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Appendix D
Fire Performance Rating

This Appendix is included for explanatory purposes only and does not form part of the requirements except as defined in Division A,
Sentence 1.1.3.1.(1). The bold face reference numbers that introduce each item do not relate to specific requirements in this Division.

Section D-1

The content of this Appendix was prepared on the recommendations of the Standing Committee on Fire Protection, which was
established by the Canadian Commission on Building and Fire Codes (CCBFC) for this purpose.

D-1.1.

General

Introduction

D-1.1.1.

1) 'This fire-performance information is presented in a form closely linked to the performance requirements and the
minimum materials specifications of this By-law.

Scope

2) 'The ratings have been assigned only after careful consideration of all available literature on assemblies of common building
materials, where they are adequately identified by description. The assigned values based on this information will, in most
instances, be conservative when compared to the ratings determined on the basis of actual tests on individual assemblies.

3) The fire-performance information set out in this Appendix applies to materials and assemblies of materials that comply
in all essential details with the minimum structural design standards described in Part 4. Additional requirements, where
appropriate, are described in other Sections of this Appendix.

4) Section D-2 assigns fire-resistance ratings for walls, floors, roofs, columns and beams related to CAN/ULC-S101,
“Fire Endurance Tests of Building Construction and Materials,” and describes methods for determining these ratings.

5) Section D-3 assigns flame-spread ratings and smoke developed classifications for surface materials related to CAN/
ULC-5102, “Test for Surface Burning Characteristics of Building Materials and Assemblies,” and CAN/ULC-5§102.2, “Test for
Surface Burning Characteristics of Flooring, Floor Coverings, and Miscellaneous Materials and Assemblies.”

6) Section D-4 describes noncombustibility in building materials when tested in accordance with CAN/ULC-S114, “Test for
Determination of Non-Combustibility in Building Materials.”

7) Section D-5 contains requirements for the installation of fire doors and fire dampers in fire-rated stud wall assemblies.

8) Section D-6 contains background information regarding fire test reports, obsolete materials and assemblies, assessment of
archaic assemblies and the development of the component additive method.

D-1.1.2. Referenced Documents
1) Where documents are referenced in this Appendix, they shall be the editions designated in Table D-1.1.2.
Table D-1.1.2.
Documents Referenced in Appendix D, Fire-Performance Ratings
Issuing Agency Document Number® Title of Document® By-law Reference

ANSI A208.1-2009 Particleboard D-3.1.1.
ASTM C 330/C 330M-13 Lightweight Aggregates for Structural Concrete D-1.4.3.
ASTM C 840-13 Application and Finishing of Gypsum Board D-2.3.9.
ASTM C 1396/C 1396M-14 Gypsum Board B;?1

D-6.2.

CCBFC NRCC 30629 Supplement to the National Building Code of Canada 1990 D-6.3.

D-6.4.
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Table D-1.1.2. (continued)

Documents Referenced in Appendix D, Fire-Performance Ratings

Issuing Agency Document Number(1) Title of Document(2) By-law Reference
CGSB 4-GP-36M-1978 Carpet Underlay, Fiber Type D-3.1.1.
CGSB CAN/CGSB-4.129-97 Carpets for Commercial Use D-3.1.1.
CGSB CAN/CGSB-11.3-M87 Hardboard D-3.1.1.
CGSB CAN/CGSB-92.2-M90 Trowel or Spray Applied Acoustical Material D-2.3.4.

