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P a r  Ka&ger 
Cadian Roofing Contrabm' 

The m f i n g  mduslry has witnessed tremendous c h a n p  in the way we build roofs over the lam 
~ ~ . N ~ ~ h v e c o n ~ d d & s i g n e x s h a d s a c h a l a r g e Y a r i e t y o f ~ s ,  
system and d e s  to choose frwm when designing a d n g  project. Bmught about by 
advances m mamid sciences, compum-assisted engineering and design, a d  years of intensive 
merurch in mataids mi system idmioar we now have &able to us a plethora of products 
md m h g  options. 
W e  m~ toLd by some manufactmrs that, w c d h g  to their testing, we can select products that 
can withstand the West  extremes of dimate orad exposure, We have pxlucts that, W g  to 
t h e i r c ] m r i m s , w i l l p e r f o r m i n ~ r a n g i n g h d M ~ ~ ~ g t o ' n e a r t h e b o i ~ i n g  
pointofwaoer.Theyd~~~t,~andchemical~TheywilI~flerdble~ryears, 
are almost totally UV nshnt, are d e c t d  by water lrnd are both ahsicin and impact 
r e s i s t a n t . C o n t r a c b w s a n d o ~ ~ c l a i m t h a t i f ~ y ~ a n d w i t t i a r n i n i m u m ~ m t  
ofcare and m i m n a n ~  these products shoddrumin in stmi= a d  muble fm f o r c k w b  
Some even &er lon- wananties m back up m e  clsims. 

Why tben, do we wntiwe to be plagued with roofs that leak just a few years after their initial 
i n s ~ o n ? W h y ~ m i l l i a a s a f d o h  spent a m n r a l l y i n r e p a l r i n g , m ~ g d s t h a t w ~  
expaed to give muintempted &ce far dwatb. Why is so much amtmtion litigation and 
chins still dazed #, mfing? 

O u r ~ e x p ~ a s  totheundedyingcausemightbethatonre~~were just 
ovdy ophhtic, or that in the worst me, we wem h p l y  misEed by w d o u s  m t i n g  
departments. 

Along with the huge in the diversity of d g  d u c t s  and systems has an 
in- in the complexity of roof wns?mctimr. DWemt mat&& require diffaent applica1i011 
mhniques and ctemdhg B d d h g  s c h h  have demonsErated that the rmf is not a static 
~tufabuildjngbutbehaveginadynamicfashion,  sllbj,ttoawideamqofhds,farces 
and stress drrring its smite life. We are now a m  that the xr=lation of the roof to the otha parts 
of the hWhg envelop and how they areconneded isaitid to  the^^^ ofthe 
mf a n d t h e b r r i I d i n g ~ . ~ , w h e n w e l o o k m w r e c l d y ,  ~ s ~ ~ l ~ ~ t h a t t h e  
-of ~ c h r o n i c ~ ~ ) b I ~  h$enefanymnot basedin the "new numials, or awure to 
uadmtand how roofs b e W  but the lack of -tion to basic w l e s  that should guide both 
our design and application. Aldmugh these principles are fmdmmta2 and have changed relatively 
~ t t l e s i n c e t h e i n ~ o f ~ & f r o m t i m e t o t i m e w e c h o o s c t o i g a o r e t h e m a t o z l r ~  
Perhaps we have k e n  lulled by lengthy watrantks, umAMc tqecmions by manufaamrs' 
&hm, or we have simply forgotten them. Newrthekm, adkence to them is the only way we 
cmbuildroafsrhatwilllast. 



The performance of any roof is ultimately dependent on three key elements: 

proper design 
proper application 
regular maintenance 

Each of these elements must be! present if the roof is to provide satisfactory performance over its 
fidl expected d c e  He. Each quires  a sound undemanding about how roof assembIies and 
their components behave, what conditions will affect their perfofmance, and what measures must 
be taken to emure that the barmfd effects of e x p s m  and use will be minimized. 

W e  are all accustomed to speaking of roofs in rerms of life spans that approximate twenty years. 
We are also aware of numerous examplm of rmfs that have ceased to perform, or remain 
watertight well before that time. This is often re fed  to as "premature failure". Under close 
scrutiny, it is usually revealed that the cause of these "failmx" is rooted in an inappropriate initial 
design, improper installation, misunderstanding of the roofs particular requirements or a disregard 
for the need to provide routine and regular maintenance. 

A roof can be considered as one of the crucial components of the building. Obviously, it %serves to 
act as a barrier that shelters the occupants and contents from the exterior nanrral elements such as 
rain, snow and sun. It must also m e  to provide sauctrrraZ sup- pmtection from fire from 
both without or within; from the inhltration or dtration of noise; control of the flow of heat; 
and the flow of water vapour. In addition, roofs are increasingly an important arcbiwtural feature 
of the overall design, and must meet aesthetic requirements. 

To meet these demands, roofs must Ix constructed so that they wiU provide satisfactory 
performance throughout their design d c e  lives. D d i l i t y ,  reliability and maintahbility are 
fundamental mcepts in the design and construction of performing mhg systems, These, in 
turn, are dependent on their initial design and construction and an appropriate level of post 
construction maintenance. 

DESIGN 

All tao often the design of a m h n g  assembly is based on historical or anecdotal experience about 
what system or products have worked in the past as oppused to the pmidar  requirements of a 
specific project. No doubt selecting m a t e d  and systems that have a proven track record is 
sound practice, but to ignm all other alternatives for the sake of expediency may deprive the 
owner of the optimal and most cost-effective roofing system. At worst, it can lead to catastrophic 
problems when an ill-suited assembly is chosen solely based on its record in past projects. 

The designer must, at con~ption of the roofing project, embark on a rational and vigorous 
decision-making prmess to ensure that the appropriate system is chosen. To acbieve this 
effectively, the designer must obtain a thorough knowledge and understanding of the requirements 
of the mf, its conditions of exposure and usage, as well as the physid properties and the 
behavioral characteristics of the materials being pposed. 

