND CONDITIONING OF TEST SPECIMEN ........cccooviiiiiiiie, 3

5. CONTROL OF FIRE ENDURANCE TESTS ..ottt 4

5.1 STANDARD TIME-TEMPERATURE CURVE ........cuuuuuiiiieiiiiiiiiinennnnnnnnnnnnmnnnnnnennns 4

5.2 FURNACE TEMPERATURES. .......otttttiitiittiitttututuuenennnnnnnenenseennennmnneeeses 4

5.3 TEMPERATURE OF UNEXPOSED SURFACES OF FLOORS, ROOFS, WALLS AND

o g I (N 6

5.3.4 Roving Thermocouple CONSIIUCHION..........ceiiiiiiiiiiiicie e 7

5.3.5 Cotton Pad CONSIIUCHION ......cccvviiiiiiiiiiiiiiiiieeeeeeeeeeeee e 7

5.3.6 Thermocouple Pad CONSIIUCHION ...........covviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee e 7

5.4 DIFFERENTIAL PRESSURE .....oouiiiiiiiiiiiiiiiiiutieetieesssnennnsesesssnnensnnrsnssnnnnsnnnnn.s 7

6. FIRE ENDURANCE TESTS AND HOSE STREAM TESTS....cooii oo, 8

6.1 FIRE ENDURANCE TEST ... ituitiiuuiituuuuuuuutuunnunnnnnnnnnnnnsmnmssnnssnsnmsnsnns———————- 8

6.1.3 DefleCtiON ..ccceiiiiiiiiee e 8

6.2 HOSE STREAM TEST ..iitttiittttttutttutueuunnneesnnnennnnsannessenssnssnsssssnsssssnssnss 9

6.2.1 TSt SPECIMEN .cceiiiiiiiiiiiie e 9

6.2.2 Procedure for HoSe Stream TeSt ... 9

6.2.3 Application of the HOSE Stream ............iiiiiiiiiiiicccn e 9

6.2.4 EXEMPLION ..ottt 10

6.2.5 Optional Program ... 10

6.2.6 Hose Stream Equipment and DetailS............ccooovviiiiiiiiciiiiie e, 10

(I A N[0 V474 L= ] = L Lo = 10

6.3 ROVING THERMOCOUPLE .....oun et 10

6.3.1  APPIICALION. ...t 10

L O @ B 1O ]V N I 1 S 10

6.4.1 APPICALION.....cciiiiiiiiiii 10

6.5 FURNACE PERFORMANCE VERIFICATION......uuuuutuiiiiiueeiiunennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnne 11

7. TESTS OF LOADBEARING WALLS AND PARTITIONS. ..o 11

7.1 SIZE OF TEST SPECIMEN ... .coo e e 11

A T © 7 B 1 L 11

7.2.1 Application of LOAdiNg ........ccoouiiiiiiiiiiiiiii 11

7.2.2 Full Specified Load CoNditioN ............cooviiiiiiiiiiiiiiiiieeeeeee e 11

7.2.3 Restricted Load Use Condition ..........oouuuuiiiiieeiiiiiiiiee e 12

7.3 EXPOSURE TO FIRE ....oiiiiiiiiiiiiiiieiieieiiieeeennennenteennenensesenseneesssnssessnssnsssssssnnssssnssnsnnnnes 12

7.4 DETERMINATION OF FIRE ENDURANCE PERIOD ..o, 12

8. TESTS OF NON-LOADBEARING WALLS AND PARTITIONS .....ccoooiiiiiieeieecieeeeee e 12

8.1 SIZE OF TEST SPECIMEN ... oo e 12

8.2 EXPOSURE TO FIRE ...oiuiiiii e e e e e e et e et eeaa s 13

8.3 DETERMINATION OF FIRE ENDURANCE PERIOD .......ccuuutuuuiiiiiiiiieiiennennnnnnnennnnnnnes 13

9. TESTS OF COLUMNS ...t a e e e e e e e e e e e e e e e e e e aaaaens 13

9.1 SIZE OF TEST SPECIMEN ... .cuuttutttututuuuuuuenuenennnnennenennnnnnnnnnnennnnennnnesennnnnne s eassess 13
9.2 LOADING ... T T Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC S101-14 2014


http://www.avadocuments.com/doc/ulc-s101-14-2014
http://www.avadocuments.com/doc/ulc-s101-14-2014

9.2.1 Application of LOAdiNg ........cuuuiiiiieiiiiiiiees e 14

9.2.2 Full Specified Load COoNAItION ...........ccovviiiiiiiiiiiiiiiieeeieeeeeeeeeeeeeee e 14

9.2.3 Restricted Load Use CONAItION ..........ccuvviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee e 14

9.3 EXPOSURE TO FIRE ...ttt a e e e 14
9.4 DETERMINATION OF FIRE ENDURANCE PERIOD .........cccttiiiiiiiieiiiiiiiiieeee e 14
10. TESTS OF PROTECTION FOR STRUCTURAL STEEL COLUMNS ........ccooviviieiiiiiiine 14
10.1 APPLICATION. ..ottt et e e e e e e e s e e e e e e e e e aennnees 14
10.2 SIZE AND CHARACTERISTICS OF TEST SPECIMEN ......ccoooiiiiiiii, 15
10.3 TEMPERATURE MEASUREMENT ....coiiiiiiiiiiiit et 15
10.4 EXPOSURE TO FIRE ....ooiiiiiiiiiiii ittt e e 15
10.5 DETERMINATION OF FIRE ENDURANCE PERIOD .......ccutiiiiiiiiiiiiiiiieecee e 15

11. TESTS OF FLOOR AND ROOF ASSEMBLIES .......ooiiiiiiiiiiiiiiice e 16
11,1 APPLICATION. .ottt e et e e e e e e s e e e e e e e e e aeb s 16
11.2 SIZE AND CHARACTERISTICS OF TEST SPECIMEN .......ccooiiiiiiii, 16
11.3 EXPOSURE TO FIRE ....ooiiiiiiiiiiite ittt e e 16
11,4 LOADING ...cotiiieeeie ettt e e e e ettt e e e e e e e e e e e e 17
11.4.1 ApPlication OFf LOAGING .......uuuumuuniiiiiiiiiiiiiiiii e 17

