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Although wood buildings can be built to last, they are still perceived as lacking durability compared to buildings 
constructed with steel and concrete. Furthermore, in some cases, new materials, conflicts in building bylaws, 
inappropriate design approaches, poor construction practices and maintenance regimes have combined to cause 
premature failures in wood-based building systems. Other issues that promote problems include lack of quality 
control, shortages of trained persoimel and attempts to cut construction costs. A major part of the problem 
appears to be that appropriate design solutions are not being applied either because the knowledge is not 
available to the people that need it or because customers or designers demand a new look. There is a need to 
make the existing knowledge available in a user-friendly format, to identify knowledge gaps and perhaps 
identify needs for improved material properties or iimovative design solutions. A system is also needed for 
decisions made at each stage of the life cycle to be passed on to participants in subsequent stages, thereby 
facilitating the best possible series of decisions for the durability of the structure. This project will develop 
computer-based decision aids which will assist specifiers, designers, builders and owners to satisfy the durability 
requirements of a wood structure during its life cycle. 

A framework for modeling durability in wood construction has been developed. Three dimensions of the 
framework are: life cycle considerations, a durability risk assessment model and a performance evaluation model 
for the building assemblies. The research to date has focused on the first two of these. Ideas for the life cycle 
and knowledge on the factors affecting the performance of wood systems exposed to intermittent wetting have 
been assembled through literature review and consultation with experts in the field. Methods for qualifying or 
quantifying the effect have been developed where possible. A risk assessment model has thus been developed. 
The performance evaluation model will be used to predict the durability of buildings. It will consider the 
interaction between different assemblies and the interactions between the parts of each assembly in the context 
of the risk assessment model. A computer program called Kappa is being used as the platform on which to 
build the preliminary model. 

The life cycle of a building consists of conceptual design, fmal design, construction, maintenance/repairs and 
demolition. The major tasks, key issues to be considered and tiie required inputs have been identified for each 
stage. The risk assessment model considers the demand on durability, the degree of loss due to failure of the 
system and the durability capacity provided by the specifier, designer, builder and owners. Demand considers 
the required service life, climate, local conditions, assembly/component exposure, component hazard class (use 
category) and the impact of design causing durability problems. The degree of loss considers the consequences 
of failure and the effort required for maintenance and repair. The durability capacity can be controlled through 
the selection of the appropriate materials, material treatment, design detailing, construction quality, and a 
maintenance program. The performance evaluation model will be the next part of the project to be addressed. 

The project is still in progress but aheady there have been spin-offs in terms of an improved understanding of 
the interactions among factors impacting the performance of wood construction. 
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1.0 OBJFCTIVE 

To develop computer-based decision aids which will assist specifiers, designers, builders and owners to satisfy 
the durability requirements of a wood structure during its life cycle. 

2.0 INTRODUCTION 

It is perfectly possible to construct wood buildings which will last hundreds of years and there are examples of 
wood buildings which have lasted centuries. These buildings represent a small percentage of the many that have 
been constructed. They are the ones which were well designed, well built, using naturally durable wood and have 
been well maintained over their life span. 

The current perception of wood as a non-durable building material negatively impacts the marketing of wood 
products. Marketers of steel, concrete and plastic building materials are quick to take advantage of this 
perception. The cost of replacing wood destroyed by decay and termites in 1993 in the USA was $2 billion. The 
associated litigation probably took another $2 billion. Furthermore, prospects are not good for reducing these 
figures. Changes in our forest resources are yielding less durable wood. Old growth is being replaced by second 
growth with more of the perishable sapwood and heartwood with lower levels of natural toxins. Douglas fir and 
white pine, species with moderately durable heartwood have been replaced by SPF and hem-fir, species with 
non-durable heartwood. Changes in building practice are putting wood systems at increasing risk and regulations 
on the use of wood preservatives and finishes are placing limitations on our ability to protect wood from 
biodeterioration. At the same time concern about the sustainability of our forest resource is encouraging 
improved efficiency and life cycle analysis in the use of wood. True sustainability would match the consumption 
of wood to the rate of growth of new fiber. This would require most wood products to have service lives similar 
to the forest rotation, that is, a minimum of 40 years. This requires improved design, and/or accurate treatment 
specifications, and high quahty construction. 

