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1. Introduction 
The main objective of infrastructure design code specifications is to protect the public’s welfare, 
health, and safety, none of which appear to be directly related to sustainability, which as a 
movement focuses attention on protecting the natural environment, conserving resources, and 
minimizing the toxicity of construction materials and processes. However, when the environment 
is adversely affected, the welfare and health of the public can be threatened. For this reason, a 
number of jurisdictions have adopted language from the United States Green Building Council to 
curtail the adverse effects of global warming gases, to minimize environmental impact of new 
construction, to improve air quality in the community, and to increase the long-term viability of 
local construction. Entities responsible for writing code specifications have made a commitment 
to provide guidance on infrastructure sustainability to design professionals. Some of the entities 
are further along than others, but all have working groups (as of 2011). Also, the International 
Code Council, Inc. has written a version of the International Green Construction Code with the 
final version slated to be published in 2012; this is the first step towards making sustainability 
common place in all infrastructure design. Students who complete this module will be able to 
discuss design specifications related to sustainability found in building codes, and apply these 
specifications along with sustainability principles to the design of structural timber components.  
 
2. Overview of design specifications related to sustainability 
With recent changes in governmental policies to address increased concern over greenhouse 
effects on the environment and more effectively utilize limited natural resources, sustainability 
has become an important aspect in infrastructure design. Current innovations in sustainability are 
spearheaded by professional organizations such as the American Society of Civil Engineers 
(ASCE), the American Institute of Steel Construction (AISC), the American Concrete Institute 
(ACI), the American Forest & Paper Association (AF&PA), and the U.S. Green Building 
Council (USGBC). Through extensive work from these organizations, various changes in 
standards and specifications have been proposed to building code officials, and some have 
already been implemented. As shown in Figure 1, the long-term goal of these organizations is to 
develop design specifications that incorporate sustainable practices leading to carbon-neutral 
construction within the first part of the twenty-first century. The timber industry has had the 
greatest impact on sustainability practices in infrastructure since the material is considered a 
renewable resource. Furthermore, the industry has embraced sustainability practices at all levels, 
from harvesting to construction. 
 
From a sustainability standpoint these organizations have several goals, which include reducing 
the carbon footprint of infrastructure systems, curtailing negative effects on the environment 
caused by the construction of buildings, improving indoor environmental quality (particularly 
indoor air quality), and reducing the social and economic impact of construction. In order to 
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encourage engineers and architects towards these goals, the USGBC has created the Leadership 
in Energy and Environmental Design (LEED) certification program, which serves to standardize 
and rate the overall sustainability of a building using a point system. The LEED certification 
program provides sustainability standards of design (and development) for new construction or 
renovation of existing commercial buildings, residential homes and neighborhoods. It awards 
points based on site selection (Site Sustainability, Location and Planning), Water and Energy 
Efficiency, Materials and Resources used, Indoor Environmental Quality (including indoor air 
quality), Innovation in Design, and Regional Priority. For new construction ratings in LEED v3 
(version 3 is the current rating) buildings are awarded points on a 100-point scale (plus an 
additional 6 points for Innovation in Design and 4 points for Regional Priority), and classified as 
certified (40 to 49 points), Silver (50 to 59 points), Gold (60 to 79 points) or Platinum (80 points 
and above). 
 
Of the eight major areas that LEED addresses, Materials & Resources and Innovation & Design 
are directly related to sustainable materials, which is the main theme of this module. Also, two 
other areas are indirectly related to sustainable materials: Energy & Atmosphere and Indoor 
Environmental Quality; particularly when considering that a great deal of carbon emissions and 
other pollutants are generated in the mining or harvesting, processing, transportation, and 
installation of construction materials. Consequently, a high level of sustainability cannot be 
achieved without detailed consideration of materials in infrastructure design. Various methods to 
address sustainability during the design and construction phases include specifying recycled 
materials or materials from sustainably managed sources, reusing parts of demolished structures 
(deconstruction), specifying locally available materials, using prefabricated components 
whenever possible, and more importantly designing structures that can be altered and can be 
adapted to new uses (reuse) or loading conditions.  

