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EXECUTIVE SUMMARYEXECUTIVE SUMMARYEXECUTIVE SUMMARYEXECUTIVE SUMMARYEXECUTIVE SUMMARY

As a follow-on to A Builder’s Guide to Marketable, Affordable, Durable Entry-Level Homes to
Last, the NAHB Research Center teamed with public and private sector sponsors to put the
concepts of the Guide to practical use.   This report details the builder’s experience constructing
four 1,800+ square foot detached single family homes in the Washington, DC suburban area of
Bowie, MD.

The project team designed the building envelope around a 30’ x 40’ foundation for modular
efficiency.   Homes feature varied elevations, layouts, and garage sizes and sites.   Fully excavated
basements and strategic location of structural components and utilities, like steel lolley columns
and the air handler, left over 1,000 square feet of expandable space in the basement.  The
basement space is provided with additional value by the inclusion of roughed-in plumbing pipes
in the slab for a full bathroom, a window and stepped well to provide egress to a future bedroom,
and eight foot ceiling height.

Hard costs for Phase I homes fell between $61.84 and $62.41 per square foot for the base home
on a full basement.  Each home’s base includes $2,300 for the county-mandated fire sprinkler
system and $2,036 in sewer and water system development charges (SDCs) for the third bath
expansion capability.  These numbers reflect the experience of a small volume, infill, builder, as
project size (four lots) and a robust residential market precluded benefiting from the efficiencies
of scale that larger projects capture. Impact fees, permits, and county-mandated architectural
features, like the design’s 20" of brick watertable, added another 14% to these costs, aggregating
$16,425 per house.

Garages came in between $29.54 and $36.33 per square foot of covered parking space.  Not
surprisingly, the garage numbers reflect a 23% economy in creation of the larger, 2-car garage
space (440 vs. 220 sq. ft.)

Project planners considered life-cycle costs in their definition of affordability, so emphasis was
placed on energy efficiency and durability.  All homes included 12-SEER and 8.0 HSPF, minimum
rated, HVAC conditioning units, tankless water heaters, EnergyStar® appliances, and LowE, argon-
filled, double-glazed windows.  Blower door, duct blaster, and HERS ratings that have been
performed, indicate that the homes are EnergyStar® qualified.

The MADE guide advocates planning with sensitivity to the effects of “market creep” -the cumulative
effect on cost, and price, of the inclusion of premium features and materials in a home. Balancing
the affordable with the durable initiatives often tipped the scales to the durable in this project’s
specifications.  Another design team could easily whittle down costs without compromising the
utility or functionality of similar homes.

This report incorporates stakeholder feedback on MADE design concepts and implementation.
Consumers were receptive to the combined use of space and open designs that can result in
less square footage devoted to public areas as long as storage and expansion space were not
compromised.  Among perspective buyers, the inclusion of state-of-the-art upgrades, like intranet
and security wiring, as Category-5 wiring servicing all rooms, contributed more to their perception
of quality than premium finishes, like fiber-cement siding. Public planners and stakeholders, on
the other hand, defined quality by finished square footage and architectural features.
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1.0 INTRODUCTION

Industry surveys1 conducted by the National Association of Home Builders found that there is a
large gap between first time homebuyer’s expectations and home prices. Today’s homebuilders are
encountering customers who are much more demanding, building materials that are more expensive,
land prices that have increased dramatically, and regional building approval processes of ever-
increasing complexity.

In addition, a 1999 study performed by the NAHB Research Center for the U. S. Department of
Housing and Urban Development (HUD) showed that only a small percentage of builders have
successfully tapped into the entry-level market. Many builders claim that it is becoming increasingly
difficult to serve the entry-level homebuyer in today’s market.  In recent years, home builders have
been moving away from providing moderately priced starter homes and instead have been
concentrating on “move-up buyers,” building increasingly larger and more expensive homes.

The NAHB Research Center found that within the five-year period between 1990 and 1995, the
HUD-Code manufactured housing segment grew by 72 percent while similarly sized site-built homes
increased by only 17 percent. Manufactured housing sales grew throughout the last decade to
represent approximately thirty percent of total single-family house sales.   While market share has
leveled off, there is, nonetheless, an indication that the needs of an increasing number of entry-
level buyers are being met with factory built housing.

The results of these studies were the basis for best practices contained in “A Builder’s Guide to
Marketable Affordable Durable Entry-Level Homes.”  Dubbed as MADE, the Guide provides builders
with tools necessary to market affordable housing to the entry-level buyer, while at the same time,
highlighting successful techniques for building affordable, durable housing.  The MADE Builder’s
Guide also proposed that manufactured homes could present a tool for builders to help reduce
costs and overcome labor shortages.

2.0 PROJECT OVERVIEW

As a follow-up to the development of the MADE Builder’s Guide, the NAHB Research Center planned
the MADE home project.  The project consists of four homes, located in the National Research
Home Park, situated 15 miles east of the nation’s capital in Bowie, Maryland.  The objective of the
project was to show that affordable homes can be built that are both attractive and have minimal
operation and maintenance costs.

The NAHB Research Center conducted this project with support from the U.S. Department of
Housing and Urban Development’s Partnership for Advancing Technology in Housing (PATH), the
National Housing Endowment (NHE), and manufacturers.  The NHE and HUD funding was used to plan
the project, evaluate and monitor the homes, and report on the outcome.  The NAHB Research
Center and select manufacturers funded the construction costs.

The project was built in two phases, spanning twelve months.  Two homes of very similar style, the
Aspen and Birch, were built and completed.  Several months after completion of these, an accessible
design, the LifeWise, and a garage under design, the Dogwood, were started.

3.0 PLANNING AND DESIGN

The Research Center already held the four lots chosen for the project. (See Figure 1.) The lots
range in size from 8,000 to 11,600 square feet, and represent the norm for single-family detached
zoning in the suburban vicinity.    They form a parcel at the subdivision’s northeastern border,
between a 35-year-old Levitt subdivision in the older Bowie community and entry-level duplexes.
Larger, newer homes in the subdivision are built on the southern and western edges of this parcel.
Because of the parcel’s transitional location within the community, designs of the four homes
reflected features of the newer homes in the subdivision, while balancing the elevations of adjacent
styles.

1 “What 21st Century Homebuyer Want. A Survey of Customer Preferences”, NAHB Economics
Group, 2001.
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3.1 Site Development and Zoning

The MADE project site is in a planned community of 167 attached and detached single-family homes.
The subdivision was platted thirteen years before as a Comprehensive Design Zone (CDZ), a county
zoning equivalent to cluster development, allowing an overall project density of 3.5 homes per
acre and a single family detached dwelling minimum lot size of 8,000 square feet.  By 1991, the City
of Bowie had incorporated the subdivision into its boundaries, establishing another level of
conflicting jurisdiction.  For example, the City Council had “outlawed flag lots” while the County-
approved comprehensive design plan for the community included some flag lots.  Because the
underlying zoning prevails, development approval lies, ultimately, under County jurisdiction.  The
City Planning Board and City Council are allowed project review and comment prior to a County
hearing, but County level project approval can be obtained in spite of City disapproval, as was the
case with the MADE project.

While the CDZ embodies many “Smart Growth” concepts that allow project flexibility in siting,
architectural design, and density, its process flow envisioned large-scale development review, which
is unnecessarily burdensome for infill construction.  For example, Specific Design Plan (SDP) review,
the third step in CDZ approval required to proceed with permits for this parcel, required four public
stakeholder meetings (three at city level, one at county level) and a 70-day review period that
actually logged in at six months, not including the 30-day appeal period following SDP resolution.
(see Table 1).

SDP required a storm water management (SWM) plan, site plan, architecturals, and a tree conservation
plan or waiver from conservation requirements.  Two months of the review time elapsed while the
City and County deliberated jurisdiction on storm water management oversight.  In the end, the city
accepted an engineer’s site flow calculations that demonstrated that existing infrastructure would
sustain the additional runoff from development of the ¾ acre parcel, but technically SWM approval
was never documented.  Ironically, nearly one third of the available area of one of the MADE home
sites, is restricted to development by an easement containing sewer and storm water pipes originally
sized for the entire community’s build-out.

Figure 1. Original Record Plat
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Two of the project’s four lots were originally platted as flag lots with driveway locations adjacent
to and parallel with the pedestrian path that connects children in this neighborhood with the
elementary school in the older adjacent community.  The six-foot wide path that bisects the parcel
is paved with an asphalt surface.  Construction of two long driveways to access the rear lots and
two shorter driveways as the front lot’s vehicular egress on a site of this size would be a costly
approach.  In addition, one of the rear lots had utility easements that constrained its building envelope,
but the driveway could encroach.

Locating the driveways as far from the path as possible and reworking the lot lines was selected as
the best way to accommodate the new homes while recognizing the established use of the parcel.
The use of shared driveways on the outside edges of the lots increased the amount of  “green
space” area for pedestrian views, and reduced the impervious area on the site.   The community
easement also provided an open area for the enjoyment of the community’s residents.

The modified lot lines required a new record plat that would add thirty days to the permitting critical
path.  The refinement of these site details and keeping traffic away from the pedestrian walkway
connecting the two neighborhoods was deemed to be a worthwhile trade-off for the delay.

Table 1. County Guidelines for Specific Design Plan Processing

*Timeline estimates were unofficially provided by M-NCPPC staff and confirmed by the project engineer.

Figure 2.  Revised Site Plan
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3.2 Home Designs

Two of the homes were designed around a compact/flexible 1,850+ square foot 1 ½ story design
on a 30' x 40' footprint. (See Figure 3.) The remaining two units were to have been manufactured
homes installed on permanent basement foundations.  Figures 4 and 5 show architectural renderings
of the homes originally planned for the project.

The manufactured home designs detailed for lots 65 & 66 required significant site-built features,
including foundations, garages, and porches.  Preliminary budget figures for the manufactured homes
indicated no savings over site built homes.  For this reason, two additional versions of the site built
designs were incorporated on the north lots, 65 and 66. (See Figures 6 and 7).

Figure 3.
Site Built Home for Lots 63 & 64 - the Birch and the Aspen

Figure 4.
Manufactured Home for Lot 65

Figure 5.
Manufactured Home for Lot 66

Figure 6.
The LifeWise Home for Lot 65

Figure 7.
The Dogwood Home for Lot 66
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One of the newly designed homes was named the “LifeWise” home. The design features universal
accessibility, the space and amenities desired by a family, and the adaptability to accommodate
aging lifestyles and abilities.

