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Abstract 

In the paper, there are presented issues related to the ice rink venues. These widely 

known objects, all around the world, are one of the most complex types of the public 

buildings. It is caused mainly by the thermal conditions, which prevails in such objects 

but also energy demand needed for operational processes. Range of indoor 

temperatures may vary from -5oC in place of ice pad and close to it, up to +20oC in 

dressing rooms, offices or tribunes for the spectators. Like any other buildings, the 

same ice rink venues should meet the conditions and provide proper indoor 

environmental quality (IEQ) for every user of the object. It is mainly performed by the 

appliance of the newest technology, which is taking care and control aspects like: 

temperature, relative humidity, energy usage, lighting etc. In this document, there are 

presented 5 ice rink facilities, which were taken into account, in order to check if there 

are providing comfortable and proper conditions indoors. All the investigated halls 

were in the City of Stockholm. In order to obtain require data, some professional tools 

were used including infrared camera and moisture meter. The registered data was 

including the average temperature of the indoor air and level of relative humidity. 

Based on this data, the dew point temperature has been calculated. Another aspect of 

the work was carrying out simulations of the typical ice rink wall construction and 

finding the best possible placement for the vapour barrier. In these case, the 

simulation had been performed in the different cities located in Sweden. Function of 

this layer is mainly to inhibit the migration of the water vapor and to protect the 

thermal insulation layer from dampness. However, installed in wrong place in the wall 

composition may give rise to serious problems related to moisture and humidity.  

By using WUFI software, it was possible to present hygrothermal conditions like: 

relative humidity, dew point temperature and water content of the individual 

component of designed wall in relation to different placement of damp proofing 

material.  

 

Key words: Ice rink, WUFI, hygrothermal simulation, vapour barrier, moisture 
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1. Introduction 

History of indoor ice rinks and at the same time artificial ice floors start in late XIX 

century, when in London, John Gamgee opens first in the world mechanically frozen 

ice rink, known as Glaciarium. He came up with a way to achieve artificial ice by filling 

out copper pipes with a solution of glycerine with ether, nitrogen peroxide and water. 

The idea had come from the numerous attempts of achieving a method to freeze meat 

that was imported from Australia and New Zealand into UK. The author of this solution 

granted patent in 24th of September 1878. Since that moment, Gamgee had opened 

two more ice rinks located in Manchester and Charing Cross in London.  

Unfortunately, the process of creating the ice was so expensive that all the three ice 

rinks were closed in the same year. [1] Around the same time, on the other side of the 

Atlantic Ocean, in Montreal Canada, the first indoor ice hockey game was organized. 

At the Victoria Skating Rink, a meeting between two teams of nine players took place. 

This event strongly enrolled in the pages of history, because in the modern ice hockey 

a lot of factors were established based on that gameplay. Few of them are: gameplay 

is featured by two teams, length of the game is 60 minutes, goaltenders and referee 

take part in the meeting and players are using a puck to play however, the most 

important is that size of ice surface set the dimensions for modern’s North American 

ice hockey rinks. [2] 

Nowadays, ice rinks are public buildings, which differs from the other one by the 

demands and features they need to fulfil. First of all, thermal conditions indoors, which 

can vary form -5oC on the ice pad surface up to +21oC in the rooms for public,  

offices and dressing. Second of all, high energy demands to maintain the building and 

keeping them in the black. 

Over the world, there are many modern and very sophisticated ice arenas which are 

good examples, how to design and build these popular buildings. In reference, to the 

IIHF (International Ice Hockey Federation) over the 69 countries there are 6,913  

in-door ice rinks.[3] According to the seating capacity the world tycoons are United 

States and Canada. The table below presents top ten biggest arenas in the world. [4]  
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Tab 1. List of the world’s biggest ice arenas according to seating capacity 

Rank Name of the arena Seating Capacity Country 

1 Bell Centre 21,273 Canada 

2 Joe Louis Arena 20,027 USA 

3 United Center 19,717 USA 

4 Wells Fargo Center 19,537 USA 

5 Scotiabank Saddledome 19,289 Canada 

6 BB&T Center 19,250 USA 

7 Amalie Arena 19,204 USA 

8 Canadian Tire Centre 19,153 Canada 

9 Scottrade Center 19,150 USA 

10 First Niagara Center 19,070 USA 

 Ericsson Globe 13,850 Sweden 

According to this table the biggest arena in the Canada is around 30% bigger than the 

Swedish Ericsson Globe. Within Sweden, there are about 350 in-door rinks and this 

number is still growing. [3] 

It is quite obvious that in such massive buildings, energy consumption should be 

optimized and reduced as much as possible to gain significant energy costs savings. 

With the help of advanced technology and Building Management System (BMS), 

energy use can be reduced up to 50%. Total energy consumption in Swedish ice rinks 

exceeds value of 300GWh/year and according to the research typical ice rink in this 

country consume 1000MWh/year, which shows there is a huge potential for energy 

saving measure. [5] The increasing costs of energy from year to year, push even 

stronger to design and equip buildings with automation systems, which can operate 

and control aspects like: air temperatures in different parts of the venue, humidity,  

ice temperature, ventilation rates, monitor power and water consumption etc.  

In modern ice rinks, huge potential in this field can be achieved with investments in 

technical elements, such as: [6] 

• Insulated walls and ceiling 

• Efficient refrigeration plant 

• Mechanical ventilation 
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• Efficient heating system 

• Air dehumidification 

• Energy-efficient lighting 

Such actions can reduce energy consumption and preservations costs up to 50% and at 

the same time improve indoor climate and occupants comfort. [6] Due to the fact that 

ice rink arenas are one of the largest energy consumers in comparison to other public 

buildings, their construction should be well thought-through from beginning to finish. 

The potential of future problems in such type of buildings due to wrong approach in 

the design and/ or construction stage is extremely high. Excessive indoors humidity is a 

real problem for the construction elements like steel or wood. Problems related to 

corrosion of steel elements or wood decay may appear very fast if the level of 

humidity in such buildings is improper. For such reasons, it is so important to 

understand and apply proven methods and technologies, when it comes to build a new 

ice rink facility. Thanks to them, the construction of such an object anywhere in the 

world should not be a problem. 
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1.1. Aims and objectives 

The aim of this paper is to show the general idea of the ice rinks halls from the point of 

view of construction, required equipment to maintain the object in comfortable 

conditions for the occupants and energy demand of each of the systems involved in 

such types of objects. The analysis and drawn conclusions are based on the performed 

visual inspections on the five ice rinks halls located in Stockholm City and simulation 

studies done in the WUFI software. The main aims and objectives are presented 

below: 

• General presentation of ice rinks objects in relation to the different types, size, 

used material for the construction, equipment and systems as well as describe 

the main problems connected with such type of facility. 

• Investigate the five different ice rinks in relation of the indoor climate and 

potential problems that occur during their operation time. 

• Conclude the best possible placement of the vapour barrier, in the typical wall 

construction of an indoor ice rink, using the WUFI simulation software. 

1.2. Methodology  

Methodology of this paper was divided into three parts. All of them were used to 

achieve the above-mentioned aims and objectives.  

The first part is to study and analyse, the available literature and scientific articles,  

in order to, get the general knowledge about ice rink halls and the way how their 

works. The general part of the paper is the reflection of done analysis and provides the 

main features of ice arenas.  

The second part of the paper is the presentation of achieved results from the local 

inspections over the five ice rinks located in Stockholm City. Outcomes are also 

supported with the conducted interviews with the technical managers of the visited 

facilities. For the purpose of accomplishing all the objectives, the professional 

equipment was used to gain the values of the indoor climate like: temperature, 

humidity, dew point but also to investigate occurrence of the thermal bridges with use 

of the infrared camera. 
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Last but not least, is a simulation part, which examines placement of the vapour 

barrier in the design model of the wall in the WUFI software. Simulations are 

performed in three different locations in Sweden with different types of the climate. 

To achieve assumed objective, three wall designs were provided with different 

placement of the vapour barrier in relation to the mineral wool insulation or lack of 

the barrier at all.  

1.3. Limitations 

The main limitations of this paper are gained results from the visited ice rinks, which 

are based only on conducted inspections that were hold once on the specific day of 

a year. All the visits, were hold in the winter months, where the temperature outdoors 

was similar to the temperature prevailing indoors. In reference to the information 

provided by the technical managers, most of the ice halls are operating from 

September to May. Therefore, to confirm the lack of typical ice rinks problems,  

it would be necessary to perform the investigation also on the warmer months, when 

the temperature between indoors and outdoors would be significantly different from 

each other. In addition, on all the investigated ice rinks, there were not performed any 

kind of activities like: skating or ice hockey games at the time of inspection. Obtaining 

results related to indoors environment during intensive use of the ice rink object, 

could certainly serve as a proof, if the installed devices like dehumidifier and 

ventilation system are efficient enough to provide proper indoor climate both for the 

riders and spectators. 

  



Evaluation of the moisture appearance in the ice rink facilities based on observation studies and 
performed simulations in hygrothermal software 

 11 

2. Ice rinks 

2.1 Construction 

Ice rink halls, like any kind of building, got different possibilities of structural approach 

to be constructed. They may differ due to materials, structural systems, climate shield 

etc. Notwithstanding, the most popular and commonly used materials for structural 

system are wood, steel and less frequently, reinforced concrete. Figure 1 presents pros 

and cons of using each of this material as a main supporter. 

 
Figure 1. Features for each of materials used as main supporters [6] 

From the point of flexibility, the most reasonable materials to use are wood and  

steel. [6] They gave possibility of changes and for example enlargement of an object  

in the future. Second important point is maintenance of those materials and their 

resistance to the ice hall climate. Correctly designed, built and impregnated it should 

not cause any problems with corrosion for steel or rooting and decaying for wood 

elements. Protective coating on the material surface, should be taken into account, 

even on the design phase. It is very important to select, proper coating due to 

corrosivity of the local environment, in which, building is going to be or is already 

located. Any signs of affected material cause durability problems and should be solved 

as fast as possible. 

The most popular systems used as main supporters are (Fig. 02): [6] 

• Arched grinders 

• Grids with mast columns 

• Frameworks 
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Figure 2. Mainly used structural systems [6] 

Structural systems should be chosen and designed due to dead and live loads.  

It is essential, to take into account, environmental aspects of the location of the 

building. Those loads are snow, rain, wind as live load and construction materials, 

equipment weight located on the roof as dead load. Bear in mind of this aspect could 

cause potential savings of the investment and this is due to correctly selected 

properties of the materials for the building. 

The roof is one of the most important structural element in the ice rink buildings.  

From the design point of view, it should be at least 6 meters off from an ice pad layer 

to avoid problems with humidity and what is called “indoor rain”. [6] Typical roofing 

systems consist of load bearing sheet, vapour barrier, thermal insulation (10 – 15cm of 

mineral wool) and external cladding. Such a roof structure is presented on the figure 

below. 

