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Preface

Timber is the only major natural renewable building material. The sustainable use of
this resource through responsible for forestry practice allows wood to be recognized world-
wide as a green and environmentally friendly building material.

Although timber is a traditional building material in China, its structural use has been
curtailed since the 1960s because of limited availability of the resource. As China steps
into the 21* century, its phenomenal growth during thé past decades provided exciting op-
portunities to rebuild and create cities with world class architecture. Eventhough timber is
available from the maturing of China’ s plantation forest and import, so far concrete and
steel are the building material of choice. The possibility to increase the structural use of
timber, in sync with the “green” building concept, is somewhat limited because of a lack
of formal education at the university level, modern teaching text in Chinese, and experts/
designers on timber engineering.

This book “Timber Engineering” is a cooperative effort between Tongji University,
Tsinghua University, and the University of British Columbia to address the need of a mod-
ern Chinese text in Timber Engineering. The material covers fundamental topics including
the structural properties of wood, modern engineered wood products, behaviour of timber
members, connection behaviour, design of timber structures, fire protection, and durabili-
ty issues. The book also links with the Chinese timber structure design code (GB 50005)
and can be use as a useful reference text by design engineers who are interested in the sub-
ject. As a oversee Chinese I am particularly pleased to be able to cooperate with my Chi-
nese colleagues in this effort and help rejuvenate the interest of Timber engineering in Ma-

jor Chinese Universities.

Frank Lam (AkH%)
University of British Columbia

February 2008.
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Reading Material 1
Woeod as a Construction Material

Wood is one of the oldest natural building materials in the world. It would not take too
much effort to come up with a long list of wood product applications through history. Ex-
amples could include the caveman’s wooden club, tool handles, furniture, sailing vessels,
airplanes, railway ties, sport equipment, bridges, piles, temples, palaces, sports arenas,
swimming halls, low rise commercial buildings and residential housing. The list is indeed
long, as wood was the primary structural material until the beginning of the 20" century.
Although more modern materials, including steel, concrete, and fiber composites, have
extended some structures and buildings to long span and high-rise applications, a strong
demand still exists for wood in single and multi-family housing and low-rise commercial
markets. In particular, over 90% of residential housing in North America and Japan is
wood frame or post-and-beam systems. In these countries, over two million housing units
are built annually. Wood is more suitable than steel and concrete in these markets for many
reasons: ease of workmanship, customer preference for natural materials and thermal in-
sulation properties of wood etc. A brief overview of wood as a construction material from

the points of view of the forest resources, the structural properties of wood are provided.

Forest Resources in Canada and Worldwide

Trees are classified broadly into two categories: hardwoods and softwoods. These
names are a little misleading as some softwood (e. g. » longleaf pine and Douglas-fir) is ac-
tually harder than some hardwood (e. g. basswood and aspen). Hardwoods are typically
broad leaf plants that lose their leaves during autumn and winter. Softwoods are evergreen
plants (except for larch) with needles or scale-like leaves. The seeds of hardwoods are
kept in the ovary of the flowers (Angiosperms) whereas the seeds of softwoods are ex-
posed in forms of cones (Gymnosperms). Hardwoods typically have vessel elements (tube-
like wood cells with open ends) leading to a porous structure that serves as a conduit for
the transport of water and sap (water and minerals) in the tree. Softwoods on the other
hand, are non-porous and do not have vessels. Hardwoods tend to have many slender
elongated cells and grain irregularities. In comparison with softwood, it is more difficult to
work with hardwood in terms of cutting, nailing, or machining. The ease of workmanship
is one of the reasons why softwood is commonly used as beams, columns, headers, posts,
chords and braces in low-rise buildings in North America, Europe and Japan.

As one of the most common building materials in the world, when comparing wood to
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the other basic building materials, such as concrete and steel, only wood is renewable. If
you cut down a tree to make wood products and replant it with new seedlings, in 50 to 100
years another tree will be available for consumption. The key is the management of the
forest so that its use is sustainable through proper forestry practices.