Concrete Materials and Methods of Concrete Construction/
CSA A23.1-141A23.2-14 Test Methods and Standard Practices for Concrete D-1.4.3.
D-2.1.5.
CSA A23.3-14 Design of Concrete Structures D-2.6.6.
D-2.8.2.
CSA CAN/CSA-A82-14 Fired Masonry Brick Made from Clay or Shale D-2.6.1.
CSA A82.22-M1977 Gypsum Plasters D-3.1.1.
CSA CAN/CSA-A82.27-M91 | Gypsum Board g;‘:’l
D-1.7.2.
CSA A82.30-M1980 Interior Furring, Lathing and Gypsum Plastering D-2.3.9.
D-2.5.1.
CSA A165.1-14 Concrete Block Masonry Units D-2.1.1.
CSA 086-14 Engineering Design in Wood D-2.11.2.
CSA 0112.10-08 Evgluatlon of Adhesives for Structural Wood Products (Limited D-2.3.6.
Moisture Exposure)
CSA 0121-08 Douglas Fir Plywood D-3.1.1.
D-2.3.6.
CSA 0141-05 Softwood Lumber D-2.41.
CSA 0151-09 Canadian Softwood Plywood D-3.1.1.
CSA 0153-13 Poplar Plywood D-3.1.1.
CSA 0325-07 Construction Sheathing D-3.1.1.
CSA 0437.0-93 OSB and Waferboard D-3.1.1.
CSA S16-14 Design of Steel Structures D-2.6.6.
NFPA 80-2013 Fire Doors and Other Opening Protectives D-5.2.1.
D-1.1.1.
ULC CAN/ULC-S101-14 Fire Endurance Tests of Building Construction and Materials D-1.12.1.
D-2.3.2.
uLC CAN/ULC-S102-10 Test for Surfape Burning Characteristics of Building Materials D111
and Assemblies
Test for Surface Burning Characteristics of Flooring, Floor D-1.1.1.
uLc CAN/ULC-§102.2-10 Coverings, and Miscellaneous Materials and Assemblies D-3.1.1.
ULC CAN/ULC-S112.2-07 Fire Test of Ceiling Firestop Flap Assemblies B:gg} ?
Test for Determination of Non-Combustibility in Buildin D-1.1.1.
uLC CAN/ULC-S114-05 - y 9 D-4.1.1.
Materials
D-4.2.1.
D-2.3.4.
uLC CAN/ULC-S702-09 Mineral Fibre Thermal Insulation for Buildings D-2.3.5.
D-2.6.1.
uLC CAN/ULC-S703-09 Cellulose Fibre Insulation for Buildings D-2.3.4.
ULC CAN/ULC-S706-09 Wood Fibre Insulating Boards for Buildings D-3.1.1

Notes to Table D-1.1.2.:

(1) Some documents may have been reaffirmed or reapproved. Check with the applicable issuing agency for up-to-date information.

(2) Some titles have been abridged to omit superfluous wording.
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D-1.1.3. Applicability of Ratings

The ratings shown in this document apply if more specific test values are not available. The construction of an assembly that is the
subject of an individual test report must be followed in all essential details if the fire-resistance rating reported is to be applied for use
with this By-law.

D-1.1.4. Higher Ratings

The Chief Building Official may allow higher fire-resistance ratings than those derived from this Appendix, where supporting evidence
justifies a higher rating. Additional information is provided in summaries of published test information and the reports of fire tests
carried out by NRC, which are included in Section D-6, Background Information.

D-1.1.5. Additional Information on Fire Rated Assemblies

Assemblies containing materials for which there is no nationally recognized standard are not included in this Appendix. Many
such assemblies have been rated by Underwriters Laboratories (UL), Underwriters’ Laboratories of Canada (ULC),
QAI Laboratories (QAI), or Intertek Testing Services NA Led. (ITS).

D-1.2. Interpretation of Test Results

D-1.2.1. Limitations

1) The fire-performance ratings set out in this Appendix are based on those that would be obtained from the standard
methods of test described in the By-law. The test methods are essentially a means of comparing the performance of one building
component or assembly with another in relation to its performance in fire.

2) Since it is not practicable to measure the fire resistance of constructions in situ, they must be evaluated under some agreed
test conditions. A specified fire-resistance rating is not necessarily the actual time that the assembly would endure in situ in a
building fire, but is that which the particular construction must meet under the specified methods of test.

3) Considerations arising from departures in use from the conditions established in the standard test methods may, in some
circumstances, have to be taken into account by the designer and the Chief Building Official. Some of these conditions are
covered at present by the provisions of the By-law.

4) For walls and partitions, the stud spacings previously specified as 16 or 24 inch have been converted to 400 and 600 mm,
respectively, for consistency with other metric values; however, the use of equivalent imperial dimensions for stud spacing is
permitted.

D-1.3. Concrete

D-1.3.1. Aggregates in Concrete

Low density aggregate concretes generally exhibit better fire performance than natural stone aggregate concretes. A series of tests on
concrete masonry walls, combined with mathematical analysis of the test results, has allowed further distinctions between certain low
density aggregates to be made.