 
Figure 3. Layouts of typical ice rink roof [8] 
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Another important aspect regarding the ceiling is radiation load. Any kind of glazing 

should be avoided that may affect an ice sheet, because of the refrigeration plant 

efficiency. Sun radiation, getting through glazing in walls and roof, lighting located 

upon ice are main factors consisting of radiation loads. This one factor is responsible 

for up to 35% of the total energy heat load over ice sheet and at the same time quality 

of the ice and costs of its production. [6] Higher radiation, worsens ice quality makes 

higher costs of creation and maintenance it. Therefore, low emissivity materials for 

external cladding should be taken into account (Fig. 4). Cool roofs are famous for 

reducing solar gains, having high solar reflectance and emittances which results in 

improvements in thermal comfort and energy savings related to ice plant and 

ventilation system. The same idea applies to windows and its glazing (Fig. 5). 

Nowadays, there are available on the market products with low emissivity properties 

known as “low-e”, which are great solution for such type of buildings.  

  
Figure 4. Membrane used for cool roof [7] Figure 5. Cross-section of a low-e glass [8] 

External walls are another element of structural system of an ice rink buildings.  

The main function of this element is to provide as high as possible air tightness,  

but not unnecessarily thermal insulation, which is an important trait in residential 

buildings. It is mainly achieved by using prefabricated sandwich panels, with metal 

sheets on the both sides. The core of the panel is insulation material (mineral wool or 

polyurethane) of a thickness from 10 to 15 cm. Figure below shows typical cross-

section of the sandwich panel. 
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Figure 6. Cross-section of a typical sandwich panel 

2.2 Energy 

Energy systems in the ice rinks may varies quite a lot due to size of such buildings, 

purpose, design aspects and definitely used technology to maintain the object. 

Nevertheless, how simple or complex this system could be it should still provide 

proper quality of an air and indoor environment. As it was mentioned previously, 

energy consumption in such facilities is comparatively higher than in other sports 

venues. [5] The factors which are defining energy consumption of ice rinks are: systems 

and installations, construction and operation. 

Systems and installations affecting energy consumption in such kind of objects can be 

divided into five categories: 

• Refrigeration system 

• Heating 

• Lighting 

• Ventilation 

• Dehumidification 

Figure 7 presents in graphical way how those five categories are used inside the 

building. Also, it is worth to mentioned that those systems are referred as “big five” 

mostly because there are present on every kind of indoor ice hall but also, they are 

taking 90% share in energy consumption of the total demand. [5] 
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Figure 7. Energy systems in typical indoor ice rink area [3] 

From the researches done on the various places in the world, it can be observed that 

more or less 50% share of total energy demand goes to refrigeration systems.  

In Sweden, itself, according to the research done by Jörgen Rogstam from Energi & 

Kylanalys AB in more than 100 ice rinks refrigeration has got the biggest share equal to 

43% in average. The second largest energy consumer is heating with value 26% of 

share. So approximately, 70% of the whole energy demand is taken by those two 

systems. The diagram below, presents how many shares goes for each of the system 

(Fig. 8). 

 
Figure 8. Energy system consumption in Swedish ice rinks [3] 
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Those numbers and values shows that energy systems play an important role in 

providing good quality environment inside the building and being efficient in the field 

of maintenance costs. It is important to understand that all those systems interact 

between each other, even if they were designed separately. The most beneficial way 

to improve efficiency would be connecting all those systems together with controlling 

equipment, which by using of several sensors would provide good conditions of the 

ice, air temperature, humidity etc.  

The second factor which is affecting energy consumption is construction and building 

physics properties of the used materials that are going to be reached at the end.  

Heat and moisture transfer of the roof and walls are important factors, which should 

be taken into consideration at the design stage. At the same time, all the openings and 

damages in the building envelope like cracks are affecting the infiltration of the air that 

inflows inside the building. 

The third factor is the use of the building, which depends on few characteristics such 

as: air and ice temperatures, humidity both indoors and outdoors, length of the skating 

season, parameters and frequency of using devices like: ice resurfacer, dehumidifier, 

lighting etc.  

2.3 Refrigeration systems 

The refrigeration plant is a crucial element of the whole system in the ice-rink facilities. 

It is responsible for more or less half of the total energy demand and the heat loss of 

total heating demand which equals around 60%. [10] This machine is composition of 

elements like: 

• Compressors 

• Brine pumps 

• Coolant pumps 

• Dry cooler fans 

Figure 9 presents what are the shares of energy consumption for each of the 

refrigeration plant components. 
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Figure 9. Energy usage shares in refrigeration plant [5] 

There are two systems that can be distinguish as a refrigeration plant design indirect 

(Fig.10) and direct (Fig.11). The main difference between those two is that in direct 

system, piping under the ice pad works like an evaporator and it uses one type of 

refrigerant flows while in an indirect system contain a separate evaporator, which 

works like a heat exchanger and the ice pad is cooled by a special coolant in a closed 

circulation loop. [9] 

  
Figure 10. Indirect refrigeration system [9] Figure 11. Direct refrigeration system [9] 

From the standpoint of efficiency direct systems are better solutions and much simpler 

to maintain. From the opposite position these systems cost more than indirect ones 

and in many countries, they cannot be used with popular refrigerants like ammonia 

due to health reasons. It is not without reason why almost 97% of Swedish ice rinks 

use indirect systems. [5] The table blow presents pros and cons of both systems. 
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Tab.2 Pros and cons of the direct and indirect refrigeration systems [6] 

 Direct system Indirect system 

Pros 
• Energy efficiency 

• Simple 

• Use of factory made refrigeration units 

• Small refrigeration filling (environmentally 

positive) 

• Suitable to any refrigerant 

Cons 

• Not possible with certain 

refrigerants (ammonia) 

• Installation costs 

• Need of professional skills in 

design and in installing 

• Lower energy efficiency than with direct system 

2.4 Ventilation system 

To provide ice rinks with healthy and good air quality inside buildings, they should be 

equipped with mechanical ventilation. It is important to provide and set proper air 

flow rates according to number of occupants and running activities at the time when 

required. As the design of building envelope should be as tight as possible, mechanical 

extortion of the fresh air should be chosen properly in order to deliver, comfortable 

conditions for the occupants. As stated in the research about ventilation and air 

composition inside the ice skating arenas, it is important to take into account the types 

of emission factors which influence air quality. The most significant is the resurfacing 

equipment, as well as people and building materials. The fuel type machines produce 

fumes (CO and NO2), which are hazardous for human’s respiratory system. This is the 

main factor affecting indoor air quality, which can be solved only due to efficient 

ventilation system. According to World Health Organization (WHO) concentration of 

those two pollutants should not exceed 200 µg/m3 for NO2 and 10 mg/m3 for CO. 

Therefore, electric resurfacer machines are more recommended, because there are 

zero emission vehicles. 

In the ice rink design, there are two systems of air distribution, which are commonly 

used. For the small halls with limited number of spectators, it is more recommended 

to use integrated system (Fig. 12), which is performing both heating and cooling and 

dehumidification functions, due to cost efficiency. In this kind of system, ice rink and 

tribune are treated and designed as one zone. Dehumidified air is provided above the 

ice pad by jet nozzles and the exhaust is in the close distance to the floor in seating 
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part of the hall. For the bigger arenas, more effective will be implementation of 

separated system (Fig. 13), which is dividing the building into two zones. One for ice 

rink and another one for spectators. In this case, it is crucial to mount supply jets over 

the watchers’ zone in such way to not affect an ice surface. Thanks to that, air 

provided for people is at a sufficient temperature and humidity at the same time.  

Air is still provided over the ice rink, but the exhaust is located on the upper part of the 

ice rink zone. [10] 

  
Figure 12. Integrated ventilation  

system [10] 
Figure 13. Separated ventilation system [10] 

 

2.5 Dehumidification 

Dehumidifier is doubtless the most important element of the ventilation system, which 

keeps up the appropriate moisture level inside ice rinks. Humidity of the air is  

an important factor that have got an immense influence on IAQ. As is generally known, 

recommended indoor relative humidity should be from 40% up to 60%, which also 

applies for ice halls. Humid air (80% and more) causes extra hassles like mould growth, 

corrosion of a steel structures unpleasant smell for people and climate indoor of the 

building. There are several sources of moisture in such type of building. First group are 

occupants, which are skaters and audience, second group is moisture, which comes 

with outdoor air and third one from evaporation of a water used in process of ice 

resurfacing. According to the IIHF guideline, the biggest source in this case is moisture, 

which gets into the building through infiltration. Any kind of openings like doors, 

windows, as well as cracks and apertures in building elements, introduce outdoor air 

into a building by pressure difference. [6] Condensation takes place, when warm and 
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humid air enters the building and settle down on surfaces, which temperatures are 

lower than dew point. It is clear that one of these surfaces is the ice pad. But also, the 

ceiling is cold due to movement of heat by radiation to the opposing ice surface.  

The cold surface of the ice pad absorbs heat by the radiation from the ceilings surface. 

It is due to emergent energy as result of radiation, which is always transferred from 

the object with the higher temperature to the object with the lower one. The greater 

the temperature difference, the faster and more heat is transferred. The roof or the 

ceiling of the indoor ice rinks release a heat flux to the ice pad surface because it is 

always warmer than ice pad. As a result of the above-mentioned factors inside the ice 

hall can occur conditions favourable for water vapour condensation on the surface of 

the building envelope elements as well as the risk of fog formation above the ice pad. 

In order to avoid these problems, it is needed to keep the indoor climate parameters 

in the proper conditions. According to the research literature to avoid problem of the 

condensation on the ceiling surface, its temperature should not be more than 3K 

below the temperature of the indoor air. In addition, dew point temperature cannot 

be higher than roof temperature. [15] 

One way to remove moisture from the building is to cool the air below its dew point to 

achieve condensation of water vapour. Another method is to pass the air through 

humidity-absorbing material known as desiccant that can absorb water. First method 

usually uses mechanical / refrigeration dehumidifiers (Fig. 14) that are capable to cool 

down the air below its dew point. This kind of equipment is equipped with a cold 

evaporator coil, by which air is passing and condense on the coils’ surface.  

After removing water from the air, it’s reheated by the condenser coil. So, prepared 

dried and re-warmed air can flow into the space. This type of dehumidification is not 

very effective in the cold regions, like in Sweden most of the ice rinks uses absorption 

type of dehumidification (Fig. 15) knows also as chemical. This method involved 

absorbent material (mostly silica gel) and desiccant wheel, which is covered or 

brimmed with absorbent. Dry air is supplied by the fans into the ice rinks and the 

moisture that was absorbed by the desiccant is released into the heated air, 
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reactivating at the same time the desiccant. As a by-product, warm and moist air is 

removed by exhaust fans from the facility. [6] 

  
Figure 14. Mechanical type of 

dehumidification [6] 
Figure 15. Absorption type of 

dehumidification [6] 
 

2.6 Lighting 

In accordance to the Figure 8, lighting stands for 10% of the whole energy demand in 

the ice rink halls. It can be divided into different types of electric lights.  

