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Abstract 
Timber Volume Element prefabrication (TVE) is an industrialised production system, where 
wall and floor elements are assembled in factories to volumes before being delivered to the 
construction site. TVE manufactures buildings to a low production cost without any consider-
ation of methods regarding life-cycle concern. An interview study, with potential clients of
TVE, shows that there is an uncertainty about fulfilment of functional requirements, resulting 
in a perception of inferior sustainability of the finished building. During design, decisions are 
taken concerning choice of material, components and installations that affect the durability as 
well as operating and maintenance costs during the service life of a building.  
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The Construction Products Directive (CPD) of the European Union emphasizes the import-
ance of service life planning, suggesting that products permanently installed in a building 
should be service life declared. The implementation of CPD called for the development of the 
ISO standard 15686, Buildings and constructed assets – service life planning. Two questions 
are discussed in this paper; 1) if ISO 15686 can serve as a tool for strategic planning of an 
economically reasonable service life for wood-based components and 2) if the identification 
of critical cost and durability decision-making points can be used in the decision-making 
process when designing wood-based building products.

In an apartment block the stairwell represents an important function from a technical, 
economical and aesthetic viewpoint. The stairwell is a public area, exposed to intensive use. 
The design has to consider resistance to wear, cleaning and vandalism, bearing resistance, fire 
safety and also conformation to demands on industrial production. By collecting and 
analysing empirical data from the development of a wooden stairwell, a possibility arises to 
test the suitability of applying ISO 15686 for wood products. The results show that the frame-
work of the method described in the standard is applicable to the development of wood 
products, but also that a receiving mechanism within the TVE companies is lacking today. 
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1  Introduction
Construction in general is interfered by a large amount of waste and adverse relationships that 
have led to lower quality and profit (SOU, 2002). The traditional building industry is mainly 
project oriented, which has led to fragmentation and lack of continuity (Lessing, 2006). 
Industrialised housing construction is viewed as one solution, which have led to numerous 
development efforts. Both concrete and timber frame housing strive towards a development of 
an industrialised construction process in multi-storey buildings. The influence from the 
manufacturing industry is great, e.g. from trucks and cars manufacturing (Gann, 1996). The 
multi storey company in this study utilises Timber Volume Element prefabrication, TVE. This 
is a closed, three-dimensional building system consisting of floor-, roof- and wall elements 
forming a volume with electrical installations, flooring, cabinets, wardrobes and finishing etc. 
completed inside the factory. The volumes are transported to the construction site where they 
are assembled into complete buildings. This is preferably done in a design-build contract, with 
a reduced amount of stakeholders compared to ordinary general contracts. Product develop-
ment within the TVE building system is performed during the sequential design processes 
taking place in each new building project (Johnsson et al., 2006). This differs from the manu-
facturing industry, where product development is handled separately from ordinary pro-
duction, Fig. 1, providing opportunities and time for testing and quality control. 
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Figure 1 Knowledge management from (Johnsson et al. 2006) 

Johnsson et al. (2006) states that a project-based product data management system will lower 
the product knowledge and obstruct the experience feedback and product development 
needed. A high degree of product knowledge is crucial for increased quality and strategic 
development methods.  

The TVE customers feel an uncertainty regarding the level of long-term sustainability of 
industrialised wooden construction (Höök, 2005). Customers request communication of life 
cycle data (Höök, 2005), which in turn increases the demand for product- and process 
knowledge within the TVE company.  

Emphasise of Service Life Planning (SLP) as an effort to ensure building performance dates 
back to when the Construction Product Directive (CPD) was put together in 1988. SLP was 
identified as a guiding concept regarding durability of buildings (Sjöström et al., 2002), that 
should be of help in implementing CPD. Both durability and reliability stands out as 
dimensions of quality (Garvin, 1988) and forms a part of the sustainability portfolio (Trinius 
et al., 2005).

The ISO standard 21929-1:2006 Sustainability in building construction – sustainability 
indicators, aims to define a set of economic indicators related to the life cycle of a building: 
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With a technical and economical demarcation of the concept of sustainability this again calls 
for a well defined product and emphasises life cycle considerations or SLP. This implies the 
requiring of life cycle information and gathering of process knowledge regarding all product 
stages; production and post-production, on all levels i.e. component- system- and project 
level, Fig. 2. 
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Figure 2 The effect of sustainability on the production chain.  

