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1.0 EXECUTIVE SUMMARY 

The Demonstration House project seeks to show that a house built of Stressed 

Skin Insulating Core (SSIC) panel construction can provide equal energy 

performance, yet cost $2000 less than an "architecturally equivalent" 

conventionally framed Reference House which meets stringent Long Term Super 

Good Cents energy standards (a glossary of terms and phrases is given in Section 

8.0; details of the Bonneville Power Administration Super Good Cents Program 

are given in Appendix 9.1). This report summarizes the first two phases of 

design work toward the construction of an SSIC panel Demonstration House, as 

part of the Energy Efficient Industrialized Housing research project funded by the 

U.S. Department of Energy. Phase I includes the research work through May, 

1992 to design and evaluate a prototype house to meet project goals; Phase II 

continues that work (another cycle of design and evaluation) through April, 1993. 
The final stage of design and evaluation prior to construction -Phase III -is 

described in a subsequent report. 

Phase I 

Phase I of the work described here involves the design of a two story, 1271 square 

foot SSIC panelized house with three bedrooms and 1-3/4 baths. The program 

requirements for this house are those of the project developer, the St. Vincent 

dePaul Society of Lane County. The general form of the house is derived from 

considerations of compactness for good energy performance, efficient panel 

utilization, and ease of construction for economy. 

This phase of the research also involves cost, structural and energy analyses of 

both the SSIC Demonstration House and a comparable conventionally framed 

Reference House. Because the Long Term Super Good Cents energy conservation 

program offers a $2000 incentive to builders, the SSIC Demonstration House is 

intended to cost at least this much less than the Reference House. Initial cost 

analyses of both these versions of the house shows that the SSIC Demonstration 

House shell -if built in Eugene, Oregon in 1990 -would cost $17,752.18, 
$2,651.97 more than the conventionally framed Reference House at 

$15,100.21. Square foot costs for the two house shells (less foundations, interior 

walls, plumbing, wiring and mechanical systems) would be $14.00 for the SSIC 
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and $11.91 for the conventionally framed houses, respectively. Thus the difference 

in square foot costs is $2.09. 

Comparative energy analysis shows that the SSIC panel house barely fails to 

match the annual energy budget performance of the Reference House, which was 

designed to Long Term Super Good Cents prescriptive standards, by 3.2%. 

However, structural analysis indicates that the SSIC panel Demonstration House 

as designed is unnecessarily strong, suggesting potential cost savings. 

Phase II 

Phase II of the research involves reiterated design efforts and further cost, 

structural and energy analyses in order to refine and exploit the capabilities of 

the SSIC panel system as revealed in Phase I. The work began with a series of 

background studies, summarized in Table 1 - 1, which examined the comparative 

cost effectiveness of various house configurations. 

These study results helped refine the design into a 1-1/2 story, 1260 square foot 

house with three bedrooms and two baths - the most cost-competitive 

Demonstration House design among the five alternatives examined. Descriptions 

and projected envelope component and "whole house" costs for these designs are 

given in Appendices 10.1 through 10.5 for both the SSIC panel (Demonstration) 

and conventionally built (Reference) versions. 

To simplify the cost comparison process in Phase II, comparisons were made 

between SSIC panel Demonstration and Reference versions of each house 

designed only to meet current Oregon Energy Code standards. The BPA has 

established, however, that the cost of upgrading a typical Reference House to meet 

Long Term Super Good Cents standards averages $2,000. The cost of the lot is not 

included in this analysis. 
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One Story House 1-1/2 Story "Short Ridge" House 

Two Story "Long Ridge" House 

Two Story "Crosswise" House 1 l/2 Story "Long Ridge" House 

DESIGN HOUSE ENVELOPE COST BY COMPONENT 
Roof Walls Floors Int, Floor Int. Walls Misc. Tot.al Difference 

'&o D 5,237 9,968 4,487 2,597 1,906 12,603 36,801 5,791 
Story R 4,272 6,579 3,018 2,629 1,906 12,603 31,009 

Short D 5,926 6,783 4,465 2,285 1,640 9,713 30,812 4,395 
Ridge R 4,272 4,954 3,252 2,586 1,640 9,713 26,417 

Long D 5,540 6,226 4,011 2,848 1,925 11,339 31,889 3,682 
Ridge R 4,694 4,235 3,219 2,881 1,839 11,339 28,209 

One D 8,332 7,574 8,010 0.00 2,871 12,603 39,392 8,615 
Story R 5,616 4,470 5,216 0.00 2,871 12,603 30,777 

Cross- D 4,401 9,624 3,166 2,922 1,906 12,603 34,624 4,860 
R 3,449 5,785 2,347 3,718 1,906 12,556 29,763 

TABLE 1-1 
Summary of Background Studies: 

Demonstration/Reference House Envelope Cost Comparisons for Five Designs 
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Further studies examined the relative cost impact of dormers and skylights on 

the 1-1/2 story "long ridge" design, in order to improve its relative cost position. 

These studies are summarized in Tables 1-2 and 1-3: 

Roof 
D 7302 
R 6642 

wans 
6Zl.7 

4235 

HOUSE ENVELOPE COST BY COMPONENT 
Floors Int. Floor Int. Walls 
4011 2848 1926 
3219 2881 1839 

TABLE 1-2 

Misc, 
11339 
11339 

Total Difference 
33653 
29955 3008 

1-1/'J Story Long Ridge House with 2 Dormers+ 1 Skylight 
Demonstration/Reference House Envelope Cost Comparisons 

HOUSE ENVELOPE COST BY COMPONENT 
Roof Walls Floors Int. Floor Int. Wa)ls Misc, Total Difference 

D ffi86 
R 5678 

6Z2,7 
4235 

4011 
3219 

2848 
2881 

1926 
1839 

TABLE 1-3 

11339 32737 
11339 29191 

1-1/'J Story Long Ridge House with 3 Skylights 
PreJiroinary Design Envelope Cost Comparison 

Note that these Demonstration House designs, and their associated building 

costs, reflect the use of SSIC panels throughout the building envelope - for roof, 

exterior walls and ground floor. The floor application is in fact somewhat rare in 

present SSIC panel building practice. In this application the structural and 

thermal characteristics of the panels do not provide an efficient match; the panel 

thicknesses necessary for customary floor spans result in excessive floor 

insulation levels. 

In Phase II the research also involved a number of cost and structural analyses 

pertinent to the design. These were focused on a number of subassemblies and 

components: the panels themselves, examined to optimize cost and thermal 

performance in the building envelope, and the interaction of panel thickness and 

window quality, for cost optimization of the entire building thermal envelope. 

The comparative cost analysis of these five design approaches to the house shows 
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that the 1-1/2 story "long ridge" design is the most cost competitive user of SSIC 

panels. This Demonstration House, built in Eugene, Oregon in 1992 would cost 

$31,889 -$3,682 more than the conventionally framed Reference House at 

$28,209. Square foot costs for the two house shells (less foundations, interior 

walls, plumbing, wiring and mechanical systems) would be $25.30 for the SSIC 

and $22.30 for the conventionally framed houses, respectively. Thus the 

difference in square foot costs is $3.00. 

Analysis of annual energy budgets shows that the SSIC panel Demonstration 

House barely fails to match the annual energy budget performance of the 

Reference House, which is designed to Long Term Super Good Cents prescriptive 

standards, by 3.2%. However, structural analysis indicates that the SSIC panel 

house as designed provides a margin of excess strength, suggesting cost savings 

possible through less conservative design. Further cost, structural and energy 

analyses follow to inform subsequent design efforts, which will attempt to refine 

and exploit the capabilities of the SSIC panel system. 
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2.0 IN'IRODUCTION 

This report summarizes the first two phases phase of design work (originally 

part of Subtask 5.2, "Demonstration Projects," and reorganized in March 1993 as 

Task 5. 1.A, Demonstration Projects - Stressed Skin Insulating Core (SSIC) Panel 

House) toward the construction of a Stressed Skin Insulating Core (SSIC) panel 

Demonstration House. Phase I describes the research work through May, 1992; 

Phase II continues through April, 1993. 

The Demonstration House project seeks to show that a house of SSIC construction 

can provide equal energy performance, yet cost $2000 less than an 

"architecturally equivalent" conventionally framed Reference House which meets 

stringent Long Term Super Good Cents energy standards (a glossary of terms 

and phrases is given in Section 8.0; details of the Bonneville Power 

Administration Super Good Cents Program are given in Appendix 9.1). 

Phase I 
Phase I of the work reported here involves the design of a two story, 1271 square 

foot SSIC panelized house with three bedrooms and 1-3/4 baths. The program 

requirements for this house are supplied by the project developer, the St. Vincent 

dePaul Society of Lane County. The general form of the house is derived from 

considerations of compactness for good energy performance, efficient panel 

utilization, and ease of construction for economy. The design process and its 

consequences are described in Section 3.0. 

This phase of the research also involves energy, cost and structural analyses of 

both the SSIC Demonstration version and a comparable conventionally framed 

Reference House. These analyses and their results are described in Sections 4.0, 

5.0, and 6.0, respectively. 

Figure 2-1 diagrams the overall strategy of the study. A design for the 

Demonstration House was developed following program requirements of the 

developer/research partner, the St. Vincent dePaul Society of Lane County, and 

general principles such as compactness and simplicity of form which would 

contribute to energy efficiency and economy - plus whatever concessions the 
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design team felt would make best use of SSIC panel construction. An 

architecturally similar Reference House was also described, whose construction 

and insulation details are drawn from the prescriptive standards of the Long 

Term Super Good Cents (LTSGC) program. 

The WA TTSUN computer program was used to establish compliance of both 

versions of the house with the LTSGC requirements, and CALPAS was employed 

to examine heat flows in the houses, for instance to determine most effective 

insulation (panel thickness) placement in the Demonstration House. Finally 

DOE II was used to compare the annual heating/cooling energy budgets for both 

houses. 

Simultaneously, construction costs for both houses were estimated and 

compared, to measure progress toward the goal that the Demonstration House 

should cost $2000 less than its conventionally framed Reference House 

counterpart. 

Last, the structural capabilities of the Demonstration House were examined both 

to insure design integrity and to discover potential cost savings in excess 

structural capacity. 
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Figure2-l 

Task 5.2 Demonstration Project Overview-Phase I 

Phase II of the research involved further pursuit of the energy and cost goals 

established in Phase I. This work involved cost, structural and energy analyses 

and redesign efforts, in order to refine and exploit the capabilities of the SSIC 

panel system as revealed in Phase I. A series of background design studies 

developed and examined the comparative cost competitiveness (SSIC panel vs. 

conventional construction) of the five different basic house configurations shown 

in Figure 2-2. 

7832/R94-2 Page 19 



Two Story "Crosswise" House 

One Story House 

1-1/2 Story "Short Ridge" House 

Two Story "Long Ridge" House 

1-1/2 Story "Long Ridge" House 

Figure2-2 
Candidat.e Demonstration House Designs 

This design process is described in Section 3.0. Energy analyses are given in 
Section 4.0. Cost comparisons (Demonstration vs. Reference) for the design 
alternates are described in Section 5.0. Structural considerations are treated in 
Section 6.0. 
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3.0 DESIGN 

Phase I Design Criteria 

The houses described here have been developed to compare an SSIC panelized 

Demonstration House to a conventional "stick framed" Reference House with a 

common annual energy use target. For the purposes of this comparison, the 

basic design drawings are applicable to either construction method. 

Construction components and details for the Reference House were derived from 

the 1991 Long Term Super Good Cents Residential Construction Reference 

Manual (Appendix 9.1). Components and details for the Demonstration House 

were generally adapted from published AFM R-Control construction practices 

and performance data (the AFM Corporation is an industry partner in, and 

supplier of the SSIC panels for, the Demonstration House project; a complete 

partner list is given in the front matter of this report). 

The Demonstration House examined in Phase I is a two story, 1271 square foot 

residence with three bedrooms and 1-3/4 baths. The basic program requirements 

were established by St. Vincent dePaul, the project developer. The design team 

added the following design objectives: consolidated plumbing core removed from 

exterior walls, ground level bedroom with rental or office space potential, layout 

which facilitates cross ventilation and daylighting possibilities, reduced surface

to-volume ratio via two story approach, and a modularization of activity areas to 

facilitate remodeling or addition. 
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There has been an effort to optimize the design for panelized construction. The 

dimensions were chosen to minimize the material waste and erection time of a 

panelized system. In addition, the house was designed to achieve the best match 

between prescriptive energy requirements of Long Term Super Good Cents 

Standards and the manufacturer's published structural data (given in Appendix 

9.2). 

Design Details 

The width of the house is based on a 7-3/8" (nominal 8") core thickness, R-30 floor 

panel spanning 16'-0". The intermediate floor connects, using a ledger system, 

with floor-to-roof (balloon framed) wall panels. The walls consist of a 5-1/2" core 

thickness, R-22 panels 4' to 8' wide and 16'-0" tall. The wall panels rest on the 

foundation along with the floor panel. The 9-3/8" core thickness, R-38 roof panel 

spans vary from l0' to 18'. This roof construction would provide cathedral 

ceilings for the upper story bedrooms with a storage loft above the bath. 

Vinyl windows with a 0.35 U-value are used to meet Long Term Super Good Cents 

criteria. The windows have been placed to provide effective cross ventilation and 

daylighting. Total window area equals 15% of the floor area, and has not been 

optimized for thermal performance. 

Phase I Unresolved Issues 
At the end of Phase I design, several areas of component design appear to 

warrant further study. The roofing materials initially selected are asphalt 

shingles; however, an integrated metal roof system might reduce costs. Factory 

application of gypsum board and Tl-11-type structural siding as panel faces 

might generate savings. Changes in window installation details might eliminate 

some thermal breaks and reduce labor costs. Foundation system variants to 

study include pressure treated lumber, continuous concrete and pier systems. 

Phase II Design Criteria 
Following Phase I of the Demonstration House Task 5.2, a choice was made to 

consider in the design the Reference House the "most likely to be built" approach, 

rather than one that was simply "architecturally equivalent."  The purpose of this 

shift was to recognize the cost restraints that affect the average builder. For 
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example, if a construction company were to build a house with a straight gable 

roof, the builder would almost certainly use manufactured roof trusses rather 

than 2x14 conventional lumber for savings in materials and labor, as Figure 3-2 

indicates: 

RAFIERS 
$5.60/SF 

1R� 
$5.18/SF 

Figure 3-2 
Comparative Roof Structure Costs 

PANELS 
$7.40/SF 

In Phase I, the Demonstration House had difficulty matching the cost 

performance of the Reference House because the panels were being adapted to 

conventional building methods. In Phase II, therefore, a decision was made to 

exploit through design what panels do effectively, but what might be costly to 

duplicate conventionally. Specifically, the SSIC panel roof, walls and floor were 

investigated to develop an understanding of their inherent structural and 

thermal advantages over conventional residential construction. 

The results from these investigations led to the selection of a house "type" that 

would be used to compare the Demonstration and References Houses. In this 

portion of the study, various house designs were compared using innovations 

identified with the panels (long spans, vaulted space, reduced labor, etc.). The 1, 

1-V2 and 2 story designs were evaluated based on cost, program adherence and 

architectural esthetics. From these evaluations, a house design was selected for 

construction. 
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The investigation of SSIC panels for roof applications revealed several 

advantages. First, the panels offer "free" vaulted space. Roof panels typically 

clear span from the top plate to the ridge without intermediate support. Because 

the lower side of the panel has oriented strand board (OSB) applied in the factory, 

the ceiling is ready for a finish surface. Second, the spanning capability under 

typical roof loading conditions (35 PSF LL & DL) is good. A typical 10" roof panel 

can achieve up to a 24' span under these loading conditions (APC International, 

Designer's Handbook, p. 14). The additional thickness required to achieve longer 

spans is optimally placed in the roof because of the energy performance 

requirements. Third, panels do not require venting because the exterior skins 

are laminated directly to the insulation core. Fourth, with exterior skins already 

in place, the entire roof sheathing step can be eliminated. 

Many of the advantages associated with panel roofs such as eliminating the roof 

sheathing step apply equally to all of the various house designs. The advantage 

for a particular house type comes from how the panel attributes relate to the 

inherent spatial qualities associated with that design type. Since the vaulted 

space provided by roof panels is one of its most desirable features, the design 

investigation focused on which housing type utilized vaulted space in the most 

rational fashion. Figure 3-3 shows three house configurations with differing 

degrees of suitability for SSIC panel construction. 

I Story l-l/2 Story 2Story 

Figure 3-3 
Alternate Vaulted Ceiling House Configurations 
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Since all three of the house types shown above have vaulted ceilings, the design 

question becomes: which type best utilizes the panels' advantages? 

Of the houses above, the 1-1/2 story house was the most cost competitive design 

when compared to a conventionally built version of the same design. Both the 

single story and the two story house could use scissors trusses to build the vault. 

With the 1-1/2 story house headroom becomes a problem with scissor trusses; 

thus the most reasonable method of construction would employ rafters. The 

addition of a roof dormer would further necessitate the need to use rafters in 

conventional construction. The increased difficulty associated with building the 

1-1/2 story roof with rafters suggested that it provided a competitive opportunity 

for the panel system. 

Walls 
The walls were the next area investigated in terms of panel advantages. With two 

layers of OSB laminated to the rigid insulation core, the panels form a tall "box" 

beam. If the walls perform like beams, the foundation can be point loaded rather 

than requiring a continuous footing. To achieve the same effect with conventional 

framing would require extensive shear paneling and would be expensive. Thus 

another advantage of the panel system might be the elimination of the traditional 

concrete foundation. A pier foundation using drilled holes as formwork could be 

fast and inexpensive. Concentrating the building loads in concrete piers would 

have the advantage of requiring less excavation and grading, in addition to 

eliminating formwork cost. 

Panel size is another major consideration when selecting the most appropriate 

house type to compete with conventional building. The choice is essentially this: 

small panels which permit manual assembly, versus large panels which require 

hoisting machinery but permit very speedy shell construction. Each panel type 

has advantages and disadvantages which can affect the form of the house. A 

major advantage of long roof panels is in their spanning ability. Using a long 

wall panel enables a builder to erect an entire house wall in one step. A 

disadvantage to long panels, however, is waste. Because a long panel is 

monolithic, any opening in that wall or roof area must be cut out of the panel. 
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Large Panel-Standard large Panel-Modified 

Panel offcuts are difficult to reuse and often end up as waste. Given the 

importance of cost in this project, waste figured significantly in the decision 

between large and small panels. Smaller panels offer an obvious modularity 

when confronting the issue of waste. A series of small panels can be organized 

and modified around wall openings to keep waste at a minimum. 

The standard width for a small panel is 4'-0". Using this dimension as a guide, 

wall openings can be designed to fit within a standard grid module. 4'x8' panels 

could be used to form 4'x4' opening. In this way one 4'x8' panel could be used for 

two 4'x4' windows without any waste. 

Small Panels-Standard Small Panels-Modified 

Both small and large panels use splines for connection. Connecting the panels is 

one of the most labor intensive phases of construction. A disadvantage associated 

with small panels is higher labor totals due to the increased number of splines 

needed to connect them. Also, small wall panels offer less spanning capability as 
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beams. While this characteristic implies flexibility in some areas, such walls 

tend to rely on traditional load bearing foundations. 

Siding might provide another opportunity for the Demonstration House to achieve 

an advantage over the Reference House. If the exterior panel OSB layer could be 

replaced with structural siding material, then the process and cost of siding the 

house in the field could be eliminated. 

Floor 
A design objective for the Demonstration House was to provide an entire building 

envelope of stressed skin panels, meaning that the floor would have to consist of 

panels. Stressed skin panels are not typically used as floor surfaces, however. 

The depth that a panel needs to achieve a significant spanning capacity places 

more insulation in the floor than is required for the most efficient building 

envelope. Given the thermal requirements for the house and the expense 

associated with thicker panels, the Demonstration House floor needed to be as 

thin as possible. Typical floor loads (55 PSF) applied to a thin panel would imply 

short spans, thus rather closely spaced intermediate supports. 

As a floor system, the panels basically behave like a one-way slab. For structural 

efficiency, this type of structural system implies a regular building footprint. The 

combination of the limited panel spanning ability and one-way structural 

behavior led to the decision to pursue a rectangular building footprint. 

Structural Cost Summary 

Five house designs were developed in one story, 1-1/2 story and two story types. 

These were compared for suitability for panel construction methods, and for cost 

competitiveness with conventionally built versions. Of the five house designs 

evaluated, the 1-1/2 story "long ridge" design was the most cost competitive, and 

was also judged to utilize panel advantages better than the other designs. 

A relatively small wall area helps keep this 1-1/2 story Demonstration House 

design competitive with the Reference House, and reduces the overall cost of the 

project (by creating rooms directly under the roof panels, the long ridge exterior 

wall area is minimized). 
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The two story house can utilize the vaulted space in a similar way as the long 

ridge house, but it pays a cost penalty in increased wall area. To fit all the 

program requirements into the one story version, the building foundation area is 

so large that the vaulted spaces become unpractical. Also, the width of the one 

story design requires several intermediate floor supports due to the short 

spanning ability of the thin panels selected for optimal thermal cost efficiency. 

In contrast to the one story design, the 1-1/2 story long ridge house requires only 

one intermediate floor support. Its 20-foot width requires that the Reference 

House version also have a similar intermediate support, so that it has no 

resulting cost advantage. 
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4.0 ENERGY ANALYSIS 

Phase I Process  

The Reference House and Demonstration House designs were both modeled on 

the WATrSUN 5.2 energy code compliance program. This analysis is the initial 

phase in the process described in Figure 2-1. The Reference House is used as a 

base case which meets Long Term Super Good Cents standards. This base case is 

used to establish a reference energy budget on the WA TTSUN program which is 

compared to like designs of the Demonstration House. In this way, the 

Demonstration House can be tested to be in compliance with the Long Term Super 

Good Cents goal of the project. The envelope requirements of the Long Ter m  

Super Good Cents program are summarized below: 

Vaulted ceiling R-38 
Advanced framed walls R-26 
Under floor insulation R-30 
Slab on grade (edge) R-15 
Windows (U-value) 0.35 

Tuble 4-l 
I..Dng Term Super Good Cents Insulation Standards 

Source: Bonneville Power Administration (Appendix 9.1) 

Energy analyses of the Reference House were conducted using the WATTSUN 

default component U-values established by Ecotope of Seattle (Appendix 9.5). The 

values for floor, wall, and ceiling of the proposed design components were input 

into the WATrSUN program based on the Stress Skin Panel Default U-Value 

Update from the Washington State Energy Office (Appendix 9.5). 

Phase I Conclusions 

The energy comparison and compliance test reveal a gap between Reference 

House and Demonstration House performance. Based on the energy budget 

analysis alone, the Demonstration House fails to comply with LTSGC standards 

by 3.2%. Given the slight difference, due primarily to a U-value deviation in wall 

components, it appears that this value would be eliminated by more detailed 

energy analysis. 
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Phase II Process 

The results of Phase I called for further design work and more detailed energy 

analysis. As indicated in Figure 2-1, more detailed energy studies were 

conducted on CALPAS and DOE 2. lC programs; these include alternate 

thickness and density strategies for SSIC panels, in order to optimize insulation 

levels and panel costs, and optimization studies of component and whole house 

insulation volume. 

Likewise pertinent are the impacts of infiltration and heat recovery ventilation. 

The performance of an air-to-air heat exchanger with water heating loop could 

not be determined by the preliminary energy analysis, but it could have a 

significant impact on whole house energy use. The exploration of these kinds of 

questions, however, calls for more precise tools than were available. 

For Phase II, the insulation values established by the Bonneville Power 

Administration were used to establish the total heat loss for the Reference House. 

Methodology 

A spread sheet was developed using Macintosh Excel to test the overall energy 

performance of the Demonstration House. This spread sheet was to serve two 

functions. The main task was to establish the extent of the heat loss through the 

building envelope. Energy performance of the various building components 

(floors, walls and roofs) was established using the formula: 

Q = U AdT 

An example of an energy analysis for one building component is given below: 
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Area = 
T (in) = 
T (out) = 

1029.25 sf 
68°f 
22°f 

Component Material 

Int surface gypsum t=0.5" 
R2(0SB) 
R3 EPS insulation 
R4(0SB) OSB 
R5 building paper 
ext. surface siding 
Sum. R =  
air film (in) 
air film (out) 
Total R = 

Wall U = 1/R 
Heat loss 

Rvalue 
0.450 
0.810 
36.113 
0.809 
0.060 
il.8lQ. 
39.053 
0.685 
0.250 
39,988 

1.850 
3.850 
1.850 

1.460 
4.000 

Wall U value =0.025 
Q = UAdT = 1184.Q04 

TABLE 4-2 
Wall Heat IA>ss Calculations 

Titlckness {in) 

0.438 
9.380 
0.438 

Note: a complete summary of the Demonstration House energy analysis is given 
in Appendix 10-6. 

A second function of the spread sheet was to determine the optimal placement of 

insulation in the panel envelope. In preliminary studies of the panels, the R

value per dollar was established for various panel thicknesses. The dollar R

value was used to relate the cost of the panels to the appropriate energy 

requirements of a building component. For example, the floor panel thickness 

was determined by relating the energy requirements of the floor and the R-value 

per dollar. The floor thickness was selected by the most efficient use of R-value. 

While the R-value per dollar is greater for the thicker panels, the 11-3/8" panel is 

not an efficient selection for floor systems because it provides excessive insulation 

levels and unnecessary expense. R-value per dollar is graphically listed below: 
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R-Value / Dollars VS Core Thickness 

1 4  
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3.63 5 . 5  7 .38 9 .375 1 1 .375 

Core Thickness 

Figure 4-1 
R-Value / Dollar vs Core 1hickness 

The thickness of the various panels was selected by choosing an overall heat loss 

of the building (determined by Long T erm Super Good Cents standards), and 

combining a variety of panel thicknesses to meet that standard. In the case of the 

floor, the ceiling thickness was kept constant while changing the floor and walls. 

This process was repeated for both the walls and the ceiling. 

The final configuration of the floor, walls and roof was determined by comparing 

the energy performance goal for the house and the most efficient use of the 

panels. A wall/floor analysis is listed in Table 4-3 below. Portions of the table that 

are italicized satisfy the energy requirements of the building. 
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Assume Roof = 9.375" 
Assume Glazing U=0.35 
Q target S7 400 Btu/hr 

Wall .3.00 � MO .6.00 1JID .8.00 MQ .10.00. .11..00. .12.Q.Q. F1oor 
3.00 8451 7804 7369 7056 6821 6637 6489 6368 6267 6181 
3.50 8356 7709 7274 6961 6'726 6542 6394 6273 6172 0086 
4.00 8277 7630 7195 6882 6646 6463 6315 6194 (llJ3 (xX)7 
4.50 8211 7563 7128 6815 6580 6396 6248 6127 W'26 5940 
5.00 8153 7506 7071 6'758 6523 6339 6191 WO 59(1) 5883 
5.50 8104 7456 7021 6'709 6473 6289 6141 (ll20 5919 5833 
6.00 8061 7413 6978 6665 6430 6246 (xB8 5977 5876 5790 
6.50 8022 7375 0040 6627 6392 6208 fxH) 5939 5838 5752 
7.00 7989 7341 6906 6593 6358 6174 W'26 5905 5004 5718 
7.50 7958 7311 6876 6.563 6327 6144 5996 5875 5774 5688 
8.00 7931 72.83 6848 6536 63(X) 6116 59fl) 5848 5746 5661 
8.50 7906 7259 6824 6511 6276 f:m2 5944 58'23 5722 5636 
9.00 7884 7236 6801 6489 6253 OOlx} 5922 5EH) 5W9 5613 
9.50 7864 7216 6'781 6468 6233 0049 5901 57EKJ 5679 5593 
10.00 7845 7lffl 6'762 6449 6214 0030 � 5761 56lx) 5574 

TABLE 4-3 
Floor Panel Tirlclmess vs Wall Panel Thlclm� Meeting Overall Heat Flow 

Criteria 

Based on the comparison of cost and energy performance, the final configuration 
for the various building components selected by this process is listed as follows: 
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Component Thickness 
Walls 8-7/16" 
Floors 6-3/8" 
Roof 10-1/4" 

TABLE 4-4 

00 
22 
38 

Final Demonstration House Envelope Panel Configuration 
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5.0 COST ANALYSIS 

Phase I Process 

Cost comparisons between the Reference House and Demonstration House are 

important components of our study. A spreadsheet tool was developed which 

could calculate all costs associated with house construction. The tool allows the 

estimator to enter either unit costs with associated quantity of material, or a total 

cost per component. This process was used for both material and labor costs. In 

addition, total costs were also computed. 

For accuracy, actual contemporary construction costs in Eugene, Oregon, were 

incorporated; material prices were quoted from local building products suppliers 

( unless otherwise noted). Labor costs were derived from Means Construction 

Cost Data 1990 and adjusted for inflation and by the City Cost Index for Eugene. 

The City Cost Index is a weighting factor which shows the comparable market 

costs for materials and installation labor in selected cities, compared to a national 

average. For Eugene, Oregon, the City Cost Indices are as follows: 

Division 
Site Work 
Formwork 
Reinforcing 
Cast in Place Concrete 
Concrete 
Metals 
Wood & Plastics 
Moisture Protection 
Doors, Windows, Glass 
Drywall 
Flooring 
Painting 
Finishes 
Mechanical 
Electrical 

Materials 
96.7% 

120.7% 
101.3% 
100.7% 
104.7% 
103.4% 

92.2% 
86.6% 

101.9% 
112.0% 
123.2% 
119.8% 
115.2% 
98.7% 

102.7% 

Inst;a11ation Labor 
105.8% 
94.4% 

104.9% 
124.1% 
110.7% 
ill.8% 
92.2% 
86.4% 
95.4% 
87.9% 
95.3% 
82.4% 
86.8% 
94.1% 
86.8% 

'Thble 5-1 
City Cost Index for Eugene, Oregon 

Source: Means Construction Cost Data 1990 
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Total 
100.7% 
100.3% 
102.8% 
114.8% 
108.5% 
106.3% 
92.2% 
86.5% 
98.6% 

100.8% 
115.7% 
90.0% 

100.0% 
96.4% 
91.7% 
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Because Means Construction Cost Data 1990 was the most recent edition available 
at the time of the study, it was necessary to inflate the labor and some material 
costs to 1991 figures. Building material and labor inflation were calculated by 
comparing the square foot costs of producing five different structures (single 
family data were not available) from 1988-1991, as tracked in Means Construction 
Cost Data and Means Assemblies Cost Data. The percentages resulting from the 
calculations for building material and labor inflation were then averaged to 
produce a composite average inflation rate. 

D8D 
3.086% 

.lDOO 
3.192% 

'Thble 5-2 

lmll 
3.69% 

Intlation Averages for Construction Material and Labor 
Source: Means Construction Cost Data and Means Assemblies Cost Data. 

In order to calculate costs taken from Means Construction Cost Data 1990 to input 
to the spreadsheet tool, the following formula was used: 

(material cost) x (inflation rate) x (city cost index) = 1991 cost in Eugene, OR 

The spreadsheet tool we used shows costs of individual components of the 
Reference House and Demonstration House: envelope (roof, floor, and walls), 
interior partitions, intermediate floor, miscellaneous materials, services, site 
work, and soft costs. The estimator can enter either unit costs with associated 
quantity of material or a total cost per component. In addition, the spreadsheet 
calculates the Total Shell Costs and $/sf, Total Hard Costs and $/sf, Total Soft 
Costs, and Total House Costs and $/sf. 

Using Cost Sheet 1-8 from Appendix 9.6 as an example, Columns A through H 
show the format and range of inputs to compute house costs. Column I, Adjusted 
Total Costs, compares Eugene costs to a Means calculated national average. This 
information will allow us to assess the effect of strategies developed for the 
Demonstration House in Eugene in other regions or nationwide. 
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A B C D E F G H I 
1 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $  LAB TOT $ TOTAL $ ADJ TOTAL $ 

2 ROOF: R-Control 9 3/8" 

3 6@8x10 panel 480 sf 3.35 1608.00 0.59 283.20 1891.20 1915.16 
4 2@8x18 nanel 288 sf 3.35 964.80 0.59 169.92 1134.72 1149.10 
5 2@4x10 panel 00 sf 3.20 256.00 0.59 47.20 303.20 307.19 
6 Panel Sub-Totat 848 sf 2828.00 500.32 3329.12 3371.45 

N 
1 
2 
3 nsta ation atena s 
4 

5 

Figure 5-l 
Sample Cost Spreadsheet 

Columns J and L list the City Cost Index used for each line, while columns K and 
M show costs adjusted back to the national average. Column N lists the source of 
information used and assumptions made by the estimator. 

Phase I Conclusions 
Initial cost comparison shows that the SSIC Demonstration House shell built in 
Eugene, Oregon in 1990 would cost $17,752.18 - $2,651.97 more than the 
conventionally framed Reference House at $15,100.21. Square foot costs for the 
two house shells (less foundations, interior walls, plumbing, wiring and 
mechanical systems; assumed to be equal for both houses) would be $14.00 for the 
Demonstration and $11.91 for the Reference Houses, respectively. Thus the 
difference in square foot costs is $2.09 greater for the Demonstration House. 

It is evident from this initial cost estimate that further reductions are necessary 
in envelope costs of the Demonstration House - perhaps achieved, for example, 
by applying exterior siding and interior gypsum wallboard in the factory to offset 
field labor costs. Another approach is reducing the cost of materials and/or 
processes in the factory, to lower the panel cost and thus make it more competitive 
with stick-built construction. Further explorations of the relationship between 
cost and R-value of the insulation, panel thickness, energy performance, and 
structural capability are also indicated, and are described in Section 4.0. These 
and similar questions shaped Phase II of the research. 
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Phase Il Process 
The next phase of research focused on optimization of panel capabilities, costs 

and manufacturing processes in order to make the Demonstration House more 

cost-competitive with its Reference House counterpart. In addition, exploration of 

design innovations to exploit the strengths of Stressed Skin Insulating Core 

panels over conventional construction was continued. 

As in Phase I,  Means was the data source for estimating material cost and labor. 

In Phase II, however, Means Residential Cost Data 1992 was used rather than 

Means Buildin� Construction Cost Data 1992. It was decided that because this 

project represented a single family prototype and not a series of buildings, a 

residential estimation would be more appropriate. However, because of the small 

number of private residences using stressed skin panels, Means Residential 

Estimator did not have data on installation or cost of stressed skin panels. 

Therefore, a combined system was developed using data from Means Residential 

and Construction estimators. 

In both the Residential and Construction Cost Data sources, Means assigns a 

basic unit of production associated with a specific task. With respect to stressed 

skin panels, the unit is square feet. Means also develops a basic unit of 

productivity called a "man hour unit," which represents the number of man 

hours required to produce one unit of work. To estimate the time associated with 

a given task, the man hour unit is multiplied by the required output. For 

example: 

Quantity 
1725 SF 

X 

X 

Man Hour Unit = 

0.023 = 

Duration 

39.675 

The man hour unit is independent of the crew size and represents only what one 

worker can produce in one hour. Using the data from the example above, a crew 

of two men would take 2.48 days to set 1725 square feet of wall panel: 

7832/R94-2 

2 Workers @ 8 Hours/Day = 16 Manhours/Day 

39.625 Manhours/16 Manhours/Days = 2.48 Days 
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The material and labor rates in Phase II were taken from two sources. The cost 

of the panels was provided by Premier Building Systems and represents actual 

dollar amounts. The labor estimate was a combination of Means Residential Cost 
Data and Means Construction Cost Data. 1992 Editions. To derive the labor cost 

per square foot for a given task, the manhour unit is multiplied by the worker' s 

hourly rate: 

Rafe X 

$14.85 X 

Manhour Unit • Labor/SF 

0.003 = $0.34/SF 

The difference between the hourly rate for a commercial carpenter ($21 .65/hour) 

and a residential carpenter ($14.85/hour) required that the labor unit be adjusted 

for the difference. 

As in Phase I, spread sheets were created to estimate the material and labor costs 

of each building component: floors, walls, roof, etc. The various trades and 

materials were indexed from the national average to reflect regional differences 

and are contained in Appendix 10.7. In addition, overhead and profit are 

included with the base total amount. 

Cost and Design 

More than any other factor, the relative costs of the Demonstration House and 

Reference House was the main influence on how design decisions were made. If 

a particular design feature could be developed that would create a cost advantage 

for the Demonstration House, then that feature was incorporated into the design. 

As previously discussed in the design section, the main areas of investigation 

were the walls, floor and roof. The first step in comparing the two construction 

methods was to develop an understanding of how the various components 

measured up to each other in terms of cost. Panel versions and stick versions of 

the walls, floor and roof were analyzed side by side to see how one square foot of 

assembly compared with the other. The goal was to get a basic cost per square 

foot for each of the two systems as a starting point for comparison. 

The cost estimate for the 1-1/2 story "Long Ridge" house was broken down by 

building components. A building component is considered to be a major system 
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within the house - walls, floors, the roof and foundation, for example. The 
component estimates were further divided into estimates of materials and labor. 
A complete list of building components for the Demonstration and Reference 
Houses is given below: 

Component 

Roof 

Floor 

Wall 

Roof 

Floor 

Wall 

Referenoo House Totals 
Material I..ebor Total 

3962.24 2777.85 6740.09 
60% 40% 

2456.10 952.12 3408.22 
72% 28% 

1883.46 1901.92 3985.38 
49% 51% 

Demonstration House Totals 
4772.34 2336.51 7108.85 
68% 32% 

3618.08 579.18 4197.26 
87% 13% 

3982.56 1896.76 5879.32 
69% 31% 

TABLE 5-3 
Comparative Building Costs by Component 
See Appendix 10. 7 for full cost break.downs 

For the Demonstration House, the average cost break.down between materials and 
labor is 73% and 27%, respectively. For the Reference House the average 
materials and labor figures are 60% and 40%, respectively. These figures indicate 
that 42% as much of construction cost for the walls, floor and roof is allocated to 
labor in the Reference versus the Demonstration House. 

With labor representing the main difference in the envelope cost, the strategy for 
improving the cost performance of the Demonstration House was to concentrate 
on reducing field installation time. Combining as many component subtasks as 
possible (siding applied to the foam in the factory, for example), the amount of 
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time required to erect the house would be kept at a minimum. Reducing site 
construction will also lower costs associated with construction loans and 
administration. 

Walls 
The cost analysis for the wall panels concentrated on waste and the cost per 

square foot of a wall assembly. The discussion of waste deals with whether to use 

large vs. small panels. The large panels have the advantage of reduced labor due 

to the reduced assembly time, though wall openings must be cut directly from the 

panel stock. The Demonstration House using large panels would realize $564.00 

of waste ($2.95/sf panel cost x 191 sf wall opening). This amount of waste 

represents 28% of the $2,000 cost savings goal. 

Because the cost of wall panels is on the order of $3.00/sf, minimizing panel waste 

became an important design consideration. At door and window openings, for 

example, the use of large (full wall) panels requires that openings be cut out, and 

usually discarded. Using smaller panels to piece around these openings avoids 

this waste but tends to require more labor, plus a potential energy penalty 

through increased panel joint length. Calculation of the relative costs of large vs. 

small panels showed net savings for the small-panel approach. Because of the 

projected cost savings associated with smaller panels, they were selected for the 

Demonstration House. 
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1 /2" Gyp. Board 

7/1 6" O.S.B. 

Exterior T1 -1 1 Siding 

1 Sq. Ft. of SSIC Panel Wall - $3.89 per s.f. 

Vapor Barrier 

2x8 Framing Stud 

Exterior T1 -1 1 Siding 

1 Sq. Ft. of Conventionally Framed \\all -$1.89 per s.f. 

Figure 5-2 
Comparative Wall Costs 
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Panel assembly is another area where savings can occur. The standard panel 

assembly consists of two layers of oriented strand board (OSB) laminated to a rigid 

EPS insulation core. Panels used as walls must have an additional layer of 

finished siding applied in the field. If this installation could be eliminated 

through manufacturing, assembly of the house would be simplified. By 

combining structural siding to the exterior of the panel foam, the installation of 

the siding of the house could be eliminated in the field. The net cost savings is 

computed to be $0.33/sf or $370 total. This represents a 7% savings. 

Roof 
The roof of the Demonstration House was designed to provide maximum cost 

advantage for SSIC panel construction. An important consideration was to find a 

roof configuration for which the Reference House could not employ manufactured 

trusses - usually a very cost-effective structural system. Even using 

conventional rafters, the Reference House roof is still $980 less expensive than the 

Demonstration House. 

To reduce this margin, a variety of options was explored. The first was the basic 

idea of altering the panels to combine a variety of field construction steps. Factory 

applied sheet rock and finished roofing were the two main areas of concentration. 

While these refinements appear promising, there is still a significant amount of 

research needed. Structural testing is necessary to confirm the reliability of both 

roofing and sheet rock as a siding material. In addition, thermal expansion of 

these materials must be compatible with the rigid insulation core. 

Another area of exploration was to combine a dormer with the roof to improve the 

cost competitiveness of the Demonstration House roof. A variety of dormer 

configurations was explored. A complete list of dormer configurations is 

contained in Appendix 10.7. The result of these studies concluded that the cost of 

panel-fabricated gable dormers was too high. 

In contrast, a panel-built shed dormer could compete with a conventionally built 

version because there was a minimal amount of panel alteration required to build 

the dormer. The panel layout for the roof is only modified by changing the roof 

pitch over the dormer. No special cuts are required for fabrication. The only 
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additional material required is for the wall area around the roof. For the 

conventionally built Reference version, the additional material to build the 

dormer is minimal, but labor costs are significant. A comparison of the two shed 

dormer costs is given below: 

Item 

New 12' x 12' dormer roof 

Demonstration 

659.00 

Front wall (less windows, trim, paint) 

End walls 

Total 

12' x 18' roof section replaced by dormer 

157.44 

265,00 

1081.44 

895.28 

Reference 

562.91 

159.53 

215,16 

937.60 

692.33 

Dormer cost difference = 1081.44 - 937.60 = 143.84 (Reference advantage) 

Roof section cost difference = 895.28 - 692.33 = 202.95 (Reference advantage) 

Use of a dormer reduces the Reference House cost advantage by 

202.95 - 143.84 = 59.11 

Because it improves the cost competitiveness of the Demonstration House relative 

to the Reference House, plus offering architectural advantages to the basic house 

design (stair headroom, south-facing windows, and improved daylighting), a 

shed dormer was incorporated into the design. 

