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Roofing Systems and therr Performance Requlrements
Bas A. Baskaran
National Research Council Canada
Claude Frégeau
Infocad

A roof is an integral assembly of a building envelope. The building envelope also includes other
assemblies, such as walls, windows and the basement. Each assembly has its unique functions and
performance requirements. All of them are designed to separate the controlled indoor environment
from the outdoor environment. This paper presents some basic principles of roofing systems and
components. The various types of roofing systems commonly used in North America and their
performance requitements are systematically documented. To design better roofs, three key
performance elements, namely, wind effect$, rainwater management and moisture control need to be
taken into account. Furthermore, thermal considerations for roofs are also summarized. Lastly, new
requrrements from the 1995 Nanonal Building Code are highlighted throughout the document.

The outdoor environment compnses several phenomena, They include;

wind;

rainfsnow;

temperature; _

solar radiation;

earthquake, and,

noise. :

These may act either independently or combined, for example, wind-driven rain. Their intensity
depends on the geographical location of their occurrence and the seasonal conditions. A designer has
to select and design the roofing system to withstand these driving forces associated ‘with the
phenomena. All of the driving forces mentioned are dynamic in nature.

TYPES OF ROOFS

In North America, a roof can be classified in several ways. Based on its shape, it can be a flat roof or
gable roof; or based on the material used, a metal roof and membrane roof. A roof can be named
based on the building it surmounts, i.e., residential roof or industrial roof. Nevertheless, in this paper
the system is defined by the location of the moﬁng membrane (a) conventional and (b) protected
membrane roof systems. _

Conventional Roofing System

In the conventional rooﬁng system, the membrane is at the top where it expenences such
environmental forces as wind and temperature o

Protected Membrane Roof Systems |

In a Protected Membrane Roof (PMR) system (also known as upéide down roof or inverted roof or

insulated roof membrane or IRMA), the membrane is covered by the insulation. The membrane is thus
protected from environmental elements such as wind, rain, UV and temperature extremes.
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ROOFING COMPONENTS FUNCTIONS AND REQUIREMENTS -
Components D S - i - N

Most roofing systems have five components: -

1. deck;

2. barrier;

3, insulation;

4. membrane;

5. attachment systems.

. It should be noted that some mclude interior ﬁmskes (below the deck) as a rooﬁng component.
Numerous combmatlons of roofing systems are available based on the component selection. The
foIlowing isa partia.l list of componenp:s used in roofing systems.
" Steel wood, concrete, ﬁber and compos1te boards.
. Barrxers | ,

Vapour barrier, air barrier, fire barrier.
Insulation )

Extruded or expanded polystyrene urethanes, polylsocyanurate phenohcs, glass and mineral
fibre.

e Membrane . o e s L s K B
' EPDM PVC, TPE, TPO Hypalon, remforced vanetles, neoprene, modified bltummous o

Attachment Systems _ . _
| Spot fasteners, bar strap and anchors, adheswe, stone, heavy we1ght pavers hght-wmgh:
interlocking pavers, ballast, concrete tiles with ship laps.

Functions

Design of a rooﬁng system' also involves the selecnon of compauble components - Component
selection plays an integral role in the performance of roofing systerns. Each component of a roof has
one or more main funcuons to perform It $ proPemes must be commensurate with those funcnons

Component N Functxon .
_Deck Structural suppott -~ -
- Insulation _ Thermal control -
_ Bamriers | - Airand moisture control
Membrane __ Waterproofing
Attachment system Integration . . .
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Requirements

The National Building Code of Canada (NBC, 1995) lists the requirements of an environmental
separator. A roof, as an integral assembly of the building envelope, should meet certain requirements,
among them provision of safety, economy, control over environmental factors, etc.

To achieve safety it must provide:
1. structural strength and rigidity;
2. resistance to initiation and spread of fire; and,
3. control of rain water entry. _
To achieve economy it must:
1. be well matched to its purpose;
2. have durable materials and components; and,
3. have reasonable maintenance and operating cost.
To function as a moderator of environment, it must provide control of:

1. heat flow;
2. air flow; and,
3. moisture flow.
Other requirements include control of:

1. odour;

2. light;
3. sound and vibrations; and,
4, solar radiation.

WIND PERFORMANCE
Wind Climate

Wind climate parametérs (speed, direction, number of occurrences, etc.) are usually monitoredi__l__at\
major airports. Since airports are large open areas without many buildings and other obstructions, the
local or surroundmg effccts are minimal while measurements are taken Such measured wind speed
shows: :

1. vanauons with respect to time in random manner;

2. increases in magnitude with increases of height from the ground level: and,
3. decreases in its randomness (fluctuation) with increases of height from the ground level.

These relationships can be dcmonstrated by solvmg the followmg problem.
Example Problem

“Calculate the mean wind speed and the peak gust speed expected at the top of a bu:ldmg 5m
high located in a downtown location, when the mean speed recorded by an anemometer at 10 m

above ground level at the auport is 30 m/s.”
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Data: |

Ancmometer hc1ght, Z. 10 m
Building height, Zb =55m

Mean wind speed at anemometer hc1ght, V, 30 m/s

Step 1: Identity terrain paraméters using thefallowiﬁg'iable. |
_ Measured Location Building Location
Parameters {Airport) (Downtown Area)
Temrain =~ - Qpen Country Urban Exposure
Exponent, 8 : 0.15 - 0.36
Gradient Height, Z, 300m. 500 m
- Step 2: Calculate the gradient wind speed at the airpbrt.
Nz,
0. 15
=30 [300)
10
=50m/s
Step 3: Calculate the mean wind speed at the bmldmg rop
nlz]
0.36
=50 ( 55 J
500
_ =22.6m/s _
| 'Step' 4: CaIculate the gradaent gust speed at the azrport |
G=1.35 Vi "
=135 X 50
| =675mis e
Step 5: - CaIcuIate the gust speed at the top of the bmldmg. o
: Z
-ofs]
: —67 5( 55 ) PR
500

=434mis
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| Wind Pressure Coefficlents

Wind flow around bulldmgs creates two types of pressure components nameiy, negauve pressure, P.

