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ABSTRACT 

Growing environmental concerns, fluctuating lumber costs, deteriorating lumber 

quality, and a lack of skilled labor have led many residential builders to look for alternative 

fi"aming materials. Traditional balloon and platform fi-aming has been the fi-aming system 

of choice for residential construction since its development, and many people feel that it 

will never be replaced. 

Although there are many ahemative building systems to choose fi-om, the three 

chosen for this project— steel fi-aming, structural insulated panels, and insulated concrete 

forms— were selected because of their current availability, their comparable costs to 

traditional methods, and their environmental responsibility. Steel framing has been used 

extensively in commercial construction and is created by rolling sheet steel through a 

series of roller dies that produce desired shapes and sizes. This method is attractive in its 

low initial cost and its use of similar construction techniques currently utilized in wood 

framing. Foam-core panels consist of a foam block sandwiched between two facings, 

often Oriented Strand Board. These panels offer relatively quick erection and good 

insulation values. Insulated concrete forms are used in a manner similar to traditional 

concrete masonry units and provide a permanent form for concrete. They create concrete 

walls with good sound and thermal insulation characteristics and are easily designed to 

withstand specific loads. 

Despite an increase in cost to initially construct a frame with alternative methods, 

the reliability and efficiency they have can outweigh the initial increase in cost. With 

careful design and utilization of new technologies, these alternative building systems can 

surpass traditional wood framing in quality and environmental responsibility. 
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CHAPTER I 

INTRODUCTION 

1.1 Introductory Comments 

Growing environmental concerns, fluctuating lumber costs, deteriorating lumber 

quality, and a lack of skilled labor have led many residential builders to look for alternative 

framing materials. In 1997, consumers paid an average of $24.35 per million Btu for the 

electricity delivered to their residences. As seen in Figure 1, the total amount of energy 

consumed by American housing units in 1997 was 101 million Btus and over half of that 

was used for HVAC (U.S. Department of Energy). 
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The need for more environmentally responsible building materials is seen almost 

everywhere, and the driving issues include: population growth, air pollution, global 

warming, landfill shortages, and deforestation. 



During the late 1970s, many large lumber manufacturers began to harvest national 

forests at an alarming rate to keep up with the need for the material. Poor management of 

the harvestable forests during this time created a lack of lumber in the late 1980s. The 

lumber industry then began to rely heavily on fast growing species of trees to produce 

lumber at the rate required. The use of these species of trees resulted in poor quality 

lumber. Once at the job, much of the lumber was unstable and had ateady warped 

dramatically. This can still be seen today at any job site. During this time, several new 

alternative building materials emerged that appeared to have promising fiitures, and many 

builders began to experiment and improve the products to what they are today. 

Another problem faced by the construction industry is a lack of skilled labor. 

Many builders are having a hard time finding young people that want to enter the trades so 

many skilled journeymen are ending their careers without replacements to take over. With 

an increase in demand for housing and a decrease in the workforce, many builders are 

looking for building systems that can be erected faster with less-skilled labor. 

1.2 Sustainability 

Forests that are managed primarily to maximize timber supply tend to perform 

poorly in terms of wildlife habitat, recreational uses, and even global climate control 

(Hacker, 4). The main goal of land and resource planning of our national forests is to 

sustain our watersheds, forests, and rangelands while maintaining the usability of the land. 

The idea of sustainability began when George Perkins Marsh, Lincoln's minister to Italy, 

authored a book called Man and Nature while in Italy in the early 1860s. While he was 



there, he observed the Mediterranean Basin and read what ancient authors wrote of it. 

When he compared the past there with the present, he saw many similarities with this area 

and the United States, whose forests were then being cleared at a rapid rate with little 

concern for the effects of logging. Marsh knew that Plato had discussed the disastrous 

consequences of forest clearance on the Peloponnesus, which caused the soil to erode into 

the sea, and he feared the same would happen to the United States. Congress was not 

very concerned about overharvesting or about soil destruction until 1891 when legislation 

was passed that gave the President power to set aside forest reserves from public-domain 

lands. 

Presidents Cleveland, Harrison, and Roosevelt set aside vast amounts of land. In 

1907, Congress became angry with the amounts of land being set aside that could be 

harvested for profit so it took away the President's authority to create more reserves. By 

the time this power was removed, most of the National Forests in the United States had 

already been set aside and were being managed as if they were a forest "reserve." 

Foresters at this time thought the system was unfair so they argued in favor of a program 

of sustained-yield logging and replanting rather than a timber bank where trees would be 

preserved. Drawing from experience in Germany, they believed that trees should be 

treated as a crop. A compromise for the national forest reserves and the loggers was 

supported by Giflford Pinchot, Teddy Roosevelt's forester, who later became the leader of 

the Conservation Movement. He felt that the National Forests could be harvested if done 

in a responsible manner, and he fought throughout his life to encourage others to do so. 



Much of the sustainability concerns placed on the industry today are a result of 

consumer awareness. During the first half of the 1990s, the lumber industry had to deal 

with several issues including consumer demand for recycled materials and government 

restrictions. The largest source of restrictions come from the National Forest 

Management Act (NFMA) which laid the groundwork for sustainability in 1976. This act 

gives detailed guidance for forest planning, by regulating when, where, and how much 

timber could be harvested along with reforestation requirements. Through the NFMA, the 

Secretary of Agriculture is given power to set harvesting and sales limits. Despite these 

advancements National Forest planning has run into difficulty at many phases over the past 

twenty-three years since the NFMA was enacted, particularly during the implementation 

phase. Part of the problem has stemmed from a planning process that many feel has not 

provided for adequate public participation. 

Until recently, our forests were subject to periods of deforestation to clear lands 

for agriculture and settlement, and as the global demand for lumber rises, harvesting in 

tropical countries has increased. This rise has recently alarmed scientists concerned with 

the ecological importance of these forests. In 1985, the Tropical Forestry Action Plan was 

implemented by several international organizations with a goal of helping tropical 

countries formulate plans to manage their forests. Currently, there are 90 countries 

participating in the program. 



1.3 The Costs of Building with Lumber 

About two thirds of softwood lumber and structural panels used today are used in 

residentid construction which makes residential housing a key determinant of lumber 

demand (Forest Products Limited). A homeovmer in 1997 was paying $2000 more for a 

2000 sq ft home than in the 1980s (Bynum, 3-3). Lumber prices have been increasing 

steadily over the past few years (Figure 2). Between October 1992 and February 1993, the 

fi"aming lumber conposite price increased by approximately 100 percent. This was followed 

by a decrease in the composite price from March 1993 to July 1993 to within 25 percent of the 

October 1992 price. By December 1993, prices were back to the record levels of February 

1993. 
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Fluctuations in the lumber prices have been consistent with periods of expansion 

and recession in the North American economy. Despite temporary sharp increases and 

decreases in lumber costs, the prices have consistently risen over the past few decades. 

1.4 Problems 

Traditional balloon and platform framing has been the framing system of choice for 

residential construction since it's development in Chicago in the 1830s by George 

Washington Snow. With a natural abundance of trees available at a time when America 

was expanding west in the late 1800s, this form of construction could raise buildings in 

relatively short amounts time and required levels of skill that could be accomplished by 

most settlers. Before mechanization, wood construction was entirely a hand-labor 

process, requiring considerable time and effort. Steam power revolutionized the wood 

building industry. With mass-produced nails and many community sawmills which 

produced small pieces of lumber with a cheap, quick way of putting them together, 

Americans developed the balloon frame, and with the help of the railroad for 

transportation of men and materials, built it everywhere they chose to settle. 

Since that time, there have been several advancements to speed production and 

better allocate our resources, as with pneumatic nailers and engineered lumber, but stick 

framing still remains the method of choice in residential construction. The material 

necessary to produce homes in this manner is dimensional lumber, and although harvesting 

practices have improved, many times up to 40% of a harvested tree is wasted in the 

production process (Bynum, 3-2). 



