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ABSTRACT OF THE DISCLOSURE 
A roof is prepared wherein the water barrier layer is 

placed on a roof deck and waterproof thermal insulation 
is placed over the water barrier layer. The water barrier 
layer is not subjected to the extremes of temperature that 
are encountered when the water barrier layer is the Outer 
most element of the roof structure. 

aume 

This invention relates to roof construction and a meth 
od for the construction of roofs, and more particularly 
relates to insulated roofs and their construction. 

Built-up roofing has been employed for many years, 
wherein a roof deck supports a weatherproof membrane 
where often the weatherproof membrane comprises a plu 
rality of felt and bitumen layers which prevent the pene 
tration of moisture of the roof deck. Oftentimes it is de 
sirable that such a roof be insulated and various insulating 
materials and methods have been utilized to accomplish 
this end. For example, oftentimes insulation is positioned 
'below the roof deck on the interior of the building be 
tween rafters or similar roof deck support means. Fre 
quently an insulating body such as cellular glass, fiber 
board, plastic foams and the like are positioned on the 
upper surface of the roof deck and subsequently covered 
with alternating layers of felt and bitumen to provide a 
water resistant membrane. Gravel or like material is then 
spread upon the roof to provide protection from the Sun. 
Considerable difficulty, over many years, has been en 
countered with such built-up roofs. Cracking of the water 
impermeable membrane often occurs and is probably due 
to the loss of volatile components from the bituminous ma 
terial. Direct damage from foot traffic, condensation dur 
ing cold weather on or about the roof deck, on the under 
side toward the building, are some of the many causes of 
failure of this type of roof. 

It would be beneficial if there were available, an im 
proved roof structure and a method of preparing such a 
roof structure which would preserve the integrity of the 
water barrier, or barrier membrane. 

Further it would be advantageous if there were avail 
able a simplified roof structure and method of forming 
such a roof structure having improved properties. 
These benefits and other advantages, in accordance with 

the present invention, are achieved in a roof structure 
which comprises a roof support means or roof deck hav 
ing an upper surface and a lower surface, a water barrier 
membrane disposed adjacent the roof deck on the upper 
side thereof, a layer of thermal insulation, the layer of 
thermal insulation comprising closed celled water im 
pervious cellular insulating material secured to the roof 
membrane. 
Also contemplated within the scope of the present in 

vention is a method of preparing a roof comprising dis 
posing upon the upper surface of a roof deck a water 
impermeable membrane, disposing upon the membrane 
a closed cell water impermeable insulating foam. 

Further features and advantages, of the present inven 
tion, will become more apparent from the following 
specification in connection with the drawing wherein: 
FIGURE 1 schematically depicts an isometric view of 

a cutaway roof structure; and 
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2 
FIGURE 2 is a sectional view of an alternate embodi 

ment of the present invention. 
In FIGURE 1 there is illustrated a schematic, isometric 

representation of a roof structure, generally in accord 
ance with the present invention, designated by the refer 
ence numeral 10. The roof structure 10 comprises in co 
operative combination a roof deck 11. The roof deck 11 
has an upper surface 12 and a lower surface 13. The water 
impermeable membrane is secured to the upper surface 12 
of the roof deck 13. Beneficially the water impermeable 
membrane 14 may comprise a plurality of alternating lay 
ers of felt and a bituminous material. A thermal insulat 
ing layer 16, having a lower surface 17 and an upper sur 
face 18, is adhered to the surface of the water imperme 
able membrane 14 remote from the roof deck surface 12. 
The thermal insulating layer 16 is of closed cell configura 
tion and is water resistant and water impermeable. A pro 
tective layer 19 is disposed on the surface 18 of the ther 
mal insulating layer 16. 
An alternate embodiment of the invention is depicted 

in FIGURE 2 and is generally designated by the reference 
numeral 20. The embodiment 20 comprises a roof deck 
21 having an upper surface 22 and a lower surface 23. 
The roof deck 21 is supported by a plurality of rafters 
24 in engagement of the lower surface 23 of the deck 21. 
A water impermeable membrane 26 is disposed on the sur 
face 22 of the deck 21. The membrane 26 comprises a 
plurality of alternating layers of felt 27 and layers of the 
bituminous material 28, wherein upper and lower surfaces 
29 and 30, of the membrane 26, are bituminous material. 
A thermal insulating layer 32 is adhered to the upper 
Surface 29 of the water impermeable membrane 26. The 
thermal insulating layer 32 has an upper surface 33 and a 
lower surface 34. The lower surface 34, of the layer 32, is 
firmly embedded in the bituminous upper surface 29 of 
the membrane 26. A protective layer 35 is disposed on the 
upper surface 33 of the thermal insulating layer 32, and 
the protective coating 35 comprises particulate siliceous 
gravel. 
A wide variety of materials may be employed in the 