11.4.2 Full Specified Load CONAItION .........uuuuuiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeneeeene 17

11.4.3 Restricted Load Use CONAItION .........uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiinenineneneeneenneneenennnee 17

11.5 TEMPERATURE MEASUREMENT .....ciiiiiiiiiiiii ettt 17

11.6 DETERMINATION OF FIRE ENDURANCE PERIOD - RESTRAINED ASSEMBLY ...18
11.7 DETERMINATION OF FIRE ENDURANCE PERIOD - UNRESTRAINED ASSEMBLY19

12. TESTS OF LOADED, RESTRAINED BEAMS OR JOISTS ...coovviiiiiieiiiieeeeeeeeeeeeeeeeeeeeeeeeeee 20
12.1 APPLICATION. .. 20
12.2 SIZE AND CHARACTERISTICS OF TEST SPECIMEN .......cooooiiiiiiiie, 20
12.3 LOADING ... 20

12.3.1 ApPlication OFf LOATING .......uuuuuiuiiiiiiiiiiiiiiiiii e 20
12.3.2 Full Specified Load Condition .........cccooeiiiiiiiiiiiii it 20
12.3.3 Restricted Load Use CONAItiON .......ccooeeeiiiiiiiiiie e eeeeeaeees 20
12.4 DETERMINATION OF FIRE ENDURANCE PERIOD .........ccoooiiiiieiieeeee, 21

13. ALTERNATIVE CLASSIFICATION PROCEDURE FOR LOADED BEAMS OR JOISTS ....21
13.1 APPLICATION. ... 21
13.2 TEMPERATURE MEASUREMENT ....coiiiiiii e 21
13.3 DETERMINATION OF FIRE ENDURANCE PERIOD .......cccooiiiiiiiieeeeeeeeeeeeeee, 22

14. TESTS OF LOADED UNRESTRAINED BEAMS .......oootiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeee e 22
14.1 APPLICATION. ..o 22
14.2 SIZE AND CHARACTERISTICS OF TEST SPECIMEN ........ccoooiiiiiiiiiieeeeee, 22
14.3 DEFLECTION. ... 23
144 LOADING ... 23

14.4.1 Application Of LOAdiNG ........cooviiiiiiiiii e 23

14.4.2 Full Specified Load CONAItION .........uuuuuiiiiiiiiiiiiiiiiiiieiiiiiiibeeeeeeeneeeaee 23

14.4.3 Restricted Load Use CONAItION .......ccoooeiiiiiiiiiei e 23

14.5 DETERMINATION OF FIRE ENDURANCE PERIOD .......cccooiiiiiiiiieeeeeeeeeee, 24

15. ALTERNATIVE TESTS OF PROTECTION FOR SOLID STRUCTURAL STEEL BEAMS

AND GIRDERS ......euutiiiiiiiiiiiiieie e sessasssssssssssssssssssssssssssnsnnnsnnnsnnnns 24

15.1 APPLICATION. ..., 24
15.2 SIZE AND CHARACTERISTICS OF TEST SPECIMEN ........cccooiiiiiiiiiieeeeee, 24
15.3 TEMPERATURE MEASUREMENT ....coiiiiiii e 25
15.4 DETERMINATION OF FIRE ENDURANCE PERIOD .......cccooiiiiiiiieeeeeeeeeeeeeeee, 25

16. TESTS OF PROTECTION FOR COMBUSTIBLE FRAMING, OR FOR COMBUS‘%BLE
FACINGS ON THE UNEXPOSED SIDES OF WALLS, PARTITIONS AND FUdegdIments

Document Sharing Hub
Copyright Underwriters' Laboratories of Canada

Provided by IHS Markit under license with ULC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC S101-14 2014


http://www.avadocuments.com/doc/ulc-s101-14-2014
http://www.avadocuments.com/doc/ulc-s101-14-2014

16.1 CHARACTERISTICS OF TEST SPECIMEN ..., 25

16.2 SIZE OF TEST SPECIMEN ...t e ettt et ettt ettt ettt e e e e et aeaeaens 25
16.3 DETERMINATION OF FIRE ENDURANCE PERIOD ......c.cccccvoiviiieiieiiiceeieiessaeie e, 26
17. TESTS OF CEILING MEMBRANES........c.coitiiiiiiitrieinieesissee et sesss sttt sene s 26
N R A\ d o I (07 A 1 (O] SRR 26
17.2 SIZE AND CHARACTERISTICS OF SPECIMEN ..ottt eeaeaaeaans 26
17.3 TEMPERATURE MEASUREMENT ..ottt 27
17.4 DETERMINATION OF FIRE ENDURANCE PERIOD ..ot 27
L8, TE ST RE P O R T .o ittt ettt e ettt et e e e e e et e e e e e e e e e e e e e e e e e ra e et eeaeaeaearnananns 27
LN =] TP 30
FIGURES ... e e e e e ettt e ettt et ettt e e et e et e e e e e et e e et e e e e e e et e eaeaeaeanann 37
APPENDIX A (INFORMATIVE) ....oeeiitiiiiis ettt s e e e e e e ettt e s e e e e e e e aaattaaaaaeeaeeesnnnes 47
APPENDIX B (INFORMATIVE) ...cttiiiiie ettt e ettt s e e e e e e e eaatnn s s e e e e e e eannennn s 56
APPENDIX C (INFORMATIVE)....utuiiiii ettt ettt e et eettteaa s e e e e e e eeaaataa s e e e aaeeaaatsnaaaaeaeeeesnnennnes 58
Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC S101-14 2014


http://www.avadocuments.com/doc/ulc-s101-14-2014
http://www.avadocuments.com/doc/ulc-s101-14-2014

Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC S101-14 2014


http://www.avadocuments.com/doc/ulc-s101-14-2014
http://www.avadocuments.com/doc/ulc-s101-14-2014