4.0 DEMONSTRATION OF MADE CONCEPTS

4.1 Expandability / Flexibility

4.1.1 Basement - Preliminary soil borings at the site indicated that most of the building envelopes
contained a minimum of three to four feet of fill dirt that would require removal at footing locations.
So, site conditions dictated that the least cost foundation was a crawlspace with approximately
five feet of wall.  However, the incremental cost of excavation and foundation wall for a full in-
ground basement, and the feature’s predominance in the region, supported the inclusion of a
basement in the design.  A well-designed basement would also provide space for increasing the
finished living area of the homes.

The foundation’s shape was kept simple to economize on cost.  A 30’ x 40’ rectangle provided the
basic shape.  The footprint’s lack of complexity sped excavation, layout, and installation.  Architectural
interest was achieved with offsets between house and garage, a bay window supported by
cantilevered floor joists, and porches supported by piers.

Figure 8. and 9. Completed Aspen (front and rear elevations)

To facilitate the basement’s future expandability, bearing columns were carefully planned for locations
that would likely be used for future walls in a basement retrofit. During design, a basement bedroom
was assumed to be a future need, so plumbing rough-ins for a nearby full bath, and a window that
could accommodate a fire escape to the outside, were incorporated into the design.  HVAC ducts
were specified to be in plane with the first floor trusses so headroom could be maximized. Using
open web floor trusses as support members facilitated duct placement and assured that mechanical
trade installers would not compromise structural members.

Figure 11.
Egress Window Well Completed

Figure 10.
Basement Egress Window Well Before Backill
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Two of the basement foundations were built with reinforced precast concrete panels by Superior
Walls .  These walls are cost competitive with formed/poured concrete walls and block foundations
while providing features that aid the future refinishing of the basement.  The panels include  reinforced
concrete interior “studs” that are cast with a wood furring strip on the interior side.  The design is
structural while the furring strip and adjacent wall cavity area provide for later attachment of batt
insulation and finish wall material.  The “studs” are also drilled for a wire chase to facilitate a later
build out.

The Phase II homes were built on split face block foundations.  Some areas of these lots had 30%
grades, so a considerable amount of foundation surface would be visible.  Split face block was an
efficient and aesthetic material for this condition. The foundations were built with 8” split face
block that was reinforced with grout and steel reinforcement bar engineered for site soil conditions,
just as a concrete masonry unit (CMU) foundation would have been.  Where block would not be
visible after finish grade was established, conventional CMUs were used.

Figure 12.
Ducts Located in Floor Joists

Figure 13.
The Birch - Precast Wall System By Superior Walls

Figure 14.
The Dogwood - Split Face Block

Foundation
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4.1.2 Open Floor Plan/Combined Use of Space - The first floor level of the homes was designed
to maximize available square footage without limiting likely uses of the spaces. For instance, only
61 square feet of the 1,200 possible was dedicated to hallways, leaving traffic flow to be detailed
by the homeowner with furniture and carpet placement.  Two of the designs featured a  “U- shaped”
kitchen in the middle of the open space while another featured an “L-shaped” kitchen with center
island at the end of the open space.  Layouts allow individual customization of the surrounding
spaces, as well as, demonstrate the versatility of this footprint.  (See figures 15 and 16).

Each MADE home has two rooms that could be used as bedrooms on the first floor.  The walls of
these first floor bedrooms are defined by the stairway, bath, and/or mudroom (garage entry), with
only one interior wall detailed specifically for area separation.  This type of multiple purpose design
of interior walls assures that space is not wasted and reduces finishing costs by minimizing walls
used solely for space definition.

Second floor levels contain a full bath, storage, and either a bedroom or a loft overlooking the first
floor and another bedroom.  Any number of uses from office to home theater could be assigned
to the second story rooms.

The undefined halls and wider traffic flow patterns that result from implementing the open plan
MADE design have the added effect of allowing better accessibility within the house to persons
with special needs.  All interior first floor door openings are 31” wide for wheelchair accessibility.

The LifeWise home, in Phase II of the project, was specifically designed to accommodate maturing
adults, allowing them to “age in place”.  The home features amenities desired by a growing family,
like a covered wrap-around porch, three bedrooms, master bath with whirlpool tub, and second
floor family room with snack center.  The first level of the home is also accessible to persons with
disabilities.  Design details such as no-step entries, 36” wide door openings, bath grab bars, wide
hallway, a roll-in shower, and a five-foot turning radius in bath and kitchen can accommodate persons
requiring the use of a wheel chair. The second floor can function as a suite for a caregiver or
boomerang child, while aging owners can “downsize” to the 1,290 square foot of living area on the
first floor.

Figure 15.
Birch Kitchen

Figure 16.
Dogwood Kitchen
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4.1.3 Attic Living Area - Following the architectural style of a turn-of-the-century craftsman bungalow,
a steeply sloped roof rises from the first floor walls.  The 8/12 pitch allows ample headroom under
the rafters for more than 600 square feet of the second floor level. (See Figure 19.) The area
proves adequate for stairway access, bath, and two rooms.  Approximately 450 square feet of
storage is gained under the eaves as a result of the conventionally framed roofs in the Aspen and
Birch.

In planning Phase I of the MADE project, second floor space under the rafters was to be rough
framed for later expansion by the homeowner as family and finances grew.  One home in the
project would have featured the “optional finished second floor”. That treatment would have
allowed capturing actual cost differences between the two homes, while allowing visualization of
the base house’s expansion value.

Unfortunately, both City and County level project reviewers were opposed to the 1,200 square
foot size of the design. Therefore, architectural approval was granted contingent on finishing the

Figure 17.
LifeWise Dining/Living Area

Figure 18.
LifeWise Kitchen

Figure 19.
Attic Area Framing - Aspen and Birch

Figure 20.
Attic Collar Ties - Aspen and Birch

Figure 21.
Attic Area Framing - Dogwood
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additional 600 square feet on the second level. So, planned future expansion capability at the
second level was limited by local mandate.

Phase II (LifeWise and Dogwood) roofs were framed with roof trusses.  The designs showcased an
alternative method of framing the second floor and roof structure.  Because the truss designs
included a raised heel to accommodate the porch roof pitches and deeper floor trusses for the
greater clear span of the second floor, this method produced structural material costs that were
approximately $1,500 more than the conventionally framed roof.2

4.2 Planning For Future Construction

Again, attributable to the CDZ flexibility, County plan reviewers determined the “build to” or front
lot line.  House elevations were then drawn so that either the vehicle entrance side or the opposite
elevation could be the “front”.  All but the design on lot 66 could also be turned 90 degrees on the
lot, but that would have been awkward for garage egress.  In the end, the fronts were designed to
parallel the pedestrian path, rather than the street.

Given the MADE homes’ spaciousness and future expansion area provided by the basements, the
design team was challenged to identify other future interior alterations.  Closing in the loft in the
Aspen or opening up the second bedroom on the first level were easily accomplished during the
construction phase. Floor framing of the LifeWise home included a 4’ x 4’ framed area in both
floors that can be easily removed for an elevator retrofit.

4.3 Curb Appeal and Marketability

4.3.1 Size - The MADE designs are approximately 25 feet in height from grade to roof ridge.
These come within seven feet of the overall height of the surrounding newer two-story colonial
homes, and are about seven feet taller than the surrounding older ranch homes. This juxtaposition
of heights provides visual interest and serves as a gradual transition from one community to the
next.  The home colors match those common in the newer neighborhood.

4.3.2 Elevations - The simple rectangular lines of the foundation are carried through in the MADE
homes’ exterior walls.  Designs have porches to provide visual interest and diversity between
elevations.  Some of the porches are large enough to serve as outdoor rooms, while others merely
provide shelter from the elements at entryways.  The porch roofs with reverse gables add variety
to the rooflines, while minimizing costly complexity of roofing details.  The porches overlooking
the pedestrian path evoke the charm of traditional neighborhood developments.

Figure 22.
Aspen Front Porch

Figure 23.
Birch Front Elevation

2Appendix I contains representative building sections for these framing methods.
Appendix II contains labor and cost differences between the two framing methods as observed at this site.
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While not in the original design plan, 20” of brick veneer topped with a rowlock course, accents the
foundation and piers of two of the MADE homes.  County plan reviewers negotiated this into the
architectural details, rationalizing that brick was prevalent in surrounding elevations.  Brick red was
also County-specified as the color for the two foundations built of split face block.

A cedar-grained, beaded-edge, fiber-cement siding with an 8” exposure provides the exterior cladding
for Phase I homes.  A simpler, smooth lap siding with the same exposure is used on the others.
Both factory-primed lap siding styles have the appearance of wood siding while providing greater
durability than wood.  This attribute gives fiber-cement siding a longer warranty period and
maintenance intervals than wood sidings.

Stamped and stained concrete walks connect some of the front porches to the pedestrian path,
welcoming neighbors and guests.  The walks have the rugged, enduring appearance of slate that
contrasts well with a neatly manicured lawn.  Walks have been oversized to match the five-foot
wide porch steps, creating a grander entry impression.

The cornice detailing is suggestive of the “Arts and Crafts” style.  The eighteen-inch roof overhangs
and twelve-inch gable rake overhangs project deep rich shadow lines.  Overhangs enhance durability
as well as beauty by shedding rainwater away from openings, cladding, and foundation. Window
and door trim, frieze, fascia, and corner boards, all made of composite materials, carry through this
theme of function and architectural detail.

Figure 24.
The Birch - Rear Elevation

Figure 25.
Stamped Concrete Walk
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Because the Phase I roof have high visibility, they were covered with architectural shingles.  A metal
standing seam shingle product was used on the other two roofs.  The nearly equal siding to roof
square footages (1,840 to 1,652) highlights the prominence of the roof in the elevation.  The
affordability of roofing upgrades capitalizes on the value added by these durable and attractive
products.

4.4 Durable and Affordable Construction

The initial cost of a home is only one aspect of affordability.  Just as important as first cost is the
ability of a homeowner to operate and maintain a home economically.  Reducing the maintenance
costs of a home requires that durability must be both designed and built into the home.  Often
more durable materials and features add significant construction cost.  Thus, careful attention was
given in the design and specification of the MADE homes to deliver a durable product that would
provide the best possible value.  This was accomplished by focusing on every aspect of the homes
during the three major phases of the construction process - design, material selection, and
construction.

4.5 Design

Data on consumer preferences were first obtained from an NAHB survey3.  Several basic design
principles and small compromises allowed for the inclusion of three and four bedrooms with two
full baths, concepts features that rated high on purchaser’s wish lists.  In designing the MADE
homes, an attempt was made to strike a balance between what homebuyers consider necessities,
while keeping finished living area within the established constraints.  Design concepts include the
details that follow:

Figure 26.
The Dogwood - Front Elevation

3 “What 21st Century Homebuyers Want. A Survey of Customer Preferences.”, NAHB Economics
Group 2001.

