EXECUTIVE SUMMARY


This report presents the roof system proposed by the Ohio University Timber Team, O.U.T.T., utilizing small diameter Ponderosa pine.  The proposed structure will create demand for small diameter timber and, thus, incentive for the mechanical thinning of Ponderosa pine stands abundant throughout the United States.  Currently, trees stands in the western United States are overpopulated with small diameter timber.  In a normal, healthy tree stand, natural selection dictates the early demise of the weaker trees:  healthy, mature trees ultimately consume the majority of available water and sunlight, thus killing off their weaker counterparts.  Today, however, much of the mature timber in the United States has been harvested, removing the much-needed competition between old and new trees.  This, in turn, allows for the proliferation of small, genetically inferior trees incapable of repelling wildfire or disease.  The overpopulation invariably leads to the rampant spread of both, endangering neighboring tree stands and surrounding communities.  These trees are not considered an economically viable source of lumber because their size is not conducive to conventional milling techniques.  Because they are not widely accepted as structural lumber, there is little motivation for land managers and owners to harvest small diameter trees by mechanical thinning.  O.U.T.T. has developed a roof system that utilizes small diameter Ponderosa pine as its primary building component, creating demand in the lumber market for this resource while supplying a strong, aesthetically pleasing alternative to conventional roof systems.  The demand created will lead to greater financial returns and justification for the mechanical thinning of overpopulated forest stands throughout the western United States.

In order to establish small diameter timber as a viable structural resource, the Ohio University Timber Team has developed a roof system to satisfy the following objectives:  equal and surpass the strength of traditional roofing structures; be easily incorporated into current building processes; provide an visually pleasing alternative to conventional roof systems.  To accomplish these three initiatives, O.U.T.T. has designed a roof structure that utilizes a space truss system.  Contrary to conventional truss systems, a space truss is a three-dimensional structure that both optimizes design strength and creates a visually stimulating lattice with its component members. It is inherently much more stable than a two-dimensional roof system. The proposed roof design can be widely applied to a variety of structures given the proper support but for the purpose of this project its aspect ratio has been chosen to be 1:1.

Though the design lends itself well to prefabricated, modular construction, the components of this roofing system shall be shipped to the construction site for assembly.  Connectors shall be prefabricated and predrilled with the appropriate holes and the necessary number of dowels shall be provided.  The truss system shall be constructed on-site and lifted into place by a single crane.  Implementation of this roof system in current building processes will add strength and rigidity to the structure as a whole while providing an aesthetically pleasing protection from outdoor elements. 


The strength and overall viability of this roofing structure were determined through bench scale testing conducted with the help of the Ohio University Civil Engineering Department faculty and their equipment.  Preliminary test results demonstrated that the dowel rod connection utilized in the structure had shear strength greater than 10,000 pounds.  Further tests are currently under way to support this value.  If this value is accurate, the roofing structure will provide more than sufficient strength for a roofing structure.

The scope of this design is far-reaching due to the millions of acres of forestlands involved; furthermore, the benefits of mechanical thinning may not be immediately quantifiable.  Immediate benefit of this project will be demonstrated by an increase in job opportunities in regions heavily reliant upon the lumber industry and a reduction in the number and intensity of destructive forest fires.  According to an Insurance Services Office (ISO) report, between 1985 and 1994 wildfires destroyed more than 9,000 insured properties countrywide, many of which homes.  One of the most significant wildfires of that period was the 1991 Oakland/Berkeley Tunnel Fire, which caused $1.7 billion in insured property losses (an equivalent $2.0 billion in today’s dollars) 8.  The proposed roof system not only draws revenue into nearby communities; insurance carriers in surrounding areas will also benefit financially, passing the savings onto residents in the form of reduced insurance premiums.


The well-being of all those involved in the construction of the roof structure is of primary concern to the Ohio University Timber Team; therefore, O.U.T.T. shall enforce standards set forth by the Occupational Safety and Health Administration (OSHA) at the two work sites needed for the project:  the milling factory and the construction site itself.  Abiding by these standards will reduce the risk of serious injury or death for all those concerned.


From the onset of this venture, public education and awareness have been of paramount concern for O.U.T.T.  It is for this reason that the Ohio University Timber Team developed a Public Involvement and Monitoring Plan (PIMP) that shall not only inform those in the community, but shall also establish a forum of open and honest communication in which they may voice concerns.  O.U.T.T. firmly believes that any decisions made with respect to a sustainable forest should be reached with the approval of the surrounding communities; therefore, a town hall meeting shall be held for residents to express their opinions while educating themselves to the proposed operations within nearby forests.  To affirm the environmental claims of O.U.T.T., a fund in the interest of wildlife preservation shall be established with revenues generated during operation.


This report presents the findings of O.U.T.T. in its pursuit of an efficient use of small diameter timber harvested from forest stands for use as structural members in the proposed roofing system.  In addition, this vignette details the building process of the structure, strength and durability characteristics, health and safety concerns, and a community action program that will assure successful implementation of the proposed space truss system by O.U.T.T. 

1.0 SITE BACKGROUND
 
Forest ecosystems are generally defined by their dominant tree species since they are generally the most visible feature of the forest, but they are not the only factor in the ecosystem.  Forest ecosystems are also comprised of microbes, under story vegetation, and vertebrate and invertebrate animals.  Each inhabitant of the ecosystem fits together to form a healthy and growing environment.  Today, the overpopulation of small diameter Ponderosa pine in tree stands throughout the western United States has created a major threat to the health of their ecosystems.


In the natural order of a tree stand, trees compete for the water and sunlight they need to mature and grow.  This competition causes smaller and weaker trees to eventually die out and fall, while the stronger trees continue to mature and grow.  The fallen trees are eventually consumed in wild fires that annually spread across tree stands in the western United States.  Wildfires are generally seen as a having a negative impact on a tree stand, but they are often a means to rejuvenate the nutrients available in the stand.  Fire is often an instantaneous respiration of organic materials, and periodic low intensity fires limit the available energy for combustion, creating a cyclic stability in ecosystem energetics 1.  When a stand becomes overrun by small diameter timber, the weaker trees combine with those that have fallen and littered the stand floor to provide an explosive fuel for low intensity wildfires.  Fallen timber act as a ladder for the wildfire to reach the crown of healthy trees, resulting in total loss on the tree stand. 


In some Ponderosa pine stands in the western Unites States, the overpopulation of trees can be so severe that the natural process of selection does not exist.  In these overpopulated ecosystems, the growth rate of the trees within the stand is slower than stands with dominant, mature pines.  An agricultural study of Ponderosa pine stands in central Washington concluded that thinning is beneficial both monetarily and environmentally.  If a tree stand is allowed to grow unchecked, the average tree density can reach 2,300 stems per acre2.   This same, unmanaged tree stand can yield 3,200 board feet of commercial lumber.  On the other hand, a stand that has been pre-commercially thinned would gross about 14,740 board feet for commercial use during the same period. 


