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SINGLE-FLY SEALED MEMBRANE ROOFING 
SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

TECHNICAL FIELD 

The invention relates to roo?ng systems comprising 
strips of synthetic elastomeric membrane secured to a 
roof deck with the strip edges overlapped and bonded, 
providing a smooth, ?exible and durable ?nished sur 
face. 

BACKGROUND ART 

Built-up roo?ng systems have been used for many 
years on ?at deck roofs. Originally, several layers of tar 
paper were laid by coating the deck and applying paper 
strips with hot tar. Later, the tar paper was replaced by 
layers of felt or ?brous material and the hot tar was 
replaced by hot asphalt. In either case, each strip of 
paper or felt was overlapped about three-quarters of the 
width of the previous sheet so that the completed roof 
was multi-ply system. In some cases a top layer of 
crushed stone or gravel ballast was applied to aid in 
resisting uplift forces. 

Originally, no insulation layer was used and the tem 
perature of the air inside a building helped to counter 
the contrasting outside temperature and kept the mem 
brane within a moderate temperature range. In recent 
years rising fuel costs have made it desirable, if not 
necessary, to use a layer of insulation next to the roof 
deck. As a result the difference between temperatures 
inside and outside of the building was greatly increased 
both winter and summer, subjecting the built-up plies to 
increased temperature ranges resulting in increased 
expansion and shrinking stresses causing cracking and 
splitting, and consequent leakage. 
The labor cost of installing built-up roofs and the cost 

of asphalts used in the strip material and in the applica 
tion thereof have been rapidly increasing in recent 
years. Consequently, cheaper materials have been used 
with the inevitable result that such roofs fail prema 
turely and experience leakage problems within the ?rst 
?ve years after installation. 
Moreover, the use of hot asphalt produces substantial 

amount of fumes, creating an objectionable pollution 
problem violating EPA regulations, and possibly state 
regulations in certain areas. 

Various solutions to these problems have been sug 
gested including the single ply membrane systems 
which generally utilize elastic rubber or plastic strips of 
various widths. The rolled strips are unrolled onto the 
roof deck and attached to the deck by suitable adhesive 
or mechanical fasteners, or both, and seamed together 
at the edges. Hot tar or asphalt is not usually required. 
The membranes being used, of which i am aware, in 
clude synthetic elastomers or rubbers, and thermoplas 
tics, reinforced and nonreinforced. 

Essentially, three types of single-ply systems employ 
ing such membranes are being used. One is a fully ad 
hered system wherein the membrane is adhesively se 
cured to the entire surface area of the roof deck and the 
edges of the membrane strips or sheets are seamed, 
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2 
usually having their marginal edges overlapped and 
bonded. 
The second type is a so-called loose-laid system in 

which the membrane is fastened only at the perimeter 
and held down over the entire area by a layer of ballast 
amounting to 10 to 15 pounds per square foot, to resist 
uplift forces. 
The third type is a mechanically fastened system in 

which the membrane is secured to the deck at intervals 
with mechanical fasteners and the edges of the mem 
brane strips are bonded together. 
One variation of a mechanically fastened system uti» 

lizes numerous mechanical fasteners to secure the mem 
brane at close enough intervals along the strip edges so 
that uplift forces are absorbed at the fastening points 
and no gravel ballast is required. Any of the fasteners 
which are exposed must be waterproofed at additional 
cost. Another variation is to use a large number of plas 
tic disks or washers mechanically fastened to the deck 
at close intervals and apply adhesive to the disks as the 
membrane is unrolled over them. The adherence of the 
membrane to the disks is relied upon to withstand uplift 
and no gravel ballast is used. 
The fully adhered single-ply system has numerous 

advantages over the built~up roof system, including 
longer life, weatherability and greater integrity due to 
improved membranes, reduction of maintenance costs 
and elimination of hot asphalt. However, adhering the 
membrane to the entire deck surface is a very expensive 
operation from the standpoint of labor and the high cost 
of a special adhesive which can be applied without 
heating. Moreover, most such adhesives can not be 
applied in high moisture environments or in cold tem 
peratures. The overall cost of the fully adhered single 
ply system is generally more than the conventional 
built-up system. Further, error-free installation is re 
quired as errors in one ply are not repaired or covered 
over by the additional plies as in built-up systems. Other 
problems include ?ex fatigue of the membrane and 
subsequent cracking due to continual stressing of the 
material in isolated areas due to daily expansion and 
contraction of the deck. 
The loose-laid single-ply system using a top layer of 

