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Task 4 Deliverable: Research Summary and Gap Analysis

l. Introduction

The goal of this cooperative agreement research program between HUD/PATH and the Adhesive
and Sealant Council (ASC) has been to investigate and characterize the use of adhesives to fasten
roof sheathing to roof framing (trusses, rafters) in new and existing residential roof assemblies.
Through the course of this research program, this particular application of adhesives in residential
construction has been investigated in terms of:

o Performance benefits for roof systems

o Different applications, including constructability issues for new construction, retrofits, site-
built, and modular housing

o Code/regulatory considerations
o Market incentives, via insurance benefits or incentives from state-administered programs

o Use of alternate adhesive systems, including tape-based adhesives and spray foam
systems

This summary report relates the combined findings of these efforts, and also identifies and
discusses the “gaps” in the current body of knowledge surrounding this application. Based on the
research done to this point, the use of adhesives — especially in high wind zones — shows enough
technical merit and market feasibility to warrant additional research which can help accelerate
adoption of this building strategy. The end result of tackling the remaining research gaps will be
another “tool” by which America’s builders and homeowners can enjoy the benefits of safer and
more disaster-resistant homes.

Il. Issues with Traditional Fastening of Roof Systems

A primary reason for investigating the use of adhesives in residential roof assemblies is concerns
over the adequacy of traditionally constructed roof systems for homes. This is a critical issue,
because the loss of even a small section of the roof deck during a high wind event results in
extensive water damage to structures and enormous insurance claims. Specific issues with
traditionally fastened roof systems include the reliability of fastening systems and limited data on
the long-term strength of nail-based connections — both of which could potentially affect roof
strength. Literature reviews on both of these issues were conducted as part of this study.

Research into the reliability of nailing roof sheathing to roof framing concluded that:
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o “Common [roof sheathing installation] mistakes include using the wrong size fasteners,
missing the framing members when installing fasteners, overdriving nails, and using too
many or too few fasteners.” (FEMA Technical

Fact Sheet #18 — Roof Sheathing “Roof deck attachment during a
hurricane is critical to the survival of

Installatlon). the building. Once a building loses
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than hand nailing, because the installer losses increase exponentially due to
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the building. Field observations and
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o The actual impact from nail misses (or other the house quickly becomes a major
fastener mistakes like overdriving) depends loss once the roof deck begins to fail
on the location of the nail. If the missed nail in a hurricane. In other words, even if

is on the edge, gable or ridge then the roof's | the walls are intact and the roof
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overqll uplift performance is decreased more and a few windows typically leads to
than if the nail was in the middle of the roof. losses greater than 50% of the
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uilding failures in hurricane events. Associates, 2002

Despite this awareness of the critical importance of
accurate and reliable nailing of roof sheathing to
framing, there is no readily available field research that focuses quantitatively on the frequency of
nail misses, nail overdriving, inaccurate spacing, or improper fastener selection.

Research into the long-term strength of nail-based connections in an attic environment concluded
that, in general, moisture and temperature changes can degrade the withdrawal strength of nail-
based connections. However, there is very little long-term exposure data examining connection
strength as a function of age and environmental conditions in a typical attic environment. This gap
in the existing knowledge base represents a significant research need.

lll. Performance Benefits of Using Adhesives in Roof Connections
Applying adhesives to residential roof systems has shown significant benefits in terms of greater

uplift resistance — which effectively keeps the roof decking on the roof frame at higher wind
pressures.

Adhesive System Testing

During the late 1990’s Clemson University conducted testing on roof assemblies which used
adhesives to strengthen the connection between roof sheathing and framing. The primary
focus of this work was retrofit applications, with the idea that many older homes in hurricane-
prone areas were built to lower building code standards and have less-than-adequate uplift
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resistance. Clemson’s research, which is highlighted in its publication “Holding onto Your
Roof!"”, showed impressive uplift results for assemblies bolstered with adhesives as shown in
Figure 1 below.

To quote this document:

“Adhesives can increase the uplift
resistance of the roof sheathing by five
times over the strength of the standard nail
connection used in older homes. As a
result, using adhesives can more than
double the wind speed required to cause
failure of the sheathing.”