Along with the waste from harvesting lumber, the material itself has undesirable 

qualities such as rot, insect infestation, warpage, twisting, crooking, cupping, knots, and 

movement caused by the seasonal changes in moisture content. Many of these detriments 

can lead to fiiture problems for home builders and home owners such as squeaky floors, 

bowed walls, cracks, and nail pops. Builders are also finding the decrease in lumber 

quality directly affecting their business with the time spent by laborers culling through the 

deliveries. This is a result of lumber mills using immature and fast growing sjjecies of 

trees for lumber to compensate for high demand. Often times, in the rush to get the 

product out, the lumber is not dried properly nor is it stored in an appropriate manner 

which in turn magnifies instabilities of the material. Within the past decade, many builders 

have been forced to purchase a higher grade lumber to get a product of equal quality. 

This means an additional increase in cost, which eventually is paid by the buyer. 

Why is such a flawed system still being used today? The most obvious reason is 

tradition. As people, we are creatures of habit and are reluctant to change what we know. 

Like any industry, the construction field is reluctant to accept changes or new trends, and 

with the long history of wood framing, many feel that it will never be replaced. Even with 

the associated problems, wood framing is still an effective and economical building system 

that will likely be used to some extent for decades to come. 



CHAPTER II 

ATTEMPTED SOLUTIONS 

2.1 Introductory Comments 

The introduction of engineered wood products in the 1970s such as I-joists, 

laminated beams, truss joists, and engineered sheathing was a large step in the right 

direction to help conserve our natural resources. These products are made from wood 

strands, fibers, and veneers that utilize a much larger percentage of harvested materials. 

The Canadian Wood Council states that with engineered wood products up to 95% of the 

tree is used rather than the 60% used for the traditional solid lumber products. These 

engineered products are also free of natural defects (Hacker, 4). With supervised 

manufacturing processes, natural wood defects are either removed or dispersed so they 

have no effect on the final product. These products also create a stronger framing 

member compared with solid lumber, sometimes carrying up to twice as much load in 

some instances. With engineered products used, consumers are guaranteed a quality end 

product with specific properties each time. 

2.2 Wood-I-Joists 

Wood-I-Joists are shaped similarly to a steel I-beam with a top and bottom flange 

and an solid web connecting the two. Most often, the top and bottom flanges are 

laminated strips of thinner wood but some manufacturers still use solid lumber. The web 

connecting the two flanges is usually oriented-strand board or plywood. The joist works 



as an I-beam, in that the top chord is in compression, the bottom is in tension, and the web 

offers two-way strength to resist shear stresses. Most often the I-joists are used for floor 

joists or roof rafters, and since they are manufactured without a camber, a slight 

intentional curve in a material that flattens when a load is applied, there is no need to sort 

through the delivery or worry about an uneven floor due to installation of joists that sag 

downward. 

The spanning capabilities of these I-joists are far superior to standard lumber, and 

although dimensional lumber is typically available in the same deep sizes, often up to 24", 

their high cost prohibits their use in residential construction. I-joists are able to span such 

great distances due to their deep webs. Where the maximum span of a standard 2"xl2" 

for a 40 psf live load and 10 psf dead load placed 16" on center (O.C.) is 23'-3", an 

equivalent 16" wood I-joist can span 29'-8" in the same situation (Bynum, 3-6). This 

makes for a more flexible design and larger uninterrupted interior spaces. The I-joists are 

also designed to allow wiring, piping, and ductwork to pass through their webs without 

affecting their structural integrity. Many manufacturers produce I-joists with perforated 

knockout holes designed to create a quicker means of running utility lines, but for many, 

specific guidelines must be followed concerning placement of holes. 

I-joists can also be up to half the weight of an equivalent dimensional member 

which ends up saving construction time and cost since the members can be handled much 

easier. An additional advantiige of I-joists is that they are very similar to dimensional 

lumber in nailing and cutting so the transition is relatively easy on the workers. One 



drawback to the I-joist is its vulnerability to damage. Upon delivery, care must be taken 

to place the members on a flat surface and protect them from damage. 

2.3 Laminated Beams 

Laminated beams come in several varieties but the principle remains the same 

throughout. They consist of smaller pieces of standard dimensional lumber laminated 

together with structural adhesive. The result is a deeper, wider, longer, and more 

dimensionally stable beam than is available at a reasonable cost. Laminated wood was first 

used to make airplane propellers and other high-strength aircraft parts during World War 

II. Late in the 1950s Art Troutner and Herold Thomas began to experiment with this 

technique for use in the construction industry. Troutner and Thomas officially established 

their company, presently known as TJ International, in 1960 and began to sell a new 

product called "truss joist." Their first version of laminate veneer lumber (LVL) was used 

to form the top and bottom flanges of structural I-Joists. The results of their testing led to 

the development of LVL and similar products used today. 

These engineered members are meant to replace soUd heavy timbers and built-up 

members fabricated on site. Many of these engineered beams can be designed for specific 

applications by placing higher grade lumber at locations of the greatest stress while leaving 

lower grade material in the lower-stress areas. Laminated beams help save time on the job 

since there is no need to search for suitable structural members. As an added feature, 

many of these beams are engineered so that they can be left exposed as an architectural 

detail and finished the same as the rest of the interior woodwork. 
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2.4 Engineered Sheathing 

Engineered sheathing is an evolved form of plywood that was first created in 1905 

by the Portland Manufacturing Company. The original plywood was manufactured with 

soybean glue and animal blood which created problems with delamination when exposed 

to moisture. In the 1960s, advanced adhesives improved the product and made southern 

pine plywood very similar to what is still used today. In 1960, MacMillan Bloedel opened 

the first waferboard plant in Hudson Bay, Saskatchewan which produced the first 

generation of engineered sheathing known as Aspendite due to the abundance of aspen 

found in the area. 

Technology continued to make improvements, such as random alignment of wood 

fiber, until the Elmendorf Manufacturing Company made the first oriented strand board 

(OSB) in Clairmont, NH in 1984. OSB is an engineered product designed for structural 

applications in light construction and is used for flooring, siding, and roof decks. Unlike 

plywood which is made of thin veneers glued together with the grain of subsequent layers 

perpendicular to each other, OSB is made from compressed strands of wood bonded with 

waterproof phenol formaldehyde resin. The two way strength of the product is derived by 

placing the almost 50 strand layers in alternating orientation perpendicular to each other. 

Because the strands of wood are so small and random, the panels are very dimensionally 

stable and have none of the interior voids that can appear in regular plywood. It also 

reacts slower to changes in humidity. Although OSB is more resistant to water, once 

water enters the material, it does take longer to evaporate. This often results in the edges 

11 



of the sheet swelling and delaminating but this problem can be avoided with proper 

storage and handling. 

Another variation of engineered sheathing is the American Plywood Association-

rated Sturd-I-Floor which is designed to be used as a subfloor and underlayment in one 

sheet. These panels are composites with veneer faces bonded to wood strand cores, often 

OSB, and are designed for use beneath carpet and a pad. This combination of subfloor 

and underlayment helps save time and material by accomplishing two separate tasks at one 

time. It is recommended, however, that an additional thin underlayment be added under 

tile or sheet flooring to maintain a consistent floor level. 

Although these engineered products are more environmentally responsible and 

superior in many aspects to solid lumber, they cannot be used to construct an entire frame. 

While their use cuts back on the need for dimensional lumber, they still traditional framing 

members for many items such as walls, which constitute a large portion of framing. With 

the technology available today, we have an opportunity to construct our homes using 

minimal lumber products and taking advantage of other materials with more attractive 

properties. 

2.5 Currently Available Options 

Although there are many alternatives to choose from, the three chosen for this 

project— steel framing, structural insulated panels, and insulated concrete forms- were 

selected because of their current availability, comparable costs to traditional methods, and 

their environmental responsibility. Steel framing has been used extensively in commercial 

12 



construction and is created by rolling sheet steel through a series of roller dies that 

produce desired shapes and sizes. This method is attractive in cost and in similarity to 

construction techniques using wood framing. Foam-core panels consist of a foam block 

sandwiched between two facings, often OSB. These panels offer relatively quick erection 

and good insulation values. Insulated concrete forms are used in a similar manner as 

traditional concrete masonry units and provide a permanent form for concrete. They 

create concrete walls with good sound and thermal insulation and are easily designed to 

withstand specific loads. 
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CHAPTER III 

STEEL FRAMING 

3.1 Introductory Comments 

Many builders have begun using light gauge steel framing members instead of 

traditional wood framing members, and they have found that if used properly it could 

match, and in certain cases exceed, the efficiency of a wood framed home. There are 

many factors to consider when comparing the two building materials, as each has its own 

advantages and disadvantages. 