Since industrialised wood construction lacks a consistent approach to product quality, yet 
claiming to be “industrialised”, it is interesting to investigate if and how service life planning 
(SLP) can support the development of timber building systems. By doing so the uncertainty 
expressed by customers regarding the long-term sustainability and durability of industrialised 
timber construction could be reduced. The feasibility of entering sustainability into the 
context of the TVE building system and its associated suppliers and customers is discussed in 
this paper, Fig. 2. 

2  Timber volume element prefabrication 
The prefabricated timber volumes consist of four load-bearing walls enclosing the volume. 
The size of the volume elements is limited to an outer width of 4.15 meters, an outer length of 
13 meters and an internal height of the volume element up to 2.60 meters. The TVE company 
often runs everything in-house, seeking design-build construction, i.e. they obtain a building 
site, they design the building according to customer demands, they produce prefabricated 
volumes in their factories, and they assemble and finish them on the construction site. The 
cost of timber materials does not contribute significantly to the potential cost savings in an 
industrialised construction process rather the main drivers for the cost reducing potential are; 
possibilities to increase the degree of prefabrication, improve logistics, and improve the 
construction process (DS, 2004). 

While prefabrication is shown to improve safety, productivity, and quality; customisation is 
efficiently achieved by combining standardisation and prefabrication (Gibb, 2001). The 
common strive to lower costs within the housing industry should not lead to construct a 
function to the lowest possible price. The function within the building should be possible to 
maintain at a foreseen cost for a long time.  

Emphasises designed service life
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As a quality parameter the service life of a building is decisive (Garvin, 1988) but the 
intended service life also must be maintained at a predicted cost. Consequently the annual 
expenditure depends on maintenance costs and service life. 

Methods for standardisation and prefabrication are well adopted in the car and truck industry. 
Are the same market mechanisms applicable for buildings and constructed assets as for cars? 
Five partly interacting hindrances can be perceived as reasons why the same quality 
knowledge is not reached in construction (SIS HB 50, 2005): 

1. Complexity – a house is a more complex technical system. 
2. Uniformity regarding the product – normally, buildings are fabricated in small 

numbers. 
3. Uniformity regarding the production – low degree of automatisation with many 

actors in weak co-operations, there is no trademark, i.e. quality label. 
4. Service life – a car has a much shorter service life than a building. 
5. Environment – this is a problem for constructed assets, the annual mean values 

could vary dramatically for different locations even close to each other. The 
prevailing environment is decisive for the course of degradation. 

Traditionally the architect initiates product development in construction. TVE producers take 
more ownership of the product and consequently are the natural owners also of the product 
development process. There is a need and a demand for new supplied products, rather than 
adoptions of existing solutions. No information on long-term performance is available, 
especially since multi-storey timber buildings has a short history beginning in 1994. Hence 
information of long term performance must be estimated. 

3  Service Life Prediction  
The service life planning work has progressed to the stage where eight parts of the ISO 15686 
are proposed, of which 1-3 and 5-6 are published. The general concept service life (ISO 
15686-1, 3.1.1) is defined as the time after installation during which a building or its parts 
meets or exceeds the performance requirements, Fig. 3. As a product developer the design life 
(ISO 15686-1, 3.1.4) is in focus. This is the intended service life of the designer and the 
service life that a forecasted service life (15686-1, 3.1.6) is to be compared with. Two levels 
of forecasted probable service life exist: 

Predicted service life, PSL, (ISO 15686-1, 3.1.5) 
Estimated service life, ESL, (ISO 15686-1, 3.1.3) 