Although commercial thinning has obvious advantages, forest managers and property owners are reluctant to perform mechanical thinning on their stands because of the high cost and minimal returns.  Prior to mechanical thinning, studies must be performed in order to build an access road to the targeted stands.  These studies include a look at the effects of soil compaction on the neighboring stands and the route that road takes through them.  Then, a path must be clear-cut through the stands and heavy equipment brought in to conduct the thinning.  The cost of these processes heavily offsets the market price for the timber to be removed from the existing stands.  This makes mechanical thinning economically unfeasible and rarely is it implemented on overpopulated tree stands.  


  The Ohio University Timber Team has developed a roofing system that will economically encourage mechanical thinning and entice property owners and forest managers alike to utilize the practice.

2.0 DESIGN OVERVIEW AND PROCESS SUMMARY 


Alternative Processes Considered


To design the best possible roofing structure, a literature review was conducted to research current roofing techniques that utilize small diameter timber. While performing this review, the following considerations were evaluated: ease of application of roofing structures to current building standards, ease of assembly, aesthetic qualities, strength, and fulfillment of W.E.R.C. constraints. The critical aspect of any timber structure is the design and construction of the joints; therefore, considerable effort was committed to their research and development.  Table 1 presents a brief description of alternative designs for timber connections along with their advantages and disadvantages.
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Table 1: Summary of Alternative Connector Designs

To facilitate design work, each process was studied at great length to determine if it was capable of efficiently fulfilling W.E.R.C. standards.  Conventional gusset plate connections implemented in many home designs are not stable in three dimensions.  This renders them vulnerable to failure when lateral loads are applied normal to the truss plane.  Further research revealed that three dimensional space trusses enable the construction of domes, arches, and flat roofs that are able to cover large areas without the need for intermediate supports3. These facts were the impetus for the use of a three-dimensional truss in our design.  In an effort to maintain the aesthetic quality of wood while increasing joint strength and reducing cost, structurally composite wood in the form of parallel strand lumber was chosen for fabrication of the connectors. The connectors can be manufactured from small diameter ponderosa pine, increasing the utilization of small diameter timber. Previous work in small diameter timber construction has been performed with spherical connectors, which proved difficult to manufacture and ultimately yielded low structural strength.  It was concluded that a three-dimensional connector could be fashioned from a cube by cutting its corners at a 45o angle, with the cut originating at the cube’s mid plane.  As illustrated in Figure 1, the cuts present incoming members with a flush face with which to interface.  This solution satisfies the strength requirements set forth by W.E.R.C. while utilizing the aesthetic appeal of wood.
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Table 2: Sales forecast 

 For Period Starting Jan. 1, 2001 and Ending Dec. 31, 2001
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Totals

INCOME

Sales
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(Project Value)

97,000

106,700

126,100

116,400

126,100

135,800

116,400

106,700

116,400

87,300

106,700

77,600

1,319,200

Cost of Goods Sold

Dowel Rods

($1.25/dowel)

16

3,200

3,520

4,160

3,840

4,160

4,480

3,840

3,520

3,840

2,880

3,520

2,560

43,520
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($20/ gal)
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1,000
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1,300
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13,600

Connectors
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31,500
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301,350
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21

41,250
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53,625
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53,625

57,750

49,500

45,375

49,500

37,125

45,375

33,000

561,000

Gross Margin

29,050

31,955

37,765

34,860

42,415

40,670

34,860

31,955

34,860

26,145

31,955

23,240

399,730
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Operating Costs
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19

10,250
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34,560

Crane Rental

(1 day @ $800/day)

20
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800

800
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800

800
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9,600

   Including operator
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(1 @ $2833/month)
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3,900

3,900

3,900

3,900

3,900

3,900

3,900

3,900

3,900

3,900

3,900

46,800

Office Admin.

(1@ $1600/month)

19 

1,600

1,600

1,600

1,600
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1,600
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1,600
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Depreciation

(using straight-line  depreciation)
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75

75

75

75

75
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75

75

75

75
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 (Salvage value of $500 @ 8 years)

47
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47
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   Building

 (Salvage value of $0 @ 15 years)

611
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611
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611

611

611

7,333

   Office Equipment 

(Salvage value of $400 @ 5 years)

77

77

77

77

77

77

77

77

77

77

77

77

920

Utilities Expenses (Estimated values)

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

1,000

12,000

    Includes phone, electric, and gas.

Insurance (Estimated Value)

2,000

2,000

2,000

2,000
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2,000

24,000

Total Operating Costs

23,500

23,500
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23,500
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282,001

OTHER EXPENSES

Interest Exp

(Loan Terms: 15yrs. @ 12%)

*

1,757

1,753

1,749

1,746

1,742

1,738

1,734

1,731

1,727

1,723

1,719

1,715

20,833

Net Profit (Less) Pre-Taxes

5,550

8,455

14,265

11,360

18,915

17,170

11,360

8,455

11,360

2,645

8,455

-260

117,729

Cash allocated to the purchase of truck $30,000

*

 interest compound semi-annually

Cash allocated to the purchase of forklift $5,000

Cash allocated to tools $5,000

Appraisal of building $120,000

Cash allocated to the purchase of office equipment $5,000
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Table 2: Sales forecast 

 For Period Starting Jan. 1, 2001 and Ending Dec. 31, 2001





 Side View



           Top View

Figure 1: Connector Design


Design Considerations


From the onset of development, the Ohio University Timber Team has concentrated on the design specifications stated by W.E.R.C.:  the roof must cover a 1000 square foot rectangular area with an aspect ratio of 1.5 or less while utilizing small diameter (6 to 8-inch) Ponderosa pine as its primary structural component.  O.U.T.T.’s three-dimensional space truss satisfies these design criteria while yielding a strong, stable structure.  In addition to the W.E.R.C. criteria, special considerations were made for actual applications.  The space truss must be durable, stiff, and structurally sound.  Load capacity, safety margin, and ductility of failure requirements must be assessed during design and testing.  The space truss design must also conform to current building code standards. 

Economic factors also played a key role in the development of the roof structure.  To gain wide acceptance within the building community, the design must be economically competitive with conventional light frame roof systems.  In order to accomplish this, it was imperative that production costs be minimized; therefore, the components of the roofing structure must be easily manufactured with minimal investment in tools and machinery.  Another economic consideration is that of assembly time.  The roofing structure must be easily constructed on the construction site, in turn reducing labor costs.  Taking these factors into account, the Ohio University Timber Team decided that the aforementioned modified cube connection, in conjunction with dowel rods and wood-bonding adhesive, would best suit the task at hand.