A good rule to follow is one expressed by Marshall McLuhan who said "form follows function", 
Only once the functions of a roof, together with its conditions of exposure, are accur~tely dtfmed 
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can the options be -wed and the appropiate sysbem s e l d  By woddng through the 
following checklist, a designer can dev%op s p i b h n s  that will kEp asme h t  the raof 
~ t h e e x p e c t e d p e r f ~ t h u j $ m u t i t s m ~ s e r v i k e l i k .  

Geogmphiml Location 

The $eograpMcd location of the project site will &tenah the climatic conditions to which the 
r o o f w i l l b e m b ~ T h i s ~ m i s o f ~ ~ l l ~ t ~ m t h e s e ~ o n o f p r o d u c t s  
d ~ A v ~ ~ s n o w ~ ~ , w i n d + d ~ a ~ g e ~ m  
will dicta& the d l y  mqukmmts. Dewpoin& vapom tmsmbion rates, roof top 
~ a n d a n t i c i p a t e d ~ ~ d t i n g f r o m t b e ~ t i o ~ ~ s n o w a a d r a i n m a ~  
dependent on the climatic ccmditio~s at the project site, The dimtic conditions, In nrm, will 
p s d x  the suitable maherials and rhe dgumt ion  m which they can be employed. By exatqfe, 
a m d m n e  with low strain energy is pmbably a poor to use in an area m which large 
~ s h o c I r s d u e t o r a p i d c h a n ~ i n t e m p e r a t u a l r r e c a m m a n . ~ m a ~ , ~ a s  
dd&~gfelts,mymtbe~leinre~whmahothmnidenvironmentis~narm. 

C h a i c  m d i t i u n s  will a h  - how the system is to be attached to its structllraI support. 
~ M a ~ f o r ~ e , b a s e s t t B e ~ a l d ~ ~ o n w i n d ~ e s f a r p ~ u l a r  
geograghid regions. G e n d  wind lad guiddhs fbr s m m d  ar l d  
e h m t s  anddemmhhg snow loads for a@dmregion can be fwndinPaa4 ofthe National 
S a i l ~ g C o d e o f ~  

Design toad Umifs 

The capacity of the s m m ,  panhhly  the mf deck itself to sustain the loads to which it win 
b e s u b j e c t , d ~ t h e s y s t e m o p t i o n s ~ ~ t o t h e d e s i g n ~ . ~ ~ y ~ u d e t h e u s e a f  
~ ~ t y p i c a ~ l y ~ ~ ~ ~ ~ , t ~ p r ~ ~ r o o f ~ ~ ~ m  
designer must dso bt aware that the choice af the mfmg system may infhmce the loads to 
which the structure will be subjected (is., snow a c c m m ) .  Tbe necessary calculations are 
datively simpIe in new mmimction but m y  be more diiEdtdin the case of re-mhg or re- 
covering of existing foofs, a growing trend 

need far a contia.110~~ v w u r  xetarder in mentional compact mof a s x t n b h  to prevent 
mois~amumahthduetnvapau~diff&~nmadaoertainc~ mndi ths is ~ ~ ~ ~ n a b l y  well 
accept& Tkb can, however, psent  a dWmdty for the ~~ who spc&s the xxpechrvnical 
attachment of the hsuWm and munhm. The risEr doompPomising the mpom retarder is quite 
high when wrtls be m e c h i d l y  attached Accmhg to Wayne Tobiason, of the U.S. 
A r m y C o l d ] R e g i d ~ l ~ R e s e a r c h ~ ~ a g i n g ~ , ~ f a s b e n i n g i n i t s e l f ~ n o t  
~ y a l m t h e r a t e o f v a p o w d i f f u s i a a i f t b e f a s t e n a s ~ t h e t o p  flange of the deck 
and have d k k m t  damping h' However, as is well known, perfdm is dEhd& if not 
hgmsii to achieve during mtmwtion. Damage dPring cmstruction, impropePIy placed or 
d O R a X  defative fasteners, fias~ener back out, plastic ofinmhims and thermal bridging, 
m y  a l l  cOmpimmise the wpour =tank's in&* a d  lead to a c a m u h h  uf mism within 



the roof. The most efftxtive means of resolving this pmWn k to follow the A t i m  of 
CRCA (Canadian Roofing Contractms A s d a t h )  a d  FME (Factory MutnaI Engheuing 
-tion) and cwamct a "split system". In this -n, a bin hytr of roof i n s u h h ,  
thick enough to effectively span the flntes, is hstmd to the deck Over this base layer, a suitable 
v ~ m r e ~ c z t n b e a p p ~ h m o s t '  ~ t h i s c o ~ o f t w o h ~ r a s a f ~ t f e l t  
mapped inro hot bitumen. Finally, the bahm of the imuhion and m m b  covering is applied 

mere are nllmwous advantages to this type of a p p ~ ~  

1, The airhqmm r.ietarder is not ccmpmmised by the peneldm of fmmm. 
2 htmtial for damage from m c  during  on is greaily reduced. 
3. Thermal Mdghg atfasmm is virtlmally elimimted. 
4. Shorter fastener lengths are rrequired. This is partiCuMy qpqnbte on pjem where 

thick BMOM~S of Matian,  flat w tqxd,  are q u i d ,  
5, W~th proper bhmm type, the wind uplift q h e n t s  of FM, UU3 and the Natbd 

BuildhgCodeare 
6 If the base layer meets the mpbmmts of a tlxmml M~T in ammbnce with ULC- 

CAN$-S124-M, mauy almmiive types of insuIations and ~ e m h t m  may be ~ s e d .  
7. A H ~ ~ s ] a r g e a r e a s o f ~ m f t o b e r e ~ ~ @ i n a ~ r m i t o f t i m e , ~ ~  

e n h ~ g ~ o n  s c h a *  

Roof m s  

The type of deck will d e t a n k  the way m which the roof symm is secured, hmasbgly, 
mechanical attachment is the @preferred mthad of securing rod i m a h h  to steel decks. Xn fact, 
FEUZ, as d y  as 1983 has acceptd only tfiis W of attachment. Some inswon 
xmidammm, partk&dy those xnaaufacug foam hulation, will not accept the hstaUati011 of 
their products with mId solvent adhesives. Hot asphalt is stjll the prefami method of &g 
mhg to m t e  decks while the attachment to wood decks continues to consist of either 
m c h h l  fasteners or hot asphalt. 