JUNE 2014 CAN/ULC-S101-14
ULC STANDARDS COMMITTEE ON FIRE TESTS
NAME AFFILIATION REGION CATEGORY
A. Laroche (Chair) National Codes Centre, NRCC Canada Regulator
C. Andersson Health Canada Canada Regulator
R.Brown Canapt\i lan F"? Safety Canada General Interest
ssociation
B. Bulley Canadian 'Steel Door Canada Producer
Manufacturer's Association
S. Craft CHM Fire Consulting Ltd. Ontario General Interest
T. Crimi A.C. Consulting Solutions Inc. Ontario General Interest
C. Dagenais FPInnovations Canada User
D. Delen Morrison Hershfield Limited Canada General interest
D. Falconer Falconer Englneerlng & Ontario General Interest
Testing
G. Erater Canadian Steel C_onstructlon Canada Producer
Council
G. Gardin Canadian Pla§tlgs Industry Canada Producer
Association
G. Hadjisophocleous Carleton University Ontario General Interest
L. Hamre Professional Loss Control Inc. New Brunswick General Interest
J. Humphries City of Toronto Ontario Regulator
National Research Council
G. Lougheed Canada Canada User
M. McClure ThermoFire Systems Inc. Canada General Interest
R. McGrath Cement Association of Canada Canada Producer
R. McPhee Canadian Wood Council Canada Producer
R. Mercer Gypsum Manufacturers of Canada Producer
Canada
G. Morinville Department of National Canada User
Defence
L Nadeau Ontario BU|Id‘|ng Officials Ontario Regulator
Association
E Randsalu Office of the Fire Marshal and Ontario Regulator
Emergency Management
J. Roberts LRI Canada User
I. Smith Exova Ontario User
N. Benichou National Research Council Canada Non-Votin
(Associate Member) Canada Y
M. Birk , . . . .
(Associate Member) Queen’s University Ontario Non-Voting
K. Kooner i
(Associate Member) Intertek Canada Non-Voting
H. Locke - . .
(Associate Member) Locke & Locke Inc. British Columbia Non-Voting
E. Sopeju Underwriters Laboratories of et
(Associate Member) Canada Canada Non-Voting
J. Su National Reserarch Council .
(Associate Member) Canada Canada Non-Voting
I. Van Zeeland . . .
(Associate Member) Canadian Wood Council Canada Non-Voting
M. Huras (Project i
Manager) ULC Standards Canada Non-Voting

This list represents the membership at the time the Committee balloted on the final text of this edition.
Since that time, changes in the membership may have occurred.

Documents

Document Sharing Hub

Copyright Underwriters' Laboratories of Canada
Provided by IHS Markit under license with ULC
No reproduction or networking permitted without license from IHS

Full document details: ULC S101-14 2014

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/ulc-s101-14-2014
http://www.avadocuments.com/doc/ulc-s101-14-2014

ii CAN/ULC-S101-14 JUNE 2014

ULC STANDARDS TASK GROUP ON FIRE ENDURANCE TESTS

MEMBER REPRESENTING
E. Sopeju (Acting Chair) Underwriters Laboratories of Canada, Canada
[ I = T=T1 o110 o PP PRPP Berhinig Services LLC, USA
R =] (0111 o IO RPN Canadian Fire Safety Association, Canada
S 01 - | ST PPPP RPNt CHM Fire Consulting Ltd., Ontario
T A.C. Consulting Solutions Inc., Ontario
(OF B F-To =] o =1L U PP PP R UPPPRTON FPInnovations, Canada
(T = = L1 GO PPUPPPPPPPPRPRt Canadian Steel Construction Council, Canada
G. Canadian Plastics Industry Association, Canada
[ o F= 11 41 RPN Professional Loss Control Inc., New Brunswick
N o 101007 o] o =T PP UPPPRPPN City of Toronto, Ontario
(O (oo ] o =] PSSR UPPT PP Intertek, Canada
R. McGrath ..Cement Association of Canada, Canada
[ Y, (o o oYY RN Canadian Wood Council, Canada
Y =T oY PP EETR P Gypsum Manufacturers of Canada, Canada
AL NN e Underwriters Laboratories of Canada, Canada
I = {0 01T =TT LRI, Canada
(YIRS U 11 =Y o [T National Research Council Canada, Canada
[IYAY o Yo Yo TR Underwriters Laboratories Inc., USA
Documents
Document Sharing Hub

Copynght Underwriters' Laboratories of Canada

Provided by IHS Markit under license with ULC Licensee=/, User=,

No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ULC S101-14 2014


http://www.avadocuments.com/doc/ulc-s101-14-2014
http://www.avadocuments.com/doc/ulc-s101-14-2014

JUNE 2014 CAN/ULC-S101-14 iii

STANDARD METHOD OF FIRE ENDURANCE TESTS OF BUILDING
ONSTRUCTION AND MATERIALS

PREFACE

This is the Fifth Edition of the Standard Method of Fire Endurance Tests of Building Construction and
Materials, CAN/ULC-S101.

This Edition of the Standard was developed by the ULC Standards Task Group on Fire Endurance Tests
and has been formally approved by the ULC Standards Committee on Fire Tests.

Appendices A, B, and C, identified as informative, are for informational purposes only.

Only metric Sl units of measurement are used in this Standard. If a value for measurement is followed by
a value in other units in parentheses, the second value may be approximate. The first stated value is the
requirement.

In Canada, there are two official languages, English and French. All safety warnings must be in French
and English. Attention is drawn to the possibility that some Canadian authorities may require additional
markings and/or installation instructions to be in both official languages.

This Fifth Edition National Standard of Canada is based on, and now supersedes, the Fourth Edition.

Attention is drawn to the possibility that some of the elements of this Canadian standard may be the
subject of patents rights. ULC Standards shall not be held responsible for identifying any or all such
patents rights.

Requests for interpretation of this Standard should be sent to the Standards Department of ULC
Standards. The requests should be worded in such a manner as to permit a “yes” or “no” answer based
on the literal text of the requirement concerned.

The initiation of the review of this Standard will commence within 5 years of the date of publication, unless
the Standard is identified as fitting within a stabilized category, whereby the review will commence within
the appropriate time frame set out by ULC Standards.

This Standard is intended to be used for conformity assessment.
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JUNE 2014 CAN/ULC-S101-14 1

1. SCOPE

1.1 This Standard covers fire endurance tests applicable to walls, partitions, floors,
roofs, ceilings, columns, beams, and girders, as well as to some components of these building
sub-assemblies.