Builders began experimenting with steel framing in residential construction in the 

early 1970s as a result of rising lumber costs. They found that, with improvements in the 

methods used, they could create a framing product competitive to wood. Over the past 20 

years, new procedures have been developed and material improvements have been made 

to steel that make it an attractive choice for many builders but still many people are 

reluctant to build with steel. The largest problems with acceptance of steel framing are a 

lack of knowledge and problems associated with the materials thermal performance. 

A 1993 survey by the National Association of Home Builders (NAHB) found that 

about 1% of new homes were framed entirely with steel and 5% used steel in non-load-

bearing walls. This is a dramatic increase from 1992, when a survey by the American Iron 

and Steel Institute found steel use to be 1/4% and 1/2% in new homes, respectively 

(Environmental Building News). 
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3.1.1 Manufacture 

Steel framing members are made by first rolling out a log of steel into sheets of 

specified thickness that determine the gauge of the final member. See Table 1 for gauge, 

thickness, and weight relationships. 

Table 1 
Properties for Selected Gauges of Sheet Steel 

Nominal 
Gauge 

10 

12 

14 

16 

18 

20 

22 

25 

Allowable 
Thickness 
(inches) 

0.1265-
0.1425 

0.0966-
0.1126 

0.0677-
0.0817 

0.0538-
0.0658 

0.0428-
0.0528 

0.0329-
0.0389 

0.0269-
0.0329 

0.0179-
0.0239 

Weight 
(pounds per 
square foot) 

5.625 

4.375 

3.125 

2.500 

2.000 

1.500 

1.250 

0.875 

Color Code 
(ASTM 
C955) 

-

Red 

Orange 

Green 

Yellow 

White 

-

-

The sheet is then dipped into a large chemical bath, often hydrochloric acid, to provide a 

protective barrier. Next, the sheet is cut into strips that are later bent into "C" shapes with 

a series of rollers. Dimensioned according to the specifications, the channel is then cut to 

the length that is desired. Unlike wood manufacturing where there is waste from defective 
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material, what little waste is produced in steel manufacturing is recycled. Since steel 

framing members are manufactured from engineered materials, using closely supervised 

methods, the material guarantees a straight and consistent product every time. 

3.2 Environment 

When compared with lumber manufacturing, steel requires less than 1% of the land 

needed to support the demand for building materials, thus lessening the impact on the 

environment from the initial gathering of the material (Environmental Building News). 

However, mining is an intensive type of land use with potential for environmental impact 

over a limited area but stricter government regulations such as the National Environmental 

Policy Act of 1969, which requires that all Federal agencies prepare detaDed statements 

assessing the environmental impact of mining operations, and the Comprehensive 

Response Compensation and Liability Act of 1980, which can make mining companies 

liable for the release of hazardous substances, the effects of mining have greatly decreased. 

Steel mills have also decreased their impacts by reducing their energy consuiiq)tion 

by 45% over the past 20 years, and they emit 95% less sulfiir than a decade ago. 

However, even with these improvements, steel mills currently require nine times more 

energy than lumber mills to process their material. With technological advances such as an 

increase in the number of mini-mills using electricity to create molten steel from waste, the 

fiiture looks promising for steel plants (Heart). 

Steel framing members surpass their wooden counterparts in many ways, including 

their ability to be recycled. Steel is the most recycled material on the planet, and 
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according to the U.S. Bureau of Mines, in 1993 46% of all U.S. steel and 24% of steel 

framing contained recycled material. With this ability, the national iron reserve is expected 

to last another 300 to 400 years which allows the material to keep a relatively consistent 

market price, unlike lumber, which can fluctuate up to 80% over the course of a year 

(Enviommental Building News). 

Even with the high energy requirement to process steel, its other advantages over 

wood such as insect resistance, rot resistance, improved indoor air quality, and fire 

resistance, create an overwhelming list to make steel framing members an attractive 

alternative. With new advancements in manufacturing, such as mini-mills, and materials, 

some manufacturers produce steel members with raised nubs to reduce thermal transfer. 

Negative aspects of steel, such as pollution from smokestacks and high energy 

requirements, are expected to diminish. 

3.3 Construction 

An advantage of steel over other alternatives regarding construction is its similarity 

with traditional methods. Builders can use a different material without worrying about 

learning an entirely new framing method. This gives workers a feeling of comfort when 

first starting, but it does not take advantage of the frill strength of steel. 

Steel has the greatest strength to weight ratio of any building material, which 

makes erecting walls easier on framers due to its relatively light weight. Because of this, 

most homes can be designed with studs spaced 24" O.C. as opposed to 16" O.C. which 

results in less material and fewer points of thermal conductivity. The high strength of steel 
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allows for great design flexibility and larger open spaces in homes. One of the greatest 

design advantages of steel is its ability to increase load bearing capacities by increasing the 

gauge of the stud rather than the dimensional size, as with lumber. Switching framing 

methods for most builders would require finding a design engineer with experience in steel 

framing so that they take advantage of steel's strength by use increased stud spacing and 

lighter gauge non-load bearing members. 

Insulation of exterior walls is crucial since steel has such a high rate of thermal 

conductivity. It has been found that using exterior foam sheathing, often expanded 

polystyrene board (XPS), can create an effective insulation for steel studs and also prevent 

ghosting on walls, which is caused by dust collecting where studs are located due to 

temperature variance with the surrounding wall cavity. Tests done by researchers at the 

Oak Ridge National Laboratories show that a steel framed wall with a R-19 batt of 

traditional insulation and 1" of exterior XPS is only 7% less efficient than a 2"x6" wood-

framed wall with an R-19 batt. The most economical combination for steel framing was 

found to be a 3 5/8" thick wall with an R-11 batt and 2" of XPS, which would surpass a 

wood-framed R-19 wall by R-0.5 (Hacker, 26). The use of a lower R-value insulation 

helps offset the exterior insulation. The addition of the 2" XPS only costs approximately 

$0.92/sq.ft., but there will also be added cost caused by the need for extended window and 

door jambs. 

For economic purposes, rather than apply fiill sheets of sheathing and additional 

insulation, it is common practice to install diagonal bracing using 12- or 18-gauge 

strapping for strength and then screw plywood strips to the framing members exterior 
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face. The plywood strips act as additional insulation and provide a method of attachment 

for the XPS insulation. Once the strips are in place, the insulated sheathing can be 

installed. It is a good idea to glue or staple the XPS on since a screw passing through the 

sheet will create a short circuit thus increasing the thermal conduction. Several 

manufacturers have began experimenting with perforations in the stud web to reduce the 

thermal conductivity, and some have also created nubs on the flanges so that there is less 

contact area between the stud and sheathing. Both of these approaches help with the 

problem of thermal conduction and increase the R- value of a wall system. To ensure 

proper insulation, it would be crucial for a supervisor to meet with the framer ahead of 

time and set the work standards. 

Other insulation concerns are air infiltration and slab insulation. Air infiltration, air 

currents created in wall cavities by gaps and voids, can be overcome by eliminating the 

holes punched in the top plate to run utilities in exterior walls. Wherever possible, it is 

best to keep utility lines inside interior walls and limit the holes in the top plate. Slab 

insulation is also very in:̂ x)rtant since three feet of exposed slab edge can lose as much 

heat as up to nine feet of insulated wall space (Hacker, 30). The 1" XPS slab insulation 

that is currently used by many builders is enough to help keep heat loss down, but it must 

be properly installed. 

To prevent problems, it is important to order studs that correspond to common 

window and door sizes. It is possible to contact a manufacturer ahead of time and give 

them a working set of drawings so that they can pre-cut much of the material needed. 

This saves time during construction and helps to eliminate waste. Roof trusses can also be 
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either pre-manufactured or built using a jig on site. Whichever way the trusses are made, 

it is important to ensure that proper bracing is installed until the sheathing is applied. 

Most load-bearing members will be 18- or 16-gauge, and non-load-bearing members will 

likely be 20- or 24-gauge. It is important that the steel members for rafters and second 

floors align with studs in the supporting floor in order to transfer the load. Connection of 

the members are where most of the labor costs come from. Connections are made by 

screwing the studs into a top and bottom track using a screwgun. Connections can also be 

made by welding but with auto feed screwgims, productivity is increased. 