Proposed Space Truss Design

There are three key factors inherent to a space truss system:  efficiency, strength, and stability.  These attributes stem from the fact that the fundamental component of a space truss is a three-dimensional symmetrical structure consisting only of two-force members.  This structural base unit takes the form of a tetrahedron or a pyramid and is able to resist forces equally in every direction, yielding exceptional stability.  It’s strength and efficiency is due to the orientation of its members.  For example, consider the pyramid below subjected to a 1 kip unit load (Figure 2):









         Z




                                  X                                                        Y

Figure 2: Pyramid with 1 Kip Load

Assume each vertex in the figure above is a joint and all members are of a length that each member holds a 45o angle with relation to the base-plane.  The joints in the base-plane of the structure are supports and all joints are assumed incapable of transferring moment; thus, members are two-force truss element. As a 1 kip load is applied to the top joint in the negative z-direction, four members transfer the force to the bottom joints of the structure.  Simple division reveals that each member must transfer 0.25 kips in the negative z-direction.  Using trigonometry, it is determined that these forces are transferred to the base-plane of the structure as compression with a magnitude of 0.350 kips.  The horizontal component of this compression must be resisted by the horizontal members of the structure, while vertical components are transferred through the supports.  Tensile forces in the base-plane members amount to only 0.175 kips, a fraction of the initial load.  This ability to effectively transfer the applied load renders the space truss efficient and strong.


The Ohio University Timber Team designed a roof structure comprised of 16 pyramids, forming a three dimensional space truss system.  All joints on the perimeter of the proposed roof were assumed supported, with no immediate supports therein.   Total material quantities include:  128 timber members, 45 joints, and 256 wood dowels.  Unless otherwise specified, all measurements are expressed relative to the center points of the joints.

The proposed roof measures 32 feet by 32 feet, covering a 1024 square foot area with an aspect ratio of 1:1.  The bases of the pyramids measure 8 feet by 8 feet; furthermore, within each pyramid, the distance between any two joints is 8 feet.  Adjacent joints in the top plane of the structure are connected with additional timber members.  The vertical distance between the upper and lower joints is 5.65 feet.  Members connecting the two planes form an angle of 45o with the base plane.

The joints used for the proposed roof structure consist of 14-inch cubes of parallel strand lumber.  Connections are achieved with the combination of 12-inch dowels, measuring 2 inches in diameter, and wood-bonding adhesive.  The space truss system can accommodate timber member diameters ranging from 4 to 8-inches.

Overall Process Summary

          
Component Considerations


The O.U.T.T. design incorporates the latest in structural composites in the form of parallel strand lumber (PSL) paired with a conventional system of dowel connections adhered with a wood-bonding adhesive.  The structure shall be built in two main staging areas: a milling area to fabricate the small diameter timber pieces and the construction site where the roofing structure shall be assembled prior to erection.  An advantage to the proposed space truss design lies in its inherent stability in all three dimensions.  This yields a structure particularly suitable for ground assembly and crane erection, though modular; in-place methods should also be considered practical alternatives.

The PSL implemented in this design is composed of long, thin strands of wood arranged laterally in a resin matrix. This matrix is then treated in a press using high pressure and high temperature. The process creates a consistently strong alternative to wood while maintaining its aesthetic appeal, and without the grain that makes wood susceptible to cracking.  The width of PSL is limited by the interaction of the high temperatures required for fabrication and the wood’s resistance to heat transfer.  Consequently, the system yields a maximum width of 7-inches that can be bonded to an additional member to obtain the required dimensions.  An alternative material to PSL is laminated strand lumber (LSL).  It is also possible to design a small scale manufacturing process where short strands of PSL and LSL could be manufactured using ponderosa pine timber.  This process would increase the demand and value of small diameter timbers.

Construction Preparation

Before construction of the space truss can begin, connectors have to be obtained.  O.U.T.T. has subcontracted these duties to the operators of a four-axis computer controlled milling machine to ensure accurate cuts.  Sections of PSL members measuring 14-inch in width by 14-inch in length by 7-inch in depth will be supplied to O.U.T.T.  These sections of PSL will come in one of two shape: a 14"x14"x7" rectangle or a rectangle shape with the same dimensions having the four adjacent corners cut at a 45o angle.  Since the roofing structure requires connectors of different shape, O.U.T.T. will order specific quantities of each shape.  Also, 2 1/16-inch dowel holes will be bored into necessary faces of the members with the use of the four-axis milling machine.  The design calls for dowels, 12-inches in length, with a penetration depth of 6-inches for maximum pullout resistance to tensile forces; therefore, the holes in the base-plane connectors are drilled to a depth of 6-inches.  For assembly purposes to be addressed subsequently, holes bored in the connectors acting as the top of the pyramids spans the entire diagonal distance from each of the four-corners. The internal connectors must securely accommodate a maximum of eight incoming members while the holes bored in outer connectors are adjusted according to the number of members each must accept.

To construct the prefabricated connectors, two sections of PSL are glued together to form a 14-inch x 14-inch x 14-inch cube.  The wood-bonding adhesive will adequately cure in 24 hours in ambient temperatures as low as 60o F.  In temperatures lower than 60o F, hot press techniques must be employed.  All surfaces to be adhered should be clean and dry before application.  Clamps are employed during the 24-hour cure time to assure maximum adhesive contact, though, if necessary, clamping times as little as three hours are acceptable

Minimal preparation is required for the small diameter timber members.  The space truss developed for the roof structure employs members of two different lengths.  The upper and lower horizontal planes of the system are comprised solely of members 6’10” in length.  The remaining timber members, henceforth referred to as web members, shall be cut to a length of 7’2”.  To accommodate a connecting dowel in the center of each member, however, holes measuring 2-1/16 inches are drilled in each end to a depth of 6-inches.  Drilling depths for all holes are achieved using a 2-1/16-inch Forstner bit in tandem with a 9-inch extension seated in a conventional 3/8-inch hand drill.  A guide attachment was employed to ensure precise holes drilled normal to the each face of the members.  

