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PREFACE

Mernbers of the Divis ion of Bui lding Research are
frequent ly cal led upon to del iver talks to professional groups
and var ious  assoc ia t ions .  Th is  paper  b r ings  together  excerp ts
frorn four talks deal ing with roof ing and pr incipal ly bi turninous
roof ing on f lat  roofs given by Maxwel l  C. Baker,  a Civi l
Engineer and Architect with the construct ion sect ion of the
Div is ion .

The talks which forrn the basis of this report  are:

Talk given to Architects and Engineers of the Federal
Departrnent of Pubt ic Works at Ottawa, Ontar io,
6  D e c e r n b e r  1 9 6 3 .

Paper presented at the Annual Meeting of the Alberta
Roofing Contractors Associat ion at CaLgary, Alberta,
2l  Novernber 1963, ent i t led t 'Dignity and Respect in
the Roof ing Industty.  r ,

Paper presented at a rneet ing of the Master Sheet
Metal  Contractors Associat ion of Br i t ish Colurnbia
a t  Vancouver ,  B .  C.  ,  26  Novernber  1963,  en t i t led
i lResearch  

and Recent  Deve lopment  in  Roof ing . r?

Paper presented at the Annual Meeting of the
Newfoundland Associat ion of Architects at St.  Johnrs,
Nf ld.  ,  2l  January 1964, ent i t led i lThe Architect and
the  Des ign  o f  Roof ing .  r r
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ROOFING - PAST AND PRESENT

by

M.  C .  Bake r

HISTORY OF ROOFING

When we speak o f  roo f ing  today ,  we are  usua l ly  re fe r -
r ing  to  b i tu rn inous  roo fs ,  as  sorne  fo r rn  o f  b i tu rn inous  rna ter ia l  i s
invo lved fo r  an  es t i rna ted  85  to  90  per  cent  o f  the  en t i re  annua l
roo f ing  coverage in  canada and the  un i ted  s ta tes .  Th is  type  o f
roo f ing  has  no t  a lways  g iven good serv ice  and in  recent  years  con-
c e r n  o v e r  p r o b l e r n s  h a s  b e e n  e > < p r e s s e d  b y  a r c h i t e c t s ,  o w n e r s r
manufac turers  and t rades lTren .  o r ie  o f  the  o f t -quoted  reasons  why
bu i l t -up  roo f ing  has  no t  g iven  sa t is fac to ry  serv ice  is  lhe  d i f f i cu l ty
of obtaining good workmanship. That this is a problern is pointed
up by the fact that one of , the stated object ives of canadian Roof ing
cont rac tors  Assoc ia t ions  is  the  upgrad ing  o f  the  roo f ing  t radesmen
and the  upgrad ing  o f  the  roo f ing  indus t ry .  Through the  years  there
has  been a  cer ta in  s t igma in  connect ion  w i th  roo f ing  t radesr r ren  -  a
tendency  to  cons ider  tha t  they  are  in  a  ca tegory  lower  than o ther
types  o f  t radesmen.  A t  a  roo fers r  meet ing  in  eaLgary  in  1962,  the
idea was expressed by  a  canad ian  rnember  o f  a  pane l  tha t  ch i ld ren
were  no t  a lways  proud o f  the  fac t  tha t  fa ther  was a  roo fer ,  and
there  appeared to  be  a  fee l ing  tha t  roo f ing  is  no t  an  indus t ry  in
which anyone can operate with respect and dignity.  I t  is in ierest ing
to consider how this si tuat ion has corne about,  by exarnining what
has happened in roof ing, what the si tuat ion is today, and what wi l l
probably happen in the future.

Romance of Roof ing

Sure1y  roo f ing  must  have been one o f  the 'ear l ies t  c ra f ts
in  the  wor ld .  she l te r  has  been one o f  the  pr imary  needs o f  rnan,
and frorn the beginning he had to protect hirnself  against the
re len t less  fo rces  o f  na ture .  we can i rnag ine  in  the  beg inn ing  tha t
roo fs  were  mere  acc idents ,  overhang ing  branches o f  t rees  fo r  the
t ree-men,  perhaps  La ter  t ied  together ,  and overhang ing  rock
ledges  fo r  the  cave-men,  perhaps  ]a te r  f i l l ed  in  a t  t t tu  

" ia .s  
w i . th

s tone and mud to  exc lude the  e lements .  perhaps  p i t  dwe l l ings
c a m e n e x t , w h e r e a c i r c u l a r p i t w a s d u g i n t o t h e g r o u n d a n d .

roo fed  over  w i th  b ranches  and leaves .  I t  must  be  assumed tha t
somewhere  in  the  march  o f  evo lu t ion  rnan d iscovered the  water -
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shedd ing  qua l i t y  o f  leaves  wh ich  over lapped each o ther ,  and th is
undoubted ly  led  to  the  use  o f  s tone s labs  and o ther  loca l  mater ia ls
fo r  roo fs ,  la id  in  over lapp ing  fash ion .  when such roo fs  leaked,
the  3o in ts  were  probab ly  s tu f fed  w i th  rnoss .  As  i t  was  a  l i v ing
and growing  p lan t ,  the  moss  f i l l ed  the  jo in ts  and fo r rned an
ef fec t i ve  expans ion  jo in t  and water  bar r ie r .  where  s tone was
scarce ,  as  in  Egypt ,  c lay  had to  be  cons idered fo r  bu i ld ing ,  and
bu i ld ing  b locks  and t i le  were  invented .  The f i rs t  c lay  roo f ing
t i les  a re  sa id  to  have been mou lded by  hand and shaped on  the
th ighs  o f  women ar t i sans .  some span ish  t i re  even today  has  th is
charac ter is t i c  shape,  w ide  a t  one end and nar row a t  the  o ther .
The h is to ry  o f  t i l e ,  s la te ,  tha tch  and o ther  roo f ing  rna ter ia ls  i s
ex t remely  in te res t ing  and the  roo fer rs  c ra f t  w i th  these rna ter ia ls
is  s t i l l  a l i ve  in  cer ta in  par ts  o f  the  wor ld .

one thing com' ' 'on to al l  these mater iars is that their
use  ex tends  back  over  hundreds  o f  years .  c lay  t i le  was  used by
the  ear ly  Egypt ians ,  and te r ra -co t ta  t i le  has  been found in  Greek
ru ins  da t ing  a  thousand years  be fore  chr is t .  s ra te  was be ing  used
for  o ther  bu i ld ing  purposes  on ly  a  l i t t le  la te r ,  and probab ly  a lso
for  roo f ing .  There  are  s la te  roo fs  in  Eng land tha t  have been in
serv ice  fo r  over  1000 years .  Records  ind ica te  tha t  tha tch  fo r
roo f ing  was in  cons iderab le  use  in  Eng land seven or  e igh t  cen tur ies
ago,  bu t  i t s  use  probab ly  o r ig ina ted  much ear l ie r .  There  are
p len ty  o f  p rac t ica l  ru les ,  based on  exper ience,  to  gu ide  the
cra f tsmen,  and w i th  we l l -es tab l i shed appt ica t ion  procedures  no
d i f f i cu l t ies  a r ise .

Connected  w i th  each o f  these mater ia ls  there  is  a
great deal of  romance. what could be rnore rornant ic than the
s l a t e r t s  t r a d e  w h e r e  t h e  s l a t e r  w o r k s  w i e h  E m p r e s s e s ,  p r i n c e s s e s ,
D u c h e s s e s ,  C o u n t e s s e s ,  L a d i e s ,  e u e e n s ,  R a g s ,  a n d  p e g g i e s ,

wh ich  are  some o f  the  names used to  descr ibe  spec i f i c  s izes  o f
s la te .  And who is  no t  fasc ina ted  by  the  beauty ,  rea l  o r  i rnag ined,
of thatched roof cottages found in the wi l lages throughout the
corn-growing  count ies  o f  Eng land,  and wh ich  have come to  be
accepted  a l l  over  the  wor ld  as  an  essent ia l  par t  o f  the  Eng l ish
count ry  scenery .  There  are  over  800 fu l l - t ime tha tchers  in
Eng land and wa les  s t i l l  p rac t ic ing  th is  fasc ina t ing  c ra f t ,  rna in -
ta in ing  and renewing o ld  roo fs ,  and tha tch ing  new houses .

Bituminous Roof ing

How is i t  then that the trade of the tar or asphalt  roofer
is  no t  cons idered a  d ign i f ied  c ra f t?  For  the  answer  to  th is
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ques t ion ,  i t  i s  necessary  to  look  back  to  the  in t roduc t ion  o f
b i tuminous  roo f ing ,  and what  has  happened in  the  roo f ing
indus t ry  s ince  tha t  t ime.  The waterproo f ing ,  p reserva t ive  and
cernent ing  qua l i t ies  o f  na tura l  b i tu rn inous  mater ia rs  was an
e a r l y  d i s c o v e r y  o f  a n c i e n t  p e o p l e s  a n d ,  b e c a u s e  o f  t h e s e  q u a l i t i e s ,
b i tumens have been used in  var ious  app l ica t ions  s ince  ear l ies t
t imes.  The i r  in t roduc t ion  in to  roo f ing  invo lves  one o f  those
arnaz ing  bus iness  success  s to r ies  based on  c i rcurns tance and
oppor tun i ty  where  an  impress ive  na t ionar  en terpr ise  grew f rom
s r n a l l ,  l o c a l i z e d ,  a n d  b a r e l y  r e c o r d e d  b e g i n n i n g s .  T h e s e
beg inn ings  were  I i t t le  rnore  than I00  years  ago.

In  1844,  Sarnue l  D.  War ren  is  reputed  to  have
s tar ted  a  roo f ing  bus iness  in  c inc innat i ,  oh io ,  us ing  paper  and
p ine  ta r  fo r  cover ing  a lmost  f la t  roo fs .  To  so f ten  t t re  p ine  ta r
he  exper imented w i th  coa l  ta r  and la te r  used on ly  coa l - ta r  p i tch .
I n  1 8 5 4 ,  i n  c h i c a g o ,  s a m u e r  E .  B a r r e t t  s e t  u p  a  r o o f i n g  b u s i n e s s
tha t  today  is  the  Bar re t t  D iv is ion  o f  A l l ied  chern ica l  c&pora t ion .
He had been se l l ing  p ine  ta r  and paper  roo f ing  fo r  a  shor t  t ime
before start ing his own company. At this t i rne, individuar sheets
o f  paper  were  imrnersed in  Lhe sa turan t ,  and the  excess  was
scraped o f f  by  hand.  Bar re t t  sw i tched to  coa l  ta r  p i tch
exc lus ive ly  and se t  up  a  cont inuous  process  o f  roo f ing- fe l t  rnanu-
f a c t u r e , , u s i n g  p a p e r  r o l l s  2 6  i n .  w i d e ,  a n d  a  l a u n d r y  h a n d
wr inger  to  speed up  produc t ion .  In i t ia l ry  he  purchased roo f ing
rnater ials frorn the pioneer w-arren chernical  Manufactur ing
company,  wh ich  was an  o f fshoot  o f  the  or ig ina l  war ren  bus iness .
A l i t t le  ear l ie r  Amer ica  had taken rap id ly  to  the  idea o f  coa l  gas
i l luminat ion ,  and gas  p lan ts  p roduc ing  gas  f ro rn  coa l  had 

"p"*gup near  a l l  the  la rger  c i t ies .  The more  gas  tha t  was  produced,
the  more  coa l  ta r  p i led  up  in  the  gas  p lan ts .  Gas compan ies
were running into trouble with the rnunicipal  authori t ies con-
cern ing  the  d isposa l  o f  the  waste  and the  four ing  o f  r i vers  and
sewers  w i th  coa l  ta r ,  and were  hav ing  to  employ  hau lers  to  dump
the rna ter ia l .  They  were  happy,  there fore ,  lo  puy  roo f ing
compan ies  such as  Bar re t t rs  to  d ispose o f  the  annoy ing  prob lem.

T h e  d i s a s t r o u s  f i r e  o f  l g ? l  i n  C h i c a g o  d e s t r o y e d
17, .430 bu i ld ings  inc lud ing  the  Bar re t t  p lan t ;  darnage amounted to
$ I 6 8  r n i l l i o n .  T h e  p o s t - f i r e  r e b u i l d i n g  p r o g . " *  c r e a t e d  a
t remendous marke t  fo r  bu i rd ing  and roo i ing  mater ia ls .  The
bu i ld ing  indus t ry  was requ i red  to  c rea te  a  new c i ty  in  an  ex t remely
shor t  t i rne .  Economy in  rna ter ia ls  and labour  was necessary ,
and most  o f  the  new bu i rd ings ,  wh ich  were  o f  a [  t ypes ,  r r "a i i " t
roo fs .  As  a  resu l t  o f  th is  ca tas t roph ic  f i re ,  bu i l t -up  roo f ing  f ro rn
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paper  and coa l - ta r  p i tch  and the  Bar re t t  bus iness  go t  a  boos t
wh ich  assured the i r  fu tu re .  The Bar re t t  company e>rpanded
i t s  b u s i n e s s  a c r o s s  t h e  c o u n t r y  d u r i n g  t h e  e a r l y  I 9 0 0 r s ,
inc lud ing  Canada in  1906,  and A l l ied  Chemica l  was  fo rmed in
1920.  The Bar re t t  D iv is ion  o f  A l l ied  Chern ica l  now produces  a
wide  range o f  bu i ld ing  rna ter ia ls  and is  a  lead ing  deve loper  o f
chern ica l  -based bu i ld ing  pr  oduc ts .

The foregoing rnight indicate that Barrett  was the
on ly  roo fer  in  the  ear ly  days .  Th is  was fa r  f rom the  case,  as
i t  was  no t  long  be fore  there  was a  la rge  group o f  reputab le
roo fers ,  and as  usua l  a  few i r respons ib le  opera tors .  By  the
ear ly  l900rs ,  the  indus t ry  was cons idered to  be  in  an  unhea l thy
state because of quest ionable appl icat ion methods and skirnping
of  mater ia ls  by  sor re  roo fers .  The Bar re t t  cornpany made an
atternpt to rernedy this si tuat ion by introducing roof ing
spec i f i ca t ions  about  1906 and the  sys tem o f  bond ing  roo fs  in
1916.  Th is  was a  fo rward  s tep  a t  the  t ime and he lped t re -
mendously to standardize procedures and upgrade the qual i ty
o f  workmansh ip .  The sys tem i tse l f  had fau l ts ,  however ,  and
these forced the abandonrnent of the bonding system in Canada in
r  960 .

But this is the story of coal- tar pi tch, which in many
areas  o f  Canada and the  Un i ted  SLates  has  been d isp laced en t i re ly
by asphalt .  How did this corne about? coal- tar pi tch bui l t -up
roo f ing  was born  o f  was te  mater ia ls  f ro rn  the  gas  indus t ry ,  and
asphalt  bui l t -up roof ing was born of waste rnater ials frorn the
pet ro leum indus t ry .  Ne i ther  sc ience nor  research  p layed much
par t  in  the  use  o f  these mater ia ls  and i t  i s  perhaps  s t re tch ing  a
point to say that their  use for roof ing was an art .

Asphalt

Aspha l t  f rom natura l l y  occur r ing  seepages and depos i ts
was be ing  used fo r  i t s  p reserva t ive  and cernent ing  qua l i t ies  th ree
or  four  thousand years  be fore  chr is t .  A  la rge  source  o f  na tura l
aspha l t ,  an  aspha l t  lake ,  was  d iscovered in  Tr in idad by
christopher columbus and sir  walter Raleigh. Both of them
reported on this,  af ter stopping there and caulking their  ships
wi th  the  mater ia l .  The work ing  o f  aspha l t  f rom natura l  sources ,
o f  wh ich  r r in idad Lake was the  pr inc ipar  one,  d id  no t  become
commercial ly pract ical  unt i l  the advent of the automobi le in the
latter hal f  of  the lgth century. The autornobi le needed srnooth
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roads  and aspha l t  was  used fo r  road pav ing .  Nat ive  aspha l t  was
very  hard  and needed a  f lux  to  so f ten  i t .  The pe t ro leurn  indus t ry
was hav ing  a  p rob le rn  d ispos ing  o f  the  res idue re f t  f rom the
d is t i l l a t ion  o f  pe t ro leum.  For  rnany  years  enough o i l s  were  le f t  in
the  res idue to  y ie ld  a  f ru id  p roduc t  wh ich  cou ld  be  used as  a  f lux
fo r  na t ive  aspha l t ,  and rnos l  o f  i t  was  d isposed o f  in  th is  rnanner
and fo r  J .ay ing  dus t  on  d i r t  roads .