The development of decision aids for durable wood construction will require formalization of knowledge on the 
performance of wood products, proper design details, and construction quality. The knowledge will be obtained 
from several sources: the expert knowledge of people working in the building durability area, regulatory 
requirements, research results from laboratory and field tests, general knowledge on materials, design, 
construction, treatment of wood and deterioration agents. During this process, gaps in the knowledge base will be 
determined and the research priorities on durability of wood construction will be established. It is envisaged that 
the research will involve alliances with a range of academic groups. Implementation of the project will require 
alliances with a broad range of research organizations, forest and construction industry associations. 

A framework for modeling the durability of wood construction is proposed. Three dimensions of this framework 
are: life cycle considerations, durability risk assessment model, and performance evaluation model for the 
building assemblies. The research work has until now, focused more on the life cycle considerations and the 
development of the durability risk assessment model. The progress in the development of these two dimensions 
of the framework will be presented in this report. The performance evaluation model will bring together the 
concepts developed in the life cycle considerations and the risk assessment model, to derive values for all the 
relevant durability performance measures for selected designs of various building assemblies. The development 
of the performance evaluation model will take place during the next year of the project. However, a brief 
discussion of the concepts related to the performance evaluation model for the building assemblies will be 
presented here. 



3.0 BACKGROUND 

Poor performance and serviceability failures of structures in the last 40 years have drawn attention to the need to 
analyse all stages of the life cycle of a building, Schamalz, T.C. (1994). The life cycle of a structure consists of a 
sequence of typical stages: conceptual design, final design, construction, maintenance/repair, and eventual 
demolition. Decisions regarding durability of the structure made at one stage have certain implications in the 
following stages. 

During the first year of the project (1994/95), a literature review on the life of structures was completed. As a 
result of this review, major tasks and input provided by the user at each phase of the life cycle of a building were 
identified . There are certain key issues that the design aids can address to bridge the gap between user-provided 
input and the major tasks to be performed at each stage of the life cycle of a building. Input data, key issues and 
major tasks at each stage of the life cycle of a building are illustrated schematically in Figures 1, 2 and 3. 

At the conceptual design stage, decisions are made about materials and the structural system based on the client's 
needs and/or performance specifications. The client usually specifies a design life of the building in terms of the 
years the structure should serve its intended use to provide a predetermined return on the investment. 

At the fmal design stage, the agents that the structure will be exposed to are clearly known and a careful 
planning of the detailing of the structure should be carried out to achieve a favorable design with regard to 
durability. Guidance in detailing designs is provided in design codes. However, it must be noted that codes are 
mainly focused on safety and generally provide the minimum requirements to achieve acceptable performance. 
Some building components have a considerably shorter design life in comparison to others. Therefore, the overall 
design must take this into account and accommodate the replacement of these components during the service life 
of the structure. 

The level of quality achieved in the construction phase has a very large contribution to the life of a structure. 
Supervision of construction, sufficient training of workers, allocation of adequate construction time, and 
consideration of site practicalities in design detailing are key factors in assuring quality of construction. 

Afler a structure is put into service, a maintenance and repair strategy needs to be followed in order to optimize 
the cost while maintaining an average condition of the structure during its service life. The value of a structure 
changes with age. The flexibility of structure to accommodate changes of use and/or ability for upgrading of 
components to satisfy users' current technological requirements are key factors influencing the rate of change of 
value of the structure. At some point in time, upgrading efforts cost more than the demolition and reconstruction 
for a new use. Environmental requirements and recyclability of assemblies and/or materials are currently 
becoming important issues affecting the cost and timely completion of the demolition phase of buildings. 

