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Abstract 
 
Non-residential building construction in North America is a vast market for wood-based products in 
structural and non-structural applications. For variety of reasons, this market is currently dominated by 
steel, concrete and masonry structures. Promotional efforts by the forest products industry are making 
positive effects in convincing specifiers to use wood-based systems in some non-residential applications. 
Platform-frame wood construction is the most common wood-based structural system that is currently 
dominating the low-rise residential market in North America. With slight modifications, this system is 
also well suited for use in single-storey box-type non-residential buildings with heights up to 10.7 meters 
(35 feet). Incremental research contributions are needed if such tall wood-frame walls are to make serious 
inroads into the non-residential construction market.  
 
This project provides a literature survey on the topic of tall wood-frame walls. It identifies the important 
issues related to the design and performance of tall walls used in construction of single-storey non-
residential box-type buildings. In addition, it gives an overview on the marketing aspects of use of tall 
walls in non-residential applications, as well as information on the concrete tilt-up, masonry and steel 
structural systems as main competitors for the market share. The results of this project will be used a basis 
for planning of the future research activities in the field of tall wood-frame walls.  
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1 Objectives 
 
The objective of this project is to assist the forest products industry in expanding its share of the market in 
construction of box-type buildings in the commercial and industrial sectors using tall wood-frame walls. 
This project provides a literature review of the issues that need to be addressed in order to better quantify 
the structural performance, construction and durability of tall walls. This project also identifies the 
marketing aspects and potential for building with tall wood-frame walls in non-residential applications. In 
addition, it provides information on the advantages and shortcomings of the competing structural systems 
made of other materials such as tilt-up concrete, masonry and steel. The results form this project are used 
as the basis for preparing a research plan for addressing the issues identified.  
 
 

2 Introduction 
 
In North America, wood-frame construction utilizing dimension lumber has been in use since early 19th 
century. There are many examples of houses built with this system that are more than 100 years old and 
still continue to perform their original function. Although the system has evolved and changed over time, 
wood-frame construction still remains simple in concept and well within the scope of the average builder. 
Wood-frame construction with its comfort, economy, energy efficiency and use of renewable resources, is 
so practical and effective that more than 90% of North American homes are still constructed using this 
building method.  
 
Efforts have been made to extend the use of this method to non-residential applications. Developments 
such as hotels, motels, low-rise commercial properties, community centres and other building applications 
are all benefiting from the advantages that wood-frame construction has to offer. In spite of this market 
expansion, the proportion of non-residential buildings constructed in wood-frame remains relatively low 
compared to other construction materials such as steel, concrete or masonry. While in applications such as 
hotels and motels, the wood-frame construction concept can be used with little modification from its 
residential version that is not the case with most industrial or commercial buildings. These buildings 
usually require larger open spaces and greater heights than the other non-residential buildings. Most of 
them also fall into the category of engineered buildings that require structural engineering design covered 
in Canada under the part 4 of the National Building Code of Canada (NBCC 1995). Construction of 
typical tall wall structure with openings is shown in Figure 1. 
 
To assist the specifiers of larger commercial and industrial structures, the Canadian Wood Council has 
issued two publications during the last three years. The "Design and Costing Workbook" gives detailed 
design and costing information on single storey buildings with a floor area of up to 14,400 m2 (CWC 
1999). The follow up publication "Tall Walls Workbook" (CWC 2000) provides information on tall wall 
design for commercial and industrial structures. It should be noted that tall walls are an extension of the 
platform wood-frame construction into the non-residential applications, where wall heights are usually 
from 4.8 m (16 ft) to 10.7 m (35 ft). The Tall Walls Workbook provides stud tables for lumber studs and 
studs made from selected engineered wood products up to 10.7 m (35 ft) in height. Engineered wood 
products considered include SelecTemTM (LVL), TimberStrand® (LSL) and Westlam® (Glulam). In 
addition, a design example of an industrial building is included providing the structural design and non-
structural considerations for the tall walls.  
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Figure 1 Construction of a typical tall wall building with openings  
 
To further promote the specification of tall wall structures and wood structures in general, the CWC has 
provided two software applications: "TallWALL Sizer" and "CodeCHEK" (CWC 2003). TallWALL 
Sizer provides the stud lengths for a wider range of materials and load conditions than the information 
presented in the Tall Walls Workbook. CodeCHECK allows design professionals to check if a particular 
building can be built with wood with respect to the National Building Code of Canada (NBCC 1995), 
based on its size and occupancy.  
 
In a separate project managed by the Alberta Home Builder’s Association on behalf of the Alberta 
Housing Industry Technical Committee, and in association with the Canada Mortgage and Housing 
Corporation, a set of engineered data were provided to allow builders specify structurally appropriate 
criteria for the construction of tall walls without the necessity of retaining engineering services (CMHC 
1999). In this project wall dimensions tested ranged from 2,133 mm to 4,877 mm in width and 3,048 mm 
to 6,096 mm in height. The effects of openings were included in the study. Two types of tall wall tables 
were developed: maximum width of load bearing walls for a given height and maximum height to which 
a load bearing wall can be built. To reduce the number of tables, the ranges of snow and wind loads for 
Alberta provided in the Appendix C of the NBCC were divided into three categories.  
 
All of the tools mentioned above provide an excellent foundation for use of tall walls in commercial 
structures. They are built on the long-term positive experience of using wood-frame construction in 
residential applications. Using these tools, specifiers still experience the ease and convenience of 
choosing wood products as for NBCC - Part 9 structure while actually designing an engineered structure. 
Incremental research contributions, however, are needed if tall walls are to make further inroads into the 
non-residential construction market. This project provides an up-to-date survey of tall wood-frame walls 
and identifies some of the important issues related to the design and performance of tall walls in 
construction of non-residential buildings. In addition, the report gives an overview of the potential niche 
markets for such buildings, the position of current market competition as well as suggestions for future 
research needed in the area of tall wood-frame walls. 
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3 Market Issues 
 
3.1 The Non-Residential Market 
 
The research investment into the engineering properties of Canadian wood species in the 1970’s and 
1980’s yielded enormous returns for the Canadian lumber industry and paved the way for its current 
domination in the residential market in North America. In the construction market most of the Canadian 
wood products exported are used in residential construction, while only a small percentage is used in non-
residential construction. The North American non-residential market is vast and comparable in size to the 
residential market. It is currently valued at about US$300 billion a year, and as such it should be a major 
target for the wood products industry. The total value of non-residential construction in the U.S. alone in 
1999 was US$273.5 billion, which is nearly 80% of the value of new residential homes the same year 
(USBC 2000).  
 