In i t ia l l y  in  the  pe t ro leurn  indus t ry  kerosene was the
most  impor tan t  p roduc t ,  and the  gaso l ine  and heavy  o i rs  were
d i f f i cu t t  to  d ispose o f .  The rap id  deve loprnent  o f  ihe  au tornob i le ,
however ,  changed the  ernphas is ,  and gasor ine  and rubr ica t ing  o i l s
becarne the  impor tan t  comrnod i t ies .  Kerosenes and heavy  o i l s
no t  su i tab le  fo r  lubr ican ts  had to  be  d isposed o f  by  the  pe i ro leum
indus t ry .  Thermal  c rack ing  o f  kero" " . r "  to  p roduce ' ' ,o re  gaso l ine
re l ieved the  s i tua t ion  w i th  regard  to  kerosene- type mater ia ls ,  bu t
inc reased the  prob le rns  in  Tegard  to  aspha l t i c  rna ter ia ls ,  the  supp ly
o f  wh ich  was la rge ly  in  excess  o f  what  was requ i red  fo r  f lux ing
nat ive  aspha l ts  and fo r  lay ing  dus t  on  d i r t  roads .  The re f iners  had
to  f ind  o ther  uses  fo r  the  rna ter ia l ,  and o f  course  pubr ic  demand
for  be t te r  s t ree ts  and h ighways  red  to  i t s  use  in  road bu i ld ing ,
eventua l l y  la rge ly  rep lac ing  na tura l  asphar ts .  App l ica t io r r "  J th" ,
than road bu i ld ing  were  inves t iga ted  and,  w i th  some a l te ra t ions  in
manufac tur ing  procedures ,  rna ter ia rs  were  produced fo r  use  in
roo f ing  and waterproo f ing  app l ica t ions .  ey  t r re  s ta r t  o f  wor ld
w-ar  I I  sa t i s fac to ry  aspha l . ts  fo r  road and a i r f ie ld  cons t ruc t ion ,
and fo r  the  manufac ture  o f  roo f ing  and roo fs ,  was  be ing  produced
by most  re f iner ies .  E lec t r i c i t y  had d ispraced gas  fo r  t i t r r t i r rg ,
to  a  la rge  ex ten t  fo r  cook ing ,  and to  some ex ten t  in  indus t ry .  New
uses were  a lso  be ing  found fo r  coa l  and coa l - ta r  in  the  new chern ica l
indus t r ies .  Th is  na tura l  change in  emphas is  on  the  use  o f  mater ia l
has  cont inued and,  s ince  aspha l t  has  sorne  advantages  over  coar -
ta r  p i tch  and is  in  more  ample  supp ly ,  the  ra t io  o f  usage fo r
roof ing in canada is current ly about three or four to one in
favour of asphalt .

Fe l ts

what about the ferts that form the basis of bui l t -up
roo f ing? As  one rn igh t  suspec t ,  they  too  are  a  by_produc t  _  in
th is  case o f  the  paper  indus t ry  -  and u t i l i ze  rags ,  wood bark  and
o t h e r  w o o d  w a s t e ,  a n d  s c r a p  p a p e r .  O f  c o u r s e ,  r a g s  w e r e  u s e d
in-paper -mak ing  long be fore  paper  was used to  make roo f ing
fe l ts '  Today  paper  i s  manuf " " io .ed  rnos t ly  f rom wood pu lp ,  and
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only a few companies in Canada and the U. S. st i l l  use rags in
the manufacture of roof ing fel t ,  al though the name tt t"g fel t r t  is

s t i l l  commonly  used to  descr ibe  roo f ing  fe l t .  Rags  were  used

pr inc ipa l l y  because they  made the  fe l ts  eas ie r  to  sa tura te  and
al lowed them to absorb more saturant.  The manufacture of

sa tura ted  or  sa tura ted-and-coated  roo f ing  fe l t  today  is  eseent ia t l y
the  same opera t ion  as  invented  by  Bar re t t ,  lu t  car r ied  ou t

under  fa i r l y  r ig id  fac to ry  cont ro ls .

Asbes tos  fe l ts ,  cons is t ing  predominant ly  o f  asbes tos
f ib res ,  were  deve loped in  the  19?0ts .  I t  was  c la imed tha t  they

e l im ina ted  the  po ten t ia l  de f ic ienc ies  o f  mo is tu re  movement  and
decay found in organic f ibre fel t  (rag {el t)  and improved the f i re
ra t ing  o f  the  roo f .  Because o f  the  s rna l l  percentage o f  o rgan ic
f ib res  necessary  to  fac i l i ta te  sa t is fac to ry  manufac ture ,  asbes tos
fe l ts  a re  no t  en t i re ly  f ree  f ro rn  mois tu re  rnovement  and decay

and,  p r inc ipa l l y  because o f  h igher  cos t ,  have no t  been w ide ly
used in  Canada.  In  recent  years  g lass  f ib re  fe l ts  have been
in t roduced in to  bu i l t -up  roo f ing .  These are  a lmost  en t i re ly
f ree  o f  d imens iona l  changes f ro rn  mois tu re  absorp t ion  and,  o f
course ,  a re  comple te ly  f ree  o f  decay .  Because o f  tens i le

s t rengths  and br i t t leness  charac ter is t i cs ,  the  s ign i f i cance o f
which is not yet ful ly appreciated, they too have not been corrr-
p le te ly  t roub le - f ree ,  desp i te  the  h igh  hopes fo r  the i r  per fo rm-
ance.

Const ruc t ion  Indus t ry  Today

What has happened to bui lding during the hundred
years or so that bui l t -up roof ing has been struggl ing to become
a craft? Looking around any of the large Canadian ci t ies, one
can see hundreds  o f  pub l i c ,  commerc ia l ,  and indus t r ia l
bu i ld ings  recent ly  cornp le ted  or  in  cons t ruc t ion .  Most  a re  o f

spectacular ly modern appearance. Although the curtain wal l
tends to give them al l  a sarr leness, one must admit  that
bu i l t l i ng  has  grea t ly  changed in  recent  years ,  and in  a rch i -
tec tu re  there  are  new bu i ld ing  types ,  new prob lems,  and new
c l ien ts .  An abundance o f  work  has  resu l ted  in  the  western
world as a result  of  an expanding economy and an expanding
popu la t ion .  Arch i tec ts  and cont rac tors  have been very  busy

and a l rnos t  cer ta in ly  w i l l  con t inue to  be  so ,  There  is  no
compuls ion ,  there fore ,  fo r  them to  g ive  spec ia l  a t ten t ion  to
any  one aspec t  o f  bu i ld ing  such as  roo f ing ,  and th is  was
par t i cu la r ly  t rue  when bond ing  o f  roo fs  was the  prac t ice .
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Most  o f  the  e legant  new bu i ld ings  are  pro tec ted
f rom sumrr re r  sun  and w in te r  s to rm by  a  roo f  sur face  tha t  i s
essent ia l l y  the  sarne  as  the  cover ing  deve loped a  century  ago
f ro rn  waste  produc ts ,  to  re l ieve  the  roo f  cons t ruc t ion  prob lems
of  the  f i re -devas ta ted  c i ty  o f  Ch icago.  I t  i s  reasonab le  to
assume tha t  rnany  o f  the  more  recent  fa i lu res  in  bu i l t -up  roo f ing
are  due to  recent  changes in  the  prac t ice  o f  bu i ld ing ,  wh ich
have no t  been taken in to  account  in  roo f ing  des ign  and
app l ica t ion .  These changes are  . 'any  and var ied ,  and are
d e s c r i b e d  l a t e r  i n  t h i s  p a p e r .

Roof ing  today  is  o f  a  compos i te  cons t ruc t ion  and
one thing about which very l i t t le is known is the interact ion
between the  s t ruc tu ra l  f ra rnework  and the  roo f  deck ing ,  o r
be tween the  deck ing  and the  insura t ion  and roo f  cover ing  la id
on i t .  I t  is known that roof structure rnoverRent is i rnportant
in  re la t ion  to  cont inuous  rnembranes,  bu t  the  ra te  and amount
o f  s t ruc tu ra l  movement  in  ac tuar  bu i ld ings  is  d i f f i cu l t  to  fo re-
c a s t .  E v e n  i f  t h e s e  c o u l d  b e  f o r e c a s t ,  t h e r e  i s  v e r y  l i t t l e
in fo rmat ion  ava i lab le  on  the  eng ineer ing  proper t ies  o f  bu i l t_up
roof ing  rnembranes,  wh ich  wou ld  enabre  des ign ing  to  a r low fo r
movements -  Most  cur ren t  rabora tory  inves t iga t ions ,  inc lud ing
those a t  the  D iv is ion  o f  Bu i ld ing  Research ,  a re  on ly  invo lved
wi th  the  cornponents  and i t  i s  d i f f i cu l t  to  re la te  the i r  i so la ted
behav iour  to  the  behav iour  in  cornpos i te  cons t ruc t ion .  In
roo f ing ,  perhaps  rnore  than in  any  o ther  indus t ry ,  there  appears
to  be  a  g rea t  dea l  o f  o f f - the-cu f f  op in ion ,  unsuppor ted  by
knowledge or  research ,  w i th  ha l f - t ru ths  the  ru le  ra ther  than
the except ion. Research orga'- izat ions around the world are
devot ing  some energy  to  these prob lems,  and the  s i tua t ion  is
g r a d u a l l y  b e i n g  r e m e d i e d .

T h e  R o o f e r  T o d a y

What  can the  roo fers  do  in  the  mids t  o f  a l l  th is?
There  is  very  l i t t ie  they  can do  about  the  innovat ions  in
bu i ld ing  prac t ice  tha t  have caused some o f  the  prob le rns ,  and
t h e r e  i s  v e r y  l i t t l e  t h e y  c a n  d o  i n  t h e  a r e a  o f  r e s e a r c h .
T h e r e  a r e  a r e a s ,  h o w e v e r ,  i n  w h i c h  r o o f e r s  c a n  i r n p r o v e
the  indus t ry .  Roofers  have a l ready  taken rong s t r ides  in  the
r igh t  d i rec t ion  w i th  the  fo rmat ion  o f  roo f ing  assoc ia t ions  such
as  the  canad ian  Roof ing  cont rac tors  Assoc ia t ion  and the
Alber ta  Roof ing  cont rac tors  Assoc ia t ion .  D ign i ty  and respec t ,
wh ich  the  members  seek ,  a re  synonyrnous  w i th  p r ide  o f  work-
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mansh ip  on  work  p roper ly  car r ied  ou t .  Roofers ,  there fore ,  have
a job  to  do  in  t ra in ing  roo f ing  personne l  in  p roper ly  de f in ing
s tandards  o f  app l i ca t ion  and workrnansh ip .  The pub l ica t ion  o f
the  CRCA spec i f i ca t ions  Manua l  i s  an  ind ica t ion  o f  the  ser ious
in ten t  by  roo fers  to  ensure  tha t  roo f ing  is  adequate ly  spec i f ied  by
arch i tec ts  and eng ineers .  Many roo fers  rea l i ze ,  however ,  tha t
th is  i s  no t  enough.  Roofers  can do  a  g rea t  serv ice  to  the
Canad ian  cons t ruc t ion  indus t ry  by  de f in ing  good roo f ing  prac t ice
s o  t h a t  m a n u f a c t u r e r s ,  a r c h i t e c t s ,  e n g i n e e r s ,  c o n t r a c t o r s ,  a n d
roofers  cou ld  a l l  be  work ing  to  cornrnon s tandards .  A t  p resent
even the  te rms used in  the  roo f ing  indus t ry  o f ten  have d i f fe ren t
mean ings  to  the  var ious  peop le  invo lved w i th  roo f ing .

The Cornrni t tee on Asphalt  and Tar Roof ing Mater ials
o f  the  canad ian  s tandards  Assoc ia t ion  is  work ing  on  a  code o f
Prac t ice  to  cover  des ign  and app l ica t ion  o f  bu i l t -up  roo f ing .
T h e  s u p p o r t  o f  t h e  R o o f e r s r  A s s o c i a t i o n s  i s  n e c e s s a r y ,
par t i cu la r ly  in  re la t ion  to  app l i ca t ion ,  and to  assure  tha t  th is
work  i s  pushed fo rward  by  the  cornrn i t tee .  The code o f  p rac t ice

cou ld  fo rm the  bas is  fo r  par t  o f  an  educat iona l  p rograrn  fo r
r o o f e r s ,  w h i c h  r o o f e r s  r e a l i z e  i s  b a d l y  n e e d e d .  c r a f t s m a n s h i p
has been def ined as rr the qual i ty i rnparted to anything in the
p r o c e s s  o f  r n a k i t g ,  t t a n d  a  c r a f t s r n a n  a s  r r o n e  w h o  p r a c t i c e s  a
hand ic ra f t .  I '  By  these de f in i t ions  there  are  few c ra f tsmen in
the  roo f ing  indus t ry .  Even roo f ing  fo rernen o f ten  do  no t
u n d e r s t a n d  o r  a p p r e c i a t e  w h y  c e r t a i n  p r o c e d u r e s  a r e  n e c e s s a r y
in roof ing appl icat ion. How many, for instance, know the
func t ion  o f  g rave l  sur fac ing? Exper ience ind ica tes  tha t  very
few apprec ia te  such rna t te rs .  The casua l  labour  employed on
most jobs know nothing of the trade. Good workrnanship can
usual ly only be obtained through the art  and ski l l  of  workmen
or  c ra f tsmen,  and i f  they  do  no t  have the  ar t  and sk i l l ,
sa t i s fac to ry  app l i ca t ion  is  un l i ke ty  to  occur  even by  chance.
I t  would appear that this is the reason the asphalt  roofer
does  no t  en joy  the  respec t  g iven  to  sorne  o f  the  longer  es tab-
l i shed roo f ing  t rades ,  such as  the  s la te r  and tha tcher  in  o ther
count - r ies .  Roof ing  assoc ia t ions  are  very  concerned about
an  educat iona l  p rogram fo r  the  roo f ing  personne l  o f  the
member  f i r rns ,  and s teps  are  be ing  taken to  imp lement  such
tr aining.

Arch i tec ts  and o ther  des igners  rece ive  a  g rea t  dea l
o f  c r i t i c i sm in  connect ion  w i th  inadequate  roo f ing  des ign  and
spec i f i ca t ions ,  much o f  i t  deserved.  Those in  the  roo f ing
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indus t ry ,  however ,  sure ly  cannot  expec t  the  arch i tec t  to  be  an
exper t  roo fer .  The members  o f  roo f ing  assoc ia t ions ,  and the i r
roo f ing  personne l ,  must  be  the  app l ica t ion  exper ts ,  the  c ra f ts -
men.  Roofers  have to  be  competent  and respons ib le  in  so lv ing
job  prob lems,  adv is ing  on  the  cor rec t  so lu t ions  to  remedy
undes i rab le  cond i t ions ,  to  assure  a  f i rs t -c lass  job .  The aspha l t
roo fer rs  t rade has  a l lowed i t se l f  to  be  grea t ly  in f luenced by
manufac turers ,  a rch i tec ts ,  and cont rac tors .  Roofers  shou ld
be the  ones  to  de termine,  in  consu l ta t ion  and co-opera t ion
wi th  the  o thers ,  o f  course ,  when the  cond i t ions  on  a  job  are
su i tab le  fo r  roo f ing .  Most  roo fers  have been invo lved w i th
jobs  where  the  arch i tec t  o r  con t rac tor ,  o r  bo th ,  have ins is ted
on roof ing when the roofer was aware that condit ions were not
suitable. I t  would be wonderful  to be in a posit ion to refuse when
such a si tuat ion occurs. I t  would be naive to suggest that this is
a lways  or  even occas iona l l y  poss ib le .  I t  i s  i rnpor tan t ,  however ,
that roofers be more emphatic through their  associat ions in point-
ing  ou t  to  a rch i tec ts  and cont rac tors  the  dangers  o f  roo f ing  under
unsu i tab le  cond i t ions .  Conf idence in  roo fers  f rom des igners  w i l l
on ly  come f rom honest  and s t ra igh t fo rward  dea l ings  and co-
opera t ion  over  a  per iod  o f  t ime.  Roofers  have to  be  sure  o f  what
they are doing and act ively make this knowledge known.