Foundation Cost 

In addition to the roof, walls and floor, the foundation is the last major area 

where a design innovation had a significant cost impact. For the Demonstration 

House, the goal was to create a foundation that performed with the floor panels as 

an integrated system - a system uniquely suited to panel floors so that any cost 

saving wouldn't be passed on to a conventional counterpart. In other words, 

conventional floor framing couldn't be used with the Demonstration House 

foundation. 

In preliminary cost estimates for foundations using a strip footing and stem wall, 

33% of the total foundation cost was associated with formwork. A foundation that 
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did not require conventional formwork could achieve significant cost savings. 

The initial idea for an alternative floor system was to hang the floor off the walls. 

With the walls acting as beams, the distributed building loads could be carried to 

bearing points at the ground. Point loading could employ a pier foundation that 

would not require an exterior stem wall. Replacing a traditional stem wall 

foundation with a pier foundation would create cost savings by eliminating much 

of the material cost, form work and site labor. 

Due to structural limitations of the panels, the foundation system was modified so 

that the walls were bearing on top of the floor panels. Even with the 

modifications, however, the pier support system was maintained. The net result 

was a foundation cost savings of $1,448. 

Conclusion - Reaching the $2000 Goal 

Matching the cost of the Reference House is a difficult task for the Demonstration 

House. While the site labor required to erect a panel home is half that of a 

conventionally built home, the higher material costs of SSIC panel construction is 

limiting. On average, the material component assembly cost for panels is $1.50/sf 

more than its conventionally built counterpart. For panel homes to be as 

competitive as possible, it is clear that basic material costs must be reduced. 

There are two ways to achieve this reduction: the first is to combine as many 

construction steps as possible. Assembly in the factory would have the affect of 

reducing waste in the field. Wall, floor and roof components could be designed 

and assembled with material savings in mind. The "hidden" labor built into the 

material cost paid by builders must be addressed. New and more efficient 

manufacturing processes need to be implemented to help reduce the material 

cost. Eventually the price for panels paid by builders will be less as the demand 

increases. To stimulate demand for the panels, builders need to be educated 

about how to build with this relatively new product. 

The second way to reduce panel cost is to optimize how panels are assembled. 

Panels specifically designed to span longer distances as floor slabs, or walls that 

act as load bearing beams need to be developed. The material cost savings will be 
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achieved by how one manufactured component integrates with the building as a 

whole. 

An example of this idea is the Demonstration House floor and foundation. The 

cost of the Demonstration House floor per se was $771 more than that of the 

Reference House version. This difference was overcome by designing a 

foundation specifically for a panel floor. The idea employed was to think about the 

net savings that could be achieved by thinking of building components as a 

system. The combination of a panel floor with a specially designed foundation 

yields a $659 cost savings over a conventionally built floor and foundation system. 

This idea needs to be translated to all other components of the house. Ultimately, 

for SSIC panel housing to be completely cost competitive, it must be designed 

around a logical way to build with panels. 
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6.0 STRUCTURAL ANALYSIS 

Phase I Process 

The structural components of the Demonstration House were developed using 

accepted AFM engineering data and specifications. All construction details were 

derived from the AFM R-Control General Recommendations dated 1991. Both 

Reference House and Demonstration House comply with 1990 State of Oregon 

(CABO) One and Two Family Dwelling Code. 

Phase I Conclusions 

For the Demonstration House, the panel thickness selected for each component 

was that which most closely corresponded to the Bonneville Power 

Administration's prescriptive Long Term Super Good Cents energy standards, 

and met the manufacturer's and CABO structural criteria. However, a 

preliminary analysis provided by Professor Tom Miller, Department of Civil 

Engineering at Oregon State University (Appendix 9-7) suggests panel structural 

capacities in excess of the building's needs. This finding suggests that further 

refinement might reduce structural performance and cost of the panels. 

Component selection for the Demonstration House was based on manufacturer' s 

data. The AFM R-Control system is based on insulated core thicknesses which 

correspond to dimensional lumber sizes. By allowing other core thicknesses, 

however, it is believed that optimization of the structural qualities of panels and 

panel construction can occur. For example, the use of engineered members to 

replace dimensional lumber in the component constructions extends the 

structural capabilities of the system. A system based on optimization of cost, 

structure and energy performance should be investigated. 

Phase ll 

The decision to design a house that best utilizes the construction advantages 

associated with SSIC panels requires a complete understanding of how the 

panels behave structurally. In the case of the Demonstration House, the design 

was intended to create advantages for panel users. These advantages were to be 

the result of selecting a house type which best exploits the structural 

characteristics of the panels. During this phase of the investigation the 1, 1-1/2 
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and 2 story designs were evaluated to test their compatibility with panel 

construction. Compatibility in our investigation is gauged by the cost benefits 

derived from the efficient structural use of the panels. The focus of our 

investigation is aimed at a maximizing structural efficiency, resulting in cost 

savings over conventional construction. 

Panel Joinery 

The panel splice test results we followed (Appendix 10-9) are based on nail 

spacing of 6" oc, plus structural adhesive. The racking shear calculated is based 

on this same information using lx4 splines. The Demonstration House design 

involves a few localized conditions, however, where more shear strength must be 

developed than approved by ICBO (such as at openings in shear walls). It seems 

that a closer spacing of the nails would develop more shear strength, unless the 

shear is in fact developed by the adhesive, and the nails serve chiefly to hold the 

parts in place while the adhesive sets. 

In the Demonstration House, many of the window openings occupy the full 4' 

panel width, with a 13" high header panel above the window, and an apron panel 

below the window. In some cases this assembly occurs in a bearing wall; in 

others the wall is nonbearing. It would be useful to know what vertical load could 

be supported by the panel above the opening without using an insulated header 

supported by vertical framing members. The published tests we employed show 

the load capacity of such an opening only if it is cut into a larger panel where 

there are no splices above the window opening at each jamb. 

There are also published details that show splines between panels using double 2 

x framing members at the joint (such as AF-108, Appendix 10.9), but none that 

show a single 2 x framing member, as is common in plywood shear walls and 

diaphragms. This, however, is assumed to be an acceptable joint because the 

nailing width is marginal. 

Structural Properties 

For the majority of panel uses in any building, the available information on span 

and loading conditions for floors, walls and roofs is sufficient. Usually the 

conventional panel connections are adequate. However, there are situations for 
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which we need more information to design adequately. Some of these problems 
are identified as follows: 

Floor 

Floor panels continuous over an intermediate support, without panel edge 

framing members, cause a concern not addressed in tests. A two span 

continuous member has a substantially higher shear than would be encountered 

in two simple spans. 

In addition, the bearing between the panel and beam puts a high localized 

compressive stress on the foam. Compressive load values are published which 

result in a 10% panel core deformation. However, this is excessive because on a 5-

1/2" core the deflection would exceed 1/2" if the stress is distributed through the 

panel at some angle (such as 45°) and substantially reducing the compressive 

stress as the panel thickness increases. We are using 2%, but this may be 

conservative. We need testing to determine what the maximum compressive 

stress can be. These questions apply to maximum wall loads on panels without 

side framing members. 

ICBO approval is given to floor and roof panels when they are installed with 
splines fastened according to published details. However, in two instances we 
found ICBO reports which seem to contradict this requirement, because they 

state that normally the floor and roof panels will have splines at the top face only 

(see Report No. PFC-4645, Assembly Description at bottom of page 5 for 

Thermosave panels - Appendix 10.9). 

1\vo Story Walls 
This system has some problems that need to be resolved. Here the structural 
concept is based on the wall cantilevering above the second floor to take the thrust 

of the roof panels. This concept requires the wall panels to be connected to each 

floor and each wall panel to be continuous for its full height. A large part of the 

Demonstration House wall, however, does not meet this requirement. The 

stairway opening on the second floor eliminates anchorage at that point. The 

openings in the wall for windows and doors disrupt the vertical wall panel 

continuity at those places. 
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To overcome these problems the thrust loads need to be distributed horizontally at 
the top to the wall across the discontinuous wall panels to panels that are 
continuous from top to bottom. Those continuous wall panels must have adequate 
strength and stiffness. 

A wall panel without side framing members that is continuous from top to bottom 
is not quite adequate, even assuming the floors and walls have no openings. 
Framing members at the sides of the panels to reinforce these panels could 
overcome this problem. A member (plate or structural soffit) across the top of the 
wall openings could transfer the thrust to the adjacent continuous wall panels. A 
porch roof or similar stiff element would be required to transfer the thrust loads 
across the large opening in the second floor. Then a way could be devised to get 
this larger load transferred to the second floor diaphragm. 

R(d 

A single folded plate structural approach seems to utilize the sandwich panels' 
ability to resist shear in the plane of the panel. This approach carries spreading 
thrusts to the ends of the building and is not dependent on the walls' resistance to 
bending. The long walls would carry only vertical loads, no bending. The thrust 
could be carried by a rod concealed in the end wall. Half of the total roof load 
would be carried to the corners through shear in the roof diaphragm. 

The vertical wall panels would probably not need side framing members, except 
possibly at openings. The panels could be either 4 or 8 feet wide. The porch roof 
or other thrust members described in the two story wall system would not be 
required. 

Openings in the roof could not be close to the edges or ends. Framing members 
around the perimeter of the sloping diaphragm would be required. Some 
framing members might be needed along the edges of the panels near the gable 
end of the roof, if adequate shear could not be developed by the splines alone. 
More information is required if this system is seriously considered. 

This roof would be difficult to build in place because of the scaffolding required. It 
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might instead be built it on the ground and lifted into place. 

Collar tied panels might be prefabricated and then lifted into place, or assembled 

in place. This approach might use horizontal ties 4' on center at door head 

height. The ties would eliminate thrust at the wall panels. The long side walls 

would be designed similar to the folded plate approach, except that there would be 

no concentrated loads at the comers. 

This system seems most amenable to openings in the roof, permitting all types in 

the 4' panels as long as there is a solid panel adjacent on each side. It would 

require side framing members on the panel edges. This system would probably 

be more difficult to build in place than to prefabricate. 

The ridge beam system is relatively conventional. Openings in the roof would be 

similar to those of the collar tied system, requiring framing members only at the 

sides of the panels with openings. 

The problem with this system is the ridge beam itself. It would require a large 

beam, particularly if it spans the full 36' building length (roughly a 1-1/8" x 19-1/2" 

or 6-3/4" x 18" beam). With a center support a sawn beam (4 x 12) or microlam 

beam (1-3/4" x 11-7/8") could be used. The support might be either a bearing wall 

or a "truss" built into a partition wall to transfer the loads to the perimeter. The 

truss seems preferable to avoid carrying wall loads on the interior of the building. 

The wall loads would transfer forces to the floor, requiring a larger floor beam, or 

to a wall below, which could cause excessive forces on the lower floor panels. 

This system would be relatively easy to construct, but has little else to offer. 

Conclusion 

By concentrating on the structural behavior of the various building components 

(floors, walls and rooO the results could then be applied to the house types. In a 

general sense, the results of our investigation translate to each type. In creating 

house designs, however, the structural performance of the panels is clearly 

impacted by the configuration of that design. As previously stated, cost was the 

most important factor in deciding which design to develop as the Demonstration 
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House. In the cases where the structural performance of the panels was a 

problem, the panel behavior impacted the selection of the house design. 

Floor/Foundation System 

The spanning ability of the floor panels is limited by their thickness. To achieve 

significant spans, excessive insulation is allocated to the floor. As a result, a 

foundation system was designed to provide intermediate supports, permitting use 

of thinner and more economical panels. A complete list of the foundation studies 

is collected in Appendix 10-7.  

The common link between the different foundation studies was the dependence on 

two-way slab structural behavior of the floor panels. The floor loads are borne in 

both long and short panel directions. The foundation was designed to provide just 

enough intermediate support to achieve the required span and distribute most of 

the load to the house perimeter. It should also be noted that because of the 

slenderness of the intermediate supports, this system could not use conventional 

floor joists. 

Walls 

Because of the relative weakness of the spline connections, walls composed of a 

series of narrow panels do not effectively function as beams. The Demonstration 

House panels were therefore treated like a conventional wall system. The vertical 

loads are transferred to the perimeter load bearing foundation. 

With respect to the various house designs examined, the conventional wall 

system is applicable to them all. However, the wall system cantilevered past the 

intermediate floor (2 story and 1-1/2 story designs) has some serious problems. To 

resist the horizontal thrust of the roof panels, significant modifications to the wall 

panels would be required, probably including the factory installation of some 

internal support. In addition, vertical dimensional lumber would be required to 

assist the panels because of the potential pro�lem of delamination. The panels 

without the lumber do not have the required stiffness to resist the thrust of the 

roof. Because of the cost of the necessary modifications and the potential thermal 

weaknesses with its design, the cantilevered wall system was not pursued. 
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Roof 
A ridge beam is the standard solution for supporting a panel roof. In the 

Demonstration House, however, a ridge beam poses several problems. First, the 

basic structural system of the Demonstration House is a perimeter load-bearing 

system. The panels do not easily accommodate point loads. A center-supported 

ridge beam would impose a substantial interior point load. In addition, there 

would be significant point loads at the end walls. 

In order to span the 36' length of the house the depth of the ridge beam would be 

considerable, as noted earlier - potentially a large thermal break. Because of 

these negative factors, a ridge beam was not seen as a structural solution. 
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8.0 GLOSSARY 

The terms listed below are particularly defined relative to the Stress Skin 

Insulated Core Demonstration House research project: 

Equal energy performance is based on an annual energy budget derived by 

simulating the performance of a conventionally framed Reference House 

designed using prescriptive Long Term Super Good Cents components and 

practices. 

Less cost is measured against the market "whole house" (inclusive of 

construction processes) cost of the Reference House, minus the $2000 Long Term 

Super Good Cents builder incentive. 

Architecturally equivalent refers to designs that are comparable within the 

discipline of different construction systems - that is, they are equal in terms of 

size, layout and configuration, with some dissimilar components and systems as 

appropriate to their respective construction systems. 
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9.0 APPENDIX - PHASE I DATA 



9.1 Bonneville Power Administration Super Good Cents Specifications 



Envelope 

LONG-TERM SUPER GOOD CENTS PROGRAM MEASURES 

Zone I All measures payment - $2000 

R-49 advanced attic 
R-38 vaul ted ceiling (same as present level ) 
R-26 advanced walls  
R-30 under f loor insulation (same as prese?t level ) 
R-15 s lab-on-grade at edge 
R-21 basement wan wit}, R-5 at edge of s lab 
. 35 - Windows 

Zone II All measures payment - $2000 

R-49 advanced attic 
R-38 vaul ted ceiling (same as present level ) 
R-26 advanced walls  
R-30 under floor insulation (same as present level ) 
R-15 slab-on-grade at edge 
R-21 basement wall with R-10 at edge of slab 
. 35 - Windows 

Zone III All measures payment - $2000 

R-49 advanced attic (same as present level )  
R-38 vaul ted ceiling (same as present level ) 
R-26 advanced walls  ( same as present level ) 
R-38 under floor insulation 
R-15  slab-on-grade at edge 
R-21 basement wall with R-10 at edge of s lab 
. 35 - Windows 

Water Efficiency ANNUAL KWH 

All Shower Heads 2 . 5  gpm ( per single family) 
All Shower Heads 2 . 5  gpm (per multi-family wiit ) 
Water Heaters EF . 95 (59  gallons or less ) 
Water Heaters EF . 93 (60 gallons or more 

no t to exceed 120 gal lons ) 

. . .. 

327 
327 
273 
273 

c,. , 

C 

J 
PAYMENT I $40 

$20 

1 $60 
$60 

1 

(_ 
I 
l 
i 



( 

(_ · 

* 
"' 
* 

ADDITIONAL NEW RESIDENTIAL MEASURES 

Energy Ef ficient Heat Pumps 

BSff:' a  Ll Ll 
KH11 PAYMENT KHll PAYMENI 

.Zone I 1270 480 1 300 500 
Zone I I  2100 800 2200 830 
Zone I I I  2430 920 2500 950 

Exhaust Air Heat Pump 
Air to Air Heat Exchangers / Infiltration Package 
Refrigerators ( only offered in 1992 -

Top lSt of Market )  
Interior Lighting (per res idence ) 
Exterior Lighting ( per fixture ) 

KH1I 
2120 
3460 
4000 

1001 
2430 

? 

224 

Ll 
fAYMENI 

800 
1300 
1500 

PAYMENT 
1200 

750 

60 
so 
10 

*These measures mus t receive The Department Of Energy ' s  Environmental 
Clearence before they could be implemented in the Long-term Program. 

THREE TIER PROGRAM APPROACH 

1 Homes that meet the new reference path savings are 
• eligib le for a $2000 paJment , 
• have an efficient water heater and shower head , 
• meet the new ventilation requirements , and 
• can be certified SGC : 
• only Tier eligible for beat pump payment 

2 Homes that exceed 75t to 99 . 9%  of the current MCS savings as compared to 
the new reference path are 
• eligible for a $1000 payment 
• have an efficient water heater and shower head , 
• meet the new ventilation requirements , 
• however are not eligib le to be certified SGC . 

3 Homes that exceed soi to 74 . 9%  of the current MCS savings as compared to 
the new reference path are 

• 

• 
• 

• eligib le for a $500 payment 
• have an eff icient water heater and shower head , 
• meet the new ventilation requirements , 
• however are not e ligible to be certified SGC . 

Mul tiple Family numbers will not be available until Augus t 23 , 1991 . The 
Council ' s  numbers wil l  be used for determining savings and payments . I t  
presently appears the payment will b e  no less than $250 per unit . 
Measures will be R-49 Advanced Attic , R-21 /26 Standard Wal ls ,  . 35 windows , 

· &  R-15 at the s lab edge . A similar tiered approach could be developed f0r  
the Multiple Family market .  

The soi and 75t options would be phased out over time ,  the time l ines to 
be determined during 1 992  and 1993 . 
Full s lab insulation will be down graded to R-15 at the edge with the 
possibility of be{ng of changed in 1993 .  
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MAY 1 a 1989 

STATE OF WASHINGTON 

WASHINGTON ST ATE ENERGY OFFICE 
809 Legion Way 5.E., FA-11 • �- Washirl:ton 98504-12 1 1  

May 1 2 ,  1 989 J<_. (o4f1?t>L /!oust£ I 

Manin Thompson 
OSU Extension Energy 
950 W. 13th Avenue 
Eugene, OR 97402-3999 

Dear Mr. Thompson: 

\IATf"5Ud Pb✓ . 

I have calculated several component U-values for use as defaults with R-Control brand and other 
sintilar s�ss skin panels. While these are not "official" BPA approved defaults, they should be 
adequate for use until such time as the Super Good Cents Technical Specifications are amended 
to contain stress skin panel default U-valucs. 

The same prototype house was used to create these values as was used to come up with the other 
defaults in the Technical Specifications, Appendix B. I made certain assumptions about 
construction details which you may want to double check before giving these numbers out. TI1e 
following table lists U-V aloes and assumptions: 

Panel Thickness 
3 1/1. " 

Walls 

5 1/1. 
7 1/4 
9 1/4 
1 1  1/4 

Stress Skin Panel Default U-Values 

Wall U-value 
0.063 
0.043 
0.034 
0.028 
0.023 

Ceiling U-Value 
0.046 
0.035 
0.030 
0.025 
0.022 

Aoor U-value 
0.061 
0.042 
0.032 
0.026 
0.022 

Single top and bottom plate; two stud comers; 2.x window and door rough out, thickness of 
cavity, with no other headers. 7 .6 percent framing. 

Ceilings 
Unvented vault; 0 percent framing. 

Floors 
Post and beam on 4 · centers; 5 In." beams. 

You might also be interested in the LOTIJS 1 23 spreadsheet which was created by Ecotope. Inc. 
for the purpose of  calculating Super Good Cents component U-Values. It comes in handy for 
this type of work . Contact Roy Rinehart al BPA Headquarters in Portland for more infonnat ion 
on getting a copy . 

\ ( 2Cl6) 586-SCXX) of SCAN 32 1 -S(XX) T1•l«> l ,1 x  (206) 7 S l - 2 1<J7 

. ..c.::--- . 
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9.2 AFM Details and Specifications 



LOAD D ESIGN CHART NO. 1 

AFM R-CONTROLao STRUCTURAL PANELS 

EPS CORE THICKNESS 
ROOF & D 
WALL E 3 1/2" CORE 5 1 /2" Cet1E 
PANEL F WAFERBOARD WAFERBOARD 
SPAN L. THICKNESS THICKNESS 

3/8" 7/1 6"  1 /2" 518" 3/4 " 3/8 " 711 6 "  1 /2" S/8" 
( 2 )  ( 2 )  ( 2 )  ( 2 )  ( 2 )  ( 2 )  ( 2 )  ( 2 )  ( 2 )  

L/ 1 8 0 4 6  4 6  4 6  4 6  4 6  6 1  6 1  6 1  6 1  

( 2 )  ( 2 )  ( 2 )  ( 2 )  
T L/2 40 3 9  3 9  4 1  4 3  4 4  6 1  6 1  8 1  6 1  
R 
A 8' -0" 
N L/360 2 5 2 5 2 6 2 7 2 7 4 0  4 0  4 1  4 2  
s 
V 

E I 1 I L /2 1 3  L/2 1 3  L/2 1 9  L/2 29 L/ 23 5  L/2 5 3  L /2 5 3  L/259 L/26 7  
R ( 2 )  4 :i  4 6  4 6  4 6  4 6  6 1  6 1  6 1  6 1  
s 
E ( 2 )  ( 2 )  ( 2 )  ( 2 )  

L/1 80 3 8  3 8  3 9  4 0  4 2 5 7  5 7  5 7  5 7  
L 
0 
A L/2 40 2 9 2 9 3 0  3 1  3 2 4 4  4 4  4 4  4 6  
D 

1 0'-0" 
p L/360 1 9 1 9  2 0 2 1 2 1 3 0  3 0  3 0  3 0  
s 
F 

I 1 I L / 1 5 0  L / 1  5 0  L/ 1 5 4 L/ 1 58 L/ 1 6 2 L/ 1 8 2 L/1 8 2 L/ 1 8 6 L/1 8 9  
( 2 )  4 6  4 6  4 6  4 6  4 6  5 7  5 7  5 7  5 7  

(1 ) DEFlECTION AT FAILURE LOAD DIVIDED BY A FACTOR OF SAFETY OF THREE (3). 
(2) FAILURE LOAD DIVIDED BY A FACTOR OF SAFETY OF THREE (3). 

3/4" 
( 2 )  

6 1  

( 2 )  
6 1  

4 3  

L/271  
6 1  

( 2 )  
5 7  

4 6  

3 1  

L/ 1 9 4  
5 7  

LOAD DESIGN CHART NO. 2 

3/8" 
( 2 )  

7 6  

( 2 )  
7 6  

5 5  

L/28 0  
7 6  

( 2 )  
6 8  

( 2 )  
6 8  

5 6  

L/300 
6 8  

AFM A-CONTROL® STRUCTURAL PANELS 

EPS CORE THICKNESS 
WALL 
PANEL 3 1/2" CORE 5 1 /2" CORE 

HE IGHl WAFERBOARD W AF ER BOARD 
OR THICKNESS THICKNESS 

S P AN 

3/8" 7/ 1 6 " 1 12 "  5/8" 3/4" 3/B" 7/1 6" 1 /2 "  5/8" 3/4" 

AXIAL (2) 8'0" 2 2 0 0  2 2 00 2 2 0 0  2 2 0 0  2 2 0 0  2 2 0 0  2 2 0 0  2 2 00 2 2 00 2 2 0 0  
LOAD 

(pll) 
1 0'-0" 2 2 00 2 2 00 2 2 0 0  2 2 00 2 2 0 0  2 2 0 0  2 2 0 0  2200 2 2 0 0  2 2 0 0  

(1 ) (2) 
COMBINED 8'-0" 4 5  4 5  4 6  4 6  4 6  5 9  5 9  60 6 1  6 1  
AXIAL AND 

BENDING 
LOAD (psf) 1 o·-o· 3 3  3 3  3 4  3 5  3 6  3 8  3 8  39 4 1 4 2  

@ 1/8" def. 1 85 pl l  1 85 plf 
RACKING (3 ) 

SHEAR 
ULTIMATE (2) 323 pl l  323 plf 

48" (4) L/4 80 504 plf 504 plf 
OPENING 

[ 11 MAXIMUM ALLOWABLE AXIAL LOAD IS LIMITED TO THE LOADS TAB ULA TED FOR AXIAL CONDITION ALONE. 
121 FAILURE LOAD DIVIDED BY A FACTOR OF SAFETY OF (3). 
,,, DA�J.01 � A ��►l.ARI i:n PICO Al" in? I\J/') OS:INl"l"'ltlr l•Jr. R()I INf'lAY ?)( MS:MAFAS I JTII IZFD 

3/8" 

2 2 00 

2 2 00 

72 

4 3  

� 

7 1 /4" CORE 
WAFERBOARD 

THICKNESS 
) 

" 
1 

7/ 1 6 "  1 /2" 5/8" 3/4"  
( 2 )  ( 2 ) ( 2 ) ( 2 ) 

7 6  7 6  7 6  7 6  I 
( 2 )  ( 2 )  ( 2 ) ( 2 )  

7 6  7 6  7 6  7 6  

5 5  5 9  6 0  6 0  I 
L/2 80 L/29 1  L/29 1  L/2 9 9  

7 6  7 6  7 6  7 6  ., 
( 2 )  ( 2 )  ( 2 ) (2 ) 

6 8  6 8  6 8  6 8  -, 
( 2 )  ( 2 )  ( 2 )  (2 ) 

6 8  6 8  6 8  6 8  

·1 
56 5 6  5 6  5 7  

L/300 L/300 L/300 L/308 I 
6 8  6 8  6 8  6 8  

)-- , 
I 

7 1 14" CORE I 
WAFERBOARD 

THICKNESS 

7/1 6" 1 /2" 5/8" 314 •• I 
2 2 00 2 2 0 0  2 2 0 0  2 2 0 0  I 
2 2 00 2 2 0 0 2 2 0 0  2 2 0 0 

7 2  7 4  7 6  7 6  I 
4 3  4 4  4 6  4 7 I 

1 85 pll 

323 pll 

504 pll < )  
I 
I 

I 
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AFM A-CONTROL® STRUCl\JRAL PANELS 

EPS CORE THICKNESS 

9 1/4" CORE 1 1 1/4" CORE 
WAFERBOARD WAFERBOARD 

THICKNESS THICKNESS 

3/8" 7/16" 1/2" 5/8" 3/4" 3/8" 7/16" 1/2" 518" 3/4" 
[2) [2) [2) [2) [2) [2) [2) [2) (2) [2) 

109 1 09  109 109 109 96 96 96 96 96 
-

[2) [2) [2) [2) [2) [2) (2) [2) (2) [2) 
109 109 1 09 109 1 09  96 96 96 96 96 

[2) (2) [2) (2) (2) 
90 90 90 90 90 96 96 96 96 96 

L/320 L/320 U320 L/320 L/320 U500 U500 U500 usoo usoo 
109 109 109 109 109 96 96 96 96 96 

[2) (2) [2) (2) [2) [2) [2) [2) [2) [2) 
70 70 70 70 70 70 70 70 70 70 

[2) [2) [2) [2) [2) [2) (21 (21 (2) [21 
70 70 70 70 70 70 70 70 70 70 

[2) [21 [21 [2) (2) ' [21 (2) [21 (2) (2) 
70 70 70 70 70 70 70 70 70 70 

U444 U444 U444 U444 U444 U436 U436 U436 U436 U436 
70 70 70 70 70 70 70 70 70 70 

' LOAD VALUES BASED ON 9 1/4" CORE PANEL TEST RESll. TS. 

LOAD DESIGN CHART #3 

EPS Core Oefl. PANEL LENGTH 
Thickness 10' 1 2' 1 4' 16' 18' 

U360 100-- 68 43 28 20 
5 112" U240 100-- 100·· 64 43 30 

U180 100·· 100-- 86 57 40 

U360 1 00-- 100-- 67 46 31 

7 1/4' U240 100" 100" 100" 68 47 

U180 1 00" 100" 100" 82' 63 

U360 1 00" 100" 100" 70 47 

9 1/4' U240 100" 100" 100" 98 71 

U180 100" 100" 100" 100" 96•-

U360 100" 100·· 100" 100" 87 

1 1  1/4' U240 100" 100" 100" 100" 100" 

U180 1 00·· 100" 100" 100" 100" 

'ULTIMATE FAILURE LOAD DIVIDED BY A SAFETY FACTOR OF 3 . 
•• LOADS EXCEEDING 100 PSF NOT RECOMMENDED WITHOUT SPECIAL REVIEW 
... LOAD DETERMINED BY BENDING STRENGTH, NOT DEFLECTION 

----- ---- --·- - · - - -------

Floor Panels 
20' 22' 24' Max. Spans 
14 ----- -----
23 ----- ----- 12 ft 

30 ----- -----

24 ----- -----
34 ----- - - - - - 14 ft 

45 -- --- - - ---

34 33 27 

52 50 42 16 ft 

69 67 53 

64 48 38 

96 72 55 18 11 

100" 88'" 73 

ROOF. WALL AND FLOOR PANEL SPANS USl�1G PANELS MANUFACTUR ED TO AFM STANDARDS AND 1 NSTALLED IN ACCORDANCf 
NITH CE�AIL AF- 1 08  USING MIN 711 6  IN  APA RATED 24116 SHEATHING TOP AND BOTTOM FRAME 'NITH OCUBLE 2X 'S 4' u· C C  
�No S INGLE 2x·s AS PANEL ENO BLOCKING USING MIN. #2 SPF (EXCEPT WHERE NOTED), OR PRE ENGINEERED b)UIVALENT 
;>ANELS BELOW SHADED LINE USE #2 F-L 2X'S MIN . OR PRE- ENGINEERED EQUIVALENT SEE DRAWINGS AF 1 08 I N  THE R CONTROL 
DETAIL BOOKLET FOR P ROPER LAYOUT OF FLUSH FR.lMEO ROOF ANO FLOOR DECKS. SPANS OF 10· AND LESS CAN BE OBTA INED 
JSING LOAD DESIGN CHART • 1 AND DETAIL AF- 1 02 

,..: S l( I N  THICKNESS FOR FLOOR PANELS SHGl lLu 8[ '.\ 4" Mil\ OPTIONAL MIN 711!3" :OP SKIN. OV[RI.AYED WP H .A •AIN 7, • c· 
�'"11�,H 1 . ro:-.1NG P!::RP!: NOIC l.J l .l'R ,(, ·1 HE PANE:..s 7 1 ◄ ,s  1h1 1  L PROVIDE ADE•")I !A TF qESIS T ANCF. ,() 11\APA<:T A N ( ,  , ,,, ,n 1 , ; r. r i NG 



AFM A-CONTROL�) PANEL WEIGHT (p.s .f . ) *  

EPS CORE TH ICKNESS 
Cl) 3½" 5½" 7¼" 9¼" Cl) 
w 

3/a" 2.93 3 . 1 0  3.28 3.43 

Cl 7/1 5" 3.37 3.55 3.72 3.87 a: 
<( 

½" 3.81 3.99 4. 1 6  4.32 

a: 5/a" 4.67 4.85 5.02 5. 1 8  w 
<( 
� ¾" 5.56 5 .73 5.91 6.06 

"NOTE: Material weight plus 5% 

� AFM• 
� Li U Corporation 
Box 246, Excelsior, M N  55331 
Phone 61 2/474-0809, 1 -800-255-01 76 

© 1 986, 1 990, AFM Corporation 
AFM and A-Control are registered trademarks of AFM Corporation 

Printed in U.S.A. 

1 1  ¼" 
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R - Con trol Wol l Panel 

House Wrap 
( i f  required) 

Siding 

R- Cont rol Screw Fastener/ 
P late 24" o .c .  ----... 

Anchor Bol t 

Sealan t  

F ie ld Applied Panel 
Bose Plate Over 
Sealan t 

Treated Plate 

Si l l  Sealer 
Insect Cl ip or Flashing 

Coulk --------
Cemen t i t ious Scratch 
Coo t 

AFM EPS 

I 11--t--+--+--1 
I I 1--t--+--+--i 
I 1 �--+----+---1 

1--- Gypsum Woll Boord or 
Approved Thermal Barr ier 

' 1  
I I I--+--+----+---; I I 

t---t----1
� 

' 1  1,-:b:t��=-==--=_.:::=-.E::::=-="="'=-==-= 
I 11--t--+--+---1 
I I ' 11--t--+--+--1-+'-11--1--+-1. 
I I 

i---r--

� 

I 
Nail OS Per 
Build ing Code 
Requ iremen ts 

H--t---t-�11--+-+4-.I--Con s tru c t ion 

TITLE 

0 

Adhesive and 
8d. @ 6" o.c. 
or equal 

: �F ou�da'\ion --

• I I '1 
J L _ -.  

L _ _  -' t:::. 

0 

AFM R- Con trol  ® 

Foundat ion Fram ing 

Sect ion View 

Panel 
NO. 

AF- 1 05a 

) 



Double P late at  Long Span 
or Approved 
Eng in eered M ember 

Top Sheathing - Consul t  
Load Design Chart  #3, 
Skin Th ickness 
Requiremen ts. 

, .. .... 

X X 

4' 

2x6, 2x8, 2x1 0, or 2x 1 2  Side 
M embers, or Approved 
Engineered Struc tural 
M embers for Floor and 
Roof Panels 

1 6d @ 8" o. c .  
Staggered 

X X ,..v 
.... 

�
d NoHs o, 1 4go. 1 '1," Staples @ 6" o. c . ,  a, equal 

NOTE : See AFM Load Design Char t  #3 for Design U t i l i za t ion . 

Sect ion View 

AFM R - Con tro l  ® Pan e l 
TI TLE NO. 
Long Span Flush Framed Floor and Roof Deck AF- 1 08 

1 3  

I 

I 

I 

I 
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I 
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I 
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NOTE: Typ i ca l  
Al l  Beams 
R - Con trol Screw 
Fastener /Plate 
See De tai l 
AF- 1 35 

Sealan t 

NOTE: At tach 
Cl ips with 8d 
Nai ls Each Panel S ide 

Angle 

Fie ld Appl ied 
R idge P iece 

ST 1 2  

Beam 

"- Mid Span Beam 

NOTE: Instal l  all Rein forc ing 
M etal at Panel Edges 
and/or 4 '  o .c .  

Simpson ST 
Strop Tie 

NOTE Anchoring Fixtures 
of Equal Qual i t y  may be 
Subst itu ted 

R- Control 
Bearing Wol l  

TI TLE 

Simpson L70 
Rein forcing Angle 

TYPICAL: Gypsum 
Woll Boord or Approved 
Th ermal Barrier 

Section View 

AFM R- Con tro l  ® .  P a n el 

Roof P anel s  
Rein forcin les and Straps 

NO. 

AF- 1 20 

, 



9.3 Design Drawings 
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SVDP Demo 2nd Floor Plan 1/8/92 
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9.4 Constru.ction Drawings 



R-22 R-Control Opt 1 Wall 
Splines Plates 
Screws 
Sealant 

□ 

8' I 4 , I 

□ □  
14' 

8 '  

8 '  . 8 '  

□ □ □ □  

6.5' 

16' 

I 3
, I 3 . I 1 _5 . 

I 

2'4" 

14' 
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R-22 R-Control Opt 1 Wall 
Splines 
Screws 
Sealant 
Plates 

8 '  

I 

R-Control Opt 1 South Wall 

,. 
4 '  8 '  

□ 

□ 
I 36 

South Wall 

8 '  8 '  

16' 



1 '4 " 

R-22 R-Control Opt 1 Wall 
Splines 
Screws 
Sealant 
Plates 

16' 

East Exterior Wall 

R-Control Opt 1 End Walls 

1 '4 " 

2'8" 2'8 " 
2'8" 

16' 16' 

16' 
West Exterior Wall 

� - - - - - - - - - - - - - - - - - -
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R-30 R-Control Opt 1 First Floor 
7 3/8" Panels Sealant 
Engineered Members Treated Plate 
Screws 

4 ' 4 '  4 '  4 ' 

R-Control Opt 1 First Floor Framing Plan 

4 ' 4 '  4 ' 4 '  3 ' 1 '  t-7 

• 

16' 

35' 
First Floor Framing Plan 



10' 

10' 

I\ 
R-38 Opt l Ca thedral Ceiling 
9 3/8" panels 
2" X 10" Joists 
Other lumber 
Screw Fastene 

7 '  Screws 
Sealant 
Simpson Strap 
2-2" X 12" Rid1 ms 

\i/ 

8' 4'  8' 8' 8 '  
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R-26 Wall (Advanced Framing) 
2" X 6" Studs 
2" X 6" Cripples 
2" X 6" Plates 
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! I I 

I= l = 
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II 

8 '  
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I== == 

12 I 

I 
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I 

I 

4" X 8" Headers 
R-21 Batt Insulation 
2" Rigid Insulation 
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I== 
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16' 

I I 
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1" Rigid Insulation 
5/8" Sheathing 
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R-28 Wall (Advanced Framing) 
2" X 6" Studs 
2" X 6" Cripples 
2" X 6" Plates 

I:::= 

I 
I 

4" X 8" Headers 
R-21 Batt Insulation 
2" Rigid Insulation 

I 

== 

I I 

� 

1" Rigid Insulation 
5/8" Sheathing 
Nails 

I 36 

South Wall 

I== 
I 

16' 



R-26 Wall (Advanced Framing) 
2" X 6" Studs 
2" X 6" Cripples 
2" X 6" Plates 

16' 

4" X 8" Headers 
R-21 Batt Insulation 
2" Rigid Insulation 

East Exterior Wall 
(2 X 6's) 

2'8" 

16' 

1" Rigid Insulation 
5/8" Sheathing 

l ll==#===#==#===ll===i;===11====t = 

16' 

West Exterior Wall 
(2 X 6's) 

-- -- --- -- -- -- -- -- --- - - - -

2'8" 

16' 

I 
I 
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I 

First Floor 
2" X 10" Joists @ 24" O.C. 
2" X 10" Header Joists 
2" X 10" Solid Blocking 
R-30 Batt Insulation 
3/4" Floor Sheathing 

- ... .... - .. .. 

36 I 

First Floor Framing Plan 

- .. - ., . - -
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Roof Framing Plan 
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Builder 's  field Guide: Insulation Contractor 9 . 19 

Figure 9K :  
Ventilated Vault vs Closed Cavity Vault 

VENTILATED VAULT 

ROOFING ON FELT 
ON SHEATHING 

g_-�i INSULATION 

VAPOR RETARDER 
- 0 11,\;l f'Ol'1' 

CEILING FINISH -�� 

CLOSED CAVITY VAULT 

EAVE VENT 

COMPLETELY BLOCKED 
AND SEALED 

CEILING FINISH 

ROOFING ON FELT 
ON SHEATHING 

2x 1 2 RAFTERS 

COMPLETELY BLOCKED 
AND SEALED 

N-g&,T � 
ENERGY COOE. � 
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Builder's Field Guide: Insu lation Contractor 9.3 

FiQure 9A:  
Joisted Floor System w/R-30 

3/4" SHEATHING PANEL 
FLOOR VAPOR RETARDER 

) 
. 

c�1 � �  � 
R-30 UNFACED INSULATION 
AT JOIST CAVITY 

WOOD LATH I NSULATION 
SUPPORTS, 24"oc 

- -

-, 

,-., 
., ,  

--,--

FOUNDATION VENT 
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Builder's Field Guide: Insulation Contractor 

Figure 9E: 
R-24/26 Wall 

WALL FRAMING: 

- 2x6 STUDS 
AT 1 6 11 oc' 2·411 �' oc . 

� 

9.9 

WALL INSULATION OPTIONS= 

- R-24/26: 
R- 1 9/21  FACED BATT. 
FACE-STAPLED FOR VAPOR BARRIER 
.fWJS R-5.5 EXTRUDED 
POLYSlYRENE FOAM BOARD - ' h  

- R-27/28: 
R-1 9/21 /22 CAVllY INSULATION 
R-6.5 POLYISOCYANURATE FOAM 
R-8.2 POLYURETHANE FOAM 

PROVIDE FOAM BOARD 
INSULATION AT RIM JOISTS 
BETWEEN FLOORS 



Intermediate Floor (Option II) 
2" X 10" Joists @ 24" O.C. 
2" X 10" Header Joists 
3/4" Floor Sheathing 

12' 6' 

Intermediate Floor Framing Plan 

24" 

/ 

16' 

3 '6" 

17' 
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Interior Partitions 
2" X 4" Studs @ 16" O.C. unless otherwise noted 
2" X 4" Plates 
4" X 8" Headers 

II I 

I I 2,6 .. I 6" 

I I  l I I I  

16' 

13' 
Bedroom 1 West 

16' 

I I  I I  

I I II I II 

6" 2 6 1 6 5 I I I 6 6  II 

Bedroom 2 East 

7' < 

/ < 

9' 

Living Room West 

11' 

Kitchen North 
(2 X 6's) 

> 

> 

--- - .. .... . 