The final step in the pre-assembly process is the preparation of the dowels.  The dowels used for this project are 2-inches in diameter and prefabricated from hard wood, though Ponderosa pine is an acceptable alternative.  The single method of connection incorporated throughout the roof structure is that of glued dowels.  Each 12-inch dowel is equally apportioned between the connector and its contiguous members.  To assure positive bonding between the adhesive and wood materials, all surfaces are to be clean and dry.  With all materials prepared for assembly, construction may begin.
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Figure 3: Defining Key Construction Terms 

Assembly of Structure

Figure 3 is designed as a guide throughout the assembly process description.  Assembly of the roof structure begins with the construction of the base-plane joints.  The two-part adhesive must be adequately mixed to homogeneity.  Even application of the adhesive for all aspects of the structure shall be accomplished with brushes.  The first step in the process is determining the where each connectors is positioned in the structure and inserting the necessary dowel rod to accommodate connecting members.  Adhesive is applied to 6-inch portions of each dowel and then driven into the connector with a rubber mallet.  The first joint to be completed shall be that of a corner of the structure and the basis for the building process.  The remaining base-plane connectors should be constructed in a similar fashion.  

With the base-plane connectors completed, installation of the members may begin.  A corner connector serves as the starting point for construction of the space truss.  The base-plane of the roof is built in its entirety as a grid before any web members are erected.  Adhesive is applied to the exposed half of each horizontal dowel and the predrilled timber members driven into them with a rubber mallet until the end of the member is flush with the face of the connector.  All members used for this portion of the project are 6’10” in length.  This process is repeated until the base-plane of the timber roof is completed.  As construction progresses on the horizontal grid, care must be taken to maintain the right angles of adjacent members.

The next step in the assembly process is the installation of the web members.  The timber roof consists of 16 three-dimensional pyramids combining to form a space truss.  Each pyramid consists of a base measuring 8 feet square between centers of joints.  For each tetrahedron, members from each of the four base connectors converge to the single top joint with a center point 5.65 feet above those of the base.  All pyramids shall be completed in their entirety before the upper plane of the roof is put in place.  All members used for this portion of the project are 7’2” in length.  To construct each pyramid, members are installed with the diagonal dowels in the same manner as the horizontal members. Once in place the web members are supported to relieve stress on the dowels and maintain the integrity of the structure.  

The key to the assembly process lies with the connectors in the upper plane of the space truss.  Once all web members are in place, the upper plane of the structure can be constructed.  Four connectors with holes bored through their diagonals are connected with 6'10" members and dowel rod following previous adhesion process to build a square grid.  This grid is then placed on top of the web members.  The surface area of a dowel is coated with the adhesive and driven through the diagonal of the connector and flush against the web member's hole.  Dowels are inserted into each of the web members in the same manner.  In order to run the dowel completely through the PSL and 6-inches into the timber, a dowel set is utilized to drive the connecting dowel beyond the surface of the connector.  This process is repeated for the remaining four web members in each pyramid, but the grid will differ depending on members already installed with previous grids.  Proper alignment and seating of the connector against the timber member will ease the final assembly steps.  Repeating the procedures for installation of web members can complete constructing further levels of this structure.  

Erection and Installation of Structure

Erection of the small diameter timber roof is simple and efficient.  The strength and three-dimensional stability of the structure allow for erection with a single crane.  Spreader beam pick points should be submitted for approval upon implementation.  The strong base-plane joints allow ample room for mechanical connection to existing substructures with no need for intermediate supports. 

The completed roofing structure accommodates a wide range of cladding alternatives that can be fixed to the joints or the timber members themselves.  For the purpose of this project, the proposed cladding is the application of structural insulated paneling (SIP). SIPs can be purchased in sizes as large as 8' x 24' and easily installed with the help of a crane and fitting splines into pre-routed grooves in the panel edges to form virtually any roof configuration22.  In addition, SIPs reduce construction time by combining three stages of conventional shell construction, framing, sheathing, and insulation, into a single unit. Once in place, any type of roofing material can be applied. 


Design Advantages



Throughout the developmental stages of this design, a conservative effort was made to incorporate the advantages of different types of roofing structures.  O.U.T.T. designed the roofing structure to maintain the aesthetic quality of the wood.  To achieve this, O.U.T.T. decided to use all wood products in the final design.  In doing this, allows the roofing structure to be incorporated into the house.  A conventional ceiling can now be removed and a more spacious living area can be created.  This would give any room a lodge type feel and a more natural or earthy convention.  Since wood products are used throughout, it provide the potential for ponderosa pine to be used in all aspects of the building process and create a larger demand for small diameter timbers.  In addition to making up the members of the structure, Ponderosa pine timbers can also be used in the making of the dowels and connectors.



The choice of a three-dimensional space truss was chosen because of the ability to cover large lengths without the use of intermediate supports and its’ stability in three dimensions.  This will allow large open areas to be created and was also an advantage in the building process.  The building of the actual structure was simplified by the fact that the entire could be built on the ground and then lifted into place with the use of a crane.  This allows for the minimization of construction time, which results in a lower production cost.  



Structural insulated panels were also used to make the roof structure more energy efficient.  A typical rating of a materials thermal efficiency is its R-value rating.  This value quantifies the materials resistance to heat transfer. In a recent laboratory test, SIPs have been found to reduce R-values by as much as thirty percent over conventional stick and frame construction23.  This equates to lower energy costs and a dollar savings for the consumer. Overall, the design incorporates three key components: the aesthetic quality of wood is maintained throughout the structure, the building process is made simple and more efficient, and energy costs are reduced by the use of structural insulated panels. 
3.0 BENCH-SCALE TESTING


Testing Procedures

A bench-scale lab test was conducted to obtain tensile strength characteristics of a typical joint.  The innate properties of a space truss dictate that all members are primarily two-force, with only tensile and compressive forces.  Because the proposed structure relies on glued dowel connections, it can be reasonably assumed that joint failure will be due to pullout of the dowels or tensile failure.  Compressive strength of the space truss is limited only by the material properties of the members, in this case Ponderosa pine.  The circular cross-section exhibited by the members reduces the risk of lateral buckling.  Though PSL is inherently a great deal stronger than Ponderosa pine, it could be argued that compressive failure of the PSL connectors is still possible.  The mode of such a failure, however, is difficult to ascertain, rendering any analysis meaningless.  The limiting factor in the proposed space truss design is therefore safely assumed that of the dowel connection tensile strength.

For the purpose of bench-scale testing, a hydraulic jack and a load cell were used to apply and measure the load respectively.  The test joint consists of two 36-inch dowels spaced 18-inches apart, with ends forming the same connections utilized in the proposed roof structure.  The dowels had a 6-inch penetration depth, embedded and joined to 7-inch thick PSL blocks using the wood-bonding adhesive.  The 36-inch length of the dowels was necessary to accommodate the initial height of the jack to be used for the testing.