Canada has 31. 4 million people and a landmass of 922 million ha. Information on for-
est resources statistics from the Food and Agriculture Organization of the United Nations
website Chttp://www. fao. org/forestry/fo/country/) shows that Canada has the third
largest forest coverage in the world behind Russia and Brazil (Table 1). Canadian forests
contain 14 % of the world softwood resources behind Russia. With approximately 45% of
the landmass under forest and other wooded land cover, the ratio of forest coverage to the
number of inhabitants in Canada is one of the highest in the world. The forest is, there-
fore, very important to Canada as a natural resource. Besides the commercial value of this
resource in forms of forest products, there are strong needs to balance other demands on
the forest. The recognition of the forests as ecosystems and their impact on the environ-
mental quality of the world is particularly important. The forest is part of an ecosystem
that protects the watershed, allows nutrients to be recycled from the tree to the soil, pro-
vides storage for carbon, regenerates oxygen, influences global climate and provides shel-
ter and food for animals. The forest also serves as a park and recreational area and pro-
vides spiritual inspiration for many people. The competing demands of the forest, as a
source of commercial fiber, recreation, and a healthy environment, have led to debates. In
some parts of North America, these concerns over environmental and sustainability issues

have led to restricted availability of old growth fiber supply.

Forest coverage in some of the major forest product producing countries Table 1
{abctiasies Forest Cover Forest Cover Change Distribution of land cover/use %
2000 1990—2000 (1994)
10%ha 10%ha 10%ha/year Ak Forest Pt Other land
: Wooded Land
Russia 1,688,850 851,392 135 0. 02 50. 4 0.0 49. 6
Brazil 845,651 543,905 —2,309 —0.41 64.3 0.0 33/ %
Canada 922,097 244,571 0 0. 00 26.5 18. 8 54.7
USA 915,896 225,993 388 017 24.7 8.5 67.0
China 932,742 163,480 1,806 1.18 175 37 79.6
Sweden 41,620 27,134 1 0.0 65.9 2 26.8
Finland 30,459 21,934 8 0. 04 7250 2.9 2542
World 13,139,618 3,869,453 —9,319 —0. 24 29.4 11.2 58. 6

Source: Food and Agriculture Organization of the United Nations.

In 2000, the amount of sawn wood produced in USA, Canada, Russia, Brazil, Swe-
den, Finland, and China was 112. 2, 69. 6, 20.0, 18.1, 15.8, 12. 8, and 6. 3 million m°,
respectively. In terms of global softwood harvesting, Canada ranks third behind Russia
and USA. China is the fifth largest wood producing country globally, although 2/3 of its

roundwood production (190. 9 million m®) is burned as fuel. Similarly, Brazil and Russia
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commonly use wood as fuel (133. 4 & 44. 3 million m*). In Canada, although substantial
harvesting occurred during 1999-2000, forest coverage was unchanged (Table 1). This
stability can be attributed, in part, to the natural regeneration of the forests and the re-
quirement of reforestation after commercial harvest. In Canada, land designated as com-
mercial forest is required to be maintained as forestland.

The forest coverage in China actually increased by 1.18%, due primarily to forest
plantation practices. In Brazil and globally, the forest coverage reduced by 0.4% to
0.24% respectively. The global reduction in forest coverage occurred mainly in tropical
forests where the land use would change from forest to agriculture after the forest was
commercially harvested. The global deforestation caused by such practices can potentially
be reduced if the local community recognizes the economical value of the forest (structural
wood product is one of the most valuable) and practices sustainable forestry with refores-

tation and/or allows the forest to naturally regenerate as a longer-term investment.

Life Cycle Analysis-Is wood an environmentally friendly building material?

