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Millions of people in America live in manufactured
structures—a range of units that incdludes manufact-
ured homes, travel trailers, camping trailers, and park
trailers. Manufactured structures are used for long-
term residence; for temporary housing following
disasters; for recreational and travel purposes; and
also for classrooms, day care centers, and workplaces.
Housing is a primary purpose of these structures,
housing units in the U.S. and housing 17.2 million
persons. Manufactured homes offer flexibility and
affordability, and comprise an important part of the
U.S. housing stock.

‘Whether used for long-term housing or for shont-
term shelter following a disaster, for classrooms or
for offices, manufactured stractures should be safe
and healthy for the people who live, work, study,
and play in them. With Americans spending the
vast majority of their time indoors, it is vital that
buildings protect occupants from the elements and
provide privacy, comfort, and peace of mind. At
the same time, these structures should not present
risks t0 occupant’s health and safety due to design,
construction, Or maintenance problems,

This report idenfifies and summarizes safety and

a wide expanse of research. The end result is a
thorough characterization of health and safety hazards
in manufactured strucmires, along with mitigation

Many of the hazards discussed in this report are not
unique to manufactured structures, while other issues
have been identified as partioular problems for this
form of housing. Further, when mamufactured structures
are used as interim housing following a disaster,
additional health/safety issues can arise. The specific
topics covered in this report are an introduction 1o
manufactured stmictares, fire safety, moisture and mold,
indoor air quality (IAQ), pests and pesticides, siting and
opportunities for future enhancements.
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an issue like effective moisnire manage
pmﬁﬁmxﬂdandmiawdpmbﬂemmmgﬁmge
from good product selection in the design phase to
proper grading of the site during construction all the
way to regular maintenance of the building envelope
after many years of service. Most other health and
safety hazards are similar in nature, with multiple
parties playing an important role in managing risks
from the design of the manufactred home through
its use as a4 home for vears to come.

safety risks in manufactured strucnures are well
this information, with the intent of serving as a
comprehensive resource to inform disoussions and
ﬁm“edecasmmsregamﬁmgﬁaedemmmmm
] nance, and deployment of manufactured
m«esmﬁaei}mwdﬁmﬁxe&

1 wish to thank the working group participants from
ﬂmemersforDmseGmmdmﬂPIﬂﬁmgm,Us
Deparmtment of Housing and Urban Developmen
Federal Emergency Management Agency, US
Department of Education, New York City Office of
Emergency Management, and Harvard School of
Public Health; the expert consultants who reviewed
the draft document during the Safe and Healthy
2008; and subject-matter experts who reviewed
and commented on several drafts of the document.
I believe that these recommendations prmzﬁde
essential guidance on the safe and healthy use of
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that energy savings of 3%-13% are possible with direct
real-time feedback on energy use in the home (Darby
2006). These feedback systems, sometimes referred to
as dashboards, are able to provide information on such
items as instantaneous whole-house electricity use,
consumpfion; and even recommendations on ways 1o
reduce energy consumption.

Water Conservation

Low-flow Toilets and Fixtures

Conserving water also conserves energy that would
otherwise be used to treat and pump water to homes.
Toilets account for approximately 30% of water nsed

in 2 home and represent an excellent opportunity for
water savings (U.S. Environmental Protection Agency
2008b). Federal regulations currently limit the volume
of water used per flush to 1.6 gallons, and products are
now available “with a water flushing device capable of
adequately flushing and cleaning the bowl” (per HUD
EPA’s WaterSense label nse 1.28 gallons per flush (gpf)
or less, saving at least 25% of the water used per flush.
WaterSense labeled dual flush toilets, which have a full
vohime flush for solids and a reduced volume flush for
liquids, use 1.6 gpf or less at full wolume and 1.1 gpf or
less at reduced volume. Flushless urinals and flushless
composting toilets are also available, but are prohibited
by HUD Code, which requires water flushing devices be

Low-flow devices can also be specifiex
shower heads. Water used in sinks accounts for about
15% of water used in a home, and fancets with the
WaterSense label can reduce flow by 30% or more while
delivering comparable performance (U.S. Environmental
Protection Agency 2008c). Showers account for
approximately 17% of indoor water use, and showerhead
flow is capped by federal mandate at 2.5 gpm at 80 psi.
The EPA is cutrently developing 2 specification for a
WaterSense showerhead that will consider such input

as consumer perception, safety, and performance while
achieving lower flow rates. In the meantime, low-flow
showerheads are available, as well as showerheads that
slow to a trickle when hot water reaches them, assuring
that no extra water is wasted as home owners wait for a
shower to warm.
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rechucing the amount of water wasted while waiting for
hot water to armive at the intended destination. Because
of the relatively small footprint of manufacmred homes,
there are inherent water use efficiencies built into the
homes. Today, crosslinked PEX tubing is specified
diameter of this tubing reduces the amount of water
wasted in waiting for hot water to amive. Where not
and spedification of 2 central manifold with individuzal
or “home” runs to each water fixture can further reduce
water heating demands and water consumpitio