The joints were tested with dowels oriented vertically, the test sample resting on one section of the PSL.  The jack was then placed on the lower PSL block between the dowels, equidistant from both.  Once placed the jack was slowly extended until contact was made with the inside face of the top PSL block.  At this point alignment was checked to ensure a central loading on the test sample.  In order to achieve accurate results it was imperative that the jack be located equidistant from each dowel.  This enabled O.U.T.T. to acquire failure loadings by simply dividing the experimental result by two.  Once accurate alignment was verified, the test joints were slowly loaded until failure was achieved.

Following failure, the test joints were assessed in an effort to establish the mode of failure. Preliminary testing following this procedure has revealed that failure occurs when a load of 10,000 lb was applied to the test connections.  Further testing is scheduled to determine the validity of these results and whether a better blend of glue will yield greater shear strength.  


Analysis of Structure

Analysis of the space truss system was conducted using SAP 2000, a commercially available finite element analysis program. SAP 2000 allows a user to input specific material and geometric properties for various members, thus able to effectively model our small diameter Ponderosa pine members.  A few assumptions must be made, however, as will be discussed in the following paragraphs.

In analyzing the structure, members were assumed to have a circular cross-section with a diameter of 6 inches.  Factors applied for dead and live loads were 1.2 and 1.6, respectively.  Dead loads included the weight of the members (28 psf), cladding (4 psf), and clay tile (12 psf).  Contribution of joint dead load was negligible.  Since the moisture content of the supplied wood is below 20%, given strength values apply.

For the purpose of this project, both the entire space truss and a single unit pyramid were analyzed with SAP 2000 (see Figure 2).  Once lab-scale testing of the joints is completed, and ultimate connection capacities are obtained, the maximum loading of the structure can be determined based on dowel failure.  It is worth pointing out that both models were analyzed as frames, not trusses.  This simply means that that the joints are modeled as capable of transferring moment, which accurately depicts the proposed design.  This is of little consequence however, since a space truss is theoretically made up of only two-force members (i.e. minimal bending introduced).

The roof system as a whole was also modeled in SAP 2000.  All joints along the perimeter, and only the perimeter, were treated as supports.  To achieve determinacy, two adjacent corner supports resisted translation but not rotation while the remaining 14 resisted neither.  SAP 2000 enabled O.U.T.T. to analyze the interaction between the various structural members.  The dowel connections in the joint at the center of the base-plane were subjected to tensile forces of 5,900 lb.  Ponderosa Pine shear capacity parallel to grain is 150 psi.  Multiplying this value by the area of the dowel bonded with the timber member (37.7 in.2), a capacity of 5700 lb. is obtained.  Though the calculated capacity for the Ponderosa pine is slightly less than the force to which it is subjected, with load and resistance factors applied the design is adequate.  The proposed roof structure is an efficient design for the live load of 30 psf and selected dead load combination.

SAP 2000 calculated the total deflection at the center of the structure as 0.25 inches, another testament to the structural rigidity of the space truss system.

4.0 BUSINESS PLAN

O.U.T.T. will establish a business unit, O.U.T.T. Roofs, which will serve as a roofing contractor specializing in building and install three-dimensional small diameter timber roofing structures in the Dona Ana, New Mexico and surrounding areas.  The eight members of O.U.T.T. have agreed to enter into a limited partnership with each person to contribute $10,000 for the startup of the company.  To further facilitate startup, O.U.T.T. will acquire an $180,000 small business loan in order to purchase property in the Las Cruces area, purchase necessary inventory, maintain adequate cash reserves, and provide adequate working capital for anticipated expansion of the business.  This amount will be sufficient to sustain a profitable venture and insure protection of the business from any unforeseen circumstances. 


Market Analysis 


Careful analysis of population and building trends coupled with 1997 United States Economic Census Data revealed that there is a growing economy for roofing contractors.  According to the 1997 U.S. Economic Census for Roofing, Siding, and Sheet Metal Contractors, total construction values in this segment of the construction industry reached $80 million dollars14.  For the time period starting January 1, 1990 and ending December 31, 1997, New Mexico saw a 24.3 percent change in population15.   Furthermore, preliminary U.S. Census numbers from 1998 and 1999 suggests that this trend of population growth will continue.  A percent change increase in population equates to an increase for the demand of new home construction, which in turn dictates an increase in demand for roofing contractors.  This correlation is demonstrated by a 17.1 percent increase in construction value starting in 1992 and ending in 199714.  In predicting sales trends, O.U.T.T. Roofs has decided that the optimal situation would be capturing three percent of the single family housing market, based on 1999 census figures, and the absolute worst case would be a half percent capture of that same market.  Realistically, it expects to capture one and a half percent of the single family housing market.  See Table 2 for projected sales.

Business Organization


During the initial start up phase, O.U.T.T. Roofs plans to employ a single construction crew consisting skilled laborers and a foreman, a skilled laborer to maintain and prepare inventory, an office secretary, and a sales representative to make service calls and presentations to interested buyers.  O.U.T.T. Roofs has also arranged for the purchase of commercial real estate that accommodates the business needs of O.U.T.T. Roofs.  First, it provides adequate warehousing space to store equipment and supplies.  Second, there is adequate space available to install a milling operation if it is determined to be more cost effective to produce the dowel rods and connectors without the employment of a subcontractor.  Third, an adjoining lot is available that would allow for a demonstration structure to be built and displayed outside the office site.  Last, it is located in a high traffic area that will give O.U.T.T. Roofs valuable advertising of its' product.  In addition to land purchase, O.U.T.T. Roofs will also purchase a flat be truck for transportation of supplies to the different work sites, necessary office equipment, and required tools to prepare members for onsite installation. 




The desired piece of property will act as a warehouse for all supplies critical to the building process.  Most of the components for the roofing structure will be subcontracted out to other companies and ordered in bulk quantities.  The dowel rods will be purchased from Forest Industries under an agreement to supply two-inch diameter dowel rods in bulk orders of $1250 for one thousand pieces.  The connectors will be completed by a four-axis computer controlled milling machine to ensure accurate cuts at a price of thirty dollars per connector.  Ashland Specialty Chemicals has agreed to supply wood bonding adhesive for twenty dollars per gallon.  O.U.T.T. Roofs will also receive small diameter timbers at a price predetermined by WERC.  These timbers will be delivered to the warehouse and cut to necessary sizes, drilled in the ends for dowel insertion, and held in storage until needed.  The prices listed include delivery charges from origin of manufacturer to the warehouse location.  Maintaining sufficient inventory, loading of the flatbed truck for the next day's operations, and prep work on inventory will be the responsibility of a skilled laborer employed at the warehouse. 


The fabrication of the roofing structures will occur on site following the previously outlined procedure.  The construction crew will consist of four skilled laborers and a foreman.  A crane will be rented for the second day of construction to place the actual roofing structure into place and install paneling to complete the project.  The construction crew will be paid a set salary and are expected to work a standard eight-hour shift Monday through Friday.  During peak construction periods, the crew will also be expected to work Saturday shifts to cover the influx of building projects.  