The increase in world population and the improvement in general living standards have
led to an associated increase in demand for wood products. For example, in 1998, the con-
sumed wood and fiber products in the United States reached an all-time high level requiring
approximately 0. 505 billion m® of round-wood production. The current worldwide demand
for wood (approximately 3.5 billion m®) has doubled in the last 30 years. By 2050, the
projected future consumption of wood will increase to 5. 2 billion m?,

These projections have led to questions of sustainability and the environmental friend-
liness of using wood products instead of alternatives such as steel or concrete. As issues
such as global warming, greenhouse gaé emission, air and water pollution, ozone depletion
and sustainable use of natural resources become front and center in our daily lives, con-
sumers, builders, designers (architects and engineers) are increasingly more interested in
using environmentally friendly material and methods. The Canadian Wood Council commis-
sioned ATHENA™ Sustainable Materials Institute to conduct a study based on life cycle
analysis. The study compared the environmental impact of constructing a 240 m* single
family house using common building materials and techniques with the impact of using
three different building materials; wood framing, sheet metal framing and concrete. The
life-cycle analysis (1.LCA) assessed environmental effects at all stages of the product’s life
including resource procurement, manufacturing, on-site construction, building service life
and de-commissioning at the end of the useful life of the building.

The major findings of the LCA study, as shown in the Canadian Wood Council web-
site (www. cwec. ca) » indicate that the wood-frame house is significantly more environmen-
tally friendly in the following five out of six key measures.

(1) The embodied energy for the wood house is 53% less than sheet metal and 120 %

less than concrete. This is a measure of the total direct and indirect energy used during the
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extraction, processing, manufacturing, transportation and installation of the materials
from raw material to the final product in the house. i

(2) In terms of global warming potential, wood is 23% lower than sheet metal and
50% lower than concrete. The global warming potential is referenced by greenhouse gas
emissions measured in the form of CO, or equivalent amount of CO, for other greenhouse
gases. This measurement includes the emission of CO, during the production process, such
as steel making or cement production.

(3) The air toxicity index for the wood house is 74% less than sheet metal and 115%
less than concrete. Similarly, the water toxicity index for the wood house is 247% less
than sheet metal and 114 % less than concrete. The toxicity indices are represented by an
estimation of the volume of air or water needed to dilute the contaminated air or water
emitted during the various life cycle of the material to within the acceptable level defined
by the most stringent standard (such as meeting the drinking level standards).

(4) The weighted resource use for wood is 14% less than sheet metal and 93% less
than concrete, The weighted resource use is a subjective measure based on survey of re-
source extraction and environmental specialists to develop subjective scores of the relative
effects or ecological carrying capacity of different resource extraction activities.

(5) Solid waste generation, in kilograms of construction waste, is lowest for sheet
metal. The solid waste generated in wood and concrete houses is 21% and 58% higher
than steel, respectively.

The results of the ATHENA™ study confirm the findings of another LCA study con-
ducted independently by the Building Research Establishment of the United Kingdom
(www. bre. co. uk) where timber scored highly in the 13 environmental impacts studied-
from climate change, pollution to air and water, waste disposal, and transport pollution
and congestion. The study also concluded that timber is the only building material to have
a positive impact on the environment due to the absorbed carbon dioxide and oxygen crea-

tion from a growing tree.

Summary

Wood is the only renewable construction material in the world. Currently there is still
a healthy supply of forest resource in the world; however, sustainable forestry practice
(e. g. tree replanting after logging practice) is needed to prevent over harvest. Wood is
widely recognized as a“Green”building material and is commonly used as in construction in
many parts of the world. Life cycle analysis is an objective measurement that shows wood
to be superior to other building materials such as concrete and steel in terms of their envi-
ronmental impact. Developing a good understanding of the physical properties of wood and
how they influence the strength properties of wood is important to allow wood to be effi-
ciently utilized as a construction material. Some of the key factors include: the strength

properties of wood are influenced by moisture and the direction of loading.
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