preparation of roofs, in accordance with the roof and 
the method of the present invention. The roof deck or 
roof support means may be prepared from steel, wood, 
laminated wood, cardboard, cement, asbestos board, 
planking and the like. The roof deck may be supported in 
any convenient manner such as being firmly affixed to the 
rafters by means of nails, screws or bolts. The roof deck 
ing may be of panels and readily inserted into suitable 
recesses in a framework and prepared by like methods 
Well known to the art. The water impermeable membrane 
may comprise or consist of a wide variety of water im 
permeable materials including conventional asphaltic and 
bituminous compositions employed for roofing as well as 
laminates of the bituminous material with fibrous prod 
ucts such as roofing felt employing organic or inorganic 
fibers. Beneficially such felt and bituminous materials 
may be applied in alternating layers to provide a water 
impermeable membrane of the desired thickness and me 
chanical strength to resist movement of the roof deck and 
associated supporting structure. In certain instances, a 
Water impermeable membrane can be formed of synthetic 
thermoplastic resinous film or sheet such as polyethylene, 
polyvinyl chloride and the like which is adhered to the 
roof deck by a suitable adhesive. One or more layers of 
Such material may be employed depending on the char 
acteristics which are desired from the finished structure. 
The thermal insulating layer, employed in the practice 

of the present invention, beneficially is a closed cellular 
material which is substantially water impermeable. Par 
ticularly beneficial and advantageous, for use in the pres 
ent invention, are cellular plastic foams of a closed cell 
configuration including styrene polymer foams, styrene 
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acrylonitrile copolymer foams, styrene-methylmethacry 
late copolymer foams, polyvinyl chloride foams, poly 
ethylene foams and other water impermeable materials 
available in cellular foam form which are well known to 
the art. Foam glass is particularly advantageous when it 
is desired to omit a protective layer over the thermal in 
sulating material. A protective layer beneficially is em 
ployed when synthetic resinous organic cellular thermal 
insulating layers are utilized. Such organic materials are 
generally subjected to decomposition when exposed to 
weather and more particularly when exposed to Sunlight. 
Therefore, it is advantageous to place a protective layer 
on the outside surface of thermal insulating layer. 

Beneficially such a protective layer may comprise or 
consist of a particulate inorganic material such as gravel, 
spread over the foam layer or, if desired, relatively thin 
weather and sunproof protective coating is readily pro 
vided by employing an inorganic mortar such as is formed 
from a mixture of portland cement and sand, and is spread 
thinly upon the surface of the insulating layer in such a 
manner as is to provide protection from the Sun and the 
weather. In certain instances, depending on weather con 
ditions and pitch of the roof, it may be desirable to pro 
vide an intermediate or bonding layer to adhere the pro 
tective layer to the thermal insulating layer. 

In preparation of roof structures, in accordance with 
the present invention, usually the water resistant mem 
brane is applied to the roof deck, for example by applying 
a layer of bituminous material thereto, applying a suitable 
roofing felt to the bituminous material and providing the 
repeated applications of roofing felt and bituminous ma 
terial until a suitable membrane is formed. 

Advantageously the thermal insulating layer is joined 
to the water impermeable membrane by the use of the 
same or different bituminous composition employed in 
preparing the water resistant membrane while the bitumi 
nous material is in a heat plastified condition, pressing 
planks or sheets of the heat insulating material into the 
bituminous layer to provide a suitable bond. When em 
ploying a heat insulating layer of a thermoplastic syn 
thetic resinous material it is necessary that the bituminous 
material not have a temperature sufficiently high to de 
stroy a large portion or proportion of the cellular insulat 
ing material. For example, when foamed polystyrene 
sheets are utilized as the heat insulating layer, it is gen 
erally desirable that the bituminous material have a tem 
perature not greatly in excess of about 100 centigrade, 
in order that undue distortion or melting of the poly 
styrene foam insulating material occur. It is essential and 
critical, to the practice of the present invention, that the 
insulating layer be of a closed cell configuration. The 
particular density or physical strength of such an insulat 
ing material need only be sufficient to meet the mechanical 
demands of the particular installation. Generally, foamed 
polystyrene sheets having a density of about 1.5 pounds 
per cubic foot are adequate for roof installations which 
are not subject to heavy foot traffic. If lower density and 
lower physical strength closed cell foamed materials are 
employed as the insulating layer, it is often desirable to 
provide the protective layer of sufficient strength to re 
sist mechanical damage. Thus, in a region where little or 
no foot traffic is expected on a roof, a loose gravel coat 
ing is applied directly over the closed cell thermal in 
sulated layer and provides adequate protection, however, 
in regions where frequent or heavy foot traffic occurs, it 
is often desirable to employ a layer of cementitious ma 
terial as is obtained from a mixture of portland cement, 
sand and water or magnesium oxychloride cement and the 
like. 

