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Background

Roofing failures have been one of the unfortunate “facts of life”
for designers and builders of military structures in Alaska. The 1J.S.
Army Engineer District , Alaska , has the design and cons t ruc t ion  mi ssion
for most military structures in Alaska and has been searching for econo-
mical methods to reduce roofing failures on mil i tary s tructures. The
recently developed concept of a loose—la id invert .- -J roof system seems
intuitively to offer a relatively failure—proof roof.

It was decided to build such a roof s t ruc ture  on building 1053 at
Ft. Wainwright, Alaska (Fig. 1). A contract was prepared for bidding
in FY 1972. The U . S .  Army Cold Regions Research and Engineering Laboratory
was asked to cooperate in the instrumentation and evaluat ion of the
roof. This report covers the cons t ruc t ion  techniques  and labor require-
ments necessary to replace the exist ing roof wi th  a loose—laid inverted
roof system .

Introduction -

For many years the conventional multi-ply bituminous built—up
roofing has been used to cover structures having dead-level or extremely
low slope (about 1%) roof decks . The incidenc e of failure due to various
reasons has been high. The conditions conducive to roof failure are
similar in temperate and cold regions , but failures are more frequent
and costly in areas of extre~ e environmental conditions such as Alaska
and northern Canada . Cullen reports that at one Alaskan instal la t ion
71.5% of the bituminous built—up roofs required repair during the period
1957 to 19614 . Brothersun reports  tha t  during the  last 20 years almost
no change has occurred in the operat ion of’ applying bu i l t—up  roofs and
that several modifications of the materials used in the system have not
solved any of the inherent problems .

Several factors contribute to t~ it ~ hi -h pro tali lity if  early fai lure
of buil t—up roofing systems in cold r eg ions .  These inHud~~:

1. Movement—typ e fa i lure  that causes sp l it t ing  or shrinkage of
the membrane. This is commonly caused by contract ion of the  membrane
due to thermal sho~ ks. Thermal contract ion is mcrt noticeable at
flashings. Cullen claims that flashings are the most vulnerable part
of a roof since the major i ty  of leaks result fror~ flashing fai lure.

2. Failure due to lack of , or improperly installed , vapor control
measures.

I 3. Degradation of the bituminous materials caused by solar radiation
and weathering .
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14. “Built—in” failure mechanisms such as excessive moisture in
substrate materials.

5. Poor vor1w~anship and weather limitations.

6. Lack of proper roof drainage and failure ( freeze—up ) of’ roof
drains to function properly .

All of the above mechanisms contribute to the invasion of moisture
into the system and eventual leaks. Moisture entering into one or more
of the roofing system components presents the most serious and costly
problems.

Present Studies

Currently CREEL is studying several promising alternatives to the
conventional built—up roofing system for use in cold regions. Typical
efforts to solve the problems lxi built—up roofing systems traditionally
concentrated on building a better built—up roof; the current approach
taken by CRREL is to evaluate alternative systems. The loose-laid
inverted roof system is one such system . This report is concerned
with the construction , unit costs and manpower requirements necessary to
install a loose—laid inverted roof system.

The Loose—Laid Inverted Roof System

The principal features of this roof system are:

1. A waterproofing membrane is placed on the structural deck.
Several types of membrane may be utilized and newer materials such as
plastic and elastomeric membranes show great promise.

2. A closed—cell rigid insulation is laid over the membrane to the
required thickness. The insulation is not attached to the membrane, thus
allowing unrestricted movement of both membrane and insulation . Pre-
sently, polystyrene Insulations are used , but in general any type of
insulation that is not affected by moisture may be utilized .

3. A system to prevent wind uplift and solar degradation of the
insulating material is placed over the insulation. In the current study ,
concrete payers (patio blocks) are specified but other materials such as
graded gravel have been c~ nsidered . Advantages of this type of system
include:

a. The individual components are loose laid and are free to
move relative to one another , thus reducing “splitt ing” failures.