-and positive pressure, Pi. P, is created by flow separation on the exterior side of the roof. P; is known

as the internal pressure of the building and is generated by the pressure difference induced by the wind
and the temperature gradient across the envelope as well as the mechanical ventilation system installed
in the building. P; is especially important for large-span industrial buildings, supermarkets, and similar
structures. Since such building envelopes are usually highly wind permeable, the wind-induced internal
pressure may sometimes equal the outside negative pressures. The design wind uplift is the vector
addition of these pressure components. Wind-induced pressure on a roofing membrane has a static
component (mean pressure) and a transient component. The latter varies as a random process. Its
dominant frequencies depend on the frequency of the upstream wind and geometry of the building.
Thus the wind uplift pressure is time-dependent.
Definition of Pressure Coefficient

Building Codes of Practice and Wind Standards provide the values of wind pressure in terms of
pressure coefficients. These coefficients are obtained by normalizing the measured pressure at a
location with respect to the dynamic pressure at roof height. A significant advantage of presenting the

coefficients in this manner is that the obtained non-dimensional pressure coefficients are independent
of wind speed; and thus, they can be used directly during envelope design. The coefficients are

defined as:

C, __B.._ Cr _L C,= L. s Cp "y
S % W @
where: o '
é = the maximum instantaneous pressure coefficient measured over the sampling period

C, = the minimum instantaneous pressure coefficient measured over the sampling period

(:’;, = the ,timeéaveraged' mean pressure coefficient .
ép = the root~mean square (RMS) pressure coefficient; and
' Qu m=— pVHH , the dynatmc pressure associated with the mean velocity at roof herght.

The mean value gives" an indication of the static wind load that can be expected. The G or G, is the
measure of storm pressure or maximum suction on the envelope. It is a measure mostly needed for the
design of cladding elements. The RMS value is a measure of fluctuation in the. pressure srgnal Large
deviations from the mean value give a higher RMS value. - '

North Amerxcan Approval Test Methods

At present, in North America, there are two test methods bemg used for approval testmg of
mechanically attached roof systems. They are the Factory Mutual (FM) 4470 and the Underwnters
Laboratory (UL) 580 procedures. : _
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Factory Mutual (FM) 4470 - uplift pressure teSt
The pressure is supplied through positive air pressure to the bottom of the roof panel using an air

- compressor. The initial test pressure is 30 psf (1.4 kPa) and maintained for 1 minute. The pressure is

then increased by 15 psf (0.7 kPa) each successive minute until failure with the test panel occurs. The
scope of FM 4470 is to designate an I-60 or I-90 windstorm classification to the roof assembly tested.
("I" indicates that the assembly has passed other FM tests related to fire, hail, leakage, corrosion and
foot traffic. ) To obtain approval for a Factory Mutual I roof cover; the test assembly must withstand
certain pressure levels for 1 minute. For example, to obtain an I-90 classification, the test assembly
~ must resist 90 psf (4.2 kPa) for 1 minute. Slmxlarly, for an I-60 classification, a pressure of 60 psf 2.8
kPa) is applied for 1 minute, . _ _

Underwr;ters Laboratones (UL) Procedure 580 teet method
" The UL Ioad cycle is glven in the table below.

Negative Pressure,

Positive Pressure,

: Test Time Duration, €SS sit _
Rating | Phase Minutes psf (kPa) psf (kPa)
g 1 5 9.4 {0.45) 0.0 (0.00}
- 2 .5 9.4 (0.45) 5.2(0.25)
UL15]|. 3 60. 5.7-16.2 (0.27-0.78) 5.2 (0.25)
14 .5 14.6 (0.70) 0.0 (0.00)
5 5 14.6 (0.70) 8.3 (0.40)
1 5 16.2 (0.79) 0.0 (0.00)
2 5 16.2 (0.79) 13.8 (0.66)
lurs3| . 3 60 8.1-27.7 (0.39-1.33) 13.8 (0.66)
4 5 | 24.2 (1.16) 0.0(0.00)
5 5 24.2 (1.16) 20.8 (1.00)
R 1 5 32.3 (1.55) 0.0 (0.00)
3 2 5 32.3(1.55) 27.7 (1.33)
UL 60 3 60 16.2-55.4 (0.79-2.66) . 27.7 (1.33)
: 4 -5 40.4 (1.94) 0.0 (0.00)
5 5 40.4 (1.94) - 34.6 (1.66)
1 5 - 48,5 (2.33) 0.0 (0.00)
2 5 ‘ 48.5 (2.33) 41.5 (1.99)
UL9 { '3 60 24.2-48.5 (1.16-2.33) 41.5 (1.99).
o 4 5 56.5(2.71) 0.0 (0.00)
5 5 56 5 (2 71) 48.5 L33)

In a vacuum chamber, steady and oscz]laung negauve pressures are apphed to the top of the assembly,
- while the bottom chamber applies steady positive pressures to the underside. The positive and
negative pressures are applied at values and time durations as shown in the above table. The UL 580
designation classifications are: UL - 15, UL'- 30, UL - 60 and UL - 90. The testing. period is 80
minutes divided into five phases. Let us consider the UL - 90 load cycle First phase applies 48.5 psf
(2330 Pa) negative pressure for 5 minutes, whereas in the second phase 41.5 psf (1990 Pa) positive
pressure is added from the bottom of the roof assembly During the third phase, an oscillating
- préssure, 24.2 psf to 48.5 psf (1160 Pa to 2330 Pa) is applied at a ﬂ'equency of 10 second per cycles
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_ fer 60 minutes. In the fourth phase, 56.5 ps.f (2710 Pa) negative pressure is applied for 5 minutes,

with positive pressure equal to zero and to end the testing, 56.5 psf (2710 Pa) negative pressure and
48.5 psf (2330 Pa) positive pressures are applied for 5 minutes. If the assembly surpasses this loading
cycle, then the assembly is designated as UL-90. Smnlar arguments applies to Class 30 and 60 rating.

. NRC’s Approach

In 1994, the Institute for Research in Construction, Nanonal Research Council of Canada (IRC/NRC)
initiated a project, "Dynamic Evaluation of Roof Attachment Systems," to evaluate mechanically-
attached roof systems under dynamic loading. Test procedures and numerical models are being
developed to evaluate their performance. The analyses and the test results will be combined to
produce a design manual for the roofing industry. The experimental project includes laboratory tests
to evaluate materials, systems performance, and wind tunnel unsteady-load measurements. The

. numerical modeling involves the development of a F’nute Element Method (FEM) structural model

anda CFD wind-loading model.