The most popular ones, which are used in the ice rinks arenas are: metal-halide lamps 

(HM) (Fig. 16), fluorescent lamps (Fig. 17), light-emitting diode lamps (LED) (Fig. 18) 

and incandescent lamps (Fig. 19). The last ones are known from high demand of 

electricity, good colour rendering, short lifetime compared to other types of lighting 

and also high heat production (only 5% of energy is used to produce visible light). [16] 

That is way it is not so popular nowadays and much often replaced by the energy-

efficient lights. Designer of the ice rink should put an effort to choose proper types of 

lamps above the ice pad because of the refrigeration load. It should be chosen in line 

with current activity that is performed and be as much controllable as possible.  

Most of the ice rinks are equipped with fluorescent lamps known as T8 and T5.  

The difference between those two are size, longer lifetime service and higher light 

output. T5’s lamps use newer technology and are smaller at the same time giving 

better light output. Both those two are getting more frequently replaced by the LED 

fixtures. In the past, when technology of LED lights was not so common, it was not 

possible to apply such type of lighting due to not efficient production of light. 
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However, nowadays on the market there are plenty of products and LED solutions that 

can be easily applied on the new built ice halls. There are also plenty of articles and 

studies, that show modernization of the venues lighting from traditional one to LED 

and its advantages. The two main advantages of such lighting are energy-efficiency, 

which has direct impact on reduction of electricity consumption up to 70% in 

comparison to the traditional incandescent fixtures. The second advantage of LED 

lighting solutions is generated temperature of particular fixture. As lighting is the 

second biggest source of radiation transferred to the ice pad, it would be desirable to 

reduce the heat generated by it to minimum. In case of LEDs up to 15% of energy is 

used to produce visible light. [16] A wise way would be also to design the lighting 

system of the hall to be as much controllable and adjustable as possible to be properly 

adapted on the current needs. The figures below present the discussed types of 

lighting.  

  
Figure 16. Metal-halide floodlight [17] Figure 17. Fluorescent ceiling fitting [18] 

  
Figure 18. LED ceiling fitting [19] Figure 19. Incandescent light bulb [20] 
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3. Study case 

In the study, there have been investigated five ice rinks located in the City of 

Stockholm (Fig. 20). On-site verifications were carried out on all of the objects during 

March, 2016. All the facilities were equipped with dehumidification plant and were 

assigned for Swedish ice hockey teams, however, individual one also for public 

purposes. Despite having similar sizes of the building and location each of the hall was 

analysed separately. For the purpose of this experiment moisture meter, FLIR MR77 

and thermal imaging camera, FLIR E60 were used. On all of the ice rinks, there were 

taken measurements of the indoor temperatures in different spots, dew point, and 

indoor relative humidity. The site visions also included visual inspections of the 

construction elements and other materials, in order to find any signs of corrosion, 

wood decay, mould, mechanical damages, cracks etc. Table 03 presents all the results 

of the investigation for each of the ice rink.  

 
Figure 20. Map of Stockholm with investigated ice rinks [21] 
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Tab.3 Pros and cons of the direct and indirect refrigeration systems 

No Ice rink 
Indoor 

Temperature [oC] 
Indoor Relative 

Humidity [%] 
Dew point [oC] 

1 Mälarhöjdens 0,0 42 -12 

2 Sätra 8,0 44 -4 

3 Zinkensdamms 2,0 41 -10 

4 Husby 2,0 43 -9 

5 Östermalms -2,0 50 -11 

 

3.1 Mälarhöjdens 

Mälarhöjdens hall is located at Lotta Svärds Gränd Street in Stockholm. It was built in 

2000 year. Main purpose of this ice rink are trainings of Djurgårdens IF hockey club 

(kids section) and public skating. Every year, this facility starts activity in  

mid-September and ends in the beginning of August. In reference to the site visit and 

technical documentation, load bearing structure is made with steel I-beam of a profile 

IPE 450 (Fig. 21) and grade ST. 52. In accordance to the current standards the grade 

corresponds for current steel-class S355. [22] External walls of the hall were constructed 

using sandwich panels, with a mineral wool core and two metal sheets on the interior 

and exterior side (Fig. 22). For the dehumidification purpose, a Munters absorption 

plant is installed, model MXT2800 (Fig. 23), which according to the technical sheet can 

operate between -20oC up to 40oC, with fan motor power of 3kW, total power of 28kW 

and rated airflow at level of 2800 m3/h. [23]  

Tab. 4 General information about Mälarhöjdens hall 

Mälarhöjdens hall 
Structural system / 

Material 
External wall 
composition 

Size of the hall [m] 
Dehumidification 

plant 

Rigid frame / Steel 
IPE 450 S355 

Sandwich panel with 
mineral wool core 

and steel sheet 
coating 

69 x 43 
Munters MXT2800 

Desiccant 
dehumidification 
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Figure 21. Construction elements of the hall and steel profile 

  
Figure 22. Sandwich panel as an external wall Figure 23. Dehumidification plant 

Site visit took place on the 10th March 2016. The ice rink was normally operating and 

all the machinery was turned on, however, none of the sport activities were played. 

The weather at this day was sunny with temperature outdoors around -1oC and 

humidity level around 70%. The climate inside was registered using FLIR equipment. 

Average temperature indoors was equal to 0.0oC, and relative humidity on the level of 

43%. Under these conditions, there were no noticeable signs of indoor climate 

problems like fog or “indoor rain”. It can be concluded that the dehumidification plant 

is efficient enough to keep proper parameters for indoor environment. The infrared 

camera indicated a few thermal bridges spots (Fig. 24). This is mostly on the 

connections between wall and roof or close to the corner of the buildings, where the 

steel frame was installed. On the outside part of the building there was found 

mechanical damage on the external wall, which could cause mould growing and 

decreased insulation properties, if the water would get inside (Fig. 25).  

 



Evaluation of the moisture appearance in the ice rink facilities based on observation studies and 
performed simulations in hygrothermal software 

 26 

  
Figure 24. Image of the thermal 

bridge 
Figure 25. Mechanical damage of the external 

wall 

A solution worth mentioning that is used in this ice hall is re-use of heat generated by 

the ice plant, in order to heat a water tank. The tank has been built in the concrete 

floor to melt the snow produced from the process of ice resurfacing. Such benefit on 

this ice rink results in reducing the distance and trip of the resurfacer, thus batteries 

that accelerate vehicle, will not discharge so quickly. Another benefit of such solution 

is lack of the piles of snow close to the hall, which is a common occurrence in such 

type of buildings. 

  
Figure 26. Tank with heated water Figure 27. Electric ice resurfacer machine 

 

3.2 Sätra 

Sätra facility is located in the western part of Stockholm, on the Björksätravägen 2 

Street. This hall was built in 1991 and designed for 850 number of seats (450 seating 
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and 400 standing places). Like the hall described before, this one is also used for team 

hockey purpose (MB team) as well as open in some hours for public users. For most of 

the time, skating rink is open from middle of August and close for summer period with 

the end of hockey season.  

According to the technical drawings of the building like: plans, cross-sections and 

details, it can be concluded that the main structure was designed as a steel rigid frame, 

which is supported by concrete columns on each side. The main part of the hall is of 

the size 75m x 42m. External walls are done in wood panelling having as an insulation 

core mineral wool of 14,5 cm thickness. Exterior panelling is made of the wooden 

planks joint together as an independent layer (Fig 28). This technology is widely used in 

Sweden and very common not only for the public buildings but also for the residential 

one. Such system of the outer wall is simple to assembly and shows very good 

airtightness features, which definitely improve the thermal properties of the object.  

As the interior covering, it was used silica fiber boards of a thickness 1,2 cm after 

which was applied 0,02 cm plastic sheeting to protect the insulation from the 

moisture. It seems that later on wood boarding has been added as the covering 

material of the inner part of walls. For the dehumidification purpose, it is installed  

a Recusorb R-082 (Fig. 30) dehumidifier of a total power 47kW and a fan motor power 

of 5kW. The ventilation systems pipes distribute air from only one side of the ice pad 

(Fig. 31). 

 
Figure 28. Wood panel assembly methods [24] 
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Tab. 5 General information about Sätra hall 

Sätra hall 
Structural system / 

Material 
External wall 
composition 

Size of the hall [m] 
Dehumidification 

plant 

Rigid frame / Steel 

Sandwich panel with 
mineral wool core 

and steel sheet 
coating 

75 x 42 
Munters MXT2800 

Desiccant 
dehumidification 

 

   
Figure 29. Construction elements of the hall and steel profile 

  
Figure 30. Dehumidification plant Figure 31. Distribution pipe for dried air 

The inspection of the object took place on the 11th March 2016. That day weather was 

very sunny with temperature around 2oC and humidity level around 60%.  

Such conditions were very helpful to determine thermal bridges thanks to high sun 

radiation on the building construction. Indoor temperature of the building was close to 

8oC and humidity around 44%. In such conditions temperature need to fall below -4oC 

for saturation to occur. Investigation of the object took place during the use of the ice 

rink by a group of small children. The activity which was performed by users at that 

time, can be described as less intense. During this visit, there were no signs of 

humidity problems inside the building. However, a few construction problems were 

noticed (Fig. 32). The slab on the ground had a lot of deformation spots and cracking, 
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but there were not noticed any signs of deformation located on the structural 

elements like steel frame, roof, walls. Nevertheless, the property should be 

investigated by the professional engineer who would give a reason of this situation 

and evaluate its impact on the safety of the building.  

  

  
Figure 32. Deformations and cracking spots of the object’s floor 

After investigation of the building with infrared camera, there were a found few 

thermal bridges that could have impact on electricity demand for ice production or 

indoors environment because of the heat which is transferred to the interior of the 

building. Figure 33 shows the highest temperature differences found inside the hall.  

As before, the most exposed places were connections between different elements like 

walls and ceiling or corners between two different walls.  