Figure 1 — Applying Adhesive to Joint of Roof Framing
and Roof Sheathing. Source: “Holding On to Your Roof”,

Besides the ability of adhesives to substantially improve uplift resistance, several other
notable findings were reported in the Clemson research:

o Retrofit applications of adhesives were recommended only as a temporary measure (until
the house was re-roofed and additional nailing could be added), because of unknown
effects of attic environmental conditions on the strength of adhesives. This is a research
need moving forward.

o ‘“Based on the test results obtained from this investigation, it appears that any wood
adhesive product which carries the AFG-01 designation or the ASTM C557 designation
should provide adequate reinforcement if applied as suggested. However, it is clear from
the failure pressure data that the adhesives which carry the AFG-01 designation provided
more consistent and higher performance ...”

AFG-01 is an adhesive property standard intended to define minimum performance
requirements and test standards for adhesive attachments for plywood to wood framing at
construction sites. ASTM C557 is a standard specification defining properties and
minimum performance standards for adhesives intended to bond the back surface paper
of gypsum wallboard to wood framing members. A rationale for why AFG-01-listed
adhesives seemingly outperformed ASTM C-557 adhesives was not stated.

o The adhesives used in the testing were simply purchased at home improvement stores
and included products from the brands OSI, DAP, 3M, Liquid Nails, Ace, and TEC. Ten
of 11 adhesives reported on tested to a failure pressure of at least 150 psf, which
surpassed the highest suction pressure load defined in the Wood Frame Construction
Manual performance method, a set of building code requirements for high wind zones.

Clemson also conducted some work involving adhesives for new construction roof
assemblies, but ended up focusing more on the retrofit application. Two reasons were
provided for this strategy:

! Available through the Sea Grant program at: http://www.haznet.org/haznet_pdf/hotyr.pdf
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1. Concerns regarding sheathing warping when applying adhesives in new construction.

2. The sense that in new construction, greater uplift resistance could be more easily
achieved by increasing the nailing schedule for attaching sheathing.

The concern with warping of roof sheathing panels revolves around the idea that adhesives
could limit the ability of roof sheathing to expand/contract as ambient moisture levels
fluctuate, thereby causing warping of the deck panels when they cannot expand. This
concern has been expressed for systems where adhesives are applied only at the framing-to-
sheathing joint and also for systems which seal this joint along with all of the deck panel
seams to waterproof the roof deck against bulk water intrusion. This issue is not addressed in
building codes, but is a perceived obstacle to the use of adhesives in new residential
construction roof systems. In fact the APA — The Engineered Wood Association, objects to
the use of adhesives in new roof systems for this reason. However, independent testing
performed by a manufacturer of a spray foam adhesive product concluded that the average
movement for assemblies with and without the adhesive applied at framing connections and
sheathing joints (to prevent water intrusion) differed by a very small amount. Given the lack of
publicly available, standardized testing data on this issue, this topic represents a significant
research need.

On the second new construction issue — the notion that added uplift strength is more easily
gained from increased nailing — there seem to be differing views. Increased nailing schedules
can indeed add to the uplift strength of roof sheathing panels. However, discussions with
industry stakeholders including personnel from state insurance offices and roofers revealed
that there is a strong interest in redundant system for roofs in high wind zones. That s,
adhesives can provide a “belt and suspenders” type of approach to roof deck attachment,
which provides a margin of error for any shortcomings with nailing (e.g. nail misses, incorrect
spacing, etc.). And as mentioned in Section | above, data on the long-term connection
strength of typical nail-based connections in an attic environment is also lacking.

IV. Code/Regulatory Considerations

Building codes contain minimum requirements for systems used to hold down roof decking
(plywood or OSB typically) to roof framing (rafters, trusses). Both the International Residential
Code (IRC) and alternate codes used in high wind zones contain a “prescriptive” track and a
‘performance” track. The prescriptivieack presents a “cook book” approach that lists specific
materials and even methods of attachment. In the case of roof sheathing attachment, this
track would include nailing schedules (spacing, fastener type) for different wind zones. The
performandeack identifies the performance requirements of building systems. In the case of
roof sheathing attachment, this track would provide minimum uplift resistance values (or
suction loads) based on the wind zone and the location of sheathing panels within the roof
system (e.g. eaves, ridge). Builders are generally allowed to achieve the performance
requirements with any type of materials and methods of attachment, so long as these do not
violate other code requirements.
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From a review of related research which has tested the strength of roof assemblies using
adhesives in tandem with nails (often a less rigorous nailing schedule than required by modern
codes), these systems generally would satisfy the performance requirements for roof systems in
high wind zones contained in codes such as the Wood Frame Construction Manual for One and
Two-Family Dwellings (WFCM). In other words, the existing body of uplift testing on roof
assemblies utilizing adhesives indicates that such systems would meet the performance
requirements for high wind zones. A significant benefit to additional uplift testing on a variety of
assemblies would be a more thorough characterization of how adhesive-plus-nailing strategies can
meet required performance levels.