In my mt, the designer must, when preparing his s p c X a h q  consider how the roof s y a m  
i s tobesee lrredandheldinpIace .&b~e ,ofNRclIRC, inthek 19fO'sdemonstrated 
t h a t ~ ~ ~ # ~ a s a d c a l f a c t o a h t b e ~ n t i ~ ~ ~ o f s h r i n k a g e m d s p ~ g i n B U R  

Comet and sd l kkn t  attachnmt of amqments is eqUany impDnant in the c o o ~ o n  
of lightweight SingleFply syswms. 

Even l d y  Iaid md bngbply sys- can @il s h d  their attachment not be 
thoroughly coasidad Ia this inststcce the gmvd cover m i d l y  provides *e w i d  uplift 
re sham^ of tbe assembly. Horn, d i c h t  ~~ of the m d m w  at the prheters and 
opeaings is d d to p m t  tenting and mpturing of the ptxheter membrane fhshgs which 
~ i l l ~ m i s e t h c i n t e ~ o f t h e ~ ~  

Roof S o p  

It will c;ome as no surprise that adequately draining a roof is necessary Ear its longterm 
perhmnce. In 1978, Donald Smith, Roof Consultant, defivexd a report to Can& Mortgage 



and Hm~sing &qmation titled "Pcrfmmamc of Roofs W h e  to Design Slope". ' h this s w e y  
of 67 roofs, with slopes mging fmm 0 to 1.6% m m ~  than 39 roofs (58%) were qxxiencing 
some sart of kakage. Yet, the nmnbes of IDofs that are still king  cons^ near or dead level is 
ahmhg. Tbis has been a resuIt of the misguihl belief that adhg dopes will subatantially 
~ t h e c o s t o f c o ~ c t i m o r t h a t s o m e r o a f i n g ~  mudfeaedby water. W e i t  
m a y 9 d d ~ y t o t h e m ~ o f t h e ~ c o n ~ o n , ~ c o s t s w i l l b e ~ t h a n o E s e t ~  
miding the higha repair and replacement msts with dead level flat roof&. 

W i t h r e s p e c t t o ~ ~ b y s o r r m e m ~ ~ l ~ r h a t t h e i r p r o d ~ ~ i r e n o t ~ b y s t a n d i n g  
water,~thescclaimsshouldktreatedwith~~E~cehas&ownthat~ofthe 
adhesives used m in &sheet lap d % r  loss of tetlgile smmgth when sut#nerged, 
Some single ply mamiah, although udy &my water ahurptive m y  swell or wrinkle with 
prolonged e q m m  to warn. Ocher ma&ds  are spbjece to midia l  attack in olreas of pmded 
water. Ae-s nmost i m p m d y  the smalkst defect in the mmhm, ~~y at a lap, can 
lead to camtcophic leakage in ponded mas. A sdl- or i i h m t h  in the mmkaae has 
b e e n h m m r e s P l t i n ~ n t ~ ~ ~ ~ t b a t t b e ~ ~ t o f & e e a t i r e r o o f w a s  
~eq- 

Even on &g rods,  where costs would -bit structural nmWimhq h h g e  can k 
greatly enhanced by the addition of new d r a b  in ponded areas or the instahtion of tapered 
hsdatiom 8nd rsonnter slop.  Care mua be exercised, however, to enmm that additional 
insuIatIon at edges and parapets do nut reduce their fbhbg  heights m the extent that they can k 
avawhelmed. 

Building Occupancy 

T h e e n ~ t o f h e b n i l d i n g i n b e r i m a n d i t s ~ w i i l ~ m a n y o f t h e ~ t s  
of the 100- system Wet mss ~ n b ~ g ,  mhmhg p l s ,  hxkey amas all provide 
examples of con8tmctio~s where the r o o f s  wpm/& retarder will be mwhl in its mmll 
p e d ~ ~ h e n e e d f o r s o u n d ~ ~ m s ~ ~ t d e  theuse ofcatain mamislswhich 
have a low soond abmrkq. Roofs @g a lot of equipment ahat must be regnlarly serviced 
may need nmemtrranes that a~ non-slip, toagb and have ahigh degree ofimpaczdstsurce. 

IXhe waste and effluents e x h a d  onto a roof can have cammphk effects w its pfmmme. 
k s h d d b ~ i n ~ g t b e n ~ o f t h t d m b e d s u ~ a n d t h e p o t e n t i a i  
effecttheymayhaveunthe~membrane. 

Thew t h a r m a l ~ o f t h e r m f a w m b l y  w i l l h  dh~by&ebd&goocnpsutcy,  its 
interim envhmmt, size, height ad shape. In smm instames, a m h h m  n q  be stabed by 
C o d e . I n o t h e r i n s t a n c e s , ~ g a y ~ p e r i d d ~ ~ ~ ~ d ~ w i l l d e ~ & e o p t i m a l  
t h d  value for a given project. The t h d  compoaent af any -umial rmf is 
probably its most impmtant fmction next to being a M e r  to miu and snow. 

A m y t h r e ~ g t h c t h c o f o f ~ i n s n l a t i b n a n d t h e n n a I o n t h e ~ o f  
most roofing mmbmms that has peameated the idwhy  needs to be dispeiled. The myth i s  that 
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thicker insulation wjll accelerate the deterioration or aging of the membrane due to the increased 
temperature effects. The theory goes as follows: Because of the higher thermal resistance of 
thicker or more mcient insulations, the membrane will be subjected to a broader range of 
tempmuures (i.e., summer would mute much higher tempaatures and winter much colder) 
resulting in m rapid chemical degradation and large thermal shocks. The facts are that research 
by Drs, Rossiter and Mathey of m S ,  showed that membrane colour has more effect on the 
surface tempemtures than does a change in the insulation thickness? Moreover, work by David 
Richards and Edward Mirra demonsmted that during cold weather, a heavily insulated membrane 
may have even less ternpaamre change than a lightly insulated membrane.6 

'I%is does not imply that themally efficient roofs are problem h, but it does show that they are 
not directly caused by any siflmt change in the surface temperature to which the membrane is 
subjected. Splitting, deformation, slippage and a host of other anomalous conditions have been 
reported on highly insulated rmfs. It appears, however, that the conlributing factors to these 
problems are related to the acuities in restraining the membrane undergoing temperature 
induced loads. 