Figure 27.
The Aspen - Detail at Garage Offset

Figure 28.
The LifeWise - Left Side Elevation
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4.5.1 Minimizing Hallways – long narrow hallways can consume large amounts of a floor plan
without careful planning. The majority of rooms in the MADE home designs have direct access from
the main living areas, reducing the need for halls.

4.5.2 Eliminating the Powder Room – Many current two-story home designs include a half bath or
powder room on the first floor and two baths on the second floor, where all bedrooms are located.
By moving two bedrooms to the first level we were able to incorporate a bathroom that is shared
by the bedroom occupants as well as invited guests.  This not only saved valuable living space, but
also reduced construction costs.

4.5.3 Modular Dimensions - Working within modular dimensions reduces costs in virtually every
aspect of construction.  A floor plan based on dimensions common to the materials to be used,
usually two foot increments, reduces construction costs.  Modular dimensions save framing material
and reduce costly exterior siding details.  The MADE homes were based on a 30’ by 40’ plan and the
simple rectangular shape limited outside and inside corners to eight including those of the attached
garage.

4.5.4 Stacked Bathrooms - A simple, yet cost saving concept that was incorporated into the MADE
homes, was to stack the bathrooms on the first and second floors and the basement rough-ins.
This has long been a common feature of affordable design.  It is relatively easy to do in a compact
design and can save substantial time and material for the plumber.

4.5.5 Kitchen Pantry - Kitchens are often the most expensive room of any new home.  Cabinets
are costly and homebuyers are demanding more storage space in kitchens.  One way to add storage
space, without adding expensive cabinets, is to incorporate a built-in closet or pantry.  This doesn’t
have to be an extravagant walk-in closet with expensive shelving.  In fact, the version incorporated
into the MADE design is nothing more than a regular five-foot wide closet with five wire shelves,
but it provides as much storage space as all of the wall cabinets in the kitchen.

4.5.6 Roof Overhangs - The exterior finishing system of a home is critical to its durability.  Perhaps
the best method to increase the durability of the exterior siding of a home is to keep water away
from it.  Increasing the size of the overhangs on a home, while adding some costs, provides huge
gains in durability.  The MADE homes have 18” overhangs on the eave walls and 12” overhangs on
the gable walls. (See Figure 30.)  In addition to improving the durability of the home, overhangs also
enhance the curb appeal of the home by adding shadow lines and detailing at cladding transitions.

Figure 29.
Kitchen Pantry - Aspen Home
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4.6 Material Selection and Construction Costs

Material selection and installation is critical to creating a durable and attractive home.  Typically,
higher quality materials also come with a higher price tag.  The concept for the MADE homes was to
choose reasonably priced materials that have the potential to increase durability and enhance the
aesthetic appeal of the homes, while holding costs to a practical level.  Integrating new and innovative
technologies is an important focus of this type of research home.  However, care was taken not to
allow the urge to incorporate new technologies that compromise affordability or durability of the
homes.  Rather, new technologies were incorporated to address the marketable, affordable, and
durable concepts.

Table 2 breaks down the total costs and square foot costs into the major components of the
home.  Costs for the 30’ x 40’  main house were separated from the garage and basement costs, as
well as the costs for permits and the County-mandated brick water table.  The costs were separated
to allow builders to estimate the costs of these units on different foundation types.  Cost would
be representative of a home built on a slab foundation.  County-mandated costs were separated
out so that the high permit costs wouldn’t skew the actual hard costs of construction.  The County
also mandated the brick water table, which otherwise would not have been installed.

Table 2.
Construction Cost Breakdown/Summary

Table 3 provides a detailed breakdown of actual costs for Phase I homes.   It is important to keep
in mind that these costs were achieved for a one-time project.  A builder with any significant
volume should be able to reduce these costs substantially through both material purchasing and
subcontracts.  It is also important for builders who are not familiar with costs in the Washington
metropolitan area to note that this is an area with some of the highest construction costs in the
nation.

stsoCdraHesuoH stsoCegaraG stsoCtnemesaB stsoCytnuoC
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46toL

hcriB
36toL

nepsA hcriB nepsA hcriB

095,11$stimreP

egatooFerauqS 519,1 398,1
rac2

044
rac1

042
002,1 002,1

tsoC 367,89$ 718,69$ 799,21$ 817,8$ 867,02$ 062,02$
529,4$elbaTretaWkcirB

.tf.qSrePtsoC 75.15$ 41.15$ 45.92$ 33.63$ 13.71$ 88.61$

Figure 30.
The Aspen Home has18” Overhangs (left) and 12” Gable Overhangs (foreground)
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Category Aspen Lot 64 Birch Lot 63

General Conditions Temporary Sanitary Facilities $191 $191

 Temporary Heat $427 $427

Miscellaneous $664 $664

Site Cleanup $372 $372

Interior Cleaning $300 $300

Site Surveying $555 $555

Permits Building Permit $6,500 $6,500

Tap Fees – WSSC $5,090 $5,090

Exacavating/Sediment Control $4,033 $3,841

Foundation Foundation/Walls/Slabs $19,084 $18,576

Foundation Waterproofing $375 $375

Termite Treatment $250 $250

Egress Well/Cover $1,059 $1,059

Brick Watertable $4,925 $4,925

Framing – Material Framing Material1 $9,325 $7,636

Trusses – Floor1 $3,643 $3,612

Trusses – Roof $1,620 $872

Framing Labor $8,600 $8,600

Doors/Windows Windows $3,574 $3,574

Exterior Doors $860 $860

Garage Doors $900 $625

Exterior Finishes Roofing $3,795 $3,795

Fiber Cement – Siding/Cornice/Decking $13,273 $13,204
Exterior Rails $876 $883

Plumbing $8,477 $8,477

Sprinkler System2 $2,300 $2,300

Electric Electric Service $4,534 $4,553

Fixtures $691 $691

HVAC $5,280 $5,280

Security System/Structured Wiring $1,675 $1,450

Insulation Insulation $2,368 $2,368

Airsealing $134 $134

Drywall $5,664 $5,664

Interior Trim Material $1,845 $2,312

Finish Carpentry $1,705 $1,555

Shelving $376 $381

Door Hardware $330 $344

Kitchen and Bath – Cabinets/Countertops $3,520 $3,493

Painting – Interior/Exterior $5,000 $5,000

Flooring Carpet $1,269 $1,672

Vinyl – $1,695

Hardwood $4,320 –

Ceramic $1,800 –

Exterior Concrete Sidewalks – Stamped $1,625 $1,150

Driveways/Leadwalks $1,365 $1,151

Gutters/Downspouts $384 $384

Appliances $1,700 $2,700

Landscaping $2,415 $2,795

Subtotal General $2,509 $2,509

Subtotal Permits/Fees $11,590 $11,590

Subtotal Hard Cost $134,969 $128,236

Total Construction $149,068 $142,335

Table 3.
Construction Costs

1.  The Aspen has a two car garage compared to the Birch’s one car garage.  The Aspen has a cantilevered bay in
the living room and an additional reversed gable feature over the rear porch.
2. County code required for all homes built after 1995.
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5.0 CONSTRUCTION

5.1 Foundations

Everything begins with a good foundation.  The MADE homes incorporated two different foundation
systems.  Phase I units were built upon Superior Walls  precast concrete wall foundations atop six
inches of crushed stone rather than a concrete footing.  This allows for the free movement of
water under the basement walls to the sump crock.  This is in contrast to concrete footings that
can block water from reaching the sump and allow it to build up against the basement walls.

Precast foundations have significant benefits relating to durability.  The walls are cast with 5000 psi
concrete that is naturally water resistant.  Although additional waterproofing was not necessary,
local codes required additional protection.  This was provided with an acrylic, spray applied coating,
in lieu of traditional asphalt based coatings.

The company uses its own experienced installers for all installations. In their price quotes, they
include a pre-installation site visit, installation, and the crane used for the installation.

Preparing the gravel footing for the walls began with setting steel rods for the string line marking
the outside location of the foundation walls. Prior to the installation day, a surveying crew installed
brick points.  A vibratory plate tamper was run around the perimeter of the foundation twice to
lock the stone in place.  This provided perfectly level and smooth surface on which to place the
walls.  The preparation time for each lot took about two hours.

Installation of the precast foundation walls could not have gone smoother.  Setting the walls was
extremely fast, taking only an hour. One installation was scheduled for each of two consecutive

Figure 32.
Tamping the Gravel

Figure 33.
Leveling the Gravel Footing

Figure 31.
Placing Gravel Base
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days.  In hindsight, it was obvious that two or more of the 30’x 40' foundations could have been
completed in a single day.

Wall panels were hoisted into place via integral “pick points” cast in the wall panels during
manufacturing. The first panel was set in place and braced with 2x4s. The second panel was placed
to form a corner. Panels were connected with 5/8" bolts at the top and bottom of the walls. Bolts
were inserted through steel plates cast into the wall at the factory. After one corner was set, no
further bracing was required. The careful preparation of the gravel base and the skill of the crane
operator ensured that virtually no prying or banging was required to pull the panels together. The
final panel slipped right into place, leaving a square and level foundation.

Figure 36.
Panel Connection

Figure 34.
Setting Panel 1

Figure 35.
Setting Panel 2

Figure 37.
Completed Installation

Figure 39.
Panel Connection

Figure 38.
Panel Installation
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The Superior Wall®  panels were cast with a brick ledge on three sides of the foundation to
accommodate a brick veneered water table. Ledges to support the garage stem walls and pockets
to accept the interior steel beam were also cast in the panels.  The bond beam at the top of the
wall was predrilled to accept  bolt fasteners for the wood sill plate connection.

Walls required bracing before backfill, just like traditional block or concrete walls.  Precast walls
contain less mass than masonry walls, so friction and the wall’s dead weight are insufficient at
resisting the lateral earth pressure during backfill.

5.2 Framing

Two of the MADE home roofs were framed using conventional wood framing techniques. All  floor
systems were framed with wood open-web floor trusses.  Although the floor trusses were more
costly than solid sawn lumber, they have some important benefits.  Floor trusses can be designed
to span greater distances than dimensional lumber.  This provides flexibility in design.  The open
webs allow plumbing, electric, and HVAC runs to be kept within the floor system, without drilling or
cutting the members.  Also, the 3 1/2-inch wide top and bottom chords provided ample space for
gluing and nailing the subflooring.