In 1995, a consortium, Special Interest Group for Dynarmc Evalaauon of Raoﬁng Systems -
(SIGDERS) was formed. SIGDERS has two objectives:

" 1. develop, design and test procedures to evaluate and cernfy roofing systems under dynan:nc loads;

and,

2. carry out generic and pre-competitive research for the benefit of roofing industry. _

SIGDERS consists of a wide range of clients concerned about roofs, including manufacturers

- (Canadian General Tower Ltd./Prospex Roofing Products Ltd., Carlisle SynTec Systems, Cémfort

Inc., Firestone Building Products Co., JPS Elastomerics Corp. - Construction Products Gioup,

}...... Soprema Canada, Vicwest Steel), building owners (Department-of National Defense, Public Works-
. and Government Services Canada), managers and architects {Canada Post Corporation).  Also

involved are two associations: the Canadian Roofing Contractors’ Association (CRCA), and its
American counterpart, the National Roofing Contractors’ Association (NRCA).

The following progress has been made on this on-going project:
e State:of-the-art reports for laboratory and numerical procedures for the roofing system evaluation

- were prepared. "This systémiatic review summarizes the findings of past research activities along
with their limitations. As well, it recommends future research areas in dynamic testmg of both the
dnw.ng forces and roofing system response.

e A umque Norﬁl-Amencan roofing facility for the dynamm evaluatlon of the rooﬁng systems has

_been designed, fabricated and commissioned. It is about 10 m long, 3 m wide and 3 m high (35 feet
- by 10 feet by 10 feet) and can simulate wind pressures of up to 9 kPa (200 psf) and about 5 Hz

- wind gusts.

. Two series of wind tunnel experiments were camed out using full-scale roof section of 3 m by 3m

(10 feet by 10 feet) in the NRC’s 9 m by 9 m (30-by-30 foot) wind tunnel. This provided a unique

- database conta;mng values for unsteady wind loads on roofs. The first series utilized a PVC

" roofing system. Department of National Defense partially funded the expemnental studies. An

EPDM roofing system was used for the second wmd-mnnel study SIGDERS funded the second
senes of wmd tunnel test. - oo _
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e A wind load cycle is being developed representmg the dynamic wind-induced effects on roof
- attachments. . Experimental investigations, using these load cycles, were started on smgle—ply, ('
mechamcally—attached PVC systems on arooﬁng faczhty R _ _ -

MN WATER MANAGEMENT |
A ﬂn'ee-fold matrix approach is needed for successful water management on roofs

" 1. Durable roof membrane; -
2. Properly installed flashing;
3. Well desxgned dramage

' _' Flashmg | B >

A ﬂas]nng isa rooﬁng element used to prevent water from penetrating the exterior surface of a roof
or to intercept and lead water out of it. Flashing diverts the water to the membrane. The membrane
-then carries it to the roof drains. Typically, flashing intercepts water flowing down parapets, down

waills of higher adjacent construction and doWn roof penetrations. There are four locations where a
ﬂasinng is needed: :

1. Terrmnauons;

2. Junctions;

3. Projections; and,

. 4. Joints. S : »

In any ﬂashmg detail, there are up to three different flashmg components

2 Counter—ﬂasmng,and, : " L ' U Tty
3. Capﬂashmg o

Base flashing

- Base ﬂashmg is an extension of the roofing membrane or a different material that is bonded to the
roof to form a waterproof joint. It extends upward along the vertical surface to divert water onto the
'membrane If the roof terminates in a parapet or cant, the base flashing should pass over the top of
~ that construction and be secured to the outside, for example, with a nailing strip. This minimizes the
likelihood of water Jeaking behind it and into the roof. Liquid-applied material may not be suitable for
flashing since it cannot be carried over a parapet or across a roof-wall joint. The base ﬂashmg should
reach a higher level than that reached by water on the roof. In some situations, water. may have to be
temporarily stored on the roof. This may occur during heavy rainfalls, where the drain size is
inadequate, where local bmldmg regulauons reqmre controlled ﬂow drams, or where ice and Snow
restrict dramage : _ _ S

Counter-ﬂashmg

'Counter-ﬂashmg is used in some s1tuanons, to can-y water onto the base ﬂashmg and the membxane
This may be the case where a wall rises above a roof and | masomy or concrete wall claddmg is carried
down to the roof surface. It covers the verucal face of the base flashing, It provides protecuon for the .
. base flashing and may serve to shed water. Where required, the: counter-flashing is' secured to the
parapet or wall cladding. Counter-flashing may not be required where modified bitumen or single-ply
membranes are used for the base flashing. If not required, it should not be used, since it will cover
defects and hinder maintenance. Thermal expansion coefficients between the flashing and the cladding
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* may cause differential movements between these two components In most cases, these stresses will
break the seal. o T

Cap flashing |
Cap flashings are horizontal coverings for parapets and expansion joints, Cap flashing should be

sloped toward the roof and secured to allow differential movement. Failure to provide for adequate

flashing height at the design stage may result in serious problems that cannot be corrected
subsequently. For example, if access is provided from a traffic deck or lounge roof deck to an
adjacent inside space on the same level, the entry must be flashed high enough to prevent water from
flowing over the top of the base flashing and into the building. Good flashing practice should be given
preference over ease of access between the interior of the building and the roof deck.

Design consnderatlons .
Many factors affect the performance of the ﬂashmg system, Design drawmgs for several common
applications are avaﬂable from the CRCA and NRCA mannals.

Drainage

Draining methods

Flashing will divert the falhng water and the membrane isa waterproof element. Only drains that are
properly designed and maintained will keep water off the roof. Good drainage, i.e., sufficient slope
and an adequate number of drains, properly located, can be obtained either through interior. or
peripheral drainage systems. In an interior drainage system, rainwater flows from elevated areas to.the
drain, arrangements are needed to take the rainwater through the building interior. They can be

_located. along building columns. In a peripheral drainage.system, rainwater flows. from elevated—

surface to the buﬂdmg outside and drams through scuppers

Deck sloping’

Sloping is crucial for successful dxamage The preferred method for achievmg adequate slope is to
have the slope built into the roof structure by using, for example, cambered roof decks or steel trusses

‘with slope designed into them. Provisions for structural slopes must be made when the building is

designed. A more general criterion for adequate slope is that it should be unbroken and have no area

~ where ponding is likely to occur. This means that the drain must be at a low pomt in the roof and the

roof must slope smoothly toward it.

