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Abstract.   
The use of timber structures in tall buildings increases the demand of moisture 
safety in facades. Moisture in the facade could result in unwanted consequences 
such as mold, decay and distortions in wood materials. This might have impact 
on the indoor climate and the building quality. The aim of this study was to 
evaluate the moisture safety regarding the composition of the façade and con-
nection details such as windows and balconies.. Scenarios with possible damag-
es were evaluated with LCC (Life Cycle Cost) and LCA (Life Cycle Assess-
ment. The scenarios were developed based on experiences from manufacturers 
and insurance companies and on research investigations of damages.). LCC and 
LCA includes replacement of damaged building materials, transports of new 
materials and damaged materials for recycling or energy recovery and the use 
of energy for drying of moisture in the structure. Both light frame structures and 
CLT (Cross Laminated Timber) structures were included. Improvements of de-
tail connections to increase moisture safety were also evaluated regarding risk 
of damage, costs and environmental impact. The results show that even small 
and inexpensive improvements will increase the moisture safety and significant-
ly reduce the risk of damage. 
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1 Introduction 

A significant number of multi-storey office and housing projects have been and 
are currently developed all over Europe. In order to preserve and develop the chances 
on the market, wood construction must be reliable, durable, flexible and strong in off-
site production/prefabrication. To fulfil most of these requirements a prolonged mois-
ture-safety is necessary, which was in the focus of the project “Tall timber fa-
cades”.The project was funded under the European WoodWisdomNet research pro-
gram with the objective to facilitate safe design of sustainable and hence cost-
effective design solutions for the building envelope, tall timber facades, by the com-
bination of existing best-practice with a risk-based concept [1]. 
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With an increasing height of timber buildings, the challenge is growing to provide 
moisture-safe conditions for the expected lifetime of building envelopes. Tall build-
ings are particularly exposed to high wind pressures combined with driving rain. 
Compared to fire safety and static demands, the risk of moisture damages today is 
often underestimated in planning, building processes, and quality management.   

 
1.1 Goal and Scope 

This study is part of the project Tall timber facades, with the goal to show the envi-
ronmental impact and cost of moisture damages in façades and thereby enable com-
parison of improvement measures for increased moisture safety with consequences of 
moisture damage. Scenarios with possible damages were evaluated with LCC (Life 
Cycle Cost) and LCA (Life Cycle Assessment. 

2 Method and material  

2.1 Consequences of Moisture  

The consequence of moisture load on the construction and parameters were analysed 
as direct and indirect consequences of moisture.  

Mold is caused by excessive humidity in wooden constructions, and can result in 
financial loss and unfavorable social problems such as discomfort and health risks. 
Mold is a very complex biological phenomenon, which is highly dependent of the 
interrelation between humidity, temperature and time [2]. 

 Decay is caused by decay fungi that grow through the wood cells and release en-
zymes that break down the wood components. This results in loss or significant re-
duction of many of the wood properties. Most common are brown rot, white rot and 
soft rot degradation [3], [4]. All decay fungi attacks on wooden elements will influ-
ence the mechanical resistance.  

2.2 Experiences of damages in timber facades  

Several damage investigations of building facades have been reported [5]. However, 
most of the results describe the amount of damages but not the exact cause and spread 
[6]. A review of errors and damages to facades was carried out by an insurance com-
pany that provides assurances for errors/damages that occur during the first ten years 
after completion of the building. The review included 185 damage cases that occurred 
during the period 2009-2016. Most houses were 1- or 2 storey timber frame houses 
with wood or plaster cladding. The main causes of damage were shortcomings in 
window flashings and other metal sheets and their connections to the facade, mainly 
around windows and doors. These damages are also found in studies of timber walls 
with plaster façade [7].  

A questionnaire was sent to the timber house manufacturers in Sweden to collect 
their experiences of moisture damages in buildings.  
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2.3 Wall Structures  

Two typical walls were studied; one was a CLT (Cross Laminated Timber) structure 
and the other a timber frame structure, see Fig. 1.These walls represent best practice 
constructions that fulfil all other requirements on facades, such as strength, acoustics, 
fire and insulation. The environmental impact and the cost with respect to moisture 
damages in these walls have been evaluated.  
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Fig. 1. Analyzed walls. To the left is CLT structure and to the right structural timber frame. 