No other code/regulatory issues related to the use of adhesives in new or existing
construction were identified in the course of the study.

V. Market Incentives & Drivers

Numerous states have become active in developing policies and programs to encourage the
use of building strategies to mitigate wind damage to homes. The tools states have used in
this effort consist mainly of insurance industry regulations which recognize these mitigation
measures through insurance premium discounts, recognition of “code-plus” programs, and
matching grants for mitigation upgrades (FL and SC). Such efforts generally originate in state
legislation. The focus of these policies and incentives has been on the existing housing stock,
which is far more numerous than new homes and built to older, less stringent codes. New
homes, on the other hand, are addressed by states through the development of more
stringent building codes over time.

Insurance premium discounts are typically required by the state office which regulates
insurers within the state, and require that insurers recognize mitigation efforts through the use
of premium discounts. For example, insurance discounts in Florida are given as percentages
of the wind portion of the total insurance premium. A wide range of mitigation measures are
identified by Florida as qualifying measures, including the use of adhesives on roof systems
for homes built prior to 2002. The various mitigation measures can result in discounts ranging
from 1 to 40% of the wind portion of the premium, depending on the home’s geographic
location, building materials, and construction methods, as well as actuarial data from
individual insurance companies.

Figure 2 below illustrates various state efforts to encourage mitigation strategies for homes
through insurance premium discounts.
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mitigation discounts, specific mitigation
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Figure 2: Summary of State Policies related to Wind Damage
Mitigation Incentives (January 2008)

The fact that Florida, which is a leader among states in high wind zones in establishing pro-
mitigation policies and programs, recognizes adhesives in existing roof systems as a valid
mitigation measure validates this building strategy. The recognition of adhesives as a valid
mitigation strategy in new construction hinges upon more data on the long-term performance
of adhesives in an attic environment and greater marketplace familiarity with this mitigation
technique.

V1. Constructability Issues Associated with the Use of Adhesives

Multiple field trials were conducted as part of this research, in which adhesives were applied
to roof systems in new construction applications.

The application of liquid adhesives onto new roof assemblies to supplement traditional fasteners is
not difficult. The observed framing crews easily inserted the application of the construction
adhesive into their construction sequence. Since this was that these crews had applied adhesives
on a new roof assembly, a few application errors were observed. As roofing crews become more
experienced in applying adhesives on roof assemblies, application errors should be reduced.
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Figure 3: Liquid Adhesive Applications in a New Home and a Home Addition

These preliminary demonstrations indicate that the application of adhesives may not present major
difficulties in terms of constructability. However builders, and to some extent homeowners, need to

see clear value to the dual strategy of adhesives supplementing metal fasteners, since applying the
adhesive will be viewed as an additional step.

The potential value gained from using adhesives on roof assemblies can be shown in multiple
ways:
o Adhesives add strength to roof assemblies which is especially important in high wind
zones
o Adhesives provide a margin of error for nails which are the wrong type, not spaced
correctly, or miss the framing member
o Adhesives are a simple and inexpensive tool to significantly increase the uplift resistance
of a residential roof system, in much the same way that adhesives are used in other parts
of a home such as floor systems.

Greater detail on the field trials is contained in the report titled “Strengthening Residential Roof
Assemblies: Liquid Adhesive Field Trial.”

VII. Use of Alternative Adhesive Systems for Residential Roof Systems

In conducting the research efforts described in the previous section, this project also
investigated spray-foam adhesive systems and adhesive tapes for many of the same issues
(e.g., code issues, constructability, etc.). This section summarizes findings concerning these
alternative applications.

Spray Foam Systems

Spray polyurethane foam systems are used as a commercialized system primarily for roofing
retrofits in high wind zones. These systems can provide added uplift resistance for the roof
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sheathing, as well as improved resistance to water intrusion through the roof deck should the
roof covering be compromised. In terms of performance, manufacturers claim a 2-4 times
increase in uplift resistance over nails-only systems - with levels in the 200-300 psf range, as
well as significant reduction in water intrusion.