D-1.4. Types of Concrete

D-1.4.1. Description

1) For purposes of this Appendix, concretes are described as Types S, N, L, L, L,, L40S, L,20S or L,20S as described in
Sentences (2) to (8).

2) Type S concrete is the type in which the coarse aggregate is granite, quartzite, siliceous gravel or other dense materials
containing at least 30% quartz, chert or flint.

3) Type N concrete is the type in which the coarse aggregate is cinders, broken brick, blast furnace slag, limestone, calcareous
gravel, trap rock, sandstone or similar dense material containing not more than 30% of quartz, chert or flint.

4) Type L concrete is the type in which all the aggregate is expanded slag, expanded clay, expanded shale or pumice.
5) Type L, concrete is the type in which all the aggregate is expanded shale.
6) Type L, concrete is the type in which all the aggregate is expanded slag, expanded clay or pumice.
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7) Type L40S concrete is the type in which the fine portion of the aggregate is sand and low density aggregate in which the
sand does not exceed 40% of the total volume of all aggregates in the concrete.

8) Type L,20S and Type L,20S concretes are the types in which the fine portion of the aggregate is sand and low density
aggregate in which the sand does not exceed 20% of the total volume of all aggregates in the concrete.

D-1.4.2. Determination of Ratings

Where concretes are described as being of Type S, N, L, L; or L,, the rating applies to the concrete containing the aggregate in the
group that provides the least fire resistance. If the nature of an aggregate cannot be determined accurately enough to place it in one
of the groups, the aggregate shall be considered as being in the group that requires a greater thickness of concrete for the required
fire resistance.

D-1.4.3. Description of Aggregates

1) The descriptions of the aggregates in Type S and Type N concretes apply to the coarse aggregates only. Coarse aggregate
for this purpose means that retained on a 5 mm sieve using the method of grading aggregates described in CSA A23.1/A23.2,
“Concrete Materials and Methods of Concrete Construction/Test Methods and Standard Practices for Concrete.”

2) Increasing the proportion of sand as fine aggregate in low density concretes requires increased thicknesses of material
to produce equivalent fire-resistance ratings. Low density aggregates for Type L and Types L-S concretes used in loadbearing
components shall conform to ASTM C 330/C 330M, “Lightweight Aggregates for Structural Concrete.”

3) Non-loadbearing low density components of vermiculite and perlite concrete, in the absence of other test evidence, shall
be rated on the basis of the values shown for Type L concrete.

D-1.5. Gypsum Board

D-1.5.1. Types of Gypsum Board

1) Where the term “gypsum board” is used in this Appendix, it is intended to include — in addition to gypsum board —
gypsum backing board and gypsum base for veneer plaster as described in

a) CAN/CSA-A82.27-M, “Gypsum Board,” or

b) ASTM C 1396/C 1396M, “Gypsum Board.”

2) Where the term “Type X gypsum board” is used in this Appendix, it applies to special fire-resistant board as described in

a) CAN/CSA-A82.27-M, “Gypsum Board,” or

b) ASTM C 1396/C 1396M, “Gypsum Board.”

D-1.6. Equivalent Thickness

D-1.6.1. Method of Calculating

1) The thickness of solid-unit masonry and concrete described in this Appendix shall be the thickness of solid material in
the unit or component thickness. For units that contain cores or voids, the Tables refer to the equivalent thickness determined in
conformance with Sentences (2) to (10).

2) Where a plaster finish is used, the equivalent thickness of a wall, floor, column or beam protection shall be equal to the
sum of the equivalent thicknesses of the concrete or masonry units and the plaster finish measured at the point that will give the
least value of equivalent thickness.

3) Except as provided in Sentence (5), the equivalent thickness of a hollow masonry unit shall be calculated as equal to the
actual overall thickness of a unit in millimetres multiplied by a factor equal to the net volume of the unit and divided by its
gross volume.

4) Net volume shall be determined using a volume displacement method that is not influenced by the porous nature of
the units.