THE ARCHITECT

Cr i t i c ism o f  Arch i tec ts

I t  is a current fad for everyone, including architects,
to  c r i t i c i ze  arch i tec ts  as  a  g roup fo r  the i r  fa i l ings  o f  one sor t
o r  another .  The c r i t i c ism to  wh ich  the  pro fess ion  is  sub jec ted
from architects appears to indicate an insecuri ty and a fear of
the future that exists within the profession, but there is no
doubt  tha t  th is  se l f -appra isa l  i s  a  good s ign ,  Arch i tec ts ,  as
perhaps  never  be fore ,  a re  ques t ion ing  the  sys tem o f  a rch i -
tec tu ra l  educat ion  and many o ther  p rev iousry  accepted  s tan-
dards  o f  the  pro fess ion ,  and are  becoming increas ing ly  con-
cerned about the publ ic image of the architect.  Despite the
conv ic t ion  o f  a rch i tec ts  tha t  they  are  the  leaders  o f  the  con-
s t ruc t ion  indus t ry ,  a  conv ic t ion  no t  necessar i l y  shared by
others in the construct ion industry,  archi tects at the moment
are  o f ten  cons idered to  be  a  t rnecessary  ev i l ,  f r  what  the  pro-
fess ion  c lear ly  has  to  guard  aga ins t  i s  be ing  cons idered an
ttunnecessary evi l .  I t  I t  is qui te conceivable that the con-
s t ruc t ion  indus t ry  cou ld  ex is t  w i thout  p ro fess iona l  a rch i tec ts ,
but impossible for archi tects to exist  without a construct ion
i .ndustry.
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The arch i tec t l s  lo t  i s  no t  an  easy  one,  even i f  one
d iscounts  the  f rus t ra t ions  a t tendant  on  be ing  an  ad jud ica tor ,
f inanc ia l  adv iser ,  decora t ing  consu l tan t ,  and guard ian  o f
cu l tu re  and aes the t ics .  The des ign  and cons t ruc t ion  o f  a
bui lding involves the cornbinat ion of a var iety of rnater ials.
Every  a rch i tec tu ra l  o f f i ce  i s  bu lg ing  w i th  quant i t ies  o f  t rade
l i t e r a t u r e ,  a n d  o f t e n  p e r h a p s  e v e n  s t a c k s  o f  r e s e a r c h  r e p o r t s ,
tha t  descr ibe  the  v i r tues  and conf i rm the  proper t ies  o f  the
' "any  mater ia ls  ava i lab le  fo r  use .  To  the  average layrnan or
a  na ive  arch i tec t ,  des ign ing  a  bu i ld ing  mere ly  rneans  choos ing
aesthe t ica l l y -p teas ing  mater ia ls  and f i t t ing  them together .

Most  a rch i tec ts ,  o f  course ,  know tha t  th is  approach
is  qu i te  r id icu lous ,  and are  aware  tha t  rna ter ia ls  wh ich  have
m o s t  d e s i r a b l e  p r o p e r t i e s  i n  t h e r n s e l v e s  c a n  b e c o r n e  u n m a n -
ageab le  rnons ters  when combined w i th  o ther  seern ing ly  exce l len t
rnater ials to funct ion as bui lding elernents. And yet,  earry
and ser ious  rna l func t ion  and de ter io ra t ion  o f  sorne  o f  our
bu i ld ings  ind ica tes  a  lack  o f  apprec ia t ion  o f  many o f  these
fac tors .  These fac to rs  invorve  the  unchang ing  raws o f  phys ics
and chern is t ry ,  and the i r  e f fec ts  on  sorne  o f  our  cornp lex
assembl ies  o f  bu i ld ing  rna ter ia ls  -  in  o ther  words ,  bas ic
bu i ld ing  sc ience.  Vapour  p ressure ,  rno is tu re  rn ig ra t ion ,  a i r
and heat f low, l ight and sound transrnission, vorurnetr ic change
and e lec t ro l i t i c  ac t ion  are  no t  rnys ter ious  phenomena o f
i n t e r e s t  o n l y  t o  e n g i n e e r s  a n d  s c i e n t i s t s .  T h e s e  a r e  s o r n e  o f
the rnechanisrns that dai ly affect the combinat ions of rnater ials
that go to make up our rnodern bui ldings.

A c r i t i c is rn  o f  the  pro fess ion  o f  a rch i tec tu re  i s  tha t
i t  r n e r e l y  p a y s  l i p  s e r v i c e  t o  s c i e n c e  a n d  r e s e a r c h .  A r c h i -
tec tu ra l  s tudents  a re  no t  taught  bas ic  bu i rd ing  sc ience,  and
s u c h  e n g i n e e r i n g  c o u r s e s  a s  a r e  g i v e n  a r e  u s u a r l y  c o n s i d e r e d
as  sorne th ing  add i t iona l  to  a rch i tec tu ra l  des ign ,  ra ther  than
a par t  o f  i t .  Prac t ic ing  arch i tec ts ,  a l though genera ly  aware
of  the  sc ience phenornena rnent ioned,  f ind  the  e f fo r t  too  grea t
u n d e r  t h e  s t r e s s  o f  d a y - t o - d a y  p r o b l e m s  t o  b e c o m e  s k i l l e d  i n
the  app l ica t ion  o f  these phenornena to  a rch i tec tu ra l  des ign .
There  is  a  tendency  to  th ink  o f  any  par t i curar  rna ter ia r  o r
sys tem as  be ing  good or  bad,  depend ing  on  the  arch i tec t rs
exper ience w i th  i t s  per fo rmance on  an  ac tua l  bu i ld ing .  Th is
approach assus)es that durabir i ty is a fundarnentar property
of the mater ial  or systern. Nothing courd be further from
the t ru th .  The per fo rmance o f  a  mater ia l  o r  sys tem depends
on the environrnent to which i t  is exposed and the degrading
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e f fec ts  o f  serv ice .  A  proper  unders tand ing  o f  bu i ld ing  sc ience
he lps  one to  recogn ize  the  per t inent  fac to rs  a f fec t ing  the  per -
formance. I t  is then possible to anaryze designs systematical ly
as  to  the  probab le  per fo r rnance,  and choose rna ter ia ls  o r  sys tems
to  sa t is fy  the  var ied  requ i re rnents .  As  we l l  as  remain ing  the
guard ian  o f  cu l tu re  and aes the t ics ,  the  arch i tec t  rnus t  reasser t
h imse l f  as  a  techn ica l  leader ,  and to  do  th is  he  must  know more
about  na turers  laws w i th  wh ich  he  can genera l l y  cope,  bu t  wh ich
he cannot  change and is  i l1 -adv ised to  f lou t .

Arch i tec ts  have been bramed fo r  bu i rd ing  prob lems
in many specif ic areas within the bui lding industry.  In con-
nec t ion  w i th  roo f ing ,  fo r  ins tance,  inadequate  des ign  and
spec i f i ca t ion ,  as  we l l  as  lack  o f  superv is ion ,  i s  usua l ly
a t t r ibu ted  to  the  arch i tec t .  cer ta in ly  a  lack  o f  concern  fo r
des ign  de ta i l  and  the  superv is ion  o f  workrnansh ip  were  encour -
aged by  the  sys tem o f  bond ing  roo fs  tha t  ex is ted  in  canada f rom
1916 to  1960.  under  the  conJ i t ions  o f  p resent  a rch i tec tu ra l
p rac t ice ,  i t  i s  r id icu lous  to  s ' . rgges t  tha t  the  arch i tec t  shou ld  be
an exper t  roo fer '  an  exper t  carpenter ,  o r  an  e>cper t  in  any  t rade.
For  every  t rade,  however ,  the  arch i tec t  i s  requ i red  to  have
knowledge of the mater ials used, and the factors that af fect
their  performance. I t  is also extrernery i rnportant for the
arch i tec t  to  recogn ize  new fac tors  b rought  auout  by  changes in
bu i ld ing  prac t ice .

Changes in  Bu i ld ing  prac t ice  Re la ted  to  Roof in

I t  appears  tha t  many o f  the  more  recent  roo f ing
fa i lu res  may be  due to  changes tha t  have recen i ly  taken prace
in bui lding pract ice, which have not been taken into account in
roo f ing  des ign  and app l ica t ion"  There  has  been an  inc reas ing
use o f  dead- leve l  roo f  decks ,  and consequent ly  poor ly  d ra ined
roof  sur faces"  Precas t  concre te  and many o ther  t1 ryes  o f
rn-ul t ip le unit  roof decks are now widery accepted. Def lect ions
of  such decks  have no t  been inves t iga ted  in  

" . l " t io ' to  
the

effect on roof ing. The obvious effet t  of  permanent defrect ion
f rom creep on  roo fs  in tended to  be  f ta t  i s  the  pond ing  o f  water
wh ich  inc reases  the  fa i lu r  e  hazard .  Greater  ih i . to .sses  o f
l igh ter  insu la t ions  praced on  top  o f  roo f  decks  have been used
to  ach ieve  be t te r  thermar  res is tance,  bu t  they  prov ide  a  so f t
underbedd ing  fo r  the  roo f ing  rnembrane and sub jec t  i t  to
grea ter  var ia t ions  in  tempera ture .  The increas ing  use  o f
vapour  bar r ie rs ,  wh i le  res t r i c t ing  the  en t ry  o f  mo is tu re  in to
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the  cons t ruc t ion ,  in t roduces  new prob lems caused by  rno is tu re
tha t  may be  t rapped in  the  cons t ruc t ion .  A i r  -cond i t ion ing  and
humidif icat ion of rnany buitding t lpes are cornrnon, and these
measures  aggravate  the  prob le rns  o f  mo is tu re  t rans fer  in to  the
bu i ld ing  components .  Year - round cons t ruc t ion  has  added to  the
hazar  d  o f  t rapped cons t ruc t ion  mois tu re  in  bu i ld ing  mater ia ls
and sys terns .  Th is  i s  par t i cu la r ly  t rue  in  re la t ion  to  roo f ing ,
w h e r e  n o  p r o t e c t i v e  c o v e r  i s  u s e d ,  s u c h  a s  i s  e m p l o y e d  o n  s o m e
other  phases  o f  bu i ld ing  cons t ruc t ion .  Apar t  f ro rn  the  hazards
of  ra in ,  snow,  and ice  on  roo f  decks ,  and the  poss ib i l i t y  o f  wet
rna ter ia ls  f ro rn  improper  s to rage,  there  is  g rea t  danger  o f
inadequate  adhes ion  o f  fe l ts  due to  app l i ca t ion  o f  mater ia ls  to
co ld  and wet  sur faces ,  o r  due to  overheat ing  rna ter ia ls  to
counterac t  the  co ld .  The overheat ing  rnay  a lso  des t roy  the
des i rab le  p roper t ies  o f  the  b i tu rnen.  In  sorne  bu i ld ings  la rge
quant i t ies  o f  mo is tu re  a re  re leased in to  the  c losed- in  bu i ld ing
f rom wet - f in ish ing  opera t ions ,  such as  concre t ing  or  p las te r ing .
under  cer ta in  cond i t ions ,  such rno is tu re  can penet ra te  in to  the
roo f ing  sys tem and cause subsequent  de ter io ra t ion .

DESIGN CONSIDERATIONS - ROOFING SYSTEMS

In  the  des ign  o f  a  roo f ing  sys tem,  the  rnos t  impor tan t
cons idera t ion  is  the  prov is ion  o f  a  water t igh t  o r  water -shedd ing
cover ing  to  keep the  in te r io r  o f  the  bu i ld ing  dry .  S teep ly_
p i tched roo fs  shed water  rap id ry  and a  cover ing  o f  over lapp ing
imperv ious  un i ts  can be  used to  ach ieve  th is .  F la t  and low-
p i tched roo fs  tend to  ho ld  water ,  o r  shed i t  very  s lowly .  The
cover ing ,  there fore ,  must  be  jo in t less  and water t igh t .

Th is  appears  to  be  very  d i f f i cu l t  to  ach ieve  because
of  the  na ture  o f  the  rna ter ia ls  usua l ly  used.  o rgan ic  fe l ts ,
most cornrnonly used in the bui l t -up bi turninous roof ing systems,
can absorb  mois tu re  w i th  consequent  d i rnens iona l  changes and
deter io ra t ion .  B i tumens ox id ize  f ro rn  exposure  to  a i r ,
mo is tu re ,  heat  and u l t rav io le t  l igh t ,  and the  ox ida t ion  produc ts
are  water  -so lub le  and vo la t i le .  They  becorne very  b r i t t le
when exposed to  low te rnpera tures ,  a re  sub jec t  to  s lu rnp ing  a t
h igh  serv ice  tempera tures ,  and are  sub jec t  to  de ter io ra t ion  a t
tempera tures  on ly  s l igh t ly  above those requ i red  fo r  app l i ca t ion .
The qua l i t y  o f  the  f in ished roo f ing  depends la rge ly  on  the  work-
rnanship and the weather condit ions during appl icat ion.
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Bu i ld ine  Movement

Fac tors  such as  roo f  s t ruc tu re  movement ,  wh ich  rnay  be
un i rnpor tan t  on  a  s teep sh ing led  roo f ,  must  be  care fu l l y  cons idered
in  re la t ion  to  a  cont inuous  membrane.  I t  may be  necess  ary  to  p ro-
v ide  su i tab le  waterproo fed  d iscont inu i t ies  in  the  membrane a t  p laces
where  there  may be  movements  g rea ter  than the  rnembrane can
a c c o m m o d a t e .  o f  c o u r s e ,  i t  m a y  a l s o  b e  n e c e s s a r y  t o  c o n s i d e r  t h e
des ign  o f  the  s t ruc tu re  to  reduce the  amount  o f  movement  as  rnuch
as  poss ib le .  The ra te  and amount  o f  s t ruc tu rar  movement  i s
di f f icul t  to forecast for an actual bui lding. In addit ion, there is
l i t t le information avai lable on the engineerir ,g propert ies of bui l t -up
roo f ing  membranes,  wh ich  have no t  in  the  pas t  been cons idered as
load-bear ing"  The s t rength  o f  the  ac tuar  rndmbrane depends a
great deal on workrnanship, and very l i t t le is known about the
behav iour  o f  rnembranes due to  te r .npera ture  and mois tu re  changes.
The membrane rnus t ,  o f  course ,  be  cons idered in  re la t ion  to  roo f
insulat ion'  vapour control ,  and heat and vapour vent i lat ion of the
roo f  sys tem-  For  these reasons  i t  i s  d i f f i cu l t  to  p rov ide  pos i t i ve
recommendat ions  fo r  p rac t ica l  roo f  deck  and roo f  membrane des ign .