Insulation slopmg

If the deck is not sloped, tapered insulation may be used to provxde a slope. Thxs can work, but itis a
poor alternative to a deck built with an appropnate slope. To achieve the purpose of msulanon
slopmg, three factors are unpormm _

. msulauon securement
¢ insulation efficiency; and,

e the ablhty of the roof, flashing, and access doors to accommodate the addmonal hezght.

Thick insulation may ‘make secunng a membrane difficult. In some cases, a mechamcal fastener would
have to be more than 150 mm long to pass through the msulauon It would act as a cantilevered beam
when resisting wind uplift on the membrane. Using non-uniform thickness is also an inefficient way to
insulate a roof. The area near the drain is under-insulated, whereas the area away from the drain is

NRC-IRC Building Betler Roofs __ Roofing Systems and thelr Performance Requirements Page9



‘over-insulated. The effect on heat flow is less than if the same amount of insulation is uniformly
" distributed, where the insulation is thin, the deck becomes cold in wmter and condensauon is more-
likely to occur. :

‘NBC Reqturement

The National Building Code of Canada tabulates the rainfall mtensny for dtfferent locanons in
Canada. In the NBC (1995), these values represent the 1 day rainfall amounts. The 24-hour rainfall
* valués were based on meéasurements of the annual maximum 1 day rainfalls for 2051 stations with a
10 year or longer record. These are one-in-30 year values. This representation is new compared to the
NBC (1990) in whtch rates were provrded for 15-m1nute ramfaﬂs and they were one-in-10 year

values.

MOISTURE tCONTR’OL_ R
‘Moisture Entry Through Air-Leakage

Most water vapour migrates into ro‘oﬁag components because of air-leakage Controlling air-lea.kage
is a continuing challenge for the envelope designer in so far as an optimal balance between the indoor
air quality and the energy consumption has to be struck There are- three main factors causmg the

building air-leakage:

1. Wind induced pressure difference across the envelope; B
- 2. Stack effect due to temperature difference across the enve10pe, B
3. Pressure difference generated due to buﬂdmg ventilation process.

. The resulta.nt of this process is. mﬁltranon from.the building bottom and ex—ﬁltranon through the top.
From the point of view of moisture control, this relates to air containing moisture entering through
the lower floor levels of a building and being transported upward toward the roofing system. This is
called air-bome moisture and it can cause condensation on the roofing components. Air can move
through cracks and openings even with small pressure differences. Electncal outlets, pluming stacks,
_and deck overlaps are some typical air leakage paths. : .

Functlons and Propertlu of Au‘ Barners

Controlhng air movements is critical in rooﬁng design. Recently, NRC developed a techmcal guide,
“Air barrier systems for exterior walls of low buildings”. It defines the a:r barrier system as “the
assembly installed to provide a continuous barrier to the movement of air.” This section presents the
functions.of air barriers and 1dennfies the possrb:hty of rooﬁng components that act as air barriers.

AJI' bamer

" The function of the air bamer ina roofing system is to minimize air leakage through the roof 'I‘h1s
reduces energy losses and minimizes condensation resulting from the transfer of air-bome moisture
from inside the building into the roof assembly. In contrast to wall assemblies, most of the time, there
is no single component that takes the responmbxhty of an air barrier. Equally, the air barrier concept is
not well understood by the rooﬁng community. A number of roof components may act as the air
barrier; €.g., the deck, membrane and support boards Components are also combined to act as an air
barriér assembly.’ Selecuon also vanes wnh types of rooﬁng, namely, conventtona.l system or
protected membrane system. ' : _ _ ‘ :
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Roof deck as an air barrier

Axrnght roof decks could function as air barners in addmon to fulﬁ]hng their structural reqmrements
Typically, concrete decks with proper air seals at movément joints can act as an air batrier in a roof
assembly. Plywood and Oriented Strand Board (OSB) decks may take the role of air barrier for

architectural metal roofs with proper jomt air seals.
Membrane as an air barner '

- In certain situations, the roof me.mbrane pcrfomls as the air barner, in addmon to its primary function

of keeping the water out of the roof. This is not only widely encountered in-the conventional roof
assemblies, where the vapour barrier is not airtight, but also where the vapour barriers are loose-laid.
In some mechanically fastened, single-ply roofing assemblies the vapour barrier material, such as
polyethylene, does not seal around the fasteners. This approach can lead to problems. Wind flow over
the roof creates membrane ballooning. During this process, air from the building interior can be easily
drawn into the roof assembly. This is more pronounced in mechanically-fastened single-ply roofing
systems. In the case of protected membrane roofs, the roof membrane, adhered to the deck, functions
better as an air batrier than in the case of the convenuonal roofing system assembly

NBC Requirement

NBC (1995) { sccuon 5.4, air leakage, and sectxon 9.25, heat transfer, air leakage and condensation
control} stipulate the air barrier requzrements An air barrier system’s air leakage characteristic should

. not.be greater than 0.02 L/(s m’®) measured at an air pressure difference of 75 Pa. To be. effective, the
air barrier must be impermeable to air flow and continuous even at joints and Juncuons An air barrier

system and its components will be subjected to wind loads and must therefore either have the strength

that has the required strength and rigidity. For a deflection requirement, 1.5 of des1gn wmd loads
should be considered.

- Functions and Properties of Vapour Barrier

Vapour barrier function

A vapour bamer is defined as a building cnvelope element that limits diffusion cf moisture into an
assembly. D1fﬁ1310n is water vapour migration in a material. Its rate depends on two factors:

® water vapour pressure difference across the roof assembly;
* resistance of materials along the migration path.