(AL

Mﬂ , manufacmired home designs have begun 1o
rate water-catchment systems. For instance, a

ufacmred home collects rain water
Wﬁlmmﬂﬂm@@fﬂm&k.ﬁ@p@dﬁmh&ﬁhm&smm
system can be used for meeting landscaping needs, bt
future modifications to the system could also enable the

Optimizing Indoor Air Quality and Mechanical Ventilation
Significant strides have been made 1o improve indoor
air quality in manufactured homes. Changes have been
made in the HUD Code to control polhatants at the
sc;mmasweﬂasm ensure that whole-honse ventilation
provided mfﬂeﬁﬂmahmﬂmhymmmw
Pamﬂmgg@@dmd@@rmquﬂiﬂyﬂmshﬁenmdwaﬂ
continue to be an iterative process as manufactu I
regxﬂzimsyewmﬂmmeewﬂmngﬂmﬁy@fmmm
this topic as well as the introductfion of new materials
zmﬂmnmmpmdam that may compromise air qma&ﬂy

While HUD Code has a history of being proactive

in addressing indoor air qma}mty (eg., incorporating

el maldehyde, requiding

mechanical ventilation), further opportunities exist

to go beyond code in providing a healthier indoor

environment. By attention to detail during constmuction

mdo@rmqmﬂﬂyﬁhﬁmmhemﬁamddmmgﬁm
nifacturing pr@aegsmdﬂdsﬂnefoﬂ@wmg

= Providing for passive radon mitigation systems
.(pupmg,pr@mce@fdﬁcmmﬂmﬂﬂtfmafam




installation if mecessary) in the built units. Radon
mitigation, which is not covered in the HUD Code,
is especially important for units on basements and/
orumisﬂmmﬂbemum@dmhrgimﬁonmm

- fnﬂ:lrmg that separation between exhauast
terminations and ventilation intakes is at least 10
feet (minimum permitted by ASHRAE 62.2, which is
more restrictive than HUD Code’s 3-foot allowance)

» Location of tightly sealed ducts within conditioned

= [Ensuring that composite wood products (inchiding
products used in floors, walls, and cabinets)
conform to CARB standards, which are more
Association 2008).

» Installing low- or no-VOC carpets.

» Using no-VOC paints for interior finish.

= Use of soy adhesives and resins as an alternative

= Avoiding interior vapor retarders in horhumid
tdlm
flashing of building openings, intersections, and
penetrations (e.g., 2009 IRC Section R703.8).

Optimizing Mechanical Ventilation
Mﬂmmdehmmsmerﬂ@mﬂdmsmmfy

chanical ventilation systems, including whole-house,
kitchen exhaust, and bathroom exhaust systems. While
the ventilation specifications of the HUD Code are
HUD Code does not address the use of intermittemnt
wheole-house ventilation or permissible sound levels for
mmbn@mmmmmg}owsmdﬂfve]sfm
supply and exhaust fans increases the likelih i
Dmpmmmmmﬁmmmmumdspﬂnﬁﬁd
mechanical ventilation systems.

Manufacturers that desire to provide indoor air
specifications may look to ASHRAE 62 2 for guidance
addressed within HUD Code. ASHRAE 622 has mow
building codes of California and Maine and is also a

Consensus Gommittee, which is responsible for

be mentioned that while ASHRAE 622 provides a

more thorough ventilation specification reference, its
Code rates, depending on the number of bedrooms
contains lower pollution concentrations than indoor air,
higher ventilation rates should result in better air quality.
A notable exception to this premise is when introduction
of outdoor air increases the humidity level of the indoor
air 1o levels that are conducive for condensation and
mold growth.

While providing higher ventilation rates generally
results mmﬂo&rwq&mlﬁy ﬂmﬁﬂﬁ@ma
severe energy penalty asso i
energy use as well as energy n—equned condition the
outdoor air to indoor set points. Neither ASHRAE 62.2
mor the HUD Code address the energy use of ventilation
equipment, which is an important consideration given
that ventilation distribution systems alone can consume
as much as 3100 kWh annually in manufactured homes
(assuming 330-watt central blower operates

continuously for ventilation distribution) (Lubliner

et al. 2003). Manufacturers have mmitiple options for
systems. If a whole-house exhaust-based
ventilation system, specification of Energy Star exhamst
fans can be a very economical choice (e.g., payback

of 1.2 years and savings of 580 kWh per year when
operated continuously versus a builder-grade exhaust
fan, assuming $0.11/kWh). “Smart” versions of this
system ventilate only as much as needed to meet a
periods when exhaust fans are min for bath exhaust too.