Predicted means a more probable service life obtained in accordance with ISO 15686-2 e.g. 
the microclimate of the building or climate conditions specified from laboratory or real life 
data. The estimated service life is the secondary choice, obtained by e.g. the factor method 
described in clause 9 in ISO 15686-1, where input is the reference service life (15686-1, 
3.1.2). The factor method described in clause 9 of ISO 15686-1 is classified as a simple 
estimation method (Hovde, 2003) and it is not clear how useful it is (Marteinsson, 2003) but it 
could be incorporated in the design for durability and as a means for development of 
sustainable buildings.
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More sophisticated methods are engineering and probabilistic methods (Hovde, 2003). The 
amount of work needed to sustain service life data in accordance with ISO 15686-2 is 
enormous (Davies, 2004). Whereas the standard is devoted to those who undertake or specify 
the data testing, the output should be of interest to designers who knows nothing about the 
detailed assessment. In order to make a complete service life design, i.e. defining the design 
life of a structure, in addition to the design parameters resistance and bearing capacity, time is 
added and the probability of unwanted effects. This is done for parameters that are 
mathematically mouldable and well defined. Work on concrete structures where degradation 
agents are well defined, propose that the use of ISO 15686 is justified in the cases listed 
below (EN 206-1:2000): 
- Demanded service life is considerably diverging from 50 years. 
- The demanded probability for failure is low. 
- The environmental impact is especially aggressive or it is well defined. 
- The required quality of work is supposed to be high. 
- A strategy for maintenance is required. 
- A large number of similar constructions or elements will be manufactured. 
- New or diverging materials will be used. 
- Design regarding sustainability is not affected by misconduct or mistreatment of the sub 

components in the element or construction.

Forecast service life

Predicted service life;
based on reference service life with a defined set of 
conditions.

Estimated service life;
probable service life based on any method e.g. factor
method clause 9 in 15686-1.

Prediction based on exposure and performance;

Prediction on modified conditions;

Design life

TimeInstallation

Forecast service life

Predicted service life;
based on reference service life with a defined set of 
conditions.

Estimated service life;
probable service life based on any method e.g. factor
method clause 9 in 15686-1.

Prediction based on exposure and performance;

Prediction on modified conditions;

Design life

TimeInstallation

Figure 3   How to use the standard from Davies (2004) 

A process for service life forecasting is proposed in the ISO 15686-1 figure 3 and clause 6, 
Fig. 4. 
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Figure 4  The forecasting process from ISO 15686-1. 
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3.1  Exploratory Case Study –Staircase Abrasion Resistance 
A case study was chosen for exploring the interaction between stakeholders (Yin, 2003). A 
limited initial study was performed involving both staircase producer and TVE manufacturer 
in their ongoing development of a prefabricated wooden staircase compatible with TVE
production. The study was conducted through interviews and market research, and through 
applying the ISO 15686-1 standard. A stairwell is defined as the enclosure of a stairway, or 
the space around which a stair is disposed (ISO 6707-1, 4.4.15) e.g. the framed opening in the 
floor that incorporates the stairs. Within the TVE production system the prefabricated stairwell 
volume is produced in parallel with the apartment volumes. The wooden stair has long 
traditions and brings with it a list of characteristics that makes it suitable for such 
constructions. The qualities of wood and timber in stair construction are (Haberman, 2003): 

Renewable resource
Affordable
Load bearing capacity  
Workability  
Low weight.

This makes it preferable for the prefabrication industry. Wooden stairs are not manufactured 
in-house, but purchased through a supplier specialising in this product. All types of comer-
cially available timber are used to build steps. The staircases must fulfil requirements of 
safety, durability and appearance. The “wear out” of the wooden steps surface under high 
abrasion condition is one of the problems. Interviews with both a stair supplier, (Lindgren, 
2007), and a TVE manufacturer, (Risberg, 2007) reveal the following issues: 

Wooden stairs are more practical due to its workability and easiness of assembling in 
factory.
There is a lack of maintenance strategy for the stairwell resulting in insecurity 
regarding:

o quality
o choice of surface/cladding  
o long term appearance of the stringer i.e. inclined part supporting the steps. 