In the past, wood and engineered wood products have made only modest inroads into this steel and 
concrete dominated market. This is especially surprising given the fact that about 90 percent of all non-
residential construction activity is four stories or less and could incorporate wood products in structural 
applications according to most building codes. Yet, the non-residential construction market used less than 
11% of the amount of wood products used in residential construction in 1995, and this figure is in decline 
from a previous study conducted in 1985 (McKeever and Adair 1998). It is difficult to estimate the exact 
value of this missed opportunity, but a rough estimate with taking into account building code restrictions, 
is that an additional 7.5 billion board feet of lumber and 6 billion square feet of panels could have been 
used in the U.S. for non-residential construction in 1995 alone.  
 
The need to examine new wood markets becomes even more urgent as steel and concrete slowly continue 
to erode wood’s dominance in the residential sector. It is estimated that capturing an additional 2% of the 
non-residential market share would result in an increase of the industry income of US $ 5.4 billion per 
year (USBC 2000). Furthermore, this value does not take into account the fact that the greater the use of 
wood in structural applications, the greater its use becomes for non-structural and finishing purposes as 
well. For all these reasons, a successful penetration of the forest products industry into the non-residential 
market is critical at this time. 
 
3.2 Market Estimates for Tall Walls 
 
The direct market impact of a tall wall wood solution is difficult to estimate at this point. The most recent 
non-residential wood usage data available does not contain sufficient detail to accurately make such an 
estimate (McKeever and Adair 1995). The details required for an accurate estimate would include specific 
usage and building code information for the aggregate data reported by McKeever and Adair. New non-
residential buildings constructed in 1995 totalled approximately 2.8 billion square feet of area, contained 
1.5 billion square feet of exterior walls, and had a total construction value of US $185 billion.  Wood was 
used in only 10% of exterior walls.  When wood is used at all in non-residential buildings, it is preferred 
for roofs (19% of non-residential roofs use wood), upper-story floors (14%) and interior walls (13%).  
 
A 2001 study explored the reasons why wood is not used more often in non-residential construction 
(Gaston et al 2001).  Code limitations, which restrict the use of wood to smaller buildings and may forbid 
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it entirely for some building types, were cited as a primary reason.  Wood is least restricted as a roof 
material, which may explain why its non-residential usage is greatest in roof applications.  Another key 
hurdle for wood is total design and installed costs; wood was cited as not cost-competitive with other 
materials, particularly pre-engineered steel. Steel is quickly and inexpensively erected for simple 
warehouse-style structures, which is why it is a strongly preferred material in this market.  In other tall 
wall cases, concrete has a major advantage over wood for its impact and vandal resistance in, for 
example, prisons, schools, and warehouses with moving forklifts and machinery. 
 
Assuming that a wood tall wall is cost-competitive with steel, masonry and tilt-up concrete and can meet 
all the performance expectations of these materials for a given building application, then we can examine 
the market potential in a rough manner by considering only the size of the market for building types 
which might include tall walls.  In other words, we will ignore the segment of the market that would not 
choose wood due to cost or specific usage issues. We will also ignore the segments of the market with 
particularly stringent code restrictions on wood, for example, buildings that would be classified under 
code as "hazardous" categories. Some tall wall building applications, such as many factories, would fall 
into those occupancies. Ignoring current building code restrictions is reasonable assumption for a long-
term forecast, as it is expected that the objective-based codes to be adopted in near future will probably 
place no such limitations on material as a function of combustibility.  
 
If a tall wall is defined as one with a height somewhere in the range of 3.6 m to 10.7 m (12 ft to 35 ft), 
then the majority of non-residential buildings would qualify as the target market, as a 3.6m or larger 
floor-to-floor height is typical for non-residential buildings. A more realistic estimate for market potential 
can be derived by considering which types of buildings have tall walls, perhaps 5 m (16.5 ft) and higher, 
where wood-frame structures are expected to be more competitive with other materials. Factories, 
warehouses and big box retail stores are the most obvious examples of these building types, which 
actually represent the majority of non-residential construction. In 1995, the categories of "stores" and 
"industrial buildings" together accounted for 58% of all non-residential floor area built. The potential 
incremental volume for wood in these categories is 1.5 billion board feet of lumber and 1.5 billion square 
feet of panels for stores, and 255 million board feet of lumber and 1.4 billion square feet of panels for 
industrial buildings. Combined, this is 1.7 billion board feet of lumber and 2.9 billion square feet of 
panels, for a total value in 2002 dollars of CAD$1.94 billion. This represents the maximum potential 
incremental market for wood in the retail and industrial categories of buildings, and assumes that all other 
appropriate elements of the building are also made of wood along with the tall exterior wall. Under 
present code scenarios, some of these buildings would be precluded from wood due to a hazardous 
occupancy class and/or a floor area above the maximum for combustible construction. However, other 
building categories hold strong potential for application of a wood tall wall solution – schools, offices, 
public buildings and health care facilities. It’s difficult to estimate what fraction of these would convert to 
wood if a set of wood-based tall wall structural solutions were offered to designers. 
 
 

4 The Competition 
 
If the tall wood-frame wall system is to make significant expansion in the non-residential market, it has to 
take market share away from its competitors in the market. The biggest competitors in the market 
currently are tilt-up concrete structures, masonry structures, and steel structures. Some of the most 
important characteristics, advantages and disadvantages of tilt-up concrete and masonry construction are 
given in this chapter. Similar characteristics for wood-frame tall walls are given in section 6.3. 
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4.1  Tilt-Up Construction 
 
4.1.1 Description and Development 
 
Tilt-up concrete construction, which began in southern California in the late 1950s as an economical and 
fast way to construct concrete walls for warehouses, has become a multi-billion dollar industry today, 
accounting for over 10,000 buildings annually. It is now used for shopping centres, distribution facilities, 
warehouses, manufacturing plants, office buildings, prisons, schools churches, in other words in nearly 
every type of one to four-storey building. According to a survey by the Tilt-Up Concrete Association 
(TCA), over 600 million square feet of tilt-up buildings were constructed in 2001 alone (TCA 2003). That 
square footage equates to an estimated 12,000 buildings, ranging in size from 4,000 sq. ft. to over one 
million sq. ft. Those figures conservatively place the square footage of tilt-up walls at 400 million sq. ft., 
which at an average in-place cost of US$6.50 per sq. ft. translates into an annual wall market of US$2.6 
billion. Clearly, this is a huge market with room for new entries, not necessarily using concrete as the 
construction material. 
 
The term "tilt-up" was coined in the late 1940’s to describe a method for constructing concrete walls 
rapidly and economically without the formwork necessary for poured-in-place walls. It is a two-step 
process: First, slabs of concrete, which will comprise sections of wall, are cast horizontally on the 
building floor slab, or separate casting slab. Then, after attaining proper strength, they are lifted (tilted) 
with a crane and set on prepared foundations to form the exterior walls. These large slabs of concrete 
usually weigh 40 tons or more, and have an average thickness of 6"to 8" (152 – 200 mm). There is little 
formwork, since only perimeter forms are required to contain the concrete. When they have attained 
sufficient strength, usually in seven to ten days, a mobile truck crane is brought to the job site to lift them 
and set on prepared foundations. The erected panels are temporarily braced, connected, and the joints 
between them caulked. The roof structure is then constructed and attached to the walls to complete the 
building shell. Construction time for a tilt-up building, from completion of the floor slab to completion of 
the building shell is often less than four weeks (Ruhnke and Schexnayder 2002).  
 