Some materials have more resistance than others. Placmg a h1gh-res1stance matcnal ina roof assembly
wzll help control moisture migration. : :

'Vapour barrier propertles o

Vapour barners are intended to I:mlt moisture dlffusron Thercfore, the main property requirement of
a vapour bamer is low water vapour permeance. Water vapour permeance is defined as “the time.of
water vapour transmission through a unit area of ﬂat materials or construction znduced by a unit
vapour pressure difference between two specified surfaces, under specified temperature and

 humidity conditions”. According to the Part 9, sccuon 9.25.4.2 of the NBC, vapour barners shall

have an initial permeance not greater than 45 ng/Passem” , where: 1 ng (nanogram) = 107 grams; Pa =
Pascal; s = second; m = metre. Some typmal vapour barrier materials and their permcances are listed

in the followmg table:
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Vapour Permeance Values of Common Roofing Materials'

- Material Thickness or Weight Permeance, | Type
B e e o L (ng/Passsm?) |
.- L.Common vapour barrier materials : s ‘ b G
-aluminum foil - : : 0.03mm (1 mil) 0 -1
_ 0.0l mm (0.35 mil) 29 | -1
polyethylene 0.15mm (6 mil) 3.4 1
. 0.10mm @mil) 4.6 1
i NIRRT : 005mm (@mil) - 9.1 I
asphalt kraft paper facing - R 17 T H
- | unplasticized poly(vmyl chlonde) - 00Smm Qmil) 39 B
| polyester - L - 0.03mm (1 mil) 42 1 n
Paint and wallgpg : L : S :
- asphalt pamtonplywood 2 coats 23 I
aluminum paint 2coats 17-29 | 11
latex VDR paint o 1 coat. 26 I
oil-based paint on plaster . . 2 coats 91-172 —
Insulation materials - : - '
| extruded polystyrene 25 mm (1in.) 23-92 —
_polyurethane 25 mm (1in.) .69 —-
expandedpolystyrene 25mm - (Tin) 115-333 —
1ock wool 100mm  (4in) 1666 —
cellulose fibre 100 mm (4in) - 1666 _ -
| glass fibre wool 100mm (@in) 1666 —
~ | Other bulldmgmaterlals ' AR L
- Plazed s iasonsy ""”"IOOmm R T T
.'asbestos-cementboard with oil- 3mm (1/8 m) 17229 | H
paint . S . : L
board (wood) 19 mm (3/4 in) - 172321 O
poured-in-place concrete 200 mm - 23 1
' CDX plywood 64mm  (1/4in) 40 |
| concrete block 200mm . (8in) 137 —
|_tar paper __68kg  (151b) 230 —
hardboard (standard) 3mm ___ (18in) 630 —
plaster on metal lath 19mm - (34in) 860 e
snunbondedpolypmpylene T Tt . 884 —
insulating board 127mm. (1/2in) 1150-2875 | —
-'buﬂderssheaﬂnngpaper BT T 11700 | —
- gypsumdrywall : 2860 - o

! Note: Values from the deta:ls for air barrier systems for houses Ontano New Home Warranzy
Program, North York, 1993, - R s :

In pracuce, vapour bamers are class1ﬁed as Type 1, Type II or Type III For example, a 6 mﬂ tthk
- polyethyiene sheet quahﬁes as a Type I vapou: bamer. )

The ASTM E96 procedure is used to measure water vapour transunsmon properues However th15
precedure apphes to measurements for two RH conditions. - The - dry and wct-cup method
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corresponds to 25% and 75% hean RH, respecﬁveljr A recent study at NRC found that this
information is not enough to describe the behavior of materials and components through the entire

~ range of RH. Currently a logical extension of the E96 standard is being proposed by NRC which will

cover the measurcment procedure over a range of mean RH values

'THERMAL CONSIDERATION

_'Rooﬁng system durability or service ler depends greatly on the resistance of the system to thermal
effects. Thermal performance of a roofing system, in turn, depends on the insulation. Therefore, the

preliminary requirement of insulation is to control the heat loss and heat gain through the roofing
system. Secondly, the insulation should also maintain the temperature of the vapour barrier and the
components below the vapour barrier above dew point temperature. In other words, the secondary
requirement of insulation is to minimize condensation on the roof surface

Heat Transfer . .
There are three ways in which heat flow occurs through a roofing systcm conduction, convennon and
radiation.

Conduction is the transfer of heat through direct contact of molecules. For example, if a metal deck is
used to separate the hot and cold environment, then hot molecules will conduct heat to cold molecule.

.. This process continues until molecules reach ethbnum status. Addmg another componcnt e.g.
- membrane, will start the process again. - _

* Convection is the transfer of heat by movement of particles. In this process, air parhcles move from

hot surface to & cold surface. It is also called convection current. Air leakage through cracks or

' -unscaled membranes can transmit heat by convection. Ina rooﬁng system, heat transfer occurs
‘Radiation is a heat transfer process due to waves exmtted by bodies. In roofs, a black membrane will

rily through conduction and less through convection.

typically. absorb the heat from sun rays. This is also true in the case of roof skyhghts Reﬂecnvc

- surfaces, such as an aluminum sheet or coatmgs, help minimize this proccss

- Types of Insulation

Many different types- of thermal msulaung materials are used by the rooﬁng industry. They can be

_organic, inorganic, metallic. or a combination of them. These materials are available as loose fill,

blanket, batts, block or slab or board, reflective and foams. Some products are combinations of two

-~ or more types of insulation, such as reflective mineral wool blanket insulation. Building Products of

Canada provides a classﬂicauon for the spectrum of common msulauon matenals shown in the
followmg chart. : L . _ S
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Insulation

L | [
Foamgiass 1 pém; 1] P_la‘»l'tit's ]. - . | bogaric™ |- -~ Organk .
| - . .
- | memitltplastic | [ GassFixe ] reriFi “Woodﬁbreboard]:_ Cael |
Fh;ml-' _l}drlt_tms_ r Ur:a | i.’olysly'rene_. o .

formaidenyde
oam -

formekefyce. |

| Poiyurethane ”ﬁmmam]l Maukied ” Extriged |

e

Reqmrement of Insulatlon o

Snmlar to other rooﬁng components, the reqwrements of msulatton vary Wlth a bmldmg s use and
location. The Canadian Coordinating Committee for Thermal-Insulation Standards and Quality
(CCCTISQ) commissioned a study to assess the current status of insulation standards for residential
- ‘applications. The report; “Study of thermal insulation s!andards Jor residential applzcatzon GR
' Genge” Sttpulates the reqmrements for msulauon listed in the followmg table T