ballast eliminates the material and labor cost of the 
special adhesive but is still quite labor intensive. More 
over, many existing roofs have not been built strong 
enough to carry the additional weight of the ballast in 
addition to the other loading requirements. Accord 
ingly, new roofs must be designed to support the re 
quired weight of the ballast amounting to 10 to 15 
pounds per square foot in addition to the other loads. 
Further, the ballast tends to concentrate the stress loads 
due to expansion of the roof deck, as in some areas the 
ballast does not move during expansion and contraction 
of the building, again concentrating the stress and caus 
ing flex fatigue of the membrane and premature failure. 

Mechanically fastened single-ply systems without 
gravel ballast on top reduce the concentration of stress 
loads on the membrane, but in order to withstand the 
uplift forces the membrane must be fastened to the deck 
at close intervals over the entire area, minimizing the 
areas of membrane not secured to the deck. If the strips 
of membrane are secured only along the bonded side 
edges, the width of the strips should be restricted to a 
dimension (about 5-6 ft.) in order to ensure adequate 
resistance to uplift in the membrane between fastening 
locations. 
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Mechanically fastened single-ply systems utilizing 
plastic disks fastened to the deck at close intervals and 
coated with adhesive in situ as the membrane is unrolled 
over them require additional labor in applying the adhe 
sive, as well as the added cost of the adhesive. In addi 
tion, the reliability of the adhesive can be decreased by 
long term heat and moisture exposure, causing prema 
ture wind uplift failure. 

DISCLOSURE OF INVENTION 

The present invention provides an inexpensive me 
chanically fastened single-ply roo?ng system of im 
proved durability under a wide range of climatic condi 
tions, and capable of withstanding uplift forces without 
top ballast. 

It is an object of the present invention to provide an 
improved economically installed fastening system for a 
single-ply roo?ng system which will withstand uplift 
forces and at the same time permit roof deck expansion 
forces to dissipate over a large surface area of the roof 
membrane. 
Another object is to provide an improved single-ply 

roof deck covering system which is adapted for use on 
roof decks of wood, metal, concrete and existing built 
up roof decks, and on steep pitched decks as well as ?at 
decks. 
Another object is to provide an improved roof deck 

covering system which enables transferring to the mem 
brane fabricating plant a substantial amount of the labor 
normally performed on the roof deck, thereby increas 
ing efficiency and reducing labor cost, as well as assur 
ing reliable product quality by providing better quality 
control, better working environment, and better trained 
labor. 
A further object is to provide an improved fastening 

system which permits the use of wide rolls or strips of 
membrane thereby minimizing the aggregate amount of 
heat bonding of the seams required on the roof deck at 
the overlapped side edges. 
A still further object is to provide an improved me 

chanical fastening system in which each strip of mem 
brane is provided with transverse flaps on its under 
surface at close longitudinal intervals for attachment to 
th deck, and the longitudinal marginal edges of the 
strips are mechanically fastened to the deck and sealed 
together in situ. 

Still another object is to provide an improved me 
chanically fastened single-ply roo?ng system in which 
the transverse ?aps of laterally contiguous strips are 
staggered with respect to each other so as to interrupt 
wind lift forces moving across the membrane. 
These and other objects are accomplished by the 

improvements comprising the present invention, pre 
ferred embodiments of which are disclosed herein by 
way of example as representing the best known mode of 
carrying out the invention. Various modi?cations and 
changes in details of construction and operation are 
comprehended within the scope of the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view of a partially 
unrolled membrane strip being fastened to a roof deck 
in overlapping relation to a previously fastened strip. 
FIG. 2 is an enlarged sectional view on line 2—2 of 

FIG. 1, showing the manner of securing one of the 
transverse flaps to the roof deck. 
FIG. 3 is a schematic plan view of a portion of an 

unrolled strip of increased width. 
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FIG. 4 is a schematic plan view showing several 

strips laid side-by-side with their marginal edges over 
lapped and their transverse flaps staggered. 