Size and Shape of Roof Structure 

The effects of temperature, moisture, wind, seismic loads and nmemus other conditions can 
cause siwcant movement and dimensional changes in structures and their components. 
Anticipated d e f d o n s  and stresses are typically accommxhted by the installation of expansion 
joints. Although budding size m y  k the most i m m t  determinant for the placement and 
n u m k  of expansion joints, the buMng shape may also be a factor. Roof splitting has been 
known to occur at changes in span direction, at the junction of differeot deck types, at the 
junction of wings of a building and over end joints of simply supported kams and deck units. The 
design should incorporate allowance for movement at these locations. 

It has been suggested that even if expansion joints are not mpked, "membme control joints" or 
b& in the membrane covered by a fl-e flashing, be used to control tensile forces. Their use 
has been based, for the most p a  on enoneous assumptions, pa&ular~y about the propties of 
BUR membranes. These assumptions include the belief that BUR membranes behave elastically, 
  at damming the surface area by providing mmbme control joints will reduce m e m h e  
s-ge and that by transmitting smess to the m a n h e  coniml joints, m a n h e  s m s  will b 
relieved. It has been shown that BUR membrane behave v i h k a l l y ,  behaving like a viso~us 
fluid at high temperatures and almost elastically at low temperatures.? As a result, not all the 
thamally induced sasses are reversible and the tensile forces are not necessarily proportional to 
size. Since the shrinlrage of the m e m h e  may continue over time, the membrane will migrate 
inwards to the centre. As a result, the conmi1 joints will continue to open up until such time that 
ruptures and leakage results. Membrane control joints build in an area of weakness into the roof 
and should be avoided. 

Roof area dividers however, can w e  seveml useful purposes. By brealdng up irregular shaped 
roofs into smaller unirs, future savicing, repair and xe-rnfmg become more manageable. They 
can also serve to provide effective water cut-offs from one roof section to another. They can 
reduce the stresses associated with =-entrant comers in imaJlarly shaped roofs or those with 
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~ e p j e c t i o n s . I n l ~ ~ s y s t e m s , ~ ~ e ~ i s ~ o a a i t o ~ ~  
roof sections delineated by roof area dividers can lower the s i res  p W  w bteners and the 
perhelm attachment 

Anovemklmingpqmtim ufdekcts and h b g e  i n d s  occm at the -, intemaions 
of walls and parapets aad at penemtiom Although it is r%oltively easy to design and construct an 
kpemmble roof mver in the hmimntal field, changes in plane and tmhations pose particular 
e u I t k s .  At the= lwaions, flashings are subjected to some of the must dunmding mnditions 
on a rwf. They me typically hated at points w h m  two planes of mW&, each having 
a difkent thermal chrtracmistic, in- Far example, tht in-011 of a metal mad cement 
b l o c l c w a l l m a ~ ~ ~ m e t a l c m b . I n ~ r h e y ~ ~ t o t h e m o s t s e v e r e  
w d m i n g  ami the actions of sunlight, winddriven min and snow, @ k y  m, and gravity. 
(lareful attenti011 rn details is essential for sucaessful long~erm perfurmmce, regardless of the type 
of roof c o ~ c t i ~  

When designing spcific details for a parhuh roofing project, the designer &odd cmsidep the 
rmlaial-tsd u ' Itim obtsined hm the muufwbmr. Wood m i b  and 
b I o c l r i n g s h ~ b e ~ a t r o o f ~ e s d o t h a p o i n t s a f ~ ~ . ~ s e r v e t o ~ d e  
ptection far the edge of the WnMirn d a base fw anchorage of the me2nbsaae and memtaane 
-. They must be d y  mached to the deck to b e t i v e .  'Lzle designer should clearly 
stipuhtethemannerinwhichnailersandMockingatetobe* C - l intothedetdsasdas  
t h e ~ o d o f ~ t .  

Hthebuildingbq~tocomplywithFh9~ZJLC,the~ershould~0~tFMRCorULC 
publications. PMRC's Lass Prevention Dam Sheets 1-49 M s  qnxi fd ly  with fhamhg and 
mcbnxmt requhmnts for perimeter flaching that pertain to both conventid and nm- 
mventional roofing S y s m x K  

Many ~ u f a c ~  of roofing - rn e prefahimed f b h g  compmmt% 
~ f o r t h ~ p r a p l i e t a r y ~ ~ ~ ~ ~ d e t a i l d e s i g n s v a r y ~ y ~ T h e ~ u a l  
m u f k m d s  qukmmts should be followed in rhme c m  

With ooday's constrnctkm e c e s ,  the I& is of?en used as the lomion fix heating, mi air 
handling eqipmm. Pdmmna p b h  at these lm&m m often b &bumxi to fauhy 
d e s i p o f ~ m e c h a n i c a l ~ m i t I w u s i n g d ~ t a n d t h e l a c k d ~ ~ t y f o r i t s  
~ t i o n a n d ~ q r o o f ' i n g ~ t h e ~ t r a d e s . O f t e a , ~ ~ f i n g a f  
thedmWhtlsllesultedindireetwa~er-h&&-nni&.-the- 
t o p m i d e ~ ~ m a n s o f ~ h r m x u f o r t k x m u k w ~ ~ ~ ~  
mted in s u M  leakage. Fmhmme, as this equipmm d y  reqnires routine 
~ ~ ~ w o t h e 3 : ~ o f ~ g t t m e ~ d t h e u n i t s n m s t b e  



pro- 
me effect of the cllrb 1-tim should also be c o n M  when designing the mf. curbs placed in 
valleys, low m a s  or close to drains cm W t  the of sadace water from the roof. 
Saddles and a i c b  to pmv& countersbps should be htdled at curbs that m y  impede 

~shonldneverbeplaoedovcr~njaintsorsoclosetop~ms,wallsmd 
~ t s ~ t ~ h i n S ~ a t c l ~ ~ & w f w m a i n t e ~ o r ~ c i n g o f t h e r O O f .  