< 8 '  > 
I II I 

5' I 2 '6 11 1 6111 
Bathroom North 

< 6'  

Bathroom East 
(2 X 6's) 

> 



Interior Partitions 
2" X 4" Studs @ 16" O.C. unless otherwise noted 
2" X 4" Plates 
4" X 8" Headers 

12' 

I I I  I I  I I  I I I I  I I  I 

r=-7 4'6" 1 '  
G;,I 4' � 

Master Bedroom West 

� 
6 '  

� � 

I I I  I 

1-1 - �· ·�Tl 

5 '6" 

Plumbing Walls (2 X 6's) 

I I I  I 

10' I 2'6:� I 3' 
Hall 

I I  I 

10' 
I �;,;i 3 '  

Bathroom North (2 X 6's) 
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9.5 Energy Analysis Data 



' I ·  2.L -t L 

I
- -- ------------=--- - - - - ---------=-=-==-=- === ====================-=---- =-------= · 
WATTSUN 5 . 2  SUPER GOOD CENTS ( 1 9 9 1  MCS )  COMP L I ANCE REPORT 0 1 / 2 2 / 92 

F I LE :  C : WATTSUNSDH 1 2 1 9  R . WS HOUSE  I D :  

I
- - - - - - - - - - - - - = - -- - - - = - = =============== = ==== = = == = = ===============--- - - - = - = - - - - - - -

. S it e : Anal yst : 

I Homeowne r :  

Bui lde r : 

Jur i s dict ion : 
Ut i l it y : 

House Type : S ingle Fami ly /Duplex  
F l oor  Area : 1 300  ft 2 

Weather  Dat a : Port land , OR 
Climat e  Zone : 1 

' 
I =========================;======================================-=-=-=-=------

The P ROPOSED des ign * COMPLIES * 

__ 

w

};

i

�� 

Good 

eeMPONENT PERf'oRHAHCE '-
ENERGY BUDGET 

Cen t s  ( 1 9 9 1  MCS ) . 

PROPOSED 
2 9 1  Btu/hr-F 

2 . 2 3 kWh / ft 2-yr  
I 

I =====================�--�=======================================-=-=-=======--

' 
PROPOSED DES I GN COMPONENTS 

Component Descript i on 

On Grade S l ab Rl S 2 '  hori z ontal  w/TB 
A F l oor  * *R-CONTROL 7 . 2 5 

I 
Gl a z i ng @ 1 5 %  * *VINYL 
Doors  Met a l  R-5 base  case 

4 AG Wa l l  * *R-CONTROL 5 . 2 5 
• Ce i l in g  * *R-CONTROL 9 . 2 5 

' 
I n fi l t rat i on Advanced Ai r Seal ing w/HRV 

Va lue 

F - 0 . 52 0  
U- 0 . 0 32  
U-0 . 35 0  
U- 0 . 1 9 0  
U - 0 . 0 4 3  
U-0 . 0 25  

ACH- 0 . 2 0 0  

X Area = 

1 1 9 ft 
5 9 2  
1 9 1 . 0  

2 1 . 0 
1 8 1 1  

8 8 4  
1 1 3 3 5 ft 3  

Proposed UA 

UA 

6 1 . 9 
1 8 . 9  
64 . 9 *  

4 . 0 * 
7 7 . 9  
22 . 1  
4 1 . 5 

2 9 1  

I = ================= = = = = = ====================== = = = =================---=-= -=-====== 
I t ems in parenthe s e s  not included in COMPONENT PERFORMANCE t ot a l s . 
* *  Denotes  n on - s ta ndard values - check cal cul at ion o f  therma l va lue . 

' * Denotes  ad justed  UA to  re flect 7- 1 / 2 mph wind speed . 
• = = = = ================================= Page 1 =================================== 

I ,. 



\ . '2 2 -°I � 
�===========----=---==-==-=------=============================================== 

WATTSUN 5 . 2  SUPER GOOD CENTS ( 1 991  MCS )  COMPLIANCE REPORT 

F I LE :  C : WATTSUNSDH121 9 . WS 

0 1 / 22 / 92 

HOUSE ID : 
================================================================================ 

Site : 

Iomeowner : 

Builder : 

Analyst : 
Jurisdiction : 

Utility : 

House Type : S ingle Family/Duplex 
Floor Area : 1 3 00 ft2 

Weather Data : Port land , OR 
Climate Zone : 1 

============---=============================================================== 

The PROPOSED design *COMPLIES * with Super Good Cents ( 1 9 91  MCS ) . 

COMPONENT PERFORMANCE 
ENERGY BUDGET 

REFERENCE @ .�s-J4ctl' 
322 

3 . 0 6 

p.s;J-h/f-,,v. Cfi. C2 • zo k,,-. 
PROFe5ED 

2 8 8  Btu/hr-F 
2 . 1 6 kWh/ ft2-yr 

=-==-----------=----------------============================================== 
REr''!!:�NClJ DESI6-N 

Component 

On Grade S l ab 
Floor 
Glaz ing @ 1 5 %  
Doors 
AG Wal l  
Cei l ing,  Vault 
Infiltration 

Descript ion 

R15 2 '  hori zontal w/TB 
R30 vented j oist  
0 . 35 U-value 
Metal R5 base case 
R2 l +R5 ADV 
R3 8 batt vault vented 
Standard air  sealing 

�ROPOSED DE3ISM COMPONENTS �Jllil..(C/z.. e � .A-C- 1-1  
() , 2,.0 

Component 

On Grade Slab 
F loor 
Glaz ing @ 1 5 %  
Doors 
AG Wa l l  
Cei l ing 
Infiltrat ion 

Descript i on 

Rl S 2 '  hor i z ontal w/TB 
R30 unvented Joi st 1 6oc 

* *VINYL 
Metal R- 5 base case 
R2 1 + RS ADV T l - 1 1  
R3 8 batt Vault vented 2 x l 4  
Advanced Ai r Seal ing w/HRV 

1 6oc 

Re ference 
Value X 

F-0 . 52 0  
U-0 . 0 2 9  
U- 0 . 35 0  
U- 0 . 1 90  
U- 0 . 0 4 1  
U-0 . 02 7  

ACH- 0 . 35 0  

Area = 

1 1 9ft 
5 92 
1 95 . 0  

2 1 . 0 
1 8 07 

8 8 4  
1 1 3 35 ft3  

Re ference UA 

Value 

F-0 . 52 0  
U- 0 . 0 2 9  
U-0 . 350  
U- 0 . 1 90  
U- 0 . 0 4 1  
U-0 . 02 7  

ACH- 0 . 2 0 0  

X Area = 

1 1 9 ft 
5 92 
1 91 . 0 

2 1 . 0 
1 8 1 1  

8 8 4  
1 1 335 ft 3  

Proposed UA 

UA 

6 1 . 9 
1 7 . 2  
68 . 3  

4 . 0  
7 4 . 1  
2 3 . 9  
7 2 . 6  

3 2 2  

UA 

6 1 . 9 
1 7 . 2  
6 4 . 9 * 

4 . 0 * 
7 4 . 3  
2 3 . 9  
4 1 .  5 

2 8 8  

================================================-=============================== 

I tems i n  parentheses not included in COMPONENT PERFORMANCE totals . 
* *  Denotes  non- standard va lues - check ca lculat i on of  thermal value . 
* Denotes ad justed UA t o  reflect 7 - 1 / 2  mph wind speed . 

============ == = = ====== = = = = ======= ==== Page 1 =================================== 
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9.6 Cost Analysis Spread Sheets 
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COST SHEET 1 -8 DEMONSTRATION HOUSE (PHASE I DESIGN) COST SHEET 1 -8 

A B C D E F G H I J K L M N 

1 COMPONENT 
2 ROOF:  A-Control 9 3/8· 

QTY U NIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $ TOTAL $ ADJ TOTAL $ MAT.INDEX ADJ. MAT.$ LAB. INDEX ADJ. LAB.$ NOTES 

3 6@8x1 O panel 4 8 0  s f  3 .35 1 608 .00 0 .59 283 .20  
4 2@8x1 8  panel 

1 89 1 .20 
2 8 8  s f  3 .35 964 .80 0 .59 1 69 .9 2  

5 2@4x1  O panel  
1 1 3 4 .72 

8 0  s f  3 .20 256.00 0 .59 
6 Panel  Sub-Total 

47 .20  303 .20  
8 4 8  s f  2 8 2 8 . 8 0  5 0 0 . 3 2  3 3 2 9 . 1 2 

1 9 1 5 . 1 6 
1 1 4 9 . 1 0 

307 . 1 9 
3 3 7 1 .45  

7 
8 Rafter 9@2x1 0x1  O 9 0  I f  0 .74 66 .60 0 .35 3 1 .50  
9 Overhang 2X6 

9 8 . 1 0 1 08 .00  
276 I f  0 .30 82.80 0 .33  9 1 . 0 8  1 73 .8 8  

1 O Ridge Beam 2@2x1 2 8 0  I f  1 .07 85 .60 0 .30  
1 1  Staples  

24 .00  1 09 .6 0  1 04 .42 
25 .00 

1 2 Screw Fasteners{ 1 /2 If  
0 . 00  25 .00  25 .00 

54 ea 1 .00 54 .00 
1 3 ST 12 straps 

0 . 0 0  54 .00  54 .00  
1 o ea 0.55 5 .50 

1 4 L-70(1 /2 I f) 
0 . 00  5 .50  5 .50 

4 2  ea 0 .75 3 1 .50 
1 5 Sealant(1 /2 oer 80sf) 

0 .00  3 1 .50 3 1 .50 
6 ea 3 .54 2 1 .24 

1 6 1 /2" sheetrock 
0 .00  2 1 .24 2 1 .24 

8 4 8  s f  0 .08 67 .84 0 .4 1 
Sheathing 1 /2" Plvwood 

3 4 7 . 6 8  
1 7 

4 1 5 .52 548 .33 
1 8 4 s f  0 .25 46 .00 0 .24 

1 8 Roofino (Felt ,flash ,vent 
44 . 1 6 90 . 1 6 90 .02 

1 03 2  s f  0 .42 433.44 0 .52 
1 9 

536 .64  970 .08  1 1 2 1 . 62 

2 2  
2 3 FLOOR :A-Control 7 3/8• 

�--t�:..-=...:....:...:..:...-==-.::....:....:.....,;;_:__:........;.;�+---+---+-----+-------4------+------+------1----- --

2 4  9@4x1 6 panel 5 7 6  s f  2.95 1 699 .20 0.59 3 3 9 . 84 2039 .04 2067 .79 
2 5 Panel Sub Total 5 7 6 s f  1 69 9 . 2 0  3 3 9 . 8 4  2 0 3 9 . 0 4  2 0 6 7 .  7 9  
2 6  

2 7 Joist 8@2x8x 1 6  1 2 8 I f  0 .42 53.76 0 .30  3 8 .4 0  9 2 . 1 6 
2 8  Treated Plate-2x8 1 0 6 If 0 .47 49 .82 0 .73 77 .38  1 27 .2 0  
2 9 R i m  Joist - 2x8 1 06 I f  0 .42 44 .52 0.30 31 .80 76 .32 
3 0 Anchor bo lts 2 8  ea 0.25 7 .00 1 . 8 8  52 .64  5 9 .64  
3 1  Staples 25 .00 0 .0 0  2 5 . 0 0  
3 2 Sea lant  4 .5 e a  3.54 1 5 .93 o.oo 1 5 .93  
3 3  Slab 1 1 4 .68 97 . 7 1  2 1 2 .3 9  
3 4  Slab insulation 4 5 s f  0.35 1 5 .75 0 . 2 3  1 0 .35 26 . 1 0 
3 5  

1 09 .53 
1 58 .62 

90 .70  
6 1 .56 
25 .00 
1 5 .93 

1 92 .62 
30 . 1 7 

36 :Ftoor,:;,,;;s"iiii�iofaf,;,;,;:i,:,iiii:,:,, :,:::::::,;,;i,:;,;:,,,:,t:}/tfftttt:tt'f:t?tn::ri:ttt(t:/)'': '::2025�'66:t::=::r:ttJttt:J:tttttAmA6'4'8:�;t2{t:'}''t/2:673}7:8Wffj@Itt2'754:��9l 

• Adj. Total Cost is Total Cost adjusted to Means National Averages for Labor and Materials 

1 . 000 1 608.00 0 .922 
1 . 000 964.80 0 .922 
1 . 000 256.00 0 .922 

0 . 902 73 .84 0 .922 

1 . 092 78.39 0.922 
1 . 000 25.00 1 .000 
1 . 000 54 .00 1 .000 
1 . 000 5.50 1 .000 
1 . 000 3 1 .50 1 . 000 
1 .000 2 1 .24 1 .000 
0 .444 1 52.79 0 .879 
1 . 092 42 . 1 2 0.922 
0 . 866 500.5 1 0 .864 

1 . 000 1 699 .20 0 .922 

0 . 792 67.88 0 .922 
0 .667 74 .69  0 .922 
0 .792 56.2 1 0 .922 
1 .207 5.80 0 .944 
1 . 000 25 .00 1 .000 
1 . 000 1 5 .93 1 . 000 
1 . 007 1 1 3 .88  1 .24 1 
0 . 866 1 8 . 1 9 0 . 864 

307. 1 6  M EANS 4X8' ROOF PANEL INSTALLATION Labor, R-Contr 
1 84 .30  • 

5 1 . 1 9 • 

34 . 1 6 MEANS 2X8 RAFTER FRAMIN G 
2 LF SHEATHING AROUND 92 FT ROOF PERIMETER 

26.03 J erry's · 1 2/1 6/9 1 
0 .00 A l lowanc e  
o .oo A-Control Cost Data 1 -9 1  
0 .00  • 
0 .00 • 
0 .00 • 

395.54 MEANS- TAPED AND FINISHED 
47 .90  2 Fr OVERHANG AROUND ROOF PERIMETER WITH RAFTER 

621 . 1 1 MEANS- STND STRIP, ASP. SHINGLES, ORG. CLASS C,075 1 0 

368 .59 MEANS- 4X8 FLOOR PANEL Labor, A-Control Materials 

41 . 65  Means Labor, A-Control Materials 
83 .93 • 
34 .49 " 
55 .76  • 

0 .00 A l lowance 
0 .00 A -Con tro l 

78 . 73 MEANS-46 LF EDGE WORK FORMS TO 6", 1 1 9  SF 4• SLAE 
1 1 . 98  MEANS- 2" EPS 



COST SHEET 1 -8 DEMONSTRATION HOUSE (PHASE I DESIGN) COST SHEET 1 -8 

A 
3 7 COMPONENT 

B C D E F G H I J K L M N 

3 8 WALL:R-Control 5 
QTY UNIT MAT UNIT $ MAT COST UNIT LAB. $ LABOR CO TOTAL COST ADJ TOTAL $ MAT.INDEX ADJ. MAT.$ LAB. INDEX ADJ. LAB.$ 

3 9 1 4@8x 1 6  panel 1 79 2  s f  2 .90 5 1 96 .80  
4 0 2@4x1 6 panel 1 2 8 s f  2 . 70 345 .60  
4 1 3@4x8 panel 96 s f  2 .70 259 .20  
4 2 Pane l  Sub  Total 2 0 1 6 s f 5 80 1 . 6 0  

4 3  

4 4 Plates 2x6 3 0 5  I f  0 .30  9 1 .50  
4 5 Staples 35.00 
4 6 Sealant 1 2  ea 3 .54 42 .48  
4 7 Screw Fasteners 5 0  ea 50 .00  
4 8 1 12· sheetrock 1 7 6 8  s f  0 .08 1 4 1 .44 
4 9 Siding {T1 - 1 1 5/8•) 1 76 8  s f  0 .47  830 .96  

5 9 ROOF-Advanced Framing 

0.56 1 003 .52 
0.56 7 1 .68 
0 .56 53.76 

1 1 2 8 . 9 6  

0.60 1 83 .0 0  
0 .00  
0 .00  
0 .00  

0.33 583 .44 
0 .49  866 .32  

6200 .32 6285 .22 
4 1 7 .28 423 .34 

3 1 2 .96  3 1 7 .5 1  
6930 .56  7026 .07 

274 .50 3 1 7 .4 7  
35 .00 35.00 
42.48 42.48 
50.00 50.00 

724 .88 982 .3 1  
1 697 .28 1 894 .74 

6 0 Rafters 53@2x 1 4x 1 0 5 3 0  I f 1 .46  773 .8 0  0.50 265 .00 1 038 .80 907 .4 5 
6 1  Sub Fascia 2x1 4 1 9 6 l f  1 .46  286 . 1 6 0.50 98 .00 384 . 1 6 335 .59 
6 2 Blocking 22@2x1 4x2 44 I f  1 .46 64 .24 0 .82 36 .08 1 00 .32 90 . 6 1  
6 3 Ridge Beam 2@2x1 2x40 8 0 I f  1 . 07 85 .60 0.30 24 .00 1 09 .60 1 04 .4 2  
6 4  Sheathing 1 12· Plywood 1 0 3 2  s f  0 .25  258 .00 0.24 247.68 505 .68 567.94 
6 5  R-38 batt Insu lation 8 4 8 s f  0 .67  568 . 1 6 0 . 1 2 1 0 1 .76 669 .92 8 1 3 .20  
6 6 Vapor Barrier/ A i r  Barr. 848 s f  0 .07 59 .36 0 .04 33 .92  93 .28 1 1 6 .35 
6 7 N ai ls/Screws 30 .00  0 .00 30.00 30 .00 
6 8 Gl ue/Caulk 30 .00  30.00 60.00 60.00 
6 9  1 12· sheetrock 8 4 8 s f  0 . 08 67.84 0.4 1 347 .68 4 1 5 .52 548 .33 
7 0 Roofing (Fe lt, etc.) 1 03 2  s f  0 .42 433 .44 0.52 536 .64 970.08 1 1 2 1 .62 
7 1  

12 li'oo'f::�:xw::;:Jfrm:::;:suiiifoiaf;;;;;;;:;;;:;,;,;;:;::;�,�;;;;;:;;;�;�;},;;;,;,;;,fri:ifo�:::£:faj;:i:i:i�i=iiii=i,,;,;,fa;;2:656t60f@WmNrtrwwfatFmrnrnt7,zo��7;6@'tMt)J377t3.:6.WW#ht¥4:69:5i:5:01 

• Adj .  Total Cost is Total Cost adjusted to Means National Averages for Labor and Materials 

1 . 000 5 1 9 6 .80  0 . 922 
1 .000 345 .60  0 .922  
1 .000 259 .20 0 .922 

0 .76 9  1 1 8 .9 9  0 .922 
1 .000 35 .00  1 . 000 
1 .000 4 2 .48  1 .000  
1 .000 50 .00  1 . 000 
0 .444 3 1 8 .56 0. 879 
0 .870 955 . 1 3 0 .922  

1 .24 8 620 .03 0 .922  
1 . 248 229 .29 0 . 922 
1 . 248 5 1 .47 0 . 922 
1 . 092 78 .39 0. 922 
0 .862 299 .30 0 . 922 
0. 8 1 7 695 .42 0 . 864 
0 .770 77.09 0 . 864 
1 . 000 30 .00 1 . 000 
1 . 000 30 .00 1 . 000 
0 . 444 1 52 .79 0 . 879 
0 .866 500 .5 1  0 . 864 

1 088  .42 A-Control materials, Means Labor 
77 .74 • 
58 .3 1 

1 98 .4 8  MEANS-SILL PLATES Labor, Jerry's Materials 1 2/1 6/91 
0 .00  A l lowance 
0.00 R -Con ttol 
0 .00  A-Control 

6 63 .75 Means Labor. Jerrv's Materials 1 2/1 6/9 1 
939 . 6 1  M EANS- FIR Labor, Jerry's M aterials 1 2/1 6/91 

287  .4 2 MEANS- 2X1 4 JOIST {PLUS .07) Labor, Hammer Lumbe 
1 06 .2 9  M EANS- 2X1 4 JOIST (PLUS .07) Labor, Hammer Lumbe 

39 . 1 3 M EANS- 2X8 labor, 
26 .03 Means Labor,  Jerry's Materials 1 2/1 6/9 1  

268 .63 • 
1 1 7 .78  • 

3 9 .26 • 
0 .00  A l lowance 

3 0 .0 0  A l lowance 
3 95 .54 Means Labor, Jerry's Materials 1 2/1 6/9 1 
6 2 1 . 1 1 see #1 8 



A 
7 3 COMPONENT 

COST SHEET 1 -8 REFERENCE HOUSE (PHASE ! DESIGN) COST SHEET 1 -8 

B C D E F G H I J K L M 
QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COS TOTAL COST ADJ TOTAL $ MAT.INDEX ADJ. MAT.$ LAB. INDEX ADJ. LAB.$ 

N 

7 4 FLOOR:  Advanced Framin =1 
7 5  Jo l s t - 1 9 @2x 1 2x 1 6 3 0 4  I f 1 .07 325 .28  0 .37 1 1 2 .48  437 .76 4 1 9 .87  1 . 0 9 2 297 . 88 0 . 922 1 22 .00 M EANS-2X1 2 JOIST Labor , Jerry's Mate rials 1 2/1 6/9 1  

7 6 R im  Jo i st-2x1 2 7 8  I f 1 . 07  83 .4 6 0.37 28 .8 6 1 1 2 .32 1 07.73 1 . 09 2 76 .43  0 . 922 3 1 .30 • 
7 7 Blockino- 2x1 2 3 6  I f 1 . 07 38 .52  0 .82 29 . 52  68 .04 67 .2 9 1 . 09 2 35.27 0 . 922 32 .02 M EANS- 2X8 BLOCKING Labor, Jerrv's Materials 1 2/1 6/' 
7 8 R-30 batt insulation 5 6 0 s f 0 .3 6 20 1 . 6 0 0 . 1 2 67 .20 2 68 .80  3 9 1 .3 1 0 . 643  3 1 3 .53 0 . 864 77.  78 Means Labor, Jerry's Materials 1 2/1 6/9 1  

7 9 3/4" floor decking 5 6 0  s f 0 .43  243 .04 0 .3 1  1 73 .60 4 1 6 . 6 4 451 .8 9 0 . 9 22 263. 60 0 . 922 1 88 .2 9 • 
8 O Vapor B arr ie r/Air Barr. 0 s f 0 . 07 0 .00  0 .04 0 .00  0 .00  0 .00  0 . 770 0.00 0.864 0.00 I 

8 1  Na i l s/Screws 30 .00  0 .00  30 .00  30.00 1 . 00 0  30 .00  1 . 000 o.oo A l lowance 

8 2  G lue/Cau lk  30 .00  30 .00  60 .00  60.00 1 .000 30 .00 1 .000 30 .00 • 
8 3 Jo ist hanoers 3 8  ea 0 . 9 9  37 . 6 2 1 .04 39 .52 77. 1 4 57 .02 1 .73 6 2 1 .67  1 . 1 1 8  35 .35 M eans Labor . Homeclub Mate rials 1 2/1 6/9 1 
8 4  Slab 1 1 4 .6 8 97 .7 1 2 1 2.3 9 1 93 . 4 1  1 . 000  1 1 4 . 6 8 1 . 24 1 78 .73 SEE # 34 
8 5 Slab insu lation 4 5  s f 0 .35  1 5 .75 0 .23 1 0 .35 26 . 1 0 30 . 1 7 0 . 86 6 1 8 . 1 9  0. 864 1 1 . 9 8 SEE # 35 
8 6  

]L EJooifaAdV�::ftrmi�:suffTotal· · · · · i:.·· ·.:.·.·::.· ... ·.: ...... ,;:.,sJ.Z::•;.tiff.::MP.A•··,4+:/.,J:ii•·./1.:1:.;t:9.i95/:;}.; .. ..:..•.·.L_:._. .• :p>t.•·· .. ,;.-t+· .. 589:.24:-.... ,·.:.L\1:·7:09:.-1:-9:;:., .. :,.;,. ... :.:. .4.�_g·a�:�p: :IIifuAWifip?$k.· -�;�}l�i�nf:, 
8 8  
8 9 WALL: Advanced Framinc 
9 0 Studs 1 0 1 @2x6x1 6 
9 1  Plates 2x6 
9 2 F ires top/b lk/crip 2x6 

9 3 Header 2x8 
9 4 R-2 1 batt Insulation 
9 5 2· rlaid i nsulation 
9 6 1 • riaid I nsu lation 
9 7 5/8" sheathing 
9 8 Vapor Barr ier 

9 9 Sc rews/N a i l s 

1 O O Anchor bo lts 

1 0 1 G lue/Cau lk  
1 0 2 1 /2" she etrock 
1 0 3 Siding(T1 - 1 1 5/8") 

1 6 1 6 1 f  
4 5 8 1 f  
5 5 4  I f  

1 0 3 4  I f 
1 7 6 8 s f  

1 7 2  s f 
1 5 9 6  s f 
1 7 6 8 s f 
1 7 6 8 s f 

3 6 ea 

1 7 6 8 s f  
1 7 6 8  s f 

0 .30  
0 .30  
0 .30  
0 .42  
0 .2 6 

0 . 6 6  

0 .4 1 

0 .4 1 

0 . 07 

0 .25 

0 .08 
0 .47  

484 .80  
1 37 .40  
1 6 6 . 20  
434 .28  
459 . 6 8 
1 1 3 .52 
654 .3 6 

724 .88  
1 23 . 7 6 

45 .00  
9 . 00  

30 .00  
1 4 1 .44 
830 . 9 6  

0.35 
0 .44 
0 .55 
0 .74 
0 . 1 1 
0 .22 
0 .2 1 

0.32 
0 .04 

1 . 88  

0 .33 
0 .4 9 

5 65 .6 0 
201 .52 
304 .70 
765 . 1 6 
1 94 .4 8  

37 .84  
335 . 1 6  

565 .7 6 

70 .72  
0 .00  

67 . 6 8 
1 00 .00 
583 .44 
8 6 6 .32 

1 050.40 
338 .9 2 
470 . 9 0 

1 1 9 9 .44 
6 54 . 1 6 

1 5 1 .3 6 

9 89 .52 
1 290 .64 

1 94 .4 8  
45 .00  
76 . 6 8 

1 30 .00  
724 .88  

1 6 9 7 . 28  

1 243 .88  0 .769 630 .43 0 . 922 6 1 3 .45 M EANS- 2 STORY FAM. Labor. Jerrv's Materials 1 2/1 6/ 

3 97 .24 0 . 76 9 1 78 .6 7 0 .922 2 1 8 .5 7  M eans Labor. Jerry's Materials 1 2/1 6/91 

546 .6 0 0 .  769 2 1 6 . 1 2 0 . 922 330 .48  M EANS- FIRESTOP DATA Labor , Jerrv's Materi als 1 2/1 

1 378.22 o .  7 9 2 548.33 0 . 922 829 .8 9 Means Labor, Jerry's Mate rials 

932 .2 9 0 . 650  707.20 0 . 864 2 25 .09 M eans Labor, Hom eClub Materials 1 2/1 6/9 1 

2 22 .5 7 _ _  ---=::0..:..:. 6
:.::
3:.=5+-_--=-1 7.:...:8::..:·.:...77�---=-0:.=. 8:..:::6

..:.
4

+.-__ 4..;.;3::..;;•=8-=-0 �M.;.;:e;.:;;a:,;.;.ns�La=bo=r..:..., _;;J;,.;;;.e.;;..;.rry.._'..::..s _:.M=a=t=er=ia=ls�1=2/;..,;.1�6/;..;;.9....:..1 ____ _ 
1 2 1 8 .32 0 .788  830 .4 1 0 .864 387 .9 2 • 

1 2 1 4 . 6 8 1 . 2 0 6 6 0 1 .06 0 . 922 6 1 3 .62 • 

242 .58 0 .  770 1 60 .  73 0 . 864 8 1 .85 • 

45 .00  
6 1 . 9 9  

1 30 .00 
9 82 .31  

1 8 94 .74 

1 .000  45 .00  1 .000 
1 . 207  7.4 6 1 . 24 1 
1 . 000  30 .00 
0 .444 3 1 8 .56 

0 .870  955 . 1 3 

1 . 000 
0 . 879 

0. 922 

o.oo A l l owance 
54 .54 M eans Labor, Jerry's Materials 

1 00 .00  A l lowance 

6 63 .75 Means Labor. Jerry's Materials 

939 .6 1 " 

1 2/1 6/9 1 

1 2/1 6/9 1  

1 0 4 � � ! Viiiifj;jN0.Jltffi®SUb?nilili@EA\t1Ji!Mt1T�dii-�-r f{4�'$:�¥2'lff Tuilillifi!l!r�r�s,1�"'�3)ffi�l]i;�p�(N�if a.•4t�� 
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• Adj . Total Cost is Total Cost adjusted to Means National Averages for Labor and Materials 



COST SHEET 1 -8 COST SHEET 1 -8 

A B C D E F G H I J K L M N 

1 0 9 COMPONENT QTY U NIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR co� TOTAL COST ADJ TOTAL $ MAT.INDEX ADJ. MAT.$ LAB. INDEX ADJ. LAB.$ 
1 1 0  INT.FLOOR :  Conv. Fnn. 
1 1 1  Jo i s t- 1 9@2x 1 2x 1 6 3 0 4  I f  1 .07 325 .28 0 .37 1 1 2 .48  437 .76  4 1 9 .87 1 .092 297 .88  0 .922  1 22 .0 0  Jerrv's M aterials 1 2/1 6/9 1 , Means Labor 
1 1  2 R im Jo ist-2x 1 2 7 8  I f  1 .07 83 .46 0.37 28 .86  1 1 2 .3 2  1 07 .73" 1 .092 76.43 0 .922 3 1 .30 • 
1 1  3 Blocking- 2 x 1  2 7 2  I f  1 .07 77.04 0 .82 59 . 0 4  1 36 .0 8  1 34 .58  1 .092 70 .55 0 .922 64 .03 • 
1 1  4 3/4• floor decking 5 8 1  s f  0.43 252 . 1 5 0 .3 1  1 80 . 1 1 432 .26  468 .83 0.922 273 .49 0 .922  1 95 .35 • 
1 1  5 N ai ls /Screws 2·s .oo 0 .00  2 5 . 0 0  25 .00 1 . 000 25 .00  1 .000 0 .00 A l lowance 
1 1  6 Gl ue/Cau lk 1 0 .00 0 .00 1 0 .00  1 0 .00 1 . 000 1 0 .00  1 .000 0 .00 A l lowance 
1 1  7 Joist hangers 3 8  ea 0 .99 37 .62 1 .04 39 .52  77 . 1 4  57.02 1 . 736 2 1 .67  1 . 1 1 8  35 .35 HomeClub Materials 1 2/1 6/9 1 , Means Labor 
1 1  8 1 12· sheetrock 5 8 1  s f  0 .08 46 .48  0 .4 1  238 . 2 1  284 .69  375 .69 0.444 1 04 .6 8  0 .879 271 .00  Jerry's · M aterials 1 2/1 6/9 1 ,Means Labor 
1 1  9 P ai n t i ng 5 8 1  s f  0 .44 255 .64 0.09 52 .29  307 .93 276.85 1 . 1 9 8 2 1 3 .3 9  0 .824 63 .46  Means Labor and Materials 
1 2 O Floor Fin ishes 5 8 1  s f  1 .92 1 1 1 5 .52 0.42 244 .02 1 35 9 .54  1 24 9 .46  1 . 1 52 968 .33 0.868 281 . 1 3 • 
1 2 1 ffi ffit.f!l®r Eun,�suuo�l,_,,.,.,, ,;:,,;;· n< ".:::Ji �""'/,.,'1<,1'�2�1.t�':,,..,,.,, .. _,.asA,,5�f!l2iZ2 ;;::;;,,: .·:#;� 42:.:..t.:£< •;;_;,;;;r..;;.;,.::;:."'.ve'..,.L.:..,t ;,,". +"�w..,.,;,:;,;;,·�· 

0
:::��=::_:-::::·::,::;��:::=::· ·� 

1 2 4 INT .  WALL: Standard Framing 
1 2 5 Studs 2x4x8 5 9 2 1 f 
1 2 6 Studs 1 01 @2x6x8 3 2 6  I f  
1 2 7 Plates 2x4 2 3 7  I f  
1 2 8 Plates 2x6 1 3 2 I f  
1 2 9 F i restoo/b lk/crip 2x4 1 3 I f 
1 3 0 F irestop/b lk/cr ip 2x6 1 I f 
1 3 1  2x4 Header 3 3 I f 
1 3  2 1 12• sheetrock 1 5 8 5  s f  
1 3 3 Screws/N a i l s  
1 3 4 G lu e/Caulk 
1 3 5 P ai n t i ng 1 5 8 5  s f  
1 3 6 

1 3 8 

1 3 9 
1 4 0 
1 4 1 
1 4 2 
1 4 3 
1 4 4 

0 . 1 6  
0.30 
0 . 1 6 
0.30 
0 . 1 6 
0.30 
1 .58  
0 .08 

0 . 1 3 

94.72 0 .24 1 42 .0 8  
97.80 0.3 1 1 01 .06  
37.92 0 .4 1 97 . 1 7 
39 .60 0 .44 58 .08  

2 .08  0 .43 5 .5 9  
0 .30 0.55 0 .55  

52 . 1 4 0 .65  2 1 .45  
1 26 .80  0.33 523 .05  

25 .00 0 .00  
1 0 .00  0 .00  

206 .05 0.09 1 42 .6 5  

• Adj .  Total Cost i s  Total Cost adjusted to Means National Averages for Labor and Materials 

236 . 8 0  
1 98 .8 6  
1 35 .0 9  

9 7 . 6 8  
7 . 6 7  
0 . 8 5  

73 .59  
6 4 9 . 8 5  

25 . 0 0  
1 0 .0 0  

3 4 8 . 7 0  

3 08 . 1 2  0 .6 1 5 1 54 .0 2  0 .922 1 54 . 1  O Jerry's M aterials 1 2/1 6/9 1 
236 .79 0 .769 1 27 . 1 8 0 .922 1 09 . 6 1  
1 67 .05 0 .6 1 5 6 1 .66  0 .922  1 05 .39  • 
1 1 4 .49  0.769 51 .50 0 .922 62 .99  

9 .45  0 .6 1 5 3 .38  0 .922  6 .06  
0 .99  0 .769 0 .39 0 .922 0 .60 

1 08 .05 0 .6 1 5 84 .78 0 .922 23 .26  
880 .64  �- 0.444 285.59 0 .879 595.05 

25 .00 1 .000 25.00 1 . 000 0 .00 A l lowance 
1 0 .00 1 .000 1 0 .00  1 .000 0 .00 A l lowance 

3 45 . 1 1 1 . 1 98 1 71 .99 0 .824 1 73  . 1  2 Means Labor and Materials 



COST SHEET 1 -8 COST SHEET 1 -8 

A B C D E F G H I J K L M N 
1 4 5 COMPONENT QTY U NIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COS TOTAL COST ADJ TOTAL $ MAT.INDEX ADJ. MAT.$ LAB. INDEX ADJ. LAB.$ 
1 4 6 MISCEUANEOUS 
1 4 7 Windows 1 9 1 s f  1 9 .07 3642 .37 1 6 .57 3 1 64 .87 6807 .24  689 1 .93  1 . 0 1 9 3574 .4 6 0 .954 
1 4 8 Window trimwork 2 0  oono 1 0 .04 200 .80  1 2 .74 254 .80 455 .60  464 . 1 4 1 .0 1 9 1 97 .0 6  0 .954 
1 4 9 Inter ior doors 878 .00 307 .05 1 1 85 .05  1 1 83 .4 8  1 . 0 1 9 8 6 1  . 63  0 .954 
1 5  O Exterior doors 73 .96  22 .75 9 6 . 7 1  96 .4 3  1 . 0 1 9 72 .58  0 .954 
1 5 1 Liaht f ixtures 300 .00 200 .00 500 .00  500 .00 1 .000  3 00 .00  1 .000 
1 5  2 Cabine ts 1 soo .00  1 50 .00 1 65 0 .00 1 65 0·.oo  1 .000  1 500 .00  1 .000 
1 5  3 Aool iances 1 250 .00 0.00 1 250 .00 1 250 .00 1 .000  1 250 .00  1 .000 
1 5  4 S ta i r s  2 ea 1 34 .00 2sa· .oo 82 .22 1 64 .44 432 .44 469 .02  0 .922 290 .67  0 .922 
1 5 5 I nterior Paint ina 2 73 8  s f  0 . 1 3 355 .94 0.09 246 .42 602 .36  5 96 . 1 7 1 . 1 98 297 . 1 1 0 .824 
1 5 6 Floor f in ishes 6 7 2  s f  1 .92 1 290.24 0.42 282 .24 1 572 .48  1 445 . 1 6 1 . 1 52 1 1 20 .00  0 .868 
1 5 7 Gutters and Downspouts 1 07 .04 222.02 329 .06  380 .57  0 .866  1 23 . 6 0  0 .864 

1 6 0 

331 7 .47 JERRY'S VIKING VINYL CASEMENT AVG. 2X3@ 1 27.99 & 2' 
267 .09 MEANS- STOOL AND APRON ONLY 
321  .86  MEANS BIRCH 2'6" HC & LOUVERED PINE 

23 .85  MEANS EXCLUDES SLIDING GLASS DOOR 
200.00 ESTIMATE 
1 50 .00  ESTIMATE BASED ON SVDP NUMBERS 

0 .00 ESTIMATE 
1 78 .35 MEANS.PINE BOX 4' 
299 .05 MEANS- 2 COATS, SMOOTH FINISH, SPRAYED 
325 . 1 6 MEANS- PLUSH NYLON MED. USE 
256 .97  MEANS- 64 LF ALUM. 2X3 .020 DWN. SPT., 80 LF ALUM. 5' 

1 6 1  SERVICES ESTIMATE BASED ON SVDP NUMBERS 
1 6 2 P lumbino 4300.00 0 .00 430 0 . 0 0  4300 .00  1 .000  4300 .00  1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS + $1 500 
1 6 3 E l ect r ica l  3925 .00 0 .00 3 92 5 . 0 0  3925.00 1 .000  · 3925 .00  1 .000 0 .00  

1 6 7 SITE WORK 
1 6 8 Excv . ,backfi l l ,arade ,arave l , sewer 3284 .00 0 .00 3284 .00  3284 .00 1 .000  3284 .00  1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 6 9 Foundation 1 404.00 0 .00 1 404 .00  1 404 .00  1 .000  1 404 . 0 0  1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 

ffi™ifltrftffffl.l¾>,Nf@�;"j�'�iifi1fitt�';�'.:�'."��&t&�:'.�i6mB,�;��-OOO -;:"".;:';::-".": 
1 7 3 Contingency 0 .00 0 . 00 200 0 . 0 0  2000 .00 1 .000  0 .00  1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 7 4 
1 7 5 

• Adj . Total Cost is Total Cost adjusted to Means National Averages for Labor and Materials 



A B 

1 8 1  COMPONENT QTY 

1 8 2 SOFT COSTS 

1 8 3 Plans ,survev,soecs 
1 8 4  Survey 
1 8 5 Desian and Enaineerina Fees 
1 8 6 Raw land 
1 8 7 Land Sales Commission 
1 8 8 Site Plannina and enaineerina 
1 8 9 C losing Costs 

COST SHEET 1 -8 

C D E F G H I J K 

U NIT MAT U NIT $ MAT TOT $ UNIT LAB. $ LABOR COS TOTAL COST ADJ TOTAL $ MAT.INDEX ADJ. MAT.$ 

0 .00 0.00 1 . 000 0 .00  
1 950 .00 1 950 .00 1 .000 0 .00  

0 .00 0.00 1 .000 0 .00  
0.00 0.00 1 . 000 0 .00  

6 000.00 6000.00 1 .000 0 .00  
0.00 0.00 1 .000 0 .00  
0 .00 0.00 1 . 000 0 .00  

1 9 0 Bui lder's Adm inistration and  profit 500.00 500 .00 1 . 000 0 .00  
1 9 1  Warrantv expenses 0.00 0.00 1 . 000 0 .00  
1 9 2 Temporarv Ut i l i ties 0 .00 0 .00 1 .000 0 .0 0  
1 9 3 Streets, Curbs, and oradina 0 .00 0.00 1 .000 0 .00  
1 9 4 Construction loan interest 0 .00 0.00 1 . 000 0 .00  
1 9 5 Construction Loan Fees 600 .00 600.00 1 .000 0 .00  
1 9 6 Insurance 500.00 500.00 1 .000 0 .00  
1 9 7 House Sales Commission 0 .00 0.00 1 .000 0 .00  
1 9 8 Permits and Development Fees 0.00 0.00 1 .000 0 .00  
1 9 9 Taxes 0.00 0.00 1 .000 0 .0 0  
2 O O Construction Overhead 0 .00 0.00 1 .000 0 .00  

L M 

COST SHEET 1 -8 

N 

LAB. INDEX ADJ. LAB.$ 

1 .000 0. 00  ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 . 000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 . 000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 . 000 0.00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .0 0 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0.00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 . 000 0 .00  ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0 .00 ESTIMATE BASED ON SVDP NUMBERS 
1 .000 0.00 ESTIMATE BASED ON SVDP NUMBERS 

m ::::r:;r:�:=�����;£���:·:�::� :�:!:�;;::;�zi*�;_ �-� . � r;a; -

2 1 0 GARAGE . . . . . . ··· · · · · · ·· · · ·  · ,  

• Adj . Total Cost is Total Cost adjusted to Means National Averages for Labor and Materials 

. · .  · . .  ) 



9. 7 Structural Analysis Data 



• 
• 
I 

.\ 

FR□M : C IU IL  Et,.[jINEER ING OSU TO: 503 346 3660 OCT 20 ,  1991 

Disouaaion or Propo114 Panel Thioknesses 
� 

Dimensions of House : 

Tyo-story House Design 

Height • 16 ' 
Length • 3 6 '  
Width • 16 ' 

Ploor Deaign: 7-1/4"  EPS core with 7 / 16" waferboard 

Live Load (LL) • 40 psf 
Dead Load (DL) • 20 psf 

ASSUllling 16 1 span : Allowable LL • 46 psf (OK)  
All .  DL + LL •  68 psf (OK) 
(Deflection controls )  

8: 38PM P . 02  

so , the floor appears •to be slightly overdesigned for structural 
needs . 

Checking 5•1/2 11 EPS core with 7/ 16" waferboard 

Assuming 8 1 span: Allowable LL • 40 psf (OK)  
(deflection controls) 
All .  DL + LL •  61 psf (OK) 
(strength controls) 

Therefore , the s-112 11 panels would appear to be adequate 
structurally if the span is reduced to a •  by a floor girder . 

aoof Deai9n: 9-1/4"  EPS core with 7 / 16" waferboard 

Snow Load ( SL) - 25  psf 
Roof Live Load • 2 0  psf 
Dead Load (DL) • 8 pst 

DL + SL • 33 psf (controls)  

The 2-1/4" panel appears oyerdesigned tor structural loads • 

Checking 3-1 /2"  EPS core with 7 /16 11 waferboard 

Assuming 8 '  span : Allowable SL • 2 5  psf (OK) 
All .  DL + SL •  39 psf (OK) 

(Deflection controls )  

so , the 3-112 11 panel appears to be adequate for the structural 
needs . 