FIG. 5 is an enlarged schematic perspective view 
showing a preferred method of sealing the overlapped 
marginal edges of contiguous strips. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

The single-ply roo?ng system comprising the inven 
tion is adapted for use with a variety of membrane mate 
rials including synthetic rubbers or elastomers such as 
Neoprene and ethylene-propylene-diene monomer 
(EPDM), and thermoplastic synthetic resins such as 
chlorinated polyethylene (CPE) and polyvinyl chloride 
(PVC). Such materials are available in thicknesses rang 
ing from 0.030" to 1/16" or more. 

I prefer to use a membrane of thermoplastic poly 
meric material which contains a minimal amount of 
plasticizer so that no material migration of plasticizer 
occurs causing loss of flexibility over long periods of 
use. However, the particular composition of the mem 
brane per se forms no part of the invention. The mem 
brane is preferably about 0.030" in thickness and is 
reinforced with synthetic ?bers in order better to 
improve puncture resistance and to withstand uplift 
forces. In the drawings the thickness of the membrane 
is exaggerated for clarity. 
As shown in FIGS. 1 and 2, the improved membrane 

strips 10 are provided at longitudinal intervals with 
transverse flaps 11 secured along their contiguous por 
tions to the underside of the strip. One end of each flap 
is preferably notched as indicated at 12 for a purpose to 
be described and the secured contiguous portion 13 is 
coextensive with the width of the strip. As shown, these 
flaps may be formed when the strip is made up at the 
factory by overlapping longitudinal strip portions and 
heat-bonding or otherwise adhering the marginal over 
lapping portion 13 of the upper strip to the contiguous 
portion of the lower strip, leaving the ?ap 11 free and 
unsecured. 

Obviously, the same result can be obtained by secur 
ing transverse strips to the underside of a continuous 
longitudinal strip, in which case a portion of each trans 
verse strip extending all along the ?ap portion would be 
secured to the underside of the continuous strip, leaving 
the flap free and unsecured. 
As indicated, the improved strips 10 are supplied in 

rolls R and are unrolled on the roof deck which may 
comprise a substrate layer of insulation board 14 over a 
deck 15 which may be wood, as shown, or metal or the 
like. As a strip is unrolled each successive ?ap 11 is 
fastened to the deck at intervals by metal or other type 
of wellknown fasteners 16 which extend through the 
insulation board 14 into the deck 15, and the longitudi 
nal edge of the strip opposite to the notched ends of the 
flaps is also fastened by fasteners 16 to the deck at inter 
vals. The opposite longitudinal edge of the strip is laid 
preferably overlapping the fastened longitudinal edge 
portion of a previously laid strip indicated at 10’. 

Referring to FIGS. 1 and 5, the overlapped longitudi 
nal edge portion of the strip 10 is heat-welded or 
bonded to the fastened underlying edge portion of the 
strip 10'. The amount of overlap may vary from about 2 
to 4 inches. The heat bonding may be done progres 
sively using a conventional electric heat welder indi 
cated generally at 18 which applies heat through a noz 
zle 19 to the overlapping edge portion of strip 10 and 
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has a following roller 20 to aid in making a good bond. 
The notches 12 in flaps 11 are provided to ensure that 
the ends of the flaps do not detract from making a leak 
proof bond between the overlapping edge portions of 
the strips 10 and 10'. When the heat-bonding of the 
overlapped longitudinal edge portions of the strips 10 is 
completed, all of the mechanical fasteners are com 
pletely covered, and hence no waterproo?ng of any 
fasteners is required. 
As indicated in FIG. 4, the parallel strips 10 are laid 

in such manner that the fastened flaps of laterally con 
tiguous strips are staggered with respect to each other 
so as to intercept or interrupt the uplift effect of wind 
lift forces moving across the roof deck. The preferred 
spacing between ?aps on each strip usually should not 
be more than about ?ve to six feet. The spacing can be 
varied depending upon strength of fabric, holding char 
acteristics of the fasteners used, and upon the uplift 
forces involved with a particular roof deck. Accord 
ingly, with the ?aps staggered, the strips can be in 
creased in width to l0, 15, 20 or more feet and still 
maintain the required resistance to wind uplift. For 
convenience the strips 10 in FIGS. 1 and 4 are shown 
relatively narrow, but in FIG. 3 a wider strip is indi 
cated. 