Inmany Instances, whenapipe to condaitpmetmks the roof, d e s i ~ h a v e r a m k d  to t h e w  
of "gum boxes" or "@tchpansn filled with r e g  mastic. Akhmgh pdaps expedient and 
inexpensive, it is smgly mmmended that tttese be avdded. Pitchpans have been shown to be a 
cmsttmt source of problems, ' b y  are not c o n h w l y  watertight, r s q h  frequent inspthn 
aad continuous d i h g  and maintenance Acamcq products dcsignd s p d i d y  for seslling 
c a b l e s , p i p e s a n d ~ t s i n t o ~  shoPM bewedins& 

Ac&ving perfectiun in ccmstructing d g  detaiIs is difhdt to ~ c k v e .  Even when the rmhg 
details axe perkily cwtamctd, exposure d Mtable bstilding and m d m u e  movement is 
WytocoIIIpramisetheirh~&.~Since~slreso~ble,~&~inirialdesi&nis 
paramount l l ~ e  foTfowing are som design g u k b s  that s h d  be to wherever 
possible. 

1. Segatate the mGmharme h m  the d flading~ W h m  they can not be separated, 
allowances far mo~emenr in he design must be d, 

2. AUflashingsmustbkeptwdabove~~tstwaterTineintbe. 
3. A U ~ e ~ t ~ ~ ~ t s s b o a l d b t k ~ a t t h e ~ ~ p o i n t s o f t h e r o o f t o ~  

tha water drains away frwn the flashings, 
4. All m d  cover flashhgs should be sloped so that water d d m  off of them. 
5. All metal fhhhgs shouId have d g h t  joints bat mid h c k h g  ar breakkg from 

&amally M mement. Pace d g  and exposed S g  should be avaided for 
this reason. 
Base f h h g s  should never be m w  adhemi to *&cent Idding dements Wween 
which mwenawltisexpected. 
T k ~ f l a s h i n g ~ o u L d n o t b e e x p e c t e d m ~ e ~ m c h o r a g e  forthe 
~ e . T h i s s h o u i d b e ~ b y ~ g t o t h e ~ w a l l , o r t o b l ~ g w h i c h i s  
d y  f i x e d a n d ~ f ~ d 3 a t p m p o s e .  

~del~reqMformmingWaroofiscons&inamamrerWtwillyieldits 
f u l l e x ~ s e r v i c e I i f e i s ~ t ~ a T h e h t e n g i n e e r e d ~ a n d d e & g &  
system- soon fail if they-arenotpmprlyapplied  or^^ 



does, the roofing contractor is usually the last to get the d t .  

Again, that am hdmmtd application principh that must be followed to achieve a problem 
~rOOf.Al~~gh~~mnewtypesofprodacrsbeingusedand~ofthem~~radically 
dSemt application techniqpes, the old pkcipks still apply. hspedve uf the m a w  or 
system, the designer and the roofing contractor q u i r e  a sound lahowledge of the mamiah being 
i a s ~ d m u s t ~ t h e i r ~ ~ a a d ~ ~ . ~ ~ v v e r y l i t t l e i n ~ o f  
h m a t $ i n a f & ~ w i t h r e s p e c t m r o o ~ ~ ~ ~ A ~ ~ ~ n r t o t t a k e n o r  
indlkient pp&m cm o m  lead to total disaster. 

Pre-Job Conference (PRC) 

Even Xthe d e s i p  has prepared a sonnd and t o m p h  set of plans and qxdkatbns, a roofing 
project can go awry during the consmaion prooess. Tbis is b d l y  ever dm to a d e b t  
attempt by the contractor to do poo~ work. It is most o h  the d t  of a fdare to anticipate 
potential problems or &&g ' ,, , .'ate sohtioas and ad hm maMcatims when on-site 
changes are ~~ This can be avoided, if not ~ 1 M y  pmmmted, by the simple hplemm?atim 
ofaprerwbgconfenmepriortothe imalafbn of 

'Ibe pre-mofmg dm (PRO is tmemhl to d e w  the mfmg prwdms, p h  and 
~ ~ a n d t o ~ t h e 1 0 0 ~ ~ w r s ~ ~ m ~ o f t h e ~ t r u c t i o n  
team. The meeting ShoaZd include rqmsenMves of the owner, designea, $eneral conirmtur, 
roofing mnmtur, my trade conmmm a w w b d  with the roof construction, the z w h g  
d t a n t d t h e ~ s r r p p k I t ~ b e h e M ~ m t h e ~ o f t h e ~ b n t d y  
o r m c e t h e d e c k h s s b e e n ~ ~ d i s ~ y ~ m ~ g s o t b a t i t ~ k i n ~ f o t ~  

P I a n s ~ ~ o ~ m u s t b e ~ ~ p o t e a t i a l p b I e m s i d e n t i f i e d ~ t h a t ~ n e c e s s a t y  
~ c m b e d i s c u s s e d . A c c e s s t o t h ~ p r o d ~ ~ ~ ~ s c h e d u l e s , ~ u r d e r i n g ,  

and protection should be thmmghly mimed- At this s w ,  contingmcks can be put in 
p h e  to resalve my difIicultleff a r i s i n g ~ w c a t h e r ~ t i o n s . w o r k o f ~ e r # d e s a r s i t e  

It is m s s q  to mange far d q  staage of the n m h g  mamiah and their protection fmm 
m o i s t ~ r e ~ s ~ n . ~ ~ s n o w . ' I h i s i s a ~ ~  

. . &ween the gemad and m f k g  
o o n ~ M a ~ r r m s t b e s t o r e d s n d ~ s o a s m ~ ~ e i r ~ g d t 0  
pmtect them from the elements. 

A 1 I t ~ o ~ b n e c o n ~ i s c a f l a d u p o n t o ~ w a r k ~ t h e d e c k ~ b e w  
q M y ~ + C a n ~ , ~ ~ ~ , ~ a a d ~ n r u s t b e m ~ a s t b e i t  
~ t i s a i W t o t h e ~ e s s o f t h e d e t a i l s . ~ p ~ ~ ~ ~ ~ , p i p e s a n d m ~  
must be in so that propa t e m m t m ~  

. aad details can be ]properly execuoed Pmi* 
ammim has to be paid 00 locations whexe the roof tits to the other mnpnents of the hWng 
~ ~ ~ , s n c h ~ t h e w a l l ~ ~ , ~ ~ p b l t s ~ c I ~ g ~ ~ I t ~ t h t  .. -of both thegeneral slndmhgaonlraclm to emme that decIrs amcleanand dry. 