2.4 LCA and LCC 

LCA/LCC calculations were used to evaluate the environmental impact and costs of 
moisture-related damages in the wooden facades over the building life cycle.  

LCA Calculations 
The calculation follows the modular set up of the life cycle stages in accordance with 
EN 15804 [8]. The inventory includes the following stages of the building life cycle:  

• Product stage, A1-3  
• Construction process, A4-5  
• Use stage, B3 Repair and B4 replacement.  

Due to missing data and other information about the processes, the inventory is 
not comprehensive for all stages. However, for the product stage module A1-3 and the 
repair module B3, most of the relevant data of the processes that have the biggest 
environmental impact are included in the inventory. These processes are:  

• Production of new materials/component and ancillary materials  
• Use of energy (machines for drying and heat during repair B3)  

 Glulam panel 
Battens 
Ventilated air gap 
Wind barrier 
Plywood strips 
Plastic distance 
Mineral wool 
Battens 
Mineral wool 
Vapor barrier 
CLT 
Gypsum board F 

 
Plaster 
Cement board 
Battens/Ventilation 
Mineral wool 
Ext Gypsum board 
Battens 
Mineral wool 
Vapor barrier 
Gypsum board 
Gypsum board 
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• Production and transport of wastage of materials during repair or replacement  
• Transportation of new materials/components and ancillary materials. 

The functional unit is the base for calculation of the material flows and environ-
mental impacts over the products life cycle stages. For calculation of the indirect con-
sequences of moisture damages in the facade, the functional unit was “a wall element 
with length 3 m and height 2.4 m including one window 1.2 m x 1.4 m or one balcony 
door 1.0 m x 2.1 m and with a life span of 50 years”. 

 
LCC Calculations 
. Life-Cycle Costing (LCC) is used for assessing the cost performance of constructed 
assets and is described in the standard ISO 15686-5[9]. Both generic data from Sek-
tionsfakta® – ROT [10] and specific data assigned to a specific company was used. 
Future costs were converted to a net present value. The expected real discount rate per 
annum was chosen 4%. The probability of when moisture damage will occur is diffi-
cult to know. LCC was calculated with a time of 2 years to discover a small damage, 
5 years to medium damage and 9 years to extensive damage. Maintenance of façades 
was included once during the life of the frame structure with plaster and twice during 
the life of the CLT façade with wooden cladding. Scenarios with improvements in-
clude sealing tape and steel profile for the window connection and sealing tape for the 
balcony door.  Life cycle stages and functional unit was the same as for LCA. 

3 Results 

3.1 Consequences of Moisture  

The input and output parameters for calculations of consequences, grouped into di-
rect and indirect consequences, are shown in Fig. 2. The input parameters to simulate 
moisture and failure modes in a construction are climate, wind, rain, temperature, 
initial moisture, building moisture, and all the material layers of the facade. Direct 
consequences of moisture can be moisture creep, decay (fungi), mold and façade dete-
rioration. This will indirectly affect the insulation, risk of failure and deformation, the 
aesthetics and air quality. This may in turn lead to increased environmental impact 
and costs from replacement, repair, etc. 
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Fig. 2. Input and output parameters for calculations of direct and indirect consequences of 
moisture. 

3.2 Experiences of damages  

The results of the questionnaire to house manufacturers showed that most compa-
nies have experience of damages in facades due to water penetration from outside. It 
was specific details in the structure that caused the damages due to outside penetra-
tion. The main cause was horizontal interruptions (balcony, loggia, etc.), some were 
caused by openings (windows, doors, etc.), and there were also a few damages due to 
penetrations (pipes, cables, etc.). No damages were reported in buildings with CLT 
structures since this is a rather new type of building system. Based on the experience 
of the house manufactures the main risk areas in a building façade were identified, see 
Fig. 3.  
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Fig. 3.   Risk areas in the building façade  
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3.3 Damage Scenarios 

Different damage scenarios were developed to enable LCA and LCC calculations. 
Scenarios for three different extents of moisture damage, small damage, medium 
damage and extensive damage were based on the experience from experts, house 
manufactures and insurance company. The different extent of damages refers to the 
time of damage detection. The scenarios are illustrated and defined for window and 
balcony door connection for both CLT structure and timber frame structure. However, 
since there is little information of damages in CLT structures these scenarios are esti-
mated based on the construction and the materials included. In Fig. 4 examples of 
scenarios for moisture damage in window connection in timber frame structure are 
shown.  