Each stage in the life cycle of a building may involve different people, therefore decision aids for durable wood 
construction should be able to serve different users: owners, specifiers, designers, and builders. The decision aid 
should also facilitate communication between these different users. 
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Figure 1. Input, key issues and major tasks at the conceptual and final design stages of a building 



Figure 2. Input, icey issues and major tasks at the construction, maintenance and repair stages of a building 



Figure 3. Input, key issues and major tasks at the demolition stage of a building 
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5.0 RISK ASSESSMENT M O D E L 

Durability considerations during the life cycle of a building were briefly explained in the previous section 
of this report. The proposed risk assessment model for durability will be presented here. Willeitner 
(1994) has emphasized the need for combining the hazard of possible biological attack with a risk 
assessment for the probability and the consequences of an attack, considering the service life of a 
structure. He also analyzed the important factors for risk assessment and presented examples to show the 
relevance of each factor in decision making for durability assessment of various structures. Morris (1994, 
1996) proposed a unified international hazard class system by analyzing a broader range of factors 
impacting on durability of wood products. 

The relationships between factors relevant to durable wood construction were formalized in a durability 
risk assessment model as illustrated in Figure 4. There are three elements of a durability risk assessment 
model: demand on durability, degree of loss due to failure, and durability capacity. Each element needs to 
be considered in several contexts: building, building assemblies, and components. From a durability point 
of view, the purpose of design, construction quality and on-going maintenance and appropriate repairs are 
to achieve and sustain a level of durability during the building's life time in the most economical way by 
considering the consequences of failures. 

The climate, local conditions, exposure and the required service life and the hazard class of the building 
assemblies or components are important factors defining the durability demand on the structure. Degree 
of loss due to failure in service is dependent on the function of the structure (or component), the ease and 
cost of maintenance and repairs, and the redundancy built into the design and construction. The designer 
controls the durability capacity of the structure by employing appropriate design details, considering the 
natural durability of the material to be used, and providing for the appropriate treatment of the material 
and planning for on-going maintenance. The construction quality is an important factor for achieving the 
targeted durability capacity for the building and its assemblies. Details of each element of the risk 
assessment model will be presented in more detail in the following sections. 

5.1 Demand on Durability 

Demand on durability needs to be considered in the context of a building and its assemblies. The main 
factors defining demand on durability of a building assembly are: hazard class, climate, local conditions, 
exposure, required service life, and design issues as illustrated in Figure 5. 
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Figure 4. Elements of the risk assessment model 
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Figure 5. Elements of demand on durability of a building assembly in hazard class H2 or H3 



5.1.1 Hazard Classes 

Hazard classification systems for wood deterioration provide a useful method of grouping the uses of 
wood products according to the degree of biodeterioration hazard. They focus on the potential of the wood 
material getting wet during its use in a building assembly. 

Wood material in a building assembly can get wet tiirough exposure to humidity, or continuous or 
intermittent exposure to precipitation or through contact with ground or marine water. A proposed unified 
hazard classification system is adopted from Morris (1996), as presented in Table 1. 

Table 1 
Hazard Class System 

HI H2 m H4 H5 m 

Exposure to 
humidity interior interior exterior exterior exterior 

Exposure to 
water no water 

interior 
intermittent -
water moist 
building 
materials 

exterior 
intermittent -
water 
precipitation 

continuous 
exposure 
to fresh 
water 
or 

continuous 
exposure to 
marine 
water 

Ground 
contact 

in contact 
with soil 

in contact 
with fertile/ 
organic/ 
reactive soil 

One of the key attributes of a wood assembly or component is its default hazard class. Examples of 
default values of hazard classes for several wood assemblies are presented in Table 2, Morris (1996). 

Table 2 
Default Hazard Classes for Some Wood Assemblies 

ASSEMBLIES HAZARD CLASS 

Framing, Joists, Flooring HI 

Sill plates H2 

Decks, Fence boards. Siding H3 

Fence posts. Retaining walls H4 

Permanent wood foundations H5 



The demand for durability will first be developed for building assemblies exposed to intermittent water 
exposure which can be classified as H2 or H3. The durability demand for assemblies exposed to humidity 
or ground contact or contact with marine water require considerably different considerations than 
assemblies exposed to intermittent wetting. The durability demand for assemblies classified as HI , H4, 
H5, and H6 will be developed later in the research program. 