Division B Vancouver Building By-law 2019

Effective November 1, 2019 to December 31, 2020



Division B: Acceptable Solutions Appendix D - Fire Performance Rating

5) Gross volume of a masonry unit shall be equal to the actual length of the unit multiplied by the actual height of the unit
multiplied by the actual thickness of the unit.

6) Where all the core spaces in a wall of hollow concrete masonry or hollow-core precast concrete units are filled with
grout, mortar, or loose fill materials such as expanded slag, burned clay or shale (rotary kiln process), vermiculite or petlite, the
equivalent thickness rating of the wall shall be considered to be the same as that of a wall of solid units, or a solid wall of the same
concrete type and the same overall thickness.

7) The equivalent thickness of hollow-core concrete slabs and panels having a uniform thickness and cores of constant cross
section throughout their length shall be obtained by dividing the net cross-sectional area of the slab or panel by its width.

8) The equivalent thickness of concrete panels with tapered cross sections shall be the cross section determined at a distance
of 2 t or 150 mm, whichever is less, from the point of minimum thickness, where t is the minimum thickness.

9) Except as permitted in Sentence (10), the equivalent thickness of concrete panels with ribbed or undulating surfaces

shall be
a) t, fors less than or equal to 2 ¢,
b) t+(@t/s—1)(t,—1

¢) tfor s greater than or equal to 4 t

for s less than 4 t and greater than 2 t, and

where
t = minimum thickness of panel,
t, = average thickness of panel (unit cross-sectional area divided by unit width), and
s = centre to centre spacing of ribs or undulations.

10) Where the total thickness of a panel described in Sentence (9), exceeds 2 ¢, only that portion of the panel which is less
than 2 t from the non-ribbed surface shall be considered for the purpose of the calculations in Sentence (9).

D-1.7. Contribution of Plaster or Gypsum Board Finish to Fire Resistance of
Masonry or Concrete
D-1.7.1. Determination of Contribution

1) Except as provided in Sentences (2), (3), (4) and (5), the contribution of a plaster or gypsum board finish to the fire
resistance of a masonry or concrete wall, floor or roof assembly shall be determined by multiplying the actual thickness of the
finish by the factor shown in Table D-1.7.1., depending on the type of masonry or concrete to which it is applied. This corrected
thickness shall then be included in the equivalent thickness as described in Subsection D-1.6.

Table D-1.7.1.
Multiplying Factors for Masonry or Concrete Construction

Type of Masonry or Concrete

Type of Surface Protection

Solid Clay Brick, Unit
Masonry and Monolithic
Concrete, Type N or S

Cored Clay Brick,
Clay Tile, Monolithic
Concrete, Type L40S

and Unit Masonry,

Concrete Unit Masonry,
Type L4 or L,20S and
Monolithic Concrete,

Concrete Unit
Masonry, Type L,

Vancouver Building By-law 2019

Type L{20S Type L
Porltland cement-sand plaster 1 075 075 0.50
or lime sand plaster
Gypsum-sand plaster, wood
fibred gypsum plaster or 1.25 1 1 1
gypsum board
Vermiculite or perlite 175 15 195 1.25
aggregate plaster
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2) Where a plaster or gypsum board finish is applied to a concrete or masonry wall, the calculated fire-resistance rating of
the assembly shall not exceed twice the fire-resistance rating provided by the masonry or concrete because structural collapse may
occur before the limiting temperature is reached on the surface of the non-fire-exposed side of the assembly.

3) Where a plaster or gypsum board finish is applied only on the non-fire-exposed side of a hollow clay tile wall, no increase
in fire resistance is permitted because structural collapse may occur before the limiting temperature is reached on the surface of
the non-fire-exposed side of the assembly.

4) The contribution to fire resistance of a plaster or gypsum board finish applied to the non-fire-exposed side of a monolithic
concrete or unit masonry wall shall be determined in conformance with Sentence (1), but shall not exceed 0.5 times the
contribution of the concrete or masonry wall.

5) When applied to the fire-exposed side, the contribution of a gypsum lath and plaster or gypsum board finish to the fire
resistance of masonry or concrete wall, floor or roof assemblies shall be determined from Table D-2.3.4.-A or D-2.3.4.-D.

D-1.7.2. Plaster
1) Gypsum plastering shall conform to CSA A82.30-M, “Interior Furring, Lathing and Gypsum Plastering.”