Note: The performance displayed by a component in one assembly would not necessarily be the same
when such component is tested in a dissimilar assembly.

1.2 It is the intent that the fire endurance period established by this test method
indicates performance only during the fire exposure period and shall not be construed as having
determined suitability for use after fire exposure.

1.3 Separate fire endurance test methods are prescribed for various building
constructions and materials, as follows:

Walls and Partitions, Loadbearing (Section 7)
Walls and Partitions, Non-Loadbearing (Section 8)
Columns (Section 9)
Columns, Structural Steel, Tests of Protection for (Section 10)
Floor and Roof Assemblies (Section 11)
Beams or Joists, Loaded, Restrained (Section 12)

Beams or Joists, Loaded, Alternative Classification Procedure (Section 13)
Beams, Loaded, Unrestrained (Section 14)

Beams and Girders, Structural Steel, Alternative Tests of Protection for (Section 15)

Framing and Facings, Combustible, Tests of Protection for (Section 16)
Ceiling Membranes (Section 17)
14 The fire exposure and hose stream tests are not intended to be representative of

all fire conditions. It is likely that conditions will vary with changes in the amount, nature and
distribution of fire, loading, ventilation, size and configuration of assembly installed. This fire
endurance test Standard provides a relative measure of fire performance of comparable
assemblies under specified fire exposure conditions.

2. REFERENCE PUBLICATIONS

2.1 The documents shown below are referenced in the text of this Standard. Unless
otherwise stated elsewhere in this Standard such reference shall be considered to indicate the
edition and/or revisions of the document available at the date on which the Committee approved
this ULC Standard.
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3. TEST SPECIMEN

3.1 The test specimen shall be representative of the construction for which
classification or rating is desired, as to materials, workmanship and details such as dimensions
of parts, and shall be built under conditions representative of those obtained as practically
applied in building construction and practice. The physical properties of the materials and
ingredients used in the test specimen shall be determined and recorded.

3.2 Where reference is made to the structural design of members, the design
methods and loadings used shall be those required by the National Building Code of Canada. In
cases where no applicable design standard exists, the design method and loadings used shall
be clearly described in the test report.

3.3 The size and dimensions of the test specimen specified herein are intended to
apply for rating constructions of dimensions within the usual general range employed in
buildings. If the conditions of use limit the construction to smaller dimensions®, a proportionate
reduction may be made in the dimensions of the test specimens for a test qualifying them for
such restricted use.

3.4 When it is desired to include a built-up roof covering, the test specimen shall
have a roof covering of 3 plies of No. 15 felt and not more than 5.8 kg/m? of hot-mopping
asphalt without gravel surfacing. Tests of assemblies with this covering do not preclude the field
use of other roof coverings with a larger number of plys of felt and additional asphalt or with
gravel surfacing.

3.5 Roofing systems designed for other than the use of built-up roof coverings shall
be tested using materials and details of construction representative of field application.

4. PROTECTION AND CONDITIONING OF TEST SPECIMEN

4.1 Except as noted in Clause 4.3, the test specimen shall be protected during and
after fabrication to assure normality of its quality and condition at the time of test. If it contains
moisture, it shall not be tested until the specified strength has been attained and the excess
moisture has been removed to achieve an air-dry condition.

4.2 The testing equipment and sample undergoing the fire endurance test shall be
protected from any condition of wind or weather that might lead to abnormal results. The
ambient air temperature at the beginning of the test shall be within the range of 10 to 32 °C. The
speed of air across the unexposed surface of the test specimen, measured just before the test
begins, shall not exceed 1.3 m/s as determined by an anemometer. If mechanical ventilation is
employed during the test, an air stream shall not be directed across the unexposed surface of
the test specimen.

4.3 Prior to the fire endurance test, constructions shall be conditioned with the
objective of providing, within a reasonable time, a moisture condition within the test specimen
approximately representative of that likely to exist in similar construction in buildings. For
purposes of standardization, this condition shall be considered as that which would be
established at equilibrium resulting from drying in an ambient atmosphere of 50 % relative
humidity at 23 °C. However, with some constructions, it will be difficult or impossible to achieve
such uniformity within a reasonable period of time. Accordingly, where this is the case, test

! For smaller assemblies, refer to ULC/ORD-C263e, Guide for Extension of Data for Fire Endurarcea TeQOCU ments
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specimens shall be tested when the dampest portion of the structure, the portion at a 150 mm
depth below the surface of massive constructions, has achieved a moisture content
corresponding to drying to equilibrium with air in the range of 50 to 75 % relative humidity at 23
+3°C.

4.3.1 In the event that test specimens dried in a heated building fail to meet these
requirements after a 12-month conditioning period, or in the event that the nature of the
construction is such that it is evident that drying of the test specimen interior will be prevented
by hermetic sealing, these requirements are permitted to be waived, except as to attainment of
its design strength, the specimen tested in the condition in which it then exists and the fire
endurance period corrected according to the method described in Subsection A2, Method of
Correcting Fire Endurance Period Determined by Unexposed Surface Temperature Rise for
Nonstandard Moisture Content.

4.3.2 If, during the conditioning of the test specimen it appears desirable or is
necessary to use accelerated drying techniques, it is the responsibility of the laboratory
conducting the test to avoid procedures which will significantly alter the structural or fire
endurance characteristics of the test specimen or both from those produced as the result of
drying in accordance with procedures given in Clause 4.3.

4.4 Within 72 h prior to the fire endurance test, information on the actual moisture
content and distribution within the test specimen shall be obtained. This information shall be
included in the test report.

44.1 If the moisture condition of the fire endurance test assembly is likely to change
drastically within the 72 h sampling time, the sampling shall be made not later than 24 h prior to
the test.

5. CONTROL OF FIRE ENDURANCE TESTS

51 STANDARD TIME-TEMPERATURE CURVE

5.1.1 The conduct of fire endurance tests of materials and construction shall be
controlled by the standard time-temperature curve shown in Figure 1. The points on the curve
that determine its character are given in Table 1.

5.2 FURNACE TEMPERATURES

5.2.1 The temperature fixed by the curve shall be deemed to be the average
temperature from not fewer than nine thermocouples for a floor, roof, wall, or partition and not
fewer than eight thermocouples for a structural column. The furnace thermocouples shall be
constructed as described in Clause 5.2.1.1 and symmetrically disposed and distributed to
measure the temperature near all parts of the test specimen. The exposed length of the
pyrometer tube and thermocouple in the furnace chamber shall not be less than 300 mm.