I t  appears certain that a bui l t_up bi turninous fel t
roo f ing  mernbrane shou ld  no t  be  ra id  so  tha t  i t  i s  so l id ly  adhered
to two parts of a bui lding which rrrove in relat ion to each other,
even i f  the  movement  i s  very  smal l "  Th is  cond i t ion  occurs
wherever  a  roo f  deck  meets  a  ver t i car  sur face  a t  a  parapet ,
curb ,  penthouse,  o r  wa l l .  The s tandard  procedure  in  th is  con-
di t ion is to provide a 4s-degree cant str ip with the roof ing fel ts
car r ied  to  the  top  o f  the  s t r ip .  Base f rash ings  are  then app l ied
to the wal l  extending out onto the deck over the roof ing mlmbrane.

to al low for rnovement.  Such
nd can be  prov ided eas i l y  w i th
a t tached to  the  deck .  Cover

ame t i rne as the roof ing to
prevent  water  penet ra t ing  beh ind  the  sk i r t ing .

such a  cond i t ion  a lso  occurs  w i th  p recas t  roo f  deck
e lements  a t  each jo in t  be tween e lements .  Wi th  smal l  un i ts  th is
does  no t  seer ' '  to  cause many roo f ing  prob lems,  bu t  w i th  ra rger
un i ts  t roub le  w i l l  p robabry  occur  un less  adequate  prov is ion  is
made fo r  movement .  Tes ts  by  the  D iv is ion  o f  g , ' i ta i r rg  Research
indicate that roof ing membranes fai l  at  a strain of approximately
one per  cent  a t  -2 ,0"F .  To  avo id  f rac tu re  o f  the  membrane a t
s t ruc tu ra l  jo in ts  i t  there fore  appears  necessary  to  separa te  the
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rnembrane frorn the roof deck at the joint  for a suff ic ient width
to  reduce the  s t ra in  to  a  va lue  o f  less  than one per  cent .
Knowing the amount of possible rnovement at a structural  jo int ,

i t  i s  a  s i rnp le  mat te r  to  ca lcu la te  the  f ree  w id th  o f  mater ia l
necessary  to  ach ieve  th is .  A  s t r ip  o f  mater ia l  la id  over  the
joint wi l l  then prevent adhesion of the rnernbrane to the deck for
t h e  w i d t h  r e q u i r e d .

I t  i s  usua l  in  bu i ld ing  des ign  to  p rov ide  an  expans ion
jo in t  in  the  roo f ing  on ly  where  expans ion  jo in ts  a re  p rov ided in
the  s t ruc tu re ,  as  requ i red  where  there  is  a  change in  d i rec t ion
of  f raming,  where  w ings  pro jec t  f ro rn  a  main  s t ruc tu re ,  o r  on
any  re la t i ve ly  long or  la rge  sec t ion  o f  a  bu i ld ing  or  fo r  some
other  s t ruc tu ra l  reason.  In  rnos t  modern  bu i ld ings  the  roo f  and
wal ls  a re  insu la ted  ou ts ide  the  s t ruc tu ra l  f rame,  and a f te r  the
bu i ld ing  has  been cons t ruc ted  and is  in  opera t ion  the  f rame wi l l
usua l l y  be  sub jec ted  to  very  s rna l l  te rnpera ture  d i f fe ren t ia ls .
The s t ruc tu ra l  eng ineer  on  th is  bas is  rnay  be  jus t i f ied  in  mak ing
re la t i ve ly  la rge  spac ings  be tween expans ion  jo in ts .  I f  con-
s t ruc t ion  is  done in  co ld  weather ,  the  e f fec t  o f  rap id  warm-up
when the  bu i ld ing  is  c losed in  rnus t  a lso  be  care fu l l y  cons idered.
The spac ings  de termined f rom s t ruc tu ra l  cons idera t ions  a lone
rnay not be adequate for the roof ing mernbrane. I t  wi l l  be sub-
jec ted  to  the  fu1 l  range o f  ou ts ide  te rnpera tures ,  and fo r  b lack
sur faces  over  insu la t ion  the  range may be  inc reased by  a t  leas t
1 0 0  F  d e g r e e s  i n  e x c e s s  o f  t h e  r a n g e  o f  a m b i e n t  a i r  t e m p e r a -
tu res .  seasona l  te rnpera ture  d i f fe ren t ia ls  o f  200 F  degrees
and te rnpera ture  var ia t ions  o f  up  to  80  F  degrees ' in  a  few hours
are possible in rnany parts of.  canada. The coeff ic ient of
expans ion  o f  b i tuminous  rnernbranes  is  such tha t  these tempera-
tu re  var ia t ions ,  par t i cu la r ly  a t  tempera tures  be low 30"F,  w i l l
tend  to  cause qu i te  la rge  movernents .  There  is  very  1 i t t le
knowledge about the rnanner in which such rnovements are
res is ted  or  accornrnodated  by  the  roo f ing  sys tern .  I t  can  on ly
be suggested at this t ime that l imit ing the extent of cont inuous
b i tu rn inous  rnembranes to  lo0  to  150 f t  appears  to  be  o f  sorne
help in reducing the incidenc'e of mernbrane spl i t t ing.

Insulat ion of Roofs

Roofs  can be  insu la ted  in  fou . r  ways  (F igure  l ) :

Above the  s t ruc tu ra l  deck  ( th is  i s  usua l
prac t ice  w i th  r ig id  insu la t ion  on  wood,  con-
c r e t e  o r  s t e e l )

1 .
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By the use of an insulat ing rnater ial  to form
the deck  i t se l f  (aera ted  l igh twe igh t  concre te
or  f ib re )

Imrnediately beneath the structural  deck
(poured gypsum or other l ightweight mater ial
over  fo rmboard)

4" On a cei l ing below the roof proper,  with a lof t
or at t ic between the cei l ing and the deck ( this
is  s tandard  prac t ice  in  house cons t ruc t ion ,  and
in  some indus t r ia l  bu i ld ings) .

I t  is important to be aware of the di f ferences between
these methods ,  and tha t  each invorves  spec ia r  p rob lems.  Knowing
these d i f fe rences ,  i t  i s  usua l ly  poss ib le  to  des ign  a  roo f  con-
struct ion that wi l l  g ive the best performance at the least in i t ia l
and operat ing cost for the locar cl i rnate, and for the ant ic ipated
occupancy of the bui lding. The lowest ini t ia l  cost for insuiat ion
and the lowest operat ing cost for heat ing and cooring can be
attained better with an insulated cei t ing below a vent i lated lof t
space, than with insulat ion ei ther above, in,  or imrnediatery
be low the  deck"  Th is  des ign  a lso  has  corn for t  advantages  and
can be  des igned to  hand le  occupanc ies  in  wh ich  very  h igh
mois tu re  cond i t ions  preva i l ,

Many of the roof systerns in which the insuLat ing
mater ia l  fo rms the  deck , .  o r  where  insura t ion  js .p laced d i rJc t l y
below the deck, are ent irely unsuitable for bui ldings with a high
indoor  mo is tu re  conten t .  

'when 
the  roo f  i s  to  serve  as  an

inter ior cei l ing, the choice between insulat ing above, within,
or immediately below the deck wi l l  be determined by ant ic ipated
inter ior moisture condit ions, internar appearance, and rerat ive
cost.  I f  the roof is to carry traf f ic loads the insurat ion above
the  deck  must  be  a  load-bear ing  type ,  bu t  i t  seems more  log ica l
to  cons ider  the  use  o f  a  more  e f f i c ien t  non_Ioad_bear ing
insulat ion below the deck or on a ceir ing forming a roft  space.

In al l  cases careful  at tent ion must be given to
vapour barr iers and their  rocat ion, or to vapour contror by
vent i la t ion ,  wherever  the  mois tu re  leve l  genera ted  by  the
occupancy  dur ing  per iods  o f  co ld  weather  ind ica tes  a  po ten t ia r .
condensat ion pr oblern.

z.

3 .
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The most usual roof construct ion used in Canada is

the one where insulat ion is placed direct ly above a structural

deck, and a vapour barr ier is placed direct ly on the deck. The

insulat ion used, al though usual ly r ig id and with some load-

bear ing  charac ter is t i cs ,  i s  genera l l y  porous .  Most  insu la t ing

mater ia ls  a re  la rge ly  a i r -en t rapped by  ce l l s  o r  f ib res ,  and the

air  content in some insulat ions may range from 50 to 95 per cent

o f  the  rnassr  In  add i t ion ,  some mois tu re  may be  present .

Considerable moisture rnay enter the insulat ion due to inadequate

storage protect ion oi  inclernent weather during construct ion.

I f  rnater ial  in this condit ion is conf ined between a t ight roof ing

above and a t ight air  and vapour barr ier below with al l  edges

sealed, pressures that bui l t  up within the systern from solar

heat ing on the roof surface wi l l  certainly cause bl ister ing, and

the better the roof ing membrane the more l ikely i t  is to bl ister.

That many such roofs have perforrned reasonably wel l

indicates construct ion is not t ight and the air  does escape. I f .

air can escape to the inside of the building, a breathing or

purnping action rhay take place. For buildings with a high

rnoisture level occupancy, such breathing act ion could saturate

the insulat ion with moisture over a period of t ime. Wet

insulat ion has less heat resistance and so wi l l  aggravate the

problem and, of course, organic insulat ions, i f  wet,  wi l l  rot

in t i rne and fai l  completely.  I t  appears that a properly designed

roofing of this type must rnake provision for the insulation to

breathe to the outer air ,  where the vapour pressure is the lowest.

Condensat ion of Water Vapour

I f  water vapour can penetrate into the roof con-

struction in winter frorn within the building it will condense on

the underside of the cold roof ing. This is inevi table unless the

vapour pressures inside are equal to those outside. No dr ipping

wil l  occur unt i l  absorpt ive insulat ion and other absorpt ive

mater ial  of  the construct ion are ful ly saturated. To prevent

this,  a vapour barr ier may be instal led as near as pract icable

to the warrn side of the construct ion. Condensat ion can be

cornpletely forestal led i f  this vapour barr ier is rnaintained at

a ternperature above the dewpoint of the indoor air. It is

important to understand that the over-a11 heat resistance
(U value) of the roof is not the irnportant factor, and, in fact,

a t1rye of deck that is a poor insulator requires less insulat ion

to prevent condensat ion than does a good insulator when the

vapour barr ier is placed above the deck.
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Consider an exancple in Ottawa of a steel deck and a
3-in.  plank deck (Figure 2).  Assurne indoor air  wi l t  be kept at
70'F and the relat ive humidi ty (RH) at 50 per cent.  Using the
winter design temperature of +10' tr .  for outside air ,  how much
insulat ion is required to prevent condensat ion at the vapour
bar r ie r  ?

The dewpoint ternperature for 70"F air  at  50 per cent
RH is 50oF, and therefore the vapour barr ier wi l l  have to
remain above 50"I .  i f  condensat ion is to be avoided.

The l ine A to F in Figure 2 indicates a rate of heat
loss which must not be exceeded i f  condensat ion is to be avoided
for  the  s tee l  roo f  deck .  Th is  ra te  p ro jec ted  on  a  res is tance
scale graph of temperature gradients indicates that the total
res is tance requ i red  o f  lhe  cons t ruc t ion  is  1 .8 .  s ince  the  con-
s t ruc t ion  w i thout  insu la t ion  prov ides  l . l I ,  on ly  0 .69  is  requ i red
f rom the  insu la t ion ,  and th is  can be  prov ided by  0 .  69 /Z . le=
0.25  i r ' .  ,  tha t  i s ,  t /+  i r r .

Line AF in the diagram indicates a tate of heat loss
which rnust not be exceeded i f  condensat ion is to be avoided for
the wood deck. The rate of heat loss is considerably slower
because of the resistance of the wood deck. When AB is pro-
jected to c i t  can be seen that the total  resistance requi ied is
l l .7  and,  s ince  the  cons t ruc t ion  prov ides  4 .39 ,  the  insu la t ion
wi l l  be  requ i red  to  cont r ibu te  ? .31  and th is  w i l l  requ i re  7 .31 /
2.78 = 2.63, or approximately Z| in.  of  insulat ion.

The U value for the insulated wood deck would be
0. 08 and for the steel deck i t  would be 0. 56. Obviously more
insulation would be used on the steel deck than I /+ in. for
reasons other than condensat ion.

Suppose the insulat ion used on the wood deck were
I  i n .  T o t a l  R  w o u l d  b e  4 . 3 9  +  z . ' 1 8  =  7 . L 7 ,  a n d  t h e  t e m p e r a t u r e
gradient through the deck would be along line DEA, with the
temperature at the vapour barr ier 38"F. The room could
support  30 per cent RH under these condit ions. I f  I  in.  of
insulat ion were used on the steel deck, total  R wourd be I . l t  +
2 .78  =  3 .89 ,  and the  tempera ture  grad ien t  wou ld  be  a long l ine
HJA with temperature at the vapour barr ier of  60'F. The room
under these condit ions could support  a relat ive humidi ty of
70  per  cent .
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DESIGN CONSIDERATIONS - BITUMINOUS ROOT' COATINGS

Choice of Materials for Biturninsgr Roo:!!3g

The propert ies of the mater ials used for bui l t -up

roo f ing  are  se ldorn  unders tood by  des igners  o r  roo fers .  The

important propert ies required of bi turnens are imperrneabi l i ty

to  rno is tu re ,  good adhes ive  and cohes ive  proper t ies ,  and an

abi l i ty to deform slowly dnd cont inuously when subjected to

shearing forces. The bi tuminous rnater ials chosen for roof ing

have these proper t ies  to  a  g rea ter  o r  lesser  degree.  Desp i te

a  good dea l  o f  research  in  recent  years ,  there  s t i l l  remains  a

considerable lack of knowledge of the behaviour of bi turnens

over wide temperature ranges. Although certain standards

have been es tab l i shed th rough co-opera t ive  research  o f  the

petroleurn and roof ing industr ies, and form the basis of ASTM

and CSA rnater ial  specif icat ions, i t  is st i l l  doubtful  i f  the

empi r i ca l  tes ts  invo lved are  adequate  to  de f ine  proper ly  the

bes t  rna ter ia ls  fo r  use  in  te rms o f  end use and durab i l i t y .

Bi tumen is a generic narne appl ied to mixtures

of predominant ly hydrocarbons. In Canada and the United

Sta tes ,  the  te rm is  loose ly  used to  descr ibe  e i ther  coa l - ta r

p i tch  or  aspha l t .  Coa l - ta r  p i tches  are  produced as  a  by-

product of the destruct ive dist i l lat ion of bi turninous coals in

the rnanufacture of gas or coke. Asphalts result  f rom the

natural  or industr ial  dist i l lat ion of petroleum. Natural

asphalts ate rately used for roof ing ln this country but,  f rorn

the confusing array of petroleum asphalts,  two types are

mainly used. Residual,  or straight-run asphalt ,  which is

the residue after the rernoval of  gasol ines, oi ls,  and other

volat i le products from crude oi l ,  is of ten used direct ly or

with sl ight air  oxidat ion. Blown asphalts are harder

asphalts produced frorn the sarne residues and strongly

a i r  -ox id ized .

Two o f  the  empi r i ca l  tes ts  used to  descr ibe  the

propert ies of bi turnen are penetrat ion and softening point.

P e n e t r a t i o n g i v e s a m e a s u r e o f b r i t t 1 e n e s s ; s o f t e n i n g p o i n t

gives a measure of f low under control led condit ions.

The temperature interval  between the softening

point and the point at  which a br i t t le condit ion is reached

gives a measure of the ternperature suscept ibi l i ty of  the

mater ial .  This can vary a great deal,  depending on the
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crude o i l  source  and the  b i tumen process ing .  success fu l  use
of bi tumen can usual ly be assured when the l imits of tempera-
ture, def ined by i ts br i t t le condit ion and softening point,  are
rno t  exceeded in  serv ice .