Many steel studs have knockouts already in them for running plumbing and wiring. 

Whenever using a knockout, it is important to use plastic grommets to prevent abrasion 

from the exposed metal edge. With these knockouts, electricians and plumbers save time 

when running lines but it takes longer to attach boxes to the studs. 

The "Prescriptive Method for Residential Cold-Formed Steel Framing" by the 

Department of Housing and Urban Development outlines many of the specifications 

regarding drilled hole sizes and locations, patches, span tables, and connection 

requirements but individual manufacture information should be used if available. Much of 

this information is very similar to that used vdth wood framing and is necessary to comply 

with building codes. 

3.4 Costs 

The costs of switching to steel framing from wood framing are hard to measure. 

As crews become more proficient with steel framing, the labor costs that create a large 
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difference in the price of the system will become more competitive, and with new tools, 

such as auto feed screwguns, the cost can be decreased significantly. Table 2 shows cost 

differences between wood and steel wall framing according to observations and 

calculations made by the Department of Housing and Urban Development on homes built 

in Imperial, California in 1993. The lumber and steel costs were estimated using the 1993 

purchase price and are expressed per linear feet of wall. 

Table 2: 
Wall Framing Unit Costs: 

Light Gauge Steel Versus Conventional Wood 

Light-Gauge Steel-
framing materials 
only 

Conventional Wood-
-framing materials 
only 

Material 
Costs 
$/LF 

6.65 

6.82 

Labor 
Costs 
$/LF 

3.84 

2.87 

Equipment 
Costs 
$/LF 

0.30 

0.44 

Total 
Costs 
$/LF 

10.79 

10.13 

(NAHB Research Center) 

Although the building costs are greater for a steel framed home when considering 

material and labor, there are severid other factors to consider. One of the most influential 

items to consider is the money, labor, and time saved on call backs and punch lists. Since 

steel will not shrink, twist, or bow, the need for repairs due to dimensional instability is 

virtually eliminated. 

There are many pitfalls that could occur during steel frame construction, especially 

regarding insulation, that would weaken the system. However, with carefiil attention to 
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detail by the superintendent, a steel home can perform equally well as a wooden framed 

home. 

Since there is a slight cost increase for XPS insulation and labor, there is little, if 

any, cost savings for steel framing when using traditional design methods. With an 

experienced design engineer on hand, many costs can be offset. Stud spacing at 24" O.C, 

will lower material cost, as will designing to use lighter gauge, cheaper, non-load-bearing 

wall members. With time, technology, and experience, the higher cost of labor will likely 

become a non-issue and might even become cheaper than wood framing. 
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CHAPTER IV 

STRUCTURAL INSULATED PANELS (SIP) 

4.1 Introductorv Comments 

The basic unit of this type of building system consists of a panel made of two outer 

skins of plywood or OSB with an inner core of solid foam, most often Expanded 

Polystyrene (EPS). The system contains the structure, sheathing, and insulation in one 

unit, thus eliminating much of the construction time and labor. It also uses engineered 

products to reduce the environmental impact of waste. This technology was first used in 

residential construction in 1952 when Alden Dow, a student of Frank Lloyd Wright, built 

the first home made entirely of SlPs in Midland, Michigan. But, it was not until the 

energy crunch of the 1970s that SIPS began to increase in popularity(Morley 8). By the 

1990s, the system was recognized as an acceptable alternative by builders and architects. 

There are many variations of the product available on the market today but the 

common characteristic is the two outer skins, which resist both tensile and compressive 

forces, and a foam core, which resists shear and buckling forces. The panels are similar to 

the construction of an I-beam in that the skins act as the flanges, and the foam acts as a 

continuous web. This allows for a system that can be stronger than a traditionally built 

home. Whereas a traditional wood-framed wall transmits the load from the roof and/or 

floor above through the studs without using the strength of the sheathing, SIPs are able to 

use sheathing as the structural member since buckling is prevented by the rigidity of the 

foam core. SIPs also have a high resistance to lateral racking forces, caused by tornadoes 
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and earthquakes, because the entire panel has a uniform composition and the edges are 

fixed to splines. SIPs also allow for anchors to affix cabinets, rails, outlets, and fixtures at 

any point in the wall, rather than at stud locations as in a traditionally framed home, since 

the continuous skin provides material to anchor to. The typical construction of an SIP 

home is shown in Figure 3 below. 

A- Shingle roofing 
B- Feh paper 
C- Panel seam with spline and straps 
D- Panel foam core 
E- laminated beam 
F- Soffit 
G- Fascia 
H- Window 
I- Recessed top plate 
J- Panel foam core 
K- Panel seam with spline 
L- Moisture protection 
M- Siding 
N- Manufactured channel for utilities 
O- Recessed bottom plate 
P- Subfloor sheathing 
Q- Floor insulation 
R- Truss joist 
S- Foundation beam 

Figure 3. Typical SIP Construction Details 
(R-Control) 

The panels come in standard sizes of 4' x 8' to 8' x 12' and range in thickness 

from 2" to 12". The size of the panel is ideal for covering large open areas of exterior 
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surfaces, for which the system was intended. Most manufacturers also offer buyers the 

option of having panels precut from a set of working drawings. 

The foam core used in 85% of all SIPs is Expanded Polystyrene, which is often 

used for coffee cups and packing material, due to it's low cost, ease of manufacturing, and 

its resistance to thermal drift, which is an outgassing of foam agents over time that results 

in a lower R-value (Morley, 23). Although EPS has a lower R-value than other foams, 

such as Extruded Polystyrene or Polyurethane, which means the thickness must be 

increased, the increased cost of other foams still makes EPS less expensive. Any of the 

foam fillers available have better insulation per inch of thickness than the fiberglass 

insulation of traditional homes and also perform better at lower temperatures and higher 

humidity. Many wall panels offer R-values of 14 to 24 depending on the foam thickness 

and method of manufacture. Since many foams such as XPS are subject to "thermal 

drift," it is important to take this into account when designing with foams. With the 

energy savings that this system provides, it is possible to have up to a 60 % more efficient 

home than an equivalent site-built home using traditional methods (Bynum, 4-5). 

4.1.1 Manufacture 

There are two main processes of production today, adhesive bonding and foam-in-

place. The first typically begins with a sheet of OSB lying flat on a conveyor where a 

structural-grade adhesive, usually phenol-formaldehyde, is applied to the surfece which 

will become the interior of the panel. Next, foam blocks of the desired thickness are 

placed on top of the sheet. Then a second sheet of OSB receives a coating of the 
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structural-grade adhesive and is placed on top of the foam core completing the sandwich. 

The panel is then moved to either a hydraulic press or a chamber that utilizes a vacuum on 

the bottom and an increased atmospheric pressure on top to press the panel together for a 

specified time, usually 24 hours. The second method of manufacture is similar to concrete 

forming in which the two outer panels are held apart v̂ dth spacers and the foam is then 

sprayed in between with a bonding agent to adhere the foam to the skins. 

Even though a fire retardant bead is added in when using EPS as a foam core, 

building code requires the installation of a fire-resistant material to meet the minimum 15 

minute resistance requirement for residential construction. On any SIP, standard 1/2" 

drywall applied to the interior or a 1/10" factory applied "fire finish" coating meet 

minimum requirements. The use of either two layers of 5/8" type X drywall or one layer 

type C drywall will meet the requirements for a one-hour-rated wall (Morley, 36). 

4.2 Environment 

With the introduction of OSB in the 1980s, the production of SIPs has become an 

entirely engineered process that is aimed at preserving our natural resources. SIP 

production allows for the optimum use of our forests by using low quality hardwoods that 

would otherwise be thrown away. 

Since openings for doors and windows can be precut at the factory, the cost of 

debris disposal is decreased. Many times, the foam can be recycled or incinerated by the 

manufacturer but the material is stable and will not give off methane gas or create 

leachate, which are problems associated with landfills today (Bynum, 4-14). None of the 
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materials used in SIP manufacture are toxic in the amounts present, and some, such as the 

foam core material, are approved for use in contact with food. 