5211 The thermocouple shall be fabricated from Chrome-Alumel thermocouple wire.
The wire shall be 1.628 mm diameter (14 AWG) or 1.450 mm diameter (16 AWG) or 1.024 mm
diameter (18 AWG). The thermocouple junction shall be formed by fusion-welding the wire
ends to form a bead. Separate thermocouple wire lead shall be placed into one of thE)gyeheissents
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of the ceramic insulator pipe passing through the entire length. The ceramic insulator pipe shall
have an outside diameter (O.D.) of 10 mm with two holes each having a diameter of 2 mm. The
thermocouple wire and ceramic insulator pipe shall be inserted into a standard weight nominal
21.34 mm O.D. Inconel® 600 pipe (Schedule 40). Alternate black wrought steel or black
wrought iron pipe of 21.34 mm O.D. is also permitted. The thermocouple bead shall be located
7 £ 1 mm from the end of ceramic insulator pipe and 13 + 1 mm from the pipe end. The
thermocouple assembly shall be as shown in Figure 2.

Note: The furnace thermocouple description in Clause 5.2.1.1 and shown in Figure 2 are not intended
to invalidate the results of previous fire endurance tests conducted to the requirements in prior
editions of this Standard.

5.2.2 For floors and columns, the junction of the thermocouples shall be placed 300 +
10 mm from the exposed face of the test specimen. In the case of walls and partitions, the
thermocouples shall be placed 150 + 10 mm from the exposed face of the specimen. At no time
during any test shall any thermocouple touch the test specimen as a result of the specimen’s
deflection. The quantity and distribution of furnace thermocouples shall be sufficient to ensure
that one furnace thermocouple is provided for every 1.5 m? of furnace cross-sectional area.

5.2.2.1 When testing columns, thermocouples shall be placed in pairs inside the furnace
on opposite sides of the column at heights equal to one-third and two-thirds the height of the
column.

5.2.3 The temperatures shall be read at intervals not exceeding 1 min during the first

2 h, and thereafter at intervals not exceeding 5 min.

524 For a valid test, the furnace control shall comply with the requirements in
Clause 5.2.5.
5.25 The accuracy of the furnace control shall be such that the area under the

standard time-temperature curve, obtained by averaging the results from the furnace

thermocouple readings, shall be within + 10 % of the corresponding area under the standard

time-temperature curve shown in Figure 1 for fire tests of 1 h or less duration, + 7.5 % for those
~over 1 hand not more than 2 h and +5 % for tests exceeding 2 h in duration.

. 5.2.6 For specimens intended to be assigned a fire endurance period of ¥ hour or

- greater, that is being determined on the basis of the average or maximum temperature rise on

- the unexposed surface or within the test specimen, or by failure under load, the equation shown

" below shall be used to determine the corrected fire endurance test period when the test will
result in a total accumulative fire exposure that varies from the area under the standard time-
temperature curve specified in Table 1. The uncorrected fire endurance test period shall be
increased for fire exposure in the test higher than the standard time-temperature curve and be
similarly decreased for fire exposure below the standard time-temperature curve.

The corrected fire endurance period can be determined by the following equation:

2(A-Ag)
3(Ag +L)
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Where:
C = corrected fire endurance period (in the same units as |),
I = fire endurance period obtained before correction, (h)
A = area under the curve of indicated average furnace temperature for

the first three quarters of the uncorrected fire endurance period
obtained from the test, (°C-h)

As = area under the standard curve for the same part of the period, (°C-h);
and
L = lag correction (in the same units as A and A;), (30 °C-h).
Note: The 30°C-h is to compensate for the thermal lag of the furnace thermocouples during the first part
of the test.
5.3 TEMPERATURE OF UNEXPOSED SURFACES OF FLOORS, ROOFS, WALLS

AND PARTITIONS

5.3.1 Temperatures of unexposed surfaces shall be measured with thermocouples
placed under dry, felted pads. The properties of these pads shall meet the requirements listed in
Subsection 5.3.6, Thermocouple Pad Construction. The wire leads of the thermocouple shall
have an immersion under the pad and be in contact with not less than 90 mm of the unexposed
surface. The hot junction of the thermocouple shall be placed approximately under the centre of
the pad. The outside diameter of protecting or insulating tubes shall not be more than 8 mm.
The pad shall be held firmly against the unexposed surface for the duration of the test, and shall
fit closely about the thermocouples. The wires for the thermocouple in the length covered by the
pad shall not be greater than 1 mm in diameter and shall be electrically insulated with
heat-resistant and moisture-resistant coatings.

53.1.1 For the purpose of testing roof assemblies, the unexposed surface shall be
defined as the surface exposed to ambient air.

5.3.2 Temperature readings shall be taken at not less than nine points on the
unexposed surface. Five of these shall be symmetrically disposed, one to be approximately at
the centre of the test specimen, and four at approximately the centre of its quarter sections. The
other four shall be located at the discretion of the testing authority to obtain representative
information on the performance of the construction under test. None of the thermocouples shall
be located nearer to the edges of the test specimen than one and one-half times the thickness
of the construction, or 300 mm, whichever is greater. Where there is an element of the
construction nearer the edge that is not otherwise represented in the remainder of the test
specimen, at least one of the thermocouples shall be located in the outer section. None of the
thermocouples shall be located opposite or on top of beams, girders, pilasters, or other
structural members if temperatures at such points will obviously be lower than at more
representative locations. When the aggregate area of any fasteners such as screws, nails, or
staples, projected to the unexposed surface is less than 0.8 % of any 130 mm by 130 mm area,
thermocouples shall neither be located opposite to nor on top of the fasteners.
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5.3.3 Temperature readings shall be taken at intervals not exceeding 5 min, until a
reading exceeding 100 °C has been obtained at any one point. Thereafter, if the readings are
taken more frequently at the discretion of the testing organization, the intervals need not be less

than 1 min.
5.34 Roving Thermocouple Construction
5.34.1 One or more roving thermocouples of the design shown in Figure 8, or alternative

temperature measuring devices which can be shown to have at least the accuracy and a
response time equal to or less than the design illustrated by Figure 8, shall be available to
measure unexposed surface temperatures during a test in positions where higher temperatures
are suspected. The measuring junction of the thermocouple assembly consists of 1.0 mm
diameter thermocouple wires soldered or welded to a 12 mm diameter, 0.5 mm thick copper
disc. The thermocouple assembly shall be provided with a handle so that it can be applied over
any point on the unexposed surface of the test specimen.