Evaluation of the moisture appearance in the ice rink facilities based on observation studies and 
performed simulations in hygrothermal software 

 30 

  

  
Figure 33. Thermal bridges found inside the ice rink 

 

3.3 Zinkensdamms 

Zinkensdamms ice hall is located in central part of the Stockholm City, in Södermalm 

district. The object is a part of the whole sport complex located on the ground, which 

history is dating back to the 1930s. The ice rink is mainly used for the purpose of the 

Hammarby Hockey Club, which trains children and adolescents. According to the 

blueprints, the hall was constructed or renovated after the year 2007. The building is 

of the size 63m x 33m with a curved roof structure supported on steel arched frames 

(Fig. 34). Steel elements are connected to the concrete blocks by the threaded rods 

(Fig. 35). Unfortunately, due to lack of the appropriate technical documentation, it is 

hard to conclude if the concrete blocks are laying on the foundation elements or 

directly on the ground. The blocks are divided into separate elements by expansion 

joints in a distance of around 150 cm each (Fig. 35). 
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Tab. 6 General information about Zinkensdamms hall 

Zinkensdamms hall 
Structural system / 

Material 
External wall 
composition 

Size of the hall [m] 
Dehumidification 

plant 

Arched frames / 
Steel 

Sandwich panel with 
mineral wool core 

63 x 33 
Fuktkontroll DA-4500 

Desiccant 
dehumidification 

 

  

Figure 34. Building’s structural elements 
Figure 35. Concrete blocks divided into 

separate elements  

The construction of the hall is based on a sandwich panel system with the mineral 

wool insulation and metal sheet plates as the interior and exterior layer of the walls. 

The interior layer of the roof was also made of steel profiles. The object was designed 

rather simply having in mind only users of the ice pad, not the spectators. Indoor air 

climate is controlled by a Fuktkontroll DA-4500 dehumidifier (Fig. 36), which according 

to the technical sheet can operate between -20oC up to 40oC, with fan motor power of 

3,5kW, total power of 40,8kW and rated airflow at level of 4500 m3/h. [25]  

The ventilation system pipes were spread on the two sides of the ice pad (Fig. 37). 

   

Figure 36. Dehumidifier of the ice rink 
Figure 37. Distribution of the ventilation 

pipes 
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The site visit took place on the 14th March 2016. At that day, ice rink was operating 

normally and all the machinery was turned on, however, none of the sport activities 

were performed. The weather at that day was cloudy with temperature outdoors 

around 7oC and humidity level around 72%. The climate inside was registered using 

FLIR equipment and without any occupants. Average temperature indoors was equal 

to 2.0oC, and relative humidity was on the level of 41%. During these conditions, there 

were no noticeable signs of indoor climate problems like fog or “indoor rain”. It can be 

concluded that the dehumidification plant is efficient enough to keep proper 

parameters for indoor environment. After thoughtful inspection of the structural 

elements of the object, none of the potential defects were found. 

 

3.4 Husby 

Husby hall is located on the northern side of Stockholm City at Nykarlebygatan 3 

Street. It was constructed in 2001, which makes it the most recent of the surveyed  

ice rinks. The object is open for the public access and it is also used for the Kista 

Hockey club purposes. External dimensions of the building envelope are 65m x 50m. 

The main structure of the area is of arched girder type made of glue laminated timber. 

The wooden beams are supported on the wooden columns of the size 1,8m x 1,8m 

each (Fig. 38). According to the blueprints of the arena, it can be concluded that the 

envelope of the object was designed and built like most previous ice rinks. It means 

that for the outer walls was chosen the sandwich panel construction with the mineral 

wool insulation as a core and wooden planks as the coating. Between the insulation 

material and the interior wall panel, made of plywood, there is installed polyethylene 

membrane of 0,2mm thickness. All the interior lighting of the building was made in 

LEDs technology (Fig. 39). During the interview, technical manager of the facility 

confirmed that after the modernization of the lighting and replacing it from 

fluorescent tubes to LEDs, bills for the electricity were significantly reduced.  

The distribution pipe for the dried air is installed over the entire length of the ice sheet 

(in the middle) (Fig. 38). Another pipe is installed in the spectators’ zone in order to 

distribute warm air for the audience (Fig. 39). The ice rink is equipped with Koja 
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air-handing unit, which contains built-in humidifier (Fig. 40). One of the features of this 

solution is constant monitoring of the dew-point and availability to set the degree of 

humidity. This machinery is also equipped with fiberglass filters to provide proper 

quality of indoor air (Fig. 41). The greatest advantage and distinction for this facility is 

the reuse of the exhaust hot air, which is by-product of the ice production and routing 

it directly to the close located swimming pool in order to heat water.  

  

Figure 38. The general view of the interior 
of the facility 

Figure 39. The view of the distribution 
pipe over the spectators’ zone and LED 

lighting 

  
Figure 40. The air-handling unit 

manufacture by Koja Ltd. 
Figure 41. The view of the filters 
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Tab. 7 General information about Husby hall 

Husby hall 
Structural system / 

Material 
External wall 
composition 

Size of the hall [m] 
Dehumidification 

plant 

Arched girder / 
wood 

Sandwich panel with 
mineral wool core 

65 x 50 Koja AHU 

The inspection of the object took place on the 15th March 2016. The weather 

conditions were rather good with the outside temperature around 5oC and humidity 

on the level of 80%. There was low radiation from the sun on the roof due to cloudy 

sky. The temperature inside the building was different and depended of the interior 

building’s zones. Close to the ice pad the temperature registered was around 2oC, 

however in the places, where were located first seats for the spectators the 

temperature increased up to 12oC. On the 1st floor in the audience section,  

the temperature was almost equal to 20oC. From these observations, it can be 

concluded that the object is using separate ventilation systems for maintenance of  

the ice floor and separate to provide comfort climate and warm air for the other users. 

The average registered humidity inside the building was around 43%. During the 

inspection, there were two users of the ice rink. Also in this case, there were no signs 

of problems with humidity inside the building. After the inspection of the facility and 

its envelope with thermal imaging camera it can be concluded that there were no 

thermal bridges visible and the air-tightness of the building is high. During the 

interview with the technical manager of the ice rink, it was mentioned that previously 

the building’s roof was constructed in form of glass panels directly over the ice pad. 

Due to the fact that sun radiation was extremely intensive and there were problems 

with achieving good quality of the ice in very sunny and hot days, it was decided to 

rebuild it and cover in traditional way to decrease the heat load acting on the ice floor.  

 

3.5 Östermalms 

Östermalms ice rink was the last one of the investigated objects. The localisation of the 

hall is very close to the centre of the Stockholm City. On the Fiskartorpsvägen 2 Street, 

there is huge complex for the different sport disciplines including also ice skating  
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(Fig. 42). The facility was constructed for the purpose of the Brinken and KTH Hockey 

teams. For the above reason, it can be concluded why the construction of the building 

is rather simple and small in comparison to the previous ice halls.  

However, Danicahallen is a very good example of the simple design but still having in 

mind for what purpose it has been constructed. The main structural system is based on 

the homogeneous concrete blocks to which the threaded rods are connected to the 

steel arched frames as the substructure for the roof and walls construction  

(Fig. 43, 44).  

 
Figure 42. The main view on the Danicahallen [26] 

  
Figure 43. The example of the fixed 

connection between structural system of the 
hall and the concrete block 

Figure 44. Technical drawing of the 
connection 
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Concrete blocks are laying on the ground without any connection to the foundation. 

Such type of the construction should be used only for the light structures, on which 

huge loads are not acting. In this case, the most important would be the dead load 

representing the self-weight of the structural elements. That is way this object is 

equipped with walls and roof, whose composition is made of PVC canvas known as 

tarpaulin (Fig. 45). Such kind of material features by the high mechanical strength and 

protection against weather conditions like wind, rain, sun radiation etc. The interesting 

property of such solution is that it is not absorbing any moisture by the materials. 

Although, it cannot be used in commercial ice rinks objects because such material is 

not acting like load-bearing element for which main purpose is to transfer gathered 

forces from the building to the ground. Another disadvantage of such solution is the 

fact that it does not provide any thermal insulation because of the relative small 

thickness in comparison to the traditional wall. However, it is widely used and 

applicable as material for: truck covers, swimming pool covers, regular tarpaulins, 

construction site covers, industrial covers and noise reduction material (Fig. 46). 

  

Figure 45. PVC tarpaulin materials 
Figure 46. Example of PCV canvas application 

as the truck’s cover. 

The size of the inspected hall is around 65m x 40 m. The investigation took place on 

16th of March, 2016. On that day, weather conditions were good. Outside temperature 

of the air was around 7oC, humidity around 75% with clear and sunny skies. In the 

recent years the ice rink was operating from the beginning of the University Hockey 

season to the end, usually from September till May. The object is equipped with the 

dehumidifier Munters MLT30, for the control over the inside air moisture (Fig. 47). 
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According to the technical specification that unit can operate between -20/+40oC with 

the total power of 22kW, fan motor power equal to 4kW and rated airflow at the level 

of 3000 m3/h. The prepared dry air is distributed above the ice floor by the ventilation 

ducts (Fig. 48). 

  
Figure 47. Installed humidifier Munters MLT30 Figure 48. Ventilation ducts 
 
Tab. 8 General information about Danicahallen hall 

Danicahallen hall 
Structural system / 

Material 
External wall 
composition 

Size of the hall 
[m] 

Dehumidification 
plant 

Rigid frame / Steel PVC Canvas 65 x 40 
Munters MLT30 

Desiccant 
dehumidification 

At that day, the ice rink was not occupied by anyone, however, all the machinery was 

turned on. It can be concluded from the conversation with the object technician that in 

most time of the season there is no problem with ice hall operating.  

Nevertheless, the worst months with the biggest effect of the moisture in form of 

visible water drops and higher energy consumption to create proper ice floor are when 

outside temperature is higher than 15oC. During the local inspection indoor climate 

according to the FLIR equipment was as follows: temperature inside the hall was equal 

to -2oC and humidity on the level of 50%. Under these conditions there were noticed 

defects acting on the ice hall elements. The most noticeable were deterioration of the 

concrete blocks. In many places there were visible cracks (Fig. 51) and stains (Fig. 50). 

Since the blocks were poured as the homogenous element, cracks occurred after a 

while as the natural expansion joints. Such expansion joints should be repaired and 

secured with e.g. a watertight seal that will not allow getting any unwanted agent 
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coming into the material like water or salt. Another visible mark were stains of the 

white and green colour (Fig. 52). Most likely, it is the result of the efflorescence and 

frost attack. White colour is caused by the salt migration to the surface of the blocks, 

where it is formed as calcium salt coating. There are two common ways to protect 

building elements against the efflorescence. [27] First one, is related to the concrete 

composition mixture and used admixtures that react with the salt-based compounds 

and bind them when the hydrogen is present. Since the plasticizers are increasing the 

density and permeability of the concrete by the same they are reducing effect of the 

efflorescence. [27] Another way how to protect against this defect is element 

impregnation with the hydrophobic sealer. [28] Such seal is not allowing water to get 

into the pores of the concrete element. Water saturation is dangerous factor  

in environment of the ice areas, where temperatures can vary from -10o to +10oC.  

Water can expand its volume up to 9% when changes from liquid to solid state pushing 

against the concrete and absorbing more and more water through the larger pores. 