2) Portland cement-sand plaster shall be applied in 2 coats: the first coat containing 1 part Portland cement to 2 parts sand
by volume, and the second coat containing 1 part Portland cement to 3 parts sand by volume.

3) Plaster finish shall be securely bonded to the wall or ceiling.
4) The thickness of plaster finish applied directly to monolithic concrete without metal lath shall not exceed 10 mm on
ceilings and 16 mm on walls.

5) Where the thickness of plaster finish on masonry or concrete exceeds 38 mm, wire mesh with 1.57 mm diam wire and
openings not exceeding 50 mm by 50 mm shall be embedded midway in the plaster.

D-1.7.3. Attachment of Gypsum Board and Lath

Gypsum board and gypsum lath finishes applied to masonry or concrete walls shall be secured to wood or steel furring members in
conformance with Article D-2.3.9.

D-1.7.4. Sample Calculations

The following examples are included as a guide to the method of calculating the fire resistance of concrete or hollow masonry walls
with plaster or gypsum board protection:

Example (1)
A 3 h fire-resistance rating is required for a monolithic concrete wall of Type S aggregate with a 20 mm gypsum-sand plaster finish on
metal lath on each face.
a) 'The minimum equivalent thickness of Type S monolithic concrete needed to give a 3 h fire-resistance rating = 158 mm
(Table D-2.1.1.).

b) Since the gypsum-sand plaster finish is applied on metal lath, Sentence D-1.7.1.(5) does not apply. Therefore, the
contribution to the equivalent thickness of the wall of 20 mm gypsum-sand plaster on each face of the concrete is
20 x 1.25 = 25 mm (see Sentences D-1.7.1.(1) to (4)).

¢) 'The total contribution of the plaster finishes is 2 x 25 = 50 mm.

d) The minimum equivalent thickness of concrete required is 158 mm - 50 mm = 108 mm.

e) From Table D-2.1.1., the 108 mm equivalent thickness of monolithic concrete gives a contribution of less than 1.5 h. This is
less than half the rating of the assembly so that the conditions in Sentence D-1.7.1.(2) are not met. Thus the
equivalent thickness of monolithic concrete must be increased to 112 mm to give 1.5 h contribution.

f) The total equivalent thickness of the plaster finishes can then be reduced to 158 mm - 112 mm = 46 mm.

g) The total actual thickness of the plaster finishes required is therefore 46 mm + 1.25 = 37 mm (Sentences D-1.7.1.(1) to (4))
or 18.5 mm on each face.

h) Since the thickness of the plaster finish on each face exceeds 16 mm, metal lath is still required (Sentence D-1.7.2.(4)).

i) Since this wall is symmetrical with plaster on both faces, the contribution to fire resistance of the plaster finish on either face
is limited to one-quarter of the wall rating by virtue of Sentence D-1.7.1.(2). Under these circumstances, the conditions in
Sentence D-1.7.1.(4) are automatically met.
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Example (2)
A 2 h fire-resistance rating is required for a hollow masonry wall of Type N concrete with a 12.7 mm Type X gypsum board finish on
each face.
a) Since gypsum board is used, Sentence D-1.7.1.(5) applies. The 12.7 mm gypsum board finish on the fire-exposed side is,
therefore, assigned 25 min by using Table D-2.3.4.-A.
b) The fire resistance required of the balance of the assembly is 120 min — 25 min = 95 min.

¢) Interpolating between 1.5 h and 2 h in Table D-2.1.1. for 95 min fire resistance, the equivalent thickness for hollow masonry
units required is 95 mm + (18 mm x 5/30) = 95 mm + 3 mm = 98 mm.

d) The contribution to the equivalent thickness of the wall of the 12.7 mm gypsum board finish on the non-fire-exposed side
using Table D-1.7.1. = 12.7 x 1.25 = 16 mm.

e) Equivalent thickness required of concrete masonry unit =98 - 16 = 82 mm.

f) The fire-resistance rating of a concrete masonry wall having an equivalent thickness of 82 mm = 1 h for
73 mm + (9 mm x 30/22) = 1 h 12 min.

