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ABSTRACT

In order to achieve the goals of improving the environmental and economic sustainability of the
Bioclimatic Kit Houses in Moorea while simultaneously encouraging growth of the local timber
industry, | analyzed the structural design of the homes with the intent of decreasing material
input through a more efficient framing scheme and replacing imported Douglas Fir with locally
grown Caribbean Pine. After calculating the anticipated dead, live, and wind loads according to
the National Design Specifications for Wood Construction, it was ascertained that Southern Pine
(an approximate estimate for the mechanical properties of Caribbean Pine) would be an
appropriate substitute for Douglas Fir, and the total volume of structural timber in the outer walls

and roof could be reduced by forty-three percent.
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BACKGROUND

The Bioclimatic Kit Houses in Moorea, French Polynesia are currently designed as one-story,
single-family residences using Douglas-Fir timber imported from the United States. Due to the
significant energy impacts attributed to the structure of a building (as shown below) and the high
economic and environmental costs of importing lumber from the United States, it is imperative
that, in order to decrease the detrimental environmental affects of the Kit House Project,

structural solutions are implemented.
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PROJECT GOALS

In order to improve the overall environmental sustainability of the timber-framed houses, 1 will

analyze the viability of two solutions

e Efficient Framing

e Local Material Selection

The current design standard is to place joists and studs at either 12” or 16” on center in order to
limit the deflection of the gypsum particleboard. The gypsum board is a flexible material that is
prone to deforming between the points at which it is attached to stiffer structural elements. This
deformation results in a wall that appears to sway from joist to joist like a wave. Although it has
been practice to limit spacing of joists and studs in order to accommodate for the flexibility of
the particleboard, industry now accepts a spacing of 24” on center in order to decrease material
inputs while maintaining an adequate appearance for the walls. Therefore, I will carry out
structural calculations ascertaining the behavior of the building under this increased spacing,
taking into account dead, live, and wind loads particular to residential housing in French
Polynesia. Also, in order to decrease the entire volume of the timber needed, I will attempt to
reduce member size from 4x4s or 3x4s to 2x4s where possible.

In addition to attempting to decrease the volume of material needed in the houses, it is also my
goal to replace the Douglas Fir with locally grown Caribbean Pine. Although, until recently, the
timber industry on the island has been limited, it is currently experiencing growth in capabilities
and capacity. | hope that by finding replacement of Douglas Fir with Caribbean Pine feasible, |
will assist in the development of this local industry while simultaneously decreasing the

environmental and economic burden of shipping timber from the United States.
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APPROACH

In calculating the expected load demands on the houses in Moorea, | used United States Building
Codes and the National Design Specifications for Wood Construction. Although specific French
Polynesian codes do exist, they are in French, making translation and understanding difficult,
and | have no familiarity in using them. These challenges decreased my confidence in the ability
to attain precise results, leading me to assume that US Building Codes would be both sufficient
and more accurate for our design. Another challenge | faced, however, was the lack of
knowledge about the weights of various materials in the current design. To determine dead
loads, therefore, | used approximate values supplied by the Wood Frame Construction Manual
for One to Two Story Dwellings. Additionally, 1 was not supplied extensive roof framing plans
or details of internal walls, so | concentrated my structural calculations on the vertical elements

in the roof truss and the external walls.

To calculate the wind load, | used a Basic Wind Speed of 150mph, which corresponds to the largest Basic
Wind Speed in the United States. It occurs off the coast of Florida, and represents a Wind-Borne Debris

Region (as seen in the following map of Basic Wind Speeds).

Basic Wind Speeds for the Coast of Florida, ASCE 7.98

STATE OF FLORID

WIND-BORNE DEBRIS REGION
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After determining the Basic Wind Speed, | applied an Importance Factor of 1 (residential
dwelling), a topographical factor of 1, and an Exposure Class C (flat, open country in hurricane-
prone regions). With this information, | was able to determine the expected pressures, or loads,
on the different regions (roof, wall, overhang, etc.) of the house. In assigning load pressures to
given areas, | included the overhang along the top ridge of the house as an eave. This is
significant as the expected loads are dramatically larger for overhangs / eaves than for either
walls or portions of the roof attached to the roof truss.

In order to achieve the goal of using Caribbean Pine rather than Dougals Fir, | calculated load
capacities for both Douglas Fir (to determine that, at a minimum, the amount of Douglas-Fir can
be reduced) as well as Southern Pine. Although I intended to use precise material properties of
the Caribbean Pine available on Moorea, our local mentors and advisors on the island could not
determine this quantitative data from the lumber mills. Additionally, there are no values
supplied for Caribbean Pine in the US Building Codes. Therefore, in order to estimate the
capacity of Caribbean Pine | used Southern Pine data. To accommodate further research,
however, my structural calculations are designed so that if the capacity of Caribbean Pine in
bending, tension, and compression were known, it could be easily and quickly verified that this

capacity either is or is not sufficient for load demands.
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RESULTS /DISCUSSION

To determine the maximum loading scenario, | checked wind loads in both the transverse and
horizontal directions. Due to the severe winds expected, as well as the minimal dead and live
loads attributed to single-story timber framed homes, the axial loading of the roof trusses and
external wall members is primarily in tension. Concurrently, due to the wind loads, the elements

are subjected to significant bending forces.

Despite these force demands, the roof truss is able to withstand both the tensile and bending
forces, independently of one another, with just three 4x4 members (in both Douglas-Fir and
Southern Pine) rather than the current design of twenty-six members (mixed 2x4s, 3x4s, and
4x4s). However, when applying both bending and tension simultaneously to the roof truss, the
Southern Pine will behave adequately, but the demand for the Douglas-Fir is slightly above
capacity. In using three 4x4 members the spacing requirement of a maximum distance of 24" is
also not satisfied. In adding members (2x4s) to meet the spacing requirement, the bending and
tension loads will be decreased from the design of only three 4x4 members. Hence, behavior is

expected to be well within capacity for the roof truss.

For the design of external walls, spacing was placed at 24” on center. Also, in keeping with
attempts at decreasing the total volume of the wood used, | used only four 4x4s and twelve 2x4s
on the short side of the building and five 4x4s and 14 2x4s on the long side of the building. This
is a significant savings on the original design using 28 and 32 members (short side and long side,
respectively) of mixed 2x4s, 3x4s, and 4x4s. The external walls behave well under tension,
bending, and combined tension and bending for both Douglas Fir and Southern Pine under this

adjusted framing scheme.

Through structural redesign of the Bioclimatic Kit houses, | was able to decrease the volume of
our roof truss material by 42%, our vertical roof elements along the peak of the roof by 39%, and

our external walls by 45%. The total volumetric reduction in timber material is 43%. Also, |
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verified that Southern Pine is a viable replacement for Douglas Fir. In conclusion, through a
more efficient structural design and replacement of imported building materials with locally
grown and milled wood, the economic and environmental sustainability of the Moorea Housing

Project has been improved.
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