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Abstract 
The objective of the research project is to develop a model of risks and consequences of 
indoor environment similar to the probabilistic methods used in modern design codes for 
structures. The procedure for the risk analysis process is developed using the risk analysis 
process from the IEC standard 60300-3-9:1995 as a base combined with fault tree analysis 
to be able to evaluate the risk both qualitatively and quantitatively. Structural reliability 
analysis is used for the quantitative evaluation since several random variables can be 
handled using limit state functions to express the relationship between the basic events in 
the fault tree. 

The intention with the analysis is to compare the undesirable event with the consequence to 
humans. The undesirable event indoors Yenv has been defined as the function of the 
environmental impact together with decisions made in the building process about the design, 
construction and maintenance of the building. The consequence to humans Xenv has been 
defined as the dose-response relationship between the magnitude of exposure of the 
undesirable event indoors and the occurrence of specific human health effects. The risk is 
then estimated by comparing the random variables using first-order second-moment analysis 
(FOSM) or simulation to find the probability of exceeding a threshold value or to estimate the 
reliability index β. 
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Objectives 
Why shall we evaluate the risk of an unhealthy indoor environment to humans when 
designing and constructing buildings? The primary objective is of course human health. The 
Swedish Act on Technical Requirements for Construction Works etc. (BVL, 1994:847) and 
the Decree on Technical Requirements for Construction Works, etc. (BVF, 1994:1215), 
states that construction works shall be designed and constructed such that hygiene or health 
risks are limited regarding, i.a. the occurrence of airborne particles or emissions, hazardous 
radiation and the occurrence of moisture in construction works. 

The objective of the research project “Environmental decision-making in the construction 
process based on risk analysis” is to develop a model of risks and consequences of indoor 
environment similar to the probabilistic methods used in modern design codes for structures. 
A commonly accepted model could be beneficial as a tool for decision-making at different 
stages of the building process. 

Methods 
The procedure to find the hazards and the undesirable event indoors is based on the risk 
analysis processes used in the field of engineering and follows the main parts of the standard 
IEC 60300-3-9:1995 for risk analysis of technological systems. The risk analysis process is 
extended using fault tree analysis to be able to find the causes to undesirable events and to 
evaluate the risk quantitatively, Figure 1 (SS-IEC 1025:1990; SS-EN 1050:1996; IEC 60300-
3-9:1995; CCPS, 2000). Fault tree analysis is mainly developed to use on systems built up 
with electronic equipment with known basic event probabilities. In the building industry failure 
probabilities are more difficult to establish in terms of relative frequency. However, this 
uncertainty can be handled using structural reliability analysis (SRA) in the quantitative 
analysis since a special feature of SRA is that several random variables can be taken into 



account in a single analysis (Rettedal et al, 2000). The use of continuous variables is 
common in SRA and the ability to treat continuous variables is considered to be one of the 
main attractions by this technique. 
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Figure 1. Risk analysis process. 

Finally, the undesirable event is compared with the consequences to humans. The 
consequences to humans have to be derived from the field of human health and environment 
which will be accomplished by using results from research in this area or threshold values 
stated in codes. 

Results 
In Ljungquist (2003) the random variables were established in the same way as for the 
resistance R and the load effect S in structural reliability analysis (SRA). The load effect of 
the bending moment MS depends on the load and how the structure is designed without any 
respect to the appearance or material of the beam. The moment capacity MR depends on the 
material strength and the appearance of the beam. The failure state occurs when the beam 
cannot withstand the load effect, and to avoid failure MR - MS > 0. 
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Figure 2. The environmental impact together with system design may cause an unhealthy 

indoor environment to humans. 

In the case of an environmental impact it can be illustrated as in Figure 2 with the building 
component concrete slab on the ground exposed to the environmental impact (load) qenv. The 



“load effect”, the undesirable event indoors, denoted Yenv, is a function of the environmental 
load qenv and the decisions made in the building process concerning the design, construction 
and maintenance of the building component. 

The “resistance”, denoted Xenv, is the ability of humans to withstand the different pollutants 
indoors without becoming unhealthy, i.e. the dose-response relationship between the 
magnitude of exposure and the occurrence of specific human health effects. The “failure 
state” is then given by: 

 0env envX Y− ≥  

This gives that the objective of the hazard identification is to define the random variable Yenv, 
i.e. to find the undesirable event, and the objective of the initial consequence evaluation is to 
define the random variable Xenv, i.e. to find the dose-response relationship. 