It is not essential that the protective layer be resistant 
to the passage of moisture, nor is it essential the insulat 
ing layer have a surface which prevents moisture from 
contacting the water resistant membrane. 

Beneficially, in the fabrication of a roof, in accordance 
with the present invention, thermal insulating panels such 
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4 
as planks or sheets or cellular polystyrene or other cellular 
material are positioned adjacent each other in edge-to 
edge relationship and no attempt had been made to seal 
the cracks or fissures therebetween. Indeed, in some in 
stallations employing incompletely cured or stabilized 
synthetic resinous foams, shrinkage of the foam occurs, 
wherein the foam cracks in random patterns similar to 
mud cracking and mortar on the surface thereof ruptures 
in a similar pattern. Such cracking does not appear to 
cause loss of serviceability or desirability of the roof 
Structure. 

Roof structures, in accordance with the invention, do 
not appear subject to damage by freezing of water in 
minor spaces between adjacent foam insulating elements. 
The foam insulating elements appear to have sufficient 
resilience to resist rupturing by the expansion of freez 
ing water in crevices. Furthermore, in installations on a 
heated building the temperature adjacent the water re 
sistant membrane usually does not reach freezing tem 
peratures. In buildings having a roof applied in accord 
ance with the present invention, little or no tendency is 
observed for moisture to condense on the inner surface 
of the roof deck. 
By way of further illustration, a wooden roof deck was 

mopped with a roofing grade asphalt and a layer of 15 
pound roofing felt applied thereto. The procedure was 
repeated until 4 layers of asphalt bonded roofing felt 
formed a water resistant membrane. A plurality of blocks 
of closed cell polystyrene foam measuring about 2 inches 
in thickness, 12 inches in width and about 8 feet long 
were adhered to the upper surface of the waterproof 
membrane by means of hot bitumen having a temperature 
of about 100 centigrade. A layer of mortar, about 346 
of an inch thick was spread over the exposed surface of 
polystyrene foam. After an extended period of time, some 
cracking of the mortar was noted due to shrinkage of 
the polystyrene foam, however, the integrity of the water 
resistant membrane was in no way impaired. After an 
extended period of exposure, portions of the membrane 
were removed and evaluated for resiliency. The mem 
brane disposed underneath the foam polystyrene installa 
tion appeared in excellent condition and exhibited no 
indication of undue hardening. By way of comparison, 
a similar membrane covered with gravel and having a 2 
inch layer of cellular styrene disposed beneath the roof 
deck showed marked deterioration. 

In a manner similar to the foregoing illustration, other 
beneficial and advantageous roofs are prepared by dis 
posing closed cellular water resistant insulating material 
above a water impermeable mebrane from a roof struc 
ture, Such insulating materials, including foamed glass, 
foamed polyethylene, foamed copolymers of styrene 
acrylonitrile and the like. 
AS is apparent from the foregoing specification, the 

present invention is susceptible of being embodied with 
various alterations and modification which may differ 
particularly from those that have been described in the 
preceding specification and description. For this reason, 
it is to be fully understood that all of the foregoing is 
intended to be merely illustrative and is not to be con 
Strued or interpreted as being restrictive or otherwise 
limiting of the present invention, excepting as it is set 
forth and defined in the hereto appended claims. 
What is claimed is: 
1. A method of preparing a built up roof consisting 

essentially of applying and affixing to a roof deck a water 
impermeable membrane disposing a plurality of closed 
cell water impermeable thermal insulating members hav 
ing fissures therebetween above said water impermeable 
membrane on the upper side of the membrane and apply 
ing a water permeable protective layer on the thermal 
insulating layer. 

2. The method of claim 1, including the step of form 
ing the Water impermeable membrane from a plurality 
of layers of roofing felt and a bituminous adhesive. 
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3. The method of claim 1, including the step of ad 
hering the insulating material to the water impermeable 
membrane. 

4. The method of claim 1, wherein the protective layer 
is an inorganic mortar. 

5. A roof structure consisting essentially of a roof 
support means having a roof deck, the roof deck having 
an upper surface and a lower surface, the upper surface 
of the roof deck supporting a water impermeable mem 
brane, the impermeable membrane having an upper face 
and a lower face being generally adjacent the roof deck, 
a thermal insulating layer disposed adjacent the upper 
face of the water impermeable membrane, the thermal 
insulating layer comprising a plurality of closed cell 
water impermeable insulating members and the members 
defining fissures between adjacent members and a water 
permeable protective layer disposed on the surface of 
the insulating material remote from the roof deck. 

6. The roof structure of claim 5, wherein the water 
impermeable layer comprises a plurality of layers of 20 
bituminous adhesive and roofing felt. 
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7. The roof of claim 5, wherein the insulating layer 

is a synthetic resinous closed cell foam. 
8. The roof of claim 5, wherein the insulating material 

is adhered to the impermeable membrane. 
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