2
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b . The m embrane is ~ i- m -c t e l  i - cm so la r  -le- ~ raua t  ion , which
should increase its lit ’o. In aJdi ’ion , i’ - “c :t iy  h”ielupe I mater ials
that are less suscept ib le  to u l t raviole t  u (t -radation r ’ia be used. Also ,
placing the membrane on tile warm side ‘ f  the  roof nakes it more thermally
stable and unlikely to fail due to eovere thermal shock.

c. The vapor barrier (i .e., membrane) in placed on the warm
side of the roof, thus elim inating t he  me sity for a separate vapor
barrier that must be used with o or ive ; i t i -nn td  bui l t—up r i o f s  in cold
regions . The use of a vapor barrier and b u f l t- a r  roofing causes a vapor
trap or pocket , of ten acce le ra tin f  the b l i s t e r ing  and cracking of the
buil t—up roofing membrane .

d. The insulat ion is closed cell and thus unaffec ted  by free
moisture present .

e. Brotherson~ rc~ -~~r t : .; t ha t  a na~ u cit .y  -if the fai lures in
buil t—up roo fu  occurred in roof.; ‘ l:at w i-c appli  u-J dur ing  the fall and
winter months . Theoretically, the ~ou;;e— 1laid inverted roof system could
be installed at any t ime of the year , tIiu~ e f fec t ive ly  increasing the
construction season for roofing operations.

Location and Climate

Building 1053 is a motor vehicle repair and warm ctora~ o facility
located at Ft. ‘~ainwright , Alaii~a. Ft. Wainvright is located in
interior Alaska, 2 miles from Fairbanks .

This area has a continental c~~ir ate characrerized ty extremely
cold winters  and warm dry summers. The highes t  temperature recorded
at Fairbanks ~as 99°F (37 °c) in July 1919 and the record low is —66°F
( — 5 14°c) .  Summer temperatures art s trongly controlled l y  solar heatia t ’
due in part to the long days , and ter :-i to stay near normal wi th  a spre~.d
of approximately 50°F ( 1 0 °c) ,  between record high and tow for any day .
Winter Lemperat . u r c c  f o l l o w  a success i -in  of r e l a t i ve l y  warn and cold
spells w i t h  the spre~ d between h i -h and  1 iw temperaturec for each day
around 100°F ( 5 6° C ) .  During l.he win te r  months , it is not uncommon to
have 15°F ( — 9 °C) ~€ -m - hour temp oi ;t tu re  chanJes .  The mean annual temperature
is around ~i’5°F ( _ h ° i’) w i th  an ave-r acf -- ~‘r - c ~~ing index of 5800 degree—days
Fahrenheit (~~~22 degree—days f e i n u c ) .

Building 1053

This building war built in t h e  e a r ly  l~~50 ’s , durin~- the  expansion
of F t .  Wainwrig l it . It i:; a cer ir~~ct~ - st r u ct  are 68 ~ t 14 in. by 160 ft ,
(20 .8  x 148 .h in ), ha- i in 1~ 12 ,000 f t  (1116 mm 2 ) of f loor space. The struc-
tural roof member consis ts  of’ l en—w eb r I c e l  Prat t  t r u c r e r  w i t h  8 WF— l7
roof purl ins r e t. 6 f t  5~~~/ 14 in .  ( i .  ~h m )  a center . The s t ructural
decking is :err it - t t ed c t e e 1
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The existing roofing system was a conventional built—up roof with
a graded gravel surface. The insulation was composition board . The
original roof was installed during the original construction of the
building. There is no record of minor repairs performed prior to the
replacement of this roof with the loose—Jald inverted system .

The existing roof had a 1/8 in. per 12 in. (1%) slope to drain.
The normal penetrations were present and consisted of ridge ventilation
systems, roof drains and various other vents. Each drain controlled
surface water in a ho rt x 32 ft (12.2 x 9.8 m) area. Appendix A shows
the roof plan and details for the inverted roofing system.

Upon removal of the existing roof, it was found that the steel
deck had rusted in numerous places . This was especially evident in
areas of high humidity where portions of the deck had rusted through.
The insulating board was completely water soaked even though the built—
up rcofing (BUR) membrane appeared to be in fair shape.

Time Requirements

The contractor moved the necessary equipment and a majority of the
materials to the job site on 1 July 1971. Actual work on the roof was
not begun until 6 July 1971. Work was completed on 15 August 1971 after
several delays. A period of inclement weather and an inability to get
materials due to a dock worker ’s strike were the reasons for delays.
After 20 July , the contractor had to wait for the arrival of materials
and thus operated with a greatly reduced labor force. Table I shows the
work accomplished on various dates.