Lack of aesthetic, high abrasion resistant, surface choices, e.g. customers often request 
stone cladding 
The ambition is to procure a staircase with no complementary work needed. 
Moisture damaged is not acceptable in the connections between components in the 
stair.
Nosing, front of step, has not yet reached satisfactory solution. 
Existing staircases is not yet optimized in accordance to fire safety. 

o Need for more economical fire protected staircases 
There is a problem communicating size of stairwell, resulting in a lack of space for the 
prefabricated staircase. 
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3.1.1  Application of ISO 15686-1 
As a first attempt to address these problems, the method of ISO 15686-1 Clause 6.1 was 
applied to the choice of flooring material on the steps. The indicated part of Fig. 4 was 
completed as the following brief consisting of the prefix a – d was performed: 

a. In-house conditions: The stairwell is a heated vertical volume connected to both 
outside and inside climate conditions. There is no available data yet but estimates of 
temperature and humidity that should be complemented with season and twenty-four 
hours cycle (Risberg, 2007): 

Temperature: 17°Cmin - 20°Cmax

Humidity: 20% RHmin - 80% RHmax

b. The components are structured in a maintainability chart, where components are 
permanent, replaceable or maintainable to various extents, numbers are estimates of 
service life in years, Table 1.

Table 1  Maintainability chart with service life estimate (Numbers are service life in years)
Design 

life
Inaccessible 
components 

Expensive 
replacements 

Major replaceable 
components Installations 

building Staircase 
structure 

Stairwell flooring  
Wall surface Staircase 

abrasion surface 

Stairwell flooring  
Wall surface Staircase 

abrasion surface 
Shafts 

50 50 40 25 40 

c. Classification is done according to Vanier et al (1996). Functional element, e.g. 
the staircase: The case study company define their requirements for the stairs 
according to the amount of apartments per floor. This is an indicator of the amount of 
people using the stairs, for multi-storey buildings class A is chosen, while class C 
corresponds to smaller houses with a few apartments per floor. A number of possible 
flooring materials were identified on the market, Table 2.  

Table 2   List of flooring materials 
Flooring materials 
1. linoleum  (resilient) 
2. vinyl (resilient) 
3. rubber (resilient) 
4. cork (resilient) 
5. HPL laminate 
6. stone 
7. concrete, terrazzo 
8. ceramic tile 
9. wooden and parquet 
10. resins floor 
11. carpet 

Table 3 presents a functional requirement list for the material to be used as a top 
layer or covering on the steps. The actual selection procedure is not presented in this 
paper. The requirement list is basis for conceptual design (not within this paper). 
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Table 3 Requirement list 
Requirement Specification 

A. Abrasion resistance  Class AC5, IP-value  6000 according  SS EN13329 
B. Resist moister/water 100 % RH, wet cleaning, ISO 62: 1998 
C. Resist temperature   0-180 ºC, SIS 245820 
D. Impact resistance Class: IC3 according SS EN13329 
E. Fire resistance At least Cfl -s1 according BBR 5:512, for floor, reaction to 

fire, tested according to SS 024825 
F. Low slippery Coefficient of dynamic frictions (μ) according; SS-EN 13893, 

or a value >35 according the pendulum test 
G. Resistance to chemicals Detergent, solvent, SS-En 13442 
H. Replaceable  Maintenance, operation  
I. Able to be work up With mill, cutter, saw, drill and so on. 
J. Compatible with nosing In the fabrication process 
K. Compatible with string Covering of the string 
L. Able to be glued On wood 
M. Environmental friendly VOC test according the final draft pr EN 15052: 2006 
N. Reasonable price Up to fabricant 

d. Which components need to be repairable/maintainable/replaceable? This is where a 
common approach is beneficial for access to life cycle data both from TVE, for 
assembled structures and from sub contractors that manufacture and deliver complete 
component structures e.g. staircase, window, door and installation.

The staircase manufacturer produces approximately 8000 stairs per year. They fabricate stairs 
mainly for single family dwellings, implying they have strong tradition and skills concerning 
customisation and individual design. The TVE company’s need is approximately 100 stairs 
per year, but customers do not trust the existing product as it is not well adopted for multi 
storey high abrasion demands. Both companies are seeking standardised products i.e. product 
development, in order to gain costumer confidence and trust. It will not be possible to transfer 
management tools from the industrial sector to the construction sector without substantial 
redesign (Riley, 2001). Though striving for manufacturing skills the culture within 
construction is a project culture in comparison to the stair manufacturing company, Fig. 5. 
Findings indicate that as the house producer have a notion of purchasing standardised stair-
cases, the staircase manufacturer handle the production as custom made, hence an information 
gap is found, resulting in low fulfilment of functional requirements and high expenditure. But 
actions need to be taken towards a systematic approach in developing the product, i.e. 
overcome the obstruction of non-existing product development interface. 