In terms of code issues, Section R314 of the 2006 IRC contains requirements for the use of
foam plastic materials in new construction, including protecting such materials from fire.
Several sub-sections in R314 are relevant to the use of adhesives in roof assemblies, and
collectively they establish that a foam plastic material used on the underside of the roof deck
needs to be protected from ignition by a layer of wood, particle board, mineral fiber insulation,
or gypsum (Section 314.5.3).

Generally, spray foam systems as a mitigation measure have targeted the retrofit market
more than new construction. As a retrofit this application often makes the most sense when
additional nailing cannot be added to the roof deck because re-roofing is not taking place. In
new construction, “conditioned attic” assemblies where the attic is insulated at the roof line
have gained market acceptance and are now recognized in the IRC. This application utilizes
spray foam to provide insulation value, and also provides some of the adhesive benefit and
water-intrusion benefit associated with the retrofit application.

Additional research needs related to spray foam systems include objective testing on uplift
performance and strategies for fire protection.

Adhesive Tape Systems

Adhesive tape products offer the potential to be re-purposed from applications in other
industries for use in wood-to-wood connections in housing structures. Prior research on the
use of adhesive tapes in wall systems has been conducted, and in this project a field trial
utilizing an acrylic sealing and adhesion tape from 3M was conducted. This tape was selected
because it can bond with many substrates without any primer, including wood framing
members, plywood, and chip board. This tape also compares favorably with conventional
butyl tape in terms of initial adhesion, heat resistance, and durability.

The findings from this field trial were similar to
the findings from the liquid adhesive field trials:
the tape was not difficult to apply and could be
integrated into the normal building process. It
appeared to be fairly easy to work with,
although different methods of applying the tape
to the roof framing — possibly pre-applying it to
trusses or making it heat activated like the
adhesives used in shingles — are worth
considering. Other research which can help to
further characterize the benefits of using

Figure 4: Roofing Crew Applying Roof adhesive tapes would include:
Sheathing on Top of Adhesive Tape, which

is Applied to Rafters
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testing the uplift strength of sample assemblies using adhesive tapes plus nails
developing minimum standards for the use of adhesive tapes in roof assemblies

conducting long-term uplift testing of nails-only and nails plus adhesive tape assemblies in
a simulated attic environment.

VIIl. Conclusions & Recommendations

The use of adhesives to strengthen residential roof systems is an application which shows
promising performance benefits and feasibility in terms of constructability, code compliance, and
market acceptance. Given this potential, the application — and the overall housing industry — would
benefit from further research into the most pressing research needs. Based on the summary of
current research given above, the top research priorities are

A

Conducting long-term performance testing of connections in attic environments: the industry
needs objective data characterizing how nail- and adhesive-based connections perform in the
temperature and humidity conditions of a residential attic. Such research will shed light on current
fastening methods as well as provide insights on promising alternatives.

Performing uplift strength testing of sample assemblies using liquid adhesives plus nails:
testing on a variety of adhesives used in different assemblies is needed to add to the
limited body of testing data currently available. Such data would be useful to builders,
state officials trying to weigh the benefits of various retrofit measures, and code officials
assessing alternatives to nails-only fastening methods.

Establishing minimum standards for the use of liquid adhesives in roof assemblies: at the
current time there is only general guidance on applying adhesives to roof assemblies,
whether in new or existing construction. As this application grows, more exact information
will be needed such as minimum product standards, application instructions, etc.

Exploring methods for adhesive application to roof framing members: field application of
adhesives, including liquid and tape adhesives, proved to be reasonable but there is also a
general consensus that improvements could be made. By making adhesives more user
friendly within the residential construction environment, it will be faster and easier to fortify
roof assemblies.

Researching warping issues when using adhesives in new construction: a significant
barrier to the use of adhesives in new construction is the concern that sheathing panels
could experience warping due to a reduced ability to expand/contract with changing
ambient moisture levels. Data to support or refute this concern is lacking, and should be
further investigated to determine the significance of this issue.

Finally, it is recommended that these research priorities be addressed under the leadership of HUD
and its technology program, with support and direction from industry partners such as adhesive
manufacturers and builders. By taking a leadership role in continuing to develop this important
application, HUD will help to provide another tool for creating safe and affordable homes for
Americans.
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