Requu'ement

Property : : -
|LAir Leakage Resistance | maximum aceeptable air permeance to be part of the air barrier system -
- Bond Strength. | minimum acceptable bond insulation matenel (cohesxm and surface adhesmn
' : under service loads) - ot :
Capillary Action maximum allowable capﬂlary potenual to av01d damage to msulauon and other
Registance . components and loss of thermal performance -
Comnpaumhty | proof of compaublhty with common construction solvents Wthh may contact the
_ 5 | insulation (such as adhesives, damg-prooﬁng, etch.) - '
: _Compxesswe Strengm minimum acceptable i compress:we resistance of matenals subjected to expected
] o loads (such as slabs, backfill, foot traffic, wind) -
: __Conestvez_tess o maximum acceptable potenual of msulatton to. cause connmon of metal elements
L T (such as studs, fasteners, efc.):
Dimensional Stability | maximum acceptable dimensional ehange 0 avoid loss of perfounance or damage '
L L o adjacent materials :
Dimensional Tolerance | maximum acceptable variance in product d1mensxons as manufactured for
L _ intended assemblies -
Drainage Capability = | Capability of products mtended to perfonn asa drmnage layer on foundations to
and Flow Rates handle water in backfill -
Fastener Tear-Out - tear out resistance of insulation attached by fasteners when subjecred 10
Resistance ' _ constmctton and semce loads, such as winds, gravity, andetch
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_ Property Requirement - -
Flame spread and tests for compliance of insulation materials and typical assembly used for
Smoke Rating compliance with code requirements
FreezefThaw Resistance | minimum acceptable resistance to cyclic expanszon!conu'acnon forces so as to
‘ avoid performance loss or damage
Heat Tolerance: ability to resist 1oss of performance and structural mtegnty over time when in
: . : contact with hot ducts, pipes, etc. _
Mechanical Damage minimum acceptable resistance to tearing, pezmanent compresmon, puncmre, etch.
Resistance and typical of consnucuon and service conditions L
Ozone Depletion | maximum acceptable ozone depleuon potenual for the product and its
Potential 3 manufacture. '
Placement of Blown-in | minimum acceptabl¢ standa.rd for blown-in insulation to allow intended level of
Insulation performance (i.e., no pockets, good distribution, etc.)
Post Expansion maximum acceptable post expansion pressure of foams to avoid damage to
Pressures windows, finishes, framing, etc
| Rigidity ° minimum acceptable rigidity to allow flat ﬁmshes and raclung resxstanoe for
o frames when use in place of sheathing
Settlement Resistance | maximum acceptable sag, consolidation, settlement, etc that won't Iower the
e thermal performance or leave air gaps
Shear Strength minimum shear strength based on structural or non—structural use 1o res1st
3 ' ' construction and in-service forces, =~ - :
Thermal Degradation | maximum' acceptable loss of thermal resistance of insulation matenal due to aging |
|l over a typical building life L _
Thermal Oxidation | minimum acceptable resistance to chemical degradation of mak r I -
R e g S overatyplcalbuﬂmnghfe
Thermal Resistance minimum acceptable thermal resxstance for products or assemblies nelauve o
, labeling and intended use i}
'} Ultra Vzolet Rad1anon maximum acceptable loss thermal performance and physical detenorauon due to
Resistance predictable lifetime exposure -
Vapour Retarder minimum acceptable permeance ratmg accordmg to reqmrements of potential
Classification material location
‘Volatile Organic maximum acceptable levels of various volaule orgamo emissions with respect to
Emissions indoor ar quality gmde]mes, both short and long lerm exposure

In a.ddmon to the above, the followmg are some of the subjective parameters:

e The material shall have sufficient structural mtegnty to maintain its basic form and structure

during normal handhng and installation.

o The surface of the msulauon shall be free of cracks, lumps, or other defects that may adversely

affect its service quality or appearance.

~ o The msulauon shall have no objecuonable odour

¢ The material shall be reasonably uniform in cell structure,
. Workmansh1p shall be in accordance with good oommermal pracnce
e When applied, the insulation shaIl not present any health hazard to the potenuai occupants

NRC-IRC Building Better Roofs
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E . Facmgs shall be well adhered. .
"o All material shall be free from forelgn matter.
o The matenal shall be rot proof and mildew and fungus growth remstant. S
o The material shall not be corroswe to metals commonly found in bmldm g construction.

Addltlonal Reqmrements for PMR Insulatxon

In PMR assemblies, the msulauon may be exposed to the extenor envzronmenta.l effects Bemdes its
preliminary function of controlling heat flow, it must also protect the membrane from such effects as
temperature difference, wind uplift, and solar radiation. In many cases, gither ballast or pavers are
used to hold the insulation agamst wind uplift. However, securing ballast or pavers against wind is
equally critical. Extensive work was done using NRC’s wind tunnels on roof models. The results of
_these tests provided valuable tools to de51g11ers for dealing with such wind uphft problems and gravel
scounng under the various climatic conditions that prevaﬁ in Canada, -~

_ Roof dramage is an important part of a PMR system. Water usually, will not seep into the msulauon
used on PMRs. Rather, the moisture enters the insulation as vapour. Vapour gradient causes moisture
 to diffuse into the insulation. As a second line of defense, a deszgner should also ensure that moisture
in the insulation is allowed to escape to the atmosphere through a gravel cover or by providing
ventilation space between pavers and PMR insulation. If pavers are placed directly on the insulation,
‘water may be trapped at the surface between msulauon and paver. When the sun shines, it heats the
paver, If the temperature gradient is reversed, ie., the temperature at. the top surface of the insulation
‘excéeds that of the insulation below it, water vapour will be dnven into the insulation and condense

there. Pavers should be spaced 10 to 20 mm above the msulanon so that vapour m the msulatton and o

~~water on top of it can evaporate to° the outs:de
Evaluation Standards and Test Methods |

Several of the above requirements can be evaluated through standard laboratory test procedures The
following tables provide a listing of the Canadian insulation evaluation standards and test methods.
However, currently, _the Canadian Coordinating Committee for Thermal Insulation Standards and
Quality (CCCTISQ) is developing recommendations to the. Canadian General Standards Board
(CGSB) for harmonmng the thermal msulanon standards for Canada. . .