Specific Contract Work

Basically the contract work called for the removal and replacement
of the existing roof with a loose—laid inverted system . In order to
replace the roof, a 1/2 in. (12 mm) exterior plywood sheathing was
required over the steel decking since the membrane must be placed on a
smooth surface. The roof drains had to be lowered to provide positive
drainage at the membrane level. The principal components specified were:

Membrane: 1/16 in. (1.6 mm) thick butyl rubber (Fig~ 7—15)

Insulation: 14 in. (100 mm) extruded polystyrene , type II
Class B (Fig. 2 and 16)

Payers: 15 lb (6. 5 kg) maximum each paver, 8 In. x 16 in.
(200 x 1400 mm) (Fi g. 17)

1/16 in .( 1 .6 mm) t h ick  EPDM*(Fi g .  2 1)

*Etllylene...propylene di ene—monamer

14
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Table I. Progress chart of bull  line 105 t uof  re; l a - e n ; i - m ; t

Date ~Jor a 

1971

1 July Necessary equipment a n t  mat  ~- r i mi s m c .- ~-J a t m - I  a t u ck p i  to-i at
job site . (Fig . 2)

6—7 July Contractor formally LCt~an wir k by removal of th e  ex ist ini l
built—up roc- f and p. ar-ation of the metal deck for plywood
sheathing. (Fi g. 3-5)

8—9 July Plywood sheathing war lifted to t h e  roof’ and placement begun .
The foamed—in—plac e u r e th a n e  w — t c  p 1-iced am ; shown on the plans
(see App A). The roof drains were lowered to the membrane
level by using d re s : a- r c o u T l i a r u .  (Fii. 6 and 18)

10 July The plywood deckint- war- orripleted in the morning and , be—
tween 1200 and 1500 hours , the i . -r ty l rubber membrane was
rolled in place as indicated in A t - p e n d i x  B. The necessary
roof penetrations were -ut into the  membrane hut lap splices
and penetration flash i n- -c were not  made . (P5 c• 7~~l~~)

15 July Field lap relices v- c -n ha on abe menu -rune , a rid ~-cnetration
f lashings and cave f i n r : m . i n~~s w or e  beJ-un . The de}a~ in
splicir ~ was due to a l -e r ~~Od of rai n. The r -lyw ood dec k was
inspected pr io r  tc- rr lic imm g and wa un-i to he Icy . (Fit~. 15)

16 July The placement of inrulation and l a v - r  w ar begun ; initially
lust enough pavere were used to keei the insulation ~ Ii place
as there was a rimor -tace of na-air ir . ‘I’m - F }’D~-~~r t i i l metal
flashinru were completed . I F i ’ . I n )

20 Jul y The la.it of the  m r - ru a t i o n  wa p l a c r r - f .  A r  h i m :  time the ir u —
ject was csrentially ror-~ lete except for t )t~ complete placement
of payers. 3ufficlerm t payers were ‘laced or the insulation
to keep them in plac e temporarily until the required amount -~
could arr ive.  Between 20 d imly and 15 August the payers
arrived .

15 Aug The lar-t of the  ~av -i r ye - I  a n - i . the project war for-
mally camp h a t e - i  ( P l C .  17)

- - -_  - ~11~ ~ ±IL~ ~~
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A membrane manufacturer’s representative was required to be on
the job site during the laying and lap splicing of the membrane . The
manufacturer also supplied shop drawings for the laydown and splicing of
the membrane, which were to conform to the manufacturer ’s recommendations .
Details from the shop drawings of the manufacturer are shown in Appendix
B.

Costs and Man—Hours

Bids for roof repairs for the summer of 1971 were opened on 22
April. The loose—laid inverted roof on building 1053 was only one of
nine scheduled roof repair projects at Ft. Wainwright. All projects
were advertised for bid under a single contract number . Building l0~ 3
was t~ e third largest in size , having 109 squares ( i  square = 100 f t  =
9.3 in ) .  Table II gives a breakdown of the bids that were received for

Table II. Comparison of Bids for Roof Repair —- Bldg 1053

Bid Cost Cost/ sq Cost/rn 2 
% Govt . Estimate

Govt . Estimate $141,600 $382 $35.50 —

1 30 , 141414 279 25.90 73.0

2 36,000 3141 31.70 86.5

3 56,000 51)4 147. 80 1314.5

14 62 ,000 578 53.15 139.0

schedule I (building 1053). The low bidder was awarded the contract to
repair the existing roof. The government estimate of $141,600 included:

(1) $15,058 labor costs or $138/sq ($12.80/rn2)

( 2) $13, 126 materials costs or $120/sq ($ 11.20/rn2 )

(3) $l3,1430 profit, overhead , bonding, etc .