4.2.1 Energy Efficiency 

With the use of foam for the cores of SIP's, the R-values range from 4 to 7 per 

inch of thickness. Whereas a typical 2" x 4" stud wall with fiberglass insulation often has 

an R- value of 11 to 15, the use of a 4 VS" thick SIP, the typical size substitution, yields R-

values from 14 to 25 (Bynum, 4-9). SIPs are also better insulators because there are no 

internal members to allow thermal bridging, as in traditional framing, which can reduce 

efficiency significantly, since approximately 17% of a traditional wall is uninsulated. SIP's 

also have fewer gaps, which prevents convection currents inside the wall that decrease the 

R-value, and have a reduced chance for settling, which prevents interior damage such as 

wall cracks. A final advantage for SIPs are their higher Sound Transmission Class (STC), 

which creates a quieter home safer from noise pollution. Where a traditionally framed 

wall has an STC of approximately 36, an equivalent SIP has an STC of approximately 41. 

4.3 Construction 

One of the strong points of the SIP system is its ease of installation and variety of 

applications such as floors, roofs, and walls both above and below grade. Workers with 

little experience can quickly become efficient with the material. A typical 1600 sq. ft. 

home can be erected in three to five days after the foundation is complete, creating an 

enclosed structure much faster than with traditional balloon frame construction which 
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usually takes about twice as long to completely enclose the structure (Bynum, 4-18). One 

problem discovered during the construction of demonstration homes was that some 

manufacturers don't ship panels out in the order of installation (NAHB Research Center). 

It is important to communicate with the erector and manufacturer as to which part of the 

home will be assembled first and have the panels shipped accordingly to avoid lost time 

from resorting panel stacks. 

Other than the traditional framing tools needed, many workers used a "hot wire" 

which is a wire loop that is electrically heated and can melt out channels in the foam for 

utiUties. When cutting panels, some workers preferred using a chain saw attachment for 

worm drive circular saws but a larger circular saw or beam cutter could also work. Also, 

some have chosen to use hydraulic lifts and sledge hammers to put panels into place. 

Construction often begins by attaching a treated bottom plate to the foundation 

and placing a layer of adhesive on top of the plate. The panel skins then slip over the plate 

in pre-routed grooves of matching size and are face nailed. Interior walls and garages are 

most often framed with traditional methods to save money. Panels are used in either their 

generic form as fiiU sheets, or as a package unit. With the generic panels, standard sized 

panels with specific characteristics for floors, walls, and roofs are delivered for fabrication 

and assembly in the field. This method allows for diversity but takes more time and labor 

to erect. The package units are created by a manufacturer using a working set of 

drawings of the home. This method does require a precise plan ahead of time since there 

is little room for corrections. The manufacturer then selects panels appropriate for the 

application, such as exterior walls and roofs. 
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Once the type of panel is selected, the fabrication shop can precut panels to size, 

cut out door and window openings, and create special edges and angles, such as a roof to 

wall connection. The sections are then labeled and shipped to the site where they can 

easily be erected by hand or a crane, although the latter is preferred for roofing. The OSB 

skin of the panels allows the framers, electricians, drywall crew, and finish carpenters to 

connect materials anywhere in the field of the panel rather than at stud locations. This also 

allows the homeowner great freedom in hanging pictures or other items. 

On a sloping roof, the panels create an insulated cathedral ceiling on the interior. 

As roof members, the panels can span between framing members and are connected to the 

ridge beam using 10" lag bolts and a ledger board on the beam. Once connected, 22-

gauge metal straps at 48" O.C. are then used to tie the panels together perpendicular to 

the ridge. For fascia connections, the edges of the foam are routed out to receive solid 

wood blocking, which is attached through the skins of the panel. 

Due to the panels shear strength and continuous bond between sheathing and 

foam, the dictating factor of span distances is the thickness of the core. During 

earthquakes or periods of high winds, the continuous panel roof acts as a diaphragm, 

resisting horizontal forces (Morley, 32). 

A strong point for SIP's is the fact that they provide such a tight connection. 

Connections can be made in various ways but the most common is a spline. This method 

involves placing either an engineered spline or a doubled 2"x 4" or larger member, 

depending on the thickness of the foam core, in a routed recess between the two OSB 

panels and securing it in place with either galvanized screws or ring shank nails. The joint 
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is often caulked after installation to reduce infiltration. Depending on the manufecturer, 

each panel is pre-routed to the thickness of a "two-by" member so that once the first panel 

has been secured to the spline, the next panel will interlock with the spline and can also be 

attached through the OSB skin. Dimensional lumber is also used for top and bottom 

plates, as well as headers, in openings over 4' since the panels themselves are rated for 

header strength up to 4'. Once a rough opening is cut, there is a need to rout out a 1 "/a" 

deep groove in the foam in order to insert solid wood blocking. When connected to the 

skin, this acts as the nailing surface for window and door units and their casing. 

Running electrical and plumbing lines requires a slightly different approach because 

the walls come enclosed without gaps. It is more effective to use interior walls to run 

utility lines since they are most often stick built. Most manufacturers pre drill channels 

through the center of the foam cores at specified distances, often 12" and 44" above 

finished floor level, to allow for utility lines. Where there is not a pre-drilled hole, it is 

recommended that the line be run at a panel joint. Another option is to provide a chase 

behind the baseboard for horizontal wiring. If plumbing fixtures are to be located on an 

exterior wall, it is recommended to locate it behind a fiirred wall to avoid structural 

weakening and insulation problems. 

4.4 Costs 

The Department of Housing and Urban Development conducted observations on 

several SIP homes constructed in Desert Hot Springs, California in August 1993. Table 3 

shows the results of their calculations based on linear feet of wall. The costs of labor and 

30 



material are about $.50 to $2.00 respectively, more per finished sq. ft., but energy savings 

of 14 to 20 percent due to better insulation are expected to quickly offset the added initial 

cost (Bynum, 4-10). 

Table 3: 
Wall Framing Unit Costs: 

Structural Insu 

Foam-Core Panel-
wall panels, plates 
and posts 

Conventional Wood-
-framing, sheathing, 
and insulation 

ated Panels Versus Conventional Wood 

Material 
Costs 
$/LF 

26.17 

9.80 

Labor 
Costs 
$/LF 

3.26 

3.45 

Equipment 
Costs 
$/LF 

0.70 

0.53 

Total 
Costs 
$/LF 

30.13 

13.78 

(NAHB Research Center) 

While labor costs are slightly lower for foam-core panels, the savings are oflfeet by the 

cost of the materials. The total cost of the SIP walls for the demonstration house was 2 times 

higher than for the conventionally fi-amed walls. Calculations are based on the price of lumber 

at the time of construction and ejq)ressed as linear foot of wall. 

Even though the product could be shipped to any location, the delivery costs tend 

to become too high when the distance is more than 500 miles (Bynum, 4-6). The material 

costs of the SIP's must be decreased in order to become competitive with wood-fi-amed 

constructioa The use of pre-cut panels and openings reduces construction time and job 

site waste. Many manufacturers claim that installation time is 60% less than conventional 

stick framing. 
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CHAPTER V 

INSULATED CONCRETE FORMS (ICF) 

5.1 Introductory Comments 

Insulated Concrete Forms (ICF) are interlocking foam units that are placed in the 

shape of a building's exterior walls and filled with steel reinforcing and concrete to 

provide a strong and unified frame. The units act as traditional concrete forms except that 

once the concrete has cured they are not removed but rather stay in place to act as 

insulation. Currently, the cost of building with ICF is slightly higher than with traditional 

wood framing but with constant improvements in design and experience the costs are 

declining. The current cost increase is offset by the ICF system advantages such as energy 

efficiency, strength, durability, price stability, and its resistance to disasters, pests, and 

noise pollution. As with any new building material, there are always variations from 

manufacturer to manufacturer, and techniques tend to differ but the core idea of a 

concrete structure with permanent foam blocks used as forms remains the same. 

5.1.1 Miinufacture 

An ICF unit consists of two major parts, a foam shell with a hollow core and 

usually some sort of plastic tie to prevent the foam from bulging when the concrete is 

poured. Figure 4 shows the construction of a typical flat wall ICF unit. 
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Figure 4. Typical Flat WaU ICF Unit 
(R-Control) 

Most ICF's are made from polystyrene foam and are either molded expanded 

(EPS) or extruded expanded (XPS). Both EPS and XPS are created from polystyrene 

resin and a blowing agent that expands when heated. Once combined, they create a 

closed-cell foam that is very rigid (VanderWerf, 67). 