When concrete is not sealed, such process is repeating over and over again until it 

cracks. Despite those defects there were not noticed any crucial damages or problems 

that may affect the stability of the structure. All the steel elements were galvanized 

whereby there were no signs of the corrosion on them or supporting components like 

bolts etc. According to the technical documentation, steel class of the frame is S355 

J2H and graded in Swedish Standard as SS2343, which stands for corrosion resistance 

for at least 2000 hours to occur red rust. All of the them were made as stainless-steel 

elements. In addition, the whole object was checked with the thermal imaging camera 

for the present of dampness, however, it has not occurred in any of the checked 

places. 
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Figure 49. The general view of the facility’s 

interior 
Figure 50. Visible stain of water on 

concrete block element 

  
Figure 51. Natural expansion joint in form 

of crack on concrete block 
Figure 52. Stains on the concrete 

elements 

4. Simulation 

This part of the paper is given to the simulation done in order to understand and get 

the best possible placement of the vapour barrier layer inside random ice rink wall. 

This kind of materials are done to stop diffusion of moisture getting into the walls, 

roofs, ceilings, floors etc. and protect the thermal insulation against dampness. [29] 

Water steam in the buildings is a natural phenomenon. It occurs due to daily activities 

like washing, cooking or taking a bath. [30] Even though, as itself is not dangerous for 

building elements but when condense, it may cause damage to the property.  

Moisture penetration into thermal insulation layers may cause critical defects to the 

construction of the object and results in costly modernisation of the whole 

property.[30] It should be remembered that even the best insulation material will not 

be fulfilling its function when will not be properly protected against water.  
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Dampness of a thermal insulation is drastically decreasing its effectiveness and 

therefore generating higher energy losses and maintenance costs. To counter this 

phenomenon, vapour barriers need to be used in the proper position of the building 

wall to stop water or moisture from further penetration. Most of the commercial 

products on the market are plastic of foil sheets with different degrees of permeability. 

In the USA, vapour retarding products are divided into the group depending on the 

perm value. Those groups are: [31] 

• Impermeable, materials with less than ≤1 perms 

• Semi-permeable, materials with 1-10 perms 

• Permeable, materials with more than >10 perms 

However, in Europe there is “Sd” indicator, which is commonly used to compare this 

kind of materials. The European standard EN 15026 describes it as “diffusion 

equivalent air layer thickness” expressed in meter units. This indicator arises from 

equation: Sd = μ * s where, [32] 

μ = diffusion resistance index [dimensionless] 

s = thickness of material [m] 

In this case, better resistance to water vapour diffusion, thus bigger Sd indicator.  

Table below presents some of the most popular materials used in construction with 

their Sd value. 

Tab. 9 Different “Sd” indicator for different building materials. 

Building material 
Water vapour diffusion equivalent air layer 

[Sd] 

Mineral wool 

μ ≈3; s = 100mm 
Sd = 0,3 m 

Polyurethane 

μ ≈100; s = 100mm 
Sd = 10 m 

Polyethylene films (PE) 

μ ≈500000; s = 0,2mm 
Sd = 100 m 

Polyethylene films (PE) with 

aluminium 

μ ≈700000; s = 0,2mm 

Sd = 140 m 
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Buildings localization depending on the outdoor temperatures (cold or warm climates) 

have got different understanding for a water vapour protection. [31] It is very important 

to install such layer on the correct side of the wall (interior or exterior) depending on 

the climate, where the building is located but also about its nature and the purpose it 

was designed for. For the residential buildings located in the regions where winter 

heating conditions dominates, the moisture barrier should be installed on the interior 

side of the thermal insulation. [29,31] In case of the warmer climates, where buildings 

are equipped with cooling devices, the vapour barrier should be mounted on the 

exterior side of the insulation. [29,31] In terms of the ice rinks, which definitely should 

not be treated as residential objects, vapour barriers should be placed on the outside 

of the insulation layer. Using WUFI software this relation between the placement of 

vapor barrier and humidity will be presented in the following chapters.  

4.1 WUFI 

WUFI is a simulation software for thermal and moisture transport conditions in the 

buildings and its components. [33] It makes real-world imitation of a process that is 

simulated and tested on a simplified model. It is developed by Frauhofer Institute for 

Building Physics and was tested in many field and practical studies. One main 

advantage of WUFI is that it is consistent with building code “EN 15026 – Hygrothermal 

performance of building components and building elements, Assessment of moisture 

transfer by numerical simulation.”, which is widely used and accepted in the Europe. 

With help of WUFI, it can be predicated: 

• when condensation will occur in wall or roof elements,  

• how many days are needed to dry light and heavy constructions from the 

preliminary moisture content or due to maintenance of the building, 

• explore the impact of the wind-driven rain penetration, 

• model moisture accumulation due to interlaminar condensation caused by 

diffusion in the winter periods, 

• model condensation during the summer periods caused by moisture migration 

from the outside to inside of the building, 

• explore heat losses by penetration related to moisture and evaporation. 
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It is widely used in industry to find the best possible solution for the modernization of 

existing walls or for appropriate selection of layers in design stage that are affected by 

the outdoor climate factors. 

Inputs that are need for the simulation purposes are: 

• Construction (particular layers of the building element), 

• Orientation, inclination and height of the building, 

• Boundary conditions including surface transfer coefficients for the interior and 

exterior climate, 

• Initial conditions, period of the performed simulation. 

As the result of the correct performed simulation, user will obtain the following 

parameters: 

• Distribution of temperatures and heat stream and its changes over time, 

• Water content, distribution of relative humidity and moisture stream including 

its changes over time. 

 

For the purpose of the simulation part different reference wall designs were chosen. 

They have been divided into scenarios #1, #2 and #3 and applied to each of the 

investigated locations. The main difference between each of the simulation scenarios 

is placement of the PE membrane in relation to the mineral wool. Scenario #1 is 

characterised with absence of the dampproof membrane at all. Scenario #2 has got 

such membrane applied on interior side in relation to mineral wool. While, scenario #3 

has got this membrane on the exterior side. The table below presents exact division of 

the layers and their placement in each of the cases. 

Tab. 10 Different scenarios used for the purpose of simulations. 
 Scenario #1 Scenario #2 Scenario #3 

La
ye

rs
 (

st
ar

ti
n

g 
fr

o
m

 

th
e 

ex
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ri
o

r 
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d
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1. Aluminium siding, 

2. Mineral wool of 20 cm 

thickness, 

3. Interior gypsum board of 13 

mm thickness. 

1. Aluminium siding, 

2. Mineral wool of 20 cm 

thickness, 

3. PE Membrane 0,2 mm 

(sd=87m), 

4. Interior gypsum board of 13 

mm thickness. 

1. Aluminium siding, 

2. PE Membrane 0,2 mm 

(sd=87m), 

3. Mineral wool of 20 cm 

thickness, 

4. Interior gypsum board of 13 

mm thickness. 
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The main indicators and coefficients were determined as follows: 

• Location and outdoor climate was set for Stockholm City, Kiruna, Lund and 

Miami 

• Height of the building between 10-20m, 

• Orientation: South, 

• Inclination: 90o, 

• Calculation period from the 1st of January 2015 till the 31st of December 2015, 

• Time Steps: 1h 

• Indoor climate was set manually i.e. mean value for the temperature 0oC ± 3oC, 

relative humidity was set on 40% ± 10%, 

• Mode of calculation was set for the heat and moisture transport between the 

designed layers, 

• Initial moisture in the components was set as constant across each component.  

4.2 Stockholm 

Stockholm is a city located on high north latitude, which results with various climate in 

the range of the whole year. The climate of the City can be classified as humid 

continental with mild/cool summer subtype. The average temperatures in the summer 

vary from 20-25oC, and in the winter period temperatures ranges from -3 to -1oC.  

In accordance to the climate file from WUFI software, the mean temperature for the 

period of one year is 6,76oC and mean relative humidity is equal to 78,57%. In addition, 

the maximum and minimum temperature was 29,4oC and -18,6oC, respectively.  

The graphs below present the weather conditions for a period of the whole year 2015, 

received from WUFI data file. 

 
Figure 53. Air temperature in Stockholm (WUFI climate file) 
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Figure 53. Relative humidity in Stockholm (WUFI climate file) 

4.2.1 Simulation scenario #1  

Results from this simulation are presented on the graphs below: 

Relative humidity: 

 
Figure 54. Relative humidity of the single wall layer 

The analysis of received chart and values for the relative humidity in material 

components shows that throughout the period of one year in all the materials RH 

decreased form initial moisture of 80% to values between 12% and 50% individually 

for applied materials. It can be concluded that values rigidly fixed for indoor climate 

inside the building, influence the relative humidity of the innermost component 

(gypsum board). About the rest of the materials it is clearly noticeable that in the wall 

composition moisture is stabilizing its’ value after the first two weeks and falls below 

60% of RH.  

Dew point and temperature: 
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Figure 55. Dew point in the exterior 

surface 
Figure 56. Dew point in the mineral wool 

  
Figure 57. Dew point in the interior 

gypsum board 
Figure 58. Dew point in the interior 

surface 

Results of the dew point for the components of the wall shows that there could be a 

problem regarding the moisture on the exterior surface of the wall. The problem may 

occur in winter months however, it should not influence the rest of the materials. 

As it goes for the thermal insulation material, which cannot be exposed to water 

vapour the chart shows no intersection between temperature and dew point of the 

mineral wool. Indoor climate of the object is stable and does not show any potential 

risks of the moisture accumulation and water condensation inside of the wall.  

Water content: 

  
Figure 59. Water content in the gypsum 

board 
Figure 60. Water content in the mineral 

wool 



Evaluation of the moisture appearance in the ice rink facilities based on observation studies and 
performed simulations in hygrothermal software 

 46 

 
Figure 61. Total water content in the wall construction 

The results obtained for the water content in the mineral wool and interior gypsum 

board confirmed that there is no problem with water accumulation in the design wall 

layers. The water content in the mineral wool through the whole year is between  

0,2 and 0,3 kg/m3 (Fig. 60). In accordance to the isotherms for the mineral wool, such 

values stand for relative humidity of air between 50-60%. These values stand for about 

0,4% of water content in relation to the mass of the material. As regards the interior 

gypsum board the water content is 2,5 kg/m3 up to 4,1 kg/m3, however it is only 0,4 up 

to 0,65% in relation to the mass of the material (Fig. 59). Such values are related for 

around 20% of relative humidity of air. Being the most interior material in the ice rink, 

water content of the gypsum board depends mostly of conditions set in WUFI for the 

indoor environment. That is way when the relative humidity for the indoor surface is 

getting up to 50% in summer period, the RH and water content of a board is increasing 

respectively. The total content of a water in the designed wall construction seems to 

be stable for the whole year and decrease below 0,1 kg/m2 after the first month. It can 

be concluded that there is no present of accumulation of water and moisture found in 

the simulated scenario. 