Competition and Pricing

Pricing of the roofing structure was determined by establishing a price range.  To assist in this process, an Income Projection Statement was established, see Table 3, to project cost for the first year of operation.  The project value estimates were based on building permits; see Table2, issued during the year ending December 31, 2000 and cost of goods sold were based on building 1000 square foot units.  The price ceiling was determined by interviewing roofers that currently install light frame conventional truss systems.  From these interviews an average project cost of $10,000 was established for the installation of a light frame conventional truss system with paneling covering a 1000 square foot structure.  In the hopes of staying competitive with this system, O.U.T.T. Roofs determined that a price ceiling of $11,000 for a 1000 square foot building project should be implemented.  This ceiling price would be the highest price O.U.T.T. Roofs could charge before it starts to loose prospective buyers due to the high price compared to the conventional truss system.  To establish a price floor the following break-even analysis was performed:

FC (Fixed Costs) = $302,834

VC (Variable Costs) = $ 919,470 

S (Break-Even Sales) = (FC + VC) / number of structures built
S = ($302,834 + $919,470) / 136

S = $8900 / structure

This price represents the consumer cost of a 1000 square foot roofing structure, where O.U.T.T. Roofs has enough money to cover all costs.  From this data, O.U.T.T. Roofs decided to market the space truss system, with paneling, for $9,700.  Table 3 represents a monthly report of income for the first year of operation at this unit price.

5.0 LEGAL AND REGULAOTRY CONSIDERATIONS


The Ohio University Timber Team shall abide by all federal, state, and local regulations regarding its business operations.  Since construction sites will vary in location, so shall the regulations that cover each site; therefore, a list of local regulations shall be retained before any activities occur on site.  Under the Resource Conservation and Recovery Act (RCRA), the United States Environmental Protection Agency (EPA) has disseminated a hazardous waste management system 40 CFR Parts 260-2706.  RCRA incorporates solid, liquid, and gaseous materials as “solid waste”.  It is the responsibility of the generator of the solid waste to determine whether it be hazardous.  Hazardous wastes are defined as having characteristics described in 40 CFR Part 2616 or are specifically listed in 40 CFR Part 261.31, 32, 33, and 346.  O.U.T.T. shall determine whether their wastes are hazardous and arrange disposal based on applicable regulations.


The EPA has mandated that persons who release hazardous wastes in reportable quantities report their activities to the National Response Center in Washington, DC.  The EPA has established reportable quantities that are listed in 40 CFR Part 3026.  The Superfund Amendment and Reauthorization Act (SARA), under Subtitle III, established the Emergency Preparedness and Community Right-to-Know Act, which require persons who release hazardous materials to contact the State Emergency Response Commission of states potentially affected by release of the material.  Regulations established pursuant to the SARA Title III requirements are listed in 40 CFR Part 3554.  If, at anytime, O.U.T.T. meets the classification of the aforementioned legislation, it shall conduct itself in a manner pursuant to local, state and federal regulations.   


The wood-bonding adhesive used in the current structure is not classified as a hazardous waste by the EPA defined in 40 CFR Part 2616 and 40 CFR Part 261.31, 32, 33, and 346; therefore, it is not regulated by RCRA.  Unused portions of the mixed adhesive requiring disposal shall be placed in appropriate containers; consultation
 

Table 3: O.U.T.T. Roofs Income Projections by Month for First Year of Operation



with the manufacturer shall determine the proper container.  A toxicity characteristics leaching procedure (TCLP) shall then be performed to verify that the waste is non-hazardous.  After adequately characterizing the waste, it shall be disposed of in a suitable landfill complying with all applicable rules and regulations.

6.0 HEALTH AND SAFETY CONSIDERATIONS

Attention paid to the health and safety of its employees is pivotal to the success of the O.U.T.T. business unit.  The main safety issues that face the employees of this company are the operation of dangerous cutting equipment, heavy machinery, and general construction site safety guidelines.  Methylene bisphenyl isocyanate (MDI), a key ingredient in the wood-bonding adhesive, presents an additional hazard of overexposure.  Under the Occupational Safety and Health Act, employers are required to provide their employees with a safe and healthy work environment.  In the hopes of meeting these goals, OSHA has implemented Voluntary Protection Programs (VPP) under Section (2)(b)(1) 7 of the Act.  This section “directs employers and employees in their efforts to reduce hazards, institute new programs, and perfect existing programs from providing safe and healthful working conditions”.  VPP officially recognizes companies that have created programs and provided excellent safety conditions.  It also offers assistance to companies in an effort to reach that level of excellence.  It is the intent of O.U.T.T. to follow all guidelines set forth by OSHA for workplace safety and health, and be recognized for its efforts.


Since there are two work sites involved in this process, two different sets of standards must be abided by O.U.T.T.  The safety of the employees at the prefabrication facility shall be assured by compliance with OSHA regulations governing woodworking machinery, 29 CFR 1910.2134, and saw milling operations, 29 CFR 1910.2654.  Complying with these standards shall ensure the safety of the employees in and around the prefabrication facilities.  


The prefabrication facility shall be equipped with a proper blower, collection and exhaust systems in accordance with American National Standards Z33.1-19614, removal of dust, and Z12.2-19624, prevention of dust explosion.  Each piece of cutting machinery shall be equipped with the proper dust-collecting device to limit the amount of airborne sawdust in the factory.  In addition to the collection devices, the factory shall have an exhaust system installed to remove airborne particulates from the air.  Equipment shall be tested on a weekly basis to ensure acceptable operating parameters and compliance with the standards set forth by OSHA.  Employees shall be encouraged to report any suspected defects in machinery or surrounding effects to a trained maintenance technician immediately.  Once suspected of deficient performance, a machine shall not be operated until completely inspected by maintenance personnel.  


While on the construction site, O.U.T.T.’s employees shall subject themselves to different types of occupational hazards.  In accordance with the U.S. Department of Labor and OSHA, the construction employees shall be protected pursuant to OSHA standards 29 CFR Part 19264, protection of employees from the risk of falling.  A comprehensive fall prevention program shall be set in place to protect employees working on elevated platforms, reducing the risk of serious injury from a fall.  The main agent of the fall prevention program shall be the use of climbing harnesses that each employee shall be fitted with and required to have on each work site.  This program shall be evaluated on a continual basis and be enforced by the foreman of the construction crew.  The foreman shall be in charge of monitoring the actions of the construction crew, implementing safe working practices, and designating controlled access zones (CAZ) while on site.  Each construction site shall provide different obstacles to achieve safe operating practices; therefore, the foreman shall be in charge of making the necessary arrangements for the fall prevention program upon arrival at the construction site.