 
Although building sustainable infrastructure has historically been seen as more expensive and 
less profitable for developers, recent advances in materials, processes, and equipment make the 
cost of building “green” competitive compared to traditional construction. Also, changes in 
industry standards and codes have enabled sustainability to become widely accepted in building 
design and construction. Some of the most important changes have been spearheaded by 
government agencies through the adoption of LEED certification for public projects; for 
example, requiring all public governmental buildings to be LEED certified.  Although there is a 
1 – 2% increase in building construction costs associated with achieving the lowest LEED 
certification (Kats, 2003), the lifecycle cost (including energy consumption of the building) is 
lower as compared to the costs of conventional construction. To increase public sector 
investment in development using sustainable techniques, there are a number of government 
incentives, including grants, tax credits, and low interest loans. Furthermore, substantial benefits 
can be achieved due to the increased productivity resulting from better ventilation, temperature 
control, lighting control, and reduced indoor air pollution. All of these incentives can present 
lower investment risks and much higher profits as compared to conventional construction. 
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3. Timber 
 
Timber is a renewable material, especially timber that is harvested from certified, sustainably 
managed forests. The two certification programs best recognized in North America are the Forest 
Stewardship Council (FSC) and the Sustainable Forestry Initiative (SFI). Unfortunately, only 
about a quarter of structural timber comes from certified forests. However, significant progress 
has been made in recent years; in fact, because of reforestation practices, the forested area in 
North America is the same size as 100 years ago (Ward, 2010). The net annual growth is 3% 
larger than the harvests and other losses combined. Furthermore, on average 98% of a given tree 
brought to a mill is used as timber, paper, engineered wood products, or as fuel for bio-energy 
(Ward, 2010). When considering these factors and the fact that timber actually sequesters CO2, 
this material can be considered a carbon negative material; at least in the short-term, see Table 1. 
That is, wood that comes from managed forests removes carbon from the atmosphere through 
photosynthesis (Falk, 2010): 

Sunlight + 6 H2O + 6CO2 ! C6H12O6 + 6O2               (1) 
Energy + Water + Carbon dioxide ! Glucose + Oxygen 

This makes timber the most effective technology for extracting CO2 from the atmosphere. Not 
only is a substantial amount of CO2 sequestered, but oxygen (O2) is released; for every 1.47 
pounds of CO2 removed from the atmosphere (when a pound of timber is grown), 1.07 pounds of 
O2 are released (DeStefano, 2009).  Of course, if the timber is burned, or decomposes the process 
is reversed, releasing the CO2, yielding a net carbon emission, which is still the lowest of all 
construction materials as shown in Table 1.  

Figure 1.  Progress toward sustainability in building code specifications. Schematic based on 
US Green Building Council (USGBC, 2010). 
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Table 1: Net Carbon emissions in producing a ton of various materials (Falk, 2010). 

Material Net CO2 Emissions  
(ton CO2/ton) a,b 

Near-term Net CO2 
Emissions Including CO2 
Storage within Material  

(ton CO2/ton) c,d 

Framing lumber 0.033 -0.457 

Medium-density fiberboard (virgin fiber) 0.060 -0.382 

Brick 0.088 0.088 

Glass 0.154 0.154 

Recycled steel (100% from scrap) 0.220 0.220 

Concrete 0.265 0.265 

Concrete e 0.291 0.291 

Recycled aluminum (100% recycled) 0.309 0.309 

Steel (virgin) 0.694 0.694 

Plastics 2.502 2.502 

Aluminum (virgin) 4.532 4.532 
a Values are based on life-cycle assessment and included gathering and processing of raw 

materials, primary and secondary processing, and transportation. 
b Source: EPA (2006). 
c From Bowyer and others (2008); a carbon content of 49% is assumed for wood. 
d The carbon stored within wood will eventually be emitted back to the atmosphere at the end of 

the useful life of the wood product. 
e Derived based on EPA values for concrete and considering additional steps involved in making 

blocks. 
 