Over the years the investment in research of tilt-up concrete construction made by the concrete industry 
resulted in numerous refinements in design and construction methods. The refinements resulted in 
construction methods able to tilt panels higher than 40 feet, faster erection time, with lifting, setting, and 
bracing of 20 to 30 panels per day, achieved through well-trained crews and innovative ground-release lift 
attachments, as well as a wide choice of finishes available for architectural attractiveness. Design and 
construction of tilt-up concrete structures is constantly been fine-tuned using researchers, and highly 
skilled workers, using state-of-the-art techniques including design plans that are produced on Computer 
Aided Design software. To assure that qualified field personal is available, a certification program is 
being developed jointly by the Tilt-Up Concrete Association and the American Concrete Institute.  
 
In the sun-belt states today, an estimated 75% of all new one-story industrial buildings are of tilt-up 
construction, with California leading the way with nearly 90%. The geographical distribution of the tilt-
up construction across the US is the following: California 36%, Texas and Southwest 20%, Oregon and 
Washington States 20%, Florida 11%, Southeast and Southern States 9%, Great Lakes States and 
Midwest 3%, and Northeast States 1% (Brooks 1999). Annual growth in recent years has averaged near 
20%, with an increasing number of contractors, developers and building owners becoming aware of its 
many advantages. Recently there has also been considerable tilt-up concrete construction in Mexico, 
Canada, Australia, and New Zealand. The largest under-one-roof tilt-up building, to date, is a 1.7 million 
square foot distribution center near Columbus, Ohio (Figure 2). The tallest tilt-up panel erected is a 91 ft. 
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high panel for a Houston, Texas church. The record for the heaviest single panel goes to a 51 ft. wide by 
42 foot high, 12 inch thick, wall panel for a distribution center in Ontario, California, weighing 150 tons. 
Although tilt-up construction has been introduced in every state of the US, it still remains unfamiliar 
construction method in many geographical areas (typically in East and Northeast US). 
 

 
 
Figure 2 The largest tilt-up building to date, a 1.7 million square foot distribution center near 
Columbus, Ohio 
 
4.1.2  Advantages of Concrete Tilt-Up Construction  
 
The non-residential construction market in North America is highly competitive, and tilt-up construction 
is chosen only when its advantages, given the site and circumstances of a project work, clearly favour it. 
The North American forest products industry using the tall wall solutions should be able to capitalize on 
the opportunities where tilt-up construction in not the preferred construction of choice.  
 
To use tilt-up effectively and economically some basic criteria shall be met. The building should be at 
least 6,000 square feet in floor size. Usually the larger the building, the more economical it is, allowing 
enough room to cast the panels and use of crane and rigging crew in effective way. Tilt-up construction 
requires existence of extensive wall surface, so that it can be divided into liftable panels. The panels 
should not weigh more than 40 to 60 tons each, and there should not be over fifty percent of surface area 
in openings in the panels. While one and two-story buildings are most economical, many are tilt-up 
structures have three or four stories. According to the information in the literature survey (Brooks 1999), 
when basic conditions of building size and are met, tilt-up construction offers the following advantages 
over other construction types: 
• Economy - In areas where tilt-up design and construction expertise is available, particularly a trained 

crane and rigging crew, tilt-up can be more economical than competing construction methods for 
similar types of buildings; 

• Speed of Construction - The growth of concrete tilt-up construction can be attributed in large part to 
the desire of building owners to shorten the construction process, in other words to condense the time 
it takes to go from breaking ground to tenant occupancy. From the time the floor slab is placed, the 
typical elapsed time from starting to form the panels until the building shell is completed is 4 to 5 
weeks (TCA website). This allows building owners to minimize their construction financing costs and 
maximize their revenue stream; 
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• Durability - Tilt-up buildings usually show less visible signs of aging, although architectural styling 
is an issue in older buildings.  

• Fire Resistance - Concrete offers high fire protection. A 180 mm thick monolithic wall, for example, 
has a four-hour fire resistive rating (NBCC 1995); 

• Low Maintenance Costs - Sometimes the only thing that tilt-up structures need is a coat of paint 
every 6–8 years; 

• Lower Insurance Rates - High fire resistance of tilt-up concrete walls results in lower insurance 
premiums for the buildings, although as will be shown later, this might not the decisive argument for 
selection of the structural system; 

• Architectural Attractiveness - The architect has relative freedom to arrange and assemble the 
panels, and a wide choice of surface finishes; 

• Expandability - By planning for the possibility of expansion, panel connections can be designed so 
that the panels can be detached and relocated; 

• Security - Unlike steel and wood-frame buildings, forced entry through walls can only be made 
through door and window openings; 

• Value Appreciation - Low insurance costs, along with building durability and security assure a 
desirable investment for the buyer; 

• Sound Insulation - Concrete construction in general provides better sound insulation than wood-
frame construction; 

 
4.1.3  Disadvantages of Concrete Tilt-Up Construction  
 
The disadvantages of the concrete tilt-up construction can be summarized as the following: 
 
• Poor Seismic Performance - The seismic performance of concrete tilt-up buildings is one of the 

biggest concerns among engineering community. Because the tilt walls are held vertical by a 
precarious connection to the roof, structures built in the tilt-up style are among the most dangerous to 
occupants in the event of an earthquake. The first warning about the seismic deficiencies of tilt-ups 
came during the 1964 Alaskan earthquake (Magnitude of 8.4), in which three of the five bays of an 
Elmendorf Air Force Base warehouse fell to the ground. According to a City of Los Angeles report, 
quoted in the October 14th 1999 issue of "Metro", the California Silicon Valley’s weekly newspaper, 
the 1994 Northridge California Earthquake left more than 400 tilt-up buildings with a partial roof or 
exterior wall collapse in the San Fernando Valley, out of 1,200 existing in the area (Figure 3 and 4). 
Fortunately no one was killed by falling debris largely because the quake took place before normal 
working hours. 

• Expensive Connections – Connections in tilt-up structures have to be designed to sustain large loads, 
sometimes in excess of 50,000 pounds, which makes them expensive.  

• High Heating and Cooling Costs – Costs associated to heating and cooling in tilt-up structures are 
usually higher than those in other types of structures; 

• Skilled Labour – Tilt-up construction requires use of skilled labour that rises the construction cost; 
• High Weight – High weight of tilt-up structures requires use of heavy cranes for lifting of the panels. 