Appropriate personal protective equipment shall be provided to prevent inhalation of vapors or prolonged skin contact while keeping exposure levels below the applicable exposure limits. Sufficient ventilation is required in the workplace to keep the air contaminant level below the OSHA standard 29 CFR 1910.10004, which regulates air contaminant permissible exposure limit (PEL), and the American Conference of Governmental Industrial Hygienists’ (ACGIH) threshold limit values (TLV).  The current OSHA PEL for MDI is 0.02 ppm5 ceiling whereas the ACGIH TLV is 0.005 ppm5 as an eight-hour time weighted average (TWA).  To accommodate these standards, proper care on each site shall be taken to ensure that activities involving the adhesive occur in an open area allowing for proper ventilation of fumes and constant air monitoring.  While working with the adhesives it is mandatory that each employee wear the following pieces of personal protective equipment (PPE): impervious nitrile rubber gloves, eye protection with side shields or face shield, and chemical resistant clothing to reduce exposure.  Regulators shall be made available to each employee, compliant with OSHA standard 29 CFR 1910.344, but shall not be made a mandatory part of the PPE.


Any skin area exposed to the adhesive shall be washed thoroughly with soap and water.  If irritation persists, a physician shall be contacted to determine the next course of action.  In the event of eye contact, the affected area is to be immediately flushed with large amounts of running water and medical attention sought.  Ingestion of the adhesive can be fatal.  If ingestion occurs, vomiting should not be induced and immediate medical attention is required.  Special care shall be taken to avoid these occurrences, but if any of the aforementioned cases were to occur, these procedures shall be followed.  These procedures shall be taught to new employees during their training and written forms of the procedures shall be available at each site.  

A person may become sensitized to isocyanates, rendering the individual more susceptible to respiratory irritation and distress.  Employees, whom experience shortness of breath, dizziness, headaches or tightness of chest, are encouraged to remove themselves from the area immediately and report the incident to the foreman.  The foreman shall make a report documenting the occurrence and determine the cause of irritation, whether it is poor ventilation or sensitization.  If it is suspected that an employee has become sensitized to MDI fumes, tests shall be conducted to confirm the suspicion.  

8.0 PUBLIC INVOLVMENT PLAN

O.U.T.T. has developed a three step Public Involvement and Monitoring Plan (PIMP) to gain community support, demonstrate economic rewards, and convince the public of the practical application of the design.  The first step in PIMP is gaining the support of the communities to be affected by logging operations and action groups existing solely in the interests of environmental protection.  The logging of timber in forest stands has been a hotly debated issue in recent years.  It is important to make the public aware that the intent of O.U.T.T. is to improve the health, diversity, and productivity of forest ecosystems, not to eliminate them.  To accomplish this O.U.T.T. shall hold a series of meetings that shall follow the structure of town hall meetings.  Key members of the O.U.T.T. business unit shall be present to organize the proceedings throughout their course.  It is anticipated that concerned parties will make their apprehensions known and cooperative discussions ensue.  


To further enhance O.U.T.T.’s image a presentation shall be made to demonstrate the positive environmental and economical impacts.  This presentation shall include data that: supports the fact that thinning will increase the health and viability of forest ecosystems, demonstrates O.U.T.T.’s commitment to implement regulations of local, state, and federal governments, and highlights the use of products that are environmentally considerate.  To demonstrate the level of commitment from O.U.T.T., a fund shall be set up to support local conservation efforts.  Ongoing economic analysis of business operation shall determine the amount of money set aside for this fund.


The second phase of PIMP is the demonstration of the economic rewards gained by surrounding communities because of O.U.T.T.’s operation.  This demonstration shall take place during the town hall meetings.  A comprehensive study shall be performed to estimate the increase in job opportunities, influx in tax dollars, and savings in insurance costs to each community.  To further augment this position, several persons shall be summoned to speak on behalf of O.U.T.T.  A representative from the insurance industry shall be summoned to discuss losses that have occurred in the community as a direct result of wildfires.  This discussion shall include estimations in future savings that might be expected due to successful wildfire reduction.  Local business leaders and government officials shall also be on hand to estimate the influx of tax dollars and revenues.   These people should be members of the local community and, in general, have the trust and support of its residents.  


Any feedback is encouraged during these meetings and every aspect of the operation shall be open to discussion.  If issues not previously considered are brought to the attention of O.U.T.T., they shall be recorded and special organizational meetings shall be formed to address the concerns. The PIMP program has been put in place to gain the support of the local community.  It is in this spirit that O.U.T.T. feels any misinformation purposely presented to the public will destroy all trust that the community has in its business unit.  Therefore, it is the policy of O.U.T.T. to divulge any information, whether the contents are beneficial or detrimental to the O.U.T.T. business unit. 


In an attempt to generate the interest of the public, O.U.T.T. plans to make appearances at local home and garden trade shows.  The goal at these functions is to demonstrate the aesthetic quality of the roofing system in addition to its structural integrity.  Aside from tradeshows O.U.T.T. shall make bids on building contracts in attempts at winning a high profile bid.  A high profile project would effectively demonstrate the quality of the O.U.T.T.’s product and its practicality.

8.0 CONCLUSION


The purpose of this report was to inform interested parties about the roofing structure designed by O.U.T.T. in the interest of cultivating a demand for small diameter Ponderosa pine timbers.  By research and testing analysis and designs, a roofing structure was developed that would lend itself to current building procedures, simple fabrication, environmental awareness, and visual appeal.  A business plan was put in place to account for investment requirements, legal and regulatory preparations, and the health and safety of employees.  In addition, details for developing a mutually beneficial relationship between the business unit and community members were outlined.
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		Table 2: Sales forecast

		For Period Starting Jan. 1, 2001 and Ending Dec. 31, 2001

		Month								U.S. Census Estimates for Year Ending Dec. 31, 2000

		January		3		10		20		662

		Febuary		4		11		23		756

		March		4		13		26		878

		April		4		12		23		773

		May		4		13		26		883

		June		5		14		27		903

		July		4		12		24		806

		August		4		11		21		708

		September		4		12		25		818

		October		3		9		19		623

		November		4		11		22		735

		December		3		8		16		539

		Totals		46		136		272		9084
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		Table 3: O.U.T.T. Roofs Income Projection by Month for First Year of Operation

						Cost Breakdown		Jan		Feb		March		April		May		June		July		Aug		Sept		Oct		Nov		Dec		Year 2001 Totals