An example of the “systems thinking” that went into each aspect of the project can be seen in the
floor truss layout.  Trusses were engineered as end bearing members in lengths shorter than the
overall building length of 40’.  An innovative end detail allowed members to “share” bearing at load
transfer points, rather than offsetting trusses at bearing conditions (see figure 42.)  The notched
area of the truss provided the bearing location for the succeeding truss.  This detail provided
continuous truss bays for mechanical layout and maintained the nailing centerline for the subflooring.

Figure 40.
Brickledge

Figure 41.
Floor Trusses
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A moisture resistant, 3/4 inch, tongue and groove oriented strand board (OSB) was used for the
subflooring.  The cost of this product fell between commodity OSB and plywood.  It proved to be
a wise choice.  The homes were rained on twice before they were covered, but no edge swelling
was experienced.  The trusses and moisture resistant subflooring provided a stiff, squeak-free
floor without the added cost and time of using screws as subflooring fasteners.

Main roofs of Phase I homes were framed with rafters.  Garages and porches were framed with
pre-engineered roof trusses.  Using dimensional roof framing members allowed maximizing the
area on the second floor, both for living area and storage.

The main house roof was framed with 2x10’s at 24 inches-on-center at an 8/12 pitch, resulting in
an outside peak height of approximately 14’.  The 8’ interior walls on the second story were designed
as bearing walls to avoid the need for closer rafter spacing and longer lumber, as well as to optimize
engineering of the laminated veneer lumber (LVL) in-line girders supporting the second floor.  Lapping
the rafters over the interior wall also made for easy rafter layout and installation.

Figure 42.
Top Chord Bearing Condition

Figure 43.
Installing Floor Sheathing
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Using similar optimum value engineering concepts, collar ties were sized for the maximum span
allowed in the building code for a 2x6 ceiling rafter.  In order to assure that the rafter was within
code specifications, the maximum span, 12’, was the length purchased.  These collar ties where
then installed by leveling and fastening to the sloped ceiling rafters on either end. When installed,
the clear span of the lumber was less than its 12’ length. The resulting trayed ceiling is just over 10’
high and just over 11’ wide.  The second floor space benefits from this higher ceiling, often considered
an upgrade, which actually facilitated material usage conservation.

5.3 Roofing
Architectural fiberglass roof shingles with a 40-year limited warranty were installed on the first two
MADE homes. Special attention was given to details that increase the durability of the roof assembly.
Thirty pound felt building paper, rather than the typical 15 pound weight, was installed beneath the
shingles. Valleys were flashed with a polymer modified asphalt membrane ice and water shield.  Drip
edges were installed at soffit and rake overhangs.

Where roofs abut vertical walls, the weather-resistive barrier  (WRB) was slit horizontally with step
flashing installed into the slit and under the WRB to direct water from behind the siding out onto
the roof.  A roll ridge vent was used to complete the passive attic ventilation, with shingles installed
on it to provide an aesthetically pleasing ridge.

5.4 Plumbing
The depth of the sewer main allowed for gravity-drained basement bathroom. The basement was
not finished, but a bathroom rough-in was provided.  This facilitated the MADE design concept of
expandability - allowing entry-level homebuyers to have a house that can grow as their family and
finances do so.

Figure 45.
Rafter Template

Figure 44.
Bearing Interior Wall

Figure 46.
Valley Membrane and Drip Edge Installed
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An important cost-saving technique set forth in the MADE Guide promotes stacked bathrooms in
the design of the home. This concept saves labor and material by reducing the amount of piping
and drilling. Reduced piping also means less potential for leaks!

CPVC water supply pipe and PVC drain lines were installed for both durability and price
considerations. Air admittance valves (AAVs) were used to eliminate roof penetrations by plumbing
vent pipes.  In addition to eliminating the need for roof penetrations, AAVs substantially reduce the
need for large diameter holes in both bearing and non-bearing walls. They also saved about 100
feet of two- and three-inch PVC pipe per house.

Although air admittance valves enjoy widespread code approval, the Washington Suburban Sanitary
Commission (WSSC), the local water and sewer authority for this project, did not approve them.
However, working with WSSC code officials and the manufacturer, a waiver was obtained for this
project.

A plumbing riser diagram was prepared by Studor  to make things easy for the plumber - a support
service the company provides to any builder willing to try out their product. The design incorporates
four AAV’s.

Figure 47.
Plumbing Stack Diagram
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One, two-inch vent pipe was required to be vented to the outdoors. This was accomplished by
using a plastic recess box located in the gable wall, a minimum of two feet above any window
opening. Combining the stacked baths, air admittance vents, and PVC/CPVC piping allowed one
plumber to complete the rough-in in about seven hours. In his words, “That was the easiest two
bath rough-in I’ve ever done.”

Air admittance valves were installed with the final plumbing hook-ups. Installation of the valves
required the use of a sanitary tee installed behind the trap. This required some extra space between
the sink drain and the wall. It did not pose a problem with the double bowl kitchen sink. The
bathroom vanities required some extra fittings to make room for the AAVs, which must be installed
in a vertical position. In hindsight, it would have been much easier to offset the drain at the rough-
in stage. This would have saved some time and fittings.

Figure 48.
Bathroom Vanity Rough Plumbing using AAV’s

Figure 49.
Washer Hookup Rough Plumbing using AAV’s

Figure 50.
Gable Plumbing Vent

Figure 51.
AAV Installed Under Sink

Figure 52.
AAV Installed in Washer Box
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An electric tankless water heater was installed in each MADE home.  Tankless water heaters use
electric resistance coils to heat water as it is demanded, eliminating the standing losses associated
with conventional hot water tanks. Dependent on lifestyles, this can be an energy efficient method
of supplying hot water. The 10-year warranty of the tankless unit is double that of a standard tank
unit.

The plumbing hook-up for the tankless water heater is very similar to conventional water heaters.
One limitation of tankless heaters is that they can only adequately heat a flow of water between
2.5 to 4 gallons per minute, dependant upon the temperature of the cold water supply and the
heater’s set temperature.  While this flow rate is adequate to supply most fixtures with the valve
completely open, hot water flow to tub faucets may need to be partially constrained.  To allow
maximum owner flexibility and comfort, the supply pipe to the unit was decreased from ¾” to ½”
and a gate valve was installed.

5.5 Electrical Service

A 300-amp service was necessary to accommodate the electric tankless water heater, which required
120 amps of electric when in use. The 300-amp service was supplied by two 150-amp panel boxes,
located in the garage and easy to access.

5.6 Structured Wiring and Security on a Budget

With computers now an integral part of everyday life, and security a vital concern for homeowners,
it would have been remiss not to include a structured wiring and security package in the MADE
Homes. A budget of $1,500 was set for structured wiring and security.

Figure 53.
Tankless Water Heater Installed

Figure 54.
The 300 Amp Electrical Service
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4See report, Water Intrusion Evaluation For Caulkless Siding,Window, and Door Systems, January 2002. NAHB
Research Center, Inc. for the U.S. Department of Housing and Urban Development.

The security system includes:

• Magnetic contacts installed on all ground floor windows and doors and those accessible by the
roof.

• One pet-proof infrared motion sensor
• One attic siren and one interior siren
• Two LCD keypads (and pre-wiring for a third)
• An expandable control panel with battery backup and remote access via telephone (wireless

expansion)
• A lighting control module for one light
• An electronic thermostat that can be controlled via telephone

The structured wiring package includes:

• A 14” x 28" cabinet to allow ample room for future expansion
• A telecam/video control module that can support up to six phones/four lines, and four video

locations
• Three video/phone outlets run with CAT 5/twin coaxial shielded cable
• All phone-only outlets run with CAT 5 wire

Low voltage wiring for the first two houses was completed in one day. Because the contractor
providing the security package included the programmable thermostat and TV and cable wiring in
their package, the scopes of work for the HVAC contractor and electrician were reduced which
should have imparted a cost reduction of $200, leaving the net cost of security in the $1,300 range.

5.7 Windows / Exterior Siding / Flashing
In terms of a home’s durability, the exterior cladding is perhaps the most important factor. As with
many facets of construction, things that aren’t visible to the consumer in the finished product are
often the most critical structural- or performance-related elements.

Fiber-cement siding was selected for the MADE homes. Aesthetically, it resembles wood lap siding,
and, dependent upon manufacturer, it is backed by a 30 to 50 year warranty.  We wanted to see if
there was a way to enhance its durability. After close examination of the three major components
of a fiber-cement siding system - siding/trim, caulk, and paint - caulking was identified as the weakest
link. Typically, the caulk fails, causing the paint to fail, then the siding. A method of installing fiber-
cement siding that minimizes caulking was developed for use on the MADE homes. (see Section
6.0)

Figure 55.
Structured Wiring Panel
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Laboratory tests were conducted by the NAHB Research Center to gauge the potential durability of
such a siding system.4 The results of these tests provided support for in situ testing of a caulkless
fiber-cement siding application.

A corrugated weather barrier, designed for use with drainable synthetic stucco systems, was chosen
to provide a distinct drainage plane behind the siding selected. The material was available in 5 x 200'
rolls and priced comparably to other polymeric based weather resistant barriers.

The barrier was  fastened with staples. Cutting a slit across the head of the window created
window openings, and a vertical slit was cut two-thirds down the center of the opening, this center
slit was then cut at a diagonal to the bottom corners of the opening. Excess wrap at window sides
and bottom was wrapped around the framing and stapled.  Next, the bottom of the opening was
flashed with a piece of 30 pound building felt folded over the bottom of the opening and stapled.
A flexible bituminous tape was installed on the bottom corners of the openings and stapled to
hold it in place.

Economical single-hung, vinyl windows were installed in two MADE homes. The money saved on the
single-hung, rather than double-hung, windows allowed an upgrade to Low-E argon filled glazing.
This provided a window with a U-value of .36 for under $200.  Before the windows were installed,
100 percent silicon caulk was applied to the nailing fin on the top and sides of the windows.

The siding contractor completed the rest of the flashing.  The siding contractor had over 10 years
of experience in installing fiber-cement. It was important to find a contractor that was willing to
take the time to pay attention to flashing details. The contractor and one helper took about two
weeks per house to install the siding. No speed records were broken on the installation, but it was
more important to work out the little details of this somewhat experimental method of siding
installation.