Several interdisciplinary meetings and investigations have been performed to try to establish 
the cause to an unhealthy indoor environment to humans (e.g. Bornehag et al, 2001; 
Bornehag and Sundell, 2002; Sundell and Nordling, 2003; Abel et al, 2002; Formas, 2004), 
and the conclusions are that the main problems indoors comprise different emissions (gases 
and particles), microorganisms or substances from microorganisms, and ionising radiation. 
The undesirable event, Yenv., the top event in the fault tree, is defined and made more 
specific by the input events (1) “Radon concentrations in indoor air” (2) “Chemical emissions 
in indoor air” and (3) “Microorganisms and/or substances from microorganisms in indoor air”, 
Figure 3. The sub-top events are passing through an OR-gate since the events, separately or 
in combination, is the unhealthy indoor environment. 
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Figure 3. Definition of top event and sub-top events in the fault tree. 

Another conclusion drawn from the investigations is that human actions are needed for the 
undesirable events to occur, i.e. the system includes some fault due to human actions which 
together with the environmental impact cause an unhealthy indoor environment. This is 
illustrated in the fault tree in Figure 3 with the two events “Environmental impact” and “Fault 
due to human action” passing through an AND-gate since the events are needed in 
combination to cause the undesirable sub-top events. 

When the tree structure has been fully developed the qualitative examination of the fault tree 
can be performed. The purpose of the qualitative examination is to reduce the tree to a 
logically equivalent form in terms of specific combinations of basic events sufficient to cause 
the undesired top event to occur. The basic mathematical technique involved in the 
assessment of fault trees is probability theory since it provides an analytical treatment of 



events, which are fundamental components in fault trees. Evaluating the fault tree with 
Boolean algebra gives a number of minimal cut sets, which are combinations (intersections) 
of basic events and the top event is the union of the minimal cut sets. 

The purpose of the quantitative evaluation of the fault tree is to establish the probability that 
the undesirable top event will occur, i.e. to establish the random variable Yenv defined by its 
probability density function fYenv(yenv). To use structural reliability analysis the occurrence of at 
least one basic event in the fault tree considered must be dependent on the outcome of a set 
of random variables, the basic variables X = (X1, X2,….,Xn) where the continuous random 
variables are expressed by their density functions fXi(xi). Further, it must be possible to 
describe the conditions under which the event will occur, the event space, using one or 
several limit state functions G(X), logically connected by unions and intersections, where X is 
the vector of all relevant basic variables and G( ) is some function expressing the relationship 
between the limit state and the basic variables. In SRA, the random variables the resistance 
R and the load effect S, are defined with probability density functions and compared as 
marginal density functions giving the safety margin M. In the same way, the dose-response 
relationship Xenv and the undesirable event Yenv are to be compared using their probability 
density functions fXenv(xenv) and fYenv(yenv). The comparison between the random variables 
gives the safety margin Menv which also is a random variable with a corresponding probability 
density function fMenv(menv), Figure 4. 
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Figure 4. Representation of the limit state equation M = Xenv–Yenv= 0 separating the safe 

region from the failure. 

For functions with several random variables comparison has to be made using either first-
order second-moment analysis (FOSM) or simulation, e.g. Monte Carlo simulation. Then, the 
risk can be expressed by the probability of exceeding a threshold value or by the reliability 
index β. 

CONCLUSIONS 
The procedure for the risk analysis process is developed using the risk analysis process from 
the IEC standard 60300-3-9:1995 as a base combined with fault tree analysis to be able to 
evaluate the risk both qualitatively and quantitatively. Structural reliability analysis is used for 
the quantitative evaluation since several random variables can be handled using limit state 
functions to express the relationship between the basic events in the fault tree. 



The intention with the analysis is to compare the undesirable event with the consequence to 
humans. The undesirable event indoors Yenv has been defined as the function of the 
environmental impact together with decisions made in the building process about the design, 
construction and maintenance of the building. The consequence to humans Xenv has been 
defined as the dose-response relationship between the magnitude of exposure of the 
undesirable event indoors and the occurrence of specific human health effects. The risk is 
then estimated by comparing the random variables using FOSM or simulation to find the 
probability of exceeding a threshold value or to estimate the reliability index β. 
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