		INCOME

		Sales

				Roofing Projects		(Project Value)		97,000		106,700		126,100		116,400		126,100		135,800		116,400		106,700		116,400		87,300		106,700		77,600		1,319,200		9700

		Cost of Goods Sold

				Dowel Rods				3,200		3,520		4,160		3,840		4,160		4,480		3,840		3,520		3,840		2,880		3,520		2,560		43,520

				Adhesive				1,000		1,100		1,300		1,200		1,300		1,400		1,200		1,100		1,200		900		1,100		800		13,600

				Connectors				22,500		24,750		29,250		27,000		24,600		31,500		27,000		24,750		27,000		20,250		24,750		18,000		301,350

								41,250		45,375		53,625		49,500		53,625		57,750		49,500		45,375		49,500		37,125		45,375		33,000		561,000		919,470

		Gross Margin						29,050		31,955		37,765		34,860		42,415		40,670		34,860		31,955		34,860		26,145		31,955		23,240		399,730

		EXPENSES

		Operating Costs

				Skilled Laborers				10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		123,000

				Foreman				2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		34,560

				Crane Rental				800		800		800		800		800		800		800		800		800		800		800		800		9,600

				Including operator

				Salesman				3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		46,800

				Office Admin.				1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		19,200

				Depreciation		(using straight-line  depreciation)

								260		260		260		260		260		260		260		260		260		260		260		260		3,125

								75		75		75		75		75		75		75		75		75		75		75		75		900

								47		47		47		47		47		47		47		47		47		47		47		47		563

								611		611		611		611		611		611		611		611		611		611		611		611		7,333

								77		77		77		77		77		77		77		77		77		77		77		77		920

				Utilities Expenses (Estimated values)				1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		12,000

				Includes phone, electric, and gas.

				Insurance (Estimated Value)				2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		24,000

		Total Operating Costs						23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		282,001		282,001

		OTHER EXPENSES

				Interest Exp				1,757		1,753		1,749		1,746		1,742		1,738		1,734		1,731		1,727		1,723		1,719		1,715		20,833		8700

		Net Profit (Less) Pre-Taxes						5,550		8,455		14,265		11,360		18,915		17,170		11,360		8,455		11,360		2,645		8,455		-260		117,729

		Cash allocated to the purchase of truck $30,000

		Cash allocated to the purchase of forklift $5,000

		Cash allocated to tools $5,000

		Appraisal of building $120,000

		Cash allocated to the purchase of office equipment $5,000
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		Table 2: Sales forecast

		For Period Starting Jan. 1, 2001 and Ending Dec. 31, 2001

		Month								U.S. Census Estimates for Year Ending Dec. 31, 2000

		January		3		10		20		662

		Febuary		4		11		23		756

		March		4		13		26		878

		April		4		12		23		773

		May		4		13		26		883

		June		5		14		27		903

		July		4		12		24		806

		August		4		11		21		708

		September		4		12		25		818

		October		3		9		19		623

		November		4		11		22		735

		December		3		8		16		539

		Totals		46		136		272		9084
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		Table 3: O.U.T.T. Roofs Income Projection by Month for First Year of Operation

						Cost Breakdown		Jan		Feb		March		April		May		June		July		Aug		Sept		Oct		Nov		Dec		Year 2001 Totals

		INCOME

		Sales

				Roofing Projects		(Project Value)		97,000		106,700		126,100		116,400		126,100		135,800		116,400		106,700		116,400		87,300		106,700		77,600		1,319,200		9700

		Cost of Goods Sold

				Dowel Rods				3,200		3,520		4,160		3,840		4,160		4,480		3,840		3,520		3,840		2,880		3,520		2,560		43,520

				Adhesive				1,000		1,100		1,300		1,200		1,300		1,400		1,200		1,100		1,200		900		1,100		800		13,600

				Connectors				22,500		24,750		29,250		27,000		24,600		31,500		27,000		24,750		27,000		20,250		24,750		18,000		301,350

								41,250		45,375		53,625		49,500		53,625		57,750		49,500		45,375		49,500		37,125		45,375		33,000		561,000		919,470

		Gross Margin						29,050		31,955		37,765		34,860		42,415		40,670		34,860		31,955		34,860		26,145		31,955		23,240		399,730

		EXPENSES

		Operating Costs

				Skilled Laborers				10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		10,250		123,000

				Foreman				2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		2,880		34,560

				Crane Rental				800		800		800		800		800		800		800		800		800		800		800		800		9,600

				Including operator

				Salesman				3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		3,900		46,800

				Office Admin.				1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		1,600		19,200

				Depreciation		(using straight-line  depreciation)

								260		260		260		260		260		260		260		260		260		260		260		260		3,125

								75		75		75		75		75		75		75		75		75		75		75		75		900

								47		47		47		47		47		47		47		47		47		47		47		47		563

								611		611		611		611		611		611		611		611		611		611		611		611		7,333

								77		77		77		77		77		77		77		77		77		77		77		77		920

				Utilities Expenses (Estimated values)				1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		1,000		12,000

				Includes phone, electric, and gas.

				Insurance (Estimated Value)				2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		2,000		24,000

		Total Operating Costs						23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		23,500		282,001		282,001

		OTHER EXPENSES

				Interest Exp				1,757		1,753		1,749		1,746		1,742		1,738		1,734		1,731		1,727		1,723		1,719		1,715		20,833		8700

		Net Profit (Less) Pre-Taxes						5,550		8,455		14,265		11,360		18,915		17,170		11,360		8,455		11,360		2,645		8,455		-260		117,729

		Cash allocated to the purchase of truck $30,000

		Cash allocated to the purchase of forklift $5,000

		Cash allocated to tools $5,000

		Appraisal of building $120,000

		Cash allocated to the purchase of office equipment $5,000
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		Table 1: Summary of Alternative Connector Designs

		Connection Method		Advantages		Disadvantages

		· Two dimensional gusset plate9		· Simplicity in analysis, construction,

		and design		· Lack of stability in third dimension

		· Low overall strength

		· Splice plate with reinforcing

		dowels and straps10		· Increase in ultimate strength within

		the joint		· Laborious manufacturing

		· High Cost

		· Physical appearance

		· Spherical connectors

		(all types)11		· Plasticity of spheres in compression		· Precision needed in manufacturing. · Increasing size with increasing

		member size

		· Direct pinning or bolting of

		members together12		· Simplicity in construction with only

		one or two members		· Low ultimate strength.

		· Constructing multiple members is

		difficult

		· Sleeves13		· Construction is simplistic if sleeves

		are prefabricated		· Strength highly dependent on tensile

		capacity

		· Manufacturing of joint is laborious

		and expensive.
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		Table 1: Summary of Alternative Connector Designs

		Connection Method		Advantages		Disadvantages
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