Figure 56.
Window and Door Flashing

Figure 57.
Installed Window - Aspen
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The frames of the single hung windows in the Aspen and Birch were approximately 2 1/2” wide.
Blueprint elevations detailed more prominent trim at windows and doors, yet this was a key location
for the elimination of caulk, so the commonly applied 5/4” x 4” primed wood trim would not suffice.
The window frame had an integral J-channel and a universal groove for attachment of additional
vinyl trim, but sources for vinyl trim supply were scarce.  Apparently, vinyl window manufacturers,
who sell directly to builders and distributors, consider the trims as proprietary.  Distributors, the
typical small volume builder source, tend to stock the window only. Either they do not want to
stock the additional inventory associated with these snap-on trims or, perhaps, are not offered
this option by the manufacturer.

Unable to locate a source for the “systems solution” that the snap-on vinyl trim could have presented,
Phase I homes received cellular PVC 1” x 4” face applied picture framed window trim. The fiber-
cement siding edge was installed in the window’s integral J-channel with the trim installed on top of
the siding.

The homes in Phase II also received vinyl windows with a frame that was not wide enough to create
the desired detail. The windows for these homes were ordered without integral J-channel and
cellular PVC brick mold with an integral J-channel was installed butted against the window frame
prior to siding installation.

Galvanized sill flashing was installed over the brick water table. Figure 58 shows that the weather
barrier was held over the flashing. Vinyl mounting boxes for plumbing penetrations and electrical
fixtures were installed with silicon sealant and roofing nails.

The siding contractor kept two circular saws on the job site – one for wood and one equipped with
a special four-tooth carbide blade for cutting fiber-cement. These specialized blades were more
expensive (about $65 per blade), but were well worth the investment. The installer said that one of
these blades would last through about three houses. He used to go through three to four regular
carbide blades per house. The siding was installed with 2” galvanized roofing nails. Where face
nailing was required on fascia and soffits, 8d spiral shank nails were used.

Figure 58.
Galvanized Sill Flashing

Figure 59.
Vinyl Mounting Box

Figure 60.
Fiber-Cement Circular Saw Blades
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The composite corners and j-channel were installed just as with vinyl siding. A wood blade on a
circular saw was used to cut these accessories.  Successive courses of siding were lapped 1 1/4
inches. Butt joints were staggered a minimum of two feet. Once the coursing reached the bottom
flashing on the windows, the flashing was pulled out over the siding to direct water out of the wall.
The window head flashing was 30 lb. felt building paper inserted into a horizontal slit in the weather
resistant barrier and lapped over the side window flashings. For the fascia, 7/16" x 8" smooth
stock was used. A 3/16"-thick material could have been used, but the 7/16" gave some bulk to the
profile.  Before running the siding into the gables and to the top of the walls, a 1” x 2” furring strip
was installed against the soffit. Details worked out well and the final job had a clean and crisp
appearance.

Figure 61.
Outside Corner Trim Installed

Figure 65.
Soffit Detail

Figure 62.
Window Slide Flashing

Figure 64.
Fascia Detail at Rake

Figure 63.
Window Head Flashing
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5.8 Painting
Painting is a very important part of a fiber-cement siding system. It can either make or break the
overall appearance and performance of the job.

Although the fiber-cement siding system in these homes was designed to require no caulk, some
aesthetic caulking was done on the front porches. For this, about six tubes of latex caulk were
used per house. The painting contractor, who has painted dozens of fiber-cement sided houses,
said similarly sized houses that use conventional siding practices require 24 to 30 tubes of caulk
per home. Because of the specially-designed “caulkless” siding system, the homeowner (or painter)
will save time, effort, and money by having about 20 fewer tubes of caulk that have to be picked
and scraped out and replaced when it comes time to repaint.

All of the fiber-cement siding was factory primed. The units were painted with a high-quality, 100%
acrylic latex semi-gloss paint. The key to applying the exterior paint was to lay down two even coats
of paint, rather than one thick coat. This ensured an even luster and a long-lasting finish.

5.9 Exterior Decking and Railing

A tongue-and-groove, wood/plastic composite decking material was selected for the MADE houses.
This material costs about 60 to 70 percent more than radius edged 5/4" x 6" CCA pressure-treated
decking. Despite its higher cost, the composite decking was used because it requires little or no
maintenance and has few exposed fasteners.

Installation was complicated by the 4" x 4" bearing columns that support the porch roofs. The
decking had to be notched around the columns because it cannot support the weight of the roof.
The decking could only span 16-inch on center framing.

The first step in the installation was capping the 2" x 8" pressure-treated rim board with 8" x 3/16"
fiber-cement and an aluminum drip edge flashing to protect the upper edge. A starter strip with a
square edge and a groove was installed at the exterior portion of the deck. The bottom of the
groove projected past the top so it had to be notched at the columns. The strip was then secured
to the framing with exterior screws installed through the bottom of the groove.

Figure 66.
Aesthetic Caulking at Porch Ceiling
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The first piece of decking was then marked, cut, and installed with one screw in each joist. Successive
pieces were installed in a short period of time. Although driving screws is slower than nailing, the
material was perfectly straight, so prying and twisting were not required. Finally, an end cap was
installed to hide the exposed ends of the decking. A four-piece vinyl post cap, installed with aluminum
trim nails, was chosen to cover the pressure-treated post caps.

Figure 68.
Notching Decking

Figure 69.
Fastening Decking

Figure 70.
Vinyl Post Cover

Figure 71.
Vinyl Railing

Figure 67.
Drip Edge and Starter Strip
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Vinyl exterior rails with integral aluminum reinforcement were used for the porches.  The cost was
about twice that of regular wood railings.  Wood rails are very difficult to maintain and are susceptible
to rot because of the large number of edges and corners that are exposed to the elements. The
vinyl rails were chosen for long-term durability.

5.10 Energy Efficiency

Energy efficiency is crucial to the long-term affordability of any home.  However, it is important for
entry-level buyers to hold first costs to a minimum.  A reasonable energy efficiency package was
assembled for the MADE homes based on a EPA Energy Star Builder Option Package for the
Washington, DC area.

A HERS rating5 was performed on the first homes completed.  The Aspen and Birch units scored an
87.3 (86 is the acceptance threshold for an Energy Star Certification). The software predicts an
annual energy savings of $434 when compared to a home designed in accordance with the Model
Energy Code. Blower door tests performed on the Aspen and Birch units resulted in air leakage
equivalent to 3.6 and 2.5 air changes per hour at 50 Pascals (ACH50), respectively. These numbers
indicate air changes per hour (at normal pressure, ACH20) of .22 and .15 for these designs in this
region. The difference in tightness was observed to be attributable to the cantilevered open web
trusses at the first floor bay.   Because of the detail in this location, the air seal would have been
most effectively installed at the exterior planar surfaces, like the soffit at the bay bottom and the
sheathing at the floor truss ends.

5.11 HVAC

The HVAC systems for the MADE Homes were designed to maximize the amount of ductwork
located in conditioned space. In the end, all supply ductwork was installed within the floor systems.
Second story returns were located in the attic area. The HVAC contractor felt more comfortable
with placing those returns in the ceiling rather than the walls. His experience was that this was more
effective in the cooling season.  These return ducts were covered with insulation batts before
blowing in the ceiling insulation. Ducts were sealed with a combination of tape and mastic. Mastic
was used on the areas, such as take-offs from the trunk line that are virtually impossible to tape.

A 12-SEER heat pump unit with a HSPF of 8.0 was chosen for the homes. More efficient units are
certainly available, however, combining an upgraded insulation package and efficient window and
air sealing with the 12-SEER unit met Energy Star for the Maryland climate.

Figure 72.
Completed Deck

5REM/Rate - Residential Energy Analysis Software v 10.21 was used to provide the
HERS Rating.
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5.12 Insulation

 Insulation choices are similar to the HVAC equipment choices in the sense that a balance must be
reached between efficiency gains and initial costs. However, no matter how much insulation you
put in the walls, the most important element in an energy-efficient building envelope is proper air
sealing. Ironically, it is very inexpensive to do. Our contractor charged about $250 per unit to caulk
all top and bottom plates, double studs, and electrical and plumbing penetrations.

High-density R-15 batts were used in the walls, and R-30 batts were installed in the ceiling. Additional
blown insulation was added in the flat portion of the ceilings after drywall was installed. The precast
basement walls contained an R-5 foam insulation.  The 8-inch cavities between the concrete studs
will allow more insulation when the space is finished.

Figure 73.
Ductwork Located in Floor Trusses

Figure 74.
Installed Air Handler

Figure 77.
Sealing Electrical Penetrations

Figure 75. and 76.
Air Sealing at Plates
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5.13 Lighting

Advances in fluorescent lighting have made it possible for builders to assemble an energy efficient,
affordable lighting package.  Today, most lighting manufacturers produce full lines of residential
fluorescent fixtures.

In the MADE homes, fluorescent fixtures were used in the hallways, bedrooms and kitchen.  It was
still hard to find an attractive fluorescent dining room fixture and a fan light kit.  Compact fluorescent
bulbs were used in those areas.  The total cost of the lighting package was under $700.

Figure 78.
Insulation Installed

Figure 79.
R-30 Batts Installed at Vaulted Ceiling

Figure 80. and 81.
Exterior Fluorescent Fixtures

Figure 82.
Kitchen Fixture

Figure 83.
Compact Fluorescent Bulb in Dining Room
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5.14 Appliances

Specifying the appliance package in an affordable home presents the opportunity to include energy
and resource efficient models.  The MADE homes were planned with a complete appliance package,
including washer, dryer, and microwave, because the selected appliances’ energy savings can offset
the incremental costs of purchasing them with a mortgage.  Besides, for many buyers, a first home
purchase is often a resource draining investment, and appliances not furnished by the builder may
get purchased with high rate credit after move-in.

All of the MADE appliances were chosen with the assistance of industry experts at Whirlpool
Corporation, one of the project’s sponsors. Selections centered on product features and life
cycle costs.  One kitchen package included a 30” self-cleaning electric range with coil elements and
a 25” depth that places it flush with the cabinet façade.  A two speed, fan hood/microwave
combination provides for range venting, quick defrosting and heating, and saved on shelf or cabinet
space.  The 18.2 cubic foot refrigerator carries an Energy Star  qualification, as does the five–cycle
dishwasher.

Both the fan and the dishwasher have sound dampening features that were chosen so that activities
need not be curtailed in the adjacent spaces when appliances are in operation.  The refrigerator is
a top freezer model with gallon door storage, interior flexibility, and front-mounted temperature
controls.  This style of refrigerator is the most energy efficient, and is estimated to use only $36 in
energy per year.6  The Energy Star  washer is a large capacity 12-cycle model with a spray rinse
system that conserves water.  The similarly sized dryer uses special air flow design and a dual
system of moisture and heat sensors to detect and reduce drying time, saving energy.   Like the
kitchen appliances, the dryer included a special insulation package for sound attenuation.