Spedification of heat and energy recovery ventilators
(HRVs and ERVs), which precondition outdoor air
with exhausted indoor air before introducing it into
the space, can provide another energy efficient option
ffor mechanical ventilation. A recent DOE study
heating and cooling energy savings of HRVs over
other mechanical ventilation systems in a cold dimate
2000 KWh (Tubliner et al. 2005). The energy efficiency
of central fan integrated systems, which introduce fresh
outdoor air into the return plenum of the central duct
syslem,canbemapxmeﬁbymrmgmmemmﬂ
ffan is powered by an electronically Ggﬂm‘ﬁ@i‘
(BCM). An BCM opem:tﬁs at 2 higher efficiency than a
traditional | 1t split capacitor motor, offering up
1o 70% rsm’ﬁm-gs wﬂuﬁm operated continuously (Canada
Mortgage and Housing Conporation 2005).
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As mentioned above, mechanical ventilation for homes
that undergo air sealing and lack sufficient natural
ventilation is critical. Providing for air exchange
with indoors can help control indoor humidity and
exhaust airborne chemicals and pollutants. Fresh
ventilation air is also filtered in many systems to remove
benefits of mechanical ventilation will only be realized,
however, if the systems are allowed to mun by the
residents. Therefore, systems that are reasonably quiet
and energy efficient to operate, as well as automated,
are important for occupant health and safery.

DESIGNING FOR DURABILITY
AND DISASTER

are often used to provide emergency and short-

term housing in the wake of natural disasters that

have destroyed or damaged housing units. Because
where natural disasters ocour, it is o ensure
that their construction is sufficient to withstand the
recurrence of the natural disasters, waﬂnn reason. HUD
Code and state regulations have responded to namnural
disasters by increasing their stringency, with favorable
results (Grosskopf and Cutlip 2006). Nevertheless,
oppormunities still exist for improving the durability and

Hoods

Oﬂmer Hazaxﬂs {Federal Emmgm&ry fanae ]
Agency 2009), provides guidance for installation of
manufacured homes in flood hazard areas. This
resource may be supplemented by state-specific
requirements, and provides foundation specifications
that will help in avoiding a complete structural loss
from flooding. In addition to thoughtful siting and
providing an adequate foundation to resist flood forces,
manufacired homes can be built with flood-resistant
materials that will permit them to weather flood events
more successfully. When building for flood resistance,
assemblies and materials should be selected that can
water immersion, do not provide a food
source for mold, and dry easily. For example, a wall
assembly consisting of the following materials (in order
from exterior to interior) would serve this purpase
(Louisiana State University Agricultural Genter 20082)-

» Cladding: vinyl or fiber cement siding, furred out
from sub layers.

Page T8 | Safety and Health in Manufactured Structures

= Insulation: rigid foam insulation.
= Building wrap.
opened at top and bottom to allow drying.
= Interior finish: non-paper-faced gypsum and
latex paint.
Similardy, the insulation, structure, and finishes of the
floor system may be selected to permit faster drying
instead of the underbelly of the manufactured home
should also permit a faster and less costly recovery
in maintaining a healthy environment.

Termites

Inspecti ions of manufactured homes after the Flonida
hurricanes of 2004 revealed that many of the damage
homes had sustained termite damage and wood rot that
When locating a manufactured home in a location

with high termite pressure (generally coincident with
‘hor-humid climates), specification of termite-resistant
materials for strunctural framing and shearhing is a good
choice. In fact, Hawaii now requires thar termite-resistant
materials (e g, light-gauge steel framing, pressure-treated
lumber, or masonry) are used for all stucmral members

Insulation materials treated with borates (which are
nontoxic to humans) are now available that provide
further termite resistance in the walls. If a borate-<treated
as A lermite-resistant assembly.

Termites thrive in warm, moist conditions where a
cellulosic food source is available. Remowal of cellulosic
debris from around the foundation will minimize

drain spout extensions of at least three feet in length can
help to remove sources of moisture. Regular inspedtion

mmsafheaﬂﬁa/%fetybmmﬁmofﬁnesemm

rention measures, keeping the home’s stucre
mmﬂnsmsemmbm&ﬁa Preventing termites from
compromising the home’s struchural integrity is omacial
for the home to withstand sirong external forces (e.g.,
hurricanes) and keep the residents safe.