EPS is the most common foam used and is manufactured using heat and pressure 

to expand polystyrene beads in a mold where they create a solid unit. ICF units made this 

way are either formed into the final shape during the molding process, or they are molded 

into a block and the shape is then cut out. Extruded expanded foam is manufactured using 

a continuous extrusion process that creates a homogeneous cellular structure. By 
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adjusting production variables and introducing additives, manufacturers can create a 

product suited for specific applications. One of the most influential properties of foam is 

density, which directly influences R-value and strength. For EPS, any density above 2 

Ib./cu. ft. gives diminishing returns when comparing R-value increase with the increase in 

production cost (VanderWerf, 70). All of the foams used contain additives that retard 

combustion to conform with building codes. All of the products are considered non

toxic, and in many cases are approved for use where they come in contact with food. 

5.1.2 Durability 

Durability of the foam is a concern but without older homes to measure the effects 

of aging it is estimated by measuring the durability of the individual parts of the system. 

The most important considerations are the concrete, foam, and the concrete-foam 

interfiice. 

Freeze-thaw cycles are the most damaging force to concrete, and since ICFs 

protect the concrete from both moisture and temperature the effects are greatly reduced. 

Since the foam on interior surfaces is covered with a finish material, the durability is 

usually not considered. In 1988, the Minnesota Department of Public Service visited 59 

homes throughout the state and noted the physical condition of the exterior foam both 

above and below grade in homes 2 to 7 years old. They found only minor gouges either 

caused during construction or from lawnmowers where the foam was poorly protected. 

Some people are concerned about the differential expansion between the materials and its 

effect on the connection between the foam and concrete. Since the foam supports the 
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weight of many finishes. Since both the materials have relatively low thermal expansion 

coefficients, concrete 0.0000055 inch per degree Fahrenheit and foam 0.00003, the 

possibility for material separation is considered very unlikely. 

5.1.3 Design 

When considering an ICF system there are several factors to account for including 

availability, service, consistency, price, and concrete content. Availability is becoming less 

of a problem as more manufacturers are starting production in new facilities. Currently, 

there is a network of over 420 manufacturers and distributors in the U.S. The level and 

quality of service available by different manufacturers varies, which is important for 

someone who does not have experience building with ICFs. Many manufacturers provide 

field visits, technical manuals, telephone assistance, and code documentation which can be 

important support for a new builder when dealing with problems. Although the tolerances 

that ICFs are manufactured with are relatively strict, some contractors have reported 

dimensional variation in some batches to a degree that it slowed work due to forms not 

interlocking properly. However, the problem tended to occur more often with certain 

manufacturers (NAHB Research Center). 

With higher cost systems, there are often unusual features, such as specialty units 

like comer blocks and lintels, that can be valuable and end up saving time in construction 

by preventing the workers from having to fabricate them on site. The amount of time 

saved by specialty units can only be determined by how frequent the unit is used in a 

particular project. 
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Concrete costs must also be considered when designing an ICF system since some 

cavity configurations require more concrete per square foot of wall. Low concrete 

content systems have between 0.005-0.01 cubic yard per square foot and are good for 

above grade applications with regular loads. These systems also allow for faster 

placement and less concrete but have a lower thermal mass, making them slightly less 

effective. Medium concrete content systems contain between 0.01-0.02 cubic yard per 

square foot and are a good balance between higher structural requirements and moderate 

thermal mass. The high content systems have between 0.02-0.35 cubic yard per square 

foot and have high thermal mass and can support the largest loads of the three types, but 

they do require more concrete (VanderWerf, 101). 

Designing a structure with ICF is similar to using concrete masonry units. Often, 

the designer can size the structure so that it corresponds to a multiple of the unit size in 

order to minimize cutting blocks on site, thus saving money. On the other hand, this 

approach does limit flexibility. The dimensioning approach is more useful when there are 

several homes to be produced from the same plan with no variation. 

When adapting an existing or custom plan to build with ICF, it is almost always 

necessary to adjust for wall thickness since ICF walls are usually thicker than their wood 

counterparts. The most common approach is to allow the interior dimensions to remain 

the same while allowing the exterior dimensions to increase slightly. By not altering 

interior dimensions, this saves time in the redesign phase and maintains the same floor 

area. The relative ease of working foam, since it cuts and can be shaved quickly and 

easily, gives builders the ability to create curved walls and other architectural details, often 
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for 0.30 cents per square foot less than with traditional framing (VanderWerf, 180). ICFs 

are also readily designed with greater strength than traditional wood frames by adjusting 

concrete and reinforcing specifications. This makes it relatively easy to accommodate for 

large spans or load conditions. 

It is possible to build only portions of a home out of ICF and use other materials 

for the remainder, such as foundation walls of ICF and above grade walls of wood frame, 

but this approach seems illogical with exterior applications. Building the entire home out 

of ICFs offers the advantages of the material over the entire home. For example, if a 

home were constructed with a basement using ICFs and traditional framing for exterior 

walls, the energy savings from the basement would be decreased by the wood framing 

above. This approach can be used if the initial costs are too great to use ICF for all 

exterior walls but it results in smaller overall savings 

5.2 Environment 

Reported Heating, Ventilation, and Air-Conditioning (HVAC) bills from ICF 

homes show a decrease from 25% to 50% when compared to wood framed homes. This 

is thought to be a result of several influences. The total R-value of an ICF wall is more 

than double that of a 2"x4" frame wall and almost 50% more than a 2"x6" frame wall 

(VanderWerf, 7). These measurements come from a guarded hot box test approved by 

American Society for Testing and Materials that consists of a plane of tested material 

dissecting a room with separate temperature controls on each half The test measures the 

amount of energy used to maintain a constant temperature on a designated side. 
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Other influences concerning insulation are air infiltration and thermal mass. In 

traditional framing, air infiltration caused by small gaps throughout the home constitute 

15 to 30 percent of space-conditioning energy loss(R-Control). With ICFs, the frame is 

much tighter with the interlocking blocks and concrete which fills any voids thus greatly 

reducing air infiltration. Thermal mass is a term used to describe a material's ability to 

absorb and hold heat without increasing its own temperature. A typical ICF system has a 

thermal mass value of 5 to 20 Btu/(sq ft - °F) where a traditional framed 2"x4" wall has 2 

to 3 Btu/(sq ft - °F). This means that heat conducts through an ICF wall about half as fast 

as a typical 2 x 4 wsdl and results in energy savings greater than that of the increased R-

value alone. Aside from the thermal advantages, ICFs also provide one of the quietest 

homes available with a STC ranging from 44-58. 

5.3 Construction 

All ICF's can be grouped into three types of forms: panel, plank, and block. The 

key difference is their size, method of connection, and point of assembly. Panel units are 

the largest and range in size from 1 'x 8' to 4'x 12'. Panel edges are flat, and their 

assembly usually involves separate connectors made of some other material. They allow 

large sections of wall to be erected in one step. These units are assembled either before 

shipping, by the manufacturer, or after delivery, by the user. Block units are the smallest 

unit ranging in size from 8"x 1' to 1 'x 4' and resemble concrete masonry units in size and 

shape. They are molded with special interlocking edges much like children's blocks. The 

pattern varies from brand to brand, but the most common method is tongue and groove. 
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Plank units range in size from I 'x 4' to 1 'x 8'. They are unique in that they are not 

assembled into individual units prior to assembly like panels and blocks. Their name 

comes from the fact that when they are delivered, the foam units are disassembled, either 

because the ties bend or are left out until erection, so they resemble wood planks. They 

are interconnected similar to panels with connectors of some other material. 

Whether or not to purchase preassembled units largely depends on the storage 

space av£iilable. Pre-assembled units allow for quicker construction but also require more 

storage space until they are installed. Field-assembled units require less storage space but 

require more assembly time and introduce the possibility of unit variation. 

The cavities created by each type of unit vary from brand to brand, but they fall 

into three basic categories: flat, grid, and post and beam. Flat concrete cavities create a 

concrete wall of uniform thickness much like traditional concrete forming. Grid cavities 

resembles waffles with thick horizontal and vertical concrete members that intersect. 