Hazard classifications H2 and H3 deal with the potential of wood in a building assembly getting 
intermittendy wet based on the function (use category) and therefore the location of the assembly in die 
building. However, a wood assembly exposed to intermittent wetting will be more prone to decay during 
its expected lifetime in a warm and rainy climate than in a dry or cold climate. The next section deals 
with the effect of climate on decay potential of wood structures above ground. 

5.1.2 Climate 

Decay of wood occurs more rapidly in climates with higher monthly average temperatures and 
precipitations. Scheffer (1971) established a formula, based on standard U.S. Weather Bureau 
summaries, to yield an index of the relative potential of a climate to promote decay of above-ground wood 
strucmres. The same formula has been used by Setliff (1986) to establish decay indices for Canada. We 
shall use in this report the term climate index. The climate index can be calculated from meteorological 
data for any geographic location as follows: 

Climate Index = 2 (T-35) (D-3) / 30 

where T is die mean monthly temperature (degrees F); D is the mean number of days in the month with 
0.01 inch or more precipitation; and S is the summation of the products for the twelve months from 
January to December. For our purposes, we shall distinguish between six climate zones, as summarized in 
Table 3. 

Table 3 
Climate Zones for Above Ground Decay Hazard 

CLIMATES CLIMATE INDEX EXAMPLES 

Polar/Arid 0-35 Calgary; Whitehorse 

Temperate Vancouver; Ottawa 

Sub-Tropical Tampa, Florida 

Tropical 141-280 Singapore 

Equatorial Over 281 



5.1.3 Local Conditions 

Climatic and geographic differences miique to the immediate locality of the building will be considered 
under the heading of local conditions. Local factors that can influence the decay potential of wood above 
groimd are listed in Tables 4 and 5 for micro-climate and geographical conditions, respectively. We propose 
the consideration of the effect of these factors on the decay potential of wood assemblies as adjustments to 
the climate index of the area. The possible values of micro-climatic factors are: normal, medium and heavy. 
Similarly, the possible values of geographic conditions are: far, near, very close. 

The city or the region where the structure is to be built defines the climate index for the structure. However, 
the severity of micro-climatic and geographical conditions unique to the location of the structure in the city 
are taken into consideration by multiplying the climate index of the city or the region with the appropriate 
adjustment factors given in Tables 4 and 5. These adjustment factors were estimated based on experience 
but these and all the other factors developed here need to be verified. 

Table 4 
Effect of Micro-Climate on Decay Potential of Wood Above Ground 

MICRO-CLIMATE 
ABJUSTMENT FACTORS 

MICRO-CLIMATE 
normal medium heavy 

Fogginess or low cloud 1.0 llljllllllllilllĵ ^̂ ^ 2.0 

Raininess 1.2 

Snowfall lllllliilillilli liiiilllllllll̂ ^̂ ^̂  1.2 

Windiness 1.10 

Table 5 
Effect of Geographic Conditions on Decay Potential of Wood Above Ground 

GEOGRAPHIC CONDITIONS 
ADJUSTMENT FACTORS 

far near very close 
Closeness to river or lake or canal or 
swamp ;:|||||||||| lllliill; L2 

Closeness to forest or 
scrub 1 1.05 1.1 



5.1.4 Exposure 

The risk of decay due to exposure of wood in an assembly depends on two major factors: factors causing 
wood to get wet, and factors affecting rate of drying of wood if it gets wet. Factors affecting tendency for 
wood to get wet are listed in Table 6. The levels of protection from rain and the corresponding adjustment 
factors for wood in an assembly are also given in Table 6. The climate index adjusted for local conditions is a 
good relative measure of potential of decay in the case of total exposure of an assembly as far as the 
protection from rain is concerned. Additional protection from rain can be provided for a wood assembly by an 
overhang, a roof, a partial enclosure or by a total enclosure. The proposed adjustment factors for each level 
of protection from rain are given in Table 6. 