The low bidder ’s estimate was 13% of the government estimate. If
it is then assumed that the labor cost of the low bidder was 73% of
the government est4mat e, the low bi~ labor cost was approximately
$11,000 or $101 per square ($9.)40/m ) .

This project can logically be broken down into separate tasks or
operations :

6
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I . Remova l  of -a 1 in~ r-~ - ‘ f a,; i f i  r I  o:trrd n~ or- pr eparint;
metal deck to receive re r lacorae : roof ( p - . --5 ).

2. The ap~ L i r a t c o n  of ‘ t i e  u t u w u o f  ~ -k ilo t.o the ir e l arc-d
structural steel deck ( F t c .  a ) .

3. The p i a : - : r r ’ue .  of  Le i e y l  ru ra : i- , id If-! ‘ L a i r h in g ,
ur ethane edge insal :c t  ion , and I ; - .-, i r i - a- : r u e f  i r r i l  :rc t o  tor e required
elevation (Fig 7 - l u ) .

1 4.  The l’iac~ r-~ - n t  u f  t} - r ; : , : c : - r e  I r r u I r t l o j i  ann concrete
payers (Figs . 16 ammO 17) .  T a m - I c  111 anna  a-: lict ur requirements for
each of these cr am-at c -an n ci’ :‘:kr.

-: iii . :ai r ar m - in - - 
~~ 0- ‘u l i - -c ent a

Operation

Labor ~j ru rei’~ s i -u n  I :  no r ~nr

1 126—6 21—1 11—1 1.16

2 120—b 20— 1 10—1 1.10

3 138-6 al- i  t i-i 1.27

14 2u(-h

Total s 651 .1 t -  111 5.-ri P-

*
This is a p r o j e a t e a  lahoc- rc S r - -a. ‘ - a t .  S ince  the re  an: a r a t e r -j u l

shortage in -o l-erat  di:  5 , tac  c o r , t m - n c : u - r -  ~ r i c-c3 a cnra l l i r r -
-

1- - - - - - -Refe rn  ha t n -  qu aj  m y  uo r ’ r - l  - n c - i - a c t o r . - - : u m r e o  Ln tmmis :~-ntract . The
f u n c t io n  of - a m a m a - - t -  r - I a t -  - - - n ~~iur -e c a nt  ci - con t r a ct o r  net s tr u e
necessary t~~it  . :  r- f l o a t  i a n :  e t c . r e d u i r -d l-y t h e  cont rac t .  The Q.C .
inspector ic :1 c a n  tr r i - : ’ c r -  a I  ~-m~ lay rre .  He ~o - s  not contribute to the
actual p rod r i — ;  t i  on a f t no r f i r  I rd e-1 C

Fi~~ur - -r :  10—20 -r a w  l a t a il s  of t b -  r i -o f  -Irac as as they wer e installed .
A comp ar ison w i t h  t i r e  m a - t a i l :  in  Appendix A is -:m .~i1y possib le. Figures
2 1—13 r i r u W  - u - ~ ails t’ t : e  i n s ti l  l a b  i - r n  of f i a c r i m i r i - ru .  They can be compared
wj tr ,  -de tai l s  obowr. in I:- :-enuiy B.

This projeer. was for- the  removal r n :  r : ;  lra~ m o at  of a roof ing  system .
If it had been on new c o n s t r u c t  t o , . ,  u~ r r m t d r r  1 nt ’cv - : -  would have been
eliminated . There is aI:-a t i e  l o s ih i l i t y  that o p er a t i on  2 is unnecessary
depending upon t b -  type and cci ii t i - i n  of baa -  0 : -  urt - ral deck. Table IV
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shows the labor requirements if certain tasks are not necessary as would
be the case in new installation . The material ’s cost is considered to
remain constant.

Table IV. Unit time requirements for loose—laid roof system.

Worker Class hr / ~~q.

Total job Tasks 2—3—14 (only) Tasks 3—)4(only)

Labor 5.98 14.82 3.72

Supervision 1.25 1.06
Totals 7.23 5.88 14.59

It was previously shown that $138/sq ($12.85/rn2) is the labor costs
estimated by the government. This again is for removal and replacement
of the existing roof. New construction would require less labor by a
factor of 5.88/7 .2 3 or 80%; thus for

2
new construction , labor costs might

be in the order of $110/sq ($19.20/rn ) and labor and materials costs in
the order of $230/sq ($21.b0/m ) .