This process is very expensive and can be uneconomical for smaller buildings; 
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Figure 3 Earthquake damage on older tilt-up structures during the 1994 Northridge earthquake  
 

 
 
Figure 4 Earthquake damage on tilt-up construction site during the 1994 Northridge earthquake  
 
The reader should be aware that some of the advantages and disadvantages presented above represent 
general trends. The building size, location, occupancy type, design and performance criteria requested by 
the owner, can swing some of the general advantages into disadvantages and vice versa. A detailed cost 
analysis of the design solutions a particular building in various construction materials is needed to 
determine the exact construction costs of each solution.  
 
4.2 Masonry Construction 
 
Masonry is one of the oldest forms of construction known to man. Through civilization, builders have 
chosen masonry for its durability providing structures that can withstand the normal wear and tear for 
centuries.  
 
The methods for producing brick have continued to evolve through the time. Currently, the standard U.S. 
brick size is 2.5" x 3.75" x 8". The evolution of brick construction also led to the development of the 
concrete masonry block.  
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Figure 5 Example of a concrete masonry building: La Mirada Community Gymnasium 21,000 sq ft. 
 
Today's multi-coloured, multi-textured concrete products give designers chance to create single and 
multi-family residences, office buildings, warehouses, municipal buildings, religious buildings, 
manufacturing facilities, correctional facilities, learning institutions, and hospitals. An example of modern 
masonry structure is shown in Figure 5. According to the National Concrete Masonry Association 
(NCMA 2003), the market for masonry building in North America today is valued to be 15 times larger 
than that of concrete tilt-up, or approximately US$40 billion annually. While tilt-up concrete construction 
is most prevalent type of construction in the western part of US, the concrete masonry prevails in the 
Northeast U.S.  
 
4.2.1 Advantages of Masonry Construction 
 
According to the information in the literature survey, the advantages of the masonry construction over 
other construction types are listed bellow. Similarly as in tilt-up examples, the reader should be aware that 
some of the advantages and disadvantages presented represent the general trend. Advantages of using 
masonry construction include: 

• Economy  - Masonry construction will compete favourably with concrete tilt-up and wood-frame for 
smaller buildings (under about 6,000 sq. ft.) or where inexpensive masonry materials and labour are 
available. Crane time is uneconomical for such small buildings in case of tilt-up concrete; 

• Low Maintenance - Ease of maintenance played a major role in use of concrete masonry tall slender 
walls over tilt-up technologies. Usually that coloured concrete masonry retains its original appearance 
with more consistency than a painted finish in tilt-ups;  

• Durability - Concrete masonry has a proven record of durability and "abuse" that is required for 
some types of buildings such as industrial or correctional facilities;  

• Fire Resistance - The masonry construction has high fire resistant properties. A solid brick unit of 
178 mm thickness has a four hour fire protection rating (NBCC 1995); 

• Low Maintenance – Similarly to tilt-up structures, masonry structures require low maintenance 
costs; 

• Lower Insurance Rates - The fire resistance and durability of masonry structures results in lower 
insurance premiums; 
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• Insulation and Energy Efficiency - Concrete masonry can improve its energy efficiency by isolating 
the hollow-core units. When using tilt-up technology, insulation is required on the inside of the wall 
where it is visible and unattractive, or requires that panels be pre-cast with insulation sandwiched 
between them; 

• Bed Casting - No floor or large working space is needed prior to wall construction; 
• Sound Insulation - Masonry construction provides better sound insulation than most construction 

types;  
• Life Cycle Cost Analysis - Masonry structures can have higher initial cost in some cases but life 

cycle cost are usually lower;  
• Finishing - From an architectural point of view, wide variety of finishing textures and pattern exist at 

the moment;  
 
4.2.2 Disadvantages of Masonry Construction 
 
Disadvantages of masonry construction include the following: 
 
• Expensive Buildings - The initial construction cost of the masonry buildings is usually higher than 

that of tilt-up concrete or steel buildings; 
• Expensive and Highly Trained Labour - Masonry construction is a labour intensive process. 

Depending on the location, labour can be very expensive in North America. This is just one extra 
reason that makes masonry building an expensive one; 

• Low Earthquake Resistance. Unreinforced masonry construction has the lowest resistance to 
earthquake loads of any type of construction. A combination of high stiffness, large weight, and low 
ductility of the material used, make this construction very vulnerable even to moderate earthquakes. 
There have been numerous examples of wide spread damage to masonry structures during the past 
earthquakes (Figure 6). To improve the earthquake resistance of masonry structures, they need to be 
reinforced with vertical steel rebars during the construction, which further increases the cost;  

 

 
Figure 6 Damage of a masonry structure during the Northridge Earthquake 
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• Water Absorption - Masonry blocks are water absorbent and to avoid water penetration they must be 
isolated (weather-proofed) to provide a better painting (finishing) surface; 

• Modular Construction - Concrete masonry construction is a modular construction using mainly 8" x 
8" x 16" nominal dimensions of the masonry block unit, thus is difficult to have walls that have odd 
dimensions, smooth curves, or smooth thickness transitions. This is especially the case with buildings 
with a clear height greater than 24 feet where tilt-up walls can vary more incrementally than the large 
jumps from 8" to 12" required for masonry block units; 

• Insulation - Concrete masonry blocks have low insulation values and generally walls must be 
insulated, that is usually not an easy and inexpensive task;  

• Duration of Construction - Masonry construction usually requires the longest period of construction 
of all competitive construction materials;  

 

4.3 Steel Construction 
 
The steel construction has one of the largest shares of the non-residential market in North America (AISI 
2003). A conservative estimate of the value of the steel non-residential market would be around US$ 90 
billion a year. This includes all non-residential applications of steel, including the high-rise office towers. 
The portion that corresponds to the low-rise steel structures, where wood-based solutions can compete for 
the structural system is expected to be more than 50% of this huge market.  
 

 
 
Figure 7 Typical example of an administrative building designed in prefabricated steel  
 
Steel structures in non-residential applications can be categorized in two types: conventional and pre-
engineered steel structures. Conventional steel structures are built of hot rolled structural steel members, 
and each structure being designed separately by a consultant. They require engineering design 
calculations and connection detailing for each separate building. Pre-engineered steel buildings, on other 
hand, use cold-formed steel structural elements. In this case the buildings are mainly constructed using 
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standard pre-designed structural sections and connections, which are manufactured in plant setting. Such 
elements are then shipped to the construction site for the building assembly. Example of steel 
construction in administrative building is shown in Figure 7.  
 
4.3.1 Advantages of Steel Construction 
 
Steel construction in non-residential applications offers the following advantages over other construction 
materials.  