Table 6 
Exposure Factors for Wood Assemblies Related to Tendency for Wood to Get Wet 

TENDENCY TO WET VALUES OF 
VARIABLES 

ADJUSTMENT 
FACIORS 

Protection from rain 

total enclosure 
partial enclosure 

roof only 
overhang 

total exposure 

0.0625 
0.125 
0.25 
0.50 
1.00 

Facing direction 
lee side 

windward side 
0.9 
1.2 

Number of surfaces 
exposed 

1 
2-3 
4 

1.0 
1.1 
1.2 

Weather data shows that in certain locations, there are one or two dominant directions that wind blows when 
it is raining. These critical directions of wind are most likely known by the designer working in that 
geographical area and must be considered as a factor increasing the potential for decay due to increased 
tendency of wood assemblies getting wet when they face the wind direction in comparison to the lee side. For 
instance, in Vancouver during the year 33% of winds are from east followed by 18% from southeast. The 
preponderance of winds from the east is not only true for the year as a whole, but for every month of the year. 
It is also interesting that in dull cloudy weather the wind is almost invariably from the east or southeast while 
in clear weather during daylight hours a sea breeze blows from the west and northwest, Harry and Wright 
(1957). 

The number of wood surfaces exposed to wetting affects the tendency to wet as well as the rate of drying of 
wood in an assembly. The rate of drying of wood in an assembly is different if the assembly is situated in the 
shade or exposed to sun. Also, the level of windiness that the wood is exposed to has an influence on drying 
rate of wood. The factors affecting rate of drying of wood in an assembly, their levels of severity in linguistic 
terms, and the corresponding adjustment factors are given in Table 7. 



Exposure Factors for Wood Assemblies Related to Rate of Drying of Wood 

RATE OF DRYING 
VALUES OF 
VARIABLES 

ADJUSTMENT 
FACTORS 

fully shaded 1.0 
Protection from sun partially shaded 0.9 

no shade 0.8 

normal 1.0 
Windiness medium 0.9 

heavy 0.8 

1.0 
Number of surfaces exposed 0.9 

^i i i i i i i i i i i i i i i i i i i i i i i i i i i i 0.8 

5.1.5 Required Service Life 

The demand on durability of a wood assembly or a building has a time element associated with it. Durability 
requirements for a temporary construction, to be used only a couple of months, and a building with a medium 
life span of 25 to 49 years are different. During the conceptual design stage of a building, an agreement must 
be reached between designer and the owner on the design service life of the building. The categories of 
design life in linguistic terms, time span in years for each category, and some examples of buildings for each 
category are presented in the Draft Guideline on Durability in Buildings S478-1994, and here this 
information is reproduced in Table 8. 

Table 8 
Categories of Design Service Life for Buildings 

CATEGORY DEFAULT VALUES IN YEARS EXAMPLES 

Temporary up to 10 years site huts, temporary exhibition buildings 

Short life 10 to 24 years period temporary class rooms 

Medium life 25 to 49 years period most industrial buildings 

Long life 50 to 99 years period most residential, commercial and office 
buildings, schools 

Permanent minimum period 100 years monumental or heritage buildings 



The actual service life of components of a building may vary considerably, being longer or shorter than the 
building. Some components of a building (foundations, main structural assemblies) require a design life 
equal to the building's service life. The required service life for other components (roofing, cladding) may be 
chosen shorter than the design life of the building. It may be more cost effective to replace components with a 
shorter life span when the intended use of the building is modified. Exterior cladding or roofing systems are 
expected to provide service lives of 20 or more years before extensive maintenance needs to be planned. 
Thus, the required service life of components depend on their function, cost of maintenance and repairs as 
well as the inconvenience to be created during their replacement in the life time of the building. Certainly, 
decisions on required service life of assemblies are affected by the design service life of the building of which 
they form a part. 