The desirable propert ies of the bi tumen are water
res is tance,  weather  res is tance,  chemica l  and phys ica l
stabi l i ty,  low sensit iv i ty to temperature, high f lash point,
low vapour forrnation, and cornpatibility with other biturnens
used in  roo f ing .  The roo f  s lope de termines  the  degree o f
water  t igh tness  necessary .  water  absorp t ion  and penet ra t ion
are  a  func t ion  o f  t ime,  and b i tumens used fo r  roo f ings  on  s teep
slopes where the water runs off  quickly need not be so
res is tan t  to  water  as  b i tumens fo r  f la t  roo fs .  Th is  i s  why  i t
i s  poss ib le  to  compro ' ' ' i se  in  regard  to  water  res is tance,  in
order to have a bi tumen that does not soften and f low off
s teep ly  s loped roo fs .  B lown b i tumens,  wh ich  are  a i r  _
ox id ized  to  g ive  them h igher  so f ten ing  po in ts  and less
suscept ibi l i ty to temperature, are sl ight ly infer ior to low
sof ten ing-po in t  res idua l  b i tumens in  regard  to  o ther  p roper t ies
such as  water  res is tance.  when heated  to  work ing  tempera-
tures the bi tumen should have the reast possible volat i le con-
tent,  be free of any tendency to coke, or any tendency for
separat ion of oi ly components in working or dur ing weathering.
A h igh  f lash  po in t  i s  necessary  to  d imin ish  the  r i sk  o f  f i re
not only during appl icat ion, but also to the completed roof.
compatibi l i ty of  saturants with coat ings, and of coat ings with
the  b i tumen used as  the  adhes ive  be tween p l ies  o f  fe l t ,  i s
very important.  Incompatibi l i ty can cause the breakdown
of the desirable propert ies of one or both of the bi tumens
involved and result  in a lack of cohesion and adhesion and
of  water - t igh tness .  The arch i tec tu ra l  des igner  does  no t
general ly have a choice regarding the saturant or coat ing in
the manufacture of fel ts,  but wi l l  normal ly have some choice
as to the t}rye of bi tumen and fel t  used in the construct ion of
bui l t -up roof ing. There are three tyPes of asphalt  avai lable
in canada for hot-appl ied bi tuminous roofs. ihe canadian
standards Associat ion has set the requirements on these as
shown in Table I.



-20  -

TABI,IT I

Type of
Bitumen Use

Softening

Point,

d e g  F

Pene -

trat ion,

trll o mm

Flash

Point,

deg F

Ducti l  -

ity,
crn

Asphalt

Type I

Asphalt

Type 2

$sphalt
Type 3

Flat to incl ines

o f  l i n .  t o l f t

For incl ines l in.

t o 3 i n .  t o l f t

For incl ines

over 3 in.  to I  f t

t 40 /L50

165 /17  5

19o/zo5

25 -40

z0-30

15  -  25

454

450

450

t0

3

Not

spec i -

f ied

Other propert ies are also specif ied, but those given in

Tab le  I  a re  o f  rnos t  use  to  the  des igner .

In weathering tests carr ied out by the Divis ion of

Bui lding Research on Type 3 asphalts,  the only property that

appeared to have a correlat ion with durabi l i ty was duct i l i ty.

This is a smal l  quant i ty for T)rye 3 asphalts and di f f icul t  to measure

accurately in rnost industr ial  laborator ies, when the test equip-

rnent becomes worn from constant use. .Duct i l i ty is measured by

the distance to which the bi turnen wi l l  e lqngate before breaking

when two ends of a br iquet specif i )en are pul led apart  at  a speci-

f ied  speed and a t  a  spec i f ied  te rnpera ture ;  77"F  and 5  cmper  minare

the norrnal condit ions. 
: ,

Coal- tar pi tch is also st i l l  used in Canada for hot-

appl ied bi tuminous roof ing. For coal- tar pi tch the requirements

and methods of test specif ied by C. S. A. are sl ight ly di f ferent

than for i .sphalt .  Penetrat ion is not specif ied, but for roof ing

pitch softening point is L40/155'r .  and duct i l i ty 50. The usual

range for softening point is 140/150"F with an al lowance for

L45/155'tr '  for use in hot summer weather.  Coal- tar pi tch

can only be used on f lat  or low-sloped roofs (up to perhaps I  in.

to I  f t ) ,  and i t  is usual ly consid.ered that i t  rnust be protected by
gravel or s lag.
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Three types  o f  fe l t  c lass i f ied  accord ing  to  the  raw
fabr ics  a re  commonly  used in  Canada.  The raw fabr ics  cons is t
o f  fe l ted  organ ic  wood f ib res ,  inorgan ic  asbes tos  f ib res ,  o r  a
rnesh o f  g lass  f ib res .  They  are  impregnated  or  sa tura ted  by
passing them through a bath of hot bi turnen. This is done to dis-
place air  and moisture frorn the voids of the fabr ic,  and to give
added durab i l i t y  so  tha t  the  f in ished fe l ts  can be  t ranspor ted  and
app l ied  w i th  g rea ter  ease.  sa tura ted  fe l ts  a re  usua l ry  used in
the construct ion of hot-pr.ocess bui l t -up roof ing. For certain hot
appl icat ions and for most cold appl icat ion roof ing, saturated
organ ic  f ib re  and asbes tos  f ib re  fe l ts  a re  fac to ry -coated  w i th
hard asphalt  to which mineral  f i l lers have been added, and are
re fer red  to  as  aspha l t -coa ted  fe l ts .

Organ ic  f ib re  fe l ts ,  wh ich  are  essent ia l l y  was te  paper
and wood pu lp ,  and somet imes a  smal l  percentage o f  rag  f ib re ,
have certain inherent faul ts despite their  widespread use. I t  has
been di f f icul t  to evaluate the infer ior propert ies in terms of per-
formance on roofs, but i t  is general ly bel ieved that many 

"oof irrgproblerns stem frorn weaknesses in the base fabr ic.  when
immersed in  water ,  coa l - ta r  p i tch  sa tura ted  fe l t  ( ta r  fe l t )  w i l l
p ick up 80 per cent moisture by weight,  and asphalt  saturated
fe l t ,  50  per  cent  mo is tu re  by  we igh t .  These changes in
moisture content cause relat ively large dirnensional movements
and the  presence o f  rno is tu re  causes  ro t t ing  o f  the  organ ic
f ib res .  Th is  i s  why  i t  i s  so  necessary  to  assure  tha t  roo f ing
fel ts do not become wet during storage or appl icat ion.

Asbestos  fe l ts ,  cons is t ing  predominant ly  o f  asbes tos
f ibres, but including a smal l  percentage of organic f ibres
necessary to faci l i tate sat isfactory manufacture, are also not
en t i re ly  f ree  f rom mois tu re  movernent  and decay .

Glass f ibre fel ts which are onry sr ightry affected by
rnoisture would appear to be a logical  choice for bui l t -up
roof ing. Appl icat ions of these fel ts,  however,  have been
part icular ly plagued by so-cal led thermal spl i t t ing. This
type of spl i t t ing has occurred with al l  types of fel ts,  and with
rag fel ts this is f requent ly combined with other types of
deter iorat ion.

Some current thinking favours the use of coated
roof ing fel ts instead of saturated fel ts.  These have been
used fo r  some years  in  co ld  p rocess  app l ica t ions ,  and fo r  ho t
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app l ica t ions  in  son le  count r ies ,  no tab ly  Aus t ra l ia .  Th is  la rge ly  '

e l i rninates the lnazards of storage and construct ion in relat ion

to  the  fe l ts ,  bu t  rnay  in t roduce o ther  p rob lems.  The we igh ts  o f

coated fel ts now avai lable might be very di f f icul t  to work with

in  coo l  o r  co ld  weather ,  and adhes ion  rn igh t  be  adverse ly  a f fec- ted

by sand or other mineral  dust surfacir-g used to prevent st icking

in the rol l ,  or by incompatibi l i ty of  bonding bi tumen and coat ing

biturnen. Coal- tar pi tch and asphalt  are def ini tely considered

incornpat ible,  and for this reason i t  is advisable to avoid con-

tact of  the two bi tumens, using asphalt  with asphalt-saturated

fe l t ,  and coa l - ta r  p i tch  w i th  ta r -sa tura ted  fe l t .  Coated  fe l ts

a r e  c o n s i d e r e d  n e c e s s a r y  f o r  u s e  a s  a  b a s e  s h e e t  o v e r  a n y  d e c k

where  on ly  par t ia l  bond ing  is  an t ic ipa ted ,  such as  over  p re-

formed elernents of a mult i -uni t  type deck" In this appl icat ion a

saturated fel t  is subject to rnoisture pick-up and subsequent

de ter io ra t ion .  A Iso ,  a  coated  sheet  i s  des i rab le  fo r  the  top

ply of the roof ing rnembrane. This wi l l  protect the underly ing

mernbrane aga ins t  mo is tu re  f ro rn  sudden showers ,  and w i l l

provide better long-terrn protect ion against penetrat ion of

moisture into the membrane from water on the roof.

Dra inage

Although the rnajor i ty of roofs in Canada ate bui l t

to  be  en t i re ly  f la t ,  th is  i s  se ldorn  a  necess i ty  and is  se ldom

ach ieved because o f  cons t ruc t ion  inaccurac ies  and normal

s t ruc tu ra l  de f lec t ions  (F igures  3  and 4) .  Th is  p roduces  a

double weather. inglnazard. Water rernaining in pools on the

roof has t ime to penetrate and further deter iorate any im-

perfect ions in the rnembrane, and at the edges of pools the

cornbined attack of water and sunshine is l ikely to break down

and deter iorate the surface very rapidly.  Ice act ion, f rorn

freezirrg of ponded water,  is bel ieved to be an addit ional

lnazard. It does not appear that such ice can split the roofing

mernbrane, but local darnage from water that penetrates exist-

ing  c racks ,  wr ink les  and ho les  or  o ther  de fec ts  may be  con-

siderable. A roof that is wel l  drained wi l l  usual ly give fewer

problerns than a f lat  poorly-drained roof.

I t  is of ten argued that the provision of proper

s lopes  to  d ra ins  i s  too  cos t ly ,  s ince  the  s t ruc tu re  has  to  be

s loped or  a  f i l l  p rov ided to  rnake the  s lopes .  I f  one compares

the  cos t  o f  insu la ted  wa l ls  and the  cos t  o f  roo fs ,  i t  appears

obvious that this is not a val id argurnent.  The roof performs
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a simi lar funct ion to the wal l  -  separat ing the indoor and outdoor
env i ronments  -  and o f ten ,  in  add i t ion ,  p ro tec ts  the  wa l ls  f ro rn
water  penet ra t ion .  Insu la ted  wa l ls  in  modern  bu i rd ings ,  no t
i .ncluding the structure, of ten cost anywhere from $+. OO to
$ t5 .00  ps f ;  roo fs ,  inc lud ing  the  deck  bu t  no t  the  suppor t ing
s t ruc ture ,  se ldom cos t  more  than $2 .  OO ps f .  I t  wou ld  appear
tha t ,  even i f  improvements  doub led  the  cos t  o f  the  roo f ,  i t
m igh t  be  eas i l y  jus t i f ied  on  a  func t ionar  bas is .  Many arch i tec ts
requ i re  no  jus t i f i ca t ion  except  some dub ious  aes the t ic  ra t iona l -
izat ion for subject ing cl ients to addit ionar cost for structures
and pecu l ia r  roo f  shapes tha t  represent  g ross  misuse o f  our
engineer ing te chnology.

Roof  Tempera tures  and Sur face  Trea tments

Roof  insu la t ion  prov ides  many advantages  in  roo f
des ign ,  bu t  genera l l y  imposes  ' ' ' o re  severe  cond i t ions  on  a
b i tuminous  membrane than i f  i t  were  no t  used.  The membrane
is  sub jec ted  to  so la r  heat ing  and emiss ive  coo l ing ,  and the
tempera ture  d i f fe rences  over  an  insu la ted  roo f  a re  much
greater  than fo r  a  non- insu la ted  roo f .

B lack-sur face  tempera tures  on  insura ted  roo f ing
pane ls  have been measured as  h igh  as  165 '  F  by  the  D iv is ion  o f
Bui lding Research, and calculat ions indicate that temperatures
of roofs may be considerabiy higher than this due to solar
radiat ion- Ernissive cool ing, which wi l r  occur on clear nights,
i s  the  re rad ia t ion  o f  energy  f rom the  roo f  sur face  to  the  sky .
Th is  heat  loss  f rom the  roo f  sur face  to  the  sky  w i l l  resu l t . in
cool ing of the roof surface below the ambient air  temperature.
Th is  may amount  to  l5  F  degrees  be low ambien t .  The
seasonal range of t .ernperature var iat ion to which roof ing rr l€rr l -
b r a n e s  m a y  b e  s u b j e c t e d  a p p e a r s ,  t h e r e f o r e ,  t o  b e  2 0 0  F  d . g " " . "
almost anywhere in canada, and considerabry Erore in some
locat ions-  cons idered o f  even grea ter  impor tance are  the  rap id
f luctuat ions that can take place with changirrg *"" ther condit ions,
both in summer and winter.  I t  may not be too i rnportant that
a  sumrner  ra in  can change the  roo f  tempera ture  by  g0  F  degrees
in  ha l f  an  hour ,  because a t  th is  tempera ture  range the  co_
eff ic ient of  expansion of che mater ial  is very smal l .  During the
winter,  however,  with a rapid freeze frorn thawing condit ions,
the  membrane may be  sub jec ted  to  a  tempera ture  change f rom
50 to  100 F  degrees  in  a  few hours  in  the  te rnpera ture  range
where  the  mater ia l  behaves  as  a  b r i t t le  e las t i c  so l id  w i th  a
large coeff ic ient of  contract ion.
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The h igh  te rnpera tures  reached a t  the  sur face  are

a lso  a  de f in i te  fac to r  in  the  ox ida t ion  de ter io ra t ion  o f  b i tumen.

The max imum sur face  te rnpera tures ,  the  range o f  te rnpera tures ,

and the f luctuat ions can be great ly reduced by the appl icat ion of

p roper  sur face  t rea tment .  Wi th  an  ambien t  a i r  tempera ture  o f

85oF,  a  b lack  aspha l t  roo f  over  an  insu la ted  deck  wou ld  have a

max i rnum sur face  tempera ture  o f  about  165"F,  o r  B0 F  degrees

above ambien t .  Crushed s tone wou ld  reduce the  sur face

tempera ture  to  about  l50oF,  o r  65  F  degrees  above arnb ien t .

For white marble chips the ternperarure would be approximately

lZ0 'F ,  35  F  degrees  above ambien t .  Whi te  pa in t  and p las t i c

coat ings  wou ld  reduce the  tempera ture  in  some ins tances  be low

1 0 0 " F  t o  k e e p  t h e  s u r f a c e  t e m p e r a t u r e  o n l y  l 0  t o  l 5  F  d e g r e e s

above ambient.  These f igures rnerely give an indicat ion of the

order of the effect of  insulat ion and surface treatrnent.

A comparat ively thin layer of bi tumen, as used to

form the f inal  waterproof ing coat ing of a bui l t -up roof ing

rnernbrane, does not give adequate waterproof ing or wearing

qua l i t ies ,  and some add i t iona l  p ro tec t ion  is  necessary  to  ob ta in

a  sa t is fac to ry  roo f ing .  A  poss ib le  except ion  to  th is  i s  the

clay-stabi l ized asphalt  emulsion, but the weathering qual i t ies

o f  th is  rna ter ia l  a re  a lso  rnuch i rnproved by  a  sur face  t rea t -

rnent in the form of an appl ied coat ing" Since the f in ished

layer is the f i rst  l ine of defence against moisture penetrat ion

and deter iorat ion, i t  must be appl ied except ional ly wel l .