The labor required to construct a 14—ply , gravel—surfaced bituminous
built—up roof with 14 in. (100 mm) of insulation, can be estimated by
using recognized estimators ’ guides. References 5 and 9 were used for
this purpose and the results were:

1. To apply the insulated built—up roof requires 3. 1s and 3.9
man—hours p er square.

2. To remove an existing roof and replace with the above—
mentioned roof, requires 14 . 5  t o 5 . 14 man—hours per square.

On large Jobs , supervision must te  added to these f i gures ; th i s
would account for a 20% rise in the man—hour requirements. For the
reroofing project on building 1053, operation 2 required 1.10 man—hours
per square; thus to simply remove an existing roof and replace it with
the loose—laid inverted system would require approximately 14.8 man-
hours per square. This compares favorably with man—hour requirements
for conventional built-up roofing.

Suimnary

Time requirements for placing a loose—laid inverted system compare
favorably with requirements for conventional built—up roofs.

8
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Cost s are higher for I hi~~ y r  ~-r: ri rar ily - c u : r r - - 0  t he ex pen se
of the butyl rubber , which Cor~t~~~~~~-0 ?.5 ira-:; n a  much as a 14—ply
bituminous built—up roof m e r n i r m i t - . l i t , h e  loose—laid i nverted system
does perform as expected and 3uc-;t :tntially increases th t - useful life
wl ile decreasing t i re  frequency of ia-pair , this roof may be cost—effective
on a life—cycle basis.

construction techn iques of the loose—laid Inverted system are not
complicated and application ir not ‘t - r  depend -nt  on favorable weather
as conventional built—up roofing . I~~a field lap splici nu is the ‘ril y
portion of the procedures that ~Lou1-1 be done under dry conditions.

i~~~ ~~~~~~~~~~~
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L i st ~ of f i gur er :

Figure -

1 Building ~053, l~’t .  U a i n w r i - - i p -., Alaska.  13

2 Stockpiled m a t e r i a la  1 , -  loose—laid  inver ted r o o f i n p_ _ 13
system .

3 Contractor  began rom -val ~ -

exis t ing  BUR on 6 l ily  1971. 114

14 Metal deck , in s u l a t i o n  an- i
metal deck at- riipe v~-m: m . 

5 Condit  ion of metal deck a f t  -- r o a r  i~ O n ; k ~ cx i  mn ’~:np PUB .
Note that the co r ros ion  h~t~; E a t  r a t e r b : -  ;t t - e i  d ec k ._  114

6 Appi i r a tl o n  01’ 1/ 2— i n .  plywood r -h o a t  h i r e -  ‘ a mac n ~red
metal deck.  Plywood was l u ’]  to d~ k.  15

7 Rolling butyl rubber m e m m r - - i n ’ on-i p~~ -~ - i  ~- -c k .  

8 Close—up view of butyl ra i l  l e a
membrane . -

~~~

9 Plac ement of the  butyl rn - i - e r -
membrane on the plywood -0- ~k.
The placement took 3 h un- rn .  ie-

10 Membrane at the edge of the roof. 16

11 Close up of nm -o -mr i l - r - a r r -  n h -W i m m -  ! n t ~~ t -  ry - I - a .  

12 Cutting membrane for c c--f -m et i- - n  I a n .  . 

13 Duct penetration . 

Fx inaust  stack and was t . • - n m ~ n - n t  I on : ; . — 

15 ield lap spl ic ing.  This
was done on 15 A u g  m t  n f ~ - a
several days of rn i n .  

11
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Figure Page

16 Polystyrene laid over the
membrane and temporarily
held with payers. 19

17 Portion of roof showing
finished concrete paver
placement. 19

18 Drain after lowering to
membrane level and bonded
in place.   20

19 Placement of polystyrene
insulation at drain. 20

20 Completed drain cover.
This prevents freezing of
drain armulus during
extreme cold periods. 20

21 EPDM flashing at roof edge.
Also note field lap splice. 21

22 Typical patch. 21

23 Completed flashing at a
building corner. Insula-
tion in place ready for
payers. 21
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1. Building 1053~ Ft. wa inwright , Alaska . Motor vehicle
repair end warm storage .
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2. Stockpiled materials for loose-laid inverted roofing
system.
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3. Contractor began removal of 14 . Metal dec~ , i ns u lat i o n  and
existing ~JR on 6 -Tu ly 1971. me~ a L  deck at rid ge vent .