I n w i n m e r , i t i s e s ~ ~ t ~ i c e ~ m ~ b e ~ f i o m t h e U u t e s o f s ~ l ~ t o a v a i d  
faarre maistnre problems. 

Camin job mdhions m y  rapire the use of a tempxmy mvming to render the building 
watertight untiI the pmmnent roof can be put m place. Such temporary roofing should never 
f m m ~ a f t h e ~ e d r o o f . ~ I y , t e n o p o r a r p r o o f s a r e s u b j e c t t o ~ d m a n d ~ ~ .  
and if left h place, these d&defects will b b d t  into the pmmeat roof. The same principle applies 
to mnpomy d s  used to separate roof areas and provide cnt-offs dming a m W o n .  Failure to 
completely remove these cut-dfs as the work progresses will hdd susceptible atas of wdmss 
inta the mf system 

At the edges of the roof a d  at intersdons with hi* walls c u t 4 s  consisting of tbe vapom 
~erwrappedovertbeBdgesandbackwerthetopoftbeinsalationmbe&ectivem 
~ n h g  ~ ~ a n i n t o ~ x O o f ~ g h t h e e x t e r i ~ ~ w a I l s , ~ i n s i d e ~ ~ g  
a n d f T w n ~ a t h e m f w ~ j u n c t i o n . I n l o o s e l a i d ~ ~ ~ ~ , ~ c a n b e a c h i e v e d ~  
h g  the air vapwr retarder k the v d d  wall a b e  the imdation. The m a n h e  is then 
carriRdd0movertheairvpwretarrdaandsetiladwitha~ofbutyItorpeota~~bl.e 
sahlt. 

Each cwnponent of the &g sys~em must be applied in strict with the 
m a u e s  pinred instmctims and the project specifications. If there is my c d I b  betskPeen 
them,itshouldberes~lvedat&~~Cprimtotbe~~)rk~.Itis~thertthe~g 
contractor n n b t s n d  &e foncm of the d, the propcriies of the mmxids hhg .applied and 
tbe en- mmiitions that effect them. Each pmhk praduct req- a different fomn of 
pqamiioa and appIimtian m m .  me Mure to exacise - m the ppamtiun or 
conditioning of mataiiits prior to their i n w t i o n  m y  have -us consequences. The 
foIlowing~some o f t b e ~ e q ~ n t s o f d i f f ~ r o o f ~ t h a t m n s t k  =tinderto 
a v a i d f u m e p e r f ~ c e p r o b h  

Bituminous Roofing 

AqWt is-one ofthe most hqomm elemnts in a m w n t i d  built-up m h g  syspems. Since & 
late lWWs, considerable research on bitumen a& for BUR has led to the adoption of E m  
muiviswus Tempemme) as the nxammmmt fur detemmn . . gfbecomcttemperatureforits 
application. Simply khd, BVT b the tmpaatm ott WE& bhmm d s  the proper viscosity 
fbr built-up medme a p p f i d m ~  The EVT a p p l i h  range is approximately 15°C above or 
below theEVTofthe~asphalttype.Formop ~ l i ~ o n , t h c ~ $ y o f t h e a s p h a l t s h o n I d  
be 125 centistokes (CST) a d  for mecharbl applicatw it &add be 75 catistokes (CST). Tf 
the biaunen is above tbc nammmded upper EVT limit the asphalt win be too liquid resulting i 
mWahyerofin~y~g.Mmhik-ommmdedlimittitwill beroovhmsresulting 
in too thick a lap,  &tbg in W b l e  slippage of the felts, poar adbesim and vdds. W m  
w~~@&~.~Mt*~ydthe~tialoftoovisccarsmasphalt 
i s ~ ~ ' I h c c o ~ f 0 1 : ~ t b e a w a n o f t h e 8 e h a z a r d s 8 n d t a L e r h e n e a s s a r y ~ t i ~  
h m g  transmission pipes, asphalt csPicrs aod luggers and &g that the aqhalt wmce is 



close to the location of its apphation wilI help to mitigate these hazards. Of course, care must be 
taken to ensure that the asphalt is never heated dose to its flashpoint or above its 6nal blowing 
temperature for any extended period of time. 

Although organic felts are still the most widely used in Canada, fibreglass roofing felts are 
capturing an inmasingly large part of the BUR roofing market. Whichever felts are used, the rolls 
must be stared in a w a m  aad dry area prim to their use. Asphalt felts, can deteriorate rapidly 
when exposed to moisture. Dr. W y  has shown that they can lose as much as 20% of their tensile 
strength in just one cycle of wetting and drying.' Although asphalt impregnated fibreglass felts are 
non-hygroscopic, if left unprotected, the accumulation of moisture on their surface can lead to 
poor adhesion when applied. 

The conmctor must also be aware of the different application techniques between the two types. 
Organic felts should always be b r o o d  so that any enmpped air or gas can be eliminated during 
heir installation. As they are strongest in the machine direction they should be installed 
perpendicular to the long joints of the underlying insulation The shrinkage and expansion of 
organic roof membrmes in the cross machine directon is twice that of the machine direction. Tf 
the number of joints, including insWon, in each direction is taken into account, the potential for 
movement is fout times as great in the mss macbine direction as in the machine direction. 

Fibreglass felts require different installation techniques than organic felts. Due to their porosity, 
they should be laid iu such a manner that they are not subject to any foot top or vehicular traffic 
or other forms of point loading when k i n g  laid Excessive pressure will litemUy squeeze out the 
soft bitumen between the layers causing a pmnanent void Due to their smng memory, all 
fishmouths and wrinkles should be hmedhely cut out and removed. Also, they should be cut in 
place ohenvise their strong memory will cause the membrane to dislocate at hard comers or 
projections. For this reason, they should never be used as membme flashings at walls, parapets 
and clrrbs. fibreglass felts do not require, nor should they, k b r o o d  in. lf glaze coating is 
requ id ,  it should be applied at minimum mes and with a light scpeegee. 