More bi turnen is used for the top layer than between pl ies,

and this rnust be cont inuous and give cornplete coverage. The

purpose o f  a  sur face  t rea tment  i s  to  reduce photo-ox ida t ion

of Uhe bi turnen by shielding i t  f rorn direct sunl ight and air , '

and  a lso  to  reduce the  excess ive  te rnpera tures  tha t  can  occur

on black surfaces, and that tend to accelerate the oxidat ion

process .  The most  usua l  sur face  t rea t rnent  fo r  ho t -p rocess

roo fs  i s  a  coarse  minera l -aggregate  dress ing  o f  g rave l  o r

s lag  {F igure  5) .  The grave l  a lso  he lps ,  to  some ex ten t ,  to

prevenf,  f low of the bi turnen in hot weather,  Surface dressing

of this type wi l l  only perforrn i ts intended funct ion i f  the

mater ia l  i s  opaque to  u l t rav io le t  l igh t ,  i s  o f  cor rec t  s ize  and
grading, and is appl ied in suff ic ient quant i ty to give cornplete

coverage.  Th is  cornp le te  coverage must  be  main ta ined i f

sa t i s fac to ry  serv ice  is  expec ted  (F igure  ?) .
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Attent ion to detai ls of  f in ishing, both in design and
appl icat ion, is extrernely important.  Detai l ing should be such
tha t  f in ish ing  can be  comple ted  as  the  work  p roceeds.  when
areas  o f  a  roo f  have to  be  le f t  un f in ished,  w i th  fe l ts  exposed to
the weather,  deter iorat ion can take place which wi l l  ruin the
roo f ing  be fore  the  wprk  i s  cornp le ted  (F igures  g ,  9 ,  I0 ) .

Flashings

In the construct ion of a bui l t -up roof ing membtarle,
an attempt is rnade to provide a cont inuous uniform membrane
which is turned up at veqt ical  surfaces where wal ls or other
i tems extend above the general  leveJ of the roof.  The membrane
is intended to hold water whi le i t  drains slowly to the drainage
out le ts .  The tu rned-up por t ion  o f  the  membrane a t  ver t i ca l
Ar r faces ,  and watershedd ing  dev ices  where  the  tu rned-up
por t ions  te rmina te ,  a re  re fe r red  to  as  f lash ings .  A  very  la rge
proport ion of leaks in bi tuminous roofs in this country occur
at f lashings, which are frequent ly weak points in the roof ing
s y s t e m .

Through-wal l  f lashings for parapet wal1s,
structural  penetrat ions through the roof for support  of  other
equipment,  and e>cpansion joints are addit ional detai ls that
must  be  cons idered care fu l l y  by  the  des igner .  Deta i l s  o f  the
treatment for such i tems should not be lef t  to the roof ing
appl icator.

Appl icat ion of Mater ials

I t  i s  necessary  to  l ique fy  the  b i tumen fo r  use  to
form thin cont inuous f ikns, and to secure proper adhesion to
so l id  sur faces .  Th is  may be  done by  heat ing ,  by  d isso lv ing
in organic solvents to give solut ions, or by ernulsi fy ing in
water .  The f i rs t  method is  usua l  fo r  ho t -p rocess  roo f ing ,  and
curing takes place by cool ing to the service temperature range.
so lvent  so lu t ions ,  wh ich  are  ca l led  cu t -backs ,  a re  used co ld
as  pr imers  and adhes ives ,  and cure  by  the  evapora t ion  o f  the
solvents. The sol id asphalt  remaining is exact ly simi lar to
coo led  aspha l t  o f  the  ho t  p rocess .  concent ra ted  so lu t ions
ar-e made into pastes with the addit ion of f ibrous inorganic
minera l  f i l l e rs ,  wh ich  g ives  them a  t rowe l l ing  cons is tency ;
they are general ly cal led rnast ics or plast ic asphalt  cernents"
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Emuls ions ,  wh ich  are  very  s rna l l  d rop le ts  o f  b i tumen in

water ,  a re  s tab i l i zed  by  the  add i t ion  o f  a  f i l l e r  w i th  s rna l l

p la te - l i ke  par t i c les  wh ich  or ien t  a t  the  in te r faces  be tween

b i tumen drop le ts  and water .  A  benton i te  c lay  s tab i l i zer  i s

usua l  fo r  roo f ing  ernu ls ions .  Cur ing  takes  p lace  by  the

evaporat ion of the water,  and the clay part ic les forrn a

network throughout the rernaining f i l rn.  This gives excel lent

s tab i l i t y  to  the  rnass  and the  resu l t ing  cured  mater ia l  has

more  de  s i rab le  charac ter is t i cs  than so l id  aspha l t .

The waterproo f ing  proper ty  o f  a  b i tuminous

membrane depends on the existence of cont inuous f i lms of

bi tumen. This is achieved by bui lding up a rnernbrane

with al ternate layers of bi turnen and fel t .  The fel t  imparts

s t rength ' to  the  membrane,  and s tab i l i zes  and prevents  the

f low of the bi tuminous waterproof ing f i l rns. In the casE of

ro I I  roo f ing  and sh ing les ,  the  fe l t  fo rms the  base tha t

al lows the manufacture and transport  of  prefabricated

bituminous f i lms.

The method used in Canada for laying a roof ing

membrane is one that rnight be described as a shingle

rne thod (F igure  5) .  A I l  the  layers  fo r  an  area  o f  roo f  can

be appl ied concurrent ly;  the size of the side overlap

determines  the  number  o f  layers  o r  p l ies  o f  roo f ing .  The

rnethod is sirnple, convenient,  and fast.  Any l i f t ing at the

laps or wrinkl ing of a fel t  layer,  however,  tends to provide

a direct path for water or moisture to the insulat ion or deck

to which the membrane is appl ied. Separate layers, or at

least some break in the shingle laying, such as two and two

in  the  case o f  four -p ly  roo f ing ,  wou ld  obv ia te  th is  d is -

advantage. The work rnust be planned for cont inuous

coverage, with al l  layers laid at the same t ime. The

prac t ice  o f  lay ing  two layers  over  the  comple te  roo f ,  w i th

add i t iona l  layers  app l ied  a t  a  la te r  t ime,  i s  very  hazardous

as there is danger of t rapping construct ion moisture

between the  layers ,  and in  sorne  cases  adhes ion  be tween

the layers lnay be poor.  When the shingle method of laying

is used, i t  is very i rnportant that fel ts be appl ied smoothly

without wrinkles and that the side laps be properly and

ent irely stuck down. This can only be achieved by careful

workmanship and brooming-in of fel ts.



- 27  -

summarv of  Factor"s  that  usual ly  Assure sat is factorv Roof in

A few of the rnore i rnport4nt factors involved in the
design and appl icat ion of t rouble-free bi tuminous bui l t -up roof ing
have been descr ibed.  There  are  a  g rea t  many spec i f i ca t ion
detai ls that have not been mentioned. Bearing in mind what has
been sa id ,  a  surnmary  o f  fac to rs  tha t  usua l ly  assure  success fu l
bi tuminous roof ing include the fol lowing:

Des ign

l .  Roofs  must  be  s loped to  d ra in  water .

Z. Precaut ions should be taken to keep rrrovements of
the underly ing structure to a minimulrr ,  and al low-
ance made fo r  an t ic ipa ted  res idua l  movements .

3 .  Mater ia ls  and sys tems must  be  chosen tha t  a re
appropriate to the requirements of the specif ic
bui lding. This involves vapour barr iers,  insulat ion,
and coated  base fe I ts .

4. Penetrat ing the roof mernbrane with vents, ducts,
and other mechanical  equipment should be avoided,
whenever a pract ical  way can be found to do other -

wise. Flashings at wal ls and roof penetrat ions
are  vu lnerab le  po in ts  and need care  in  des ign
( F i g u r e s  l l  a n d  l Z ) .

5. A surfacing mater ial  that wi l l  l imit  roof -surface

temperatures and temperature f luctuat ions is
e s sent ial .

The surface of the roof deck must be dry pr ior to the
appl icat ion of insulat ion or bui l t -up roof ing.

No insulat ion or roof ing should be instalLed during
inclement weather,  when any precipi tat ion whatever
i s  p r e s e n t .

B .  s to rage and pro tec t ion  must  be  prov ided to  ensure  tha t
insulat ion and fel ts do not pick up moisture pr ior to
instal lat ion in the roof system.

6.

7 .
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9.  A l l  p l ies  o f  fe l t  shou ld  be  so l id ly  adhered w i thout

v o i d s  o r  a i r  s p a c e s  b e t w e e n  p l i e s .  T h i s  r e q u i r e s

accura te  te rnpera ture  cont ro l  o f  b i tumen and

brooming -down o f  fe l ts .

10 .  Care  is  requ i red  in  the  execut ion  o f  f lash ing  de ta i l s

i f  water  penet ra t ion  is  to  be  avo ided a t  such vu lnerab le

p l a c e  s .

Maintenance

11.  To  avo id  cos t ly  repa i r  o r  ear ly  rep lacement ,  regu la r

inspec t ion  and preventa t ive  rna in tenance are  requ i red ,

and the owner must be aware of this.

The above sumrnary  i s  no t  necessar i l y  exhaust ive ,  and

many of the i tems shown could be further arnpl i f ied. What appears

to be required is a manual for roof ing design and appl icat ion.

Roof ing is one area of bui lding construct ion and

maintenance where interest in the bui lding roof var ies with the

seasons.  Dur ing  the  summer ,  b i tu rn inous  roo f ing  tends  to

seal i tsel f  to sorne extent and even during heavy rains i t  is un-

l ikely to Ieak. After the r igors of winter,  however,  leaks show
up during the f i rst  thaw and al l  through spring when pools of

water ly ing on the roof are fed frorn rnelt ing snow and ice. I f

water l ies on the roof for long periods of t ime i t  wi l l  f ind i ts

way through even rninor weaknesses in the surface. Usual ly,

by  the  t ime the  roo f  d r ies  o f f  su f f i c ien t ly  to  make repa i rs , .  the
leaking has stopped, and owner, archi tect,  and roofer stop
worrying unt i l  the fol lowing winter br ings on leaking again.

When a  roo f  leaks  the  arch i tec t  i s  usua l ly  b lamed

and, i f  one bel ieves what the roofers and rnanufacturers usual ly

say ,  the  arch i tec t  i s  respons ib le  fo r  a  la rge  number  o f

t roub lesorne roo fs .  The prob le rn  o f  ach iev ing  t roub le - f ree

roofs has been used as an exarnple to show how neglect of  the
factors involved in design and appl icat ion of roofs can result  in
c r i t i c ism o f  the  pro fess ion  o f  a rch i tec tu re .  Consc ien t ious

design and supervision of work would el iminate much of such
cri t ic isrn. A g"eat deal of  at tent ion is being given at present

to  the  prob lems o f  roo f  sys terns  by  var ious  agenc ies  in  Canada

and e lsewhere .  The resu l ts  o f  such s tudy  and research  w i lL  a id
the architect in avoiding some of the di f f icul t ies experienced in
the  pas t .
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THE DIVISION OF tsUILDING RESEARCH

The work of the Divis ion of Bui lding Research
involves a constant search for inforrnat ion in connect ion with
mater ia ls  and the i r  p roper t ies ,  as  a f fec ted  by  the  fo rces  to
which they are subjected in service. I t  further involves, of
course, the provision of such information as is avai lable from
research  to  those who need i t  in  des ign  work  in  re la t ion  to
construct ion problems, The work of the Divis ion is div ided
into two area of work -  Bui lding science and Bui lding Pract ice -

and the work in each area is carr ied out by a number of
sec t ions .  Bu i ld ing  sc ience is  the  te rm used to  descr ibe  the
work of eight sect ions whose rnain concern is laboratory work.
In Bui lding Pract ice there are f ive sect ions whose work may
be descr ibed as  ass is t ing  in  the  app l ica t ion  o f  research
results in the pract ice of bui lding. In Bui lding Science the
sect ions are involved with problems of foundat ions, structures,
mater ials and the effects of f i re,  sound, air ,  heat and
rnoisture. The Sect ions of Construct ion, Housing, Bui lding
Standards, Publ icat ions and Library, which const i tute
Bui lding Pract ice, tend to deal with bui lding problerns as they
relate to the whole structure, aud they act as the two-way
street between research and the construct ion industry,  with
information traffic flowing in both directions.

At this t ime the Divis ion has two research off icers
who are spending almost full tirne on roofing, and additional
work has started at the Prair ie Regional stat ion in saskatoon.
The research effort  is qui te smal l  when considered by i tsel f ,
but in relat ion to the over -al l  program in the considerat ioh of
hundreds of s imi lar problem areas of the construct ion industry,
it is quite substantial. The total staff of the Division is slightly
in excess of 200. of this number, deduct ing technicians and
support ing adrninistrat ive staff ,  approximately 80 are research
off icers. The involvement of three research off icers and sor.ne
technical  laboratory assistance on the problems of roof ing
represents a cornparat ively large percentage of the total
research  e f fo r t .

The two Sect ions concerned direct ly with roof ing
are the Organic Bui lding Mater ials frorn Bui lding Science,
and the construct ion sect ion in Bui lding pract ice. several
other sect ions in both areas of the Divis ion!s work are
indirect ly involved. The structures sect ion in part icular is
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interested in the effects of bui lding rnovements and roof

s t ruc tu re  de f lec t ions ,  and the  Bu i ld ing  Serv ices  Sec t ion ,

pr incipal ly concerned with air ,  heat and moisture f low in

bu i ld ing  mater ia ls ,  i s  in te res ted  in  tha t  aspec t  in  re la t ion  to

roof insulat ion.

Construct ion Sect ion

The Const ruc t ion  Sec t ion  has  been rece iv ing

inquir ies concerning roofs for a nurnber of years from

arch i tec ts ,  eng ineers ,  bu i lders  and owners .  They  have been

in  re la t ion  to  such prob lems as  ice-damrn ing  a t  eaves ,  pav ing

of  roo f  te r races ,  roo f  deck  cons t ruc t ion ,  insu la t ion ,  vapour

control ,  and requests for inforrnat ion on newly-developed roof

cover ings  and coat ings .  In  more  recent  years ,  the  number  o f

inquir ies concerning bui l t -up roof ing fai lures in lnany parts of

Canada has been increasing steadi ly.  Reports of roof fai lures

within a year or two of construct ion led to f ie ld invest igat ions

of  a  few such roo fs ,  and in  196 l  a  s tudy  was s ta r ted  to  de ter -

mine the nature and extent of the problems leading to roof ing

fa i lu res .  Th is  s tudy  has  been car r ied  on  by  re fe rence to

roof ing research in other countr ies, examinat ion of Canadian

roof ing pract ices, and further f ie ld invest igat ion of roof ing

failures" lt has provided valuable information that is being

passed on to the roof ing industry for appl icat ion to roof ing

pract ice and also has indicated the type of addit ional mater ials

research that is necessary, sorr le of which the Organic

Mater ials Sect ion of the Divis ion has undertaken.

Or,ganic Mater ials Sect ion

Asphalt  research by the Organic Mater ials Sect ion

dates back to 1954, when studies of the weathering of roof -

coa t ing  aspha l ts  were  s ta r ted ,  us ing  acce le ra ted  means in

the laboratory, and by natural  weathering at several  outdoor

exposure si tes. The object of  this study was to compare the

behaviour of asphalts produced frorn Canadian crudes with

those o f  known per fo r rnance records .

Some of the earl ier work of the Mater ials Sect ion has

been continued, and new studies have been started in an atternpt

to relate the performance of bui l t -up roof ing to the propert ies

of the mater ials and their  method of combinat ion into a roof ing

rnembrane.



-  3 l  -

More specif ical ly,  in relat ion to bui l t -up roof ing,

current laboratory act iv i ty is pr incipal ly conf ined to f ive

s tud ie  s  :

Durabi l i ty of  asphalts

Roof  tempera tures

Low tempera ture  proper t ies  o f  b i tumens

4. Engineering propert ies of buil t-up roofing
membranes

5. Combined heat and rnoisture f low in roof ing

s y s t e m s .

Asphalt Durability

Early work on the evaluat ion of the durabi l i ty of

asphalts has already been mentioned. The prograrn of

evaluat ion was extended in 1960, with addit ional samples set
out on outdoor e>rposure sites at Ottawa, Halifax and
Saskatoon,  and an  inc reased amount  o f  acce le ra ted  tes t ing .
This work included redesign of the test ing equiprnent and an
improvernent in the method of preparing asphalt ,  test panels.

\4/ork has been general ly conf ined to hot-appl ied.asphalts,

and statements in reference to durabi l i ty and weathering
concern that systern.