-- · -- · - ---

Wall Design : 5-1/2"  EPS core with 7/16" waterboard 

Wind Load (WL) • 25 psf 
( Seismic loads do not control . )  

Assuming 8 1 span : Allowable WL • 40  psf _ (OK )  
(deflection controls) 
(axial + bending OK) 

so , the 5-1/2" l?anel a.p_pears to be overdesigned for the structural 
needs. 

Checking J-1/2 11 EPS core with 7/16" waferboard 

� Assu�ing 8 '  span : Allowable WL • 25  psf (OK) 
(deflection controls) 
(axial + bending OK) 

(,. 

so , ·the 3-112 11 panel appear• ade<D1at1 for structural needs . 

lfS2tA: These are very rough calculations for preliminary design 
purposes as you requested . Final design calculations checking each 
failure mode based on the actual configuration and details nee� to  
be performed by a structural engineer experienced in wood design 
and familiar with the R-Control product and its testing . 



10.0 APPENDIX - PHASE II DATA 



10. 1  1-1/2 Story ''Long Ridge" Design 



0
0 

1 1 /2- Story House " Long " 
Plan Views 
Cost Estimates: 

0 

Demonstration House & Reference House 

Energy Efficient lndustrlized Housing 
Center for Housing Innovation 
University of Oregon 

*Cost estimates based on 1 992 Means Estimating Guide 

A1  
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#34 1 2  1 1 /2 Story Ref.* 

A B C D E F G H 
1 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $ TOTAL $ 
2 ROOF: R-38 
3 2x12 Ridae 4 4  If  0.85 37.40 0 .90 39.60 7 7.00 
4 2x 12x 18' Rafters 560  I f  0.85 476.00 0.45 252.00 728.00 
5 2x12 Blocking 7 2  If  0.85 6 1 .20 0 .82 59.04 1 20.24 
6 Engr'd Trusses#1 6 ea 2 1 .30 1 27.80 6.24 37.44 1 65.24 
7 Enar'd Trusses#2 1 7 ea 42.00 71 4 .00 1 0 .67  1 8 1 .39 895.39 
8 Sheathing 7/1 6" Plywood 1 780 sf  0.27 480.60 0 .23 409.40 890.00 
9 2x6 Fascia 264 If  0.34 89.76 1 .36 359.04 448.80 

1 O R-38 batt Insulation 7 1 2  sf 0 .71  505.52 0 . 1 4 99.68 605.20 
1 1  Vapor Barrier/ Air Barr. 1 2 1 2  s f  0 .07 84.84 0.04 52. 1 2  1 36.96 
1 2 Na./Sc./GI./Ca. 40.00 0.00 0 .00 40.00 
1 3 1 12· sheetrock-celling 6 0 8  s f  0 .1 0 60.80 0.34 206.72 267.52 
1 4  Roofing 1 78 0  s f  0.29 51 6.20 0.30 534.00 1 050.20 
1 5  1 5 11 Felt 1 78 0  sf 0.05 89.00 0.05 89.00 1 78.00 
1 6 Gutters/Downspouts 1 34 I f  0 .60 80.40 1 . 1 2  1 50.08 230.48 
1 7  Vents 1 0  1 5.00 1 50.00 20 .00  200.00 350.00 
1 8 Glue/Caulk 0 .00 - o .oo 0 .00 
1 9 R-21 Insulation 426 sf 0.38 1 6 1 .88 0 . 1 5 63.90 225.78 
2 o Fir. Ins. R-38 4 0 4  sf 0 .71  286.84 0 . 1 1 44.44 33 1 .28 
2 1  ¥, :RiilB.®.fam.ttAt�w.);tfi,m@mmrii&r&wiiikd&itJW&iili,itJ.1i!lmfahiimldidil=:i1lt!iiittiii=wwttttil\lJMti, 
2 4 FLOOR: R-30 Std. Framing 
2 5 Jolst-27@2x8x20 486 I f  
2 6 Rim Jolst-2x8 1 2 0 If  
2 7 Blocking- 2x8 6 9 I f  
2 8 R-30 batt Insulation 7 4 1  sf 
2 9 3/4" floor decking 8 0 0  sf 
3 0 Vapor Barrier/Air Barr. 7 4 1  sf 
3 1 NaJSc./GI./Ca. 
3 2 Floor Finish 7 1 9  sf 
3 3  

3 8  WALL: R-21 Adv. Framing 

3 9  Studs 1 22 @ 2x6x8' 1 1  04 I f  

4 0  Studs 9@2x6x1 O 9 0  I f  
4 1  Plates 2x6 4 8 0  I f  
42 Header 2x8 9 0  I f  
4 3  R-21 batt Insulation 9 2 8  s f  
44 2· rigid Insulation 3 _0 sf 
4 5  Vanor Barrier 9 2 8  s f  
4 6  Screws/Nalls 
4 7  Glue/Caulk 
4 8  1 12• sheetrock 9 28 sf  
4 9  Siding(T1 • 1 1  5/8") 1 120 s f  

5 0  Painting • Ext. 1 1 20 sf 
5 1  

g 
5 6  

5 7  INT.FLOOR: Conv. Frm. 
5 8  Beam 6x1 2x16' 1 ea 

5 9  Blocking- 2x1 0  7 6  I f  

6 0  Nails/Screws 

0.47 
0.47 
0.47 
0.50 
0.37 
0.07 

1 .92 

0.34 

0.34 
0.34 
0.47 
0.38 
0.78 
0.07 

0. 1 0  
0.47 
0 . 1 4 

33.25 
0 .71  

A4 

228.42 0.36 1 74.96 403.38 
56.40 0.36 43.20 99 .60 
32.43 0 .80 55.20 8 7.63 

370.50 0 . 1 2 88.92 459.42 
296.00  0 .32  256.00 552.00 

5 1 .87 0 .04 31 .86 83.73 
40.00 0.00 40.00 

1 380.48 0 .42 30 1 .98 1 68 2.46 

375.36 0 .33 364.32 739.68 

30.60 0.33 29.70 ·so .3o 
1 63.20 0 .43 206.40 369.60 

42.30 0 . 9 7  8 7.30 1 29.60 
352.64 0 . 1 2 1 1 1 .36 464.00 

23.40 0 . 2 1  6 . 3 0  29.70 
64.96 0.04 39.9 0  1 04.86 
45.00 0 .00 45.00 
1 0.00  0 .00 1 0 .00 
92.80 0.33 306.24 399 .04 

526.40 0.49 548.80 1 075.20 

1 56.80 0 . 1 8 20 1 . 60 358.40 

33.25 28.50 28.50 6 1 .75 

53 .96 1 .20  9 1 .20 1 45 . 1 6 

25 .00 0 .00 25 .00 



A B C 
6 1 Glue/Caulk 
6 2 Joist hangers 1 0  ea 
6 3 112· sheetrock 649 sf 
6 4 Floor Finishes 400 sf 
6 5  
6 6  
6 7  
6 8  

7 2  
7 3  INT. WALL: Standard Framing 
7 4  Studs 2x4x8 1 367 I f  
7 5  Studs 2x6x8 1 77 I f  
7 6  Plates 2x4 259 I f  
7 7  Plates 2x6 8 9  I f  
7 8  2x8 Header 78 I f  
7 9 1 12• sheetrock 21 86 sf 
8 0  Screws/Nalls 
8 1  Glue/Caulk 
8 2  Palntina 1 947 sf 

8 6  

8 7  
8 8 MISCELLANEOUS 
8 9  Skvlites 24 sf 
9 0  Windows 1 25 sf 
9 1 Window trimwork 1 0  opng 
9 2 Interior doors 
9 3 Exterior doors 
9 4 Light fixtures 
9 5 Cabinets 
9 6 Aooliances 
9 7  Stairs 2 ea 

·_ ... .. . 

1 01 
1 02 
1 03 
1 04 
1 05 

#341 2 1 1 /2 Story Ref." 

D E F G H 
1 0 .00 0 .00 1 0 .00 

0.99 9 .90 1 .04 1 0 .40 20.30 
0 . 1 0 64.90 0 .34 220.66 285.56 
1 .92 768.00 0.42 1 68 .00  936.00 

· · -�··: �s:1:n;:ft.,�trk¾1\wt;,,=s��--,��-d'$JMlltff#,illli 
MAT TOT $ UNIT LAB. $ LABOR COST TOTAL COST 

0.23 
0.34 
0.23 
0.34 
0.47 
0.1 0 

0 .1 2 

1 8.94 
20. 1 3  
1 0.60 

1 29.54 

,: •.'X;· 

31 4.41 
60.1 8 
59.57 
30.26 
36.66 

21 8.60 
25.00 
1 0.00 

233.64 

454.56 
251 6.25 

1 06.00 
861 .63 

72.58 
300.00 

1 500.00 
1 250.00 

259.08 

0.24 
0.33 
0.41 
0 .43 
0 .90 
0.34 

0 .09 

1 6 .74 
1 6 .74 
1 2 .87 

84.1 8 

328.08 642.49 
58 .41  1 1 8.59 

1 06. 1 9  1 65. 76 
38.27 68.53 
70.20 1 06.86 

743 .24 961 .84 
0 .00  25.00 
0 .00  1 0.00 

1 75.23 408.87 

401 .76 856.32 
2092.50 4608.75 

1 28.70 234.70 
307.0 5  1 1 68.68 

22.75 95.33 
200 .00 500.00 
1 50 .00 1 650.00 

0 .00  1 250.00 
1 68.36 427.44 

1 0 6 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COST TOTAL COST 
1 07 
1 0 8 SERVICES 

1 O 9 Plumbing 0.00 0 .00  0 .00 
1 1  O Electrical 0 .00 0 .00  0 .00 
1 1 1  AAHX- Mech. 0.00 0 .00  0 .00 
1 1 2  fil Mi.CJ@.M'c.Eit.·,CQsts . ..:, .'· .. . ,27'::S::.:Y ... : .. :·>:'..::.X;&';;S::;'%2\::;. .. ::::;;v.p,o. .. ·: .. �'..T::,::zu;;;.: . ..,...:.'S:JCtlf;i>ti .. . .❖::.�,.:: • •  :.Y.affit! 
1 1 4 Excav. 2 2  cv 0.00 0 .00 250.00 
1 1 5 Gradina 0 .00 o . oo  1 00.00 
1 1 6 Formwork 600 sf ca 0.87 522.00 1 .6 1  966.00 1 488.00 
1 1 7 2x6 Mudsill 1 20 If 0.6 1 73.20 0 .84 1 00 .80  1 74.00 
1 1 8 4x8 Int Bm. 40 If 1 .42 56.80 0 .81  32.40 89.20 
1 1 9  4x4 P.T. Posts 1 6  I f  0.70 1 1 .20 0 .8 1  1 2.96  24. 16  
1 20 Concrete 1 1  cv 51 .64 568.04 0 .00  568.04 

AS 



#34 1 2  1 1 /2 Story Ref.• 

A B C D 
1 2 1 Rebar 
1 2 2 P.V.C. Drain 1 30 I f  1 .47 

rofit 

1 44 Construction Loan Fees 
1 4 5 Insurance 
1 46 House Sales Commission 
1 4 7 Permits and Develo ment Fees 

A6 

E F G H 
290.00 
290.00 

0.00 

0 .00  
0 .00  
0 .00  
0 .00 
0 . 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 .00 
0 .00 
0.00 
0 .00 

•Aoor/Fdn. Total= 5249.54 



#3413 1 1/2 Story Demo • 

A B C D E F G H 
1 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $ TOTAL $ 
2 ROOF: A-Control 9 3/8" 
3 1 6@4x8 Panel 5 1 2 s f  3. 1 5  1 61 2.80 0 .55 28 1 .60 1 89 4.40 
4 4@4x14 Panel 224 s f  3 . 1 5 705.60 0 .55  1 23.20 828.80 
5 Panel Sub-Total 7 3 6  sf 231 8.40 404.80 27 23.20 
6 Enar'd Trusses #1 6 ea 21 .30 1 27 .80 6.24 37.44 1 65.24 
7 Engr'd Trusses #2 1 7  ea 42.00 7 1 4.00 1 0 .67 1 8 1 .39 895.39 
8 3/4" Decking 4 0 0  s f  0.37 1 48.00 0 .32  1 28.00 276.00 
9 Ridge Stringer-2x1 0 4 4  I f  0.73 32. 1 2  0 .53  23.32 5 5.44 

1 0  7/1 6" Sheathing 928 s f  0.27 250.56 0 .24 222.72 473.28 
1 1  2x6 Fascia 264 I f  0.34 89 .76 1 .36 359.04 448.80 

1 2  Staoles 0 .00 25.00 
1 3 Screw Fasteners(1/2 IO  1 48 ea 1 .00 0.00 1 48.00 
1 4  ST 12 straos 1 48 ea 0.55 0.00 8 1 .40 
1 5· L•70(1/2 m 74 ea 0.75 55.50 o.oo 55.50 
1 6 Sealant(1/2 per  80s0 1 O ea 3.54 35.40 o.oo 35.40 
1 7  1 /2" sheetrock 608 sf  0 . 1 0 60.80 0.34 206.72 267.52 
1 8  Roofing 1 78 0  sf 0.29 5 1 6.20 0 .30  534:00 1 050 .20  
1 9 15  # Felt 1 78 0  sf 0.05 89.00 0 .05 89.00 1 78 .00  
2 O Gutters/Downspouts 1 34 I f  0 .60  80.40 1 . 1 2 1 50.08 230.48 * ff®.!mil!o:mJ�warmnM1tffl:ffl-l1._tf1=&ttirttfl@�:�@Mift�il:lI")¥Ifil1@ii71.lK.f:ili 
2 3 FLOOR:R-Control 5 1/2" System E ) 
2 4 4@8x20 640 sf 
2 5  1 @4x20 8 0  sf 
2 6  Panel Sub Total 7 2 0  sf 

2 7 Rim Strinaer- 2x6 1 20 I f  
28 Staoles 
2 9  Sealant 4 .5  ea 
3 0 Floof Finishes 7 1 9  sf 
3 1 Wood Screws 2 box 
3 2 3/4p Plywood 3 sht. 
3 3  

•;,o.•" 

3 7  WALL:R-Control 5 1 ,2� 
3 8  35@4x8 oanel 1 024 sf 
3 9  Panel Sub Total 1 0 24 sf 

4 0  Plates 2x6 3 2 2  I f  
4 1  Staoles 
4 2  Sealant 1 2  ea 
4 3  Screw Fasteners 5 0  ea 
4 4  1 /2" sheetrock 9 2 8  s f  
4 5  Siding <Tl-1 1 5/8") 1 1 20 sf  

4 6  Palntina - Ext. 1 1 20 sf 

4 7  
4 8  
4 9  
5 0  

2.90 
2.70 

0.33 

3.54 
1 .92 

23.50 
1 2.69 

2.90 

0.34 

3.54 

0.1 0 
0.47 
0 . 1 4 

1 856.00 0 .55  246.40 2 1 02.40 
21 6 .00 0 .55  30.80 246.80 

2072 277 . 2  2349.2 
39.60 0 .00 39.60 
25.00 0 .00 25.00 
1 5 .93 0 .00 1 5.93 

1 380.48 0 .42 301 .98 1 682.46 
47.00 0 .00 47.00 
38.07 0 .00 38.07 

2969.60 0 .55  563.20 '3532.80 
2969.60 563.20 3532.80  

1 09 .48 0 .86 276.92 386.40 
35.00 0 .00  35 .00  
42.48 0 .00 42.48 
50.00 0 .00  50 .00  
92.80 0 .33 306.24 399.04 

526.40 0 .49 548.80 1 075.20 
1 56.80 0 . 1 8  201 .60 358.40 

0 .00 0 .00 0 .00 

5 1  0.00 0 .00  0 . 0 0  * W.ilfi�lW.af.B.fffl!E@illif1ft:t!1/Itt;:1;�·,1��&17�@g:�»�-�{�:jZf2:C:tC'���:�:2r:;1!TI1iI£1.f:f rn!f?1tli1fffl1 

�:·BIii -
s 7 INT.FLOOR: Conv. Frm. 
5 8 Beam-2@6x10x16 1 ea 33.25 33.25 28.50 28.50 6 1 .75 

5 9 Blocking• 2x1 2  7 6  I f  0.85 64 .60 1 . 20 9 1 .20 1 55.80  

6 o Nails/Screws 25 .00 0 .00  25.0 0  

A7 



#3413 1 1 /2 Story Demo • 

A 8 C D E F G H 
6 1 Glue/Caulk 1 0 .00 0 .00 1 0.00 
6 2 Joist hanaers 1 0 ea 0.99 9 .90 1 .04 1 0 .40 20.30 
6 3 112· sheetrock 6 4 9  s f  0. 1 0  64.90 0.34 220.66 285.56 
6 4 Floor Rnlshes 4 0 0  sf 1 .92 768.00 0.42 1 68.00 936.00 
6 5  
6 6  
6 7  
6 8  

6 9  

# !!!!9�&.rmijlil�,im�t�'-�9? !fk!!ff#i!s��� 
7 2  
7 3 INT. WALL: Standard Framing 
7 4 Studs 2x4x8 1 36 7  I f  
7 s ·  Studs 2x6x8 1 7 7  I f  
7 6 Plates 2x4 2 5 9  I f  
7 7 Plates 2x6 8 9 I f  
7 8 2x4 Header 7 8  I f  
7 9 1 12· sheetrock 21 8 6  sf 
8 0 Screws/Nalls 
8 1 Glue/Caulk 
B 2 Paintina 1 9 4  7 sf 

8 6  
8 7  
8 8  

8 9  
9 0  

9 1  MISCELLANEOUS 
9 2  Skvlltes 2 4  sf 
9 3  Windows 1 25 sf 
9 4  Window trimwork 1 0  oona 
9 5  Interior doors 
9 6  EX1erior doors 
9 7  Uaht fixtures 
9 8  Cabinets 
9 9  !Appliances 

1 0 0 Stairs 2 ea 
1 0 1 
1 0 2 
1 0 3 

104 W•�1f!W���.t'\"*:'rn;W:· -�,. m•��• �,� ... ��;o��•;� 
1 0 5 

:- ·• · ;.·· . . . · 

0.23 
0.34 
0 .23 
0.34 
1 .58 
0.1 0 

0. 1 2  

1 8.94 
20. 1 3  
1 0.60 

1 29.54 

3 1 4.41 0.24 328.08 642.49 
60. 1 8  0.33 58.41 1 1 8.59 
59.57 0.41 1 06. 1 9  1 65.76 
30.26 0.43 38.27 68.53 

1 23.24 0.90 70-.20 1 93.44 
2 1 8 .60 0 .34 743 .24 96 1 .84 

25.00 0 .00 25.00 
1 0 .00 0 .00 1 0.00 

233 .64 0.09 1 75.23 408.87 

·�·-�toiifi0.' : �(;,��%t4-;:fill-"D1,1s.- - 1:�52 

454.56 1 6.74 401 .76 856.32 
251 6.25 1 6.74 2092.50 4608.75 

1 06 .00 1 2.87 1 28.70 234.70 
861 .63 307.05 1 1 68.68 

72.58 22.75 95.33 
300.00 200.00 500.00 

1 500.00 1 50.00 ' 1 650.00 
1 250.00 0 .00 1 250.00 

259.08 84. 1 8  1 68.36 427.44 

1 0  6 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR � TOTAL COST 
1 0 7 
1 0 8 
1 0 9 
1 1 0  
1 1 1  
1 1  2 SERVICES 
1 1 3 Plumbina o .oo o .oo 0.00 
1 1 4 Electrical 0 .00 0 .00  0 .00 
1 1 5 AAHX- Mech. 0 .00 0 .00 0 .00 lli rar.�t@fl[fw;.'l�6all�@tHffJ¥%il@i1i\filfafK�K&liiit&dtWNffim'Mf§@Hmrn:m;m::rnmm}ml@PI..®¥tfi!Wm«fiqj! 
1 1 7 
1 1 8 Foundation 
1 1  9 Holes & Cone. 2 0  ea 0 .00 20.00 400.00 400.00 
1 2 0 Grading 0 .00 200.00 200.00 



#3413 1 1/2 Story Demo • 

A 

1 2 1 Fdn. Trusses L-1 
1 2 2 Fdn. Trusses S-1 
1 23 4x8 Beams 
1 2 4 4x4 Posts 
1 2 5 6 Mil. V.B. 

1 3 2 Contln 
1 3 3 
1 3 4 

1 3 9 
1 40 
1 4 1 COMPONENT 
1 42 
1 4 3 SOFT COSTS 

B C D 
2 ea 1 76.80 
2 ea 87.05 

80 I f  1 .42  
32 I f  0.87 

7 2 0  sf 0 .07 
8 ea 2.50 

QlY UNIT MAT UNIT $ 

Fees 

rofit 

1 5 5 Construction loan Interest 
1 5 6 Construction loan Fees 
1 5 7 Insurance 
1 58 House Sales Convnlsslon 
1 5 9 Permits and Devel ment Fees 
1 6 0 Taxes 
1 6 1  Construction Overhead 

E 
353.60 
1 74 . 1 0  
1 1 3 .60 

27.84 
50.40 
20.00 

0.00 
0.00 

0.00 

A9 

F G H 
44.20 88.40 442.00 
21 . 75 43.50 21 7.60 

0.00 1 1 3 .6 0  
0.00 27.84 

0.04 28.80 79.20 
2.50 20.00 40.00 

0.00 55.00 
0.00 0.00 

0.00 0 .00  

0.00 
o.oo 
0.00 
0.00 
0 .00  
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

, 0.00 
0.00 
0.00 
0.00 

4090.04 



10.2 1-1/2 Story "Short Ridge" Design 



1 1/2- Story House "Short " 
Plan Views 
Cost Estimates: · · 
Demonstration House & Reference House 

Energy Efficient lndustrlized Housing 
Center for Housing Innovation 
University of Oregon 

•cost estimates based on 1 992 Means Estimating Guide 

A 1 0  



1 
Dining Room 

Living  
Room 

37' 

FIRST FLOOR PLAN 

1 1 /2 Story "Short" 

A1 1 



1 7'-0" i 
37'-0" 

1 1 1 '-0 1/8" 

i 
1 1 '-1 1 7/8" i 7'-0" 

< > 
Bedroom Bedroom 

D 

lQ IC ) 
� Bath CI 

SECOND FLOOR PLAN 

1 1/2 Story "Short" 

A1 2 



A 
1 COMPONENT 
2 
3 ROOF: R-38 
4 2x1 2  Ridge{Dbl.) 
5 2x1 2  Ridge (Dormer) 
6 2x1 2  Rafters 
7 2x1 2  Valley Rafter 
8 2x1 2  Blocking 
9 Sheathing 7/1 6" Plywood 

1 o 2x6 Fascia 
1 1  R-38 batt Insulation 
1 2 Vapor Barrier/ Air Barr. 
1 3 Nalls/Screws 
1 4 Glue/Caulk 
1 5 1 /2" sheetrock 
1 6  Roofing 
1 7  1 5  # Felt 
1 8 Gutters/Downspouts 
1 9 Vents 
2 0 Glue/Caulk 
2 1  2x6 Dormer Wall 
2 2 2x8 Header 
2 3. R-21 Insulation 
2 4 2x6 Int. Wall 
2 5 Dormer Sheathing 
2 6 Fir. Ins. R-38 

2 7 2x6 Rafters 
2 8 2x6 Blocking 
2 9  

3 3  
3 4  
3 5  

B 

#341 0-1 1 /2 Story Ref.• 

C D E 
QlY UNIT MAT UNIT $ MAT TOT $ 

4 2  I f  0 .85 35.70 
21 I f  0 .85 1 7 .85 

250 I f  0.85 2 1 2.50 
52 I f  0.85 44.20 
42 If  0.85 35.70 

693 s f  0 .27 1 8 7. 1 1 
1 6 1 I f  0.34 54.74 
525 s f  0 .71  372.75 
8 1 4  sf 0.07 56.98 

30.00 
1 0.00 

525 sf 0 . 1 0 52.50 
9 7 2  sf 0.29 281 .88 
9 7 2  sf 0.05 48.60 
1 56 I f  0.60 93.60 

1 0  1 5 .00 1 50 .00 
0 . 00 

7 3  I f  0.34 24.82 
8 I f  0.47 3.76 

2 1 6 sf  0.38 82.08 
1 9 4 I f  0.34 65.96 
297 s f  0.27 8 0. 1 9  
2 8 8  s f  0 .71  204.48 
2 1 6  If 0.34 73.44 

3 2  If 0.34 1 0.88 

F G 
UNIT LAB $ LAB TOT $ 

0 .90 37 .80 
0.90 1 8 .90 
0.45 1 1 2 .50 
0 . 72 37.44 
0.82 34 .44 
0 .23 1 59 .39 
1 .36 2 1 8 .96 
0 . 1 4  73.50 
0 . 04 35 .00 
0 .00 0.00 
0 .00 0 .00 
0.34 1 78.50 
0.30 291 .60 
0 .05 48.60 
1 . 1 2  f74.72 

20.00 200.00 
0 .00 

0 .40 29.20 
0.94 7.52 
0 . 1 5 32.40 
0 .48 93.1 2 
0.35 1 03.95 
0 . 1 1 3 1 .68 
0.45 97 .2 0  
0 .81  25.92 

H 
TOTAL $ 

73.50 
36.75 

325.00 
81 .64 
70. 1 4  

346.50 
273.70 
446.25 

9 1 .98 
30.00 
1 0 .00 

231 .00 
573.48 

97.20 
268.32 
350.00 

0 .00 
54.02 
1 1 .28 

1 1 4.48 
1 59.08 
1 84. 1 4  
236. 1 6 
1 70.64 

36.80 

3 6  COMPONENT QlY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $ TOTAL $ 
3 7  
3 8 FLOOR: R-30 Std. Framing 
3 9  Jolst-28@2x1 2x1 8  5 0 4  I f  
4 O Rim Jolst-2x1 2  1 1  O I f  
4 1  Blocking- 2x1 2  3 4 . 5  I f  
4 2  R-30 batt insulation 6 4 8  sf 
43 3/4" floor decking 6 6 6  sf 
44 Vanar Barrier/Air Barr. 6 6 6  sf 
4 5 Nalls/Screws 
4 6 Glue/Caulk 
4 7 Anchor bolts 2 O ea 

0.85 428.40 
0.85 93.50 
0.85 29.33 
0.50 324.00 
0.37 246.42 
0.07 46.62 

30.00 
1 0 .00 

0.34 6 .8 0  

0.36 1 81 .44 609.84 
0 .36 39.6 0  1 33. 1 0  
0 .80 27.60 56.93 
0 . 1 2 77.76 40 1 .76 
0.32 2 1 3 . 1 2 459. 5 4  
0 . 04 28.64 75.26 

0 .00 30.00 
0.00 1 0 .00 

1 .88 37.60 44.40 
4 8 Floor Flnlsh 6 1 2  sf 1 .92 1 1 75.04 0.42 257 .04 1 432.08 
4 9  li :Bm�ml-$U�!iHU��ift1ilKmW:Wfft"!mM@JJttltt1llit®ltl@i;illff[@li�-�'lii�ti.•mtq,ifftttii.!1�!.P: 
5 1  I 
5 2  

5 3 WALL: R-21 Adv. Framing 
5 4  Studs 1 30 @ 2x6x8' 1 0 4 0  If 
5 5 Plates 2x6 5 2 5  I f  
5 6 Firestop/blk/crip 2x6 3 7 0  I f  
5 7 Header 2x8 9 0  I f  
5 8 R-21 batt Insulation 1 2 8 0  sf 
5 9 2• rigid Insulation 3 0  sf 
6 0 Vanor Barrier 1 444 sf 

0.34 353.60 
0.34 1 78.50 
0.34 1 25.80 
0 .47 42.30 
0.38 486.40 
0.78 23 .40 
0 .07 1 0 1 .08 

A1 3 

0 .33 343 .20 696.80 
0 .43 225.75 404.25 
0.55 203.50 329 .30 
0 .97 87.30 1 29 .60  
0 . 1 2 1 53 .60 640.00 
0.21 6.30 29.70 
0 .04 62.09 1 63. 1 7 



#34 1 0- 1  1 /2 Story Ret. • 

A B C D E F G H 
6 1 Screws/Nails 45.00 0 . 00 45.0 0 
6 2 Glue/Caulk 1 0 .00 0.00 1 0 .00  
6 3 1 /2" sheetrock 1 532 sf 0 . 1 0  1 53.20 0 .33 505.56 658. 76 
6 4  SidinQ(T 1 -1 1 5/8") 1 4 44 sf 0.47 678.68 0 .49 707.56 1 386.24 
6 5 Painting • Ext. 1 444 sf 0 . 1 4  202. 1 6  0 . 1 8 259.92 462.08 
6 6  

� � 11r. ,1■111��ll:llllllllllllll!lll!111f 1Jlllllf lllllllftP''' ::�t/,:,:;;:dM,:t,-: v:'. • ·t �' .
• ''-' '- ·f.:;,.>¥· 

· . . I 
7 1  COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COST TOTAL COST 
7 2  
7 3  
7 4  INT.FLOOR:  Conv. Frm. 
7 5  Glulam Beam 2 ea 89. 1 0 1 78.20 44.64 89 .28 267.48 
7 6  Jolst-24@2x1 2x 1 8' 4 3 2  I f  0.85 367.20 0 .37 1 59.84 527.04 
7 7  Rim Joist-2x1 2  8 4  If 0.85 7 1 .40 0.37 3 1 .08 1 02.48 
7 8  Blocklna- 2x1 2  2 I f  0.85 1 .70  1 .20 - 2.40 4. 1 0  
7 9  3/4" floor decking 3 8 0  s f  0.37 1 40.60 0 .26 9 8 .8 0  239.40 
8 0  Nails/Screws 25.00 0 . 0 0  25.00 
8 1  Glue/Caulk 1 0.00 0 . 0 0  1 0. 0 0  
8 2 Joist hangers 1 0 ea 0.99 9 . 9 0  1 .04 1 0 .40 20.30 
8 3  1 /2" sheetrock 747 s f  0 . 1 0 74.70 0.34 253 .98 328.68 
8 4  Floor Finishes 3 8 0  sf 1 .92 729.60 0.42 1 59 .6 0  889.20 
8 5 2x6 Celling Joists 2 8 8  I f  0.34 9 7  .92 0.26 7 4.88 1 72.80 * mt:�1R1.mt1QP.ttiil1@mti11iwr.@1wtrw&111air1111a'.tf!rtt11&1..@1111iwr@u1m1191tiM1i@Etw.�11'.t 
8 8  
8 9  INT. WALL: Standard Framlna 
9 0  Studs 2x4x8 
9 1  Studs 27@2x6x8 
9 2  Plates 2x4 
9 3  Plates 2x6 
9 4  Flrestop/blk/crip 2x4 
9 5  Firestop/blk/crip  2x6 
9 6  2x4 Header 
9 7  1 /2" sheetrock 
9 8  Screws/Nalls 
9 9  Glue/Caulk 

1 0 0 Painting 

1 0 4 
1 0 5 
1 0 6 COMPONENT 
1 0 7 
1 0 8 MISCELLANEOUS 
1 0 9 Windows 
1 1  0 Window trimwork 
1 1 1  Interior doors 
1 1  2 Exterior doors 
1 1  3 Liaht fixtures 

5 2 1  I f  0 .23 1 1 9.83 0 .24 1 25 .04 244.87 
2 1 6  I f  0.34 73.44 0 .33 7 1 .28 1 44.72 
2 6 0  I f  0.23 59.80 0 .41  1 06.60 1 66.40 

92 I f  0.34 3 1 .28 0 .43 39.56  70.84 
1 3 I f  0.23 2.99 0 .43 5 .59  8 .58  

1 I f  0 .34 0 .34 0 .53 0 .53  0 .87  
3 3  I f  1 .58 5 2. 1 4 0 .90 2 9 .70 8 1 .84 

1 366 sf 0 . 1 0  1 36.60 0 . 34 464.44 60 1 .0 4  
25.00 0.00 , 25.00 
1 0.00 0.00 1 0 .00  

1 366 sf 0 . 1 2 1 63.92 0 . 09 1 22 .9 4  286.86 

QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COST TOTAL COST 

1 1 9 sf 20. 1 3  2395.47 1 6 .74 1 992.06 4387 .53 
2 0  opng 1 0 .60 21 2.00 1 2 .87 257.40 469.40 

861 .63 307.05 1 1 68 .68  
72.58 22.75 9 5 . 3 3  

300.00 200.00 500.00 
1 1 4 Cabinets 1 500 .00  1 50 .00  1 650 .00  
1 1  5 Aooliances 1 250.00 0 . 0 0  1 250.00 
1 1 6 Stairs 2 ea  1 29.54 259.08 84. 1 8  1 68 .36 427 .44 

1 2 0 

A1 4 



A B 
1 2 1 
1 2 2 
1 2 3 SERVICES 
1 24 Plumbln 
1 2 5 Electrical 
1 2 6 MHX- Mech. 

1 2 9 

1 42 
1 4 3  

1 57 Construction Loan Fees 
1 5 8 Insurance 
1 5 9 House Sales Commission 
1 6 O Permits and Develo ment Fees 
1 6 1 Taxes 
1 6 2 Construction Overhead 
1 63 
1 6 4 := :•' 

1 6 5 ,  

C 

#34 1 0-1  1 /2  Story Ref.• 

D E 

A1 5 

0.00 
0.00 
0.00 

.•. . .. 

0.00 
0.00 
0 .00 
. : 0 

0.00 

F G 

❖, 

H 

0.00 0.00 
0.00 0.00 
0.00 0.00 

0.00 0 .00 
0 .00 0.00 

0.00 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Q.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



A 

1 COMPONENT 
2 ROOF: R-Control 9 3/8" 
3 5@8x1 2 oanel 
4 1 @4x1 2  oanel 
5 Panel Sub-Total 
6 Strlnaer@2 x1 O x 12' 
7 Valley Stringer 2x1 0 
8 Ridge Strlnaer-2x1 0  
9 7 /1 6" Sheathing 

1 o 2x6 Rafters 
1 1 2x6 Fascia 
1 2  Staoles 
1 3 Screw Fasteners(1/2 If) 
1 4 ST 1 2  straps 
1 5 L-70(1 /2 If) 
1 6 Sealant(1 /2 per 80sf) 
1 7 1 /2" sheetrock 
1 8  Roofing 
1 9  1 5 # Felt 
2 O Gutters/Downspouts 
2 1  Dormer Wal l  
2 2  3@4x8 
2 3  1 @4x1 2  
2 4  2@4x 1 8  
2 5 Fir. Ins. R-38 
2 6  2x4 Plate 
2 7  Vents 
2 8  6 Mil. V.B. 
2 9 2x4 Soffit Framing 
3 0  

3 4  
3 5  
3 6  

#341 1 -1 1 /2 Story Demo.* 

B C D 
QTY UNrT MAT UNIT $ 

4 8 0  sf 3 .30 
4 8  sf  3 .05 

528 sf  
9 6  I f  0.73 
5 2  If 0 .73 
4 2  I f  0 . 73 

446 sf 0 .27 
2 1 6 If  0.34 
1 6 1  I f  0.34 

1 48 ea 1 .00  
1 48 ea 0.55 

7 4  ea 0.75 
4.25 ea 3 . 5 4  
5 6 2  sf 0 . 1 0 
9 7 2  sf 0.29 
972 sf 0.05 
1 56 I f  0 .6 0  

9 6  sf 2 .70 
4 8  sf 2.70 

1 44 sf  2 .70 
2 8 8  sf 0 .71  

6 8  I f  0.23 
6 ea 1 5.00 

2 8 8  sf  0.07 
90 If 0 .23 

E F G H 
MAT TOT $ UNIT LAB $ LAB TOT $ TOTAL $ 

1 584.00 
1 46.40 

1 730.40 
70.08 
37.96 
30.66 

1 20.42 
73.44 
54.74 
25.00 

1 48 .0 0  
8 1 .40 
5 5 .5 0  
1 5 .05 
56.20 

281 .88 
48.60 
93.60 

259 .20 
1 29.60 
388.80 
204.48 

1 5 .64 
90.00 
20.1 6 
20.70 

0.00 
o.oo 
-- :: . . 

0 . 55 
0 .55 

0 .35 
0 .48 
0 . 53 
0 . 24 
0.45 
1 .36 

0 .34 
0 .30 
0 .05 
1 . 1 2  

0 .55  
0 .55  
0 . 55  
0 . 1 1  
0 .34 

20.00 
0 .04 
0 .33 

264.00 1 848.00 
26.40 1 72.80 

290.40 2020.80  
33.60 1 Q3.68 
24.96 62.92 
22. 26 52.92 

1 07 .04 227.46 
97.20 1 70.64 

2 1 8 .96 273.70 
0.00 25 .00  
0 .00  1 48.00 
0.00 8 1 .40 
0 .00 5 5 . 5 0  
0 .00 1 5.05  

1 91 .08 247.28 
573.48 

48.60 97.20 
1 74.72 268.32 

52.80 31 2.00 
26.40 1 56.00 
79 .20 468.00 
3 1 .68 236. 1 6  
23. 1 2  38.76 

1 20.00 21 0.00 
1 1 .52 3 1 .68 
29 .70 50.40 

0.00 0 .00  
0 .00  0 .00  

.•:. ,�,twrt@fHfll{�Ll.{lttl'1tdm'& .. uB'i 

3 7  FLOOR:R-Control 7 3/8" 
3 8  1 0@4x18 panel 7 2 0  sf 2.90 2088.00 0 . 55  396.00 2484.00  
3 9  Panel Sub Total 7 2 0  sf 2088.00  396.00 2484.00 
4 0  Spline 8@ 7 3/8" TJI 1 0  ea 32.83 328.30 8 .76 87.60 4 1 5.90 
4 1  Rim Joist - 2x8 1 22 I f  0 .46 56.1 2 0 .29 35 .38 .9 1 .5 0  
4 2  Anchor bolts 2 8  ea 0 .34 9.52 1 .88 52.64 6 2. 1 6  
4 3  Staoles 2 5 .0 0  0 .00  25.00 
4 4  Sealant 4.5 ea 3 . 5 4  1 5 .93 0 .00  1 5.93 
4 5  Floof Finishes 5 8 6  sf 1 .92  1 1 25 . 1 2 0 .42 246. 1 2  1 37 1 . 2 4  
4 6  

5 0  WALL:R-Control 5 1 12· 
5 1  5@8x16 oanel 6 4 0  sf 2 .85 1 824.00 0 . 5 5  352.00 2 1 76.00 
5 2  2@8x18 panel 288 sf 2 .65 763.20 0 . 55 1 58.40 921 . 6 0  
5 3  2@8x10 panel 1 6 0 sf 2.65 424.00 0 . 55 88.00 51 2.00 
5 4  2@ 4x18  Panel 1 44 sf 2 .70  388.80 0 . 55 79 .20 468 .00  
5 5  Panel Sub Total 1 0 88 s f  3 0 1 1 . 2 0  598.40 3609 . 6 0  
5 6  2x6 Framino 8 0  0 .34 27.20 0 .33 26.40 53.60 
5 7  Plates 2x6 4 0 5  If  0 .34 1 37.70 0 .86 348.30 486 .00  
5 8  Staples 35.00 0 .00  35.00 
5 9  Sealant 1 2  ea 3.54 42.48 0 . 0 0  42.48 
6 0  Screw Fasteners 5 0  ea 50.00 0 .00  50 .00 

A1 6 



#341 1 - 1  

A B C 
6 1  1 /2" sheetrock 1 532 sf 
6 2  Siding (T 1 -1 1 5/8") 1 444 sf  
6 3 Palntini:i - Ext. 1 444 sf  

1 /2 Story Demo.• 

D E F 
0 . 1 0 1 53 .20 
0 .47 6 78.68 
0 . 1 4  202 . 1 6 

0. 33 
0 . 49 
0 . 1 8  

G H 
505.56 658.  76 
707.56 1 386.24 

259.92 462.08 
6 4  0 .00 0 .00  0.00 * Witr::sui£ltoial77;':'::.;:<r@LkJ{44®#!.i&faf&lhara�wi1t:pm1tiI[;1.:❖:t£:·A-%·r·:·�:-···-:-:::rn:·:¢.ifl�i:l�Irh:·::r-\1til(�ff. 