= Canadlan Standards Assocxatlon (CSA)

| Number | ; T Name
CSA/A101-M1983 = Thermal insulation, Mmeralﬁbre, for Buﬂdmgs
CAN/CSA-A247-M86 Insulating Fiberboard: . -~ - _
CSA/A284-1976 " " [ Mineral Aggregate Thermal Roof Trsulation__
CAN/A451.1-M86 .~ .~ Po!ystyrenemsulaumAdheswes
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Canadian General Standards Board (CGSB)

_ - Number _ __Name :
CAN/CGSB-51.2-M88 Thennai Insulauon, Calcmm Silicate for Piping, Machmery and Boilers.
CAN/CGSB-51.5-92 Thermal Insulation, Block or Blanket, Elevated Temperature.
CAN/CGSB-51.9-92 Mineral Fibre Thermal Insulation for Piping and Round Ducting

CAN/CGSB-51.10-92

" Minera! Fibre Board Thermal Insulation.

CAN/CGSB-51.11-92

Mineral Fibre Thermal Insulation Blanket

CAN/CGSB-51.12-M86.

Cement, Thermal isulating and Finishing

CAN/CGSB-51,20-M87 _

Thermal Insulation, Polystyrene, Boards and Pipe Covcnng

51-GP-21M78

Thermal Insulauon, Urethane and Isocyanurate, Unfaced

CAN/CGSB-51.23.92

‘Spray-Applied ngd Polyurethane Cellular Plastic thermal insixlanon

CAN/CGSB-51-92

Thermal insulation, Phenolic, Faced:

CAN/CGSB-51,26-M86

Thermal Insulation, Urethane and Isocvanarate, Boards, Faced

51-GP-27M79

Thermal insulation, Polystyrene, loose Fill

51-GP-29Ma

Phenolic Thermal Insulation for Pipes and Ducts' "~

CAN/CGSB-51.31-M84

Thermal Insulation Fibre Board for Above Roof Decks

LCGSB-51.32-M77

Sheathing, Membrane, Breather Type

CAN/CGSB-51.33-M89

Vapour. Barrier Sheet, Excluding Pbiyethylene, for Use in Bu:ldmg

Construction

CAN/CGSB-51.34-M86

Vapour Barrier, Polyethylene Sheet For Usc in Bmldmg Construcuon

CAN/CGSB-51.38-92

Cellular Glass Thermal Insulation -

CAN/CGSB-S L. 39-92

Spray Application of Rigid Polyuremane Cellular Plasuc 'I‘hermal Insulation for

Pl .‘\,

, ___| Building Construction. . - )
CAN/CGSB-SI 40—M80 Thermal insulation, Flexible, Elastomeric Umcellular, Sheet and Pipe Covenng_
51-GP-42MP - |-Handbook on Insulating Homes for Energy Conservation
51-GP-44MP- Manual for: Installers of Cellulose Fiber Blown Loose Fill thermal Insulation
51-GP-45MP Manual for: Instailers of Mineral Fibre Blown Loose Fill Thermal Insulation
51-GP4TMP___ Manual for Installation of insulated Cladding Systems
51-GP-51 - Polyethylene Sheet for Use in Building Construction .
51-GP-52Ma. - | Vapour Barrier, Jacket and Facmg Matenal for Pipe, Duct and Equipment

| Thermal Insulation
51 »GP-SSM - Jacketing, Polyvmyl Chlonne Sheet, for Insulatmg P1pes, Vessels and Round :
CAN/CGSB 51 60-M90 _Cellulose Fibre Fill Thermal Insulauon

Insulaung ‘Blankets for Domesuc Hot Water Heaters

CAN/CGSB-51.65-M90 _
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| ASTM.Standards and Test Methods*

Name

Bi42 - Speclﬁcauon for Copper Sheet, Stl‘.lp, Plate and Rolled Bars (Discontinued, Replaced by B456-
: 933, Speaﬁcanon for Electro-deposited Coatmgs of Copper plus Nickel Plus Guwximn and
_ ' Nickel Plus Chromium) [51.60] .~ _
C163.88 | Practice for Mixing Insulating Cement. Samples {5 1.601 -
C165.92 Test Method for Measuring Cmnpressxve Propemes of Thermal Insulatwns [A101 A284
o 51.5,51.31,51.38] . :
| C166-87 Test Method for Covering Capamty and Volnme Change Upon Drymg of 'Ihermal Insulatmg
(1992) Cement{S1.12)
 C167-90 Test methods for Tlnckness and Densxty of Blanket or Batt Themaal Inmﬂauons .
C177-85 | Test Method for Steady-State heat Flux Measurements and Thermal Transmission Properties
' by Means of the Guarded Hot Plate Apparatus [A101, A284, 51.2, 51.5, 51.9, 51.1, 51.11,
51.12, 51.20, SI-GP-ZIM 51 23, 51 25, 51 26, 51-GP~27M 51.29, 51. 31 ' 51.38, 51 40
S 51.60,]

C203-92 - Test Methods for Bzeakmg Load and Flexural Propemes of BlockJI'ype Thermal Insulauon
L TA101, A284, 51.5, 51.20, 51-GP-21M, 51.25, 51.26, 51.29, 51.31, 51.38] .
C209-92 Test Methods for Cellulose Fiber Insulating Board [A247, A284, 51.31] , '

C236-89 " Test Method for Steady State Thermal Perfo:mame of Buﬂdmg Assemblies by Means of a
o Guarded Hot Box [51.26] '
C240-91 - “Test methods of Tesung Cellular Glass. Insulanon Block [5 1 38}
'C273 [ Method for Shear Test in Plat\mse of Flat Sandw1ch eonstrucuons or Sandwxch Cores
: | [51-GP-21M]
| €302-82 | Test Method for Denszty of Perfo:med Pxpe-covenng—Type 'I‘hermal Insulanon [51 2, 5 1 9' -
1 C303-90 Test Method for Denslty of Perfonned Block Type thennal Insulanon [5 1.2, 51. S 51.9, 5 1.1,
_ 151.38)
C335-89 - | Test Method for Steady-State I-Ieat Transfer Propemes of Honzontal Pipe msulauon
- 0 151.2, 51.9, 51,29, 51.40] iy
“1C353-90 _Test Method for Adhesion of Dned 'Ihennal Itmlatin&or Fimshmg Cement [51. 12]
- C354-90 Test Method for Compressive Strength of Thermal Insulating or finishing Cement [51.12]
,C355-63 Water Vapour Transmission of Th:ck Matenals (Dlsconunued Replaced by E96)
1 __ | [A284, 51-GP-21M, 51.40] -
'(2356-87 ‘Test Method for Linear Shnnkage of Perfo:med ngh-Tempemmze thennal msulauon
_ . Subjected to iHeat[SI 2,51.5,519,51.1,51.11,51.12] -
C390-79 | Criteria for Sampling . and Acceptance of Perfoxmed thermal Insu]auon Lots [A284 5 1. 11,
(1989) 51.25,51.31,51.38] Ll :
C405-82 Practice for Esﬁmaung Cons:stency 0f Wet-Mlxed Thermal Insulanng Cement [51.12]
(1992). .
C411-82 : Test Method for Hot-Surface performance of }hgh-'remperamre 'Ihermal Tnsulation
(1992) [51.9, 51.10, 51.11] _
C421-88 Test Method for Tumbhgg Friability of Pelformed Block-Tme mennal Insulauoanl 21
C466-88 Test Method for Breaking Load and Calculated Moduius of Rupmre of Performed insulation
2 for Pipes [51.2] - _
C458-90 Test Method for Organic Fiber Content of Asbestos-Cement Products [51. 2]
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Number ' : : - Name : '