Accelerated weathering is accornpl ished in a
standard way in the laboratory by exposing thin f i lms
(0.025 in.  )  of  asphalt  supported on aluminum panels to an
ultraviolet arc,  and interrni t tent ly spraying with water.
The radiat ion from the arc is such that the panels r ise to a
maximurn temperature of 140'F and fal l  to 45" F when the
water spray is in operat ion. The operat ion of the
weatherometer is careful ly control led in accordance with
an ASTM standard. The panels are examined dai ly for
fai lures in the asphalt .  This exarninat ion is made by a high
voltage probe, which detects pinholes and cracks by pro-
ducing a spark to the alurninurn base. This spark can be
recorded on  a  p iece  o f  photograph ic  paper ,  and the  areas
that have pinholes and cracks can be aseessed. An
arbi trary l imit  for the extent of fai lure is set and when

1 .

z.

3 .
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the  pane ls  reach th is  L imi t  they  are  cons idered to  have fa i led .

The variat ion in t i rne for the asphalts studied is considerable.

The most durable asphalt  by this rnethod required 75 dai ly

cycles to reach fai lure, compared with 2l  for the least durable.

Chemical analysis of the asphalts under study was

rnade to  t i y  to  re la te  durab i l i t y  to  phys ica l  p roper t ies  and chern-

ical  composit ion. I t  was found that degradat ion was accompanied

by a decrease in oi l  conte.nt of  the asphalt ,  and also that the

asphalts with low oi l  content had poor durabi l i ty.  Thg nature of

the sulphur content of the asphalt  aLso appeared to inf luence

durability.

Natural  weathering studies seeln to be showing the

same relat ive di f ferences in durabi l i ty,  but there also seems to

\e a relat ion between durabi l i ty and the surface pattern that

the asphalt  develops during degradat ion. The pattern appears

to be a property of the asphalt ,  as i t  is present on asphalts

e><posed to accelerated as wel l  as to natural  weathering.

Standard tests,  such as softening point,  penetrat ion,

f lash-point and duct i l i ty,  were carr ied out with the hope of

obtaining a correlat ion with durabi l i ty.  The only property that

appeared to have a correlat ion with,durabi l i ty in these tests

was duct i l i ty.  This is rneasured by the distance to which the

bitumen wi l l  e longate before breaking, when the ends of a

br iquet specimen are pul led apart  at  a specif ied speed and at

a  spec i f ied  te rnpera ture .  Normal  tes t  cond i t ions  are  77"F

and 5 cm per min. 
-"  

For the harder asphalts this is a srnaltr

quant i ty,  less tharr I  crn, and is not even specif ied in ASTM

and CSA standards. The test equipment is also such that

measurernents of s l ight duct i l i ty would be di f f icul t  to make

accurately in most industr ial  laborator ies after the equip-

ment  becomes worn  f rom cons tan t  use .  I f  fu r ther  research

proves that this is important,  perhaps micro-duct i l i ty

equipment wi l l  be necessary.

Roof Ternperatures

At Ottawa in t t60, an outdoor exposure study was

s tar ted  to  measure  roo f  te rnpera tures  and observe  the

weathering of roof ing asphalts on.a var iety of bui l t -up roof ing

systems, but pr incipal ly as between insulated and non-insulated

cons t ruc t ion .  Tes t  spec i rnens ,  l8  in .  se ,  inc luded insu la ted
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and non- insu la ted  roo fs  w i th  rag  and g lass  f ib re  roo f ing  fe I ts ,

and a var iety of hot-appl ied asphalts and surface f in ishes. A

cont inuous record of ternperatures has been rnade for four of the

spec imens,  wh ich  were  ins t ru rnented  w i th  thermocoup les  to

rneasure temperatures at the under surface of the rnembrane.

Visual examinat ions of the surfaces of the specimens are made

at regular intervals.  The results from this invest igat ion have

not yet been completely studied and analyzedi the f indings,

however ,  can  be  sumrnar ized  as  fo l lows.

A bui l t -up roof ing rnembrane insulated frorn the roof

deck wi l l  at tain appreciably higher temperatures as

the result  of  solar heat ing than i ts non-insulated

counterpart .

Emissive cool ing or night radiat ion of roof ing

e>cposed to a clear night sky can reduce the

temperature of the roof ing considerably below the

air  temperature; with an insulated deck this

r e d u c t i o n  i s  a s  m u c h  a s  I 5  F  d e g r e e s .

Considered of great importance are the Large and

rapid f luctuat ions in temperature of bui l t -up

roo f ing  mernbranes  over  insu la ted  roo f  decks  under

varying weather condit ions. Even during a norrnal

sunny day in summer when ternperatures may

eas i l y  {each 150 'F  on  a  b lack  roo f ,  a  heavy  ra in

s to rm can reduce the  roo f  te rnpera ture  to  80oF

or lower in less than an hour.

4. Light-coloured gravel and l iquid surfacing mater ials

tend to reduce the temperature bui ld-up frorn solar

heat ing.

5 .  On sn ' roo th-sur faced spec imens,  there  appears  to

be greater deter iorat ion for roof ing over insulat ion.

I t  rnight seem that these cornrnents are suff ic ient
reasons to suggest that insulat ion should not be used between the

roof deck and the bui l t -up roof ing. For other pract ical  reasons

this is not a logical  conclusion, but i t  is evident from this work

that roof ing is required to undergo a large range of ternperature
changes, and al lowance must be made for this in the design and
appl icat ion of roof ing system.

1 .

?,.

3 .
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Low Tempera tur  e  Proper t ies

During the durabi l i ty studies on asphalt  i t  was

not iced that the low ternperatures of winter caused cracking of

the rnater ials without any accornpanying chernical  change.

Also about this t i rne many cases of spl i t t ing of bui l t -up roof ing

were coming to the attent ion of the Divis ion. I t  was therefore

dec ided to  beg in  a  s tudy  o f  the  low te rnpera ture  charac ter is t i cs

of the corrrponents of bui l t -up roof ing. One study is pr incipal ly

concerned with br i t t leness of bi tumen at low ternperatures,

and this of course gives some indicat ion of the duct i l i ty and

the abi l i ty of  the rnater ial  to withstand deformation.

A br i t t le -po in t  tes t  appara tus  dev ised by  Fra-ass ,

and in  use  in  Europe fo r  a  number  o f  years ,  has  been

rnodif ied for easier operat ion and for obtaining reproducible

results.  In this test,  a uniform thin sample of bi tumen

appl ied to a mylar polyester f i l rn plaque is f lexed once every

minute, whi le i ts ternperature is reduced at the rate of

1 .8  F  degrees  per  minu te .  The tempera ture  a t  wh ich  a  c rack

occurs across the asphalt  sample is taken as the br i t t le point

of the mater ial .  Using this apparatus, br i t t le-point tempera-

tures have been obtained for a var iety of roof ing asphalts,

sorne paving asphalts,  and also for coal- tar pi tches.

A prel iminary Study has also been rnade of the

effect of  over -heat ing on softening point and br i t t le point as

indicated by the br i t t le-point apparatus. I t  appears that the

test rnight also be used to evaluate the sel f  -heal ing propert ies

of bi tumens. An ini t ia l  report  on this work was presented'

to the Canadian Technical  Asphalt  Associat ion in November

1962.  The repor t  has  now been pub l ished in  the  Proceed ings

of that meeting ( l ) .  Apparatus has been bui l t  that can test

f ive samples at one t ime and i t  is now in operat ion to extend

DBR studies on the effect of  br i t t leness on the durabi l i ty of

asphalt.

(1 )  Jones ,  P"  M.  A  br i t t le  po in t  tes t  fo r  low tempera ture

studies of bi turnens" Proceedings, Seventh

Annual Conference, Canadian Technical  Asphalt

Assoc ia t ion ,  Vo l .  V I I ,  Nove inber  196?,  p .  15-24
( repr in ted  as  NRC 77411"
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Eng ineer ing  Proper t ies

Dur ing  1963,  in  v iew o f  the  repor ted  h igh  inc idence
of  roo f  membrane sp l i t t ing ,  a  s tudy  was begun to  assess  the
effects of temperature on strength and deforrnat ion in relat ion
to shr inkage and embri t t lement.  As roof ing rnembranes are
normal ly  c lassed as  non- load-bear ing ,  there  is  very  l i t t le
information avai lable regarding the stress -strain propert ies.
There is no doubt that they are subjected to strains, however,
due to bui lding or roof deck moverrrents, and to temperature
and rnoisture changes. Most of the spl i t t ing of roof ing mem-
branes has been attr ibuted to therrnar shock due to a rapid
drop of temperature during cold weather condit ions, when
there is l i t t le or no snow on the roof.  I t  has not been proved
that this is the cause, and a study is under way to obtain rrrore
information regarding shr inkage and extensibi l i ty of  roof ing
mater ials at low temperatures in an attempt to determine
potent ial  performance. Ini t ia l  work is being conf ined to
control led condit ions in the laboratory. Techniques for pre-
paring and loading the roof ing samples have been worked out;
the f i rst  phase of the test ing program has been cornpleted
and was reported on at an ASTM symposium in June tgozQl.

Tens i le  s tud ies  were  per fo rmed on bare  fe r ts  and
on membranes prepared with bi tumen at two temperatures,
75"tr '  and -20oF, and using two rates of straining. The results
indicate that the fel t  plays a major role in the strength of
the membrane. At both temperatures the fel ts contr ibuted
80 to 90 per cent of the strength of the rnembrane, although
the actual strength in the case of rag fel ts was general ly
t r ip led  when the  tempera ture  dropped f rom Z0"F to  -20"F .
At '20'F the sarnples had almost the sarne tensi le propert ies
regardless of the rate of straining, indicat ing that l i t t le
c reep o f  the  b i tumen occurs  a t  th is  tempera tuqe.  A t  25"F ,
creep did have an appreciable effect.

As yet i t  is di f f icul t  to rerate these resurts to the
spl i t t ing of real  roof mernbranes, but they do indicate what
fu r ther  work  i s  necessary  to  beg in  to  assess  the  s t ra ins  tha t
may be occurr ing on actuar roof s.  shr inkage due to rowering

(21 Jones, P. M. Some engineering propert ies of bui l t -up
roofing. ASTM Special Tech. publication No.
3 4 7 ,  p .  7 O - 7 9  ( r e p r i n t e d  a s  N R C  g t 9 3 ) .
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o f  the  te rnpera ture  w i l l  have to  be  de termined fo r  compar ison

with the strains which the mernbranes exhibi t  at  breaking. The

ternpera ture  e f fec ts  themse lves  are  cornp l i ca ted  by  the  na ture

o f  the  rnernbrane,  wh ich  may be  regarded as  th ree  components  -

f ib re ,  sa turan t ,  and coat ing .  The presence o f  mo is tu re  in  the

fel ts can also be a cornpl icat ion affect ing the dirnensional

changes on  coo l ing .  Pre l i rn inary  tes ts  a t  the  D iv is ion  and

resu l ts  f rom o ther  labora tor ies  show tha t  the  shr inkage e f fec ts

are not l inear with ternpe.rature, but can increase at a rnuch

greater  ra te  be low the  f reez ing  po in t "

The presence o f  rno is tu re  in  the  fe l ts  seerned to  be

o n €  o f  t h e  m o r e  s e r i o u s  p r o b l e m s ;  a  s t u d y  w a s  t h e r e f o r e

started on the moisture absorpt ion of fel ts and the dirnensional

changes due to  mo is tu re  absorp t ion .  
'Work  

on  the  eng ineer ing

proper t ies  o f  rnernbranes  has  had to  be  te rnporar i l y  ha l ted

whi le this invest igat ion is carr ied out.

Cornbined Heat and Moisture Flow

For  a  number  o f  years  a  s tudy  has  been under  way a t

the  D iv is ion  by  the  Bu i ld ing  Serv ices  Sec t ion  to  de ter rn ine  the

rate of rnoisture gain, and the rnoisture content distr ibut ion, of

var ious  insu la t ing  rna ter ia ls  exposed to  a  te rnpera ture  grad ien t ,

w i th  the  co ld  sur face  sea led  and the  warm sur face  open to

cont ro l led  mois t -a i r  cond i t ions"  Observa t ions  are  be ing  made

for  a  number  o f  con t ro l led  a i r  cond i t ions  and a  number  o f  co ld -

sur face  tempera tures .

Re la ted  Work  o f  the  D iv is ion

The work of the Divis ion is not rerr lote frorn the

day- to -day  prob lems o f  roo fers ,  and c lose  contac ts  a re  rna in -

tained with the roof ing industry.  Of great i rnportance in

connect ion with roof ing studies is the excel lent l ia ison the

Division has had with the manufacturers individual ly and

through the Asphalt  Roof ing Technical  Comrnit tee, and with

roof ing contractors individual ly and through CRCA and the

prov inc ia l  roo fers?  assoc ia t ions .  Wi th  he lp  f rom the

indus t ry  and the  co-opera t ion  o f  a rch i tec ts ,  eng ineers ,

cont rac tors ,  roo f ing  consu l tan ts ,  and owners ,  rnernbers  o f

the  D iv is ion  have been pr iv i leged to  exarn ine  a  la rge  nurnber

o f  roo f ing  jobs  exh ib i t ing  fa i lu res  and a lso  to  observe

roof ing  app l ica t ion  prac t ices  on  a  cons iderab le  number  o f  jobs

under  cons t ruc t ion  across  the  count ry .
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I t  becarne ev ident  ear ly  in  these f ie ld  s tud ies  tha t

accura te  in fo r rna t ion  on  cond i t ions  ex is t ing  dur ing  con-

s t ruc t ion  and f ro rn  cons t ruc t ion  to  t i rne-o f  - roo f  fa i lu re  was
very di f f icul t  to obtain. Even with the co-operat ion of rr lanu-
fac tu rers  ho ld ing  guarantee  bond f i les  on  cer ta in  1obs ,  i t  i s

almost always di f f icul t  to pinpoint the factors that may have
caused premature  fa i lu re .  Frorn  the  roo f  s  inves t iga ted  i t  i s
obvious that there is no blanket solut ion, nor any one specif ic
fac to r  tha t  causes  a  roo f  to  fa i l  to  per fo rm as  e>rpec ted .
F ie ld  inves t iga t ion  o f  fa i lu res  and observa t ions  o f  roo f ing
techn iques  rnus t  be  cont inued as  a  necessary  complement  to
t h e  l a b o r a t o r y  r e s e a r c h  i n  o r d e r  t o  a s s e s s  t h e  n a t u r e  a n d
extent of problerns encountered by the roof ing industry.

Mernbers of the staff  of  the Divis ion have served
for  many years  on  techn ica l  commi t tees  o f  such bod ies  as  the
Canadian Government Specif icat ions Board, the Canadian
Standards  Assoc ia t ion ,  and the  Amer ican Soc ie ty  fo r  Tes t ing
and Mater ials,  and other such Standards bodies with an
in te res t  in  b i tu rn inous  roo f ing  mater ia ls .  Ass is tance has
been g iven where  poss ib le  in  the  prepara t ion  o f  s tandards
and spec i f i ca t ions ,  in  the  se t t ing  up  o f  tes t  p rocedures ,  and
in  sorne  cases ,  in  the  tes t ing  o f  mater ia ls  to  de termine the
adequacy  and prac t icab i l i t y  o f  s tandards  and tes t  p rocedures .
Contacts,  in many instances personal,  are maintained with
researchers  inves t iga t ing  s imi la r  p rob le rns  a t  o ther
research organizat ions around the world.  Le Consei l
Internat ional du B6.t i rnent (C. I .  ts.  ) ,  also known by i ts
longer Engl ish t i t le,  the Internat ional Counci l  for Bui lding

Research Studies and Documentat ion, has Working
Commiss ions  to  s tudy  var ious  bu i ld ing  prob le rns ,  and fo r  the
exchange of research information on an internat ional basis.
Comrn iss ion  W-13,  fo r  ins tance,  i s  concerned w i th  f la t
roofs,  and the Divis ion provides the canadian representat ive
on th is  Commiss ion  o f  C.  I .8 . ,  as  i t  does  fo r  many o f  the
other  Comrn iss ions .