;:- r;-
7 1  
7 2  
7 3  INT.FLOOR : Conv. Frm. 
7 4 Jolst-24@2x1 2x 1 8  4 3 2  If 0.85 367.20 0. 37 1 59.84 527.04 
7 5 Rim Jolst-2x 1 2  8 4  I f  0.85 71 .40 0 .37 3 1 .08 1 02.48 
7 6 Blocking- 2x 1 2  2 2  I f  0.85 1 8 .70 1 .20 26.40 45. 1 0  
7 7 3/4" floor decklni:i 3 8 0  sf 0.37 1 40.60 0. 26 98.80 239.40 
7 8 Nalls/Screws 25.00 0.00 25.00 
7 9 Glue/Caulk 1 0 .00 0 . 00 1 0.00 
8 0 Joist hangers 1 0  ea 0 .99 9.90 1 .04 1 0 .40 20.30 
8 1  1 /2" sheetrock 7 4 7  sf 0 . 1 0 74.70 0 . 34 253.98 328.68 
8 2 Floor Finishes 3 8 0  sf 1 .92 729.60 0 .42 1 59 . 6 0  889.20 
8 3 2x6 Celllni:i Joist 2 8 8  I f  0.34 97.92 0 . 0 0  97.92 

8 7 COMPONENT QTY UNrr MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COS TOTAL COST 
8 8  

8 9  INT. WALL: Standard Framing 
9 0  Studs 2x4x8 5 2 1  I f  

9 1  Studs 1 01@2x6x8 2 1 5 If 
9 2  Plates 2x4 2 6 0  I f  
9 3  Plates 2x6 9 2  I f  

9 4  Flrestoo/blk/crlp 2x4 1 3  I f  
9 5  Firestop/blk/crio 2x6 1 If 
9 6  2x4 Header 3 3  I f  
9 7  1/2" sheetrock 1 36 6  sf 
9 8  Screws/Nalls 
9 9 Glue/Caulk 

1 0 0 Palnting 1 36 6 sf 
1 0 1 

0.23 
0.34 
0 .23 
0 .34 
0.23 
0 .34 
1 .58 
0 . 1 0  

0 . 1 2  

1 1 9.83 0 . 24 1 25 . 0 4  244.87 
73.1 0 0 .33 70.95 1 44.05 
59.80 0 .41  1 06.60 1 66.40 
3 1 .28 0 . 43 39.56 70.84 

2.99 0 . 43 5 .59  8.58 
0.34 0 . 53 0 .53 0.87 

52.1 4 0 .90 29.70 8 1 .84 
1 36.60 0 . 34 464.44 6 0 1 .04 

25.00 0 .00  ..25.00 
1 0 .00 0 .00  1 0.00 

1 63.92 0 . 09 1 22.94 286.86 

:ill W(rl1l�tltm�i[61T9.ll�t%:'?lf.�';'� ��� -�,,,i:·:@:�<J@1milf@@@mmrnrn1w1mJ£'TS}�p:@flf§!&;ffl[4s 
1 03 
1 0 4 
1 0 5 

1 0 6 COMPONENT QTY UNrr MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COS TOTAL COST 
1 07 

1 0 8 MISCELLANEOUS 
1 09 Windows 1 1 9 sf 20. 1 3  2395.47 1 6 .74 1 992.06 4387.53 
1 1 0 Window trimwork 1 0  opna 1 0.60 1 06 .00  1 2 .87 1 28 . 7 0  234.70 
1 1 1  Interior doors 8 6 1 .63 307.05  1 1 68.68 
1 1 2 Exterior doors 72.58 22.75 95.33 
1 1 3 Ui:iht fixtures 300.00 200.00 500 .00 
1 1 4  Cabinets 1 500.00 1 50 . 00 1 650.00 
1 1 5  Aooliances 1 250.00 0 . 0 0  1 250.00 
1 1 6 Stalrs 2 ea  1 29.54 259.08 84 . 1 8  1 68 . 36 427. 44 

1 2 0 COMPONENT QTY UNrr MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COSI TOTAL COST 
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#341 1 -1 1/2 Story Demo. ' 

A B C D E F G H 

1 2 1 
1 2 2 SERVICES 
1 23 Plumbln 0.00 0.00 0 .00 
1 2 4 Electrlcal 0.00 0 .00 0 .00 
1 2 5 AAHX- Mech. 0.00 0.00 0.00 
1 2 6 r1flfijLG.�!.ii®.Xti2IDI@-r•1.: .. :i�•11�it�111wJ§WJ.tq�mr1�wmmtl@t@11w11r�1«1:q.;,�_Mak-,i&fl': 
1 27 
1 2 8 SITE WORK 

1 29 Excv.,backfill, 
1 3 O Foundation 

1 3 4 Contln 
1 3 5 

1 5 5 Construction Loan Fees 
1 5 6 Insurance 
1 5 7 House Sales Commission 

QlY 

1 5 8 Permits and Develo ment Fees 

1 5 9 Taxes 
1 6 o Construction Overhead 

1 6 1 
1 6 2 �lB.<ffi.i:�lfffi ri

x 

1 6 3 
1 6 4 

0.00 
0.00 

0.00 

UNIT MAT UNIT $ MAT TOT $ 

A1 8 

0 .00 

0 .00  
0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

, 0.00 

0.00 

0.00 



10.3 One Story Design 



1 -Story House 
Plan Views 
Cost Estimates: 
Demonstration House & Reference House 

Energy Efficient lndustrlized Housing 
Center for Housing Innovation 
University of Oregon 

*Cost estimates based on 1 992 Means Estimating Guide 

A 1 9 



44'-0" 

1 6'-2 1 /4" 1 7'-0" 1 0'-9 3/4" 

Living Room Bedroom Bedroom-

. 

Dining Room Bedroom 

FIRST FLOOR 
1 Story Plan 
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1 Story Ref House "1990 Cost" 

A B C D E F G H 
1 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $ TOTAL $ 
2 
3 ROOF: R-38 
4 Std. Flat Cord Trusses 2 2  ea 27.20 598.40 8 .96 1 97 . 1 2 795.52 
5 Sub Fasda 2x8x47 9 4  I f  0.47 44.1 8 1 .36 1 27.84 1 72.02 
6 Blocklna@2x6x2' 0 I f  0.34 0.00 0 .82 0.00 0.00 
7 Ridae blocking 2x4 4 7 I f  0.23 1 0 .81 0 . 80 37.60 48.41 
8 Sheathing 7/1 6" Plywood 1 5 79 sf 0 .26 41 0.54 0 .23 363. 1 7  773.71 
9 R-38 batt Insulation 1 579 sf 0 .71  1 1 21 .09 0 . 1 4  221 .06 1 342.1 5 

1 0  Vaoor Barrier/ Air Barr. 1 579 sf  0.07 1 1 0.53 0.04 6 7 .90 1 78 .43 
1 1  Nalls/Screws 30.00 0 .00 0.00 30.00 
1 2  Glue/Caulk 1 0.00 0 .00 0.00 1 0 .00 
1 3 1 /2" sheetrock 1 273 sf  0. 1 0  1 27.30 0 .34 432.82 560.1 2 
1 4  Roofina 1 5 79 sf 0 .29 457.91 0 .30 473.70 931 .61 
1 5 1 5  # Felt 1 579 sf 0.05 78.95 0 .05 78.95 1 57 .90 
1 6 Vents 6 1 5 .00 90.00 20.00 1 20 .00 2 1 0 .00 
1 7  Rafters 2x12 70 I f  0.85 59.50 0 .52 36.40 95.90 
1 8  Beam 5.1 25" x 1 2· 1 7  I f  6.20 1 05.40 0 .95 -1 6 . 1 5 1 21 .55 
1 9  Gutters/Downspouts 1 1 0  I f  0.60 66.00 1 . 1 2  1 23 .20 1 89.20 

2 3  FLOOR: R-30 Std. Framlna 
2 4  Jolst-40@2x1 0x1 4 5 6 0  I f  0.73 408.80 0 .36 201 .60 6 1 0.40 
2 5  Rim Jolst-2x1 o 1 42 I f  0.73 1 03.66 0 .36 5 1 . 1 2  1 54.78 
2 6  Blocklna- 2x1 0 0 I f  0.73 0.00 0 .80 0.00 0.00 
2 7  R-30 batt Insulation 1 204 s f  0 .50  602.00 0 . 1 2  1 44.48 746 .48 
2 8  3/4" floor d ecklna 1 204 s f  0 .37 445.48 0 .26 31 3 .04 758.52 
2 9  Vanor Barrier/Air Barr. 1 204 sf 0 .07  84.28 0 .04 5 1 .77 1 36.05 
3 0  Nalls/Screws 30.00 0.00 30 .00 
3 1  Glue/Caulk 1 0.00 0 .00 1 0 .00 
3 2  Anchor bolts 2 4  ea 0 .34 8 . 1 6 1 .88 45 . 1 2 53.28 
3 3  Floor Finish 1 1 6 1  sf · 1 .92 2229 . 1 2  0 .42 487.62 27 1 6 .74 
3 4  

35 iQ}1mliriS!!.ltils!!!dtf,,,;i£@ /¥-,H:lt·=.,.,._<❖Kii'i.,.tfb.i�m$',""'�i:::QS:t!il.!hi��====::::=:=:rn:,:,:::����==�=�===@,=�:tdt��li{JVfi�,,;di&l�llt,,g§, 
3 6  I 
3 7  
3 8  WALL: R-21 Adv. Framlna 
3 9  Studs 98@2x6x8 
4 0  Plates 2x6 
4 1  Firestop/blk/crlp 2x6 
4 2  Header 2x8 
4 3 R-21 batt Insulation 
4 4 2" rlald Insulation 
4 5 Vanor Barrier 
4 6 Screws/Nalls 
4 7 Glue/Caulk 
4 8 1 /2" sheetrock 
4 9 Slding(T1 -1 1 5/8") 
5 O Painting - Ext. 
5 1  
5 2  
5 3  
5 4  
5 5  

7 8 4  I f  0.34 
432 I f  0.34 

85 I f  0.34 
63.5  I f  0.47 

1 88 1  sf 0.38 
40 s f  0 .78 

1 88 1  s f  0 .07 

1 264 sf 0 . 1 0 
1 282 sf 0 .47 
1 282 sf 0 . 1 4 

266.56 0.33 258.72 525.28 
1 46.88 0 . 43 1 85.76 332.64 

28.90 0 .55 46.75 75.65 
29.85 0 .97 6 1 .60 9 1 .44 

7 1 4.78 0 . 1 2  225.72 940.50 
3 1 .20 0.21 8.40 39.60 

1 3 1 .67 0 . 04 8 0 .88 2 1 2.55 
45.00 0.00 45.00 
1 0.00 0.00 1 0 .00 

1 26.40 0 .34 429.76 556.1 6 
602.54 0 .49 628 . 1 8 1 230.72 
1 79.48 0 . 1 8  230.76 4 1 0.24 
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A 8 C 
6 1  COMPONENf 01Y UNIT 
6 2  INT.FLOOR: Conv. Frm. 
6 3  Jolst-1 9@2x1 2x16 304 I f  
64  Rim Jolst-2x12 78  I f  
6 5  Blocking- 2x12  36  I f  
66 3/4" floor decking 1 282 sf 
6 7  Nails/Screws 
6 8  Glue/Caulk 
6 9  Joist hangers 44  ea 
7 0  1/2" sheetrock 1 1 6 1  s f  
7 1  Floor Finishes 1 161  sf  
7 2  

7 6  
7 7 INT. WALL: Standard Framing 
7 8 Studs 2x4x8 O I f  
79 Studs 1 01 @2x6x8 0 I f  
8 O Plates 2x4 0 I f  
8 1 Plates 2x6 0 I f  
8 2 Flrestop/blk/crlp 2x4 0 I f  
8 3 Flrestop/blk/crlp 2x6 0 I f  
8 4 2x4 Header O I f  
8 5 1/2" sheetrock O sf 
8 6 Screws/Nalls 
8 7 Glue/Caulk 
8 8 Palntlna O sf 

9 2 MISCELLANEOUS 
9 3 Windows 1 9 1  sf 
9 4 Window trlmwork 2 0 opng 
9 5 Interior doors 
9 6 Exterior doors 
9 7 Light fixtures 
9 8  Cabinets 
9 9 Aoollances 
1 00 Stairs 2 ea 

1 04 
1 05 
1 06 
1 07 
1 08 
1 09 
1 1 0  
1 1 1  
1 1  2 SERVICES 
1 1  3 Plumblna 
1 1  4 Electrical 
1 1  5 AAHX- Mech. 
1 1 6  
1 1 7  
1 1 8  

1 Story Ref House "1990 Cost" 

D E 
MAT UNIT $ MAT TOT $ 

0.85 258.40 
0.85 66.30 
0.85 30.60 
0.37 474.34 

25.00 
1 0.00 

0.99 43.56 
0.1 0 1 1 6. 1 0  
1 .92  2229. 1 2  

0.23 0.00 
0.34 0.00 
0 .23 0.00 
0.34 0.00 
0.23 0.00 
0.34 0.00 
1 .58 0.00 
0 . 1 0 0.00 

25.00 
1 0.00 

0.1 2 0.00 

20. 1 3  3844.83 
1 0.60 21 2.00 

86 1 .63 
72.58 

300.00 
1 500.00 
1 250.00 

1 29 .54 259.08 

0 .00 
0.00 
0.00 

A22 

F G 

UNIT LAB. $ LABOR COST TOTAL COST 

0.37 1 1 2.48 370.88 
0 .37 28.86 95. 1 6  
1 .20 43.20 73.80 
0 .26 333.32 807.66 

0.00 25.00 
0.00 1 0.00 

1 .04 45.76 89.32 
0.34 394.74 5 1 0.84 
0.42 487.62 271 6.74 

0 .24 0.00 0.00 
- 0.33 0.00 0.00 
0 .41 0.00 0.00 
0.43 0.00 0.00 
0 .43 0.00 0.00 
0.53 0.00 0.00 
0.90 0.00 0.00 
0.34 0.00 0.00 

0.00 25.00 
0.00 1 0.00 

0.09 0.00 0.00 

16 .74 31 97.34 7042.1 7 
1 2 .87 257.40 469.40 

307.05 1 1 68 .68 
22.75 95 .33 

200.00 500.00 
1 50.00 1 650.00 

0.00 1 260.00 
84. 1 8 1 68 .36 427.44 

0 .00 0.00 
0.00 0.00 
0.00 0.00 



A B C 
1 2 1  COMPONENT QTY UNIT 

refit 

1 4 6 Construction loan Interest 
1 4 7 Construction Loan Fees 
1 4 8 Insurance 
1 4 9 H�se Sales Commission 
1 5 0 Permits and Develo ment Fees 
1 5 1 Taxes 
1 5 2 Construction Overhead 
1 53 
1 5 4 :- .. . . 

1 5 5 :  
1 5 6 fl.a. . 

1 Story Ref House "1 990 Cost• 

D E 
MAT UNIT $ MAT TOT $ 

0.00 
0.00 

A23 

F G H 
UNIT LAB. $ LABOR COST TOTAL COST 

0.00 0.00 
0.00 0.00 

0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



A B 

1 Story Demo House "1 990 Cost" 

C D E F G H 
1 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $ TOTAL $  
2 ROOF: A-Control 9 318" 
3 10@8x16 panel 
4 2@4x1 6 panel 
5 
6 Panel Sub-Total 
7 Spline 20@2 x10 x 18' 
8 Overhana 2X6 
9 Ridae Beam 2@2x12 

1 0  Stanles 
1 1  Screw Fasteners(1/2 If) 
1 2 ST 1 2  straps 
1 3 L-70(112 If) 
1 4 Sealant(1/2 per 80sf) 
1 5 112· sheetrock 
1 6 Sheathlna 112· Plvwood 
1 7  Roofing • 
1 8 15  # Felt 
1 9 Gutters/Downspouts 
2 0  

21 fi�'f�(tq:;!i!la - · · ·. .v, 1-- : ....... v .. ,.. . .... · .. ;.; . ..,.., ... 
2 2  
2 3 FLOOR:R-Control 7 3/8" 

2 4 22@4x14 panel 
2 5  
2 6 Panel Sub Total 
2 7 Spline 20@ 7 3/8• T JI 
2 8 Rim Joist - 2x8 
2 9 Anchor bolts 
3 0  Staoles 
3 1  Sealant 
3 2 Floor Anlshes 
3 3  

3 7  WALL:R-Control 5 1 /2" 
3 8  1 6@8x8 panel 
3 9  4@4x8 panel 
4 0  2@8x14 panel 
4 1  Panel Sub Total 

4-2 Plates_ 2x6 
4 3  Sonne 
4 4  Staoles 
4 5  Sealant 
4 6 Saew Fasteners 
4 7 112· sheetrock 
4 8 Sidina (T1-1 1 5/8•) 
4 9 Painting • Ext. 
5 0  

5 4  
5 5  
5 6  
5 7  

1 280  sf 
1 28 sf 

1 408  sf  
360  If 

0 If 
88 If 

1 76 ea 
264 ea 
1 76 ea 

9 ea 
1 273 sf  

o sf 
1 579 sf 
1 579 sf 

1 1 0  I f  

1 232 sf 

1 23 2  sf 
2 0  ea 

1 42 If 
2 4  ea 

7.5  ea 
1 1 6 1  sf 

1 024 s f  
1 28 sf 
224 sf 

1 376 sf 
292 I f  
260 If 

8 ea 
1 6  ea 

1 264 sf 
1 282 sf 
1 282 sf 

3.30 4224.00 0.55 704.00 4928.00 
3.30 422 .40 0 .55 70 .40 492.80 

4646.40 774.40 5420.80 
0.70 252.00 0.35 1 26.00 378.00 
0.34 0.00 0.33 0 .00 0 .00 
0.85 74.80 0.82 72. 1 6  1 46.96 

25.00 0.00 25.00 
1 .00 1 76 .00 0.00 1 76.00 
0.55 1 45.20 0.00 1 45 .20 
0.75 1 32.00 0.00 1 32.00 
3.54 31 .86 0 .00 31 .86 
0 .1 0 1 27.30 0.37 471 .01 598 .31 
0.25 0.00 0.24 0 .00 0 .00 
0.29 457.91 0.30 473.70 931 .61 
0.05 78.95 0.05 78.95 1 57.90 
0.60 66.00 1 . 1 2  1 23.20 1 89 .20 

2.90 3572.80 0 .55 677.60 4250.40 

3572.80 677.60 4250.40 
32.83 656.60 8.76 1 75 .20 831 .80 

0.46 65.32 0.29 41 . 1 8  1 06.50 
0.34 8 . 1 6  1 .88 45 . 1 2  53.28 

25.00 0 .00 25.00 
3.54 26.55 0.00 26.55 
1 .92 2229. 1 2  0.42 487.62 271 6.74 

2.85 291 8.40 0.55 563.20 348 1 .60 
2.65 339.20 0.55 70.40 409.60 
2.85 638.40 0 .55 1 23.20 761 .60 

3896.00 756.80 4652.80 
0.34 99.28 0.86 251 . 1 2  350.40 
0.70 1 82.00 0.35 9 1 .00 273.00 

35.00 0.00 35.00 
3.54 28.32 0.00 28.32 

50.00 0 .00 50.00 
0. 1 0  1 26.40 0.33 4 1 7 . 1 2  543.52 
0.47 602.54 0.49 628 . 1 8  1 230.72 
0. 1 4  1 79 .48 0 . 1 8  230.76 41 0.24 
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A 
6 1  COMPONENT 
6 2  INT.FLOOR: Conv. Frm. 
6 3  Jolst-1 9@2x12x16 
6 4  Rim Jolst-2x12 
6 5  Blockina- 2x1 2  
6 6  3/4" floor deck.Ina 
6 7  Nalls/Screws 
6 8  Glue/Caulk 
6 9  Joist hanaers 
7 0  1 /2" sheetrock 
7 1  Floor Anlshes 
7 2  

7 6  COMPONENT 
7 7  

1 Story Demo House "1 990 Cost" 

B C  D E F G H 
QTY UNIT MAT UNIT $ MAT COST UNIT LAB. $ LABOR COST TOTAL COST 

304 I f  0 .85 258.40 0.37 1 1 2 .48 370.88 
7 8  I f  0.85 66.30 0.37 28.86 95 . 16  
36  I f  0.85 30.60 1 .20 43.20 73.80 

1 282  sf 0.37 474.34 0.26 333.32 807.66 
25.00 0.00 25.00 
1 0.00 0.00 1 0 .00 

4 4  ea 0.99 43.56 1 .04 45.76 89.32 
1 1 6 1 sf 0.1 0 1 1 6 . 10  0.34 394.74 5 1 0.84 
1 1 6 1 sf 1 .92  2229. 1 2  0.42 487.62 271 6 .74 

QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COST TOTAL COST 

7 8  INT. WALL: Standard Framlna 
7 9  Studs 2x4x8 0 I f  
8 0  Studs 1 01@2x6x8 0 I f  
8 1  Plates 2x4 0 I f  
8 2  Plates 2x6 0 I f  
8 3  Flrestop/blk/crlp 2x4 . 0 I f  
8 4  Flrestop/blk/crio 2x6 0 I f  
8 5  2x4 Header 0 I f  
8 6  1 /2" sheetrock o sf 
8 7  Screws/Nalls 0 
8 8  Glue/Caulk 0 
8 9  Palntlna 0 sf 
9 0  

.!.1.. li1i.$Jtttf�til:¥.:'-'M;�»��:.:,��--,�Q:i{fj' •1%,�-<-. . , . . ,..... ..-. . ..-;. 

9 2  

9 3  
9 4  
9 5  
9 6  
9 7  
9 8  
9 9 MISCELLANEOUS 
1 00 Windows 1 9 1  sf 
1 O 1 Window trlmwork 2 0  oona 
1 O 2 Interior doors 
1 O 3 Exterior doors 
1 O 4 Uaht fixtures 
1 o 5 Cabinets 
1 O 61 Aooliances 
1 07 Stairs 2 ea 

1 1 1  
1 1 2  
1 1  3 SERVICES 
1 1 4  Plumbing 
1 1 5  Electrical 
1 1 6  AAHX- Mech. 
1 1 7  
1 1 8  

0.23 0.00 
0.34 0.00 
0.23 0.00 
0.34 0.00 
0.23 0.00 
0.34 0.00 
1 .58  0.00 
0.1 0 0.00 

25.00 
1 0 .00 

0.1 2 0.00 

.• ::"/�-�---: • =:;.1::-r., .. . . 

20. 1 3  3844.83 
1 0 .60 21 2.00 

861 .63 
72.58 

300.00 
1 500.00 
1 250.00 

1 29 .54  259 .08 

0.00 
0.00 
0 .00 
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0.24 
0.33 
0.41 
0.43 
0.43 
0.53 
0.90 
0.34 

0.09 

❖":;-;
•
��,��;::-

16 .74 
1 2.87 

84. 1 8  

·. 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 

. •' 

31 97.34 
257.40 
307.05 

22.75 
200.00 
1 50.00 

0.00 
1 68.36 

0.00 
0 .00 
0.00 

0 .00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

25.00 
1 0 .00 

0.00 

,�Y•
•=,;i 

' 

7042.1 7 
469.40 

1 1 68.68 
95.33 

500.00 
1 650.00 
1 250.00 

427.44 

0.00 
0.00 
0 .00 



A 
1 2 1  COMPONENT 
1 2 2 SITE WORK 
1 2 3 Excv.,backfill, 
1 2 4 Foundation 

1 28 Contln 
1 2 9 
1 3 0 
1 3 1  
1 3 2 �  
1 3 3 :  
1 34 
1 3 5 
1 3  6 COMPONENT 

B 
QTY 

QTY 

Fees 

rofit 

C 
UNIT 

1 Story Demo House "1 990 Cost" 

D E F G H 
MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COST TOTAL COST 

0.00 0.00 0 .00 
0 .00 0.00 0.00 

0 .00 0 .00 0.00 

UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COST TOTAL COST 

0.00 
0.00 
0 .00 
0.00 
0 .00 
0 .00 
0.00 
0.00 
0 .00 
0.00 
0.00 
0.00 
0 .00 
0.00 
0 .00 
0.00 
0.00 
0.00 
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10.4 Two Story Design 



2- Story House 
Plan Views 
Cost Estimates: 
Demonstration House & Reference House 

Energy Efficient lndustrllzed Housing 
Center for Housing Innovation 
University of Oregon 

•cost estimates based on 1 992 Means Estimating Gulde 
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f 
3s•-o· 

1: 24'-9 314• 

i 
1 1 '-2 1W 

Dining Room Kitchen 

Living Room Bedroom 

FIRST FLOOR 

1 st Fir. Plan 
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t 24'-9 3/49 

t 
1 1 '-2 1/4" t 

Bedroom Bedroom 

SECOND FLOOR PLAN 

2 Story House Plan 
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#341 4 -2 Story Ref House • 

A B C D E F G H 
1 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $ �  TOTAL $ 
2 
3 ROOF: R-38 
4 Std. Flat Cord Trusses 1 9  ea 27.20 51 6.80 8 .96 1 70.24 687.04 
5 Blocking 2x6 7 2  If 0.34 24.48 0 .82 59.04 83.52 
6 Ridae Blockina 2x4 34 If 0.23 7.82 0.80 27.20 35.02 
7 Sheathing 7/1 6" Plywood 940 sf 0 .27 253.80 0 .23 2 1 6 .20 470.00 
8 2x6 Fascia 1 40 If 0.34 47.60 1 .36 1 90.40 238.00 
9 R-38 batt Insulation 702 sf  0 .71  498.42 0 . 1 4 98.28 596.70 

1 0  Vaoor Barrier/ Air Barr. 7 0 2  s f  0 . 0 7  49. 1 4  0 .04 30. 1 9  79.33 
1 1  Nails/Screws 30.00 0 .00  0 .00 30.00 
1 2 Glue/Caulk 1 0.00 0 .00  0.00 1 0.00 
1 3 1 /2" sheetrock 679 sf 0. 1 0  67 .90 0 .34 230 .86 298.76 
1 4 Roofing 9 7 2  sf 0.29 28 1 .88 0 .30  291 .60 573.48 
1 5  15 # Felt 9 7 2  sf 0.05 48.60 0 .0 5  48 .60 97.20 
1 6 Gutters/Downspouts 1 52 I f  0 .60  9 1 .20 1 . 1 2  1 70 .24 26 1 .44 
1 7 Vents 6 ea 1 5.00 90.00 20.00 1 20.00 2 1 0.00 
1 8 Rafters 2x12 70 I f  0.85 59.50 0.52 -35 _40 95.90 
1 9 Beam 5.1 25"x1 2" 1 7 l f 6.20 1 05.40 0.95 1 6 . 1 5  1 2 1 .55  
2 0  0.00 :¥, fil!MR®.1JIM9.it'.9.Dffii;rrta1Wtffll@Wffl®&���,-j1@ttiKIMJMfr@lfilJil1111tii!i\i:l1fl@fifil.f:iflfj 
2 3 FLOOR: R-30 Std. Framing 
2 4  Jolst-1 9@2x 1 0x 1 6  3 0 4  If 0.73 221 .92 0 .36 1 09 .44 331 .36 
2 5  Rim Jolst-2x1 0 1 1 9 lf 0 .73 86.87 0 .36 42.84 1 29.71  
2 6  Blockina- 2x1 O 5 0  I f  
2 7  R-30 batt Insulation 687 sf  
2 8  3/4" floor decklna 702.5 sf 
2 9  Vaoor Barrier/Air Barr. 702.5 sf  
3 0  Nalls/Screws 
3 1  Glue/Caulk 
3 2  Anchor bolts 36  ea 
3 3  Floor Finish 586 sf  

3 8 WALL: R-21 Adv. Framing 
3 9  Studs 1 01@2x6x1 6 1 340 If 
4 0  Plates 2x6 724 I f  
4 1  Flrestoo/blk/crlp 2x6 459 I f  
4 2  Header 2x8 1 40 I f  
4 3 R-21 batt Insulation 1 88 1  sf 
4 4 2" rlaid Insulation 4 0  s f  
4 5 Vaoor Barrier 1 88 1  sf  
4 6 Screws/Nalls 
4 7 Glue/Caulk 
4 8 1 /2" sheetrock 1 722 sf  
4 9 SldinaCT1 -1 1 5/8") 1 960 sf 
5 0 Painting • Ext. 1 960 sf  
5 1  

5 8 INT.FLOOR: Conv. Frm. 
5 9  Jolst-1 9@2x12x 1 6  320 I f  
6 0  Rim Joist-2x12 1 2 5 If 

0 .73 
0.50 
0.37 
0.07 

0.34 
1 .9 2  

0.34 
0.34 
0.34 
0.47 
0.38 
0.78 
0.07 

0 . 1 0 
0.47 
0. 1 4  

0.85 
0.85 

A30 

36.50 0.80 40.00 76.50 
343.50 0 . 1 2 82.44 425.94 
259.93 0 .32 224.80 484.73 

49. 1 8  0 .04 30.21 79.38 
30.00 0 .00 3 0.00 
1 0.00  0 .00 1 0.00 
1 2.24 1 .88 67.68 79.92 

1 1 25 . 1 2 0 .42 246 . 1 2  1 37 1 .24 

455.60 0.33 442.20 897.80 
246. 1 6  0 .43  3 1 1 .32 557.48 
1 56.06 0 . 5 5  252.45 408. 5 1  . 

6 5 . 8 0  0 .97 1 35 .80 201 .60 
7 1 4.78 0 . 1 2 225 . 72 940.50 

31 .20 0.21 8 .40 39.60 
1 3 1 .67 0.04 80.88 2 1 2.55 

45.00 · 0 . 00 45.00 
1 0 .00  0 .00  1 0.00 

1 72.20 0 .34 585 .48 757.68 
921 .20 0 .49 960.40 1 88 1 .60 
274.40 0 . 1 8 352.80 627.20 

272.00 0.37 1 1 8 .40 390.40 
1 06.25 0.37 46.25 1 52.50 



#34 1 4  -2 Story Ref House • 

B C D E F G H 
0.00 0 .00 0.00 

0.00 
o.oo 
0.00 
0.00 
0 .00 
0.00 
0.00 

rofit 0 .00 
0.00 
0.00 
0.00 
0.00 

1 4 0  Construc::tlon Loan Fees 0.00 
1 4 1  Insurance 0.00 
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#341 5 -2 Story Demo House • 

A B C D E 
COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ 

2 ROOF: A-Control 9 3/8" 
3 6@8x1 0 anal 480 sf  
4 2@8x18 anal 288 sf 
5 2@4x1 0 anal 8 0  sf 
6 848  sf  
7 1 08 If  
8 276 I f  
9 8 0  If  

1 0  
1 1  5 4  ea 
1 2  1 44 ea 
1 3  7 2  ea 
1 4  6 ea 
1 5  6 7 9  sf 
1 6  1 84 sf 
1 7  Roofin 9 4 0  s f  
1 8  1 5  # Felt 940 sf  
1 9  Gutters/Downs outs 1 52 I f  

22 

2 3 FLOOR:R-Control 7 3/8" 
2 4  9@4x1 6 anal 576  sf 
2 5 1 @8x1 8  anal 1 44 sf 
2 6 Panel Sub Total 7 2 0  sf 

3 1  Sealant 4.5  ea 
3 2 Roof Finishes 586 sf 
3 3  

3 7 WALL:R-Control 5 

4 1  Panel Sub Total 
4 2 Plates 2x6 
4 3  es 
4 4  Sealant 
4 5  
4 6  
4 7  

5 2  
5 3  
5 4  
5 5  
5 6  

1 /2 

5 7 INT.FLOOR: Conv. Frm. 
5 8  Jolst-19@2x1 2x16 
5 9 Rim Jolst-2x1 2 
6 0 Blockln - 2x1 2 

1 79 2  s f  
1 28 sf 

6 4  sf 
1 9 8 4  s f  

242 I f  

1 2  ea 
5 0  ea 

1 57 4  sf 
1 693 sf 
1 69 3  sf 

304 I f  
78 I f  
36 I f  

3 .30 1 584.00 
3.30 950.40 
3 . 1 5 252.00 

2786.40 
0.70 75.60 
0 .34 93.84 
0 .85 68.00 

25.00 
1 .00 54.00 
0. 55 79.20 
0. 75 54.00 
3 .54 21 .24 
0 . 1 0 67.90 
0.25 46.00 
0 .29 272.60 
0 .05 47.00 
0 .60 9 1 .20 

2.90 1 670.40 
3 .05 439.20 

2 1 09.60 
32.83 328.30 

0 .46 56.1 2 
0 .34 9.52 

25.00 
3.54 1 5.93 
1 .92 1 1 25. 1 2  

2.85 5 1 07.20 
2.65 339.20 
2 . 65 1 69.60 

561 6.00 
0 .34 82.28 

35.00 
3.54 42.48 

50.00 
0 . 1 0 1 57.40 
0 .47 795.71 
0 . 1 4  237.02 

0 .85 258.40 
0.85 66.30 
0 .85 30.60 

A33 

F G H 
UNIT LAB $ LAB TOT $ TOTAL $ 

0 .55  264.00 1 848.00 
0 .55 1 58.40 1 1 08.80 
0 .55 44.00 296.00 

466.40 3252.80 
0.35 37 .80 1 1 3 .40 
0.33 9 1 .08 1 84 .92 
0.82 65.60 1 33 .60 

0.00 25.00 
0.00 54.00 
0.00 79.20 
0.00 54.00 
0.00 21 .24 

0.37 251 .23 3 1 9.1 3 
0.24 44. 1 6 90.1 6 
0.30 282.00 554.60 
0 .05 47.00 94.00 
1 . 1 2  1 70.24 261 .44 

0 .55  31 6.80 1 987.20 
0.55 79.20 5 1 8 .40 

396.00 2505.60 
8 .76 87.60 4 1 5 .90 
0.29 35.38 9 1 .50 
1 .8 8  52.64 62 . 1 6 

0.00 25.00 
0.00 1 5 .93 

0.42 246.1 2 1 371 .24 

0 . 5 5  985.60 6092.80 
0 .55  70.4 0  409.60 
0 .55  35.20 204.80 

1 09 1 . 2 0  6707.20 
0.86 208. 1 2 290.40 

0.00 35.00 
0.00 42.48 
0.00 50 .00 

0 .33 51 9.42 676.82 
0.49 829.57 1 625.28 

304.74 541 .76 

0 .37 1 1 2 .48 370.88 
0.37 28.86 95.1 6 
1 .20 43.20 7 3.80 



#341 5 -2 Story Demo House • 

A B C D E F G H 
6 1  3/4 • floor decking 6 1 7  s l  0 .37 228.29 0.26 1 60.42 388.71  62 Nalls/Screws 25.00 0.00 25.00 
6 3  Glue/Caulk 1 0.00 0.00 1 0 .00 
6 4  Joist hangers 3 4  ea 0 .99 33 .66 1 .04 35.36 69 .02 
6 5  1/2" sheetrock 563 sf 0 . 1 0 56.30 0.34 1 91 .42 247.72 
66  Floor Finishes 563 sf 1 .92 1 080.96 0.42 236 .46 1 3 1 7.42 
67  
6 8  

:li llil;B.fJgl@_[§Yg7,Sffl1Iiit1Mf.MMfillfliifa@11tNEfif;ff.1�JMW[l.ffi1}lfml 'f�tte'!i1f=lffili'iii�tt;: 
7 0  
7 1  COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COS TOTAL COST 
7 2  
7 3  INT. WALL: Standard Framing 
7 4  Studs 2x4x8 
7 5  Studs 101@2x6x8 
7 6  Plates 2x4 
7 7  Plates 2x6 
7 8  Flrestoo/blk/crlp 2x4 
7 9  Flrestop/blk/crlp 2x6 
8 0  2x4 Header 
8 1  1/2" sheetrock 
8 2  Screws/Nalls 
8 3  Glue/Caulk 
8 4  Palntlna 

8 8  
8 9  
9 0  
9 1  
9 2 COMPONENT 
9 3  
9 4 MISCELLANEOUS 
9 5  Windows 
9 6 Window trlmwork 
9 7 Interior doors 
9 8 Exterior doors 
9 9 Uaht fixtures 

1 o o Cabinets 
1 O 1 Aoollances 
1 0 2 Stairs 

1 O 6 COMPONENT 
1 07 
1 O 8 SERVICES 

5 9 2 11  0 .23 1 36. 1 6  0.24 1 42.08 278.24 
326 11  0 .34 1 1 0.84 0.33 1 07 .68 2 1 8 .42 
237 1 1  0 .23 64.5 1 0.41 97. 1 7 1 51 .68 
1 32 If 0.34 44.88 0.43 56.76 1 01 .64 

1 3  If 0.23 2.99 0.43 5.59 8.58 
1 I f  0.34 0.34 0.53 0.63 0.87 

33 If 1 .58 52. 1 4  0.90 29.70 81 .84 
1 58 5  sf 0 . 1 0  1 58.50 0.34 538.90 697.40 

25.00 0.00 25 .00 
1 0.00 0.00 1 0 .00 

1 68 5  sf 0 . 1 2  1 90.20 0.09 1 42.65 332.85 

QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COS TOTAL COST 

1 9 1  sf  
20 opna 

2 ea· .  

20. 1 3  3844.83 
1 0 .60 21 2.00 

861 .63 
72.68 

300.00 
1 600.00 
1 250.00 

1 29.54 . 259.08 

1 6 .74 
1 2.87 

84.1 8  

31 97.34 7042.1 7 
257.40 469.40 
307 .05 1 1 68.68 

22.75 95.33 
200.00 500.00 
1 50.00 1 650.00 

0.00 1 250.00 
1 68.36 427.44 

QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COS TOTAL COST 

1 0 9 Plumblna 0.00 o.oo 0.00 
1 1  O Electrical 0.00 0.00 0.00 
1 1 1  AAHX- Mech. 0.00 . 0.00 0.00 ili t6fi.1:fsf&ail-l11W-i'fff!f==?:fFW@HW5??3Pfff$fff:91lro.'9SWf?WF't;faf--o:dfff�fWt@:f{�ifiio 
1 1 3  I 
1 1  4 SITE WORK 
1 1 5  Excv.,backfill,arade,aravel,sewer 0.00 0.00 0.00 
1 1 6  Foundation 0.00 0.00 0.00 *rr-
1 2 0 Contingency 0.00 0.00 0.00 
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A 
1 2 1 
1 2 2 

1 2 7 
1 2 8 COMPONENT 

1 4 4 House Sales Commission 

#341 5 -2 Story Demo House • 

B C D E F G 

QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR CO 

rofit 

1 4 5 Permits and Develo ant Fees 
1 4 6 Taxes 
1 4 7 Construction Overhead 

A35 

H 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



10.5 Two Story ''Crosswise" Design 



2- Story House "Crosswise " 
Plan Views 
Cost Estimates: · · 
Demonstration House & Reference House 

Energy Efficient lndustrlized Housing 
Center for Housing  Innovation 
University of Oregon 

*Cost estimates based on 1 992 Means Estimating Guide 
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Kitchen 

Dining Room 

Living Room 

FIRST FLOOR PLAN 

2 Story "Crosswise" 
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SECOND FLOOR PLAN 
2nd Fir. Plan 
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A 
1 COMPONENT 
2 ROOF: R-38 
3 Roof Trusses 
4 R-38 Insulation 
5 6 Mil. V.8. 
6 Nails/Screws 
7 1 /2" sheetrock 
8 Sheathing 1/2" Plywood 
9 Roofina 

1 0  15  # Felt 
1 1 Gutters/Downspouts 
1 2 Glue/Caulk 
1 3 2x4 Blocking 
1 4 2x4 Ridge Blocking 
1 5 Vents 

1 9  FLOOR:R-30 Std. Floor 
2 0  Floor Jolst-2x1 2x18' 
2 1  Rim Joist - 2x12 
2 2  Sheathlna-3/4" 
2 3  R-30 Insulation 
2 4  6 Mil. V.B. 
2 5  Anchor bolts 
2 6  Glue/Caulk 
2 7  Nails/Screws 

2 Story Ref. • Crosswise· 

8 C D E F G � H 
QlY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $' TOTAL $  

1 7  ea 37.40 
682 sf 0.71 
682 sf 0.07 

630 sf 0. 1 0  
O sf 0.25 

952 sf 0.29 
952 sf 0.05 
1 00 I f  0.60 

635.80 1 2.76 
484.22 0. 1 4  

47.74 0.04 
30.00 
63.00 0 .37 

2 16 .92 852.72 
95.48 579.70 
27.28 75.02 

0.00 30.00 
233. 1 0  296. 1 0  

0 .00 0.24 0.00 0.00 
276.08 0.30 285.60 561 .68 

47.60 0 .05 47.60 95.20 
60.00 1 .  1 2  1 1 2.00 1 72.00 
1 0.00 1 0.00 

56 I f , 0.34 1 9.04 0.81 45.36 64.40 
28  If 0.34 9 .52 0.45 1 2.60 22. 1 2 

5 ea 1 5  75.00 2 0  1 00.00 1 75.00 

342 If 0.85 290.70 
9 0  I f  0.85 76.50 

486 sf 0.37 1 79.82 
473 sf 0.50 236.50 
486 sf 0.07 34.02 

1 5  ea 0.34 5 . 1 0  
1 0 .00 
30.00 

0 .36 1 23. 1 2  41 3.82 
0 .29 26. 1 0 1 02.60 
0.32 1 55.52 335.34 
0 . 1 2 56.76 293.26 
0 .04 1 9.44 53.46 
1 .88 28.20 33.30 

0.00 1 0.00 
0.00 30.00 

2 8 Floor Finishes 442 sf 1 .92 848.64 0.42 1 85.64 1 034.28 
2 9 Blocklna 2 5  If 0.85 21  .25 
3 0 0 .00 
3 1  'f!:'•·�---�--=.;���-P.t:>��,� �,m,�!�h��,w,�>4,�'lt�- • =� � =1::�AAf.���--�- �-��:!���.!,��- : ��'� 
3 2  

3 3  
3 4  
3 5  

0.80 20.00 4 1 .25 
0.00 0.00 

h %-. • • • . • •'� �,l!��= 

3 6  COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $ TOTAL $ 
3 7  WALL:R-21 Ins. 

. .  