5. / . 6 Design Issues 

We will consider design issues related to water trapping inside an assembly, and uptaking of trapped water by 
the wood components of the assembly. As shown in Figure 5, trapping water in an assembly may be caused 
by several factors directly related to the assembly under consideration: orientation of a wood component in 
the assembly, size of the area of the assembly that directs rain water to the wood component. Water trapping 
can also occur due to the interaction between the assembly under consideration and some other assemblies: 
water is funneled by other assemblies towards to the assembly under consideration, and wood in one assembly 
is in contact with water retentive material of another assembly. 

If water is trapped inside an assembly there are critical locations of wood components where water uptake 
into the wood will most likely take place. An evaluation of level of water uptake requires first defining the 
critical locations in the assembly where water is trapped and surfaces or defects of wood components that 
help to transfer water inside wood. The factors related to the water uptake are listed in Figure 5. The selection 
of the wood species to be used in the assembly defines the permeability characteristics of sapwood and 
heartwood, as well as the predominant type of wood in the assembly as presented in Table 9, Morris (1991, 
1995). The permeability of major north American softwoods are presented in Table 9, using a scale from 1 
to 4. The permeability levels I, 2, 3, and 4 denote permeable, moderately impermeable, impermeable, and 
extremely impermeable, respectively. 

In defining the demand on durability of a given assembly, the design of the assembly must be evaluated for 
water trapping, and for water uptake of its wood components. These require consideration of the wood 
species to be used and the interaction between the assembly under consideration and the other assemblies 
which might funnel water towards it. 



Table 9 
Permeability and Durability of Major North American Softwoods 

SPECIES 
PERMEABILITY PREDOMINANT 

TYPE 
HEAHTWOOP 
DURABILITY SPECIES 

SAPWOOD HEARTWOOD 

PREDOMINANT 
TYPE 

HEAHTWOOP 
DURABILITY 

western red cedar 2 3-4 heartwood durable 

yellow cypress 1 3 heartwood durable 

Douglas fir 2 4 heartwood moderate 

western hemlock 2 3 heartwood non durable 

white spruce 2 3-4 heartwood non durable 

Engelman spruce 2 3-4 heartwood non durable 

black spruce 2 4 heartwood non durable 

red spruce 2 4 heartwood non durable 

Sitka spruce 2 heartwood non durable 

ponderosa pine sapwood non durable 

red pine | | | | | i ; | sai i | .^ non durable 

lodgepole pine 1 iiiiijiiiiiiiiiiiii heartwood non durable 

jack pine 1 heartwood non durable 

southern pine 1 3 sapwood moderate 

amabilis fir 2 2-3 heartwood non durable 

alpine fir 2 3 heartwood non durable 

balsam fir 2 4 heartwood non durable 

S-P-F 2 4 heartwood non durable 

hem fir 2 3 heartwood non durable 

fir larch 2 4 heartwood moderate 



5.2 Degree of Loss Due to Failure 

In order to provide durable wood construction, the knowledge of the demand on durability of a wood 
assembly or a building is not enough. Demand on durability must be complemented with an estimate of 
degree of loss due to failure (in the context of durability) to arrive at decisions leading to durable wood 
structures, as shown in Figure 4. For instance, decisions on durability of interior finishing of a reception room 
differ whether it serves the emergency section of a hospital or a family doctor's office. The difference is due 
to the fact that repair and maintenance in the case of reception room for the emergency section of a hospital 
may cause at least some disruption of service, on the other hand the reception area of the family doctor's 
office can be maintained and repaired outside of office hours without causing any inconvenience to patients. 

The degree of loss due to failure has twO components: consequences of failure and the level of effort required 
for maintenance and repairs. The following six levels of consequences of failure are considered: none, 
inconvenience, some or major disruption of service, injury, and death. The effort required for maintenance 
and repairs can be categorized as none, minor, some, major, replaceable and irreplaceable. The weights 
proposed for degree of loss in terms of the above two factors are presented in Table 10. 