Example 1:  Using a chemical analysis, determine the approximate amount of oxygen released 
to the atmosphere for every pound of carbon dioxide sequestered through the photosynthesis 
process. 
   
Solution:  Use Equation (1) and the molar weight of oxygen (15.999 g/mole) and carbon 
(12.011g/mole) to convert one pound of CO2 to O2: 
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Also, because timber processing requires low energy, the embodied energy in timber is much 
lower than other construction materials (Falk, 2010); these energy requirements can be decreased 
even further by using a bio-fuel (a carbon-neutral energy source), which accounts for more than 
60% of this energy requirement. Engineers can reduce the energy required to process timber 
even further by specifying green (un-dried) lumber, since half of the energy required to produce 
lumber goes into drying the wood in a kiln. Engineering Wood products also have a relatively 
low embodied energy; though higher than sawn lumber because there is more processing 
involved. However, Engineering Wood products such as oriented strand board and composite 
lumber use wood chips manufactured using smaller trees from shorter rotation harvests, which 
sequester more CO2 than those in longer-rotation forests (Falk, 2010). This balances some of the 
additional embodied energy required to process engineered wood products. 
 
One of the main environmental benefits of wood is its biodegradability; however, it also makes 
wood vulnerable to decay (or attack from wood destroying insects) when exposed to natural 
elements or high moisture. Decay must be mitigated using preservatives to ensure long-term 
durability. These preservatives until recently were fabricated using toxic chemicals, which are 
increasingly being replaced by non-toxic preservatives and coatings, as well as mechanical 
barriers that address wood durability. An alternative to treated sawn lumber is the use of 
components fabricated from engineered wood products, or use of decay-resistant wood species, 
such as Redwood, Cedar, and Cypress.  
 
Local availability of wood species is a major advantage of timber over other construction 
materials. A designer should always specify locally or regionally available species when 
possible, both for sustainable and economic reasons. The following are the most widely available 
species in different parts of the United States: Douglas Fir in the West, Southern Yellow Pine in 
the Southeast, and Spruce-Pine-Fir in the Northeast and Midwest (DeSefano, 2009).  
 
Unlike steel, where recycling of pre- and post-consumer steel products for structural applications 
is common place, recycled timber is primarily used as bio-fuel. However, timber reuse from 
deconstruction is possible, though more complicated than reuse of steel. Reusing post-consumer 
recycled timber for structural purposes requires the timber to be re-graded according to 
standardized grading rules, and in some cases requires proof testing. Also, recycled wood can be 
processed into landscape mulch, which is useful in retaining moisture in soil, reducing water 
demands from plants in landscapes. 
 
There are a number of innovative developments in the timber industry, which can result in more 
efficient and less wasteful practices. One particular development is the use of advanced framing 
techniques to optimize the layout for efficient materials use, particularly in light framed wood 
construction. For example, one design strategy is to layout the building so that dimensions are 
multiples of two feet, which can accommodate typical sizes of plywood sheets and allow 
placement of joists and studs at 24 inches on center. Using 24-inch spacing instead of the 
common 16-inch spacing results in a reduction in the number of studs and joists needed in a 
building structure. This also allows for the alignment of horizontal framing members (joists) with 
studs, which can eliminate the need for double member top-plates. Though this strategy may 
result in fewer timber components, it may require an increase in the size of individual 
components; increasing the stud sizes from 2x4 to 2x6 and wall sheeting from "-inch to #-inch. 
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Also, efficiency can be improved if the material strength of timber components is used to its full 
approved capacity; or the most efficient grade of lumber should be selected to satisfy a given 
structural demand. Other strategies include designing headers (including those for windows and 
non-structural walls) to the required structural capacity, and using double 2x lumbers instead of 
4x wherever possible. These strategies should be carefully considered in light of the project 
structural demands, durability objectives, and design fees. 
  