• Strength - Steel offers the highest strength-to-weight ratio (matched by that of clear wood) of any 
widely used structural material; 

• Light structure - Steel structures, like wood structures) are much lighter that reinforced concrete or 
masonry structures attracting lower horizontal forces due to earthquakes; 

• Foundations - As lighter structures, steel buildings also require smaller foundations; 
• Material Efficiency - Pre-engineered buildings can be even 30% lighter than conventional steel 

buildings, with even greater material efficiency. Primary structural members are usually tapered 
(varying depth) with larger depths in areas of highest stresses; 

• Inexpensive Design - Construction design, shop details and erection drawings for prefabricated (off-
the shelf designs) are usually supplied free of charge from the manufacturer; 

• Construction Cost - Material and erection costs are exactly known based on the extensive experience 
with other similar buildings; 

• Delivery Time - Delivery time for prefabricated structures is usually short, between six to eight 
weeks; 

• Design Accuracy and Quality Control - Steel structures offer high accuracy of dimensions and 
uniform material quality due to close control of the pre-fabrication process in the plant. This 
significantly reduces the labour requirements at the construction site, which can be an important 
consideration in the face of growing shortages of skilled labour;  

• Combustibility - Steel buildings are rated as non-combustible structures in buildings codes; 
• Expandability - Manufacturers of pre-fabricated steel buildings usually keep all complete projects in 

electronic format for long time, so that future expansions can be made easily and inexpensively; 
• Recycling - Steel is a recyclable material; 
• Durability - Steel is impervious to termites and other wood boring insects, thus eliminating the 

structural damage that can be caused by these insects in wood; 
• Stable Pricing - The price of steel on the market is more stable than that wood allowing it to be cost-

effective in advanced planning; 
 
4.3.2 Disadvantages of Steel Construction 
 
Disadvantages of steel structures can be summarized as follows: 
 
• Fire Resistance – Although steel structures are rated as incombustible, steel members may yield and 

subsequently loose strength and stability when subjected to high temperatures exhibited during a fire. 
Fire protection of all structural members is needed, which increases the structural and labour cost. In 
addition, the fire rating for steel structures is lower than that of concrete or masonry structures;  
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• Material Costs - Steel is an expensive material, much more expensive than masonry or concrete; 
• Environmental -The major environmental concerns include energy used in manufacturing, 

disruption of the affected area, and air and water quality degradation as a result of the mining and 
manufacturing activities. Steel is one of the most energy-intensive industrial materials, generating 
pollution and waste from all stages of the process, including coking coal, purifying iron, and 
galvanizing. 

• Insulation Properties – Steel structures have lower insulation properties than other types of 
structures. In addition, steel is highly conductive, which increases potential for thermal bridging; 

• Labour Costs - In some areas it is difficult to find crews that are trained in assembling steel 
construction. This disadvantage usually raises the overall project cost; 

• Corrosion - Steel components rust if left exposed in marine climates or in internal climates with high 
humidity and acidity; 

 
 

5 Wood-Based Tall Walls Case Studies 
 
Only a handful of buildings have been designed and constructed so far with tall wood-frame walls as 
load-resisting system. Brief case studies on two buildings that are of significant importance for the topic 
are presented bellow.  
 
5.1 Tembec Mill in Cranbrook BC 
 
As a manufacturer of wood products, Tembec Industries Inc. aimed to use wood for the major expansion 
of its Crestbrook plant in Cranbrook BC, however, the design solution still had to make good business 
sense. The plant expansion was to house a 2,024 m2 (22,000 sq. ft.) of value-added manufacturing area for 
the production of finger-joined lumber (WoodWorks 2003). 
 

 
 
Figure 8 Construction of the Tembec Cresbrook Mill in Cranbrook BC  
 
The production area of the new facility needed to have a large span of nearly 42.5m (140 feet) across, 
with no interior columns (Figure 8). For this type of structure steel off-the-shelf and tilt-up concrete 
buildings have often proven to be most cost effective. However, preliminary cost comparisons for this 
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project favoured a tall wood-frame wall solution. Moreover, with the natural insulating properties of 
wood the insulating value of a wood-frame building is higher than that of steel. It was also recognized 
that using wood would benefit the local economy, whereas a steel alternative would likely be factory-built 
outside the province of B.C.  
 
The building has a conventional concrete foundation and ground floor slab. Wall and roof components 
were assembled on the ground, and then lifted into place. Tall walls were framed with continuous 
Laminated Veneer Lumber (LVL) studs 7.6 m (25') in length, with horizontal LVL top and bottom plates. 
The studs were spaced at 600 mm (24") on centre.  They were fastened to top and bottom plates with steel 
angle brackets, using two lag screws and a thru-bolt in the stud (Figure 9). Information from building 
contractors suggests that those connections were actually the most time-consuming aspect of the 
construction process. They also suggested that having standardized connection details for such buildings 
would increase their competitiveness. The walls also had horizontal LVL blocking every 1.2m (4') to 
provide the strength necessary to carry the imposed lateral loads. On the exterior of the walls, 38 x 140 
mm (2x6) rough-sawn, horizontal tongue and groove cladding was applied. The cladding was built in 9m 
(30') sections and tilted up by crane. 
 

 
 
Figure 9 Connections between the studs and the bottom plate (CWC Tall Wall Workbook) 
 
The roof consisted of pitched open web trusses spaced 600 mm (24") on centre. The trusses, which taper 
from 3,048 mm to 1,270 mm (120" to 50"), were manufactured in two pieces to facilitate transportation, 
and then assembled on site. Four bays of trusses were connected together with the bracing and the 
oriented strand board (OSB) sheathing to provide the rigidity necessary to avoid damage while lifting 
them by crane into place. 
 
5.2 Trus Joist Research Centre in Boise 
 
Another example of successful use of tall wood-frame walls is the Trus Joist (TJ) Technology Center in 
Boise Idaho, completed in July 2000. This 16,350 m2 facility was designed with a goal to provide an 
environment that would foster information and idea sharing between multiple groups focused on the 
research, development, engineering, marketing, sales, and manufacturing support of TJ engineered wood 
products. The walls, roofs and floors were constructed primarily with engineered wood products. Total 
quantities of wood products included 300 m3 of Parallam® PSL, 800 m3 of TimberStrand® LSL, 10 m3 of 
Microllam® LVL, 1,250 m of TJI® Floor Joists, and 15,600 m of Open Web Trusses (Taylor 2000). 
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Manufacturing, research and development functions of the building required a 30.5 m clear roof span and 
12.2 m building height constructed with exposed engineered wood products. The primary objective was 
to construct a functional and stimulating workspace while showcasing efficient, innovative structural 
framing systems with typical materials and connections for viewing by potential TJ customers.  
 
Tall walls were used as the primary structural system for resisting the vertical and horizontal loads in the 
building. Tall walls consisted of LSL studs, plates, and full billet sheathing. The lateral and vertical loads 
on the wall dictated the stud and the plate spacing as well as their size. The stud system was framed using 
conventional carpentry methods and tilted in place by a crane in 21.9 m long sections to reduce labour 
time (Figure 10). The full billet LSL panellized walls reduced the mass of the building when compared 
with masonry and concrete systems. Therefore, the tilt-up wood-based system significantly reduced the 
lateral shear requirements for the connections. The strength and integrity of the LSL allowed 38 mm 
fastener spacing resulting in an allowable lateral load capacity of up to 12,690 N/m (Taylor 2000). 
 