The severity of degree of loss is classified as very low, low, medium, high, very high and extreme according 
to the weights assigned in Table 10. The relationship between the weights and the linguistic variables 
classifying severity of degree of loss is presented in Figure 6. 

Table 10 
Degree of Loss Due to Failure 

CONSEQUENCES OF 
FAILURE 

EFFORT REQUIRED FOR MAINTENANCE AND RSlFAiRS 

Naat Minor Some Major Replaceable Irrct|>!aceable 

None 0.5 1.5 3.5 5.5 8.5 

Inconvenience 0.5 1.0 2.0 4.0 6.0 9.0 

Some Disruption of Service lllllll: 2.0 3.0 5.0 7.0 10.0 

Major Disruption of Service 3.5 4.0 5.0 7.0 9.0 11.0 

Injury 6.0 6.5 7.5 9.5 11.5 14.5 

Death 9.0 9.5 10.5 12.5 14.5 17.5 

5.3 Durability Capacity 

Design, construction and maintenance decisions for providing the necessary durability capacity for an 
assembly are not only based on the durability demand but also the degree of loss predicted in the case of 
failure of the assembly. The durability capacity of an assembly is ensured through the appropriate material 
selection, designing for durability, building in high quality, and planning and executing necessary maintenance 
and repairs, as illustrated in Figure 7 for hazard classes H2 and H3. 
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Figxire 6. Membership functions for degree of loss 

During the material selection, the natural durability of the softwood species to be used need to be considered. 
The natural durability levels of major North American softwoods are given in Table 9 in terms of heartwood 
durability and whether the predominant type is sapwood or heartwood for the species. In the same table, the 
permeability characteristics of major softwood species are also presented in terms of their heartwood and 
sapwood permeability levels. 

Dost and Botsai (1990) presented design details for various building assemblies and discussed issues 
relevant to achieving durability by design. Designs in both the building and the assembly level should be 
evaluated to verify that the required level of durability for all the assemblies is achieved. This evaluation 
process needs to consider the number of lines of defence against penetration and accumulation of liquid and 
vapor water in wood for an extended time period. For hazard classes H2 and H3, provision for shedding 
water away from wood components, use of water barriers in the assembly, and supplementing natural 
durability of wood, if necessary, by chemical treatment are the major considerations. 

Designed assemblies of an intended durability level need to be buildable. In order to achieve buildability with 
a high quality, design details should be evaluated with respect the following criteria: normally available 
materials must be used; only a realistic and achievable workmanship need to be specified; simple and 
normal construction techniques need to be employed; design documents should provide necessary details and 
instructions for construction of components critical for durability purposes (Canadian Standards Association 
- 1994) 

Designs for buildings and assemblies should allow where possible easy access for inspection, maintenance 
and repairs. Where easy access is not possible durability requirements may be increased to minimize the risk 
of premature failure. Maintenance and repair schedules for building assemblies which require special care 
must be identified. The identification of such assemblies can be based on the severity of loss due to failure of 
the assembly during the life cycle of the building. Effort for maintenance must be made known to the 
building owner through an owner's manual. 
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Figure 7. Elements of durability capacity of a building assembly in hazard class H2 or H3 



6.0 PERFORMANCE EVALUATION MODEL FOR THE BUILDING ASSEMBLIES 

Wood construction consists of many assemblies with different durability requirements. Each assembly in the 
building, and eventually the whole building needs to be evaluated for anticipated durability performance. The 
evaluation task consists of predicting the behavior of selected designs of the assemblies. This process 
requires derivation of the values of all relevant demand and capacity measures for durability performance, 
developed previously as elements of the diu-ability risk assessment model. For performance evaluation 
piuT)oses, we will consider building assemblies, basic components of the assembly, junctions between 
components within the assembly and jimctions between the assembly and the adjoining assemblies. For 
instance, the basic components of a stucco exterior wall design, (Dost and Botsai 1990), are studs, sheathing, 
membrane, reinforcement mesh, slip sheet, cement plaster, flashings, drips, sealents. Junctions between these 
basic components inside the wall or between the wall and wall openings, are the most critical points for 
durability considerations. Examples of junctions in this case, are the interfaces between membrane and 
flashings and bottom or top edge of the wall at a balcony. 