3 8  Studs 2x6 1 3 1 5  0.34 447. 1 0  0.33 433.95 · 881 .05 
3 9  Plates 2x6 588 I f  0.34 1 99 .92 0.86 505.68 705.60 
4 0  BlkJCrlp. 1 3 1 I f  0.34 44.54 0.55 72.05 1 1 6.59 
4 1  Header 2x8 8 2  I f  0.47 38.54 0.97 79.54 1 1 8.08 
4 2  R-21 Insulation 1 594 sf  0.38 605.72 0 . 1 2  1 9 1 .28 797.00 
4 3  2" Rlald Ins. 2 7  sf 0.78 2 1 .06 0 .21  5 .67 26.73 
4 4  6 Mil. V.B. 1 594 sf 0.07 1 1 1 .58 0 .04 63.76 1 75.34 
4 5  Sealant 1 2  ea 3.54 42.48 0 .00 42.48 
4 6  Screw Fasteners 5 0  ea 50.00 0.00 50.00 
4 7  112• sheetrock 1 488 sf  0. 1 0  1 48.80 0.33 491 .04 639.84 
4 8  Siding (T1 -1 1 5/8") 1 794 sf 0 .47 843 . 1 8  0 .49 879.06 1 722.24 
4 9  Painting • ·Ext. 1 594 sf  0. 1 4  223. 1 6  0 . 1 8 286.92 5 1 0.08 
5 0  

5 8 INT.FLOOR: Conv. Frm. 
5 9  Joist-34@2x1 2x1 2 546 If 0.85 464. 1 0  0.37 202.02 666. 1 2 
6 0 Rim Jolst-2x1 2 1 1 6 lf 0.85 98.60 0.37 42.92 1 41 .52 
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2 Story Ref. • Crosswise· 

A B C D E F G 
6 1  Blockin 3 1  I f  0.85 26 .35 1 .20 37.20 
6 2  7 7 2  s f  0.37 285.64 0.26 200.72 
6 3  Nalls/Screws 25.00 0 . 0 0  
6 4  Glue/Caulk 1 0 .00 0 .00  
6 5  Joist han ers 3 4  ea 0.99 33.66 1 .04 35.36 
6 6  1 12• sheetrock 6 3 0  s f  0 . 1 0 63.00 0 .34 21 4.20 
6 7 Floor Finishes 7 1 4  sf 1 .92 1 370.88 0.42 299.88 
6 8 R-30 Ins. 2 8 6  sf 0.50 1 43 .00 0 . 1 2  34.32 

H 
63.55 

486.36 
25.00 
1 0.00 
69.02 

277.20 
1 670.76 

1 77.32 
1 3 1 .56 

. I . .  lwttJ.U . ; "', 

7 2  
7 3  INT. WALL: Standard Framln 
7 4  Studs 2x4x8 5 9 2  I f  0.23 1 36 . 1 6  0 .24 1 42.08 278.24 
7 5  Studs 1 01 @2x6x8 3 2 6  I f  0.34 1 1 0.84 0.33 1 07.58 21 8.42 
7 6  Plates 2x4 2 3 7  I f  0.23 54.51  0.41  97. 1 7  1 5 1 .68  
77 1 3 2 I f  0.34 44.88 0.43 56.76 1 0 1 .64 
7 8  Flresto 2x4 1 3  If 0 .23 2.99 0 .43 5 .59 8.58 
79 2x6 1 I f  . 0.34 0 .34 0 .53 0 .53  0 .87 
8 0  3 3  I f  1 .58 52 .1 4 0.90 29.70 8 1 .84 
8 1  1 12• sheetrock 1 58 5  sf 0 . 1 0 1 58 .50 0.34 538.90 697.40 
8 2  Screws/Nalls 25.00 0 .00  25 .00  
8 3  Glue/Caulk 1 0 .00 0 . 0 0  1 0.00 
8 4  Palntln 1 58 5  s f  0. ·1 2 1 90 .20 0 .09 1 42.65 332.85 
8 5  
8 6 N<'>w><= ...... w.wa �tnJ.lllt�tttWJ11MiiVl'BY.i¥.&'l;fil1.[,Iil;tl®.l'&l@Ma�jjl��i,:J:�mi�{�VA�; 
8 7  
8 8  
8 9  

9 0  
9 1  
9 2 
9 3 MISCEUANEOUS 
9 4  Windows 2 0 0  sf 20.1 3 4026.00 1 6 .74 3348.00  7374.00 
9 5 Window trlmwork 1 3  o n 1 0 .60 1 37 .80 1 2.87 1 67.31  305. 1 1 
9 6 Interior doors 861 .63 307.05 1 1 68.68 

72 .58 22.75 95.33 
300.00 200.00 ' 500.00 

1 500.00 1 50 .00  1 650.00  
1 250.00 0 .00  1 25 0 . 0 0  

1 ea 1 29 .54 1 29 . 54 84. 1 8  84. 1 8  2 1 3.72 

1 0 5 
1 O 6 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR CO TOTAL COST 
1 0 7 
1 o 8 SERVICES 
1 0 9 Plumbln 0 .00 0 . 0 0  0 .00  
1 1  0 Electrical 0.00 0 . 0 0  0.00 
1 1 1  AAHX- Mech. 0 .00 0 .00  0 .00 
1 1  2 tt�ttil�lft�,1t®IG.lli�����?:ti��filfi�l��fft11It�;�mtlN�ffii1mfil£&§11��%YOJR;Vi:=ffillii1filtli1ffit!tlJN£iu�qgJ'.m�x����!��· :tt!l 
1 1 3  
1 1  4 SITE WORK 
1 1  5 Excv.,backfill, 0 .00 0 . 0 0  0 . 0 0  
1 1  6 Foundation 0.00 0 .00  0 .00  
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A 8 
1 2 1 
1 22 

1 27 

rofit 

1 41 COMPONENT QTY 

1 42 

1 4 3 Construction Loan Fees 
1 4 4 Insurance 
1 4 5 House Sales Convnlsslon 
1 46 Permits and 0evelo ment Fees 
1 47 Taxes 
1 4 8 Construction Overhead 
1 49 
1 50 =: 
1 5 1 
1 52 

1 53 \R .. . . .  , . -

2 Story Rel. • Crosswise• 

C D E F G H 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR CO TOTAL COST 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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A 
1 CX>MPONENT 
2 ROOF: A-Control 9 3/8" 
3 16@4x12 panel 
4 4@4x8 oanel 
5 Panel Sub-Total 
6 Spline 28@2 x1 0 x 1 0' 
7 Spline 6@2 x1 0 x 7' 
8 Overhang 2X6 
9 Ridae Beam 2@2x12 

1 0  StaPles 
1 1  Screw Fasteners(1/2 If) 
1 2  ST 12 straPs 
1 3  L-70(1/2 If) 
1 4  Sealant(1 /2 per 80sf) 
1 5  1/2" sheetrock 
1 6  Sheathlna 1 /2" Plvwood 
1 7  Roofina 
1 8  1 5  # Felt 
1 9 Gutters/Downspouts 
2 0 

2 Story Demo • Crosswise· 

B C D E F G � H 
QlY UNIT MAT UNIT $ MAT TOT $ UNIT LAB $ LAB TOT $ TOTAL $ 

768 sf 3 . 1 5 241 9 .20 0.55 422.40 2841 .60 
0 sf 3. 1 5  0.00 0.55 0.00 0.00 

7 6 8  s f  24 1 9 .2 0 422.40 2841 .60 
280 I f  0.70 1 96.00 0.35 88.00 294.00 

0 If 0.70 0.00 0.35 0.00 0.00 
0 I f  0.34 0 .00 0.33 0.00 0.00 

62  I f  0.85 52.70 0.82 50.84 1 03.54 
25.00 0.00 25.00 

54 ea 1 .00 54.00 0.00 54.00 
1 O ea 0.55 5.50 0.00 5.50 
42  ea 0.75 31 .50 0.00 3 1 .50 

6 ea 3.54 21 .24 0.00 21 .24 
688 sf 0 . 1 0 68.80 0.37 254.56 323.36 

0 sf 0.25 0 .00 0.24 0.00 0.00 
768 sf 0.29 222.72 0 .30 230.40 453.1 2  
768 sf 0.05 38.40 0.05 38.40 76.80 
1 00 If 0.60 60.00 1 . 1 2  1 1 2.00 1 72.00 

¥. R1sU:�:ffiilt.�Uif@f.trftl{�W,lW.it%WWfWK%faH@M'Mf.tW1ffeiiMllWfjs�J.tX1fH%i[{ft%1WH:Wff2liif{ifrW1%MWtMitiC 
2 3 FLOOR:R-Control 7 3/8" 
2 4  7@4x1 8  panel 504 sf 2.90 1 46 1 .60 0.55 277.20 1 738.80 
2 5  sf 3.05 0 .00 0.55 0.00 0.00 
2 6  Panel Sub Total 5 0 4  s f  1 461 .60  277.20 1 738.80 
2 7  Spline 6@ 7 3/8" TJI 6 ea 32.83 1 96.98 8.76 52.56 249.54 
2 8 Rim Joist - 2x8 9 0  I I  0.46 41 .40 0.29 26. 1 0 67.50 
2 9 Anchor bolts 1 6  ea 0.34 5 .44 1 .88 30.08 35.52 
3 0  Sraoles 25.00 0.00 25.00 
3 1  Sealant 4.5 ea 3.54 1 5 .93 0.00 1 5.93 
3 2 Floor Finishes 442 sf 1 .92 848.64 0.42 1 85.64 1 034.28 
3 3  
3 4  

]I -�,l!llfillMffZ;i;�;;;:.:sx;s;�:;;uz:;;;��-mP. mrnmtrrttti731J7 Jt%W!Zf'Sl(ft 
3 6 COMPONENT QlY UNIT MAT UNIT $ MAT COST UNIT LAB. $ LABOR COS TOTAL COST 
3 7 WALL:R•Control 5 1 /2� 
3 8  panel 1 730 sf 2.65 4584.50 0.55 95 1 . 50  5536.00 
3 9  oanel sf 2.65 0 .00 0.55 0.00 0.00 
4 0  panel O sf 2.65 0.00 0. 55 0 .00 0.00 
4 1  Panel Sub Total 1 73 0  s f  4584.50  951 . 5 0  5536. 00 
4 2 Plates 2x6 392 I f  0.34 1 33.28 0.86 337 . 1 2 470.40 
4 3  Splines 2x4 41 8 I I  0.23 96. 1 4  0.86 359.48 455.62 
4 4  Splines 2x8 1 68 I I  0.46 77 .28 0 .86 1 44.48 221 . 76 
4 5  Staples 35.00 0.00 35.00 
4 6  Sealant 1 2  ea 3.54 42.48 0 .00 42.48 
4 7  Screw Fasteners 5 0  ea 50.00 0 .00 50.00 
4 8  1/2" sheetrock 1 645 sf 0. 1 0  1 64.50 0.33 542.85 707.35 
4 9  Sldina (T1-1 1 5/8") 1 645 sf 0.47 773 . 1 5  0.49 806.05 1 579.20 
5 0  Palntina - Ext. 1 645 sf 0. 1 4  230.30 0 . 1 8 296. 1 0  526.40 
5 1  * ·w#JGifffiltt�lltlM1W-111Ml,£iiffimm�, ltEFJ.ff@�i-l��!:. ___ ���-tTlffi#,i'.11tl»fm•a��tiif£t 

�: 
5 7  
5 8  

5 9 INT.FLOOR: Conv. Frm. 
6 0 Jolst-34@2x1 2x1 2 408 If 0.85 346.80 0 .37 1 50.96 497.76 
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A B 
6 1  Rim Jolst-2x12 62 If 
6 2  Blocklna- 2x12 31  If 
6 3  3/4" floor decklna 682 sf  
64 Nalls/Screws 
6 5  Glue/Caulk 
6 6  Joist hanaers 34  ea 
6 7  1/2" sheetrock 630 sf 
6 8 Floor Finishes 630 sf 

73 INT. WALL: Standard Framlna 
7 4 .Studs 2x4x8 592 I f  
7 5 Studs 1 01@2x6x8 326 I f  
7 6 Plates 2x4 
7 7 Plates 2x6 
7 8 Flrestop/blk/crlp 2x4 
7 9 Flrestoo/blk/crlo 2x6 
8 0 2x4 Header 
8 1 1 /2" sheetrock 
8 2 Screws/Nalls 
8 3 Glue/Caulk 
8 4  Palntlna 
8 �  
8 6 wa{(f§!mffiffit}'tSub�10.t�l 
8 7  
8 8  
8 9  
9 0  
9 1  
9 2  
9 3  MISCB.LANEOUS 
9 4  Windows 

237 I f  
1 3 2  I f  

1 3  I f  
1 If 

33  If 
1 585 sf 

1 585 sf 

1 9 1  sf 

2 Story Demo • Crosswise" 

C D E 
0.85 52 .70 
0.85 26.35 
0.37 252.34 

25.00 
1 0 .00 

0.99 33.66 
0. 1 0  63 .00 
1 .92 1 209.60 

0.23 1 36 . 16 
0.34 1 1 0 .84 
0.23 54.51 
0.34 44.88 
0.23 2 .99 
0.34 0 .34 
1 .58 52 . 1 4 
0 . 1 0 1 58 . 50 

25.00 
1 0.00 

0. 1 2  1 90 .20 

•• •• 1r' 

20.1 3 3844.83 
9 5  Window trlmwork 20  oona 1 0 .60 2 1 2 .00 
9 6  Interior doors 86 1 .63 
9 7  Exterior doors 72.58 
9 8  Uaht fiX1ures 3 00 .00 
9 9  Cabinets 1 500.00 

F G .i: H 
0 .37 22.9¼ 75.64 
1 .20 37.20 63.55 
0 .26 1 77.32 429.66 

0 .00 25.00 
0 .00 1 0.00 

1 .04 35.36 69.02 
0.34 21 4.20 277.20 
0.42 264.6 0  1 474.20 

0.24 1 42.08 278.24 
0 .33 1 07 .58 21 8.42 
0 .41  97 . 1 7  15 1 .68 
0 .43 56.76 1 0 1 .64 
0 .43 5 .59 8.58 
0 .53 0 .53 0.87 
0 .90 29 .70 81 .84 
0 .34 538.90 697.40 

0 .00 25.00 
0 .00 1 0.00 

0 .09 1 42 .65 332.85 

1 6 .74 31 97.34 7042. 1 7  
1 2.87 257.40 469.40 

307.05 1 1 68.68 
22.75 95 .33 

200.00 · 500.00 
1 50.00 1 650.00 

1 00 Anoliances 1 250.00 0 .00 1 250.00 
1 0 1 Stalrs 2 ea  1 29.54 259,08 84. 1 8  1 68 .36 427.44 
1 02 :ill ;i§�JSfr.H.&UjX�mi:�.u����❖�����rstt.tJ:l'.$f.8$:fHiaffl:·��1M-1:«�iPl¥W.ff8�A.�£�g 
1 04 
1 05 
1 O 6 COMPONENT QTY UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR COS TOTAL COST 
1 07 
1 o 8 SERVICES 
1 09 Plumblna 0 .00 0 .00 0.00 
1 1  0 Electrical 0 .00 0.00 0.00 

1 1  4 SITE WORK 
1 1 5  Excv.,backfill ,arade,aravel,sewer 0 .00 0 .00 0.00 
1 1 6 Foundation 0 .00 0 .00 0.00 
1 1 7  Land=.e .I o .oo  o .oo  o.oo :W. f:l(aJ1!fmi.E,,�.-···rz<-·::s;f:)�+1:fM£.,,/}; :,.�(·,- ······�:9;�p,t};dz.j ............ T/., ...... &:ifQf!L'-H � F�t610o 
1 20 Contlnaencv 0 .00 0 .00  0.00 
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A B 

1 2 1 

1 22 

1 27 

1 2 8 SOFT COSTS 

Fees 

1 40 Construction loan Interest 

1 4 1  COMPONENT QTY 

1 42 

1 4 3 Construction Loan Fees 

1 4 4 Insurance 
1 4 5 House Sales Commission 

1 46 Permits and Develo ment Fees 

1 47 Taxes 

2 Story Demo • Crosswise· 

C D E F G . 
H 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

UNIT MAT UNIT $ MAT TOT $ UNIT LAB. $ LABOR CO TOTAL COST 

0.00 

0.00 

0.00 

0.00 
0.00 
0.00 
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10.6 Energy Analysis Data 



Demonstration  House Project 

34 .22% 

5.69% 

0 .63% 1 0 .1 4% 

Energy Analysis: 
1 1 /2 Story " Long" Demonstration House 
Graphical Summary of Energy Performance 
Energy Analysis Data 

Energy Efficient lndustrlized Housing 
Center for Housing Innovation 
University of Oregon 

A 6 2  

2 .24% 

1 5 .42% 

0 Walls 

II -Wall T. Break 

■ Ceiling 

Ifill Ceil. T. Break 

ll1 Floor 

EID Floor T. Break 

mm Doors 

Ill Glazing 

ffl Skylights 



4/9/92 Overall Heat Loss 

Overall Heat Loss by Compone1 

5 .69% 

34 .22% 2.24% 

1 5 .42% 

5 .74% 
0.63% 1 0.1 4% 

A 63 

t ·  

■ Walls 

□ Wall T. Break 

Ill Ceiling 

■ Ceil. T. Break 

1111 Floor 

tffl Floor T. Break 

� Doors 

ffi Glazing 

� Skylights 



1 8 

1 6 

1 4 

1 2 

1 0 

8 

6 

4 

2 

0 
al � Cl) 

Cl) C> -s "E .c 

4/9/92 Heat Loss  / Sq-Ft 

Heat Loss per Sq-Ft (BTU / Hr / Sq-Ft 

C> Cl) 
C 
� 
(!} 

t!? 0 0 
C 

A 64 

� 
·a5 
() 

..... Q) 
Cl> 0) 

J;; "O - � 



1 
2 

3 
4 

5 
6 
7 
8 
9 

1 0  
1 1 
1 2  
1 3 
1 4 
1 5  
1 6 
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  

Tables, ins thickness 4/9/92 

A B C 0 E 

Heat loss spreadsheet . cons idering: OPTIMAL INSULATION VOLUME 
•Composite wall section 
•Air film resistence . 
•Air temperature· stratification (inside) 
•Elevated crawlspace temperature 
•No infiltration 
•No Solar Gain 
•No thermal breaks at the oanel Joints 

UA TEST FORMAT -

Q {:UA dTI Q/A UA u 
BTU/Hr BTU/Hr Sq-Ft BTU/Hr F UA/SQ-Ft 

Wall 1 467 .2  1 .426 3 1 .897 0 . 0 3 1  
ther brdoe 1 43 . 2  3 .5 1 3  3 . 1 1 2  0 .076 

Glzng 21 8 9 . 6  1 6 . 1 00  47 .600 0 .3 5 0  
Skylights 3 64 .3  1 5 . 1 80  7 .920 0 .330 
Doors 3 6 7 . 1  8 .740 7 .980 0 . 1 68  
Ceilino 9 8 6 . 6  1 .3 6 1  1 8 .330 0 .025  

ther brdge 1 92 .3 4 .250  3 .573 0 .079  
Floor 648 . 6  1 .028 24 .9 1 4  0 .0 3 9  

ther brdQe 4 0 . 1  2 .3 6 1  1 .542 0 . 0 9 1  

Total 6 3 9 9 . 0  1 46 .867  

R={1/f in) +R1 +R2+R3+(1 /f out) ; Hr Sq-Ft F / BTU 
R=tlk, t =thickness {Ft), k=conductance BTU Ft / Hr Sq-Ft F 
Q = (UAdT)1 + (UAdT)2 + (UAdT)3 +••• 
T(actual) = T(bl) +(1 + 0.02(h)) 

- F 

R 
1 /U 

32.268 
1 3 .094 

2 .857 
3 .030  
5 .935 

39 .539 
1 2 .664 
25.327 
1 1 .0 2 7  

. . .  \ 

T(bl) = Temp @ breathing line, h= Ft from breathing line to centerline of surface (+ or -) . 

Variation Tables 

Insulation volume 
thcknss (in) area (SQ-ft) volume (ft3) 

Walls 7 .375  1 0 29 .250  6 3 2 . 5 6 0  
Ceiling 9 . 3 7 5  7 2 4 .750 5 6 6 . 21 1 
Floor 5 . 500  6 3 1 .000 2 8 9 .208  

Total Volume 1 4 87 .979  

Glazing 'U' =.35 
Heat Loss  6 3 9 8 . 9 9  Btu/Hr 
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G 
1 
2 

3 

4 Wall 3 

5 Wall 4 

6 
7 
8 

9 

1 0  

1 1  
1 2 
1 3  
1 4 
1 5 
1 6 

1 8 Wall 1 
1 9  Wall 2 
2 0  Wall 3 
2 1  Wall 4 
2 2 Total 
2 3  
2 4 Thermal brid e 
2 5  Wall 1 
2 6 Wall 2 
2 7  Wall 3 
2 8  Wall 4 
2 9  Total 
3 0  

3 2 Cellln 
3 3 Thermal Brid e 
3 4 Floor 
3 5  
3 6 Wall net 1 
3 7 Wall net 2 
3 8 Wal l  net 3 
3 9 Wall net 4 
4 0  

H 

ross 

4 1 Wall area net total 
4 2 Floor area net total 
4 3 Cei l ing area net total 
4 4 Glazin area 
4 5 Door area 

Tables , ins thickness 4/9/92 

! 

J K L 
Area 
3 9 5 . 0 00 
377.000 
246 .000 
230 .000 

Width 

Condctnce=BTU FVHr S -Ft F 
R=Hr S -Ft F/BTU 

0 . 0 0 0  

Area 

343 .000  
3 1 3 . 0 00 
202 .625  
1 70 .6 2 5  

-FT -FT 
1 029 .250 ACH = Cubic Feet 

6 3 1 . 0 00 C =  BTU / Ft3 F 
724.750 Vol = Ft 3 
1 36 .0 0 0  

4 2 . 0 0 0  0 .000 
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Tables, ins thickness 4/9/92 

M N 0 p 
1 Heat loss Walls 
2 Area = 1 029 .250 
3 T in = 
4 
5 
6 
7 
8 
9 

1 0  
1 1 
1 2  
1 3  
1 4  
1 5  
1 6 
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  

2 5  
2 6  

Com anent 
Int surface 
R2 OSB 
R3 
R4 OSB 
RS 
ext surface 
Sum R =  

Material R value 
gypsun t=.5 

INS 
OSB 

R value 

Total R = 32 .268 
Wall U =1 /R Wall U value = 0 . 0 3 1  
Heat loss a =  UA dT 1 467 .242 

Int surface 
C2 

40.750 
68 .000 T out = 

OSB 0 .8 1 0  

R / in 

2 7  C3 Stud 9 . 2 1 9 ,  
2 8  C4 
2 9  cs 
3 0  ext surface 
3 1  Sum R= 
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  Total R 
3 9  

OSB 0 . 8 1 0  :'.· 

0 .8 1 0  
1 2 . 1 59 

R value 

1 3 .094 

-
l .  

a R 

Thcknss in 

Thickness 

4 0  Wall U= 1 /R Wall U = 0 .076 BTU/hr S �Ft F 
4 1  
4 2  
4 3  
4 4  
4 5  

Heat loss / S -Ft = UA = 
Heat l oss O=UAdt 

A 6 7  

3 . 1 1 2  BTU/hr F 
1 43 . 1 54 BTU/hr 



s T 
1 
2 Glazing 
3 Area(Sq-Ft}= 
4 T (in) = 
5 Component 
6 glazing U 
7 
8 Total U = 
9 

1 0  Glzng U =1/R 
1 1  BTU/Hr F = 
1 2  Heat loss 
1 3  
1 4 SKYLIGHTS 
1 5  Area(SQ-Ft)= 
1 6 T (in) = 
1 7  Component 
1 8  glazing U 
1 9  
2 0  Total U = 
2 1  
2 2  Glzng U =11R 
2 3  BTU/Hr F = 
2 4  Heat loss 
2 5  
2 6  TOTAL GLAZING 
2 7  Heat loss 
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  

Tables,  ins thickness 4/9/92 

u V 

1 36 .000 
68 .000 T(out) = 

Discription R value 

0 .350 

Glzng U value= 0 .350  
UA = 47.600 
Q = UA dT = 21 8 9 .600 

24 .000 
68 . 000 T{out) = 

D lscriptlon R value 

0 .330 

Glzng U value= 0 .330  
UA = 7 .920 
Q = UA dT = 364 .3 20 

Q = UA dT = 2553 .92 

A68 

w 

22.000 
U value 
-li�i �- -~··· 

-. ' .  
- X 

(Tested) 

BTU/HR Sq-Ft F 
BTU/Hr F 
BTU/Hr 

22.000 
U value (Tested) 

· «en . =  . .  :: • ... · .. 

BTU/HR Sq-Ft F 
BTU/Hr F 
BTU/Hr 



Tables , ins th ickness 4/9/92 

y z A A  AB AC AD 
1 
2 Door 1 Area (S -Ft)= 4 2 . 0 00 
3 T in) = 6 8 . 0 00 T out = 2 2 . 0 0 0  
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 Door U=1 /R Door U value= 0 . 1  90 BTU/HR S -Ft Set Value 
1 5 BTU/Hr F = UA = 7 . 9 8 0  BTU/Hr F 
1 6 Heat loss Q = UA dT = 3 6 7  . 0 8 0  BTU/Hr 
1 7  
1 8 
1 9 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  

4 0  
4 1  
4 2  
4 3  
4 4  
4 5  

A 6 9  



1 
2 
3 
4 
5 
6 
1 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 
1 8 
1 9 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  

2 9  

3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  

AE AF 
Ceil ing 

T (actual) = 
T (bl) = 
h mid (Ft) = 
Component 
Int surface 
R2 (OSB} 
R3 (foam) 
R4 (OSB} 
R5 
ext surface 
Sum R =  

air film (in) 
air film (out} 
Sum R (flm)= 

Total R = 

Wall u =1 /R 

Heat loss 

Ceil lna Thermal Bridae 
Area (Sq-Ft)= 
T(in) = 

Component 
Int surface 
C2 
C3 
C4 
cs 
ext surface 
Sum R= 

air film (in) 
air film (out) 
Sum R (flm) 
Total R 

Ceil U= 1 /R 

Tables, ins thickness 4/9/92 

AG 
Pitched area 

724 .750 
75 .824 
68 .000 

-:=:::.:-:-.<:- .:::;. :<-. • • • . . .. . 'ti::W,�ifiif&.�;.11' ::::.-x;.;-: •• -::'f.::-... .,.f!-� . • • • • •  -: . :· • • • • : • •  _; 

Material 

AH 
Anale 

i¥f.Maf415-ttlt@1M 
T (out) = 

T (actual) 

R value 

= 

gypsun t=.5 -. 
OSB 

' 
: 

Exp Polys 36 .094  
OSB . .  ·111: , . . 
build. oaoer •• . Bbll 
asphault shngl . -� .,.. 

·=rl 
138 .664 

. 
Al . AJ 

Width Lenath 
&@Md!itf.dUUH%l Mt;\3lli3J.iO:Ot§@ 

22.000 
75. 824 

R I i n  Thckness in 

1 .850 0 .438  
@.MW.@i.1MmllfiS.n 9 .375 

1 .850 0 .438 

R value f (BTU/Hr So-Ft F) 

Wall U value = 
UA= 

0 =  UA dT • 

45 .250 
75.824 

Material 
gypsum t=.5 
OSB 
Stud 
OSB 
Building pap. 
asphault shnal 

0 .625 
0 .250 
0 .875 

39 .539 

0 .0 25 
1 8 .330  

986.586 

T(out) = 

R value 

-
5.-··o 
. - lll 

0 .8 1 0 
9 .2 1 9  
0 .8 1 0  
';r.J.IB.lt • • h •• 

)Dl:4 
1 1 .789  

1..-i1r.01 
@.i@@@M1Ub.lb. 

22.000 

R /in 

R&m:ffflS.il. 
Ml.�N2.Sb. :-:-:: • .  r.: :  .. ·: · .-: . . 

nw.at1.r.e.s.n 

R= 
11tr1

=

· · · , 
� .  -li ... . .. : 

R= !I . .  1.lbl!mll 
R= 0. 875 

1 2 .664  

Ceil U =  0 .079 

Thcknss iil ' 

:f.l�l-1•ot-lral 
%W&f.iadB5. : >.�'$' ::::-..... : : . . ... ..,.._ · .<:. · . 
Iif.®.titnf4.s� 

Heat loss / Sq-Ft = UA = 3 .5 73 
Heat loss IO=UAdT= 1 92 .3 1 4  
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Tables , ins thickness 4/9/92 

AK 
1 
2 Heat loss Floor 

AL AM 

3 Area = 6 3 1 .000  

AN 

4 T (bl) = 6 8 .000  T (in) = 

6 
7 T (in) = 6 1 .200 T (out) = 
8 

AO 

6 1 . 2 0 0  

3 5 . 1 68  

-• � 
- AP 

9 Component Material R value R / in Thckns s  (In) t-1 -O
;--------r:-1 n_t_s__.u,_rf

-ac-e--t-h-a-rd_w_o_o_d_--t: ;1mlJ.J: 
1 1 R2 (OSB) OSB o

.:.zl
.�8 1

::.:;:;:
0
4Wl=·::..=�=�=\u=·:=1m=·:�=-:-.11d:::� g=· .-:�==;�=��e=·:�i�=]u=:·]=M::;:-_-·=aa:d·:::-: 

:=� :�:==========:=:!:/:�o:;:;:1>===:Exp::=P:o:1v::s ===:====:2:�=:!=�=�=-�:.::: @%.fMm:r,.w�i.��� 
1 4 Sum R = 23 . 4 76 
1 5 R value f (BTU/Hr So-Ft F) 
1 6 air fi lm (in) xxxxx 0 .926 .f..i�MlHlNHfd)S.0 
1 7 air fi lm (out) xxxxx 0.926  ¼l.i:#}.�MfatJ.d:ao 
1 8 Sum R (flm)= 1 .852 
1 9 
2 0  Total R = 
2 1  

2 2  Wall U =1 /R 
2 3  
2 4 Heat loss 
2 5 Floor thermal bridge 
2 6 Area 
2 7 T (in) = 
2 8  

25.327 

Wall U value = 0 .039  
UA= 24 .9 1 4  

Q = UA dT • 6 4 8 . 5 6 1  

1 7. 0 0 0  
6 1 .200  T (out) = 3 5 . 1 6 8 

2 9 Component Material R value R / in Thckness (in) 1--
3-0

-+-------+-,n_t_s_._u_rf
_ac-e---1-h-a-rd_w_o_o_d_-➔._l$lJ.U 

3 1 R2 (OSB) OSB O . 8 1  0 iM.ii1$¥1\1\il5b :twtl�lfflil 
3 2 Stud wood 6 . 875 MM:iitM�S.fi 5 . 5 0 0  

3 4 Sum R = 9 . 1 76 
3 5 R value f (BTU/Hr So-Ft F) 
3 6 air film (in) xxxxx 0 .926  ii-iHMM@fiW'.tr.&fi 
3 1  air mm (out> xxxxx o .926 'itMmM.#M}tQ.BQ. 
3 8 Sum R {flm)= 1 . 852 
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  

Total R = 

Wall U =1 /R Wall U value = 
UA = 

Heat loss a = UA dT • 

A7 1 

1 1 .027 

0 . 0 9 1  
1 .542 

4 0 . 1 32  



1 
2 
3 
4 
5 
6 
7 

8 
9 

1 0  
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7  
1 8  
1 9 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  

Tables, ins thickness 4/9/92 

AO AR AS AT 
Chart 1 :  Overall heat loss distribution 

Walls 1 6 1 0 .3 9 6  
Ceiling 1 1 78 .9 0 1  
Floor 6 8 8 .6 9 3  
Doors 3 6 7 . 0 8 0  
Glazing 2 1 8 9 .6 0 0  
Skylights 3 64 .320 

Chart 2: Overall including thermal breaks 

Walls 1 467.242 
. 

Wall T. Break 1 43 . 1 54 
Ceiling 9 86.586 
Ceil. T. Break 1 92 .3 1 4  
Floor 648.561  
Floor T .  Break 40 . 1 32 
Doors 3 67.080 
Glazing 21 89 .600 
Skylights 364.320 

Chart 3: Thermal resistance component contributions {wall) 

Inside air film 0 .685 
Gypsum 0.450 
OSB 0 .8 1 0  
Foam 28.394 
OSB 0.809 
Build Paoer 0.060 
Alum Siding 0.000 
Outside air flm 0.250 

Chart 4 :  Q/A Heat loss per sq-foot 

Wall 1 .4 26 
ther brdge 3 .5 1 3  

Glzng 1 6 . 1 00 
Skylights 1 5 . 1 80 
Doors 8 .740 
Ceiling 1 .3 6 1  

ther brdge 4 .250 
Floor 1 .028  

ther brdge 2.361  

A72 
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-. ' 
- AV 
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AW 
1 Crawlspace 
2 
3 
4 
5 

6 
7 

8 
9 

1 0 
1 1 

1 2 

1 3 

1 4 

1 5 

1 6 
1 7  

1 8 

1 9  

2 0  
2 1  

2 2  
2 3  
2 4  
2 5  
2 6  
2 7  

2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  

3 6  

3 7  

3 8  

3 9  

4 0  

4 1  

4 2  

4 3  

4 4  
4 5  

Tables,  ins thickness 4/9/92 

AX AV AZ BA 
Q in =  Q out Q floor + Q grnd= Q wall+ Q inti 
Q floor = U floor A floor ( T in - T crawl ) T in =  
Q gmd = U grnd A grnd ( T grnd - T crawl) T out = 
Q wall = U wall A wall (T crawl - T out) 
Q infil = (ACH {Vol) {Cp) {D) {T crawl -T out 
UA wall= 6 9 . 8 0  ( report) Ground 
UA floor= 26 .46  depth canst T 
UA arnd= 8 2 . 9 3  T gmd @ 8'= 
Infi l tration =  1 39 . 9 7  R grnd / in= 

ACH= .r R total= 
Vol= 1!1 '!ii ltd 
C= nni air film= } · ) .. =_: 
(SGC) R air 

R total= 
Temp crawl= 35 . 1 7  U grnd= 

A73  

BB 

6 8 . 0 00 
22 .000 

C=Cp*D 
--···••t.1?.i 
-

- 1 .... 
.,$

❖
' ,, -�-���� MBm.'-*�lf£t& 

7.200  

1 .6 3 0  
0 . 6 1 3  

7 .8 1 3  
0 . 1 28  

' 



Tables,  ins thickness 4/9/92 

BC BD BE BF 00 BH Bl BJ BK BL BM 
1 Cei l in / Floor Relationshi s 
2 Ceiling : Variable = AJ 9 columns Wall = 7.375" constant 
3 Floor: Variable = AP 1 2  (rows) Glazing = .35 constant 
4 Q tar et � 7 400 btu/ h r  
5 Ceiling insulation thickness (inches) vs Floor ins thickness 
6 6 3 9 9  5 . 5  6 6 . 5  7 7 . 5  8 8 . 5  9 9 . 5  1 0 
7 3 7344 7 2 2 9  7 1 3 0  7043 6 9 6 7  6 8 9 9  6 8 3 8  6 7 8 4  6735  6690  
8 3 . 5  724 9 7 1 3 4  7 0 3 5  694 8 6 8 7 2  6 8 0 4  674 3 6 6 8 9  6 6 4 0  6 5 9 5  
9 4 7 1 70 7 0 5 5  6 9 5 6  6869  6793  6725  6 6 6 4  6 6 1 0 656 1 6 5 1 6 

1 0  4 . 5  7 1 0 3 6 9 8 9  6 8 8 9  6802  6726  6 6 5 8  659 8 644 9 
1 1 5 704 6 6 9 3 1  6 8 3 2  674 5 6 6 6 9  6 6 0 1  6 5 4 0  
1 2 5 . 5  6 9 9 7  6 8 8 2  6 7 8 3  6 6 9 6  6 6 1 9 6 5 5 1  
1 3 6 6954  6 8 3 9  6739  6653 6576  
1 4 6 . 5  6 9 1 5 6 8 0 0  670 1 66 1 4 6 5 3 8  
1 5 7 6 8 8 1  6 7 6 7  6 6 6 7  6580  6504  
1 6 7 . 5  685 1 6 7 3 6  6 6 3 7  6550  
1 7 8 6824 6 7 0 9  6 6 1 0 6523 
1 8 8 . 5 6799  6 6 8 4  6 5 8 5  
1 9  9 6777 6 6 6 2  6 5 6 3  
2 0  9 . 5  6756 6 6 4 2  6542  
2 1  1 0 6738  6 6 2 3  6 5 2 3  
2 2  
2 3  Ceilin / Wall 

2 4  
2 5  
2 6  Wall insulation thickness inches) vs. ceilin insulation thickness 
2 7  6 3 9 9  5 .50  6 . 0 0  6 . 50  7 .00 7 . 50  8 . 00  8 . 5 0  9 . 00  9 .5 0  1 0 . 00  
2 8  3 . 5 0  8 1 72 8 0 2 7  7 9 0 2  7792 7 6 9 5  7 6 0 8  7 5 3 0  7 4 6 0  7 3 9 7  733 9 
2 9  4 .0 0  7936  7 7 9 2 7 6 6 6  7556 7 4 5 9  7 3 7 2  729 5 7 2 2 5  7 1 6 1  7 1 0 4· 
3 0  4 . 5 0  7745  7 6 0 0  7475  7365 7 2 6 7  7 1 8 1  7 1 0 3  7 0 3 3  6 9 7 0  6 9 1 2 
3 1  5 .0 0  7585  744 1 73 1 5  7205 7 1 0 8  7 0 2 1  6 9 4 4  6 8 7 4  6 8 1 0 6753  
3 2  5 . 5 0  7 4 5 1  7 3 0 6  7 1 8 1  707 1 6974  6 8 8 7  6 8 0 9  6 7 3 9  6 6 7 6  6 6 1 8 
3 3  6 .0 0  7336 7 1 9 1  7 0 6 6  6956 6 8 5 9  6 7 7 2  6 6 9 4  6 62 4  6 5 6 1  6 5 0 3  
3 4  6 . 5 0  7237 7 0 9 2  6 9 6 7  6857 6759  6 6 7 3  6 5 9 5  6 5 2 5  6 4 6 2  6 4 0 4  
3 5  7 . 0 0  7 1 50 7 0 0 5  6 8 8 0  6770 
3 6  7 . 5 0  7073 6 9 2 9  6 8 0 3  6693 
3 7  8 . 0 0  7006 6 8 6 1 6736  6626 
3 8  8 . 5 0  6945  6 8 0 0  6 6 7 5  6565 
3 9  9 .0 0  6890  6 7 4 6  6620  65 1 0 
4 0  9 . 5 0  684 1 6 6 9 7  6 5 7 1  
4 1  1 0 . 00  6796 6 6 5 2  6 5 2 6  
4 2  
4 3  
4 4  
4 5  

A74 



BN BO 
1 Floor / wall 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 
1 5 
1 6 
1 7 

1 8 
1 9 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  

6 3 9 9  3 . 00  
3 . 0 0  8 4 5 1 
3 . 5 0  8 3 5 6  
4 . 0 0  8 2 7 7  
4 . 5 0  8 2 1 1 
5 . 0 0  8 1 5 3 
5 . 5 0  8 1 0 4 
6 . 0 0  8 0 6 1 
6 . 5 0  8 0 2 2  
7 . 0 0  7 9 8 9  
7 . 5 0  7 9 5 8  
8 . 0 0  7 9 3 1 
8 . 5 0  7 9 0 6  
9 . 0 0  7 8 8 4  
9 . 5 0  7 8 6 4  

1 0 . 0 0  7 8 4 5  

G lazin / Wall 

Tables, i ns  th ickness 4/9/92 

BP BQ BR BS BT BU 

Floor: AP 1 2  (row) 
Wal l :  R8 column) 

4 . 00  5 . 00  6 . 0 0  
7 8 0 4  7 3 6 9  7 0 5 6  
770 9 7 2 7 4  6 9 6 1 
7 6 3 0  7 1 9 5 6 8 8 2  
7 5 6 3  7 1 2 8  6 8 1 5 
750 6 7 0 7 1 6 7 5 8  
7 4 5 6 7 0 2 1 6 7 0 9  
74 1 3  6 9 7 8  
7 3 7 5  6 9 4 0  
7 3 4 1 6 9 0 6  
73 1 1 6 8 7 6  
7 2 8 3  6 8 4 8  
725 9 6 8 2 4  
7 2 3 6 6 8 0 1 
7 2 1 6 6 7 8 1 
7 1 9 7  6 7 6 2  

G!azin W6 column Cei l in = 9 .375 
Wall :  R8 row) Floor = 5 .5" 

2 6 0 target :5 7400 btu/hr 

BV 

2 7 Wall insulation thickness ( inches) vs. Glazing "U" value 

BW 

2 8  6 3 9 9  0 .20  0 .2 5  0 .3 0  0 .3 5  0 . 4 0  0 .4 5  0 .5 0  0 . 5 5  0 .60  
2 9  3 . 5  6 8 0 6  7 1 1 9  7 4 3 2  7 7 4 5  8 0 5 8  8 3 7 0  8 6 8 3  8 9 9 6  9 3 0 9  

f--3_0 ____ 4 __ 5
-l

italaam; 6 5 9 4 6 9 o 6 7 2 1 9 15  3 2 1 8  4 5 8 1 5 8 8 4 1 o 8 1 8  3 
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  

6 8 5 3  7 1 6 6  7 4 7 9  
6 5 8 3  6 8 9 6  7 2 0 9  
6 4 2 3  6 7 3 6 7 0 4 9  

.,., •. •.••,•5:.••·····2.•,i.-0.49:::.:.:.939::.:.',,.·• : : : � 
: �;: 

•-1 iij:§Qij'. 6 6 1  9 
·�·•·•.�.
··•····:; . ... �.;:.• .. •••·

· 
i§.:gJf� 6 5 2 2 

i�H tillii 

7 7 9 1 
7 5 2 1  
7 3 6 1  
7 1 8 8  
7 0 4 7  
6 9 3 2  
6 8 3 5  
6 7 5 2  
6 6 8 1  
6 6 1 9 
6 5 6 5  

8 1 0 4 

7 8 3 4  
7 6 7 4  
7 5 0 0  
7 3 6 0  
7 2 4 5 
7 1 4 8  
7 0 6 5  
6 9 9 4  
6 9 3 2  

8 4 1 7  
8 1 4 7 
7 9 8 7  
7 8 1 3 
7 6 7 3  
7 5 5 7  
74 6 0  
7 3 7 8  
7 3 0 7  
7 2 4 5  

BX 

4 1  
4 2  

1 5 . 2 s  ' �fsa s  sOB1 /s3 i 4  ss2 1 s 940 i e 2 s 2  1 1 9 1  6 8 7 8  .----+---'-+---+----i 

4 3  
4 4  
4 5  

A 7 5  



Tables, ins thickness 4/9/92 
-
;. 