5.15 Flooring

Interior flooring is an area where minor changes in either material selection or installation procedures
can significantly increase the durability of the hard surface flooring without adding substantial
costs.

5.15.1 Vinyl Flooring - With the hundreds of choices and wide price range in selections of vinyl
flooring, selections can be very confusing. Surprisingly, one of the most important things you can
do to improve the durability of vinyl flooring doesn’t involve the actual vinyl, but the underlayment.
Typically, 1/4-inch luaun plywood is used as an underlayment when vinyl is installed over wood
sub-flooring. The problem with luaun is that it is soft and susceptible to denting and crushing under
concentrated loads such as furniture legs or high-heeled shoes. Rather than luaun, a 1/4 inch fiber-
cement underlayment was chosen. It has substantial water resistance and great impact resistance.
It added about $0.40 per square foot to the cost of the floor. This material came in 4' x 4' sheets.

Figure 84.
Freestanding Range and Refrigerator in U-shaped Kitchen-Aspen

6 Based on a 2001 U.S. Government (compiled) National Average cost of $0.829 per kWh for electricity.
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The material was cut by scoring it with a utility knife and snapping the sheet.  It was fastened with
1/4 inch x 1 1/4 inch crown staples on 8-inch centers. A cementitious seam patch is used just as
with luaun plywood. A propane torch speeded the drying process for this patch. After the seam
patch was dry, a slightly upgraded vinyl with a durable matte finish was installed using latex adhesive
and conventional installation techniques.

6.0 INVESTIGATION INTO THE PERFORMANCE OF CAULKLESS FIBER-
CEMENT LAPPED SIDING

6.1 Purpose

The in situ field monitoring of moisture migration behind the cladding of the Aspen’s south elevation
gable wall was planned to supplement laboratory research7 and support the potential for eliminating
caulking from exposed exterior applications without compromising the building envelope. The
objective of this monitoring was to record weather conditions over a one-year period and the
effect and amount of moisture infiltration of the building envelope.   Data collection was focused
on the area between the exterior cladding and the weather resistant barrier (WRB) and on the
interior of the wall sheathing.  The measurement of liquid water behind the exterior cladding and
the moisture content of the oriented strand board (OSB) sheathing and dimensional lumber window
header (2” x 10” Southern Yellow Pine), and wall bottom plate (Spruce/Pine/Fir) provided the data
collection standards and locations.

6.2 Moisture Migration Monitoring Setup

6.2.1 Background - The Aspen is conventionally framed with 2”x 4” studs at 16” on center and
sheathed with 7/16” OSB.  The exterior sheathing is wrapped with a vertically corrugated WRB.  The
corrugation provides distinct drainage channels.  Horizontal lap fiber-cement siding with a seven-
inch exposure is directly applied over the WRB (firring strips were not installed).  Single hung vinyl
windows were set with caulk behind the nail fin then nailed through the fin holes.  Twinned windows
were joined with the factory mullion and installed as a single large unit. Windows were counter
flashed with 30 lb. felt paper.  Siding was butted into an integral J-channel to the window frame
vertical edges.  Cellular PVC picture-framed trim was face screwed on top of the painted fiber-
cement siding.

The surfaces directly around and under a pair of 3050 vinyl windows on the southeastern wall
were chosen to represent the worst-case scenario for cladding penetration by the elements.  The
large window opening provided a number of connecting points of various building materials, typically
the weak points in an envelope.  The gable wall with its 12” rake overhang presented the largest
exposed surface of the assembly to the elements.

6.2.2 Outdoor Parameters - Six leaf wetness sensors were applied to the outside surface to
determine if liquid water was present behind the cladding. The sensors were located between the
fiber cement siding and the weather resistant barrier.  Three sensors were installed approximately
one and one half feet below the window sill at equal distances across the window width underneath
the fiber-cement siding and on top of the WRB.  Two others were installed at equal distances up
the left side of the window behind the fiber-cement siding and on top of the flashing.  The last
sensor was installed at the window head on top of the window side flashing and underneath the
window head flashing and fiber-cement siding.

A temperature/humidity probe and an anemometer were mounted above the test window and wall
to record outdoor temperature, relative humidity, and wind speed and direction.  A rain gauge was
mounted at the apex of the garage roof approximately forty feet away from the anemometer
where it would not be visible from the street.

7Water Intrusion Evaluation For Caulkless Siding, Window, and Door Systems, Water Instrusion-
Laboratory Testing Results. January 2002. U.S. Department of Housing and Urban Development,
NAHB Research Center, Inc.
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Figure 85.
Monitored Window from the Inside

6.2.3 Indoor Parameters - Twenty-two pairs of moisture probes were installed around the test
window to detect moisture migration through the sheathing. The moisture probes had two 1/2 inch
contact pins connected with banana plugs that were embedded into the sheathing inside the wall
cavity.  Four probes with 1 3/4 inch contact pins were embedded into the 2-ply window header
inside the room. Sensor resistances were measured in voltage and were then converted, after
calibration, into moisture content in percentage.  Temperature and relative humidity were measured
in the vicinity of the moisture probes within the wall cavity and inside the finished home.

6.3 Data Analysis

Data was recorded in 15-minute intervals over a twelve-month period between March 2002 and
March 2003.  Data was recorded on a Campbell Scientific CR10X control system that was direct
wired to the probes, sensors, and weather measurement tools.

Assuming that the most likely chance for water intrusion would be a rain event that recorded the
greatest rainfall and duration, the rain records were first segmented based on rainfall amount in a
single day and number of consecutive rain days.  Each 15-minute interval produced 96 sets of
readings (data) per day.  Figure 88 shows a plot of aggregate rainfall over 96 data points, or a single
day. Based on this sample, the days in circles 1 and 2 are candidates for further analysis, because
rain accumulations between 1 1/2 and 2 inches were measured over an approximate 16-hour period.

Figure 86.
Window Being Monitored from the Inside

Figure 87.
Monitored Window from the Outside
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These points correspond to the dates 10/16/2002 and 01/01/2003, respectively. Plotted points at
circles 1 and 2 show cumulative rainfalls of 1.81 inches in 14.5 hours and 1.64 inches over 8.5
hours, respectively, stressing good candidates for analysis.   The data in circle 3 has been eliminated
because it was deemed unreliable.8

Figure 88.
 Rainfall During One 24-hour Period

Figure 89.
 Cumulative Rainfall

Points 1 and 4 in Figure 89 depict rain events of equal overall accumulation, 1.93 inches over 68 and
80 hours, respectively.  Because Point 1 contains the date logged in Figure 88 as the same numbered
point, and covers the storm event from 10/15/02 through 10/18/02 that was recorded as the
second largest 24-hour rain accumulation in the period studied and the second largest accumulation
lasting several days, this period was selected for detailed analysis over the event of 12/11/02-12/
14/02, depicted by circle 4.  As previously mentioned, the data collected during the event depicted
by Point 3 was disregarded.  Point 2, like 1, qualified as a record accumulation during a 24-hour
period, as well as, a record accumulation for the days of the rain event.  Total rainfall recorded for
the Point 2, covering 1/01/03 through 1/06/03, was 2.35 inches.
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8Data point 3 occured during an irregular voltage anormaly that recorded 1.54” of rain one 15-minute
interval. The accumulation was not validated by comparison with other weather stations within a 35-mile
radius of the site.
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6.46.46.46.46.4 Weather conditionsWeather conditionsWeather conditionsWeather conditionsWeather conditions

Figure 90 shows the rainfall amount during the six-day period (01/01/2003-01/06/2003). Most of
the of the rain fell on the first day of the storm event.  There was no rain six days before or after
the period.

Figure 90.
Rain Event

Figure 91 shows the temperature change six days before, during and after the rain event. Indoor
temperature was maintained by heating systems. Temperature inside the wall fluctuated with outdoor
temperature. During the rain days, outdoor temperature and the temperature inside the wall dropped
for several days before it came back to the pattern of fluctuation.

Figure 91
Rain Event Temperatures
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Figure 92.

Relative Humidity

6.56.56.56.56.5 Equilibrium Moisture Content (EMC)Equilibrium Moisture Content (EMC)Equilibrium Moisture Content (EMC)Equilibrium Moisture Content (EMC)Equilibrium Moisture Content (EMC)

The moisture content of wood depends on the relative humidity and temperature of the air
surrounding it. If wood remains long enough in air where the relative humidity and temperature
remain constant, the moisture content will also become constant at a value known as the equilibrium
moisture content (EMC)9. Thus, every combination of relative humidity and temperature has an
associated EMC value.

Since the relative humidity and temperature around and inside the wall structure fluctuated as
shown in Figure 91and 92, it is expected that moisture would fluctuate as well. As a criterion, if
there were water intrusion in the wall structure, measured moisture content would be greater than
theoretical EMC, given the same relative humidity and temperature.
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Figure 92 shows the change of relative humidity in the same period. Outdoor relative humidity
fluctuated before the rain. In the six rain days, it stayed above 80% and even reached 100%, except
the two drops on Jan 04, 2003 and Jan. 06, 2003 due to the raise of outdoor temperature at noon.
Indoor relative humidity moved between 20-40%. The relative humidity inside the wall fluctuated
within a range of 50-80%, but kept rising during the six rain days, which might indicate a water
intrusion.

9 Simpson, William T. 1998. “Equilibrium Moisture Content of Wood in Outdoor Locations in the United
States and Worldwide.” United States Department of Agriculture, Forest Products Laboratory, Research
Note FPL-RN-0268.
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Figure 93 shows the calculated EMC for the wall structure based on measured temperature and
relative humidity inside the wall structure. EMC fluctuates before and after the rain, and keeps
rising during the rain day. The range is between 8.5-16%.

6.66.66.66.66.6 Moisture ContentMoisture ContentMoisture ContentMoisture ContentMoisture Content

The following analysis is based on an assumption that the field measurement was appropriately
conducted and the results were correctly obtained. Moisture probes were divided into six groups
according to their locations shown in Figure 86:

Group 1: Probe 1-4,
Group 2: Probe 5-7,
Group 3: Probe 19-22,
Group 4: Probe 11, 12, and 15,
Group 5: Probe 10,13, 16, and 17,
Group 6: Probe 9, 14, and 18.

Figure 94 shows the moisture content of probes in the Group 1. No moisture content appeared
higher than EMC. Moisture content at the Probe 1 was nearly a constant value (2.7-2.8%). Probe 3
and 4 fluctuated around 6%. Probe 2 had the lager range of movement (4.7-8.2%).