Because the width of the strips 10 can be substantially 
increased over widths previously in use, the time and 
labor of the heat-welding of the fewer overlapped 
seams is greatly reduced, and since this is a manual-on 
site operation a large amount of the installation cost is 
saved. In prior systems where the contiguous strips are 
mechanically fastened to the deck only at their over 
lapped edges, the strips should not exceed more than 
about ?ve feet in width in order to provide adequate 
resistance to wind uplift forces. 
The present improved membrane strip and associated 

single-ply roo?ng-system provides for rapid and eco 
nomical installation with a minimum of manual heat 
welding, and results in a leak-proof roof covering 
which adequately resists wind uplift forces without 
requiring ballast and dissipates roof deck expansion 
forces. The improved system enables the use of wide 
rolls of membrane, and is adapted for use on steep 
pitched roof decks as well as ?at decks. 

I claim: 
1. The method of laying a sing1e~ply sealed ?ber-rein 

forced membrane covering over a roof deck compris 
ing, providing rolls of membrane strips having trans 
verse ?aps of membrane substantially coextensive of 
width to said strips, one transverse edge portion of each 
?ap being secured to the undersurface of said strips at 
longitudinal intervals, unrolling the strips successively 
in parallel side-by-side positions on the deck with their 
marginal side edge portions contiguous, mechanically 
fastening successive flaps of each strip at transverse 
intervals to the deck, mechanically fastening at least one 
marginal edge portion of each strip at longitudinal inter 
vals to the deck, and bonding the marginal side edge 
portions of the strips together, the successive ?aps on 
laterally contiguous strips being staggered with respect to 
each other. 

[2. The method as described in claim 1, wherein the 
flaps are secured to the strips at intervals of about ?ve to 
six feet.] 

[3. The method as described in claim 2, wherein the 
successive flaps on laterally contiguous strips are stag 
gered with respect to each other] 
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6 
[4. The method as described in claim 1, wherein the 

successive flaps on laterally contiguous strips are stag 
gered with respect to each other] 

5. The method as described in claim 1, wherein one 
marginal side edge portion of each strip is lapped over 
and bonded to the mechanically fastened marginal edge 
portion of the next contiguous strip. 

6. The method as described in claim 5, wherein the 
flaps are secured to the strips at intervals of about ?ve to 
six feet. 

[7. The method as described in claim 6, wherein the 
flaps on contiguous strips are staggered with respect to 
each other] 

8. The method [as described in claim 1, wherein] of 
laying a single-ply sealed ?ber-reinforced membrane cover 
ing over a roof deck comprising, providing rolls of mem 
brane strips having transverse ?aps of membrane substan 
tially coextensive of width to said strips, one transverse edge 
portion of each flap being secured to the undersurface of 
said strips at longitudinal intervals, unrolling the strips 
successively in parallel side-by-side positions on the deck 
with their marginal side edge portions contiguous, mechan 
ically fastening successive ?aps of each strip at transverse 
intervals to the deck, mechanically fastening at least one 
marginal edge portion of each strip at longitudinal inter 
vals to the deck, and bonding the marginal side edge por 
tion of the strips together, at least one end of each ?ap 
[is] being notched to clear the overlapped [marginal] 
edge portions of the strips. 

9. The method as described in claim 8, wherein the 
successive flaps on laterally contiguous strips are stag~ 
gered with respect to each other. 

10. A single-ply roo?ng system comprising, parallel 
strips of ?ber-reinforced membrane sheeting laid un 
doubled on a roof deck with their longitudinal marginal 
edge portions contiguous, mechanical fastener means 
securing at least one marginal edge portion of each strip 
to the deck at longitudinal intervals, the marginal edge 
portions being bonded together, each of said membrane 
strips having transverse membrane flaps at longitudinal 
intervals substantially coextensive to said strips in width 
one transverse edge portion of each ?ap being secured 
to the undersurface of the strip, and mechanical fastener 
means securing said ?aps to said deck at transverse 
intervals, the successive ?aps of contiguous strips being 
staggered with respect to each other. 