51891 Test Method for Steady-State Heat Flux Measurements and 'Ihermal Transmlsmon Properties
R by Means of the Heat Flow Meter Apparatus [A101, A284, 51.2, 51.5, 51.9, 51.11, 51.12,
: 51.20, 51-GP-21M, 51.23, 51.25, 51.26, 51-GP-27M, 51.29, 51.31, 51.38, 51.40, 51.60]
C534-88 Specification for Performed Flexible Elastomeﬁc Cellular Thermal insulation in Sheet and

_Tubular form [51.40] '

C550-81 Pmcuce for Measuring Trueness and Squareness of R1g1d Block Thermal Insulauon

(1987)

C533-92 Spemﬁcauon for Mineral Fiber Blanket Thermal Insulation for Commercial and Industriat

" Applications [51.5,51.9,51.10,51.11,51.31] _ '

C585-90 Specification for Inner and Outer Diameters of Rtgld thenna.l Insulatson for Nommal Sizes of

' ' Pipe and Tubing (NPS System) _

C726-93 Standard specification Test for Mineral Fiber Roof msulanon Board

C728-91 Specification for Perlite Thermal insulation Board [A284] _

C739-91 Specification for Cellulosic Fiber (Wood-Base) Loose-Fill thermal Insulation [51.60]

D618 Standard Practice for Conditioning Plastics and Electrical Insulating Matena]s for Testing
[51.20, 51-GP-21M, 5§1.23, 51-GP-27m, 51.29]

D1037 Standard Test Methods for Evaluating Properties of Wood-Base Fiber and Particle Panel
Materials [A284]

D1621 Standard Test-Method for Cmnpzesmve Properties of Rigid Cellular Plasucs {51.20, 51-GP-

o 21M, 51.23, 51.25, 51.26, 51.29] '

D1622 Standard test Method for Apparent Density of Rigid Cellular Plasnc_[SI 23, 5 1 29]

D1623 Standard Test Method for Tensile and Tensile Adhesmn Properties of R.1g1d "Cellular Plastics

- _ | [31-GP-21M, 51.23, 51.25, 51.26]

D1667 | Specification for Flexible Cellular Matenals mel Chioride_Polymers and Copolymers ,

o (Closed Cell Sponge)

D2126 Standard Test Method for Response of Rigid Cellular plastics to Thermal and Humid Aging
[51.20, 51-GP-21M, 51.23, 51.25, 51.26, 51.29]:

D2842 Standard Test Method for Water Absorption of Rigid Cellular Plastics [A284 51 20, 51-GP-
21M, 51.23, 51.26] '

D2856 Standard Test Method for Open Cell Content of R.lgad Cellular Plastics by the Air Pyconometer: ‘

L [51 23] -

D2863-87 | Test Method for Measunng the Minimum Oxygen Concentrauon to Support Candle-Like
Combustion of Plastics (O_xxgen Index) [51.20, 51-GP-27M]] _

E%6-93 Test Methods for Water Vapor Transmission of Materials [A101 51.20, 51. 23 5 1.25, 5 1.26,
51.32, 51.33, 51.34, 51.38,51.52)

G190 . Practice for Preparing, Cleaning and Evaluating Corrosion Test Speclmens {51.60} ,

' G26-92 Practice for Qperating Light—Exposure Apparatus (Xenon Arc Type) With and Without
Water for Exposure of Nonmetaﬂ:c Materials [51.34]

OTHER REQUIREMENTS- L

Requirement for Snow Loads

" Snow accumulations on. roofs are usually quantified by gathexmg field data. Part 4 of the NBC (1995)
- and its User’s guide, Commentary - H provides values for design snow loads for roofs. Roof snow
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loads mainly depend on four factors _
' ‘1. Basic roof snow load factor mamiy depends on the ground snow load of. the locatton,

2. Wind exposure factor accounts for the reduction in snow load zf apphcable, due to Snow
- drifting caused by wmd flow over the roof configurauon L _

3, Roof slope factor a reductton factor dependent on the roof slope, and,
4, Accumulatton Jactor: depends on the roof slope and local chmate effects

Reqmrement for Ftre Resrstance

NBC (1995). Part 3.1.14 and 3.1.15 mamly covers - ﬂre requarements of roof assembhes ULC
Standard 107, “Standard method for tesnng fire resistance of roof coverings materials” is required
by the building code to meet the fire resistance performance There are three classes for ratmg roof

coverings based on their abﬂny to resist fire:

e Class A: for severe fire exposure condmons;
* Class B: for moderate fire condmons, and,

e Class C: for light fire exposures | |

| SUMMARY | | |
“This paper presented some basic pnnmples of roofing systetnis and components Two types of roofs

are commonly used in North America, namely, conventional roofing systems and protected membrane
systems. These were discussed together with’ the:r perfonnances requirements. ‘During the service-life
of a roof, several harsh climatic factors with varying degree of effects from environmental forces are

: encountered. Three key perfennance elements were addressed, namely, wind effects, rainwater
~-anagement and- moisture control. For these elements, building science prmmples, application roofing

and new requirements from the 1995 National Building Code were discussed. Lastly, North Amencan
standards and test methods for roof msulauon were also summanzed S
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