 
 

Figure 10 Lifting of completed section of the wall in place at Trus Joist Technology Center in Boisie. 
Re-produced from (Taylor 2000). 
 
Two configurations were used for the long span roof systems of the building. The first system was made 
of Parallam® PSL heavy timber trusses assembled on the ground and raised into place as three truss 
sections spanning 30.5 m. The second system constructed of Microllam® LVL flanged open web trusses 
delivered in continuous 30.5 m spans. The roof trusses were assembled on the ground in multiple truss 
sections before being put in place by crane and fastened to the beam supports and tilt up wall systems. 
 
 

6 Tall Wood-Frame Walls – Analysis of Issues 
 
6.1 What Do Costumers Want? 
 
The customers that are currently served by the concrete tilt-up and masonry industry would like to see the 
following main things provided by any tall wood-frame solution: 



Structural Performance of Tall Walls - Literature Review 

 
 
 
 

16 of 24 
 

• Economy – Buildings have to be cost competitive. This is especially important for building owners 
that lease the structures to tenants and want cost effective investments; 

• Speed of Construction – Faster construction of the building translates into faster income generating 
base for future owners; 

• Durability – Buildings have to withstand influences from both exterior weather exposure and interior 
machinery impacts; 

• Low Maintenance Costs – Customers prefer long lasting buildings with low maintenance during the 
building life cycle. 

 
6.2 Fire Code Restrictions and Insurance Issues 
 
It is very important to recognize and clarify the effects that building and fire codes have on restricting 
building sizes for a combustible wood-based building. For example, the National Building Code of 
Canada (NBCC 1995) classifies different types of construction based on their combustibility. Because the 
Code often limits wood-frame construction to "smaller buildings" incorrect conclusions may be reached 
that most commercial buildings cannot be designed in wood due to code limitations (CWC 2002). The 
majority of commercial buildings are less than four stories in height and the use of wood as main 
structural system very often is not precluded by the restrictions included in the Code (Gaston et al. 2001). 
Table 1 provides a sample of maximum building areas for single storey buildings for both sprinklered and 
unsprinklered buildings of a combustible type (NBCC 1995). For multi-storey buildings, the maximum 
allowable area per storey is the total area given in Table 1 divided by the number of stories, for a 
maximum of four stories.  
 
Table 1  Maximum allowable building areas for sprinklered and unsprinklered single storey 
buildings for a sample of occupancy types according to NBCC 1995 
 

Maximum Allowable Building Area (m2) Building 
Group Occupancy Type 

Sprinklered Not Sprinklered 

D Business and personal services 14 400 7 200 

E Mercantile 7 200 1 500 

F Low hazard industrial 14 400 7 200 

 
Similarly, a tall wood-frame wall system would be classified as a Type V (combustible) building system 
according to the Uniform Building Code (UBC 1997). Although a type V building carries a one-hour 
rating as well, it is prudent to assume that an exposed wood-frame tall wall would qualify for non-rated 
building type only. Type V construction limits the allowable building height, the area, and the number of 
stories in a building. For example Table 2 describes these limits for a variety of use groups associated 
with Type V – Not Rated Construction, for buildings without fire protection (UBC 1997). While building 
square footage is quite restrictive on combustible systems without fire protection, selected building use 
groups such as business, factory manufacturing, and storage constructed with sprinklers, exterior access, 
and fire separations can be of almost unlimited size.  
 
The relative cost of insurance premiums for combustible versus non-combustible buildings is another 
subject that must be addressed in the case of tall wood-frame walls. Experiences from practice suggest 
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that the annual premiums for combustible building systems are indeed higher than those for non-
combustible ones, however, contrary to common perception, they represent less than 1.0% of the value of 
the building. Consequently, this cannot be classified as a significant factor when selecting the structural 
system for a particular building. For more detailed information on "Fire Safety and Insurance in 
Commercial Buildings" readers are referred to use the CWC publication (CWC 2002). 
 
Table 2  Maximum allowable building areas and number of stories for buildings without fire 
protection according to UBC 1995-Type V Non Rated Construction 
 

Occupancy 
Type 

Building 
Group Occupancy Description 

Number of 
Stories 

Available* 

Maximum 
Building 

Area 
(sq. ft.) 

A-3 < 300 Occupants and Stage 1 6 000 
Assembly 

A-4 Stadiums or Reviewing Stands 1 6 000 

Business B Offices / Professional Service 2 8 000 

Education E To 12th grade; > 12h/week 1 9 100 

F-1 Moderate Hazard 2 8 000 Industrial and 
Factory F-2 Low Hazard 2 12 000 

H-3 Flammable Solids Hazard 1 5 100 

H-4 Repair Garages + Fire Hazard 1 5 100 

H-6 Semiconductor Fabrication 1 8 000 
Hazardous 

H-7 Health Hazard / Corrosives 1 8 000 

Mercantile M Markets, Retail Stores 2 8 000 

S-1 Moderate Hazard 2 8 000 

S-2 Low-Hazard 2 12 000 Storage 

S-3 Repair Garages – no flame 2 8 000 
 * Building height limited to 40 feet in all cases 
 
6.3 Advantages of Tall Wood-frame Walls 
 
The expansion of the use of tall wood-frame walls as a structural system in non-residential applications 
can benefit from the experience and the success of the tilt-up concrete and prefabricated steel 
construction. The ultimate wood-based solution has to include a fast construction sequence, simplicity, 
and flexibility, while applying the advantages of the wood-based materials and their properties. These 
advantages shell be primarily manifested by: 

• Wall fabrication is faster than in concrete tilt-up and masonry construction. In the case of tilt-up 
concrete the construction process includes the fabrication of perimeter forms, installation of 
reinforcement steel and lifting inserts, blocking the door and window openings, and placing in the 
concrete. With a wood-based tall wall system the framing crew can fabricate the entire wall assembly 
at one time; 
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• Wood-frame construction does not require curing time for the wall panels, which in the case of 
concrete tilt-up construction is typically 10 days before the panels can be lifted; 

• When using wood-frame walls there is no concern about delays due to cold and freezing weather 
conditions. When using concrete tilt-up in cold weather situations, the contractor must provide 
tenting, supplemental heat, and insulation blankets for curing of the concrete. If the temperature drops 
bellow –50C the concrete should not be placed at all; 

• Smaller, more readily available and less expensive mobile cranes can be employed to lift the wood-
frame panels. Wood-frame panels typically weight around 10% of comparable size concrete wall 
panels; 

• Labour costs for wood-frame construction are usually lower due to reduced number of skilled trades 
necessary to frame the walls. Masonry construction requires highly trained labour that is more 
expensive. Concrete tilt-up construction requires the use of several subcontractors, which increases 
the building cost. For example in tilt-up construction a framing subcontractor is needed to construct 
perimeter forms, followed by a reinforcing steel subcontractor, concrete subcontractor for placing and 
finishing of the concrete, structural steel subcontractor, lifting accessories supplier; crane and rigging 
subcontractor, welding subcontractor, and sealant subcontractor;  

• Concrete tilt-up is further limited in flexibility by limited casting space. If the ratio of building wall to 
floor area is high, it becomes difficult to lay out and cast all of the wall panels at once. Wood-frame 
tilt-up walls, however, can be placed on the top of each other after assembly, thus conserving space 
and allowing greater freedom of movement for materials and equipment on the construction site; 

• Because the mass of wood-based walls much lower than that of concrete walls, the connections 
between the walls and the roof become relatively inexpensive. Such connections are massive and 
expensive in tilt-up construction.  