Organic and fibreglass feIs have different coefficients of thenid expansion. At cold temperatures, 
these tiiffemax are too lars  to Combine them in the field of the roof. Adding to the pbIems 
associated with mixing the two materials is the potential incompatibility of factory coating and 
saturating asphalts. 

In additions to prwidiag the thamal function of the roof, insulations also act as the support for 
the membrane. The mohg conmcm must be aware of the limitations of the mamid and be 
d to avoid any damage during stoxage, handling and application. Certain insulations are 
prone to damage in contact with hot asphalts. If they are to be used, the mfer must use what is 
called the mop and flop ttxhnique. In this instance a fibreboard overlay is usually mopped on one 
side with the asphalt. Once cooled, it is placed onto the insuhion surface. Care must be exercised 
to ensure that the asphalt has cooled sufkiently to prevent damaging the insulation, but not to the 
extent that gaud adhesion cannot k obtained. CarefuI positioning is a h  required to e n m  no 
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gaps in the cwet board jaints. 

Many d u l a r  foam insulations wre available wirh a wide d e t y  of facings fbr a particular 
q@ic&m. Using a mamhl with the improper fw & the parhuh m a n h e  application can 
be catasaaphic. Fb1- mufactmers have gone so far as to produce boards with a 
different facing on each side of the board, One, fw coflventional BUR mofhg, is perf- to 
allow for venting of gases dmhg applicatiun while the one for aingle-pIy mambranes is non- 
perfmafed. The conmtor mnst enslae that the ma&zid is applied with "the right side up", Care 
must k exercised when i a d k g  singl~p1y me* over certain insulations. Sum are p n e  
to chemical attack from the adhesives rxsed m IfPamin& Others will deteriomte rapidly rmder the 
heat of a hot air welding grm or propane Wh. Maq of the problem associated with the 
qplicsttion of roofing membranes over hadadom can be greatly ducal or dimhami 
~ncorporating a covehard, such as a thin layer of d iibrehrd or perlitic insuhtion. 

by 

U n d e r B U R ~ ~ ~ c o y ~ m d u ~ e ~ ~ o t l b y ~ g a  
medium for the dissipation of v a ~ o m k d  muhtur~ It will also mhce dw risk of damage and 
crushhg of the i n d o n  during hdlatian or post conmudon m f  top &c. These same 
pkiples apply when a d e d  bitumen mmbme is used, especially when h e  cap sheet is 
applied by mhing. 

C o v c r ~  m e  to prow the insulation from dmage undu single ply membranes. S i t  
reductions m thethmmlrdmmce of some inddonsmocctnras aresult ofdamage durhg 
t h t i r i n s t a l l a t i o n . ~ i s ~ i a l l y t r u e f a r I m l a i d ~ ~ l a r ~ ~ t i e s o f U a r e  
p W  on the mmhne, A suitable coyer?mrd will d n h k  potential hax delaxhaion and 
foot m c  damage in M y  adhered singleply systems, The coverboard will also provide 

~ c c d u t ~ ~ a n d ~ l o a d i n g ~ g t h t d c e l i f e o f t h e n w f ,  

I n ~ y ~ e d s y s ~ r r w m t w f i l f i ~  . .  t h e p m p t ~ ~ g ~ b e t w e e a  h s t m r p h e  
Eiadthederlyinginsulationincri~Somc~~~~creepwplasticaoWunder 
~ a o u s ~ g T h i s c a n b e a ~ b y u s i n g a s n i f i ~ & ~ ~ T h e  
CRCA, a d  rimy nmnfimmm stmgly rcammd the inwrpmation of a mitable c a v e r h d  
m t a i a l i n ~ l o w d o p i r r o h g ~ .  

ar;astomrlc Roof CoWngs 

Blssmmic m g  membranes have been m use in Nmth h d c a  since the early 1960's. The 
most mular of these is EPDM (Ethylene Ropylene Dime Momma). Although widely used in a 
variety of c m f i g m h u ,  theii mhqplhion umtinues to IE a some ofpblems on project 
dm. 
I s i t w e l l h m ~ t t h e m m ~ l e ~ o f t h e s e ~ ~ ~ ~ l ~ i s a t t h e ~ a ] p p l i e d  
smm.As  themheisathmt.itdvesaW&inacrzredorwlcaniziedfarm.This 
-that itcannot bewddedlhaplastic sheet.Rattreritdksonglues, swmtqesclr  a 
combination to produce a seam and watertight seam Care and dihgerm duing app- of 
t h e s e a m s i s c r i t i c a l t u t h t i r ~ c e . D r .  W . ~ t e r , o f N I S T , h a s d e m o n ~ t h a t  
m f h i e d y  thick quantities of adhesive must be qpkd to o h i n  the mpkd sam m g t h ?  In 
addition, the mating sorfaces must be thoroughly cleaned of all dust, pcessing talc or Omer 



contaminants to prevent bond faiIure. 

The mfing contractor must k acutely aware of how climahc conditions may affect the curing of 
the adhesive, At cold temperatures, e v a m o n  of the volatiles m y  result in condensation at the 
surface, compromising the integrity of the seam There is a small. yet prscise, window of 
application for most adhesives from which the conmctor cannot deviate. 

Poor planning and preparation can Ix disastrous. EPDM mernbrana have "memory" and the 
membrane must be conditioned prior to installation. This normally consists of unrolling the 
membrane and allowing it to =lax for a prescribed period of time to dissipate the in- smss 
f h n  manufacture. 

There has been much discussion regding recent publications by NRCC/IRC and NRCA on the 
subject of s W g e  of EPDM membranes. This phenomenon is generally manifested in tenting or 
putling away of the membrane at meters and edges. In WE instances, it has resulted in 
tearing of the membrane md leakage. If one miews the research material one will see that these 
problems can only be avoided by ensuring dlkient securemeat of the membrane at the 
perimeters and openings. Perimeter fastening must be designed to have merit strength to resist 
the loads resultiog from the memhams shrinkage over time. 