NEW MATERIAI.S AND SYSTEMS

Indust ry

roo f ing  cons iderab le

probably account for

present  faced w i th  a
cannot be blarned on

research  groups  have a lso  been g iv ing

at ten t ion  in  recent  years .  Two reasons

th is .  F i rs t ,  the  roo f ing  indus t ry  i s  a t
var ie ty  o f  roo f ing  de fec ts ,  a l l  o f  wh ich
workmansh ip ;  and second,  many new
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roo fs  o f  unusua l  con tours  -  curved she l l s ,  domes,  hyperbo l i c

parabo lo ids ,  fo lded p la tes  -  have been deve loped by  des igners ,

and these are not always easi ly roofed with convent ional

rna ter ia ls .

We appear at this t ime to be at the edge of a new

era  in  roo f ing .  The p las t i cs  indus t r ies  a re  p roduc ing  new

products, and new systerns of appl icat ion with singLe-ply thin

f i l rns  rep lac ing  the  o ld  mu l t i -p ly  sys te lns  a re  be ing  proposed.

Some o f  these are  fac to ry -produced f i l rns  o r  f i lm-covered

fe l ts ,  and o thers ,  in  l iqu id  fo rm,  a re  sprayed;  b rushed or

rol led on. New cornbinat ions are being introduced at such a

rate that i t  is becoming di f f icuLt to keep informed on even the

chernical  and trade narnes used. to descr ibe thern. Sorne of

the new systerns have been introduced to serve a part icular

f,trrnction which conventional roofing can only accornplish with

di f f icul ty,  but some of them are also being offered as

subst i tutes for convent ional roof ing. Some of thern st i l l

ut i l ize bi tumen as part  of  the systern, but others have broken

away from bitumens completely.

An increas ing  percentage o f  roo f ing  w i l l  use

these new sys terns  over  the .  nex t  few years ,  and the  success

of individual roof ing companies, and perhaps the future of

the industry,  wi l l  rest with sorne of thern. The sales

personnel of  the rnanufactur ing f i r rns are so enthusiast ic

about the new products that,  unfortunately,  they often make

fantast ic claims for them. Unfortunately,  too, some

architects are quite gul l ib le.

Many of the new rnater ials hold a great deal of

p rorn ise  bu t  most  have no t  been adequate ly  f ie ld - tes ted ,  and

it  is certain that there wi l l  be fai lures before the unworkable

sys tems are  weeded ou t ,  and the  workab le  sys tems adapted

to  cons t ruc t ion  cond i t ions .  The promoters ,  in  the i r

en thus iasm,  tend to  fo rge t  o r  to  ignore  some o f  the  fac to rs

that cause fai lure, such as bui lding movernent,  t rapped

rnoisture, and poor workrnanship. These factors st i l l

exist  with the new as wel l  as with the old systerns. The

new rna ter ia ls ,  in  the i r  tu rn ,  in t roduce new fac tors ,  such

as dependence on thin layers of adhesive to provide water-

t igh tness  a t  nar row jo in ts ,  b r idg ing  charac ter is t i cs  o f
f lu id  sys tems over  rough sur faces  and jo in ts  o f  s t ruc tu re

and insulat ion, to mention only a few. The most encouraging
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th ing is that,  unl ike convent ional bi tuminous roof ing, which had
its beginnings in the use of waste products in the rebui lding of
ch icago a f te r  a  f i re  d isas ter ,  and is  s t i l l  l a rge ly  waste  produc ts
but from a di f ferent industry,  rrrany of the new products are
deve lopments  o f  the  p las t i cs  indus t ry ,  des igned spec i f i ca l l y  fo r
use  as  roo f ing"

In addit ion to the pr imary funct ion of protect ing a
bui lding against the penetrat ion of water,  rnost of  the new
systems claim secondary funct ions such as l ightness in weight,
high elast ic i ty,  high ref lect iv i ty,  resistance to traf f ic,  and
even easy removal of  atomic fal lout.  The last funct ion is
probably good advert is ing, but other probrems of fal lout are
such that this would be of relat ively rninor i rnportance.

Bituminous -t1rye systerrs that appear to offer
some improvement over convent ional hot bi turninous roofs are
the cold-appl ied asphalt  emulsion systems and cord-appl ied
coa l - ta r  p i tch  sys tems.  Most  roo f ing  sys terns  us ing  s ta t i c
emulsions start  with a base membrane of coated asphalt  fel t
appl ied over the deck or insulat ion with ei ther a hot or cold
asphalt  cement.  In some instances, where appl icat ion is
d i rec t l y  to  a  concre te  deck ,  the  base membrane may be
omitted. In one system, asphalt  emulsion and chopped glass
f ibres in the rat io of three gal lons of emursion to one pound
of  g lass  is  app l ied  over  the  base sheet  o r  p repared deck  by
means of a special  three -t lozzle spray gun, which sprays the
emulsion and glass sirnul taneously.  In other systems asphalt
emuls ion  is  b rushed on  over  the  base sheet  o r  p repared deck ,
and a glass f ibre rnat is embedded. Addit ional emulsion is
app l ied  by  brush ing  as  a  second coat .  Decora t ive  appearance
and l ight ref lect ion in both systems is obtained by a sprayed
f in ish  coat ing  such as  acry l i c  pa in t .  These sys tems have had
l i rni ted use in canada for a number of years. Al though they
prov ide  good weather ing  charac ter is t i cs  and ease o f  ma in ten-
ance, there are l imitat ions in applying thern. The water
emuls ions  can on ly  be  used in  above - f reez ing  tempera tures ,
and they  se t  up  very  s lowly  so  there  is  danger  o f  wash_of f
in rain during the f i rst  day after appl icat ion.

Co ld-app l ied  coa l - ta r  roo f ing  has  been under
deve lopment  fo r  a  number  o f  years .  I t  recent ly  appeared on
the market in the U. S. A. for a few months, but has now
been w i thdrawn-  Th is  p roduc t  cons is ts  o f  a  coar - ta r  p i tch
impregnated  asbes tos  or  g lass  f ib re  fe l t ,  to  wh ich  a  coa l_ ta r
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base adhesive is appl ied. The unique feature of the system is the

35 -mi l - th ick  fac to ry -app l ied  pressure  -sens i t i ve  adhes ive ,  wh ich

el iminates the need for ei ther hot or cold cement during appl icat ion.

The sur face  o f  the  adhes ive  is  covered w i th  a  d isposab le  re lease

paper that prevents st icking in the rol l .  For this reason i t  has

been re fe r red  to  as  r rband-a id t r  roo f ing ,  s ince  app l ica t ion  cons is ts

o f  pee l ing  back  the  re lease sheet  as  the  membrane is  la id  ou t  on

the roof.  After the rnembrane is laid on the roof,  the appl icat ion

is completed with a coal- tar pi tch emulsion top coat.  Colour and

ref lect ion of l ight are obtained by the appl icat ion of a paint- type

coat ing. Adhesion between fel ts is apparent ly very good, but

some di f f icul t ies have been experienced with adhesion to base

sur face  s .

Neoprene and chlorosulfonated polyethylene (hypalon)

sys tems are  a l ready  be ing  used in  rnos t  par ts  o f  Canada,  the

oldest appl icat ions having been rnade three or four years ago.

These are  e las to rner ic  mater ia ls  based on  syr the t ic  rubbers .

The basic mater ials were developed by the DuPont Company,

but are suppl ied as a roof ing systern under var ious trade names

by a large number of companies in the U. S. A. and Canada.

Neoprene, one of the f i rst  syrthet ic rubbers to be produced on

a cor r rmerc ia l  sca le ,  was  in t roduced in  I l3? ,  and is  repor ted  to

have a  h is to ry  o f  good res is tance to  sun l igh t ,  te rnpera ture

ex t remes,  weather ,  ozone,  and to  o i l  and  grease.  Hypa lon

was introduced by DuPont in 1952, and is made by react ing poly-

ethylene with chlor ine and sulphur dioxide. I t  is reported to

have al l  the advantages of neoprene and, in addit ion, can be

prov ided in  s tab le  co lours .

Neoprene can be used ei ther singly or in combinat ion

with hypalon to forrn roof ing mernbranes, but is usual ly used

in combinat ion. The neoprene rnay be appl ied in sheet forrn,

or as a l iquid roof ing solut ion, but the lat ter is the more

usual because the sheet appl icat ion is extrernely e>ryensive.

By far the rnost cornrr lon technique is to apply the neoprene

in solut ion form, using the convent ional methods of brushing,

ro l l ing ,  o r  spray ing .  The pressure  ro l le r  method is  repor ted

to  be  the  most  sa t is fac to ry  and economica l .  Severa l  coa ts

are appl ied to bui ld up a dry thickness of at  least 20 rni ls

(0 .020 in .  )  fo r  the  f in ished mernbrane.  The top  coat  (o r

sometirnes the last two coats) is hypalon. A11 joints in the

deck rnust f i rst  be caulked and taped with cotton or glass

tape appl ied with neoprene. Some cornpanies have experirnented
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with a spraying technique using glass f ibre and chopped into

shor t  leng ths  and sprayed,  s i rnu l taneous ly ,  to  ge t  be t te r

br idg ing  charac ter is t i cs  f rom the  rna ter ia l  w i th  the  hope tha t

tap ing  o f  jo in ts  can be  avo ided.

The weather ing  charac ter is t i cs  o f  th is  sys tern

appear  to  be  very  good when the  mater ia l  i s  app l ied  in  su f f i c ien t

quant i t y  over  a  su i tab le  base.  There  has  been some b l i s te r ing

when i t  i s  app l ied  to  concre te  decks ,  and sorne  c rack ing  o f

membranes f rom deck  movement  and c rack ing  where  the  mern-

brane has  sagged in to  jo in ts  in  the  subs t ra te .  Improvement  in

appl icat ion technique can el iminate rnost of  these faults,

There are two systems now on the rnarket in the
U. S. A. and corning onto the Canadian roof ing market,  which

ut i l ize a very thin f i lm of plast ic or rubber over an asbestos
fel t .  One system ut i l izes a polyvinyl  f luor ide f i lm (Z mits

thick),  factory- laminated with an adhesive to an elastorner

i rnpregnated  asbes tos  fe l t ,  to  p roduce a  s ing le -p ty  roo f ing
membrane"  Th is  mater ia l  i s  app l ied  to  a  roo f  us ing  con-
vent ional hot or cold rnethods. A coated asphalt  base sheet
has  been recomrnended fo r  rnos t  app l i ca t ions ,  bu t  the  pro-
moters  hope i t  may be  poss ib le  on  cer ta in  jobs  to  use  the
mater ia l  w i thout  a  base sheet .  The mater ia l  i s  36  in .  w ide

as  fo r  the  s tandard  roo f ing ,  and has  a  2 - in .  se lvage edge
to al low for s ide lapping. Caut ion is required on"the part  of

the appl icator to avoid contaminat ion of the adjoining sheets
with asphalt ,  al though the surface is fair ly readi ly cleaned
with solvents. The side laps are f inal ly secured with a
pressure-sens i t i ve  tape o f  po lyv iny l  f luor ide  f i l rn  Z  in .  w ide ,
so  i t  i s  no t  necessary  to  b r ing  the  aspha l t  adhes ive  io  the
edge. I t  is c lairned that this roof ing can be appl ied frorn
level to vert ical .  The high coeff ic ient of  solar ref lect iv i ty,
part icular ly of the white plast ic f i lm, reduces surface
temperatu.res to such an extent that the possibi l i ty of  s l ip-
page is  g rea t ly  reduced.

The other systern of this type has a 30-mil- thick
polyisobutylene rubber f i l rn,  factory- laminated with an
adhesive to a latex- i lnpregnated asbestos fel t  for the merrr-
brane, and to a woven glass f ibre fel t  for f lashing mater ial .
A thicker sheet of polyisobutylene without backing is also
used fo r  spec ia l  f i t t ings .  The membrane is  app l ied  w i th  a
l iquid polyisobutylene adhesive appl ied in r ibbons with a
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spec ia l  d ispenser .  There  is  a  spec ia l  po ly isobuty lene cement

fo r  use  a t  the  laps ,  and a  th i rd  cement  based on  the  same

mater ia l  fo r  use  in  f lash ing .  Co lour  i s  b1ack ,  so  decora t ive

and re f lec t i ve  t rea tment  rnus t  be  ob ta ined by  a  sprayed or  ro l led-

on coat ing.

Some of the rubber cornpanies have decided that the

roof ing industry is a good market for sheet rubber in varying

thicknesses frorn t /32 wp. to l /8 in.  One or two companies in

the  U.  S"  A .  have been p ioneer ing  th is  use  and have severa l

appl icat ions, and recent ly a Canadian rubber company started

rnanufactur ing black and white butyl  rubber roof ing in Quebec.

Th is  mater ia l  appears  to  have a  good dea l  o f  p romise ,  and is

adhered to  the  subs t ra te  by  rubber - type  adhes ives .  The

Canadian company has been manufactur ing to standard width

of 36 in.  ,  and mater ial  is placed with a 4- in.  s ide lap. I t

appears that i t  might be pract ical  to produce and apply much

wider mater ial ,  thus great ly reducing the number of jo ints on

a job. The pr incipal problem with the rnater ial  to date has

been i t s  poor  res is tance to  c rack ing  f rom ozone a t tack .  The

rrore recent forrnulat ions by the raw rnater ials suppl iers and

the rnanufacturers appear to have solved this problem.

Chalking, due to the release of t i tanium dioxide pigrnent may

be a problem with white butyl .

The above surnmary on new mater ials is far f rorn

exhaust ive. Experimentat ion is taking place with epoxies,

epoxy and elastorneric cornbinat ions, s i l icone rubber,  l iquid

butyl ,  butyl  latex, and other rnater ials.  Certainly i t  cannot

be said that the roof ing industry is standing st i l l .  I t  can only

be hoped the roofer wi l l  not be the one to bear the brunt of the

systems that fai l .  This is why the roof ing associat ions must

remain  v igorogs  and ac t ive"  The assoc ia t ions  cou ld  be  o f

great service to manu.facturers, to the publ ic,  and to the

roof ing industry,  i f  each rnember reported on his e>cperience

in appl icat ion and any problerns involved with these new

roof ing systems. I t  has been said that change is not natural ly

acceptable to al l  people. Those who do not e>pect change

are fr ightened by i t ,  but wise people make al lowance for i t ,

and take i t  in their  str ide.
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Two roo fs ,  one
These f la t  roo fs

F igure  3

Figure 4

in Cerrtral  Canada and one in Eastern Canada.
were  no t  des igned as  f looded roo fs ,



Figure  5 Machine laying of felts by the shingle rnethod.

Usual ly better than hand mopping but st i l l  leaves

direct path from roof ing surface to substrate i f

adhes ion  is  poor  o r  wr ink les  occur  be tween p l ies .

Top pouring of bi tumen with

Uniforrn coat ing is unl ikely

sk ipped areas  grea t .

g rave l  spread by  hand.

and poss ib i l i t y  o f

Figure 6



Figure  7 Resu l t  o f  poor  g rave l

Bitumen and fel ts are

surfacing and wind act ion.

c ompletely unpr otected.

Because o f  poor  f lash ing  des ign ,  work  a t  roo f
perimeter has been lef t  for complet ion at a later
t i rne. Felts are unprotected and wi l l  be very
much de ter io ra ted  be fore  the  job  is  f in ished o f f .

Figure B



Figure  9

F igure  l0

Both photogrd.phs i l lustrate poor procedure and workmanship in
f inishing around roof penetrat ions. Felts lef t  exposed for later
f in ishing are already wrinkled and deter iorated before the roof ing
job  is  comple ted .  Dark  a reas  are  water  squeezed ou t  f rom under
the  s ide  laps .



Figure  I  I

Figure I2

Roth photographs i l lustrate f lashing ' 'ovement from remperature
changes. In the top photo the mass of caulking atthejoint is not
effect ive in prevent ing water penetrat ion. In the bottom photo
note the water on the roof and the ineffective scupper dra]in.