5.3.5 Cotton Pad Construction

5351 The cotton pad shall consist of new, undyed and soft cotton fibres without other
added fibres, 20 mm thick x 100 mm square, and shall weigh between 3 g and 4 g. It shall be
conditioned prior to use by placing it in a drying oven at 100 + 5 °C for at least 30 min. After
drying, it may be stored in a desiccator for up to 24 h.

5.3.6 Thermocouple Pad Construction

5.3.6.1 The pads used in measurements of temperature of unexposed surfaces of
specimens shall be of suitable refractory material and shall exhibit the following properties:

Length and Width 150 £ 3 mm
Thickness 10£1 mm
Density 500 + 10 kg/m®

Thermal Conductivity (at 66°C)  0.055 + 0.003 W/(m-°C)

5.3.6.2 The thickness measurement shall be made under the light load of a 13 mm
diameter pad of a dial micrometer gauge.

5.3.6.3 The pads shall be sufficiently soft that, without breaking, they may be shaped to
contact over the whole surface against which they are placed.

54 DIFFERENTIAL PRESSURE

54.1 The pressure differential between the exposed and unexposed surfaces of the
test assembly shall be measured as described in Clauses 5.4.2 through 5.4.7.

5.4.2 The pressure sensing probes shall be as shown in either Figure 3 or 4.

5.4.3 The pressure shall be measured within a precision accuracy of + 1.2 Pa using a
differential pressure instrument capable of reading in increments no coarser than oPoauments
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differential pressure measurement instrument(s) shall be located to minimize "stack" effects
caused by vertical runs of pressure tubing between the furnace probe(s) and instrument
locations.

5.4.4 The furnace pressure(s) shall be measured and recorded throughout the test at
intervals not exceeding 1 min.

545 Control of the furnace pressure shall be established no later than 10 min after the
start of the test and shall be maintained throughout the remainder of the test period.

5.4.6 Vertical Test Specimens - The vertical pressure distribution within the furnace
shall be measured by at least two probes separated by a vertical distance of at least 1.8 m for
furnaces greater than 2 m in height, and a minimum of 90 % of the furnace height for furnaces
less than 2 m in height. Based on their vertical separation and their pressure differences, the
location of the neutral plane (zero differential pressure) shall be calculated.

5.4.7 Horizontal Test Specimens - The pressure shall be measured by at least two
probes located at the centre of the test specimen separated by a vertical distance of at least
1.8 m for furnaces greater than 2 m in height and a minimum of 90 % of the furnace height for
furnaces less than 2 m in height.

6. FIRE ENDURANCE TESTS AND HOSE STREAM TESTS

6.1 FIRE ENDURANCE TEST

6.1.1 The fire endurance test on the test specimen with its applied load, if any, shall be
continued until failure occurs, or until the test specimen has withstood the test conditions for a
period equal to that herein specified in the determination of fire endurance period for the given
type of construction.

6.1.2 Where a specific differential pressure is required, except for the first 10 min, the
differential pressure between the exposed and unexposed surfaces of the test specimen shall
be controlled within = 5 % of the intended differential pressure.

6.1.3 Deflection

6.1.3.1 Where appropriate, the deflection of the test specimen shall be recorded. In the
case of loadbearing test specimens, measurements shall be made prior to and following
application of the load. The accuracy of the measurement shall be within + 1 mm.

6.1.3.2 For horizontal loadbearing test specimens, the measurements shall be made at
the location where the maximum vertical deflections are expected to occur. The maximum
vertical deflection is usually at mid-span for simply supported elements.

6.1.3.3 For vertical loadbearing test specimens, elongation, which represents an
increased height of the test specimen, shall be expressed positively and, contraction, which
represents a decreased height of the test specimen, shall be expressed negatively. lo addition,
measurements of horizontal deflection shall be made at the location whars. th Wments
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deflections are expected to occur. Horizontal deflection of the vertical test specimens towards
the fire shall be expressed positively, whereas deflection away from the fire shall be expressed
negatively.

6.1.3.4 Deflection measurements of the test specimen shall be recorded at intervals not
exceeding 1 min. The rate of deflection shall be calculated on the basis of this measurement.

6.1.4 With the consent of the testing organization, the fire test may be continued, for
information purposes, beyond the fire endurance period of classification when no structural
failure has occurred or no hazardous situation exists.

6.2 HOSE STREAM TEST
6.2.1 Test Specimen
6.2.1.1 Where required in the determination of a fire endurance period, a duplicate

specimen shall be exposed to fire, for a period equal to one-half of that intended as the fire
endurance period, but not for more than 1 h, immediately after which the test specimen shall be
subjected to the impact, erosion, and cooling effects of a hose stream.

6.2.2 Procedure for Hose Stream Test

6.2.2.1 Within 3.5 min of the termination of the fire test, the test specimen shall be
positioned in such a manner as to be able to apply the hose stream to the entire surface
exposed to the fire test furnace. Position the tip of the nozzle at the specified distance from the
centre of the test specimen. Adjust the nozzle hose stream to the specified pressure. During
adjustment, the hose stream shall not contact the test specimen. Photograph both the exposed
and unexposed sides of the test specimen before the hose stream is applied. Verbally
announce and record the duration of the hose stream exposure, water pressure and water
delivery system being used. Position personnel to obtain an unobstructed view of both the
exposed and unexposed sides of the test specimen during the hose stream test.