Evaluation of the moisture appearance in the ice rink facilities based on observation studies and 
performed simulations in hygrothermal software 

 47 

4.2.2 Simulation scenario #2 

Results from this simulation are presented on the graphs below: 

Relative humidity: 

 
Figure 62. Relative humidity of the single wall layer 

In this case after analysis of received chart and values for the relative humidity of the 

each component it can be concluded that placement of the PE-membrane on the cold 

side of the insulation material would drastically increase accumulation of the moisture 

in the wall. Starting from the beginning of the year, it is clearly noticeable that RH is 

not decreasing its’ values up to spring months like April and May. In this case, the 

lowest RH of an insulation material is around 55% in the warmest period, which can be 

compared to the previous case with the result of RH equal to 25%. Such values are 

allying on fungi and mould growth and significantly decrease the insulation thermal 

properties. The obviously wrong placement of the vapour barrier results in gathering 

of water inside the wall, which is visible on a PE chart line in summer period when the 

moisture content of outdoor air is much bigger than in winter in the sense of 

molecules movement. The moisture state of the indoor surface and interior gypsum 

board are the same as in the previous case.  
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Dew point and temperature: 

  
Figure 63. Dew point in the exterior 

surface 
Figure 64. Dew point in the mineral wool 

  

Figure 65. Dew point in the PE-membrane 
Figure 66. Dew point in the interior 

gypsum board 

 
Figure 67. Dew point in the interior surface 

Received results of the dew point in this case has also changed for the worse.  

Starting from the exterior surface the dew point is reached from the beginning of the 

simulation period till June month, however there are still some days in which it is 

reached. Starting from November the problem occurs more frequently. What it goes 

for the mineral wool situation is quite the same as for the exterior surface.  

Saturation of the air occurs for most of the winter months and is getting better in 

summer but still from time to time, there are some critical days when the dew point is 
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reached. Such results mean that the air become saturated with water vapor, which it 

can condense to form of liquid on the material surfaces. Surface moisture is highly 

undesirable due to creating problems like: appearance of rust, busting, decreasing 

thermal and strength properties, corrosion etc. To eliminate this problem the 

difference between surface temperature of a material should be at least 3oC higher 

then dew point temperature. The problem of the dew point disappears from the  

PE-membrane up to interior surface however, the values of this component are heavily 

dependent on values set for the indoor environment of the object. In conclusion 

placement of the vapour barrier at the cold inner part of the wall has a negative effect 

on the wall design and may cause some serious problems after a while.  

 

Water content: 

  
Figure 68. Water content in the mineral 

wool 
Figure 69. Water content in the interior 

gypsum board 

 
Figure 70. Total water content in the wall 
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The results obtained for the water content in the mineral wool shows increase in this 

value from 1,79 kg/m3 up to 1,89 kg/m3. In accordance to the isotherms for the 

mineral wool, such values stand for relative humidity of air more than 100%.  

As concerns the water content in relation to the mass of the material is 3% of water 

content in this layer. In the previous case it was around 0,5%, so here it is about  

6 times higher. As regards the interior gypsum board the water content is the same as 

it was received in the first simulation. Being the most interior material in the ice rink 

wall construction, water content of the gypsum board depends mostly on conditions 

set for the indoor environment. In this case, total water content is increasing its’ value 

from the 0,39 to 0,43 kg/m2. In comparison to the simulation scenario #1 the 

difference is more noticeable because the values of the total water content were 

below 0,1 kg/m2. 

4.2.3 Simulation scenario #3 

Results from this simulation are presented on the graphs below: 

Relative humidity: 

 
Figure 71. Relative humidity of the single wall layer 
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Analysis of charts and values obtained for the relative humidity in material 

components, shows that throughout the period of one year, in case of placing the 

vapour barrier on the exterior side in relation to the insulation material, the conditions 

are very close to those obtained in the first case (without barrier). It is clearly 

noticeable that in first two layers (exterior surface and PE-membrane) there are high 

fluctuations of relative humidity values, which are stabilizing for the rest of the layers 

placed behind the vapour barrier. According to the obtained results it can be 

concluded that there can be a problem with the moisture on the exterior surface.  

The results for the mineral wool, interior gypsum board and interior surface seems to 

be the same as it was in simulation without placement of the damp proofing material. 

The RH is decreasing from initial moisture in first two weeks’ not exceeding the value 

of 50%. 

 

Dew point and temperature: 

  
Figure 72. Dew point in the exterior 

surface 
Figure 73. Dew point in the PE-membrane 

  

Figure 74. Dew point in the mineral wool 
Figure 75. Dew point in the interior 

gypsum board 
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Figure 76. Dew point in the interior surface 

The results of the dew point for the components of the wall show that there could be a 

problem regarding the dew point on the exterior surface of the wall. The problem 

seems to be present throughout the whole year, which was also confirmed by the 

results from the relative humidity chart. The vapor retarder is blocking the moisture 

that is coming from the outside part of the wall construction and protecting the rest of 

the layers from interstitial condensation. As it goes for the insulation material, which 

should not be exposed to water vapour, the chart shows no intersection between 

temperature and dew point. Placing the PE-membrane on the outside part of the wall 

seems to be a good solution for the cooled buildings like ice rinks in this climate. 

Indoor climate of the object is stable and does not show any potential risks of the 

moisture accumulation inside of the wall.  

 

Water content: 

  
Figure 77. Water content in the mineral 

wool 
Figure 78. Water content in the interior 

gypsum board 
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Figure 79. Total water content in the wall 

Regarding the received results for the water content of the mineral wool, interior 

gypsum board and totally for the whole wall, values are identical as it was in 

simulation scenario #1 (without vapour barrier). The amount of water is in the correct 

range and stable throughout the whole year. There is no water accumulation problem 

in any of the layers as well as for the whole wall construction.  

4.3 Kiruna 

Kiruna is a town located on the north part of Sweden (the northernmost city of the 

country). Such short distance to the Arctic Circle (barely 145 km) results with subarctic 

climate. It causes the very long, cold winters and short, cool summers. Effect of the 

location and climate of the city results that between December and January there is 

polar night and between June-July there is midnight sun. The average temperatures in 

the winter vary from -20 to -16oC and in the summer time temperature ranges from 

10-13oC. In accordance to the climate file from WUFI software the mean temperature 

for the period of one year is -1,66oC and mean relative humidity is equal to 77,13%.  

In addition, the maximum and minimum temperature is 25,1oC and -41,4oC, 
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respectively. The graphs below present the weather conditions for a period of one 

year received from WUFI data file. 

 
Figure 80. Air temperature in Kiruna (WUFI climate file) 

 
Figure 81. Relative humidity in Kiruna (WUFI climate file) 

4.3.1 Simulation scenario #1 

Results from this simulation are presented on the graphs below: 

Relative humidity: 

 
Figure 82. Relative humidity of the single wall layer 

The analysis of received chart and values for the relative humidity in material 

components shows that location of the potential building has a huge influence on the 
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RH indicator. It seems from the beginning that relative humidity is much higher than in 

the same wall which was simulated in the Stockholm. In this case, the humidity for the 

exterior surface is even getting higher in first three months. Also, it is clearly 

noticeable, that relative humidity for the mineral wool is higher, however after about 

one month the value is getting lower than 60%. It can also be concluded that values 

rigidly fixed for indoor climate inside the building, influence the relative humidity of 

the innermost component (gypsum board).  

 

Dew point and temperature: 

  
Figure 83. Dew point in the exterior 

surface 
Figure 84. Dew point in the mineral wool 

  
Figure 85. Dew point in the interior 

gypsum board 
Figure 86. Dew point in the interior 

surface 

The received results of the dew point for the components of the wall shows that there 

could be a problem regarding the moisture on the exterior surface of the wall. 

However, in this case the problem seems to occur also in the mineral wool layer.  

In first four months, the temperature is reaching the dew point many times. It can be 

concluded that in period from November till April, there will be a problem with 

condensation on the example of this wall composition. Indoor climate of the object is 
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stable and does not show any potential risks of the moisture accumulation and water 

condensation on the interior surface. 

 

Water content: 

  
Figure 87. Water content in the mineral 

wool 
Figure 88. Water content in the interior 

gypsum board 

 
Figure 89. Total water content in the wall construction 

The results obtained for the water content in the mineral wool material in comparison 

to Stockholm case are worse. The water content is decreasing its’ value below  

0,4 kg/m3 at the beginning of April. In the Stockholm, this took place with beginning of 

February. With the beginning of December, the water content in the mineral wool is 

increasing, which was not observed in the previous simulations. In accordance to the 
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isotherms for the mineral wool, such values stand for relative humidity of air between 

50% up to 100%. Regarding the interior gypsum board, as noted previously, water 

content depends mostly of conditions set in WUFI for the indoor environment. In this 

case the water content is between 3 to 4,1 kg/m3. In regard to the isotherm graphs 

such values stand for relative humidity of air equal less than 20%. The total content of 

a water in the designed wall construction seems to be stable for the whole year and 

decreases below 0,1 kg/m2 after the first three months. 

4.3.2 Simulation scenario #2 

Results from this simulation are presented on the graphs below: 

Relative humidity: 

 
Figure 90. Relative humidity of the single wall layer 

The analysis of the charts and values obtained for the relative humidity in material 

components shows that once again placing the PE-membrane on the right side in 

relation to mineral wool has negative impact. It is seems from the beginning that 

relative humidity is much higher than in the same wall which was simulated in the 

Stockholm. In this case, the humidity for the exterior surface is even getting bigger in 

first three months. Also, it is clearly noticeable that relative humidity for the mineral 
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wool is higher however after about one month the value is getting lower than 60%.  

It can also be concluded that values rigidly fixed for indoor climate inside the building, 

influence the relative humidity of the innermost component (gypsum board).  

About the rest of the materials it is clearly noticeable that in the wall composition 

moisture is stabilizing its’ value after the first days and falls below 60%. 

 

Dew point and temperature: 

  
Figure 91. Dew point in the exterior 

surface 
Figure 92. Dew point in the mineral wool 

  

Figure 93. Dew point in the PE-membrane 
Figure 94. Dew point in the interior 

gypsum board 

 
Figure 95. Dew point in the interior surface 
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The results of the dew point in this case has also changed for the worse. Starting from 

the exterior surface the dew point is reached from the beginning of the simulation 

period till June month, however there are still some days in summer when it is 

reached. Starting from November the problem occurs more frequently. What it goes 

for the mineral wool situation is quite the same as for the exterior surface.  

Saturation of the air occurs for most of the winter months and is getting better in 

summer when saturation still come from time to time, there are some critical days 

when the dew point is reached. The problem of the dew point disappears from the  

PE-membrane up to interior surface however, the values of this component are heavily 

dependent on values set for the indoor environment of the object. Such placement of 

the vapour barrier has a negative effect on the wall design and may cause some 

serious problems after a while.  