• Foundations for wood-frame walls are expected to be smaller that for tilt-up concrete, because they 
do not need to support the high dead loads associated with concrete or masonry walls;.  

• The most important benefit of using a lighter wood-frame tall walls will be in the regions with high 
seismic activity, where large seismic forces are generated in buildings that use concrete or masonry 
walls. This is a significant issue since the proposed peak accelerations of ground motions (and 
seismic loads) for most of the U.S. and Canadian cities will increase according to the proposed codes.   

• Wood-based walls systems are expected to have lower cost of interior wall finishing necessary for 
office applications compared to that concrete tilt-up or masonry solutions.  

• Light industrial and commercial buildings in wood-frame tall walls are perceived as more warm and 
aesthetic than other types of buildings; 

• Wood buildings usually do not have the problems with isolation and air-conditioning associated to 
buildings in other competitive materials; 

• Wood is a renewable material and wood-based solutions for structural systems are better choices from 
environmental point of view; 

• General contractors may prefer wood-frame solutions because they give them more control over the 
key components of the building. With other systems one may depend on sub-trades to keep up with 
the schedule. Wood is also flexible and forgiving material on the construction site allowing easier 
adjustments and alterations than other materials; 
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• It is easier to achieve the required insulation values in wood-frame construction than in concrete tilt-
up, masonry or steel construction. Tilt-up concrete is not a good system for extreme climates. Steel 
studs, on the other hand, have no insulating properties and thus conduct cold through an insulated 
wall, reducing the overall insulation value. In such cases insulation has to be installed on the outside 
face of the building, that adds costs not incurred with wood-frame walls.  

 
6.4 Disadvantages of Tall Wood-frame Walls 
 
Disadvantages of wood-frame construction used in tall wall solutions include the following: 
 
• Lack of technical solutions for tall walls with various wood-based materials used for the studs and the 

sheathing; 

• Lack of design capacities for such technical solutions for tall walls with various stud spacing and 
sheathing thickness, subjected to gravity, wind and seismic loading; 

• Lack of technical solutions and design values for connections used in tall walls; 

• External durability concerns related to water penetration; 

• Internal durability concerns related to building damage caused by moving equipment or machinery; 

• Concerns related to building break-in and vandalism; 

• Higher insurance premiums; 

• Disadvantages related to use of wood as a structural material such as shrinkage, warping, swelling, 
decay, discoloration, mildew, and termite problems. 

 
6.5 Market Niches for Tall Walls 
 
Based on the information presented in this report, clearly market niches exist for the implementation of 
tall wood-frame walls. The primary market focus for tall wood-frame walls will be in the warehouse and 
light manufacturing area where tilt-up concrete, steel frame and masonry construction are typically used. 
The optimal cost-effective area for buildings in tilt-up concrete is usually from 40,000 sq. ft. to 100,000 
sq. ft. For buildings with smaller footprints, construction costs of tilt-up concrete increase significantly 
due to lessened efficiencies. The high costs for smaller buildings are related to the loss in slab casting and 
lifting efficiencies. In addition, erection costs increase dramatically as the expensive crane time cannot be 
spread over a large area of walls. These costs for buildings with 6,000 sq. ft. or less are so high, that many 
specifiers simply avoid tilt-up concrete as an option. This will be the market share that tall wood-frame 
walls should be able to penetrate.  
 
Similarly, buildings with high aspect ratios (the ratio of the building length to its width) create problems 
for tilt-up concrete. The higher the aspect ratio, the higher the ratio of wall to floor area, creating the 
casting bed problems mentioned in section 4.1.2. In addition, buildings with high aspect ratios often 
require additional interior shear walls, which can create additional problems for tilt-up concrete system. 
These types of buildings are not expected to experience such problems when tall wood-frame walls are 
used. 
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The cost effectiveness of masonry construction is not related to the area of the building but to the building 
height alone. For buildings 20 ft. in height and over, masonry construction starts to exhibit significantly 
higher material costs because of the necessity to use wider masonry units (blocks change from 8 to 10 
inches wide). The material costs of tall wood-frame walls are expected to be much lower than those of 
masonry for buildings with height greater than 20 feet. In addition, tall wood-frame walls will be able to 
compete with the masonry construction in the speed of construction. Masonry is the slowest type of all 
construction methods, with productivity levels estimated at only 25-30% of those of concrete tilt-up.  
 
Masonry construction should be the target market for tall wood-frame walls in the Eastern U.S., since the 
tilt-up concrete construction has not penetrated there yet. Both masonry and tilt-up construction should be 
considered as the target markets in the Western U.S. Masonry construction has significant presence in 
commercial, office and industrial applications throughout the entire U.S., although tilt-up construction is 
slowly overtaking masonry construction in the West.  
 
Steel construction should be the target market for tall wood-frame walls in areas of North America where 
steel is not a local industry and shipment of prefabricated elements would add relatively significant 
expenses to the total building cost.  
 
6.6 Proposed Tall Wall System Specifications 
 
This section summarizes the recommendations that can be made for design and construction 
specifications of a typical building utilizing tall wood-frame walls, based on the information presented in 
this report. It should be noted that a limited number of buildings has utilized tall wood-frame walls so far, 
and many of the items proposed in the remainder of this section require further research, and as such are 
included in Section 7 of this report. 
 
The tall wood-frame wall system should consist of material similar to that used in residential 
construction, such as vertical studs, blocking, top and bottom plates, and sheathing. Preservative treated 
wood-based members should be used for bottom plates in the walls. Top plates of the walls should be 
double thickness, to enable continuity between panels and at building corners.  
 
Use of various wood-based materials for vertical studs and sheathing should be allowed. The use of 
thicker sheathing (up to 38 mm) will enable the distance between wall studs to be increased to six or even 
eight feet on-centre, thus reducing the associated framing labour cost. In addition, since the load sharing 
(system) factor KH in the Canadian timber design code (CSA O86.1 2001) equals unity for any stud 
spacing equal or larger than two feet on centre, the use of larger stud spacing caries no further reduction 
in the design capacity according to the current design philosophy for wood shearwalls. Experimental and 
analytical studies should be conducted to determine the vertical, transversal and horizontal capacities of 
optimum wall solutions with various values of stud spacing and sheathing thickness.  
 