6.2.3 Application of the Hose Stream

6.2.3.1 Commence the test by directing the hose stream at one corner of the test
assembly first. Continue to direct the stream to the entire exposed face of the test assembly in
accordance with this section. Pass the hose stream across the test assembly between 0.9 to
1.8 m/s. Movement from one side of the test assembly to the other constitutes one pass. When
changing directions to make the return pass, change direction slowly and off of the test
assembly but do not rest the hose stream off of the specimen during the test. Apply the hose
stream horizontally, and then vertically covering the entire exposed face. The difference
between the number of hose stream passes in the horizontal direction compared to the vertical
direction, shall not exceed 10 % of the total. Take at least one photograph of both the exposed
and unexposed sides of the test specimen during and after the hose stream test. Terminate the
application of the hose stream upon completion of the required duration of exposure as
specified in Table 2 or after a failure occurs, whichever happens first, or upon the request of the
sponsor.
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6.2.4 Exemption

6.2.4.1 The hose stream test shall not be required in the case of constructions having a
fire endurance period, indicated in the fire endurance test, of less than 1 h.

6.2.5 Optional Program

6.2.5.1 Where the submittor elects, and with the advice and consent of the testing
organization, to have the hose stream test made on the original specimen subjected to the fire
endurance test, it shall be conducted in accordance with Subsection 6.2, Hose Stream Test.

6.2.6 Hose Stream Equipment and Details

6.2.6.1 The stream shall be delivered through a 65 mm hose discharging through a
National Standard Playpipe of corresponding size equipped with a 29 mm discharge tip of the
standard-taper smooth-bore pattern without shoulder at the orifice. The water pressure and
duration of application shall be as prescribed in Table 2.

6.2.7 Nozzle Distance

6.2.7.1 The nozzle orifice shall be 6 + 0.2 m from the centre of the exposed surface of
the test specimen if the nozzle is so located that, when directed at the centre, its axis is normal
to the surface of the test specimen. If otherwise located, its distance from the centre shall be
6 m, reduced by an amount equal to 300 mm for each 10° of deviation from the normal (90°)
with the maximum permissible deviation being 30°.

6.3 ROVING THERMOCOUPLE
6.3.1 Application
6.3.1.1 A roving thermocouple, constructed in accordance with Subsection 5.3.4,

Roving Thermocouple Construction, shall be applied to any suspected hot spot that develops
during the test. If a temperature of 150 °C is not achieved within an application period of 20 s,
the roving thermocouple shall be removed. Measurements with the roving thermocouple shall
avoid fasteners such as screws, nails or staples that will be obviously higher or lower in
temperature, as already specified for the unexposed surface thermocouple locations.

6.4 COTTON PADS
6.4.1 Application
6.4.1.1 A cotton pad, constructed in accordance with Subsection 5.3.5, Cotton Pad

Construction, shall be applied to any crack, hole or fissure in the specimen through which the
passage of flames or gases hot enough to ignite cotton pads is suspected.
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6.5 FURNACE PERFORMANCE VERIFICATION

6.5.1 A furnace performance verification test in accordance with ISO/TR 834-2, Fire-
resistance tests — Elements of building construction — Part 2: Guidance on measuring uniformity
of furnace exposure on test samples, shall be conducted at least every five years and after any
maintenance which potentially can have an impact on the test result of tests conducted with the
furnace.

Note 1: Example of such maintenance is the resurfacing of the thermal insulation or repairs/replacement
of the burners.

Note 2: The verification test is intended to measure the exposure imposed by the furnace onto the
standardized test specimen.

6.5.1.1 Where ISO/TR 834-2, Fire-resistance tests — Elements of building construction —
Part 2: Guidance on measuring uniformity of furnace exposure on test samples, conflicts with
the requirements in Clause 6.5.2, the requirement in Clause 6.5.2 shall be met.

6.5.2 The furnace temperature measurements, control and instrumentation shall be in
accordance with the requirements contained in Section 5, Control of Fire Endurance Tests, for a
time period of 45 min.

7. TESTS OF LOADBEARING WALLS AND PARTITIONS

7.1 SIZE OF TEST SPECIMEN

7.1.1 The area exposed to fire shall not be less than 9.3 m?, with neither dimension
less than 2750 mm. The test specimen shall not be restrained on its vertical edges.

7.2 LOADING
721 Application of Loading
7211 The superimposed load shall be gradually applied in four increments of 25 %

allowing for stabilization of deflection after each increment. The full superimposed load shall
have been applied at least 30 min before the start of the fire test. Maintain the superimposed
load throughout the fire endurance test. The superimposed load shall represent a full specified
load condition or a restricted load use condition.

7.2.2 Full Specified Load Condition

7.2.2.1 To satisfy the full specified load condition, the test specimen shall be subjected to
the specified gravity loads that produce a factored load effect as close as practicable to the
factored resistance of the test specimen. The factored load effect and the factored resistance of
the test specimen shall be determined in accordance with the appropriate limit states design
standard published by the Canadian Standards Association.
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7.2.3 Restricted Load Use Condition

7231 When a test is conducted with a load condition that is less severe than the full
specified load condition, the restricted load use condition shall be identified and reported.

7.3 EXPOSURE TO FIRE

7.3.1 Throughout the fire endurance test, the test specimen shall be exposed to fire on
one side of the wall assembly.

7.3.2 Symmetrical walls or partitions shall be tested from one side only. Walls or
partitions that are asymmetrical shall be tested from both sides. If an asymmetrical wall or
partition is tested from one side only, the fire endurance period achieved by the assembly shall
be reported for exposure on that side. When an asymmetrical wall or partition is tested from
both sides, the fire endurance period achieved by the assembly when exposed on each side
shall be reported.

7.4 DETERMINATION OF FIRE ENDURANCE PERIOD

7.4.1 In obtaining the fire endurance period, the conditions specified in Clauses 7.4.2
through 7.4.4 shall be met.

7.4.2 Transmission of heat through the test specimen throughout the fire endurance
period shall not raise the average temperature measured by the stationary thermocouples on its
unexposed surface more than 140 °C above its initial average temperature; nor shall the
temperature rise at any individual point exceed 180 °C including a temperature measured by the
roving thermocouple.

'7.4.3 The test specimen shall have sustained the applied load throughout the fire
endurance test specified in Subsection 6.1, Fire Endurance Test, without passage of flame or
‘passage of gases hot enough to ignite cotton pads.