RecentIy, a host of new ihemopIasiic mamiah have been introduced in the mfing market. Iike 
the more traditional PVC materials, the seams of these products are constructed by welding the 
Iaps, either by hand or by machine. For either technique, the skill of the installa is paramount. In 
handwelding, exact temperatures are req- to ensure sufficient flaw at the welds and to prevent 
b m h g  of the m e m h e .  In machine wekhg, the welding apparatus must be exactly calibrated 
to avoid under or overwdding. In b t h  mhniques, the applicator must carefully regulate the 
speed sf operation and the weld tmperames. M c  conditions, ambient air temperatures, 
shading and wind chill must be taken into account as they will sigdicantly affect the integrity of 
the finished weld. 

AU single-ply membxaaes, ehtomeric or plastomeric, are relatively thin sheet mamiah. Decks 
must be properly prepared (e.g., smooth and dry) to Wveat damage and abrasion. Care in 
installation is crucial, ofhenvise tears and punctures may occur. 

The contractor must also be howledgeable with respat to the chenical resistance of these 
materials and their coqmibXty with other mamiah in which they may be in contact. Bituminous 
materials, such as asphalt and cud tar plastic cement wilI adversely affect both EPDMs and 
PVC's. Fully adhered PVC's should never be applied to p~ssure treated lumber- This is not due to 
incorqmibility of the membrane itself with wood pmematives but because of the reactions with 
the membrane adhesive. Insulations with bituminous facers must h covezed with a separation 
sheet to avoid contamination of the membrane. 

Mod/fiM Bitumen Membranes 

M d f d  bitumen membranes are an outgrowth of traditional asphalt technology combined with 
polymeric formuktions and the factmy assembly of hgIe-ply membranes. These products have 
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become popular prirnariiy because of the unifmdy &ved h m  their factmy d l y  (i.e., 
d a m  thickness, surfacing, etc.) aud the addition of plymer modifiers result in better 
weathering and flexiWty pmpdes than ~~ asphalts. The most widely used prdncts 
contain either SBS (Smne Rntadiene Stpne  ) or APP (Atactic PoIypmpyIcme} md&m 
although other modifiers, such as POA (PoIyalpMehe) are now being d 

The p q e d a  of the products d q d  on the polymer mdjiier. Thus, the propties may be 
radically difkwt The contmctw mu% t behe ,  employ the appphte installation methods. 

SBS mnst be cavered at d tinmes bemuse sf low W a d  ozone xsistanoe, SmEing, ahasion, 
many damage to the protective sdacing d u d g  hallation must be r q r e p a i t e d  to avoid accdemd 
-on at those lacations APP memhrm are p d y  rime UV &mt. IHOwevm, 
nsarch by NRCA has shown that coatings, either field or factmy appM will prdmg heir 
senriae Eves. APPs are g a e d y  torch applied. Being a t h ~ ~  mated, asphalt does not 
suppIy enough heat to d t  APP. SBS m d m m s  can be lmth torch applied or mopped with 
hot asphak APP's shollld not be instaled below 5OC and at ml temperatmes ( f lO°C) they may 
require qx&l app- mhniques, Because of its flexihiby, SBS can be installed at Iow 
t m p m t m s .  If nmppd, however, the te- of tht mopping asphalt must be at b t  205' 
atpointof~licationtomeltthededasphdt 

A s w i t h m o s t s i n ~ p ~ ~ ~ e ~ o f ~ ~ t u m e n s y s t e m s t u e t h e ~ . ~  
in-ty should b checked with a CUM trowel while work pgmses .  Unbonded areas s h d d  be 
amected by heat welding at the end of each day. Phased ~trtlciion should not be allowed 
under my d t i o n a  hying the bast s h e  and mmhg at a later date to apply the cap sheet 
can mdt in moisture problems, yielding poor adhaism and bliskrhg 

S p e c i a l t e c ~ s a ~ f o r i n s t a l l m r d o o a t t o w m W ~ ~ t o e n s n r r e ~  
adhesion. RoHs shoutd be stored in a dry heated area. On concrete decks, heating the substrate 
with a torch while applying the d may enhance adhesion. As the rthfamments of these rolled 
goods have men;~ory, they stwuld always be mZtd out prior to a p p M o n  and allowed to relax 
primtotheir-. 

The skilt-of the application of these pduc ts  is d a l ,  mt only to &eve optimal p r f m m c e  
butalsotorrrirr imi lP. thehazardsandrisksassociatedwithopen~dhOt~~U~-  
t o r c h i n g d h r o l b s w i l l r e s ~ i n p o o r s d h e ~ a a d ~ s e a m s . O v e r - ~ h i n g ~ ~ e  
the membrane W t  and q h a k  In mop a p p l i d ( ~ ~ 1  mrmt m t  me 
~ t o d t t h e r a i l ' s t m d ~ g a n d a c b f u l l ~ o n .  

T h e i n c l u ~ ~ ~ t o ~ w h ~ ~ g ~ i s ~ a r t W . T h e ~ c e a n b o d i e d h  
product development, mamid manufachm, engineering and design has resulted in a host of high 
~ a n d ~ l e r o o f p r o d u c t s , E x ~ v e ~ b y ~ ~ b u i E d i n g ~ t i s t s h a s  
i n ~ o u r ~ t a n d h g o f b t h  t h e p h y s M c ~ t i w u f ~ ~ a k , t h & ~ h r m v i w r  
in semi= and their@omance requkmnts. The art, as anbodied in the uafmmd@ of the 
dilled tradesperson that installs the x w h g  product, is blxummtal in building a reliabIe muf that 
d~~consumer~~itsfall~vrrlne.~hpartyinvolvedwiththeconstrpction 



of the roof must assume m ~ w  on its and each mnst fully comprehend its 
quixmem and limitatims. Emrs or ommissions umdmd in a roofs initif mm~~ction will 
M y  have negative consequences for its @mmmce. Even small defects m its initial 
ccmstructbn m y  result in a signifmndy s h t e d  s w h  fife or high ramdial costs in the fmm 
Careful planning, b e d  on a sound undersfanding of gaod mrllnng pmtices wnd a t h m g h  
lau,w~eofthe~rialstobeusediscriti~inbu~Ioofs~last 
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