Often times, they leave a thin slab of concrete connecting the members. Post and beam 

concrete consists of more widely spaced horizontal and vertical members. The spacing of 

the members can be varied to meet various structural requirements. The combination of 

the different forms and cavity shapes allows for many different configurations that can be 

specialized for different requirements. 

An advantage of ICFs construction is the relative ease contractors have in 

switching methods. Most workers can master the construction techniques after three or 

four homes, and since the material itself is much lighter, the workers tend to tire less. The 

first step in constructing an ICF wall is the installation of protruding reinforcement in the 
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foundation. The required amount of exposed reinforcement differs with manufacturers but 

is commonly 4 to 8 inches. When laying out the starter row of units, the blocks are to be 

centered on the footing below with no overhang, but extending the foam portion over the 

edge is acceptable. As with masonry construction, the first course is leveled very carefully 

to ensure level courses above. Most often, the starter course is leveled by shaving and 

shimming the foam units but this can also be accomplished by setting the blocks in the 

footing before it has hardened. Most people prefer the shave and shim method since the 

latter requires quick and precise work. The difference from masonry construction is that 

the first course is laid out around the entire perimeter before starting the second row. 

The most important rule in ICF construction is to ensure that all the interior 

cavities align properly to ensure proper concrete placement and to align future fastening 

surfaces. As the wall progresses, ties are most often inserted into the tops of blocks and 

planks, as they are set into place, to prevent the wall from bowing under the weight of the 

concrete. The ties are designed so that they can be pushed into the foam or slid into 

precut slots. Once in place, the ties sit flush with the top of the unit, which allows for the 

next layer to seat fiilly on top. 

Other important considerations in an ICF system include creating rough openings 

for doors and windows and setting horizontal reinforcing in place, where required, before 

the next row is laid on top. Prior to pouring the concrete, it is important to check with 

subcontractors to determine the location of utility lines that must pass through the wall. 

These are often accounted for by placing a section of PVC pipe through the foam prior to 

placing the concrete. 
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When constructing an ICF frame, there are usually several types of units 

incorporated, but the most numerous in that particular system is referred to as a stretcher 

unit. In addition to the stretcher units, there are specialty units for specific purposes 

(VanderWerf, 40). The most common is the comer unit, which can be constmcted in 

several ways. One is to simply miter two stretcher blocks and adhere them with either 

adhesive or tape (Figure 5). Another variation made by many manufacturers is simply a 

formed comer unit, which has one long and one short side to allow for continued 

staggering of joints. 
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Figure 5. Site Fabricated Comer Detail 
(R-Control) 

Another specialty block available is a lintel block used for support above window 

and door openings. Although lintels can be created by capping stretcher courses, in many 
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cases, the use of a lintel block with plugs located at the bottom, often called a U-block, 

allows for quicker installation. 

Creating curved walls in an ICF home is accomplished in several ways, including 

cutting relief slots on the inside face of the unit and bending it to shape, and simply cutting 

the unit ends at angles to create a curve. If constmcting a basement where moisture 

protection is required, the membrane must not be the traditional petroleum based material 

commonly used in masonry constmction since the high solvent content of the petroleum 

will cause deterioration of the foam. Many times moisture protection is accomplished 

using cutback asphalt, asphalt emulsions, self-adhering membranes or high quality acrylic 

coatings rated for the application (R-Control). Contractors should contact the 

manufacturer of the system they are using to ensure they are using compatible materials. 

Once the form has been erected, bracing must be put in place to resist the forces 

presented by the concrete. The bracing is designed to keep the walls square and plumb 

when the concrete is poured. Most bracing consists of a vertical post with an adjustable 

kicker extending diagonally to the ground to allow for plumb adjustments as shown in 

Figure 6. Many times the bracing is made from common lumber but with the use of steel 

channel, which can be reused for a longer period of time, the costs are decreased. When 

pouring concrete, it is also necessary to have some form of scaffolding for the workers. 

Some contractors use common masonry type scaffolding but designers have come up with 

a combination system of bracing that can hold scaffolding between the vertical members as 

shown in Figure 7. 
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Figure 6. Wood Bracing with Vertical 
Post and Diagonal Kicker 

(R-Control) 

Figure 7. Combination Bracing 
and Scaffold Support 

(R-Control) 

Installation of windows and doors is accomplished with the use of a recessed buck 

which is essentially dimensional lumber cut to fit in a rough opening so that it sits flush 

with the edge of the foam units. It is temporarily held in place with glue or screws, but 

screws are left protmding into the cavity to allow for a mechanical bond once the concrete 

has been poured. The dimensional lumber provides a method of attachment for the 

windows while allowing for insulation up to the opening. A protmding buck is also used 

in some circumstances and is similar to the recessed buck but rather than being surrounded 

by foam on three sides, it reaches from the interior to exterior surface without a recess. 

This method simplifies and speeds constmction. The disadvantage of the protmding buck 

is that it creates a section of uninsulated space around the opening. 

One of the major steps in any ICF system is the pouring of the concrete. It is 

important to follow the recommendations of the design engineer or the ICF manufacturer 

when ordering concrete. It is usually economical to place the concrete using a concrete 

pump tmck but a bucket or chute could be used. Depending on the cavity configuration a 
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concrete mix with a higher than average flow is usually specified. Ordering a "pump mix" 

usually provides a mix with smaller aggregate size, 3/8" maximum, as opposed to the 

normal 3/4" aggregate used in residential constmction, which provides a higher flow 

(VanderWerf, 293). A typical manufecturer recommendation is to use 3000-psi concrete 

with a 5-inch slump and aggregate no larger than 3/4" (VanderWerf, 213). Another 

possibility is to increase the water/cement ratio to decrease slump but this is a very 

delicate procedure, and if attempted, should be closely supervised so as not to sacrifice 

stmctural stability. The use of concrete with admixtures such as plasticizer or air-

entrained concrete increase flow and have no detrimental affects on the final product 

(VanderWerf, 295). Once poured, it is important to consolidate the concrete using a 

vibrator or by rodding the mix with rebar so that the concrete flows into all the spaces of 

the form and any air bubbles are removed. 

Placement of rafters or joists for decking can be accomplished in one of several 

ways. The most common is to use a ledger bonded into the wall. After the units are in 

place and the deck height has been determined, holes are cut into the units to allow for a 

bolt, attached to the ledger, to protmde into the cavity. The ledger is temporarily held in 

place until the concrete is poured. Once poured, the concrete creates a mechanical bond 

with the ledger bolts, and the deck stmcture can be connected using common joist 

hangers. Although this method is familiar to most carpenters, there is an additional cost 

for the hangers. Another alternative for deck placement is to use pockets at the floor 

height that allow joist ends to protmde into the cavity. The joist ends that protmde into 

the cavity have perpendicular anchors that mechanically bond with the concrete once 
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poured. This method saves labor and material since there are no ledgers, joist hangers, or 

nails. Some disadvantages are that once the joists are placed in concrete there is no room 

for any correction. Also, some codes require the ends be fire cut to allow the joists to fall 

out without causing damage to the above stmcture in the event of a fire. A less common 

method of attaching a deck is to use special hangers that are inserted into the form and 

locked in place once the concrete is poured. They are quick to insert but are fairly new to 

this system, and as with the pocket method, once the concrete has cured sufficiently, there 

is no room for corrections. 

Another option for flooring is using concrete, similar to traditional commercial 

constmction, which falls into four main categories: concrete on steel joists, concrete on 

steel deck, concrete slab and joist, and precast concrete (VanderWerf, 159). Concrete on 

steel joists consists of light steel joists or special tmsses with a ribbed pan placed on top 

on to which wire mesh is placed as reinforcing, and then a 2 1/2" to 4" slab is poured. 