As this is more than 1 h, the conditions of Sentence D-1.7.1.(2) are met and the rating of 2 h is justified.

Example (3)
A 2 h fire-resistance rating is required for a hollow masonry exterior wall of Type L,20S concrete with a 15.9 mm Type X gypsum
board finish on the non-fire-exposed side only.
a) According to Table D-2.1.1., the minimum equivalent thickness for Type L220S concrete masonry units needed to achieve
a 2 h rating is 94 mm.

b) Since gypsum board is not used on the fire-exposed side, Sentence D-1.7.1.(5) does not apply. The contribution to the
equivalent thickness of the wall by the 15.9 mm Type X gypsum board finish applied on the non-fire-exposed side is
15.9 x 1 = 16 mm (see Sentence D-1.7.1.(1) and Table D-1.7.1.).

¢) 'Therefore, the equivalent thickness required of the concrete masonry unit is 94 - 16 = 78 mm.

d) The contribution to fire resistance of a 78 mm L 220S concrete hollow masonry unit is 85 min. The contribution of the
Type X gypsum board finish is 120 - 85 = 35 min, which does not exceed half
the 85 min contribution of the masonry unit or 42.5 min, so that the conditions in Sentence D-1.7.1.(4)
are met.

e) The rating of the wall (120 min) is less than twice the contribution of the masonry unit (170 min) so that the conditions
in Sentence D-1.7.1.(2) are also met.

D-1.8. Tests on Floors and Roofs

D-1.8.1. Exposure to Fire

Al tests relate to the performance of a floor assembly or floor-ceiling or roof-ceiling assembly above a fire. It has been assumed on the
basis of experience that fire on top will take a longer time to penetrate the floor than one below, and that the fire resistance in such a
situation will be at least equal to that obtained from below in the standard test.

D-1.9. Moisture Content

D-1.9.1. Effect of Moisture

1) The moisture content of building materials at the time of fire test may have a significant influence on the measured fire
resistance. In general, an increase in the moisture content should result in an increase in the fire resistance, though in some
materials the presence of moisture may produce disruptive effects and early collapse of the assembly.

2) Moisture content is now controlled in standard fire test methods and is generally recorded in the test reports. In earlier
tests, moisture content was not always properly determined.
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D-1.10. Permanence and Durability

D-1.10.1. Test Conditions

The ratings in this Appendix relate to tested assemblies and do not take into account possible changes or deterioration in use of the
materials. The standard fire test measures the fire resistance of a sample building assembly erected for the test. No judgment as to the
permanence or durability of the assembly is made in the test.

D-1.11. Steel Structural Members

D-1.11.1. Thermal Protection

Since the ability of a steel structural member to sustain the loading for which it was designed may be impaired because of elevated
temperatures, measures shall be taken to provide thermal protection. The fire-resistance ratings, as established by the provisions of this
Appendix, indicate the time periods during which the effects of heat on protected steel structural members are considered to be within
acceptable limits.

D-1.12. Restraint Effects

D-1.12.1. Effect on Fire-Resistance Ratings

In fire tests of floors, roofs and beams, it is necessary to state whether the rating applies to a thermally restrained or thermally
unrestrained assembly. Edge restraint of a floor or roof, structural continuity, or end restraint of a beam can significantly extend the
time before collapse in a standard test. A restrained condition is one in which expansion or rotation at the supports of a load-carrying
element resulting from the effects of fire is resisted by forces or moments external to the element. An unrestrained condition is one in
which the load-carrying element is free to thermally expand and rotate at its supports.

Whether an assembly or structural member can be considered thermally restrained or thermally unrestrained depends on the type of
construction and location in a building. Guidance on this subject can be found in Appendix A of CAN/ULC-S101, “Fire Endurance
Tests of Building Construction and Materials.” Different acceptance criteria also apply to thermally unrestrained and thermally
restrained assemblies. These are described in CAN/ULC-S101.

The ratings for floors, roofs, and beams in this Appendix meet the conditions of CAN/ULC-S101, “Fire Endurance Tests of Building
Construction and Materials,” for thermally unrestrained specimens. In a thermally restrained condition, the structural element or
assembly would probably have greater fire resistance, but the extent of this increase can be determined only by reference to behavior in
a standard test.
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