~~~~~~~~~~~ 

_
_
_

_

5. Condition of n~ tal deck after stripping existing BUR .
N ote that the corrosion has penetrated the steel deck.
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6. Application of l,”2 in. plywood sheathing to prepared
metal deck. Plywood was glued to deck.

4

±
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7. Rolling butyl rubber membrane on plywood deck.
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8. Close-up view of buty l rubber 9. Placement of the butyl rubber

membrane . membrane on the plywood deck.
The placement took 3 hours.
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10. Membrane at the edge of the roof.
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11. Close up of membrane showing factory splice .
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12. Cutting membrane for roof penetrations .
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13. Duct penetra ioz~.

_ _  

_  -

114. Exhaust stack and waste vent penetrations.
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15. Field lap splicing. This — 
- 

-

~~ 

- 

-

was done on 15 August, after - - _..~~~~ 
- - _____

several days of rain.

_  
4-
’

.-

lo. Polystyrene laid over the - - -  -

membrane and temporarily - - - -

held with payers.

- — 
~~‘~~~~~1-i ~~~ 1. n  •“ ..

~~~~~~~~~~~~~~~~~~~~~ 

-

17. Portion of roof showing — 
. -

finished concrete pa ver
placement . 

. 
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Drain Details

18. Drain after lowering to 
-

membrane level arid bonded -

in place .

I

19. Placement of polystyrene
insulation at drain.

-.4—-——- 

4 - - 

-

20. Completed drain cover . - 
- 

- - - 
- ~~~~~~~~~~~~~~~~~~~ 

-

freezing of 
-. 

. . 

/ • .
extreme cold periods . ~ . ..
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Flashing Details - 

- -

- .~~~~

21. EP]~V1 flashing at roof edge.
Also note field lap splice. -
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22. Typical patch . -
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APPENDIX A: Roof Plan and Drain Details .
— ç~.q
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Lop Sealant

Ustol Strop
(Mech anicall y Fas t ene d )—

EPDM Flashing

Membrane Ridge Vent

Bonding Ad his ive
Plywood

—

D*cli

Ridge Vent Flos hing Detail

,-Gum Top, (Use splicing cement
on oI l contact surfaces)

—Bonding Adhesive

— EPDM Prefab Vert Boot

____________ 
,(LOP Sp lice

_____________ ~~~~~~~ )1 _________________

Roof Vent Detai ls

i 4 ” on horiz. siartoce

~~~~~~~~~ vert. surfac e Lop Seolont

I L / i  Gum lape ’

. z z i i z i zj i i ii i i i z z z i ! 2’ ) i )  1111111

Membrane

‘Use splicing cement on all contact surfaces

Typ ica l Lap Spl ice
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Existrn 9 TMel o CoP

r_Metal Reg let

~~ Lop Sealant
Metal Counter Flashing

EPDM Flashing

Banding Adhe s ive
B mm

Pl ywood Backing
Pay ers

2’ s 3” Cant _____________________

r — — — 
~~~~~~~~~~~~~~~~~~ Plywood

Ex ist ing
Deckeng

Section Thr oug h Exi sting Firewall

s.~ :nt ~~
j

~~ Plm ~~~~ToPe (c .ment ed )

__________ 
Adhe:i :e

‘— - --->‘
~~~~~~~~~ K~~KXXXXXX~’K ~ 

Rigi d

7_I 
______________________ 

J rns uiot ion

° “ “ “‘ ‘- k ” ’  “
~~~~—Memb rane

\ 
‘~~~~—Ex is t ing Deck

Foamsd-in-place Plywood

Eave Detail
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Symmet r icol

Lop $.olont
\ ~~ 

Existin g Duct

Metal Strap
(Mechanicall y Fasten,d) Gum Taps

(cement ed)
EPOM Flashing

Membrane 8~min

Bonding Adhesivs
Pavers—4 All A

Insu lati on
Pl ywood—

Deck

Duct Penetration

Lap Sealant

Metal Stra p
C Mechanicall y Fas tened ) Gum Tape

(cemented )
EPDM Flashing

Prefab. Corner

Bonding Adhesive

Plywood—
Deck—

Corner Detail
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