 

Water content: 

  
Figure 96. Water content in the mineral 

wool 
Figure 97. Water content in the interior 

gypsum board 

 
Figure 98. Total water content in the wall 
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The results obtained for the water content in the mineral wool shows small drops from 

1,79 kg/m3 to 1,76 kg/m3 over 6 months. In accordance to the isotherms for the 

mineral wool, such values stand for relative humidity of air 100%. As concerns the 

water content in relation to the mass of the material is only 3% of water content in this 

layer. In the previous case it was around 0,5%, so 6 times higher. As regards the 

interior gypsum board the water content is the same as it was received in the first 

simulation. Being the most interior material in the ice rink wall construction, water 

content of the gypsum board depends mostly on conditions set for the indoor 

environment. In this case, total water content is increasing its’ value from the  

0,4 to 0,65 kg/m2. In comparison to the simulation scenario #1 the difference is more 

noticeable because the values of the total water content were below 0,1 kg/m2. 

4.3.3 Simulation scenario #3 

Results from this simulation are presented on the graphs below: 

Relative humidity: 

 

Figure 99. Relative humidity of the single wall layer 

In this case, it is clearly noticeable that in first two layers (exterior surface and  

PE-membrane) there are high fluctuations of relative humidity values, which are 
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stabilizing for the rest of the layers placed behind the vapour barrier. As regards the 

mineral wool in the first month the humidity drops from 80% below 60%. In summer 

period, it ranges from 30% to 40%. However, it needs to be highlighted that starting 

from November the value is increasing significantly. It can also be concluded that 

values rigidly fixed for indoor climate inside the building, influence the relative 

humidity of the innermost component (gypsum board and interior surface). 

Dew point and temperature: 

  
Figure 100. Dew point in the exterior 

surface 
Figure 101. Dew point in the PE-

membrane 
 

 
 

Figure 102. Dew point in the mineral wool 
Figure 103. Dew point in the interior 

gypsum board 

 
Figure 104. Dew point in the interior surface 
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The results of the dew point for the components of the wall show that there could be a 

problem regarding the dew point on the exterior surface of the wall. The problem 

seems to be present throughout the whole year, which was also confirmed by the 

results from the relative humidity chart. The vapor retarder is blocking the moisture 

that is coming from the outside part of the wall construction and protecting the rest of 

the layers from interstitial condensation. As it goes for the insulation material, which 

should not be exposed to water vapour, the chart shows no intersection between 

temperature and dew point. Placing the PE-membrane on the outside part of the wall 

seems to be a good solution for the cooled buildings like ice rinks in this climate. 

Indoor climate of the object is stable and does not show any potential risks of the 

moisture accumulation inside of the wall.  

 

Water content: 

  
Figure 105. Water content in the mineral 

wool 
Figure 106. Water content in the interior 

gypsum board 

 
Figure 107. Total water content in the wall 
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Regarding the received results for the water content of the mineral wool, interior 

gypsum board and totally for the whole wall, values are identical as in simulation 

scenario #1 (without vapour barrier). The amount of water is in the correct range and 

stable throughout the whole year. There is no water accumulation problem in any of 

the layers as well as for the whole wall construction. 

4.4 Lund 

Lund is a city placed in south-western region of Sweden, which resulting in oceanic 

climate. Being located so close to the sea makes the climate relatively mild when 

comparing to other cities placed at similar latitudes. The average temperature in the 

summer period is around 16oC, and in the winter period temperature is roughly equal 

to 0oC. In accordance to the climate file from WUFI software the mean temperature 

for the period of one year is 9,18oC and mean relative humidity is equal to 81,03%.  

In addition, the maximum and minimum temperature is 28,3oC and -10,1oC, 

respectively. The graphs below present the weather conditions for a period of one 

year received from WUFI data file. Due to the reason that the obtained results in all of 

the three simulations scenarios for Lund are very similar to the one obtained for the 

Stockholm, the comments for the graphs are the same as they were in section 4.2 

 
Figure 108. Air temperature in Lund (WUFI climate file) 

 
Figure 108. Relative humidity in Lund (WUFI climate file) 

4.4.1 Simulation scenario #1 

Results from this simulation are presented on the graphs below: 

Relative humidity: 
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Figure 109. Relative humidity of the single wall layer 

The conclusions regarding the relative humidity results have been discussed in section 

4.2.1. 

 

Dew point and temperature: 

  
Figure 110. Dew point in the exterior 

surface 
Figure 111. Dew point in the mineral wool 
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Figure 112. Dew point in the interior 

gypsum board 
Figure 113. Dew point in the interior 

surface 

The conclusions regarding the dew point temperature results have been discussed in 

section 4.2.1. 

 

Water content: 

  
Figure 114. Water content in the mineral 

wool 
Figure 115. Water content in the interior 

gypsum board 

 
Figure 116. Total water content in the wall construction 
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The conclusions regarding the water content results have been discussed in section 

4.2.1. 

4.4.2 Simulation scenario #2 

Results from this simulation are presented on the graphs below: 

Relative humidity: 

 
Figure 117. Relative humidity of the single wall layer 

The conclusions regarding the relative humidity results have been discussed in section 

4.2.2. 

Dew point and temperature: 

  
Figure 118. Dew point in the exterior 

surface 
Figure 119. Dew point in the mineral wool 
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Figure 120. Dew point in the PE-

membrane 
Figure 121. Dew point in the interior 

gypsum board 

 
Figure 122. Dew point in the interior surface 

The conclusions regarding the dew point temperature results have been discussed in 

section 4.2.2. 

 

Water content: 

 

  
Figure 123. Water content in the mineral 

wool 
Figure 124. Water content in the interior 

gypsum board 
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Figure 125. Total water content in the wall 

The conclusions regarding the water content results have been discussed in section 

4.2.2. 

 

4.4.3 Simulation scenario #3 

Results from this simulation are presented on the graphs below: 

Relative humidity: 

 
Figure 126. Relative humidity of the single wall layer 
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The conclusions regarding the relative humidity results have been discussed in section 

4.2.3. 

 

Dew point and temperature: 

  
Figure 127. Dew point in the exterior 

surface 
Figure 128. Dew point in the PE-

membrane 

  

Figure 129. Dew point in the mineral wool 
Figure 130. Dew point in the interior 

gypsum board 

 
Figure 131. Dew point in the interior surface 

The conclusions regarding the dew point temperature results have been discussed in 

section 4.2.3. 

 

Water content: 
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Figure 132. Water content in the mineral 

wool 
Figure 133. Water content in the interior 

gypsum board 

 
Figure 134. Total water content in the wall 

The conclusions regarding the water content results have been discussed in section 

4.2.3. 
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5. Discussion 

Ice rink halls are complex buildings both in the case of the design, structure and 

equipment that is necessary to maintain those objects in appropriate conditions.  

The typical problems that occur in the ice rinks are mainly caused by the wrong design 

and lack of understanding how such objects works. This may result in poor indoor 

conditions, greater energy demand and damage of the building envelope elements.  

In this case the highest risk is humidity both inside and outside of the object. The best 

protection against the external moisture and acceptable moisture levels throughout 

the building envelope layer is proper design of wall and roof components.  

The dehumidification system comes with help in keeping the internal humidity in a 

comfortable range for the occupants. 

 

The main focus of this was to evaluate five ice rinks objects located in the Stockholm 

City in accordance with the indoor environment, appearance of typical ice rinks 

problems like indoor rain or fog, structural elements defects and occurrence of 

dampness, corrosion or rotting. In each of the mentioned objects, visual inspections 

were held assisted by professional equipment like infrared camera FLIR E60 and 

moisture meter FLIR MR77. An additional aspect in the paper was to investigate a 

typical ice rink wall envelope in the hygrothermal simulation software called WUFI. 

Simulations have been conducted to evaluate and draw conclusions about the 

appropriate placement of the vapour barriers. Three options for wall construction 

were evaluated for different locations of Sweden. Conclusions could be drawn 

regarding the design of the wall and the arrangement of the particular layers in it.  

 

The main conclusion regarding the executed inspection on each of the ice rink objects 

applies to the dehumidification plant and its performance in discharging the moisture 

from the indoors. Due to the fact, that each of the facilities was equipped with such 

plant, on none of them have been observed any kinds of problem connected with the 

excessive moisture level. However, from the conducted interviews with the technical 

managers of the halls, it can be inferred that thanks to the installation or 
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modernization of the dehumidification plants, the problems with too high humidity 

level disappeared. The one who were working in the halls before the modernisation or 

even installation of the dehumidification plants reported about the occurrence of the 

typical ice rinks problems like falling drops from the ceiling on the ice pad,  

less effective ice formation or problems with overflowing water that was present on 

the ice pad and also appearance of fog. On all of the ice rink facilities, it was confirmed 

that the dehumidification system was the remedy for indoors problems, which was 

also positively verified by the site inspections and performed actions. On each of the 

ice rinks, humidity level was in the comfortable zone i.e. from 40% to 60%.  

No rot or corrosion, were observed on the wooden or steel elements respectively. 

There was not even sign of fungi and mould growth. However, damages were 

observed associated with the mechanical failures like deformation of the foundation 

slab in the Sätra ice rink or burst of the exterior layer in the Mälarhöjdens object. 

Definitely the best ice rink hall but also the newest built up was the one located in 

Husby. The maintenance of the ice rink, design structure and the equipment used for 

heat recovery that is later transferred for the purpose of warming up the water in the 

nearby located swimming pool are excellent examples of how such objects should be 

designed and constructed. The Östermalms hall definitely deserves for the attention 

because of the simplicity and uncommon design of the building structure made of PVC 

canvas. The place which is dedicated exclusively for the purpose of the student ice 

hockey team by its simplicity in execution is a very good example of economic 

construction approach, thus fulfilling all required features needed for ice hockey game.  

 

In regards to the performed simulations with the WUFI software it can be concluded 

that the placement of the vapour barrier in the wall construction has a significant 

importance. In the ice rink facilities where the conditions indoors differ from what is 

found in residential buildings it is definitely recommended to mount the vapour barrier 

on the exterior side of the insulation material. In all of the simulation scenarios having 

the vapour retender on the interior side of the mineral wool, it caused problems with 

the temperature of the material, which was reaching the dew point. Such situation is 
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undesirable in the construction because of the condensation of moisture that occurs in 

the insulation materials. Dampness of the thermal insulation material decrease 

significantly its thermal parameters. This may results in the mould growth which in 

turn poses a threat to the occupants of the building. This has been observed in all of 

the cases and locations of the carried-out simulations. Confirmation of this theory are 

also the graphs showing the amount of water in the material, which indicates that 

during the one year period water content is increasing while in the other two design 

models water content is decreasing its value from the beginning. With regard to the 

simulation where the vapor barrier was placed on the exterior side of the mineral 

wool, it can be concluded that external moisture was blocked by the vapour barrier so 

there was no sign of condensation in the thermal insulation layer.  