It should be noted that the movement of moisture contents was opposite to that of EMC. In the six
rain days, moisture content at Probe 2 dropped while EMC rose. One possible reason might be the
impact of higher constant room temperature. In the theoretical equation, EMC assumes no
temperature difference and relative humidity difference on the two sides of wood. In the testing,
however, indoor temperature was maintained at above 16 oC while outdoor temperature and the
temperature inside the wall fluctuated between 0oC and 15oC.

Figure 93.
Calculated EMC
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Figure 95 shows moisture contents measured by Probe 5 to 8. The four probes had similar
performance and no one exceeded EMC. The moisture content synchronized with EMC and ranged
from 4% to 8%.

Figure 95.
Group 2 - Probe 5-8 vs. EMC

Figure 94.
Group 1 – Probe 1-4 vs. EMC
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In the Group 3, the four probes 19-20 showed similar movement opposite to that of EMC (Figure
96, 97). In the first two rain days, moisture contents at Probe 21 and 22 (Figure 97) were close to
EMC. Still, there was no substantial evidence to show water intrusion.

Figure 12.
Probe 19-20 vs. EMC

Figure 13.
Probe 21-22 vs. EMC
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Figure 96
Probe 19-20 vs. EMC

Figure 97.
Probe 21-22 vs. EMC
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Figure 98 shows the change of moisture content in the Group 4. Probe 15 followed EMC while the
other two went the opposite direction. None exceeded EMC.

Figure 98.
Group 4 - Probe 11,12,15 vs EMC

Figure 99 shows the probes in the Group 5. Probe 13, 16 and 17 followed EMC while Probe 10 went
the opposite way. No water intrusion is found based on the results.

Figure 99.
Group 5 vs. EMC
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Figure 100 showed probes in the Group 6. None of measured moisture content exceeded EMC.

Figure 100.
Group 6 vs. EMC

6.7 Investigation Conclusion

According to the data and actual inspection of the house, there appeared no water leakage or
moisture migration through the walls in normal weather conditions. The seven wetness sensors
between the fiber cement siding and the house wrap material showed no indication of wetness.
The twenty-two moisture probes around the window area revealed no evidence of water intrusion.

The testing verified that relative humidity and temperature influenced moisture content of wood
wall structure. However, theoretical model for equilibrium moisture content of wood assumes an
ideal condition with no temperature difference and relative humidity difference on both sides. In
this field-testing, the wall structure experienced great differences in relative humidity and temperature.
The outdoor parameters fluctuated while the indoor parameters were relatively constant. The
reason why some probes followed EMC while others went the opposite way is still under
investigation. One reason might be that probes were influenced by indoor temperature. Another
reason might be the calibration of the moisture sensors.

7.0 CONSUMER FEEDBACK

The litmus test of the MADE homes is whether or not consumers will accept and embrace the
concepts illustrated in them.  In-depth interviews were determined to be the best method of obtaining
quality feedback from the homebuyers.  With this method, the interviewer can answer the
interviewees questions regarding the technologies and concepts so that educated feedback can
be obtained.

The sample included two types of homeowners, those who were recruited according to specific
criteria, and those who lived in the neighborhood in which the homes were built.  Five of the
interviewees were between the ages of 25-35, lived in Anne Arundel or Prince George’s County,
Maryland, and had an annual income of more than $35,000.  These respondents had either purchased
a house within the past four years, or planned to purchase a house within the next four years.
Participants were recruited based on these criteria because they were thought to be the appropriate
target for MADE design concepts.  Three of the interviewees lived in the MADE homes’ neighborhood.
They were thought to offer a unique perspective because of initial strong opposition to the MADE
homes posed by some residents.
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Homeowners were given a tour through the homes and provided the interviewers with feedback
on specific MADE concepts and technologies integrated into the homes.  The interviews were
approximately 30-45 minutes in length and represent the following overall reactions to the MADE
concepts.

7.1 Open Floor Plan

Participants liked the open floor plan because it allowed for social interaction in different spaces.
It seemed easy to maintain and fit with their lifestyle of casual entertaining.  Interviewees stated
that they liked the open, airy kitchen, and felt that there was ample room for entertaining and food
preparation in the kitchen.  The great room was perceived to be open and easily accessible to the
kitchen.

7.2 Separate Dining Room

A separate dining room was considered a luxury and unnecessary in a starter home market.
Participants felt that for the majority of their dining needs, table space either within or adjacent to
the kitchen was adequate. Participants felt that a separate dining and living room was a waste of
space, and many acknowledged the current popularity of great rooms.

7.3 Combined Public Areas and Adaptable Space

The combined living room, kitchen and dining area of the first two MADE home designs was an
accepted layout among participants.  They felt that this combined use of a “great room” was
appropriate for their lifestyle.  The openness of the floor plan, enhanced with custom wall painting,
a dining set, and window treatments, was perceived as an up-to-date design.  The concept of multi-
purpose rooms was also well accepted by the sample group.  They could envision furnishings and
activities within the spaces changing as their families matured.

7.4 Pantry

The kitchen pantry closet was viewed as an upgrade.  Participants responded favorably to the
convenient storage afforded by the pantry.  Many of the sample thought that a pantry was a
necessary part of a kitchen and were pleased to see that a large pantry was included in the floor
plan.  Some participants noted that the pantry was more effective for food storage than the kitchen
wall cabinets.  They believed that it was easier to see and access the items in the pantry.  Additionally,
large items, like dog food and rarely-used kitchen appliances were easily stored on the pantry
shelves.

7.5 Appliances

Most of the participants who were familiar with EnergyStar® appliances indicated a preference to
purchase EnergyStar® when considering their next appliance purchases.  They indicated that the
additional cost of EnergyStar® appliances can price first time buyers out of the market, but when
upgrading they would likely purchase EnergyStar® rated appliances.  All participants recognized the
benefits of energy-efficient appliances, but only some were willing to pay more upfront in order to
save on energy costs over time. The Whirlpool brand appliances were perceived as good quality
appliances representing value for the price.

7.6 Size & Storage in First Floor Bedrooms

The size and storage available in the master bedroom was considered to be too limited for two
people.  Respondents felt the bedroom would not accommodate the furniture and storage needs
of two adults.  The second bedroom on the first floor received mixed reviews.  Some thought it
was too small for a guest or child’s room, and thought the closet space was insufficient.  Others
thought the bedroom size and storage was adequate and could visualize it as a guest room, study,
media room, or office.

There were safety concerns about access to a child’s bedroom and the master bedroom through
ground floor windows and/or the style of doors (15 light full glass) chosen for the homes.
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7.7 Shared Bathroom

Respondents thought a shared master bathroom and guest bathroom was a good idea, but that it
was difficult to execute. Participants desired a private master bathroom because of the amount of
clutter two adults can generate.  They wanted to be sure the bathroom would be clean for their
guests and thought that it would be difficult to keep up. Most felt that a master bedroom required
a private master bathroom.  A bathroom shared between kids and guests was more palatable to
respondents because it would take less effort to keep it presentable.  None of the respondents
had a problem with the bulkhead in the bathroom ceiling that was used to keep ductwork in
conditioned space.

7.8 Expandable Space in Basement

The precast concrete Superior Walls™ of the Aspen and Birch were accepted as a good idea by a
majority of the homeowners.  They noted that the system would make it easier to finish because
the walls are already studded with pre-drilled holes that would require less time to finish than
traditional cast-in place concrete walls or block.  Some were interested in the possibility of installing
additional insulation.

The locations for future bath and bedroom were well received.  Participants noted that these
provisions for adding finished square footage kept costs in check for first time buyers while
making the purchase attractive for those who might soon require additional living space.

Participants’ views on the size of the second floor bedrooms varied.  Some felt that the 10’ x 14’9”
overall dimensions of the rooms were too small for bedrooms or guest rooms; while others felt
that their size was appropriate.

A bedroom closet in the second floor of the Birch that was built without a division wall was viewed
positively.  Participants thought that it would provide easy access to their clothing.

7.9 Bulk Storage

Respondents were pleasantly surprised by the bulk storage accessed through the bedrooms under
the eaves.  All could envision an effective way to use the space.

Some thought that the storage was excessive and indicated a preference for incorporating the
storage space within finished living area.  They did not understand that the space could not be
incorporated as finished space because of the ceiling height.

7.10 Second Floor Bathroom

The size and location of the bathroom was thought to be optimal by participants.  One participant
voiced a concern that if the bathroom is intended to be a child’s bathroom, that a tub would be
more functional than a shower stall.

7.11 Exterior Features

Respondents preferred the look of fiber cement siding when compared to vinyl.  Some indicated a
willingness to paint the fiber-cement siding, but others said that the maintenance-free benefits of
vinyl would cause them to choose it over the fiber-cement product.  Most thought that the fiber-
cement siding was one of the most durable features of the home.  The vinyl posts and railings
were thought to dramatically decrease outside maintenance.  The plastic composite decking received
mixed reviews. Everyone appreciated the low maintenance aspects of the decking, but some thought
that it made the hose look cheap.  Participants commented that the stamped concrete walkways
were attractive and seemed durable.
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7.12 Expandability/Connectivity

Respondents seemed to like the integrated wiring system, but their willingness to pay for it varied.
Some were willing to pay an additional $1,200 for the system, while others thought that it was an
unnecessary expense.

One homeowner said that an integrated wiring system was a cue to the quality of the house
because the builder paid attention to such small details that the large details were more likely to be
correct.

7.13 Overall Reaction

Overall, participants were impressed with the houses.  The respondents were very excited about
the overall designs and felt that the features of the homes compensated for the reduced square
footage.  Based on the reaction of the interviewees and the dozens of local homeowners and
buyers that have visited the MADE homes, the marketability goals of the project were certainly
achieved because people were willing to buy the homes.

7.14 Builder Feedback

Just as important as consumer feedback is the opinion of builders.  A diverse group of over 30
builders were given a tour of the MADE homes.  During the tour, concepts and technologies were
pointed out and discussed.  Builders were then given a short survey to gauge their current practices
and the likelihood of using the concepts and technologies demonstrated in the MADE homes.
Tables 5, 6, and 7 summarize the survey results.

The builders were very enthusiastic about the demonstration project.  Several commented on the
fact that the concepts and technologies used in the MADE homes were applicable today and
addressed current issues that they themselves have been dealing with.
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Table 4 presents the results of the current practices portion of the survey.  Builders surveyed
currently utilize many of the design concepts demonstrated in the MADE homes. The most popular
are the kitchen pantry, covered entries, and open floor plans.  Fewer builders are currently using
the technologies contained in the survey.  The two most popular technologies, fiber-cement siding
and moisture resistant subflooring, are representative of current trends in the building industry.