BY 8Z CA CB oc CD CE a= ro Qi 
.. a 

1 Glazing / Ceilin 
2 Glazin : W6 columns Floor = 5.625" constant 
3 Ceilin : AJ9 ro

lfffmff: 
Wall = 7 .375" constant 

4 a tar et � 7400 btu/hr 
5 Ceilin insulation thickness vs. alzin ins thkness 
6 6399  0 .20 0 .25 0.30 0 .35 0 .40  0 .45 0 .50 0 .55 
7 3 . 5  6779 7405 771 8 803 1 8343  8656 8969  
8 4 . 5  6978 7290 7603 79 1 6  8229 8542 
9 5 .5  6997 73 1 0  7622 7935 8248 

1 0  6 . 5  6i83 7095 7408 772 1 8034  
1 1  7.25 6656 6969  7282 7595 790 8 
1 2 8 .25 . 6 833  7 1 46  7459  7772 
1 3 9 .25 . 6724 7037 7350 7662  
1 4 1 0 .25 6634 6947 7260  7573 
1 5 1 1 . 25 : 6559  6872 7 1 85 749 8 
1 6 1 2 . 25 ; 6496  6809  71 22 7434 
1 7 .  1 3 .25 :. 6442 6754 7067 7380 
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  Glazin / Floor 
2 4  Floor: AP1 2  row\ Ceilin = 9_375• constant 
2 5  Glazin : W6 column Wall = 7 _375• constant 

. 2 6  a tar et � 7400 btu/hr 
2 7  Floor insulation thickness (inches) vs. glazing 'U' value 
2 8  6399  0 .35 0 .40 0 .45 0 .50 0 .55 
2 9  3 . 5 : 6964  7277 7590 7903  
3 0  4 .5 . 6 8 1 8 7 1 3 1  7444 7757 
3 1  5 .5  67 1 2 7025 7337 7650  
3 2  6 . 5  6630  6943 7256 7569  
3 3  7 .25 658 1  6894  7207 75 1 9 
3 4  6526 6839  7 1 52  7465 
3 5  648 1  6794 7 1 07 7420 
3 6  6444 6757 7070 7382 
3 7  6725 7038 7350 
3 8  6698  70 1 0  73·23 
3 9  6 674 6987 7299 
4 0  6653  6966  7279 
4 1  
4 2  
4 3  
4 4  
4 5  

A76 



Tables, ins thickness 4/9/92 

CJ CK CL CM °" co CF 00 
1 
2 FOAM DENSITY FLOOR 1 Floor = 5.5" 

3 GLAZNG= W6 (C Ceiling = 9.375" 

4 DENSITY= AO1 : Wall = 7.375" 

5 
6 Density 6399  0 . 2  0 .25  0 .3 0 .35  0 .4 0 .45 

7 1 #  :::: 3 .85  546 1 5 773 6086  6399  6 7 1 2 7025 

8 1 . 25#:::: 3 .92  5452  5765  6077  6390 6703  70 1 6  

9 1 .5# == 4 . 1 7 5423 5735 6048 636 1  6 674 6987 

1 0  2# = 4 .35  5403  5 7 1 6 6029  6342  6654 6967  

1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  

A77  



10. 7 Cost Analysis Spread Sheets 



Building Systems Cost Estimates and Comparisons 

,( 

A-Control vs. Conventional "Stick" Framing-

* Foundation Systems 
* Conventional Roofs 
* Roofs with Dormers 
* Roofs using Trusses 
* Roofs with Panel and Conventional Framing 

Energy Stud ies of Buildings Laboratory 
Center for Housing Innovation 
University of Oregon 

*Cost estimates based on 1 992 Means Estimating Gulde 

A45 
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. . . - . 
- - - - - - - - - - - - - - - -

- -
- - - _, ---'11, 

' . ·- - · i - -, r - • . . 18' - O" 
I ., •' 

'
. - - - - - - - - - - - - - - - - - - -

- - -
- - - �l" 

� 24' - O" J 

Floor Area: 432Sf 

Dollars per s.f. • 7 .  1 9  

1 l 

2x8Blocklng 
2x8 Rim Joist 
2X6 P.T. Mudslll 
3/4" Decking 
6 Mil. V.B. 
R-30 Insulation 
4x8 Int Bm. 
4x4 P .T. Posts 
Na.lScJGIJCa. 
Anchor Bolts 
#4 Rebar 
Concrete 
P.V.C. Pipe 
Excav. 
Grading 
Formwork 
TOTALS 

0.47 
0 ,47 
0.61 

432 sf. 0.37 
432 sf. 0.07 
432 sf 0 .50 

2 4  If. 1 .4 2  
1 0 If. 0 .70 

1 1  ea 0.34 
227.5 If. 

9 cy 51 .64 
66 If. 1 . 47 

1 4 .67 cy 

4 3 2  sf ca. 0.87 

1 0.58 0.80 28.68 
31 .02 0 .00 31 .02 
40.26 0.84 55.44 95.70 

1 59.84 0.26 1 1 2.32 272. 1 6  
30 .24 0.04 1 7.28 47.52 

21 6.00 0 . 1 4 60.48 276.48 
34.08 0.81 1 9 .44 53.52 

7.00 0.81 8. 1 0  1 5;1 0 
20.00 0.00 20.00 

3.74 1 .88 20.68 24 .42 
200.00 0 .00 200.00 
464.76 0.00 464.76 

97.02 1 .35 89. 1 0  1 86 . 1 2  
0.00 220.00 220.00 
0.00 1 00.00 1 00.00 

375.84 1 .61  695.52 1 071 .36 
1 690.38 -- 1 41 6.36 31 06. 74 

1 8' -0" Section Diagram 

(:'). ._·-0----�---@·-·0---G---. � '-;.., . .. . : . 
II I I 
t i  I I 
I I  • I 

Q 
" 
" " " 
0 ® " " 

. 

- -o- -0· - -0 - .Co:\· -0- ;  
- ,.  - .. - - - - - -� - - - -

24'-0" 

Dollars per sf - 6.33 

5.5' 1hlck panel core 

18'•0" 

2•-0• da concrete 
pads wilh 6x6 pt posts 

,__ _____ 2'-0' dia. X '4"-0" 
depth concrete 

R-COntrol Floor/Foundation S stem-5 1 12" Core 
. , · ·· :· ·1 ··, ..... - -�Mal'UMrt:t!Mat1lt&:.W 
R-Control Panel 4 3 2  sf 2.90 1 252.80 0.55 
Spine 2X6 5 4  I f  0.34 1 8 .36 0.85 
Rim Joist 2X6 66 If  0.34 22.44 0.29 
6X8 P.T. Beam 6 6  If  1 .84 1 21 .44 0.51 

6x6 Posts 1 44 ea 1 .20 1 72.80 1 .46 
Concrete 1 .6 7  cy 51 .64 86.24 1 9.35 
Po./Bm. Connector 2 8  ea 1 .50 42.00 2.50 
24" Dia. Holes 2 4  ea 1 0 .00 240.00 
Staples/Sealant 30.00 30.00 0.00 
Grad"ing 0.00 

TOTALS 1 986.08 

R- Control Floor System Dlscrlptlon 

237.60 1 490.40 
45.90 64.26 
1 9 . 1 4  4 1 . 5  
33,66 

21 0.24 
32.31 
70.00 1 1 2.0  

0 .00 240.0 
0 .00 30.0 

1 00.00 1 00.0 

648.85 2734.93 

R-COntrol Panel 
Stringer 2x6 
Rim Joist 2x6 
6x8 P.T. Beam 
6x6 P.T. Posts 
Concrete 
PoJBm. Conn. 
24" Dia. Holes 
Staples/Sealant 

Grading 
Capitals 

5 1/2" core with (2) layers of 3/4" OSB on each side. 
(2) 2x6 Stringers running full length of panel 
Continuous rim Joist at edge of panels. 

A 46 

Load bearing at edge of building footprint 
Continuous post from cone. pad to panel capital. 
Concrete pads placed at bottom of holes for load bearing. 
Mech. connection for post and beam. 
24'x 5'-0' deep hole required for pole foundation. 
Panel fastening system. 
Site grading as required. 
Factory applied 3/4' thick OSB panels for point loading. 



stem R-38 - ·� 
· ,M�=t-VmV-i::i,,;�tA)i)it,fMW:)r:<S�#,=,Urn�=, ·. . �U.. · . . . · · ••, . 

(� . . 
2X1 2 Ridge ( Dbl.) 5 1  I f  0.85 43.35 0.90 45.90 89.25 
2X1 0 Ridge 1 2 I f  0.72 8 .64 0 .80 9.60 1 8.24 
2x1 2 Rafters 4 4 0  I f  0.85 374.00 0.53 233.20 607.20 
2x12 V. Rafters 2 4  If 0.85 20.40 0.72 1 7.28 37.68 
2X6 Jack Rafters 4 8  If 0.34 1 6 .32 0.80 38.40 
2X1 2 Blocking 4 2  I f  0.85 35.70 0.81 3.4.02 
7/1 6" Sheathing 6 1 7 sf 0.27 1 63 .51  0.36 222. 1 2  
2x6 Fascia 8 9  I f  0.34 30.26 1 .36 1 21 .04 
R-38 Insulation 320 sf 0.71 227.20 0 . 1 4  44.80 
6 Mil. V.B. 320 sf 0.07 22.40 0.04 1 2.80 
1 /2" Gyp. Bd. 320 sf 0. 1 0  32.00 0.34 1 08.80 
2X6 Celling Joists 1 1 6  I f  0.34 39.44 0.39.  45.24 

1 2:12 Slope Roofing 830 sf 0 .29 240. 70 0.39 323.70 564.4 
1st Felt 830 sf 0.05 41 .50 0.08 66.40 1 07.90 
Gutters/D.S. 8 9  I f  0.60 53.40 1 .20 1 06.80 1 60.20 
Vents 4 ea 1 5 .00 60.00 20.00 80.00 1 40.00 

Dollars per sf - 7.94 Glue/Caulk 0.00 20.00 0.00 20.00 
R-21 Insulation 2 3 3  sf 0.38 88.54- 0. 1 2  27.96 1 1 6.50 
2x6 Dormer Wall 1 00 If 0.34 34.00 0.40 40.00 74.00 
2X6 Stub Wall 3 5  If 0.34 1 1 .90 0.48 1 6 .80 28.70 
2X8 Header 4 I f  0 .47 1 .88 0.94 3 .76 5.64 
Dormer Sheathing 2 1 3 sf 0 .27 57 .51  0.35 74.55 1 32.06 
Donner Ins. R-21 9 3  sf 0.38 35.34 0 . 1 5  1 3 .95 49.29 
Fir. Ins. R-19 1 83 sf 0.35 64.05 0 . 1 1 20. 1 3  84 . 1 8  
Totals 1 702.04 1 707.25 3429.28 

;fl 
5@8X14 Panels 3.30 1 848.00 0 .55 308.00 2 1 56.00 

4x10 Panels 3. 1 5  504 .00 0.55 88.00 592.00 
2X1 o Stringer 0. 73 1 27.02 0.53 92.22 21 9.24 
R. Stringer 2x1 O 0 .73 29.20 0.63 25.20 54.4 
V. Stringer 2x10 0 .73 1 6 .79 0 .80 .18 .40 

18'-0" 7/1 6" Sheathing 1 5 1 sf 0.27 40.77 0.36 54'.36 
2x4 Sfl Framing 8 0  If 0.23 1 8.40 0.36 28.80 
2x6 Fascia 8 9  If 0.34 30.26 1 .36 1 21 .04 
Slmp. L-70 7 4  ea 0.75 55.50 0.00 
Slmp. ST 1 2  1 4 8  ea 0.55 81 .40 0.00 
1/2" Gyp.Bd. 4 6 0  sf 0. 1 0  46.00 0.34 1 56.40 
Roofing 830 sf 0.29 240. 70 0.45 373.50 
Felt 830 sf 0.05 41 .50 0.08 66.40 
Gutters/0.S. 8 9  If 0.60 53 .40 1 . 1 2  99.68 

12:12 Slope Sealant 3.25 ea 3.54 1 1 .5 1  0.00 
Staples 0.00 0.00 
Screws/Fasteners 1 4 8 ea 0.75 1 1 1  .00 0.00 

Dollars per sf • 1 1 .99 3/4" cox Soffit 9 6  sf 0.34 32.64 0.36 34.56 
2@4x12 Panels 9 6  sf 2.65 254 .40 0.55 52.80 
1 4X8 Panels 3 2  sf 2.65 84.80 0.55 32.55 1 1 7.35 
Totals 3542.49 1 51 9.36 51 79.20 

Section Diagram A 47 



· 12:12 Slope 

Dollars per sf - 9.96 

Section Diagram 

1 2: 1 2  Slope 

Dollars per sf - 6.95 

1 2: 1 2  A-Control 

Section Diagram 

18'-0" 

18-0" 

A-Control Roof S stem-9 3/8'" Core 
:Pffeil Q®fl�:· ••❖• w·o w-<'·Q 1t:· ·· · .. ·Mat'Umt·,·.Mat··rm: :JJn1f · ..., ·' b· . · · ·, m · W$.W- : 
6@8x14 6 7 2  sf . 3 .30 221 7 .60 0:55 369.60 2587•2 
2x10 Stringer 1 68 I f  0.  7 3  1 22.64 0 .53 89.04 21 1 .6 
R. Stringer 2x10 2 6  I f  0 .73 1 8 .98 0 .53 1 3.78 
7/1 6" Sheathing 72 sf 0.27 1 9 .44 0.24 1 7.28 
3/4" COX Soffit 96 sf 0 .36 34.56 0.36 34.56 
2x4 Sft. Framing 1 00 I f  0.23 23.00 0 .36 36 .00 
2x6 Fascla 8 0 l f  0 .34 27.20 1 .36 ' 1 08.80 
Slmp. L-70 4 3  ea 0.75 32.25 0.00 
Slmp. ST 1 2  
1/2" Gyp.Bd. 
Roofing 
Felt 
Gutters/0.S. 
Sea19nt 
Staples 
Screws/Fasteners 

Totals 

9 6  ea 
3 8 8  sf 
7 5 7  sf 
757 sf 

86 If 
3.25 ea 

9 6  ea 

stem R-38 

0.55 52.80 
0 . 1 0 38.80 0.34 
0 .29 21 9 . 53 0 .4 5  
0 .05 37.85 0 .08 
0 .60 51 .60 1 . 1 2  
3.54 1 1 .5 1  

0 .00 
1 .00 96 .00 

3003.76·-

: · : .. . . . . . . . . nein�-.. :�·:· ·· .. w.@lJ.i'itU:,":fl.Matirornt:tMat:.'t'l'at¾lmtt{ .. 
2x1 2 Ridge ( Dbl.) 5 1  I f  0.85 43.35 0 .90 
2x1 2 Rafters 4 1 6  I f  0.85 353.60 0. 53 
2X1 2 Blocking 4 2  If  0 .85 35.70 0.81  
7/1 6" Sheathing 7 5 7  sf 0.27 200.61 0.35 
2x6 Fascia 8 0  If  0.36 28.80 1 .36  
R-38 Insulation 270 sf 0 .71  1 91 .  70 0 . 1 4 
6 Mil. V.B. 270 sf 0.07 1 8 .90 0.04 
1/2" Gyp. Bd. 270 sf 0 . 1 0  27.00 0.34 
2x6 Celling Joists 1 1 6  I f  0.34 39.44 0.39 
Roofing 7 5 7  sf 0.29 2 1 9 .53 0.45 
1 5#  Felt 7 5 7  sf 0.05 37.85 0.08 
Gutters/0.S. 8 6  I f  0.60 5 1 .60 1 .20 
Vents 4 ea 1 5 .00 60.00 20.00 
Glue/Caulk 0 .00 20.00 
R-21 Insulation 233 sf 0.38 88.54 0. 1 5  
Ar. Ins. R-19  235 sf 0.35 82.25 0 . 1 1 

0 .00 
·Totals 1 478.87 

A 48 

0.00 
1 31 .92 
340.65 

60.56 
96.32 

0.00 

0.00 

1 298.51 

· .3.4.02 
264\95 
1 08.80 

37.80 
1 0.80 
9 1 .80 
45.24 

340.65 
60.56 

1 03.20 
80.00 

0.00 
34.95 
25.85 

0.00 
1 505 

4302.2 

1 18.8 
84.68 

560 . 1 8  
98.41  

1 54.80 
1 40.00 

20.0 



18'-0" 

12:12 Slope 

Dollars per sf - 8 .75 

Section Dla9.ram 

9:12 Slope 

Dollars Per sf - 1 0. 1 5  

Section Diagram 

nven ona 00 ;vstem /R-38 
d&nrio�{:f; · · ·.· ·:·,·:.·,tsfut:,:;:;_/O.mt,:,_:::_:\MattOolt=x=:.Ma:c:1.t()t,>.:4,iiffl:tio-NaihMtotfA:1'otai�% 
2x1 2 R'.dge ( Dbl.) 5 1  I f  1 .05 53.55 0.95 48.45 1 02.00 
2x10 Ridge 1 2  I f  0 .87 1 0.44 
2x1 2 Rafters 4 2 8  I f  1 .05 449.40 
2x1 2 V. Rafters 2 4  I f  1 .05 25.20 
2X6 Jad< Rafters 4 8  I f  0 . 3 8  1 8 .24 
2x1 2 Blocking 4 2  I f  1 .05 44 . 1 0  
7/1 6" Sheathing 8 3 0  sf 0 .29 240.70 
2X6 Fascia 8 9  I f  0.34 30.26 
R-38 Insulation 320 sf  0 .71  227.20 
6 Mil. V.B. 320 sf 0.07 22.40 
1/2" Gyp. Bd. 3 2 0  sf 0 . 1 0 32.00 
2X6 Ce�ing Joists 1 30 I f  0.38 49.40 
Roofing 8 3 0  sf  0.29 240.70 
1 5#  Felt 8 3 0  sf 0.05 4 1 .50 
Gutt9rs/D.S. 8 9  I f  0.60 53.40 
Vents 4 ea 1 5 .00 60 .00 
Glue/Caulk 0 .00 
R-21 Insulation 2 3 3  sf 0 . 38 88.54 
2X6 Dormer Wall 1 00 I f  0.34 34 .00-
2X6 Stub Wall 3 5  I f  0.34 1 1 .90 
2x8-Header 4 I f  0 .47 1 .88 
Dormer Sheathing 2 1 3 sf  0 .27 57.51  
Dormer Ins. R-21 9 3  sf 0.38 35.34 
Ar. Ins. R-19 1 83 sf 0.35 64.05 
Totals 1 89 1 .71 

R-COntrol Roof stem-9 3/8" Cora 

0.8 5  1 0.20 20.64 
0.53 226 .84 676.24 
0.72 1 7.28 42.48 
0 .80 38.40 56.64 
0 .81  34 .02 78. 1 2  
0.36 298 .80 539.50 
1 .44 1 28. 1 6  1 58.42 
0. 1 5  48.00 275.20 
0 .04 1 2.80 35.20 
0.36 1 1 5.20 1 47.20 
0 . 4 1  53.30 1 02.70 
0 . 4 5 .  373.50 61 4.20 
0.08 66.40 1 07.90 
1 .27 1 1 3.03 1 66.43 

21 .20 84 .80 1 44.80 
2 1 .20 0.00 20.00 

0. 1 2  27.96 1 1 6.50 
0.40 40.00 74.00 
0.48 1 6.80 28.70 
0.94 3 .76 5.64 
0 .35 74.55 1 32 .06 
0 . 1 5  1 3.95 49.29 
0 . 1 1 20. 1 3  84. 1 8  

1 866.33 3778 .04 

:· .. •· . . . ... ,·:··--��- t�m: · . 'Ji . .. = 
... llil�Mat:"'Wlllt-mMaffii:T6f ' ' _ , . ,. -"

· _...� C C • • • 

5@8x1 2 3 .30 1 584.00 
1@8x1 0  8 0  s f  
Ra Stringer 2x1 o 1 o 8 I f  
RI. Stringer 2x10 4 0  I f  
V. Stringer 2X1 0 2 3  I f  
7/1 6" Sheathing 1 33 sf 
2x4 Sfl Framing 8 0  I f  
2X6 Fascia 8 4 I f  
Slmp. L-70 7 4  ea 
Slmp. ST 1 2  1 48 ea 
1/2" Gyp.Bd. 4 6 0  sf 
Roofing 732 sf 
Felt 73 2 sf  
Gutters/0.S. 8 7  I f  
Sealant 3.25 ea 
Staples 
Screws/Fasteners 1 48 ea 
3/4" COX Soffit 9 6  sf 
2@4x1 2 9 6  sf 
1 4x8 3 2  sf 
Totals 

A 49 

3. 1 5  2 52.00 
0.73 78 .84 
0 .73 29.20 
0 . 73 1 6.79 
0 .27 35.91  
0.23 1 8.40 
0.34 28.56 
0 . 75 55.50 
0.55 8 1 .40 
0 . 1 0  46.00 
0.29 2 1 2.28 
0.05 36.60 
0.60 5 2.20 
3 .54 1 1 .5 1  

0.00 
0.75 1 1 1 .00 
0.34 32.64 
2.65 254.40 
2 .65 84.80 

2937.23 

0.55 264.00 1 848.00 
0.55 44.00 296.00 
0.53 57.24 1 36.08 
0 .63 25.20 54.4 
0 .80 1 8.40 35. 1 9 
0 .36 .47.88 83.79 
0 .36 28'.80 47.20 
1 .36 1 1 4 .24 1 42.80 

0.00 55.50 
0.00 81 .40 

0.34 1 56.40 202.40 
0.45 329.40 541 .68 
0.08 58.56 95. 1 6  
1 . 1 2  97.44 1 49.64 

0.00 1 1 .51  
0.00 0.00 
0 .00 1 1 1 .00 

0 .36 34.56 67.20 
0.55 52 .80 307.20 
0.55 32.55 1 1 7.35 

1 328.92 4383.50 



Conventional Roof S stem R-38 - ·,o;� 

· . :· · ·:· ·. J:i�UW#t@iQ ···tti:MP.mffaWMat4!J�Jt%MaMJ.®%UAW ·-· · . JUl).fflt*l#d.ffl'$j >': 
2X1 2 Ridge ( Dbl.) 1 0 I f  0.85 8.50 0:90 9.00 1 7.50 
2X1 2 Rafters 6 6  I f  0.85 56. 1 0  0.40 26.40 82.50 
2x12 V. Rafters 9 I f  0.85 7.65 0 . 72 6.48 1 4 . 1 3  
2x6 Jack Rafters 9 I f  0.34 3 .06 0.80 7.20 1 0.26 
2X1 2 Ridge Board 6 . 5  I f  0.85 5 .53 0.80 6.20 1 0.73 
7/1 6" Sheathing 1 08 . 5  sf 0.27 28.75 0 . 23 24.96 53.71 
2X6 Fascia 20 I f  0.34 6.80 1 .36 27.20 34.00 

9'-0" R-38 Insulation 5 9  sf 0 .71  4 1 .89 0 . 1 4 8.26 50. 1 6  
Mil. V.B. 1 08.5  sf 0.07 7.60 0.04 4 .34 1 1 .94 

1/2" Gyp. Bd. 1 08 . 5  sf  0 . 1 0 1 0.85 0 .34 36.89 47.74 
2X6 Side Studs 1 5  I f  0.34 5 . 1 0  0.40 6.00 1 1 . 1 0  
Roofing 6 9  sf 0.29 1 7. 1 1  0 .39 23.01 40. 1 2  
15# Felt 5 9  sf 0.05 2.95 0.08 4.72 7.67 
2x6 Studs 1 2 I f  0 .34 4 .08 0.40 4.80 8.88 

l i 
2X6 Cripples 5 I f  0.34 1 .70 0.40 2.00 3.70 

lue/C8ulk 2 ea 0.00 20.00 40.00 40.00 
4'-0" 1 5  sf 0.38 5 .70 0 . 1 5 2.26 7.95 

3 If 0.34 1 .02-- 0.40 1 .20 2.22 
6 plates 1 8  I f  0.34 6 . 1 2 0.40 7.20 1 3.32 

2x6 Header 4 I f  0.34 1 .36 0.94 3.76 5.1 2 
Plan View Totals 8.01 2 221 .86 250.87 472.73 

••.-:•.w,:❖,N ileiii: • . . . 

9-3/8" Panels 7 2  sf 3.30 237.60 277.20 
s-112· Panels 4 0  sf 3 . 1 5 1 26.00 0.55 1 48.00 
V. Stringer 2X6 1 0  I f  0.34 3.40 0.48 8.20 
R. Stringer 2X1 0 1 3  I f  0 .73 9 .49 0.53 6 .89 1 6.38 
V. Stringer 2X10 9 If 0.73 6.57 0 .48 4.32 1 0.89 
Other 2x6 3 2  I f  0.34 1 0.88 0.40 1 2.80 23.68 
Other 2x1 0 1 5  I f  0.73 1 0.95 0.40 6.00 1 6.95 
2x4 Sft. Framing 0 If 0.23 0.00 0.36 0.00 0.00 
2X6 Fascia 0 I f  0.34 0 .00 1 .36  0.00 0.00 
Slmp. L-70 1 2  ea 0.75 9 .00 o.oo 9.00 
Slmp. ST 1 2  2 2 ea 0.55 1 2. 1 0  o·.oo 1 2. 1 0  
1 /2" Gyp.Bd. 1 08.5  sf  0. 1 0  1 0.85 0 . 34 36.89 47.74 
Roofing 5 9  sf  0.29 1 7. 1 1 0.39 23.01 40.1 
Felt 5 9  Sf 0.05 2.95 0.08 4.72 7.6 
Gutters/0.S. 0 I f  0.60 0 .00 1 . 1 2  0.00 

4'-0" Sealant 1 ea 3. 54 3.54 0.00 
Staples/Screws 1 36 ea 0.01 1 .36 0.00 
Screws/Fasteners 4 ea 0.66 2.64 0.00 

Plan View Totals 1 0 .60 464 .44 1 61 .03 625.4 

A 50 



l 24'-0" 

I 1 8'-0" 
I 

l ,. 
Concrete Slab cm Grade 

Concrete Slab 
·•·,· . . ... . · ··•,• 

Concrete Slab 
re Mesh 

2x6 P.T. Mudslll 
Mil. V.B. 

rading 
Formwork 
TOTALS 

7.60 
0 .76 

684 sf. 0.07 

1 8  ea 0.60 
21  6 If. 0. 1 2  
1 1  0 If. 1 .4 7  

1 4 .67 cy 

1 1  O sf ca. 0.68 

R-COntrol Floor/Foundation System 

ED ® 

J 24'-0" 

Dollars per sf - 4 .94 

5 1/2" panel core 

Spline 2x6 
Rim Joist 2x6 

18'-0" 6x6 Posts 
Concrete 
Po./Bm. Connector 
36" Dia. Holes 
Staples/Sealant 
Grading 

TOTALS 

1+-- wall acts as beam 

6x6 pt post 

--i--- 3·.o· dia. x s·-o· 
depth concrete 

3/4 • thick 0S8 capital 

2•-0· concrete pad 

A 51 

0.34 
46 1 .20 

3 cy 5 1 .64 
28 ea 1 .50 

6 ea 1 0.00 
30.00 

0.00 

-,�, --· sme , ·  . .  ' 'mt 
270.00 972.00 

49.25 1 0. 6 5  69.0 1 1 1 8.26 
82.08 0 .4 1 44.28 1 26.36 
47.88 0 .04 27.36 75.24 
20.00 0.00 20.00 
1 0.80 2 .03 36 .54 47.34 
25.92 0 . 1 0 21 .60 47.52 

1 6 1 . 70 1 . 3 5  1 48.50 31 0.20 
0.00 220.00 220:00 
0.00 1 00.00 1 00.00 

74.80 1 .5 1  1 66 . 1 0 240.90 
1 1 74.43 1 1 03.39 2277.82 

._ 

1 8 .36 45.90 
22.44 0 .29  1 9 . 1 4 
55.20 1 .4 6  67.'1 6 

1 54.92 1 9. 3 5  58.05 
42.00 2 .50  70.00 
60.00 0.00 
30.00 0 .0 0  0.00 

1 00.00 

1 635 .72 497.85 



4:12 Slope 

Dollars per sf - $ 6 . 5 1  

4:12 Slope 

2 X 12 
rafters 

• · · • ·[ 
l 

1 e ·-0·  

Donars per sf - $ 9.63 

4:12 Slope 

2 X 12 
railers 

1 
1 8' · 0 '  

12 
7 4  

! 

1 2  
7 4  

l 

Com onent 
2x1 2 Ridge ( Obi.) 
2X1 0 Ridge 
2x1 2 Rafters 
2x12 V. Rafters 
2x6 Jack Rafters 
2X1 2 Blocking 
7/1 6" Sheathing 
2x6 Fascia 
R-38 Insulation 
6 Mil. V.B. 
112" Gyp. Bd. 
2x6 Celling Joists 
Roofing 
1 5#  Felt 
Gutt,ars/D.S. 

. Vents 
Glue/caulk 
2x6 Dormer Wall 
2x6 SILlb Wall 
2X8 Header 
R-21 Insulation 

P.it;ie Dormer Sheathing 
Dormer Ins. R-1 9  
Ar. Ins. R-19 
Totals 

Section Diagram 

6@8x10 
2@4x14 Panel 
Strlnger-2x1 o 
Ridge S1rlnger 2X1 I 
V. Rafter Stringer 

1 8'-0'" 7/1 6" Sheathing 
2X4 Sfl Framing 
314• COX Sofflt 
2x6 Fascia 
Slmp. L-70 
Slmp. ST 1 2  
1 12• Gyp.Bd. 
Roofing 
Felt 
Gutters/0.S. 
Sealant 
Staples 
Saews/Fasteners 

� Dormer Wall 
2@4x10 Panel 
1 4x14 Panel 
Totals 

Section Diagram 

A 52 

Unit 
5 1  II  
1 2 11 

324 11 
20 II  
4 0  II  
4 2 11 

467 sf 
8 6 11 

260 sf 
260 sf 
260 sf 
230 I I  
583 sf 
583 sf 

80 II 
4 ea 
4 

1 1 5  II 
5 0 lf  
1 2  I f  

305 sf  
1 33 sf. 
1 1  o sf 

1 82.5 

480 sf 
1 1 2  sf 

96 If 
40 If 
20 If 

77.5 sf 
80 If 
9 6  sf 
73 If 
74 ea 

1 48 ea 
400 sf 
583 sf 
583 sf 

75 If 
3.25 ea 

1 48 ea 

8 0  sf 
56 sf 

sf 

Mat. Unit Mat Tot unrt b. Lab. Tot. Total 
0.85 43.35 0.90 45.90 
0 .72 8 .64 0 .80 9.60 
0.85 275.40 0 . 4 5  1 45 .80 
0.85 1 7 .00 0 .72 1 4 .40 
0.34 1 3 .60 0.80 32.00 
0.85 35 .70 0 . 8 1  34 .02 
0.27 1 23 .76 0.23 1 07 . 4 1  
0.34 29.24 1 .36  1 1 6 .96 
0 .71  1 84.60 0 . 1 4 36 .40 
0.07 1 8.20 0 .04  1 0.40 
0. 1 0  26.00 0 .34 88.40 
0.34 78.20 0 .39 89 .70 
0.29 1 69.07 0 .20 1 1 6 .60 
0.05 29. 1 5  0.05 29. 1 5  
0.60 48.00 1 . 20 96.00 

1 5 .00 60.00 20.00  80.00 
0.00 20.00 80.00 

0.34 39. 1 0  0 .40 46.00 
0.34 1 7.00 -_ 0 .48  24.00 
0.47 5.64 0 .94 0 .94  
0.38 1 1 5.90 0 . 1 5 45.75 
0 .27 35.91 0.35 46.55 
0.38 4 1 .80 0 . 1 5 1 6 .50  
0 .35  63.88 0 . 1 1 20.08 

1 479. 1 3  1 332.56 

3 .30 1 584.00 
3 . 1 5  352.80 6 1 .60 
0 . 73 70.08 0.36 34 .56 
0.73 29.20 0 .53  21 .20 
0 .73 1 4.60 0 .48 9 .60 
0.27 20.93 0 .24 1 8 .60 
0.23 1 8.40 0.36 28.80 
0.34 32.64 0.36 34.56 
0.34 24.82 1 .36  99.28 
0. 75 55.50 0.00 
0.55 8 1 .40 0 .00 
0 . 1 0 40.00 0.34 1 36.00 
0 . 29 1 69.07 0 .30  1 74.90 
0 .05 29 . 1 5  0.05 29 . 1 5 
0.60 45.00 1 . 1 2  84.00 
3 . 54 1 -1 .51 0 .00  

0 .00 0 .00  
1 .00 1 48.00 0 .00 

2.65 21 2.00 0 . 5 5  44 .00 
2 .65 1 48.40 0 .55  30.80 

3087.49 1 071 .05 



0.36 
0.73 1 8.98 0.53 
0.27 25.92 0.24 

1 8'-0" 96 sf 0.34 32.64 0.36 
2x4 Sft Framing 1 00 If  0 .23 23.00 0 .36 
2x6 Fascia 80 If 0.34 27.20 1 .36 1 08.80 
Simp. L-70 43 ea 0.75 32.25 0.00 
Simp. ST 1 2  9 6  ea 0.55 52.80 0.00 
1/2" Gyp.Bd. 400 sf 0 . 1 0  40 .00 0.34 1 36.00 
Roofing 561  sf 0.29 1 62.69 0.30 1 68.30 

4:12  Slope Felt 561  sf 0.05 28.05 0.05 28.05 
Gutters/O.S. 70 If 0 .60 42.00 1 . 1 2  78.40 
Sealant 3.25 ea 3.54 1 1 .51  0.00 
Staples 0 .00 0.00 
Screws/Fasteners 9 6  ea 1 .00 96.00 0.00 

Dollars per sf - i 1.40 0.00 0.00 
0.00 ·- 0.00 

Totals 2264.64 934 . 1 3  

Conventional Roof 
: - :·· · · · · · · · · · · · · ·1, 
Roof Trusses 1 3  ea 
7/1 6" Sheathing 561  sf 0.23 
2x6 Fascia 7 3  If 24.82 1 .36  
R-38 Insulation 400 sf 0 .71  284 .00 0. 1 4  

1 8'-0" 6 Mil. V.B. 400 sf 0.07 28.00 0.04 1 6.00 
1/2" Gyp. Bd. 400 sf 0 . 1 0  40.00 0 .34 1 36.00 
Roofing 661  sf 0.29 1 62.69 0.30 1 68.30 
1 5#  Felt 561 sf 0.05 28.05 0.05 28.05 
Gutters/O.S. 70 If 0.60 42.00 1 . 1 2  78.40 
Vents 4 ea 1 5 .00 60.00 20.00 80.00 
Glue/Caulk 0.00 7.50 0.00 
Nalls/Screws 20.00 
2x4 Blocking 4 8  If 0 .23 1 1 .04 0 .82 39.36 
2x4 Ridge Blocklhg 22.5 If 0.23 5 . 1 8  0.80 1 8 .00 

4:12 Slope 

Dollars per sf • 5 . 1 8  0 00 
Totals 1 21.6.03 

A 53 



4:12 Slope 

Dollars per sf • 5 .60 

· · - • · [ 
1 1 8'-0' 

1 s· -o · 

� 24'-0" L 
9:12 Slope 

Dollars per sf - $ 7.05 

1 8'-0" 

1 2 
1 4  

1 

18'-0" 

R-38 Insulation 
6 Mil. V.B. 
1/2" Gyp. Bd. 
2X6 CeDing Joists 
Roofing 
1 5#  Felt 
Gutters/D.S. 
Vents 
Glue/Caulk 

Com nent 
2X1 2  Ridge ( Dbl.) 
2X1 0  Ridge 
2x12 Rafters 
2x12 V. Rafters 
2X6 Jack Rafters 
2x12 Blocking 
7/1 6. Sheathing 
2X6 Fascia 
R-38 Insulation 
6 Mil. V.B. 
112• Gyp. Bd. 
2X6 Celling Joists 
Roofing 
1 5#  Felt 
Gutters/D.S. 
Vents 
Glue/Caulk 
2X6 Dormer Wall 
2x6 Stub Wall 
2x8 Header 
R-21 Insulation 
Dormer Sheathing 
Dormer Ins. R-19 
Ar. Ins. R-19 
Totals 

Section Diagram 

A 54 

- - � . 

0.85 0 .46 
42 If 0 .85 35.70 0 .8 1  

56 1 sf 0 . 27 1 48.67 0.30 
73  If 0.34 24.82 1 .36 99.28 

400 sf 0 .71  284 .00 0 . 1 4 56.00 
400 sf 0.07 28 .00 0.04 1 6 .00 
400 sf 0. 1 0  40.00 0.34 1 36.00 
2 1 6 If 0 .34 73.44 0 .39 84.24 
561  sf  0 .29 1 62.69 0.30 1 68.30 

· 561 sf 0.05 28.05 0 .05  28.05 
73 If 0 . 60 43.80 1 .20 87.60 

4 ea 1 5 .00 60.00 20.00 80.00 
4 20.00 80.00 

0.00 0.00 
0.00 0.00 

stem R-38 
Unit Mat. Unit Mat Tot Unit Lab. Lab. Tot. Total 

5 1  If 0.85  43.35 0.90 45.90 89.2 
1 2  If 0 .72 8 .64 0.80 9 .60 

382 If 0.85 324.70 0 .45  1 71 .'90 
2 2  If 0.85 1 8 .70 0.72 1 5.84 
46 If 0.34 1 5.64 0.80 36.80 
4 2  If 0 .85 35.70 0 . 8 1  34.02 

557 sf 0 .27 1 47.61 0.23 1 28. 1 1 
8 6  If 0 .34 29.24 1 .36  1 1 6.96 

300 sf 0 .71  21 3.00 0 . 1 4  42.00 
300 sf 0.07 21 .00 0.04 1 2.00 
300 sf  0. 1 0  30.00 0.34 1 02.00 
230 If 0 .34 78.20 0 .39 89.70 
702 sf 0 . 29 203.58 0 .20 1 40.40 

706 sf 0 .05  35.30 0 .05  35.30 
84 If 0 .60 S0.40 1 .20 1 00.80 

4 ea 1 5 .00 60.00 20.00 80.00 

4 0.00 20.00 80.00 

1 07 If 0 .34 36.38 0.40 42.80 
4 2 If 0 .34 1 4 .28 0 .48 20. 1 6  

4 If 0 .47  1 .88 0 .94 0.94 
265 sf 0 .38 1 00.70 0 . 1 5  39.75 

14 9 sf. 0 .27  40.23 0 . 3 5  52. 1 5 

1 0 2  sf 0 . 38 38 .76 0 . 1 5  1 5.30 

1 82 .5  0 .35 63.88 0 . 1 1 20.08 

1 61 1 . 1 6  1 432.5 1  



Plan View 

J 4'-0" 

Plan View 

Conventional Roof S stem R-38 - · '  � 

®Wi·:�ti«it:.,,;_,,;.,.,.,.,.,:,,;.,.,Jj ·-<•:❖:-:❖V�i.tt:::❖•❖�k.t!1'i.t •• ,:,Mal;)f®.•.-AJ.m1., .· ··.:UlJ>&tmti4t,�r w:$ 
Conventional Roof Framing _ 

· · 

2x12 Ridge beam 4 If 0.85 3.40 0.90 3_50 
2x1 2 Rafters 3 9  I f  0.85 33. 1 5  0.40 1 5 .60 
7i1 6" Sheathing 5 2 sf 0.27 1 4 .04 0.23 1 1 .96 
2x6 Fascia 4 I f  0.34 1 .36 1 .36 5 .44 
R-38 Insulation 4 5 sf o. 71 31 .95 

Mil V.B. 5 2  sf 
45 sf 
52 sf 
52 sf 

1 ea 
4 I f  
4 I f  

0.07 
0. 1 0  
0 . 29 
0.05 

1 0 .00 
0 .60 
0.34 

3.64 
4. 50 

1 5 .08 
2.60 

1 0.00 
2.40 

0 . 1 4 6 .30 
0.04 2.08 
0.34 1 5 .30 
0.39 20.28 
0.08 4. 1 6  
0.00 0.00 
1 . 1 2  4 .48 
0 .36 

mmmm 11 11 1 
R-COntrol Roof Framln 
. . ·:� rf66ffimiWf.M.#.�Q.••.·¼imW.mfifMaitllmfat-Ma.ttT�lm-1.Wm-.{)tRcf" . ·. 
4x12-9 3/8" Panel 4 8  sf 3 .30 1 58.40 0.55 26.40 1 84.8 
2x12 Ridge beam 4 I f  0.85 3.40 0.90 3.60 
2x10x1 4' Stringer 28 I f  0 . 73 20.44 0 .36  1 0 .08 
Add1 2x10 5 . 5  I f  o.  73 4.02 0.36 1 .9 8  
7/1 6" Sheathing 6 sf 0 . 2 7  1 .62 0.23 1 .38  
2x6 Fascia 4 I f  0.34 1 .36 1 .36 5.44 
6 Mil V.B. 5 2  sf 0.07 3.64 0.04 2.08 
1/2" Gyp. Board 4 5  sf 
Roofing 5 2  sf 
1 5#  Felt 5 2  sf 
Glue Csul< 1 ea 
Gutters/Oownspou 4 I f  
Soffit 4 I f  

Total 6 . 1 3  

A 55 

0 . 1 0  4 . 50 
0 . 29 1 5 .08 
0.05 2.60 
3.54 3.54 
0.60 2.40 
0.34 1 .36 

222.U 

0.34 
0.39 
0.08 
0.00 
1 . 1 2  
0.36 

1 5 .30 
20.28 

4 . 1 6  . ' 
0.00 
4 .48 
1 .44  

96.62  3 1 8.98 



-. 
I I 

. ·· ...... . ... ........ .. ····· . :t:ii:�r::��:K · 
I I A-Control Panel 
I I 
I I 6 MR. V.B. 45 .36 0.04 25.92 71 .28 
I I Staples/Sealant 30.00 0.00 0.00 0.00 30.00 
I I 
I I 
I I 
I I 

18'-0' Gracrmg 0.00 0 .00 ·o.oo 1 00.00 
Excavation 9 . 2  0 .00 0.00 1 25.00 
P.T. 2x10 1 1 0  1 . 1 0  1 21 .00 0.00 1 21 .00 

I I 
I I 
I I 
I I 

P.T. 2x4 220  0.30 66.00 0 .00 66.00 
P.T. 3/4" Ply. Wd. 5 34.99 1 74 .95 0.00 1 74-.95 
6" P.V.C. Drain 1 1 0  1 .47 1 61 . 70 1 .35 1 48.50 31 0.20 
TOTALS 1 865.01 530.82 2650.83 

l 24'-0" l " 
R-COntrol Panela on Grade 

R-COntrol Panel Floor 

A 56  



l 18'-0" L , 
Dollars per sf - $ 8.32 

Dollars per sf $ 6.38 

• Control Roof • g 318" Core 
6&ii ·oiwii':·:·:·:·:·:.:·<: : : ·d· · · ·.::·:·:·:::U�iL:::":::":Maf.lfrut.:.:Mat:·.tot .. : :t.Jnit.- ·· · ft.ati&.ti,B:;;<�nsuimr · w  
5@8x12 4 8 0  sf 3 .30 1 584.00 0..55 264.00 1 848_0 
1 @4x1 2 4 8  sf 3 .05 1 46.40 0 .55  26.40 1 12.8 
Strlnger-2x10 44 I f 0. 73 32 . 1 2  0.36 1 5.84 47_9 
Ridge Stringer 2x1 1 4 2  I f  0 . 73 30.66 0 .53 22.26 52.9 
V. Rafter Stringer 5 2 l f  0.73 37.96 0.48 24.96 
7/1 6" Sheathing 4 4 6  sf 0.27 1 20 .42 0.24 1 07.04 
2x6 Rafters 21 6 0 .34 73.44 0 .45 97.20 
2x6 Fascla 1 6 1 l f  0.34 54.74 1 .36 21 8.96 
Simp. L-70 7 4 ea o. 75 55.50 o .oo 

8 1 .40 Simp. ST 12  1 4 8 ea 0.55 0.00 
1 /2" Gyp.Bd. 562 sf 0 . 1 0  1 9 1 .08 56.20 0.34 
Roofing 9 72 sf 0.29 29 1 .60 281 .88 0 .30 
Felt 972 sf 0.05 48.60 48 .60 0 .05  
Guttgrs/D.S. 1 56 lf  0.60 1 74 . 72 93.60 1 . 1 2  

1 1 .5 1  Sealant 3.25  ea 3.54 0.00 
0.00 Staples 0.00 

1 48 .00 Screws/Fasteners 1 4 8 ea 1 .00 o.oo 

Dormer Wall 
2@4X10 Panel 
2@4X18 Panel 
Ar. Ins. (R-38) 

2X4 Plate 
2X8Header 
Vents 
6 Mil V.B. 
2x4 Rafter Talls 
Totals 

8 0  sf 
1 44 sf 
288 sf 

68 I f  
8 I f  
4 ea 

288 sf 
9 0  If 

sf 

2.65 
2.65 
0.71 
0.23 
0 .47 

1 5 .00 
0.07 
0.23 

21 2.00 0.55 
381 .60 0.55 
204 .48 0 . 1 1 

1 5 .64 
3 . 76 0.94 

60.00 20.00 
20 . 1 6  0.04 
20.70 0.33 

3774 . 77 

• Combination A-Control roof and conventional "stick" framing. 