7.4.4 The test specimen shall have sustained the applied load during the fire and hose
stream tests as specified in Subsection 6.2, Hose Stream Test, without passage of flame,
passage of gases hot enough to ignite cotton pads and passage of the hose stream. The
assembly shall be considered to have failed the hose stream test if an opening develops that
permits a projection of water from the stream beyond the unexposed face during the time of the
hose stream test.

8. TESTS OF NON-LOADBEARING WALLS AND PARTITIONS

8.1 SIZE OF TEST SPECIMEN

8.1.1 The area exposed to fire shall not be less than 9.3 m?, with neither dimension
less than 2750 mm. The test specimen shall be restrained on all four edges.
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8.2 EXPOSURE TO FIRE

8.2.1 Throughout the fire endurance test, the test specimen shall be exposed to fire on
one side of the wall assembly.

8.2.2 Non-loadbearing symmetrical walls or partitions shall be tested from one side
only. Non-loadbearing walls or partitions that are asymmetrical shall be tested from both sides.
If a non-loadbearing asymmetrical wall or partition is tested from one side only, the fire
endurance period achieved by the assembly shall be reported for exposure on that side. When
a non-loadbearing asymmetrical wall or partition is tested from both sides, the fire endurance
period achieved by the assembly when exposed on each side shall be reported.

8.3 DETERMINATION OF FIRE ENDURANCE PERIOD

8.3.1 In obtaining the fire endurance period, the conditions specified in Clauses 8.3.2
and 8.3.4 shall be met.

8.3.2 The wall or partition shall have withstood the fire exposure as specified in
Subsection 6.1, Fire Endurance Test, without passage of flame or passage of gases hot enough
to ignite cotton pads.

8.3.3 Transmission of heat through the test specimen throughout the fire endurance
period shall not raise the average temperature measured by the stationary thermocouples on its
unexposed surface more than 140 °C above its initial average temperature; nor shall the
temperature rise at any individual point exceed 180 °C including a temperature measured by the
roving thermocouple.

8.34 The wall or partition shall have withstood the fire and hose stream tests as
specified in Subsection 6.2, Hose Stream Test, without passage of flame or passage of gases
hot enough to ignite cotton pads and passage of hose stream. The assembly shall be
considered to have failed the hose stream test if an opening develops that permits a projection
of water from the stream beyond the unexposed face during the time of the hose stream test.

9. TESTS OF COLUMNS

9.1 SIZE OF TEST SPECIMEN

9.1.1 The length of the column exposed to fire shall, when practicable, approximate the
maximum clear length contemplated by the design, and for building columns shall not be less
than 2750 mm of exposed length. Apply the contemplated details of connections and their
protection, if any, according to the methods of acceptable field practice.
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9.2 LOADING
9.2.1 Application of Loading
9.211 The superimposed load shall be gradually applied in four increments of 25 %

allowing for stabilization of deflection after each increment. The full superimposed load shall
have been applied at least 30 min before the start of the fire test. Maintain the superimposed
load throughout the fire endurance test. The superimposed load shall represent a full specified
load condition or a restricted load use condition.

9.2.1.2 Provision shall be made for transmitting the load to the column without unduly
increasing the effective column length.

9.2.2 Full Specified Load Condition

9.2.2.1 To satisfy the full specified load condition, the test specimen shall be subjected to
the specified gravity load that produces a factored load effect as close as practicable to the
factored resistance of the test specimen. The factored load effect and the factored resistance of
the test specimen shall be determined in accordance with the appropriate limit states design
standard published by the Canadian Standards Association.

9.2.3 Restricted Load Use Condition

9.2.31 When a test is conducted with a load condition that is less severe than the full
specified load condition, the restricted load use condition shall be identified and reported.

9.3 EXPOSURE TO FIRE

9.3.1 Throughout the fire endurance test the specimen shall be exposed to fire on all
sides.

9.4 DETERMINATION OF FIRE ENDURANCE PERIOD

9.4.1 In obtaining the fire endurance period, the column shall sustain the applied load

throughout the entire fire endurance period.

10. TESTS OF PROTECTION FOR STRUCTURAL STEEL COLUMNS

10.1 APPLICATION

;1 10.1.1 This test procedure does not require column loading at any time and may be
- used at the discretion of the testing laboratory to evaluate steel column protections that are not
" required by design to carry any of the column load.
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10.2 SIZE AND CHARACTERISTICS OF TEST SPECIMEN

10.2.1 The size of the steel column used shall be such as to provide a test specimen
that is truly representative of the design, materials and workmanship. The protection shall be
applied according to the methods of acceptable field practice. The length of the protected
column shall be at least 2450 mm. The column shall be vertical during application of the
protection and during the fire exposure.

10.2.2 The applied protection shall be restrained against longitudinal temperature
expansion, greater than that of the steel column, by rigid steel plates or reinforced concrete
attached to the ends of the steel column before the protection is applied. The size of the plates
or amount of concrete shall be adequate to provide direct bearing for the entire transverse area
of the protection.

10.2.3 The ends of the test specimen, including the means for restraint, shall be given
sufficient thermal insulation to prevent appreciable direct heat transfer from the furnace.

10.3 TEMPERATURE MEASUREMENT

10.3.1 The temperature of the steel in the column shall be measured by at least three
thermocouples located at each of four levels. The upper and lower levels shall be 600 = 10 mm
from the ends of the exposed portion of the steel column. The two intermediate levels shall be
equally spaced between the upper and lower levels. The thermocouples at each level shall be
so placed as to measure significant temperatures of the component elements of the steel
section. The recommended thermocouple distribution is shown in Figure 5.

10.3.2 When there are joints in the protection or when the thermal resistance of the
protection is not uniform, additional measurements of the steel temperature shall be made by at
least three thermocouples at cross-sections opposite to joints and any place with smaller
thermal resistance.

10.4 EXPOSURE TO FIRE

10.4.1 Throughout the fire endurance test the specimen shall be exposed to fire on all
sides.

10.5 DETERMINATION OF FIRE ENDURANCE PERIOD

10.5.1 In obtaining the fire endurance period, the transmission of heat through the

protection during the period of fire exposure shall not raise the average temperature of the steel
at any one of the levels specified by Clauses 10.3.1 and 10.3.2 above 538 °C and shall not raise
the temperature above 649 °C at any one of the measured points.
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