Table 4. Technologies and Design Concepts Currently in Use

Table 5 summarizes the builder’s responses as to their likelihood of incorporating the MADE concepts
and technologies into their future homes.  As a whole, the builders surveyed are very willing to
consider the technologies used in the MADE designs.  This is contrary to stereotypes of the
conservative builders that resist change at any cost.

stpecnoCngiseD/seigolonhceT seY% oN%

BSOmuimerP/gniroolf-bustnatsisererutsioM %84 %13

ecapsdenoitidnocnikrowtcuD %54 %43

syawklawroiretxeetercnocdepmatS %42 %84

sretaehretawsselknaT %01 %96

sllawnoitadnuoftsacerP %71 %66

gnidistnemec-rebiF %14 %43

kcolbetercnocecaf-tilpS %42 %54

sevlavecnattimdAriA %71 %26

gnidleihsetimreT %71 %95

segaraggnidaol-raeR %43 %84

sgnahrevo"81 %25 %12

sgnahrevo"21 %66 %01

yrtnepetsoN %83 %84

syawllahdnasrooddezisrevO %55 %71

seirtnederevoC %97 %0

seirtnapnehctiK %38 %3

ecapselbadnapxE %55 %01

snalproolfelbixelf/nepO %38 %7

tnemesabehtnini-hguorgnibmulP %84 %42

htablluf\moorredwopecalpeR %01 %96

secnailppatneiciffe-ygrenE %68 %0

*Percentage may not sum to 100 due to non-responses
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Table 5. Likelihood of Future Use

The builders were also asked to describe the largest barriers to incorporation of new technologies
and building practices.  All responses to this question fit into three categories.  Not surprisingly
they are the three issues that emerged during planning and construction of the MADE homes, as
well.  Barriers were reported as codes and regulatory issues, consumer acceptance, and cost.
Builders seemed more willing to innovate if the demand was there to sustain their business.

8.0 SUMMARY/CONCLUSIONS

Perhaps the most important concept demonstrated in this project is that reducing the size of a
home doesn’t automatically result in a reduction in utility or functionality.  For decades, the average
size of a new home in the United States has steadily increased.  This “bigger-the-box” mentality has
not only flooded consumer conception of “value”, but it has gained popularity among local
government and planning authorities.  In an effort to increase their tax bases, local governments
are mandating minimum square footage requirements on new homes.  While square footage is a
function of the costs and features of a home, it is not as important in the retention of market
value over the long term.  Builders, consumers, and local governments must focus their attention
on what constitutes real of value.

Planning authorities are increasingly involving broadly-defined “stakeholders” in every step of the
approval process without clear cut guidelines for testimony and time limits.  While this inclusiveness
might serve to mitigate any future liability claim against the local government, it is adding unsustainable
cost to many minor projects, like the MADE homes.  Planners and builders must have a similar vision
in order for a community to benefit from affordable, durable, and attractive housing.

It is important to note that the MADE homes built in Bowie, Maryland are but one interpretation of
the MADE concepts.  There are an infinite number of ways to incorporate features that appeal to
perspective homebuyers.  If one thing is taken from this project it is that when trying to provide
value at a reasonable cost, one must consider the marketability, affordability, and durability of the
product throughout project design, planning and specification, and construction.

stpecnoCngiseD/seigolonhceT ylekiL lartueN ylekiLtoN

BSOmuimerP/gniroolf-bustnatsisererutsioM %66 %0 %41

ecapsdenoitidnocnikrowtcuD %84 %71 %01

syawklawroiretxeetercnocdepmatS %83 %01 %42

sretaehretawsselknaT %14 %41 %82

sllawnoitadnuoftsacerP %12 %41 %14

gnidistnemec-rebiF %25 %7 %12

etercnocecaf-tilpS %42 %12 %14

sevlavecnattimdAriA %26 %01 %12

gnidleihsetimreT %82 %12 %43

segaraggnidaol-raeR %43 %01 %82

sgnahrevo"81 %55 %71 %7

sgnahrevo"21 %66 %3 %7

seirtnepetsoN %26 %7 %7

syawliahdnasrooddezisrevO %67 %7 %3

*Percentage may not sum to 100 due to non-responses
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APPENDIX II
Summary of Framing with Dimensional Lumber Rafters and

Wood Truss Components



During the design and bid stage of the MADE project no benefit or detriment was being afforded to
different floor and roof framing material choices.  The architectural plans represented open web floor
trusses or engineered wood I-joists at 24” on center spacing as the floor structural components.
Dimensional lumber rafters and ceiling joists or roof trusses were detailed as the roof components.
Despite the variance in material weights and installation complexity, the framing bids were coming in
based on costs per square foot of finished living space without regard to the lumber/component
package that would be supplied for the project.

Because each of the four MADE homes was a variation of a simple 30’x 40’ structural rectangle, the
project presented the opportunity to detail whether one combination of structural component choices
was more efficient than another, despite framing subcontractor’s computations to the contrary.

This study focused on the main house, discounting garages and porches because of inconsistencies in
these sizes and types among the MADE houses.  Pre-manufactured roof trusses were used to cover all
gabled profiles in these areas.  In addition, all of the MADE homes floors were built with open web
trusses as the floor structural assembly components. The details of the two homes chosen for this
comparison follow in Table 1.

Table 1
Structural Details
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Labor inputs were captured using a group timing technique that allows one observer using a watch to
make a detailed elemental time study on an entire work crew at the same time.  Each activity was
broken into components (e.g. second floor joists, second walls,) subcomponents (e.g. joists, sheathing,)
and tasks (e.g. cut, fasten.)  Continuous observations were made at five-, ten-, and fifteen-minute
intervals and recorded on the quarter hour as tallies on a form that listed all job elements.

Nonproductive time for lunch, personal phone calls, etc., was identified and removed from the total.
The results of the observed labor hours spent on each structural style are reported here.  Table 2
covers the Aspen home that was constructed with 2 x 10 roof rafters and one girder truss to shape
the reverse gable at the bay window.  Table 3 covers the LifeWise home that was constructed with
mono and scissor trusses supported by flat girders that define the walls.  (Plans Appendix II.)

Table 2
The Aspen:  2 x10 Rafters
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Table 3
The LifeWise:  Roof Trusses

Results of the group timing, Tables 2 and 3, show that the rafter method of framing required fewer
labor hours than the trussed method.  Other factors that likely contributed to the variation in these
outcomes follows.

Two differently sized and skilled crews were involved with each of the houses.  The typical crew on
the Aspen consisted of three men, a lead carpenter and two others with several years of experience in
the trade.  The LifeWise home’s construction team was twice that size with one lead carpenter, two
experienced carpenters, and three laborers.  This larger team seemed, at most times, too large to be
kept efficiently occupied with the building of one house.  To normalize the difference in crew size, all
idle time noted for both houses was removed.

The Aspen (rafters) was built in the fall when temperatures ranged from 32 to 65 during the day.  The
LifeWise (trusses) was built in June when temperatures ranged from 75 to 95 during the day.  Other
local conditions during the construction of each house were slightly different. Site access was more
difficult to the right elevation of the LifeWise due to a twenty to thirty percent grade at that location.
Access to the left elevation was limited by stockpiled dirt.  Air and ground moisture varied because of
the difference in season of construction. Available equipment was similar at the two houses.  A skid
steer loader that reached the roof line was available to and used by each of the crews.

The LifeWise house includes an additional 160 square feet of second level living area that was not
designed into the Aspen.  The difference in square footage is less evident because the Aspen’s under
eave storage area compensates for the lack of finished area.  Conversely, the Aspen second floor is
trussed over 1,200 square feet, or the complete area of the first floor walls.  The LifeWise home, as a
result of the design of the girders that form the room walls and carry both floor and roof trusses,
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contains only 631 square feet of floor trussed area.  A ladder framed area in the LifeWise floor to
allow for the simplified retrofit of an elevator added four trusses and eight stirrup truss hangers to the
floor’s complexity. The longer clear spans of the LifeWise second floor trusses (some as great as 23’
2 ½”) required the deeper (16”) floor trusses.

The simplicity of the Aspen’s rafter design need also be highlighted.  The interior bearing wall design
allowed 2 x 10 rafters spaced at 24” on center.  This bearing also provided a splice or overlapped rafter
location so shorter lumber lengths (16’ rather than 26’) were purchased and handled. A generous
overlap at the interior bearing simplified the complexity that a single rafter with a plumb cut at the ridge
and a birdsmouth cut at the outside wall might have presented, because rafters can “run wild” over the
bearing. The end cuts were made in production fashion, using the first rafter as the template for all
others. So, unlike many a rafter framed job, very little expertise with a rafter square was required.  A
detail change to the roofline of the MADE homes, such as adding a dormer wider than the rafter
spacing, might easily undermine the efficiency of this rafter system.

Each roof’s components indicated differences in overall house shape, as well. Because a scissor truss
spanning 23’+ was used in the LifeWise home, the ceiling plane follows the roof plane at a 5/12 slope.
This allows an inside peak dimension approximating 10’ 5” in the cathedral ceiling.  The Aspen’s ceiling
shape, however, is a tray ceiling with a 10’+ flat defined by the 2 x 6 collar tie and an 8/12 sloped ceiling
from the flat to the walls.

Material cost differences between the rafter and truss methods of framing these houses are presented
in Table 4.  (see next page)



Table 4
Costs of Structural Materials

Weather resistant barrier (WRB), cornice, gable eave overhangs omitted

* The LifeWise trusses contained a raised heel that required additional sheathing.
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The Aspen’s second floor and roof structural materials cost less than the components used to frame
the LifeWise home.  As reported foregoing, these costs were expected to be partially offset by savings
associated with drywall and sprinkler system savings because the LifeWise design lacked the under
eave closets of the Aspen.  While labor hour differences existed for these two houses with these two
crews, the main sections of both were built for the same contract labor price.

In summary, while expected labor input efficiency did not prove itself out in the LifeWise (roof truss)
house, its unconventional design and large crew size may account for much of the added time that was
required to rough frame it.  This labor input study did show that design, material choice, and crew skill
and composition varied the critical path by 41 labor hours, the equivalent of nearly two days with a
three-person team.

Structural material choices do affect subcontractors’ performance and, thereby, profitability. Tasks
streamlined by choosing trade-friendly materials can provide a significant savings.  Identifying and detailing
these presents another opportunity for builders to cut cost while maintaining value.