The risk assessment model will guide the evaluation of durability performance of assemblies as follows. 
First, the demand on durability of the assembly will be determined considering its function, its relationship 
with other assemblies and its basic components and all the junctions relevant for the assembly. This may 
result in identification of critical basic components or junctions, as well as other assemblies that substantially 
influence the durability demand on the assembly under evaluation. Next, the degree of loss due to failure of 
the assembly will be determined. This decision is guided by not only the assembly under consideration but 
also effects in the other assemblies and the function of the whole building as well as the owner's requirements 
as explained in section 5.1.5. The final stage in the evaluation process is the determination of the durability 
capacity of the selected design for the assembly. This may simply require evaluation of basic components and 
relevant junctions for durability capacity, considering the assembly alone or in interaction with other 
assemblies. However, if at the earlier stages of evaluation, certain basic components or junctions of the 
assembly are identified as critical, evaluation of durability capacity of those elements of the assembly may be 
sufficient. 

At the end of the evaluation of an assembly for durability performance, the capacity provided may not satisfy 
the durability demand on the assembly. In this case, the evaluation process may be repeated with a different 
design of the assembly, or necessary steps can be taken to revise other assemblies which may influence 
substantially the demand or capacity of the assembly under consideration. It is clear that the evaluation 
process is iterative, and at the end of each evaluation whether the result is satisfactory or not, explanations for 
the decision need to be provided to the user. The evaluation process is repeated for all the assemblies until the 
durability capacity for each meets the demand. Also, an overall evaluation of the whole building for durability 
performance needs to be performed. 

7.0 DISCUSSION AND RECOMMENDATIONS 

A framework for modeling the durability of wood construction is proposed. The knowledge base necessary 
for decision making in the domain of durable wood construction is organized around the three dimensions of 
this frame work: life cycle considerations for buildings; a durability risk assessment model; and a 
performance evaluation model for building assemblies. During the first two years of the project, research has 
focused on the life cycle considerations, and the development of a durability risk assessment model. The 
progress in these two areas is presented in this report. 



A general purpose expert system development tool KAPPA-PC available from Intelli Corp. (1992) is being 
used as the platform for the implementation of the risk assessment model as a user-friendly computer 
program. The development of a performance evaluation model for building assemblies will be pursued during 
the next phase of the project. 

It is reconunended that the research for developing decision aids for durable wood construction continue 
according to the work plan. Specifically, during the 1996/97 fiscal year the following research tasks will be 
undertaken: 

• refine and test the risk assessment model developed for exterior and interior assemblies exposed to 
intermittent water. 

• generalize the risk assessment model to include the interior building assemblies exposed to humidity. 
• initiate the development of a generic durability performance evaluation model for a range of 

building assemblies exposed to intermittent wetting. 
• establish a users committee with membership from designers and builders for knowledge acquisition 

related to the development of the durability performance model. 
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To promote the wise luse of wood in construction, a computer-based decision aid is being put together. To 
date the processes of the building life cycle have been identified and a number of elements of a risk 
assessment model have been developed, these take into account all the factors known to affect the durability 
of wood buildings. 
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Although wood buildings can be built to last, they are still perceived as lacking durability compared to 
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combined to cause premature failures in wood-based building systems. Other issues that promote problems 
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part of the problem appears to be that appropriate design solutions are not being applied either because the 
knowledge is not available to the people that need it or because customers or designers demand a new look. 
There is a need to make the existing knowledge available in a user-fiiendly format, to identify knowledge 
gaps and perhaps identî  needs for improved material properties or innovative design solutions. A system is 
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stages thereby facilitating the best possible series of decisions for the durability of the structure. 
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To develop computer-based decision aids which will assist specifiers, designers, builders and owners to 
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will consider the interaction between different assemblies and the interactions between the parts of each 
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