Construction culture

Manufacturing culture

Staircase producer

Timber multi storey 
house producer

Product
development

Quality

Sustainability

Construction culture

Manufacturing culture

Staircase producer

Timber multi storey 
house producer

Product
development

Quality

Sustainability

Figure 5 Product development as a catalyst for structuring processes. 

Neither the staircase manufacturer, nor the house producer use any overall systematic product 
development approach, e.g. Quality Function Deployment, QFD, (Dale, 1999) or other syste-
matic methods for problem solving, but the demand for new products, both from manu-
facturers and customers, imply the necessity for this. 
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4  Conclusions 
Products are developed through performance requirements and performance over time, both 
of which are essential for any identification of service life. The exploratory case study shows 
a strive for developing new products, but lack of management obstructs the quality assurance 
of the product development. Also the study reveals the absence of available data when 
executing SLP through the ISO standard. The hindrance for applying knowledge from the car 
industry is less in TVE companies than in ordinary construction companies. Of the five 
hindrances listed in the ISO user guide, namely; Complexity, Service life, Environment, 
Uniformity- regarding the Product and Production, only the three first are applicable 
regarding TVE production. Even if houses are not cars (Gibb, 2000) the TVE companies are 
more suited for industrial production, thus of interest for further research of applying the ISO 
15686 standard. 

As the TVE producers strive to control their product, their demands grow towards their 
suppliers increases. TVE producers are developing from regular building firms with in-house 
production to industries where quality control is in focus. This development increases the 
possibilities for incorporating also Service Life Planning (SLP). This method relies on well-
defined products as seen in the case study. There is of course a strong implement for SLP
when customers declare a lack of trust regarding the product offered. This in turn forces the 
product owners, manufacturers as well as designers and other relevant stakeholders to deal 
with this issue. In order to be able to effectively handle the SLP demands, the TVE producers 
need to separate their product development process from their ordinary production process, 
Fig. 6. If not, the control of the process is lost and there is no receiving structure for the SLP
method, leaving it up to the people in the company to remember it, rather than having a 
structure to support it. 

For the building industry at large, there are strong incentives to use SLP . First, the building 
codes in Sweden are formulated with performance based functional requirements, providing a 
framework for receiving SLP methods, which are also performance based, (Trinius et al., 
2005). Second, the conservative building industry finally has a tool that can reduce the 
uncertainties around new products that are developed. 
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Figure 6   Separation of product development from ordinary production.

Incorporating SLP planning in the TVE producers’ product development process would give 
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4.1  Future work 
There is no available data supporting design decisions when developing a fire safe staircase in 
multi storey houses. The ISO 15686 standard is not yet an absolute science made for 
calculating an absolute value (Davies, 2004) but perhaps best suited for comparison of alter-
natives as suggested in the ISO standard guide. For further work a wood stairwell with new 
innovative abrasion layers could therefore be compared to a concrete structure, as this 
structure has the trust of customers and has proven to be service life reliable.  

The gap between stakeholders, representing different company cultures (Riley, 2001), calls 
for a wider survey regarding demands from e.g. architects, facility management and 
customers. Applying facts from this survey in the product development work is adapting 
fundamental quality management demands for production decisions to be based on facts 
(Dale, 1999).

Since stairwells equipped with wooden staircases are a new phenomenon in Sweden 
knowledge of relevant decision making points as support in product development is not 
available. Therefore a product survey, among existing stairwells, focused on wear and 
technical degradation, should be conducted. As degradation could be linked to functional 
requirements they could provide essential information for the development of new enhanced 
staircases and serve vital for systematic product development tools e.g. QFD as well as for  
Service Life Planning implementation. 
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