The timber industry appears to be making the most progress towards becoming carbon neutral 
thus far.  This industry is expected to continue to reduce their carbon-footprint by promoting the 
sustainability practices discussed in this lesson. 
 
Example 2:  Based on the information presented in this lesson, list seven design practices that 
can result in more sustainable timber structures. 

Solution:  
1. Use timber from sustainably managed forest. 
2. Use non-toxic preservatives. 
3. Use locally available wood species. 
4. Use durable materials and components, such as Engineering Wood products. 
5. Use advanced framing techniques. 
6. Design structures that can be altered or be adapted to new uses or loading conditions. 
7. Require that construction site waste and demolition debris be sorted and recycled, or used 

as bio-fuel. 
 
 
4. Lesson Assignments:  

 
i. What role does the Structural Engineering Institute (SEI) of the American Society of 

Civil Engineers has played in sustainability? 
 

Solution: 
SEI has established the SEI Sustainability Committee to advance the “understanding of 
sustainability in the structural community and incorporate concepts of sustainability into 
structural engineering standards and practices.” This group also recently published 
Sustainability Guidelines for Structural Engineers to highlight the significant 
environmental impacts of structural materials (Kestner et al., 2010). As an advocate for 
sustainable structures, SEI Sustainability Committee also recently developed public 
comments to address the decision by the U. S. Green Building Council to eliminate 
structural materials from the 2012 draft LEED rating system, particularly credits for 
Regional Materials, Recycled Content Materials, and Bio-Based Materials. It is 
anticipated that in the final LEED credits structural materials will be included because of 
the work of this group. 
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ii.  
Given:  A bearing stud wall with attached sheathing, which is assumed to provide bracing 

against buckling along the weak axis of the studs: 
 Load (dead and snow): D and S  

Height: l = 10-ft. 

 Stud spacing: 16-in. on center (O.C.) 
 Material (regional): 2x4 Utility grade Douglass-Fir-Larch (California) 
C’s:   CM = 1.0, Ct = 1.0, and Ci = 1.0 

Find: Use ASD to determine the maximum load per lineal foot of wall. Then, increase stud 
spacing to 24-in. O.C. and select a different grade of Douglass-Fir-Larch that will 
give the same maximum load capacity per lineal foot of wall as the Construction 
grade. 

 
Solution: 
 
Utility Douglas-Fir Larch 2x4: Fc = 900 psi; CF = 0.6; Emin = E’min= 470,000psi (NDS, 2005) 
d = 3.5 in.; b = 1.5 in.; A = 5.25 in2; c = 0.8; s = 16 in. = 1.33 ft O.C.; Assume Ke = 1.0 
 
  Fc

* = Fc (CD)( CF) 
 
 
 
 
 
 
 
 
  Fc

’ = Fc
*(CP) 

 
le = Ke lu = 10 ft. = 120 in.; le / d = 34.29 
 

Load Combos Fc
*(psi) FcE (psi) CP Fc

’(psi) w’ = Fc
’A/s (lb/ft) 

D (CD = 0.9) 486 328.6 0.55 265 1,043 
D + S (CD = 1.6) 864 384.6 0.34 297 1,171 

 
Now change the spacing, s = 24 in = 2 ft O.C. 
Select Structural Douglas-Fir Larch 2x4: Fc = 1,650 psi; CF = 1.0; Emin = E’min= 550,000psi 

Load Combos Fc
*(psi) FcE (psi) CP Fc

’(psi) w’ = Fc
’A/s (lb/ft) 

D (CD = 0.9) 1,530 482.5 0.29 446 1170 
D + S (CD = 1.6) 2,720 482.5 0.17 463 1216 

 
Pre-requisite work: 
Students should be familiar with the National Design Specifications for Wood Construction; 
particularly the material properties section (design values supplement) and the section on design 
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of timber beam-columns (Section 3.9). For those not familiar with this information, an excellent 
reference is Design of Wood Structures by Breyer et al. 
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