Buildings with narrower stud spacing should utilize plywood or OSB as wall sheathing. Beside the use of 
plywood and OSB, buildings with larger stud spacing may consider the use of engineered wood products 
such as LVL or LSL for the sheathing. The use of LVL or LSL caries higher material costs, however, 
those are expected to be offset by the decreased labour time required in installing the walls, as there are 
fewer pieces to frame together when fabricating the wall assembly. Experimental and analytical studies 
are needed to determine the optimum stud spacing permissible with various sheathing materials.  
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Studs should preferably be thicker than 38 mm to allow for reasonable nailing surface for the sheathing, 
especially in the zones of sheathing attachment. Use of oversized sheathing panels should be considered 
as an option. Experimental and analytical studies should be conducted to determine the vertical, 
transversal and horizontal capacities of such wall solutions with oversized sheathing panels.  
 
Prefabrication in a plant environment of the entire wall sections enables much greater control over 
fabrication quality of the wall panels. It also provides a better control of material waste and allows faster 
on-site erection of the walls, thus further reducing the construction time. Prefabrication, however, carries 
a lack of flexibility, because design changes cannot be easily accommodated without significant 
modifications in the field. In addition, it carries greater capital investment costs, since there is significant 
amount of capital invested in the plant and the equipment, as well as an investment in skilled manpower 
to do the work. Therefore, building the wall panels on the construction site appears to be a better solution 
at the moment. Individual wall components (studs, sheathing) can be shipped to the construction site and 
field framed by a local framing subcontractor. On site framing allows for flexibility in wall openings, use 
of greater sizes of wall sections (panels), since they will not be subject to shipping limitations. After being 
assembled on site, wall panels should be tilted in place by using a light crane.  
 
Masonry and tilt-up concrete structures are durable against damage by lift trucks and warehoused 
materials. In comparison, wood walls are relatively fragile and cannot accept the level of "abuse" that 
concrete and masonry structures can, particularly in a situation when the wall is without interior 
sheathing. This problem can be mitigated in two ways. First, a concrete or masonry stem wall can be 
constructed to some height (usually 4 to 6 ft), to provide a bumper for protection against impact. Another 
protection method is to partially sheath the interior wall surface with plywood, OSB, LSL, or other 
suitable material. Of course, one can always direct the use of tall wood-frame walls in building types 
where their use would not require damage bumpers. Buildings such as offices and retail stores would 
require finished interior wall surfaces and place no demand on durability against impact.  
 
External durability (exterior surface finish) is very important attribute that must be investigated when 
building with tall wood-frame walls. This might turn out to be a serious problem if a cost-effective finish 
that is acceptable to specifiers and building owners cannot be found. The preferred finish in today’s 
marketplace would be a textured one, similar to that attained by stucco. The competition has a substantial 
advantage in this area, because they can use relatively inexpensive finish products that are applied directly 
on the surface. Masonry walls, for example, can be constructed with coloured blocks with virtually no 
additional exterior treatments necessary, although the use of such coloured blocks generally increases the 
material costs. 
 
Direct applied coatings do not appear to be a suitable solution for wood-frame wall systems, as they do 
not allow the material to breathe after application. If moisture somehow migrates behind the coating and 
is trapped there, the sheathing could experience significant swelling and decay problems. 
 
 

7 Proposed Research Activities 
 
The wood products industry is expected to benefit greatly by offering various tall wall solutions that are 
economically and structurally sound alternatives to the present concrete tilt-up, steel and masonry 
systems. Such systems will give the industry additional opportunities to sell more wood not just for the 
wall systems but also for the roof and floor systems. In addition, increased use of wood products in 
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structural applications would undoubtfully lead to increased use of wood products for non-structural 
components as well. Numerous issues have to be addressed by experimental and analytical research 
studies if tall walls are to move beyond this initial development phase. Some of the most important 
structural, durability and marketing issues are listed bellow. 
 
7.1 Structural Issues 
 
The process of developing optimal structural solutions for wood-based tall walls includes the following 
research activities: 
 
• Determine the vertical capacity of tall wood-frame walls with studs made of various wood-based 

products such as sawn lumber, fingerjoined lumber, and structural composite lumber; 
• Determine the transversal (out-of-plane) capacity of tall wood-frame walls with studs made of various 

wood-based products;  
• Determine the lateral load (in-plane) capacity of tall wood-frame walls with studs made of various 

wood-based products; 
• Examine the effects of stud spacing on the vertical, transversal, and lateral load carrying capacity of 

walls; 
• Examine the effects of sheathing thickness on the vertical, transversal, and lateral load carrying 

capacity of walls;  
• Study the composite action between the vertical studs and the sheathing as a key factor for 

determining the capacities and effects mentioned above. Current approach is that sheathing has no 
effect on strength and stiffness properties of the wall; 

• Study the effects of nail spacing on the composite action between the stud and the sheathing; 
• Investigate the effects of use of adhesive between the stud and the sheathing on the composite action; 
• Study the deflections of tall walls due to wind and earthquake loads and establish maximum 

deflection criteria; 
• Investigate the use of oversized plywood and OSB panels in tall walls; 
• Investigate the use of other wood products for sheathing the tall walls; 
• Develop standardized connections between the walls and the roof and investigate their capacities; 
• Study the use of panellised I-joists as studs in tall walls; 
• Investigate the possibility of use of built-up members as studs; 
• Deliver standardized framing techniques; 
• Study the potential use of SIP panels for tall walls; 

 

7.2 Durability Issues 
 

The process of developing solutions that ensure adequate durability performance of exterior walls 
includes the following research activities:  

• Investigate possible solutions for the building exterior able to prevent water penetration in the 
building;  



Structural Performance of Tall Walls - Literature Review 

 
 
 
 

23 of 24 
 

• Investigate possible solutions for external wall finishes that are acceptable from points of durability, 
cost-effectiveness and aesthetics; 

• Investigate solutions to the interior durability problems, caused by mobile machinery and equipment.  
 
7.3 Markets and Economics Issues 
 
• Conduct detailed economic analysis of tall wood-frame wall solutions versus solutions available from 

the competition; 
• Study the life costing and life cycle analysis of tall wood-frame walls; 
• Assign cost data to various external wall finishes; 
 
 

8 Conclusion 
 
This report presents a literature review on the use of tall wood-frame walls in non-residential applications. 
The report identifies the marketing aspects and the current potential for use of tall wood-frame walls in 
non-residential applications. It also provides information on the advantages and shortcomings of the 
structural systems made of other materials such as tilt-up concrete, masonry and steel. In addition, the 
report provides a review of the issues that need to be addressed to better quantify the structural 
performance and durability of tall walls. The results from this project are currently used as the basis for 
preparing a research plan for addressing some of the identified issues. 
 
Tall wood-frame walls can be a viable option in smaller size buildings, especially narrow but long 
buildings, and buildings with heights greater than 20 feet. In such applications the competing structural 
systems such as tilt-up concrete or masonry experience difficulties due to increased material or 
installation costs.  
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