Decks with 8" joists and 2 1/2" of concrete, for a total of 10 1/2" thick, can span 20 feet 

without special considerations while floors 28" deep can easily span 40' (VanderWerf, 

159). Concrete on a steel deck consists of ribbed decking commonly 18- to 24-gauge 

with 1 1/2" to 3" deep ribs supported with temporary shoring. These floors can be 

designed to only use the decking as a form, so the concrete carries all the load, or by using 

composite decking that can work with the concrete to resist loads. A common 22-gauge 

deck with 3" ribs bonded to a 3" concrete slab can easily span 15' with no reinforcement 

(VanderWerf, 160). A concrete slab and joist system uses forms with deep ribs to create a 

combined slab and joist system in one pour. The forms for this system are often reusable 
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steel or fiberglass but some forms can be used to bond with the concrete and add 

reinforcing. Typical systems create 8" deep ribs, 2' to 3' on center with an additional 2" 

to 3" concrete slab on top (VanderWerf, 160). Usually, reinforcing is used at the bottom 

of the ribs to resist tension forces and a mesh is used on the top. Some manufacturers are 

experimenting with foam forms that stay in place and are supported with temporary 

shoring until the concrete is cured. These allow for attachment of finishes much like ICF 

wall systems. Finally, precast concrete is the same as with traditional commercial 

constmction. Hollow core slabs are usually 4' wide and 6 or 8" deep. They are lifted into 

place by a crane and tied into shear key joints with reinforcing. Once in place, these 

systems are topped with a thin grout or concrete topping to produce a monolithic surface. 

The roofing system for ICF is most always a traditional wood or steel frame 

constmction. The most common way of connecting the roof members to the wall is with 

hurricane straps embedded into the concrete. This connection uses little material and also 

resists strong uplift forces such as in wind storms. An alternative is to use a top plate, 

either recessed or protmding, as in traditional wood frame constmction, but in this 

instance the plate doesn't need to be doubled. This is accomplished by anchoring 

dimensional lumber flat on top of the wall. This method allows for flexibility but does 

require more material, thus increasing costs. 

There are several ways to connect interior walls to the ICF wall where they meet 

but the strongest joint results from fasteners embedded in the concrete. This method 

requires careful measurement before the concrete is poured to ensure proper placement 

The fasteners are often either anchor bolts, metal straps, or duplex nails with the head 
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embedded in the concrete. Some builders glue the wall to the foam or only attach the wall 

to the floor and roof, but many people dislike the lack of a hard connection with the 

exterior wall. 

When running utility lines in an ICF home, anything larger than 2" should be 

directed through an interior wall to avoid compromising the stmcture and insulation 

(VanderWerf, 103). In order to do this, most crews place conduit lines in the cavity 

before the concrete is poured to provide a permanent channel but the designer needs to 

ensure that the stmctural integrity of the wall is not effected by a weak point. The most 

common method of routing utility lines is to cut a channel through the foam, often using a 

hot wire or router, which creates plenty of space and eliminates minor amounts of 

insulation. Another method that is rarely used, is to use furring strips to build out the wall 

so the lines can pass between the foam and the finish material. 

Attachment of finishes varies greatly. Some manufacturers do not provide any 

method of attachment on their units but rather instruct users to incorporate steel or plastic 

plates or strips that attach to the form work and eventually are mechanically bonded in the 

concrete. Other manufacturers provide recesses either vertically or in a grid pattern to 

allow for placement of steel, solid plastic, or wood strips that can be used to attach 

finishes. Interior finishes are used in a manner consistent with traditional methods. Most 

often, contractors use some form of wall board. One advantage ICFs have are their ability 

to accept a stucco finish without preparation due to its rough texture, which can save 

money. Some are concerned about the strength of the stucco to foam connection, but in 
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these cases, a metal lath can be placed over the foam, ahhough the added cost eliminates 

savings. 

ICF can accept any exterior finish although some work better than others, 

depending on the attachment requirements. Traditional masonry can be attached with 

masonry straps embedded into the concrete wall and requires no extra work. Other 

sidings such as vinyl and steel, which are often screwed to the wall, require furring strips 

for attachment, which requires extra material and labor often adding 0.30 cents per square 

foot. The major exterior advantage of ICFs are when using stucco walls do not need a 

backing membrane thus the cost is often reduced 0.50 cents per sq. ft. over traditional 

frame constmction (VanderWerf, 173). Although not required for some finishes, a fiirring 

space is often beneficial because it creates an airspace that prevents moisture invasion, 

which helps wood sidings last longer. 

5.4 Costs 

In 1996, the cost for all the components of an ICF system ran about $2.50 sq. ft. 

delivered but this number could fluctuate 0.50 cents either way by using a more or less 

complex system. Often, the more complex system could reduce costs by utilizing specialty 

units that save time and money during installation. There are also several outside fectors 

that can alter this number, such as current concrete prices, desired finishes, and certain 

design issues. For example, the cost of an ICF home can be decreased if the design 

specifies stucco as the exterior finish, since it can be applied to the frame less expensively. 

Table 4 shows calculations made by the Department of Housing and Urban Development 
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on demonstration homes in Chestertown, MD in 1995. The costs are expressed as dollars 

per square foot of floor area. 

Table 4: 
Wall Framing Unit Costs: 

Insulated Concrete Forms Versus Conventional Wood 

Insulated Concrete 
Forms- ties 

Conventional Wood-
-framing, sheathing, 
and insulation 

Material 
Costs 
$/LF 

2.96 

1.73 

Labor 
Costs 
$/LF 

1.12 

0.83 

Equipment 
Costs 
$/LF 

0.14 

0.53 

Total 
Costs 
$/LF 

4.22 

3.09 

(NAHB Research Center) 

The high energy efficiency of ICF's allow for the use of smaller HVAC units, 

sometimes up to 50% of the normal size, which also helps reduce costs (VanderWerf, 6). 

It is important to select an HVAC contractor that is informed about the efficiency of ICF; 

otherwise, many contractors will size equipment the same as in a conventional home. 

Recently, ICF costs have been falling for several reasons. One of the most 

important is that manufacturers are developing better materials, such as units that 

eliminate the need to cut out openings for brick ledges and other special details. Other 

manufecturers are developing units that can hold conventional wood fasteners. Currently 

the installed cost of an ICF system is approximately $4.10 per linear feet. 
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CHAPTER VI 

CONCLUSION 

The number of variables affecting constmction offer a distorted overall picture. 

Each alternative system offers its own particular advantages and disadvantages, so 

different locations and situations may require different attributes making one option 

superior to others. 

Light gauge steel constmction currently offers the most fevorable alternative in 

terms of initial constmction costs. With the insulation concerns associated with the 

material, it may become more cost prohibitive in colder climates, depending on the design. 

Currently, the cost of a traditional 2000 sq. ft. single story home in the Dallas area is 

around $8.70 per sq. ft. of floor space for the framing. An average of price estimates from 

contractors in that area for steel framing was $9.34 per sq. ft. of floor space, assuming a 

majority of the frame was precut at the factory. 

Foam core panels offer simple constmction that reduces sound transmission, 

creates a rigid frame, and increases energy efficiency, among other things. The current 

drawback is the higher initial cost of the material itself, which can be expected to be offset 

by requiring smaller HVAC units and lower utility bills from increased thermal 

performance. Contractors in the Dallas area reported estimates of around $10.70 per sq. 

ft of floor space assuming 4 1/2" panels were used for walls and 6 1/2" panels were used 

for the ceiling. For just the exterior wall panels, manufacturers reported that the panels 
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for a typical 4 1/2" wall system would run about $3.10 per sq. ft. of wall area which would 

include accessories and shop drawings. 

Insulated concrete forms create an energy efficient, durable, and quieter home but 

are costlier to constmct. The simplicity of the system makes the transition relatively easy, 

and the workability of the foam allows for details such as curved walls for less cost than 

traditional wood framing. Contractors in the Dallas area said material costs for an ICF 

system ran about $3.10 per sq. ft. of wall area and labor and concrete would likely raise 

the cost to around $9.62 per sq. ft. 

Contractors reporting prices for ICF and SIP systems said their figures were for 

very basic constmction with minimal details. The prices of either system could easily 

increase from $5 to $17 per sq. ft. depending on the particular job. They said for a more 

accurate cost comparison a detailed estimate from a set of working drawings would have 

to be made. 

All three of these alternatives have promising fiitures, especially as their popularity 

increases with builders and buyers. With experience by builders, procedures are constantly 

being revised to increase productivity, while advancements made by the manufacturers 

speed production and increase flexibility of these systems giving them a wider range of 

uses and desired properties. 
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