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Abstract. This paper is focused on influence of an additionahcrete wall on indoor
temperature in the light modular construction. Tgflly, there are no accumulation materials
used in these constructions. The study was basedeaisurements obtained from a full-scale
experimental set-up built for this purpose. Twoniilgal modular constructions were used; one
of them was equipped with an additional concret#. Wadoor temperatures were measured in
the course of time and compared.

1. Introduction

Evaluation of heat accumulation is very important dase of modular constructions that are
permanently used as residential buildings. Lighdular constructions with low heat accumulation
started to be popular after the First World Warljaif the heating mode remained the same as for the
brick houses, i.g. with night declines. As a conseqe, the light constructions quickly cool down.

This was an impulse that started evaluation of heatimulation of perimeter walls. It is important t
bear in mind that the temperatures in the buildiagsl walls are changing with time. The real
temperatures of the constructions are always MVariabstable.

2. Description of the light modular constructions

The study was based on measurements obtained ffathsaale experimental set-up built for this
purposes. Two identical light modular construction,Figure 1, were compared; one with a concrete
accumulation wall and the other without any addiilowall.

The modular construction has standard dimensiagrsgth is 6,058m, width is 2,990m, height is
3,010m) and it can be carried by a truck. There tew@ triple glass insulated windows and one
entrance door. Inside is an electric heater whidontrolled manually.
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Figure 1. Two light modular constructions used for the eipent

A concrete wall from from dry-concrete paving stoneas built in one of the modular constructions,
Figure 2. Thanks to two different set-up, it wasgble to compare the course of interior tempeeatur
in both constructions.

Figure 2. Construction of the concrete accumulation wall

3. Thermal resistance of the perimeter constructions

When choosing the material of perimeter wallssidesirable to select a material with the highest
value of thermal resistance R3W] so that the heat loss would be the smallessijite. The value

of thermal resistance depends on thermal conduetighon the thickness of individual layers of the
wall construction, but it is not depending on acalation abilities of the used materials [2].
Nevertheless, accumulation ability of the mateisabne of the crucial factors that influence thdrma
comfort in the building, both in summer and wintéthile assessing thermal resistance of a material,
there is an assumption that the temperature on $d#s of the construction is constant in time [3].
However, this scenario is rare since the indoora@rtdoor temperatures are variable in time.

The temperature of air outside of the construcisoaffected by many attributes; changing of day and
night, changing of seasons or changing of intensitgolar radiation. The temperature inside of the
construction is affected by discontinuous heatiwgntilation or by immediate changes in the
environment.

Evaluation of heat accumulation of perimeter cargdtons is important when deciding if the heating
in the building is going to be continuous or digoamous [4]. If discontinuous mode is chosen, the
temperature of indoor air as well as the surfangptrature of the constructions are decreasing while
the heating is off. The value of the temperatureregse during the heating break is assessed by
criteria called thermal stability of a room duriwinter [5].
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4. Properties of the accumulation wall

The accumulation wall was built in one of the tvight modular constructions from dry-concrete
paving stones. The thickness of one paving storge Md@mm. While considering the accumulation
properties of the accumulation wall the maximum tividf would be 150mm; thicker wall will not
show significantly better results [6].

Table 1.Properties of the accumulation wall.

Units
material - concrete
thickness (mm) 100
density kg/m 2100
specific heat capacity J/kgK | 1020
thermal conductivity W/mK 1,23

5. Course of temperature

Data from this experiment were collected in 2016rdpwinter. Each light modular construction was
equipped with an electric heating that was turneu off controllably. The daily cycle, on Figure 3
started in the morning when the heater was turmecpecific amount of time is needed to warm up
the interior air on desired temperature. Duringdhg, the heating is maintaining the temperatura on
stable level. During the night, the heating is @grroff and the temperature is dropping. The cycle
starts again in the morning next day.

desired interior temperature 8;

8[°C]

warm up . i cool down T[h]
time stabilized heating  |{ime

24h
Figure 3. Daily cycle of course of temperature in a roorthvdiscontinuous heating

6. Results

6.1. Time needed for warming up interior temperature

The heating in the two light modular constructievess turned off for several days so the initial iodo
temperature was the same in both objects. Afteh#aing was turned on, temperature increase was
monitored. As compared on Figure 4,5,6, the expaminwas repeated three times always with
different course of exterior temperature. It is iog, that the light modular construction with the
accumulation wall needs longer time to warm upititerior on a desired temperature. Depending on
exterior temperature, the needed time to warm epitkerior was between four to six hours. The
desired interior temperature in the constructiothatit any accumulation wall was usually reached in
two to four hours.
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Te - exterior temperature
—— Tai - interior temperature in modular construction without accumulation wall
------ Tai - interior temperature in modular construction with accumulation wall
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Figure 4. Time needed to warm up indoor temperatures ircéimstructions and the course of outdoor
temperature in November 2015
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Figure 5. Time needed to warm up indoor temperatures icdmstructions and the course of outdoor
temperature in December 2015
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Figure 6. Time needed to warm up indoor temperatures ircéimstructions and the course of outdoor
temperature in January 2016
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6.2. Time needed to cool down the interior temperatures

Time needed to cool down the interior temperatafésr the heating is turned off depends on the
course of exterior temperatures and on the amdwsdcumulated heat in accumulation constructions.
As it was observed, Figure 7,8, on the set-up, ititerior temperature was equal to exterior
temperature in shorter time in the light modulamnstouction without any accumulation wall.

Te - exterior temperature
—— Tai - interfior temperature in modular construction without accumulation wall
--=+ Tai - interior temperature in modular construction with accunmlation wall
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Figure 7. Time needed to cool down indoor temperatureBenconstructions and the course of
outdoor temperature in November 2015

Te - exterior temperature
Tai - interior temperature in modular construction without accumulation wall
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Figure 8. Time needed to cool down indoor temperaturesérctnstructions and the course of
outdoor temperature in January 2016

7. Conslusion

The comparison of the course of interior tempegstin two light modular constructions showed that
the concrete accumulation wall has a significanpanot on the cooling time. The light modular

construction without any accumulation wall was wadnip/cooled down faster than the light modular
construction with the accumulation wall. Buildinggthout any accumulation constructions are
suitable for short-time use, when the heating ming continuously and when quick cool down of the
indoor temperature is of small importance.
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Nevertheless, if the light modular constructionmeant for long term residential use it is more than
desirable to integrate an accumulation construct®urch construction will raise thermal comfort in
the building if the heating is discontinuous. Tleewanulation wall is balancing the indoor temperatur
more smoothly and if the heating discontinuity @ntrolled, it can lead to energy savings and
therefore money savings. This aspect is going teve® more noticeable in so called zero buildings,
where the heating is depending on direct demambwkr from a local (renewable) source, e.g. solar
power.
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