Conventional Roof System R-38 

44.00 
79.20 
3 1 .68 

0.00 
7.52 

80.00 
1 1 .52  
29.70 

1 766.28 

Component Otv. Unit Mat. Unit Mat. Tot Unit Lab. Lab. Tot. 
2X1 2 Ridge ( Dbl.) 4 2  I f  0.85 35.70 0.90 37.80 
2x10 Ridge 2 1  I f  0.72 1 5 . 1 2  0.80 . 16_.80 
2x1 2 Rafters 250 I f  0.85 2 1 2.50 0.45 1 1 2�50 
2x12 V. Rafters 5 2  I f  0.85 44 .20 0 .72 37.44 
2x12 Blocking 4 2  I f  0.85 35.70 0 .81  34.02 
7/1 6" Sheathing 6 9 3  sf 0.27 1 83.65 0.23 1 59.39 
2x6 Fascia 1 6 1  I f  0.34 54 .74 1 .36 2 1 8.96 
R-38 lns.(Roof) 526 sf 0 .71  373.46 0 . 1 4 73.64 
6 Mil. V.B. 8 1 4 sf 0 .07 56.98 0 .04 32.56 
1/2" Gyp. Bd. 526 sf 0 . 1 0  52.60 0 . 34 1 78.84 
Roofing 9 7 2  sf 0.29 281 .88 0 . 20 1 94.40 
151 Felt 972 sf 0.05 48 .60 0.05 48.60 
Gutters/0.S. 1 56 I f  0.60 93.60 1 .20 1 87.20 
Vents 1 O ea 1 5.00 1 50.00 20.00 200.00 
Glue/Caulk 6 .o.oo 20.00 1 20.00 
2x6 Dormer Wall 73 I f  0.34 24.82 0 .40  29.20 
2X8 Header 8 I f  0.47  . 3 .76 0 .94 0 .94 
R-21 Insulation 2 1 6 sf 0.38 82.08 0. 1 5  32.40 
Int. Wall 2x6 1 94 I f  0.34 65.96 0.48 93 . 1 2  
Dormer Sheathing 297 sf. 0.27 80. 1 9  0.35 1 03.95 
Fir. Ins. R-38 288 sf 0.71  204 .48 0 . 1 1 31 .68 
2x6 Rafters 21 6 I f  0.34 73.44 0 .45  97.20 
2x6 Blocking 3 2 If 0.34 1 0 .88 0 .81  25.92 

0 .00 0.00 
Totals 2 1 00.02 1 943.44 

A 57 

Total S 
73.50 
3 1 .92 

325.00 
81 .64 
69.72 

343.04 
273.70 
447. 1 0  

89.54 
231 .44 
476.28 

97.20 
280.80 
350.00 
1 20.00 

54.02 
4.70 

1 1 4.48 
1 59.08 
1 84 . 1 4  
236. 1 6  
1 70.64 

36.80 
0.00 

4250.9 
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Graphical Analysis of Proposed Building Design 

* House "Type" Cost Comparison 

* Material s  and Labor Analysis 

* Panel Do l lar to  �pan Ra.t io 

* R- Value / Core Thickness 

Energy Efficient lndustrl ized Housing 
Center for Housing Innovation 
University of Oregon 
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RefJDemo Cost Comparison 

2 Story Demo • Long Ridge' 

1 112 Story Demo "Short Ridge• 

1 112 Story Demo•Long Ridge' 

1 Story Demo House 

2 Story Demo House•Crosswlse" 

40000.00 

35000.00 

30000.00 

25000.00 

20000.00 

1 5000.00 

1 0000.00 

5000.00 

0.00 

8 a: 

Cumulative Totals 

2 Story Demo "Long Ridge' 
1 112 Story Demo "Short Ridge" 
1 112 Story Demo "Long Ridge" 
1 Story Demo 
2 Story Demo 'Crosswise" 

40000.00 

35000.00 

30000.00 

f 
25000.00 

.!! 20000.00 

1 5000.00 

1 0000.00 

5000.00 

0.00 

8 a: 

Panel House Comparison 

Roof Walls Aoors 

.II 

I 

5237.49 9968.94 4487.33 
4272. 06 6579. 52 3018. 78 
5926.35 6783.76 4465.73 

4272. 06 4954.90 3252.90 
5540.79 6226.64 401 1 .34 

4694. 98 4235.42 32 1 9.29 
8332.84 7574.00 80 1 0.27 

56 1 6.52 4469. 78 5216.25 
4401 .66 9624.21 31 66.57 

3449.54 5785.03 2347. 3 1  

J I I 
! :e 

Roof R+WaDs R+W+Rr. 
5237.49 1 5206.43 1 116113.76 
5926.35 1 2710. 1 1  1 7 1 75.84 
5 540.79 1 1767.43 1 5778.77 
871 4.68 1 6343. 1 1  23111 7.1 1 
4401 .66 1 4025.87 1 71 112.44 

Shell Cos1 

I ri. I 
� + a: :s a: 

A59 

Int. Aoor Int. Walls Misc. Total $ Difference 
2597.71 1 906.52 1 2603.02 36801 .01 5711 1 .20 

2629. 9 1  1 906.52 12603.02 3 1 009. 8 1  
2285 . 1 2  1 640.35 9713 .68 3081 4.99 43113.11 5 

2586.48 1 64 1 . 02 9 713.68 2642 1 . 04 

2848.02 
288 1 . 4 1  

0.00 
0.00 

2922.03 
3 71 8. 4 1  

1 925 .74 1 1 339.1 8 3 1 891 .71 3682.27 
1839. 1 6  1 1 339. 1 8  28209.44 

2871 .71 1 2603.02 39391 .84 861 4.56 
2871 . 7 1  12603.02 30777.28 

1 906.52 1 2603.02 34624 . 0 1  4860.36 
1 906.52 12556.84 29763.65 

■ 2 Story Demo • 1:ong Ridge• 

0 1 112 Story Demo "Short Ridge• 

■ 1 112 Story Demo"Longe Ridge" 

■ 1 Story Demo House 

111D 2 Story Demo House"Crosswlse" 

l{ ai 
0 ::!: ... 

Int. Walls Int. Floors Total 

r! 
8 

! 

2221H .47 241 97.99 36801 .01 
1 9460.96 21 1 0 1 .3 1  3081 4.99 
1 8626.79 20552.53 3 1 89 1 .7 1  
239 1 7 . 1 1  26788.82 39391 .84 
201 1 4 .47 22020.99 34624.01 

■ 2 Story Demo 'Long Ridge' 

0 1 1/2 Story Demo 'Short Ridge' 

II 1 112 Story Demo 'Long Ridge' 

■ 1 Story Demo 

ll§ 2 Story Demo 'Crosswise' 



Reference House vs. Demonstration House : Labor Analysis 

1 8 000  

1 6 000  

1 4 000  

1 2000  

1 0000  --■-- R-Control 

8 0 0 0  --0- Conventional 

6 0 0 0  

4 0 0 0  

2 0 0 0  

ro ca .r:: C .c .c 0 2 (/) ::, (/) ::, - 3: - o -
Cl) en ca en � ·- cu ro -... - � ai - - - 0 ro 0 0 -0 cu 

'E o  I - c -0 0 ca i- � I- X o 
::, 

0 
o l- 3: -: I- w :::r: I- 0 I-a: "O 

� IL en 
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3 0 0 0 0  

2 5 0 0 0  

2 0 0 0 0  

1 5 0 0 0  

1 00 0 0  

5 0 0 0  

0 
I 

.0 
:::, Cl) en 1u - -
0 0 
0 t-cc 

Reference House vs. Demonstration House : Materials Analysis 

.D 
:::, -en �  

- 0 
aj t-
� 

Ol cij  
C: -·- 0 E · t-
ro -u: cu 
. 3: "O - -en -= 

aj o -·- as ... -
0 0 
� t-w 

- ·= . 

--■-- A-Control 

--0- Conventional 

� C <.> 0 

� cu - Cl) as --o as x o  c -:::, 0 
:::c t- 0 t-
� 
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OS 8/Waferboa rd 
7/1 6", 24! 16  
Prices Net f.o.b. Mill, Northeast 

Year $/1 000 BF 
1 984 1 4 7 
1 9 85 1 5 7 

1 9 86 1 4 8 
1 98 7  1 4 4 

1 9 88 1 2 8 
1 9 89 1 6 6 

1 9 90 1 2 4 

1 9 9 1  1 4 4 

Western Plywood 
1 /2", CD Exterior (3-ply) 

Prices Net f.o.b. Mill 

Year $/1 000 BF 
1 9 8 1  1 8 4 

1 982  1 6 7 
1 9 83 1 9 2 

1 9 84 1 9 0 

1 9 85 1 8 7 

1 986 1 9 5 

1 987 1 88 

1 988 1 8 7 
1 9 89 2 1 2  

1 990  1 9 6 

1 99 1  2 0 1  

Wood Framing Cost Trends 

Year Framing L. W. Pll!!d. 
1 9 84 1 9 9 1 90 

1 9 85 1 9 4 1 8 7 

1 9 86 2 0 6  1 9 5 

1 9 87 2 2 9  1 88 

1 988 2 2 8  1 8 7 

1 989 2 4 0  2 1 2 

1 9 90  229  1 96 

1 9 9 1  2 3 5  2 0 1  

Plywood I OSB Cost Trends 

u.: 
m 
0 
0 .,... 

240 

220 

200 

1 8 0 

1 60 

1 4 0 

� 
CZ) 
0) 

Source: Random Lengths 

0.S.B. 
240 

1 47 
1 5 7 220  

1 48 

1 44 u.: 2 0 0  
1 28 ai 
1 66 0 

0 

1 24 0 1 8 0 .... 
1 44 

4lt 1 60 

1 4 0 

Ill 
CZ) 
0) 

CD 
CZ) 
0) .,... 

,.._ 
CZ) 
0) 

I .J i.--111 
r"'OI � i, ... .... 

� Ill <O 
CZ) CZ) CZ) 
0) 0) 0) 

A6 1 

I.I 

CZ) 
CZ) 
0) 

IJ 

...... CZ) 
CZ) CZ) 
0) 0) 

0) 
CZ) 
0) 

0) 
CZ) 
0) 

0 
0) 
0) 

0 
0) 
0) 

0) 

0) 

0) 

0) 

• Framing L 

--0- W. Plywd. 

---- o.S.B. 

---- Framing L 

-- W. Plywd. 

· · · · - · · · · O.S.B. 



10.9 Structural Test Data 



- . 
Page  6 

ICBO Eva l uat ion  Serv ice, I nc .  
A subsidiary corporation of the I nternational  Conference of Bu i ld ing  Offi c i a l s  

EVALUATION REPORT 
Copyright © 1 99 1  ICBO Evaluation Service, Inc. 

Report No. PFC-4645 
July, 1991 

Filing Category: ROOF, WALL AND FLOOR PANELS-Sandwich Panels (216) 

THERMASAVE BUILDING PANELS 
HSN 
POST OFFICE BOX 340 
PUYALLUP, WASHINGTON 98371 

THERMASAVE PACIFIC NORTHWEST, INC. 
239 WEST STEWART AVENUE 
PUYALLUP. WASHINGTON 98371 

I. Subject: ThermaSave Building Panels. 

1 1 .  Description: A. General: ThermaSave panels are factory-assembled 
sandwich panels consisting of oriented strandboard or plywood facings 
with expanded polystyrene (EPS) cores. The panels are used as load-bear
ing wall, roof and floor components. Panels are produced in lengths up 
to 28 feet. Typical width Is 4 feet, although greater or lesser widths can be 
produced. Core thicknesses range from 31/2 inches to 1 1 1/4 inches. Nomi
nal core density is typically 1 .0 pcf. Greater densities, up to 2.0 pcf, may 
be used when required by the design. 

Panels facings range from 7/winch to 3/4-inch thick depending on de
sign requirements. Panel facings are recognized in NER-1 08. The bond 
between the facings and the EPS core is made with a one-part urethane 
adhesive cured under pressure. A Type 1 1 ,  Class 2 adhesive recognized un
der ICBO ES Evaluation Report No. 3462 is used. The EPS core is recog
nized under ICBO ES Evaluation Report No. 41 69. The in-service tempera
ture of the foam core shall not be subjected to temperatures in excess of 
1 80°F. 

8. Installation: ThermaSave panels are connected to each other with 
factory cut splines of the same material as the facings. Prior to installation, 
splines may be coated with a bead of wood-to-wood construction adhe
sive. Facings are attached to the splines with No. 6, 1 1/4-inch-long, Type 
S or W drywall screws spaced 6 inches on center. ·  

Top and bottom plates are dimensional lumber, sized to match the core 
thickness and secured to the panel facings with common nails spaced 6 
inches on center. Nail size is 6d for facings 1/2-inch thick and less and 8d 
for facing thicknesses through 3/• inch. 

Typical installation details are in Figures Nos. 1 .  2 and 3. Hold-down de
vices may be required for shear walls, depending on the actual loading 
conditions. 

C. Loading: Allowable transverse, axial, combined transverse and axial 
loads, and racking shear loads are noted in Tables Nos. I , 11, I l l  and IV. 

D .  Openings: Where openings created in the panel configurations oc
cur, headers consist of lumber headers and framing designed in accor
dance with the code. 

E. Thermal Barrier: One-half-inch regular gypsum wallboard is fas
tened to the interior surface of the ThermaSave panels with 1 1 /4 inch or 
longer No. 6 Type S or W gypsum wallboard screws in accordance with 

Table No. 47-G of the code, using 1 6-inches-on-center framing spacing 
guidelines. 

F. Panel Cladding: 1 .  Roof covering: The roof covering must comply 
with Chapter 32 of the code except that hot-asphalt or hot-coal tar pitch 
is prohibited. Underlayment and flashings are installed in accordance with 
the code. 

G. Wall Covering: Wall coverings may be any recognized in the code. 
Panels are considered weather-resistive barriers and do not require build
ing paper except where cementitious plaster is used. See Section 4 706 ( d) 
of the code. All exterior panel joints must be sealed with a compatible 
acrylic latex caulk. 

H. 1990 Accumulative Supplement to the-U-B.C. :  This report is unaf
fected by the Supplement. 

I. Identification: Each sandwich panel bears a stamp noting the product 
name, identification of the fabricator, evaluation report number, and the 
label of the inspection agency (PFS Corporation, NER-OA251 ) .  

I l l .  Evidence Submitted: Data in  accordance with the ICBO ES Accep- I 
tance Criteria for Sandwich Panels, dated April 1 977. 

Findings 

IV. Findings: That the ThermaSave Building Panels described in this I 
report comply with the 1988 Uniform Building Code ,  subject to the fol
lowing conditions: 

1. The panels are fabricated and erected in accordance with this I 
report and the manufacturer's instructions_ 

2. The panels and their attachments are subject to Inspection by the 
building official prior to covering with an approved weather-

1 resistive barrier. 
3. Other portions of the structure are designed and constructed In 

accordance with the code or other applicable ICBO ES or NER 
reports. 

4. Calculations for actual loading conditions and construction I 
plans are submitted to the building official for approval .  

5 .  Panels are limited to loads i n  Tables Nos. I through IV. 
6. A ½·Inch-thick gypsum wallboard thermal barrier is applied to I 

Interior exposed panel facings. 
7. The panels are only used in buildings of Type V-N construction 

and are nonflre-reslstlve. 
8. The panels are fabricated at 239 West Stewart Avenue, Puyal- I 

lup, Washington, with quality control Inspections by PFS Corpo
ration (NER-QA251). 

9. Floor panels are limited lo Group R Occupancies. 

1 This report Is subject to re-examination in one year. 

E11aluation nports of ICBO £11aluation Strvice, Inc., art issutd softly to pro11idt information to Class A membtrs of ICBO, utilizing tht code upon which the report I 
it ba.ttd. £110luation nport.t an not to bt construed as nprestnting aesthetics or any othtraltributes not sptcifically oddresud nor as an endorument or recommen-
dation for ust of the .tubjtcl nport. 

This nport is ba.fed upon indtptndtnl ttsLt or othtr ttchn�al daJa submitttd by the applicant. The ICBO E11alualion Strvice, Inc., technical staff has re•iewed the 

I led rt.tult.t and/orothtrdata, but dots not poutss ltstfacilitie.t to make an indtptndtnl urificalion. Thtrt is no warranty by ICBO Evaluation Sen-ice. Inc .. txpre.u 
orimplitd, a.r '" any "f"inding" nrolhtr matter in the rtport oras to any product co11end by the nport. This disclaimer includes, but is not limittd tn, merrhantability. 
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"age 2 of 7 

FACINO CORE 
THICKNESS ThlckMH o.nany u DL 

(lnchH) (lncttea) (pcf) • • •• 
'"6 7/i6 3.50 1 .0 40.4 13 .5  
7116 5/s 3.50 1 .0 42.3 1 4. 1 
5/• l/g 3.50 1 .0 44. 2  14 .7 

7/ 16  l/, 3.50 1 . 0  44.5 14 8 
3/• l/g 3.50 1 .0 44 .5 14 8 ,,. l/, 3.50 1 .0 44.5 14 .8 

''16 '"• 3.50 2.0 44.5 14 8 
''16 l/g 3.50 2.0 44.5 14 .8 
''16 l/, 3.50 2.0 44.5 14 8 
5/s l/1 3.50 2.0 44.5 14 .8 
J/, l/• 3 .50 2.0 44.5 14.8 
l/, 1,, 3.50 2.0 44.5 14 8 
'"• ,,,. 5.50 1 .0 60.0 20.0 ,,,. l/1 5.50 1 .0 60.0 20.0 
'ht, 1,, 5.50 1 .0 60.0 20.0 
l/1 5/1 5.50 1 .0 60.0 20.0 
1,, l/1 5.50 1 .0 60.0 20.0 
l/, 11, 5 50 1 .0 60.0 20.0 ,,,. ,,,. 5 . 50 2.0 60.0 20.0 ,,,. l/1 5.50 2.0 60.0 20.0 ,,,. l/• 5 .50 2.0 60 0  20.0 
5/• l/1 5 .50 2.0 60.0 20.0 
1,, ,,. 5 .50 2.0 60.0 20.0 
1,, 1,, 5.50 2.0 60.0 20.0 
'"• ,,,. 7 .25 1 .0 7 1 .2 23 .8 ,,,. l/1 7 .25 1 .0 7 1 .2 23.8 
'"• 1,. 7 .25 1 .0 7 1 .3 23.7 ,,. 'I• 7.25 1 .0 7 1 . 2  23.8 
'I• lJa 7.25 1 .0 7 1 .2 23.8 
3/, l/• 7 25 1 .0 7 1 .2 23.8 
'"• ,,,. 9.25 1 .0 7 1 . 2 23.8 
'''" 5/1 9.25 1 .0 7 1 . 2  23.8 ,,,. ,,. 9.25 1 .0 7 1 . 2  23.8 
''1 5/g 9.25 1 .0 7 1 .3 23.7 �,. l/1 9.25 1 .0 71 .3 23.7 
11, ,,. 9.25 1 .0  7 1 . 2  23.8 '"• '"• 1 1 .25 1 .0 87. 7 29.2 ,,,. l/1 1 1 .25 1 .0 87.7 29.2 ,,,. 1,, 1 1 .25 1 .0 87.7 29.2 
'I• ,,,, 1 1 .25 1 .0 87.7 29.2 
.l/4 l/1 1 1 .25 1 .0 87 .7 29.2 
l/, l/, 1 1 .25 1 .0 87.7 29.2 
'"• 7116 1 1 .25 2.0 87.7 29.2 ,,,. l/g 1 1 .25 2.0 87.7 29.2 ,,,. ¼ 1 1 . 25 2.0 87.7 29.2 
5/1 5/1 1 1 .25 ' 2 .0 87.7 29.2 
3/, 5/1 1 1 .25 2.0 87.7 29.2 
1,, l/, 1 1 .25 2.0 87.7 29.2 ,, ,. ,,,. 7.25 2.0 103. 1 34.4 ,,,. l/1 7.25 2.0 103 . 1  34.4 

''16 1,, 7.25 2.0 103 . 1 34.4 
l/1 'l1 7.25 2.0 103. 1 34.4 
3/• l/1 7.25 2.0 103 . 1  34.4 
J/, ¼ 7.25 2.0 103. 1 34.4 ,,,. 7116 9.25 2.0 103 . 1  34.4 ,,,. l/1 9.25 2.0 103 . 1  34.4 

1,,6 l/• 9.25 2.0 1 03 . 1  34.4 
l/1 '11 9.25 2.0 103 . 1  34.4 
1/, l/1 9.25 2.0 103 . 1  34.4 
¼ ¼ 9.25 2.0 103 . 1  34.4 

•Either racing thickness may be in compression or tension. 

:1..oac1s m for single spans. 

TABLE NO. I-ROOF, LL: U240, DL: U1801•2 

DESIGN LOADS FOR TRANSVERLY LOAOES SPANSU (pef} 
u DL LL DL LL DL LL DL LL DL LL 
1D '  10·  12 ·  12'  14 14' 16' 18' 11' , .. 20· 

27.4 9.1 
28.9 9.6 20.5 6.8 
30.5 10.2 2 1 . 7  7.2 
3 1 2  10.4 22.4 7.5 
32.9 1 1 .0 23 .8 7 .9 
35.5 1 1 .8 26. 1 8.7 
35.6 1 1 .9 25.6 8.5 
35.6 1 1 .9 27.5 9.2 
35.6 1 1 .9 29. 7  9.9 2 1 .6 7.2 
35.6 1 1 .9 29.5 9 .8 20.5 6.8 
35.6 1 1 .9 29. 7  9.9 2J4 7 .8 
35.6 1 1 .9 29.7 9.9 25 4 8 .5 
48.0 16.0 35. I 1 1 .7 26.2 8 .7 20.0 6.7 
48.0 16.0 36.6 1 2 . 2  27 .5 9.2 2 1 .0 7.0 
48.0 16.0 39.2 13 . 1 29.8 9.9 23.0 7 .7 
48 .0 16 .0 38. 1 12 .7 28.8 9.6 22. I 7.4 
48.0 16.0 40.0 1 3 . 3  3 1 . 2  10.4 24.2 8 . 1  
48.0 16 .0 40.0 1 3 .3 33.9 1 1 . 3  26.7 8.9 2 1 . 3 7. 1 
48.0 16.0 40.0 13 .3 34. 3 1 1 .4 25.8 8.6 
48.0 16.0 40.0 1 33 34.3 1 1 .4 27.4 9 . 1  20.6 6.9 
48.0 16.0 40.0 1 3 . 3  34.3 1 1 .4 30.0 10.0 23.2 7.7 
48.0 16.0 40.0 l 3J  34.3 1 1 .4 29. 1  9 .7 2 1 .9 7 . 3  
48.0 16.0 40.0 13 .3  34.3 1 1 .4 30.0 10.0 24.9 83 
48.0 16.0 40.0 1 3 .3 34.3 1 1 .4 30.0 10.0 26.7 8 .9 22 .3 
57.0 19.0 47 .5 15 .8  38.2 1 2.7 29.6 9.9 23.3 7.8 
57.0 19 .0 47.5 15 .8 39.6 1 3 .2 30.8 10 3 24.4 8 . 1  
57.0 1 9.0 47. 5 1 5 . 8  40. 7  1 3.6 33.3 I I . I  26.6 8.9 2 1 .4 
57.0 19.0 47.5 1 5 .8 40.7 1 3 .6 32. 1 10.7 25.5 8.5 20.5 
57.0 19.0 47.5 15 .8 40.7 1 3 .6 34.7 1 1 .6 27.8 9.3 22.5 
57 .0 19 .0 47 .5 15 .8 40.7 1 3 .6 35.6 1 1 .9 30.5 10.2 24.9 
57.0 19.0 47.5 15 .8  40.7 1 3:6 35.6 1 1 .9 3 1 .7 10.6 26.7 
57.0 1 9.0 ' 47.5 1 5 . 8  40.7 1 3 .6 35.6 1 1 .9 3 1 .7 10.6 27 8 
57.0 1 9.0 47.5 15 .8 40.7 1 3 .6 35.6 1 1 .9 3 1 .7 10.6 28.5 
57.0 19 .0 47.5 15 .8  40.7 1 3 .6 35.6 1 1 .9 3 1 .7 10.6 28.5 
57.0 19.0 47.5 1 5 .8 40.7 1 3 .6 35.6 1 1 .9 3 1 .7 10.6 28.5 
57.0 1 9.0  47.5 1 5. 8  40.7 1 3.6 35.6 1 1 .9 3 1 . 7  10.6 28.5 
70. 1 23.4 58.4 19.5 SO. I 16.7 43.8 14.6 39.0 1 3.0 35. 1  
70. I 23.4 58.4 19.5 50. 1  1 6.7 43.8 14.6 39.0 1 3 .0 35 . 1  
70. 1 23.4 58.4 1 9.5 50. I 16.7 43.8 14.6 39.0 1 3.0 35. 1 
70. I 23.4 58.4 19.S 50. 1  16.7 43.8 14.6 39.0 1 3.0 35. I  
70. I  23 .4 584 19.5 50. 1  1 6. 7  43.8 14.6 39.0 1 3 .0 35. 1  
70. 1 23.4 58.4 19.5 50. 1  1 6.7 43.8 14.6 39.0 13 .0 35. 1 
70. I 23.4 58.4 19.5 50. 1 16. 7  43.8 14.6 39.0 1 3.0 35. I 
70. 1 23.4 58.4 l9J 50. 1  16 .7 43.8 14.6 39.0 13 .0 35. 1  
70. 1 23. 4  58.4 19 .5 50. 1  1 6.7 43.8 14.6 39.0 13.0 35. 1  
-70. 1 23.4 58.4 19.5 SO. I 16 .7  43.8 14.6 39.0 1 3.0 35. I 
70. 1  23.4 58.4 19.5 SO. I  1 6.7 43.8 14.6 39.0 13 .0 35 . 1  
70. 1 23.4 58.4 19.5 50. 1 16.7 43.8 14.6 39.0 1 3.0 35. l 
82.5 27.5 68.8 22.9 53 .8 1 7 .9 39.8 13 .3 30.2 10.2 23. 3  
82.S 21.S 68.8 22.9 56.4 1 8 . 8  4 1 .9 14.0 3 1 . 9  10.6 24.7 
82.S 27.S 68.8 22.9 58.9 1 9.6 46.5 1 5.5 35.6 1 1 .9 27.7 
82.5 27.5 68.8 22.9 58 9 1 9.6 44.2 14 .7 33 .7 1 1 .2 26. 1  
82.S 27.5 68.8 22.9 58.9 19 .6 49. 1 16.4 37.7 1 2.6 29.5 
82.5 27.5 68.8 22.9 58.9 1 9.6 5 1 .6 17.2 42.7 14.2 33.7 
82.5 27.5 68.8 22.9 58.9 1 9 .6 5 1 .6 1 7.2 44.S 14.8 34.7 
82.5 27.S 68 .8 22.9 58.9 1 9.6 5 1 .6 17 .2 4S.8 15 .3 36.S 
82.5 27.S 68.8 22.9 58.9 1 9.6 5 1 .6 1 7.2 45.8 15 .3 40.6 
82.5 27.S 68.8 22.9 58.9 1 9.6 5 1 .6 17.2 45.8 1 5.3 38.4 
82.S 27. 5  68.8 22.9 58.9 1 9 6 5 1 .6  17 .2  45. 8  15 .3  4 1 . 3  
82.S 21 .S 68.8 22.9 58.9 1 9.6 5 1 .6 17 .2  45.8 1 5 .3 4 1 .2 

DL 
20' 

7.4 

7. 1 
6.8 
7.5 
SJ 
8.9 
9 .3 
9.5 
9.5 
9.5 
9.5 

1 1 .7 
1 1 .7 
1 1 .7 
1 1 .7 
1 1 .7 
1 1 .7 
1 17 
1 1 .7 
1 1 .7  
1 1 .7 
1 1 .7 
1 1 .7  
7 .8 
8 .2 
9 .2 
8 .7 
9 .8 
1 1 .2 
1 1 .6 
12 .2  
13 .5 
1 2.8 
1 3. 7  
1 3 . 8  
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LL DL LL DL 
22' 22· 24 ' 24' 

-

20.6 6 9  
2 1 .8 7 .3 
22 .8 7 .6 
24.9 8.3 20.7 6.9 
23 .8 7 .9 
25.9 8 6  2 1 . 8  7 .3 
25.9 8.6 23.8 7.9 
29.3 9.8 24.3 8 I 
30.4 10. 1 25.3 8.4 
3 1 .9 10.6 27.7 9.2 
3 1 .6 10.5 26.4 8 .8 
3 1 .9 10.6 28.9 9.6 
3 1 .9 10.6 29.2 9.7 
3 1 . 9  10.6 29.2 9.7 
3 1 .9 10.6 29.2 9 . 7  
3 1 .9 10.6 29.2 9.7 
3 1 .9 10.6 29 2 9.7 
3 1 .9 10.6 29.2 9.7 
3 1 .9 10.6 29.2 9.7 

22.0 7 .3 
20.6 6.9 
23.4 7.8 
27.0 9.0 2 1 .8 7.3 
27.5 9.2 22 . 1  7.4 
29.0 9 .7 23. 3  7 . 8  
32.5 10.8 26.3 8.8 
30.6 10.2 24.7 8.2 
34.4 1 1 .5 27.9 9 3  
37.5 1 2.5 3 1 .9 10.6 
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TABLE NO. II-FLOOR, LL: L'360, DL: L'2401.u.• 

FACING 
CORE 

THICKNESS Thk:11- Den.tty 
(lnchea) (lnc!IN) (pcf) 

1h 6 7/i6 5.50 1 .0 
11 16 5/g 5 .50 1 .0 
1io6 l/, 5.50 1 .0 
5/g 5/g 5 .50 1 .0 
¼ 5/g 5 . 50 1 .0 
l/, ¼ 5 . 50 1 .0 

7/o6 7/o6 5 .50 2.0 
1li6 1io6 7 . 25 1 .0 
1/o6 5/a 7.25 1 .0 
5/a 5/9 7 . 25 1 .0 

1h 6 ¼ 7 . 25 1 .0 
l/, 5/a 7 . 25 1 .0 
l/• l/A 7 . 25 1 .0 

1h6 1h6 9 .25 1 .0 
7io6 1116 1 1 . 25 1 .0 
7116 7/16 7 . 25 2.0 
1116 5/a 7.25 2 .0 
11, 6 l/, 7 . 25 2.0 
5/g 5/a 7 . 25 2.0 
l/, 5/a 7 .25 2 .0 
l/, l/, 7 . 25 2 .0  

1h 6 11,6 9.25 2 .0  
1h6 5/a 9.25 2 .0 
7/16 l/, 9 .25 2 .0 ,,, 5/g 9 .25 2 .0 
l/• 'IR 9 .25 2.0 
l/, l/, 9.25 2.0 

1Ei1hcr race may be in compression or tension. 

!Loads are for sin!!le spans. 

LL DL LL 
a· a· 10' 

45.4 22.7 
46.8 23.4 
48 .9 24.4 
48.3 24. 1  
50.4 25 . 2  
52.6 26.3 
53 .3  26.7 42 . 7  
62 . 2  3 1 . 1  44 .9 
63. 3  3 1 . 7 46.2 
63.3 3 1 . 7  47.5 
63.3 3 1 . 7 48.3 
63.3 3 1 . 7 49.7 
63. 3  3 1 . 7 50. 7 
63 . 3  3 1 .7 50.7  
77.9 39.0 62 .3 
9 1 . 7  45 .8  70.7 
9 1 .7 45.8 73 .3 
9 1 . 7  45.8 73.3 
9 1 . 7 45.8 73.3 
9 1 . 7 45 .8 73.3 
9 1 . 7  45.8 73.3 
9 1 . 7  45.8 73.3 
9 1 .7 45.8 73.3 
9 1 . 7 45.8 73.3 
9 1 .  7 45.8 73.3 
9 1 .7  45 .8 73.3 
9 1 . 7  45 .8  73.3 

l"The tabulated loadings also apply 10 panels under 1he followin!! conditions: 

1) Facing lhickness increased: core densi1y as 1abula1ed or ,realer. 

b) Core dcnsily increased: racing thickness as 1abula1ed or greater. 

cl Core density and racing 1hickness increased. 

•Toe floor panels arc limited 10 use in Group R Occupancies . 

DESIGN LOADS FOR TRANSVERSELY LOADED SPANS (psf) 
DL . LL DL u DL LL 
10· 12 '  12 '  14' 14' HI' 

2 1 .3 
22.4 
23 . I 
23 .7  
24. I 
24. 8  
25. 3  40.0 20.0 
25 . 3  42.2 2 1 . 1  
3 1 . 2 5 1 . 9 26.0 44.5 22 .3  
35 . 3  49.6 24. 8  
36.7 5 1 .8 25.9 
36.7 56.2 28 . 1  4 1 .3 20.6 
36. 7  54 . I 27.0 

-
36.7 58 .7  29.4  43.3 2 1 . 7 
36.7  6 1 . 1  30.6 48.0 24.0 
36.7 6 1 . 1  30.6 5 1 .S 25 .7  
36.7 6 1 . 1  30.6 52.4 26.2 40.4 

36.7 6 1 . 1  30.6 52.4 26.2 44 . 3  
36.7 6 1 . 1  30.6 52.4 26. 2  42.3 
36.7 6 1 . 1  30.6 52.4 26.2 45.8 
36.7 6 1 . 1  30.6 5r4 26.2 45 . 8  
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DL LL DL 
18' 11· 18' 

20.2 
22 .2  
2 1 . 1  
22.9 
22 .9 40.4 20. 2  
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FACING CORE 

THICKNESS Thick- O.nalty 
(lnchea) (lnchea) (pcf) 

1116 11,6 3 .50 1 .0 
1116 1116 3 .50 2.0 
7/t6 1h6 5 .50 1 .0 
1116 11,6 5 . 50 2.0 
7/t6 'It& 7 .25 1 .0 
7/t6 7/t6 7 .25 2.0 
1116  11 16  9.25 1 .0 
11t6 7/ t6  9.25 2.0 
1116 1116 1 1 . 25 1 .0 
1116 1116 1 1 .25 2.0 
7/t6 5/9 3 . 50 1 .0 
7/t6 5/s 3 .50 2.0 
7it6 'Is 5 . 50 1 .0 
1/o6 5/s 5 . 50 2.0 
1116 'Is 7 .25 1 .0 
7/t6  'Is 7 .25 2 .0 
7/t6 5/s 9.25 1 .0 
1116 5/s 9.25 2.0 
7/t6 ,,. 1 1 . 25 1 .0 
7/t6 'Is 1 1 . 25 2.0 
7/t6 ¼ 3 .50 1 .0 
1116 ¼ 3 50 2.0 
7/16 J/4 5 . 50 1 .0 
7/t6 ¼ 5 .50 2.0 
7/t6 ¼ 7 .25 1 .0 
7/16 JI, 7.25 2 .0 
1116 ¼ 9.25 1 .0 
''16 JI• 9.25 2.0 
7it6 ¼ 1 1 . 25 1 .0 
''16 Jt. 1 1 . 25 2.0 ,,. 'Is 3 .50 1 .0 
'Ir 'IM 3 .50 2 .0 ,,. ,,. 5.50 1 .0 
'Is 'la 5 . 50 2.0 
'I" 'Is 7 .25 1 .0 
'Is ''" 7 .25 2.0 
'I" 'I• 9.25 1 .0 
'Is 'Is 9.25 2.0 
51s 'la 1 1 .25 1 .0 
5/a 'Is 1 1 .25 . 2.0 .. ,. ,, . 3 .50 1 .0 
-¼ 'I• 3 .50 2.0 
l/4 ,,. 5 .50 1 .0 
J/4 ,,. 5 .50 2.0 
l/4 ''• 7 .25 1 .0 
¼ ,,. 7 .25 2.0 
J/, 'I• 9.2.5 1 .0 
ll, 'Is 9 .2.5 2.0 
J1. 5/s 1 1 .2.5 1 .0 
¼ 'Is 1 1 .2.5 2.0 
¼ ¼ 3 . .50 1 .0 
l/4 ¼ 3 .50 2.0 
l/4 JI, 5 .50 1 .0 
¼ )I• 5 .50 2.0 
¼ J/4 7.25 1 .0 
¼ ¼ 7 .25 2.0 
¼ ll4 9.25 1 .0 
JI, J/4 9.25 2.0 
¼ ¼ 1 1 . 2.5 1 .0 
J1, ¼ 1 1 . 2.5 2.0 

'Either face may be in compression or tension. 
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TABLE N0. 111-W = 25 PSF WIND LOAD 
WALL DESIGN LOADS PEA FOOT OF PANEL WIDTH BASED ON TRANSVERSE/AXIAL LOADING• (plf) 

Load Load Load Load Load Load Load Load Load .. 10 12· 14 ' 111' 11· 20· 22· 24 ' 

2000 737 
2000 2000 205 
2000 2000 2000 529 
2000 2000 2000 2000 386 
2000 2000 2000 2000 2000 
2000 2000 2000 2000 20()() 2000 
2000 2000 2000 2000 2000 2000 105 1  
2000 2000 2000 2000 2000 2000 2000 1 684 
2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 
2000 2000 900 
2000 2000 2000 1057 
2000 2000 2000 2000 1 1 77 
2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 1 725 
2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 244 
2000 2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 
2000 2000 2000 
2000 2000 2000 2000 
2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 1672 
2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 935 
2000 2000 2000 2000 2000 2000 2000 2000 1 938 
2000 2000 2000 2000 2000 2000 2000 2000 2000 
2000 1 659 
2000 2000 1642 
2000 2000 2000 1606 
2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 267 
2000 2000 2000 2000 2000 2000 690 
2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 1 020 
2000 2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 
2000 2000 2000 
2000 2000 2000 2000 
2000 2000 2000 2000 3805 
2000 2000 2000 2000 2000 1 535 
2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 730 
2000 2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 4 1 1  
2000 2000 2000 825 
2000 2000 2000 2000 8 1 3  
2000 2000 2000 2000 2000 1 962 
2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 1 3 1 8  
2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 2000 
2000 2000 2000 2000 2000 2000 2000 2000 2000 
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TABLE NO. IV-SANDWICH PANEL SHEAR WALLS WITH FRAMING 
OF DOUGLAS FIR, LARCH OR SOUTHERN PINE1.2 

COMMON NAILS DRYWALL SCREWS 
MINIMUM FACE (Into Lumber Framl119I (Into SpHnee) SHEAR 

THICKNESS Nall Spacl� Scrww Sln Spacl:, (pl!) (lnchff) Size (lnchee (lnchff) (lnchff (Both "-) 

8d 3 
1 11. rw 2 112 490-' 

7/ 16 S or 
8d 6 l ¼ Type 4 112 260 S or W  

I Panels with 7116 inch and thicker races fastened with 6d common nailsat 6 inches o.c. and I 11•-inch Type 
S or  W drywall screws al 6 inches o.c .  are satisfactory alternate to the plywood bracing specified in 
U.8 .C. Section 25 1 7  (g) 3. 

!Minimum panel width is four feet. The maumum panel height-width ratio is 3 112: I . facings nailed al all 
edges. 

lTwo lop plate� are required. 
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ASSEMBLY DESCRIPTION: ADJACENTTHERMASAVE PANELS ARE CONNECTED BY MEANS OF 4"WIDE SPLINES WHICH ARE INSERTED INTO 
NOTCHES IN THE FOAM CORE AND ATTACHED TO THE FACING MATERIAL EACH SIDE OF THE PANEL JOINT WITH 
SCREWS. W\LL PANELS WILL HAVE SPLINES AT BOTH INTERIOR AND EXTERIOR FACES, WHEREAS FLOOR AND 
ROOF PANELS WILL NORMALLY HAVE SPLINES AT THE TOP FACE ONLY. DETAILS OF SPECIFIC CONDITIONS ARE 
SHOWN ON THE FOLLOWING PAGES. 
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