However, by stopping migration of water vapour, it is clearly noticeable that dew point 

temperature and relative humidity of the exterior surface in all the cases is affected. 

For this reason the façade material should be durable for these conditions. This is also 

the case for the aluminium façade in this study. For most of the period there is a water 

condensation on this layer. Comparing graphs starting from the mineral wool to 

inward direction for a given location, it can be noticed that there is no or only a slight 

difference between the scenarios in which there is no vapour barrier and the one in 

with the barrier on the exterior side. In winter months, it was observed the biggest 

advantage of the vapour barrier in all of the locations. Also on the graph of the dew 

point temperature, it is hard to notice but the difference between temperature of the 

mineral wool and dew point is higher than in the scenario without assembly of  

PE-membrane. It applies only for the winter period because in summer time this 

difference works against the simulation with the membrane application.  

Nevertheless, the difference in these values are usually in decimal place, therefore 

they can be omitted. Another observation would be the impact of localisation on the 

designed wall model. Comparing those three cities it is clearly noticeable that the 

outdoor environment has a huge impact on the relative humidity and dew point 

temperature. In this case both Stockholm and Lund have very similar climate when it 

goes with temperature and relative humidity outdoors. From the received results, it 
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was concluded that in this locations dew point may occur only on the exterior surface 

of the wall without any threats on thermal insulation material or condensation inside 

of the wall. The situation is much different when it goes to Kiruna example. In that 

climate, where temperature is much lower than in other two, the dew point 

temperature was not only affecting the exterior surface but also the mineral wool 

layer. Such design of the wall is not recommended in a place like this due to potential 

problems with the condensation inside the wall structure. 
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6. Conclusions 

1. In none of the investigated objects in the Stockholm City, there were not noticed 

maintenance problems which are mentioned in other reports about problems in 

ice rinks facilities. All the facilities were equipped with the dehumidification plant 

and distribution pipes in order to deliver dry air around the ice pad. In accordance 

to obtained results of the level of relative humidity indoors, on all of them received 

values where within boundaries of the comfort zone i.e. between 40%-60%. It can 

be concluded that in the case of investigated ice rink halls, the dehumidification 

equipment is efficient enough to keep the moisture on the proper level.  

However, it needs to be highlighted that on all the facilities during the local vision 

there were not performed any kind of actives related to ice skating.  

2. Excess heat produced by the chiller unit as a by-product of ice formation can be 

reuse for the purpose of heating in a system nearby. Typical temperature of the 

waste heat is about 30 oC to 35oC. It can be used for melting of the frost from 

resurfacing or heating interior air intended for spectator’s zone or dressing rooms. 

The Husby object was example of design in which waste heat energy was used to 

warm up the water of the adjacent swimming pool facility. Another example of 

waste-heat recovery in order to warm the water tank was applied in the 

Mälarhöjdens ice hall. Water in the tank is used to melt the snow and ice slush 

made from resurfacing process. 

3. WUFI software can be used in order to analyse hygrothermal conditions of the 

building components. The software is much more efficient than traditional Glaser-

method and takes into account effects like: built-in moisture, solar radiation, 

driving rain, long-wave radiation or capillary transport. 

4. In reference to the performed simulation scenarios in WUFI software and obtained 

results, it can be concluded that vapour barriers should be assembled on the 

exterior side of the insulation material. In all the cases studied, there were 

noticeable problems with the relative humidity level and dew point temperature of 

the exterior surface and mineral wool layer if the vapour barrier was located on 

interior side of insulation material.  
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5. The simulations showed that the wall without a PE-membrane as a vapour barrier 

could also be an option to implement. In all the simulation cases, the results were 

almost identical as on example of a wall with mounted vapour barrier. There was 

not risk of condensation in the design walls despite Kiruna location. However, the 

main difference is in stopping the diffusion of moisture through wall. The most 

exterior layer chosen for the simulation was aluminium siding. In accordance to 

WUFI, the vapour diffusion thickness of this material is Sd=50m. In this case 

aluminium siding can be treated as vapour retarder. Aluminium siding is also 

known from great application properties for buildings façades located in cold and 

coastal areas (exposed to higher level of moisture and salt). Aluminium is 

completely waterproof and thanks to the fact that in reaction with air forms 

aluminium oxide, it is resistant and sealed from degradation. In comparison to 

wood siding and steel, aluminium is rust and corrosion resistance. 

6. Localisation of the facility has also huge impact when it comes to wall design.  

The difference between obtained results of relative humidity and dew point 

temperature between Stockholm or Lund in comparison to Kiruna were 

significantly disparate from each other. Climate outdoors is affecting those 

parameters  

 
  



Evaluation of the moisture appearance in the ice rink facilities based on observation studies and 
performed simulations in hygrothermal software 

 77 

7. References 

1. Harris M. C., Tempus 2005. “Homes of British Ice Hockey” 

2. Toronto Star, 2008. “Father’ of ice hockey honoured” 

3. IIHF, 2016, “Ice Rink Guide”, International Ice Hockey Federation 

4. https://en.wikipedia.org/wiki/List_of_ice_hockey_arenas_by_capacity, visited 

25.04.2016 

5. Rogstam J., Bolteau S. 2015. “Ice rink of the future – evaluation of energy and 

system solutions”, Energi & Kylanalys AB 

6. IIHF, 2010, “Technical guidelines of an ice rink”, International Ice Hockey 

Federation guide book, chapter 3 

7. http://low-e.com/images/therma_one.jpg, visited 2.05.0216 

8. http://image.made-in-china.com/44f3j00YaRtygEGzUre/Low-E-Insulated-

Double-Glazing-Glass-with-Aluminum-Frame.jpg, visited 2.05.2016 

9. Rodrigues da Silva D., 2013, “Evaluation of dehumidification system energy 

usage in ice rinks”, University of Lisbon 

10. Stobiecka A., Lipska B., Koper P., 2013, “Comparison of air distribution systems 

in ice rink arena ventilation”, Vilnus Gedimino technikos universitetas 

11. Zhang Z. 2010, “Evaluation of Energy Saving Measures in Ice Rinks”, Master 

Thesis, KTH, Stockholm 

12. Rogstam J. 2010, „Energy usage statistics and saving potential in ice rinks. IIR 

2nd Workshop on Refrigerant Charge Reduction”, KTH, Stockholm 

13. Makhnatch P. 2010, “Technology and Energy Inventory of Ice Rinks”, Master 

Thesis, KTH, Stockholm 

14. Kaya R. 2015, “Energy Usage in Ice Rink Resurfacing”, Master Thesis, KTH, 

Stockholm 

15. Lipska B., Koper P., Jopert K., Trzeciakiewicz Z., 2011, “Numerical study of air 

distribution in indoor ice rink arena”, Ciepłownictwo, Ogrzewnictwo i 

Wentylacja 42(10): 431-437 (in Polish) 

16. Keefe, T.J., 2007, “The Nature of Light”  

https://en.wikipedia.org/wiki/List_of_ice_hockey_arenas_by_capacity
http://low-e.com/images/therma_one.jpg


Evaluation of the moisture appearance in the ice rink facilities based on observation studies and 
performed simulations in hygrothermal software 

 78 

17. https://kanlux24.eu/6731-14051-home_pp/adamo-mth-250-s-metal-halide-

floodlight.jpg, visited 26.09.2016 

18. http://www.kanlux.pl/files/photos/produkty/big/910237.jpg, visted 26.09.2016 

19. https://www.lenalighting.pl/produkty/26-oswietlenie-przemyslowe-i-

naswietlacze/834-tytan-led, visted 26.09.2016 

20. https://upload.wikimedia.org/wikipedia/commons/thumb/3/3a/Gluehlampe_0

1_KMJ.jpg/200px-Gluehlampe_01_KMJ.jpg, visted 26.09.2016 

21. www.maps.google.com, visited 04.04.2016 

22. http://www.constructalia.com/repository/transfer/pl/resources/Contenido/04

978777Foto_Big.pdf 

23. Munters MXT2800 technical data sheet, www.munters.com 

24. http://www.traguiden.se/globalassets/konstruktion/konstruktiv-

utformning/stomkompletteringar/staende-panel-bild8-9.jpg 

25. http://fuktkontroll.se/produkter/sorptionsavfuktare, visited 13.05.2016 

26. https://hallbyggarna.se/wp-content/uploads/2015/05/PICT0017.jpg, visited 

28.12.2016 

27. BASF, 2016, “Concrete Technology in Focus, Efflorescence Guidelines” 

28. Portland Cement Association, 2004, “Trowel Tips Information, Efflorescence” 

29. Lstiburek J., 2006, rev. 2011, “Understanding Vapor Barriers”, Building Science 

Press 

30. The U.S. Department of Energy’s Office, EERE, 2010, “How moisture moves 

through a Home” 

31. Lstiburek J., 2004, “Vapor Barriers and Wall Design”, Building Science Press 

32. EN 15026:2007, “Hygrothermal performance of building components and 

building elements. Assessment of moisture transfer by numerical simulation” 

33. Zirkelbach D., Schmidt Th., Kehrer M., Kunzel H.M., “WUFI Pro – Manual” 

https://kanlux24.eu/6731-14051-home_pp/adamo-mth-250-s-metal-halide-floodlight.jpg
https://kanlux24.eu/6731-14051-home_pp/adamo-mth-250-s-metal-halide-floodlight.jpg
http://www.kanlux.pl/files/photos/produkty/big/910237.jpg
https://www.lenalighting.pl/produkty/26-oswietlenie-przemyslowe-i-naswietlacze/834-tytan-led
https://www.lenalighting.pl/produkty/26-oswietlenie-przemyslowe-i-naswietlacze/834-tytan-led
https://upload.wikimedia.org/wikipedia/commons/thumb/3/3a/Gluehlampe_01_KMJ.jpg/200px-Gluehlampe_01_KMJ.jpg
https://upload.wikimedia.org/wikipedia/commons/thumb/3/3a/Gluehlampe_01_KMJ.jpg/200px-Gluehlampe_01_KMJ.jpg
http://www.constructalia.com/repository/transfer/pl/resources/Contenido/04978777Foto_Big.pdf
http://www.constructalia.com/repository/transfer/pl/resources/Contenido/04978777Foto_Big.pdf
http://www.munters.com/
http://www.traguiden.se/globalassets/konstruktion/konstruktiv-utformning/stomkompletteringar/staende-panel-bild8-9.jpg
http://www.traguiden.se/globalassets/konstruktion/konstruktiv-utformning/stomkompletteringar/staende-panel-bild8-9.jpg
http://fuktkontroll.se/produkter/sorptionsavfuktare
https://hallbyggarna.se/wp-content/uploads/2015/05/PICT0017.jpg