The consequence of a leakage will be to remove all moist materials and moisture 
damaged materials. After that the moist structure must be dried using dehumidifier 
and the wall is then rebuilt and restored. If there is decay in structural parts they are 
normally kept and supplemented if it is difficult to unload and replace, for example 
bearing studs and CLT elements. 

 

             
Fig. 4. Scenarios for three different extent of moisture damage in window connection in wall 
with timber frame structure. Upper: Front view of water spread in wall.  Lower: Section of 
water spread in wall. 

Moisture damage
Decay
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3.4 Improvement of Details 

A standard connection usually works well. On more exposed facades though, an im-
proved connection with a steel profile behind reveal can provide increased safety 
against leakage, see Fig. 5 . An improved connection at the balcony can be obtained 
with a sealing layer, as a second protection layer on top of the sill and on the side of 
the wall opening.  If the technical improvement results in lower environmental impact 
and lower costs over the building life cycle the improvement is favourable to include 
in the connection detail.  

 

  

Fig. 5. Left: Improved connection with steel profile behind reveal (blue line). Right: Improved 
connection with a sealing layer (green line), on top of the sill and on the side of the wall open-
ing (dotted green line). 

 
3.5 LCA 

The analyses are based on the damage scenarios with different extent of moisture 
damage. Climate impact was used to describe the environmental impact of the pro-
duction of wall, maintenance and repair during service life. In Fig. 6 and Fig. 7 the 
environmental impact of the production of exterior wall elements and regular mainte-
nance are presented. The figures also include the environmental impact of moisture 
damages in window and balcony connections in the wall.  

Based on the damage scenarios the climate impact of damages in the connections is 
much lower than the production of the wall.  This is mainly because the spread of 
water is limited in the wall and the damage area much smaller than the plain wall 
element. The balcony connection in the wall with structural frame results in a slightly 
higher impact due to more materials involved in the repair, see Fig. 6 . In this wall the 
repair needs to be done from both sides of the wall. 

In Fig. 8 climate impact of modification of window connection according to Fig. 5 
is compared to impact of damages. The figure shows that the impact of the modifica-
tion is much lower than the impact of the damages. 
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Fig. 6. Climate impact of damages in window and balcony connection in wall with CLT struc-
ture compared to the impact of wall production and regular maintenance. 

 

 
Fig. 7. Climate impact of damages in window and balcony connection in structural frame wall 
compared to the impact of wall production and regular maintenance. 

 

 
Fig. 8. Climate impact of damages in window connection compared to modification of con-
nection 
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3.6 LCC 

In Fig. 9 and Fig. 10 the life cycle costs of the production of exterior wall element and 
regular maintenance are presented. The figures also include the costs of moisture 
damages in window and balcony  connections in the wall.  

Fig. 9 indicates that repair cost of damage in a window connection will be higher 
than the costs of the damages in a balcony connection based on the used scenarios. 
This is because the repair must be done from the outside which requires scaffolding or 
lifts. The repair costs of the timber frame wall are higher than of the CLT structure. 
This is due to more materials involved in the repair, see Fig. 10. 

 

 
Fig. 9. LCC of CLT structure. Wall element (grey), window connection (blue) and balcony 
connection (green). 
 

 

 
Fig. 10. LCC of timber frame structure. Wall element (grey), window connection (blue) and 
balcony connection (green). 
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4 Discussion and Conclusions 

The scenario method used in this study was based on experience from builders, timber 
house producers, insurance companies and experts in timber building. The scenario 
model contains some uncertainties due to design, execution, and exposure time and if 
the structure has the ability to dry between exposures. However, the use of scenarios 
makes it possible to evaluate the consequence of a damage caused by failure in a con-
nection detail. 

Different improvements of detail connections to increase moisture safety were 
evaluated regarding risk of damage, costs and environmental impact. The results 
showed that even small and inexpensive improvements that will increase the moisture 
safety only have a small impact on the environment compared to damages over the 
building life time. 

The monetarization of consequences demonstrated the relevance of moisture safety 
measures in order to avoid high costs for timber building industry and house owners. 
The findings are relevant due to the high monetary impact of possible moisture dam-
ages on envelopes of tall timber buildings. 
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