11. A single-ply roo?ng system [as described in 
claim 10, wherein] comprising, parallel strips of fiber 
reinforced membrane sheeting laid undoubled on a roof 
deck with their longitudinal marginal edge portions contig 
uous, mechanical fastener means securing at least one 
marginal edge portion of each strip to the deck at longitudi 
nal intervals, the marginal edge portions being bonded 
together, each of said membrane strips having transverse 
membrane flaps at longitudinal intervals substantially 
coextensive to said strips in width one transverse edge por 
tion of each ?ap being secured to the undersurface of the 
strip, and mechanical fastener means securing said ?aps to 
said deck at transverse intervals, at least one end of each 
?ap [is] being notched to clear the contiguous mar 
ginal edge portions of the strips. 

12. A single-ply roo?ng system as described in claim 
11, wherein the successive ?aps of contiguous strips are 
staggered with respect to each other. ' 

13. A single-ply roo?ng system as described in claim 
[12] I 0 wherein said ?aps are spaced apart at intervals 
of about ?ve to six feet. 
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14. A single-ply roo?ng system as described in claim 
13, wherein said membrane strips are at least 10 feet 
wide. 

15. A single-ply roo?ng system as described in claim 
10, wherein one marginal edge portion of each strip is 
lapped over and bonded to the mechanically fastened 
edge portion of the next contiguous strip. 

16. A single-ply roo?ng system [as described in 
claim 15, wherein] comprising parallel strips of fiber 
reinforced membrane sheeting laid undoubled on a roof 
deck with their longitudinal marginal edge portions contig 
uous, mechanical fastener means securing at least one 
marginal edge portion of each strip to the deck at longitudi 
nal intervals, the marginal edge portions being bonded 
together, each of said membrane strips having transverse 
membrane ?aps at longitudinal intervals substantially 
coextensive to said strips in width one transverse edge por 
tion of each ?ap being secured to the undersur?zce of the 
strip, and mechanical fastener means securing said ?aps to 
said deck at transverse intervals, one marginal edge portion 
of each strip being lapped over and bonded to the mechani 
cally fastened edge portion of the next contiguous strip. and 
at least one end of each flap [is] being notched to clear 
the overlapped mechanically fastened edge portion of 
the next contiguous strip. 

[17. A single-ply roo?ng system as described in 
claim 16, wherein the successive flaps of contiguous 
strips are staggered with respect to each other.] 

[18. A single-ply roo?ng system as described in 
claim 10, wherein the successive flaps of contiguous 
strips are staggered with respect to each other.] 

[19. A single~ply roo?ng system as described in 
claim 18, wherein said ?aps are spaced apart at intervals 
no greater than ?ve feet. 

[20. A single-ply roo?ng system as described in 
claim 19, wherein said membrane strips are at least 10 
feet wide] 
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[21. A single-ply roo?ng system as described in 

claim 10, wherein said ?aps are spaced apart at intervals 
no greater than five feet] 

[22. A single-ply roo?ng system as described in 
claim 21, wherein said membrane strips are at least 10 
feet wide] 

23. The method of laying a single-ply sealed ?ber-rein 
forced membrane covering over a roof deck comprising the 
steps of‘ 

providing rolls of membrane strips having transverse 
?aps of membrane substantially coextensive of width 
to said strips, one transverse edge portion of each ?ap 
being secured to the undersutface of said strips at 
longitudinal intervals; 

unrolling the strips successively in parallel side-by-side 
positions on the deck with their marginal side edge 
portions contiguous; 

mechanically fastening successive ?aps of each strip at 
transverse intervals to the deck; 

staggering said successive ?aps on laterally contiguous 
strips with respect to each other; and, continuously 
bonding the marginal side edge portions of the strips 
together. 

2.4. A single-ply roofing system comprising: 
parallel strips of ?ber-reinforced membrane sheeting 

laid unrolled on a roof deck with their longitudinal 
marginal edge portions contiguous; 

each of said membrane strips having transverse mem 
brane ?aps at longitudinal intervals substantially 
coextensive to said strips in width; 

said successive ?aps of contiguous strips being staggered 
with respect to each other; 

the marginal edge portions being continuously bonded 
together; 

one transverse edge portion of each ?ap being secured to 
the undersurface of the strip; and, 

mechanical fastener means securing said ?aps to said 
deck at transverse intervals. 

# I i t i 


