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It is proven that human construction activities affect the environment negatively. The threat of global ecological disaster is one of the
most important factors, appearing due to unbalanced human activities and insufficient use of natural resources.

In Lithuania there are building materials (bricks, concrete, reinforced concrete and other materials) used for construction of buildings
that require a lot of energy. Prices of energy grew up several times in recent years, so the prices of construction materials significantly
increased.

It is suggested to use more local building materials produced with low energy consumption. The usage of local, renewable raw building
materials can reduce CO2 emissions, ambient air pollution. The use of straw bales as construction material has many advantages.
Pressed straw can be used as a natural heat insulating material in the construction of buildings in Lithuania, as it does not contradict
the essential requirements of the construction of buildings specified in the Law on Construction and other normative documents. The
aim of this study is to evaluate the temperature distribution of the wall of a built building made of straw bales during the cold period
of the year. Temperature data loggers with thermocouple sensors were used to record the outdoor air, indoor and wall temperatures.
Measurements of the temperature of the wall frame of the building filled with straw showed that the temperature field of the wall is in
a constant dynamic state. It was found that the temperature of the individual layers of the walls of the building filled with straw varies
tendentiously depending on the outdoor air temperature.
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INTRODUCTION

There are local building materials in rural areas that could be used much more widely. Such materials include by-
products of crop production: straw, hemp, flax. In addition, local, agricultural, rural materials include hemp, flax fiber,
sheep's wool, wood and wood processing waste, reeds, unburned clay, and natural stones. In the construction of warm
buildings, renewable materials such as straw, sheep wool, hemp fiber, reeds could be used instead of the commonly used,
but not environmentally friendly, heat-insulating building materials, such as stone wool, polystyrene foam. The processing
of the latter into mats requires certain equipment and tools. This could be done by sheep and hemp farms in cooperation.

Straw as a building material has been known since the first steps of construction. They are used as a heat-insulating
material and, when the production of pressed straw bales is started, as a sound-insulating and construction material
(Ashour et al., 2011; Douzane, 2015). Construction from straw is classified as ecological, as the raw material is a by-
product of agricultural production, which requires very low energy consumption to produce (compress) and transport
compared to traditional building materials (Costes et al., 2017; Mehmet et al., 2017; Bainbridge, 2000).

The use of straw as a building material is often associated with a certain distrust, fears: the building will burn, rot,
it will be attacked by mice, rats. In Germany in 2006 the technical conditions for pressed straw used for construction were
prepared by order of the construction from the Pressed Straw Union the Straw Construction Directive (Strohbaurichtlinie
SBR-2014), and the straw certificate for construction (Algemeine bauaufsichtliche zulassung No. Z-23.11-1595), which
sets out specific requirements for pressed straw bales. It is stated that the dimensions of pressed straw bales may not differ
from those specified by more than 3%. The dimensions shall be pressurized to 1 kPa (100 kg/m?). The density of air-dried
pressed straw, maintained at 50% relative humidity and +23 °C, must be 85-115 kg/m®. The humidity after keeping the
pressed straw at 80% relative humidity and +23 °C must not exceed 18%. It is noted that pressed straw in building
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structures must be protected from precipitation, wind, moisture, ignition and other adverse factors by covering them with
other materials resistant to these factors (Munch-Andersen, 2016). Exposed straw surfaces must be covered with plaster.

In recent years, the use of pressed straw has received a lot of attention in newspapers and magazines, and a lot of
research has been done in this area. With the spread of press-insulated buildings in Lithuania, additional research is needed
to assess the impact of various factors. The tests are usually performed under laboratory conditions (Baozhu et al., 2021).
However, little research has been done on buildings with pressed straw on the walls. Therefore, the aim of the study is to
evaluate the temperature distribution of the wall of a built building made of straw bales during the cold period of the year.

MATERIALS AND TEST METHODS

To determine the temperature regime of the building walls, a frame building was built - a model in which straw
bales were used as thermal insulation material for the walls (Fig.1). The building area of the building is 11 m?. Wood is
used for the wall frame pillars. The width of the straw bale is 40 cm. Straw compression ratio not less than 100 kg/mé2. It
is a wall with an effective layer of thermal insulation and a thermal resistance of about 5 m2K/W. The interior walls of
the building are plastered with a layer of clay, and the wall is not plastered at the temperature measurement site. Wood
siding was used to decorate the exterior wall of the building. The doors of the building are made of wood. The windows
have wooden frames and a hinged sash. Heat transfer coefficient of doors and windows U = 1.6 W/(m?2 K). The roof of
the building is made of wood chips. The building is equipped with a natural ventilation system. The roof is equipped with
a ventilation chimney with adjustable air extraction, the doors are equipped with adjustable ventilation openings.

When choosing the temperature measurement location in the wall, the configuration of the building, the layout of
windows and doors were taken into account and the possible influence of external factors was assessed. The temperature
in the wall was measured in the transverse direction of the wall, in two places. Inside the wall, the temperature change is
recorded at a distance of 10 cm from the outer and inner surfaces of the wall. Temperature data loggers with thermocouple
sensors were used to record the outdoor air, indoor and wall temperatures. During the studies, data were collected every
4 hours. Natural temperature surveys were conducted in February, March and April. During the study period, the building
was not heated, no heat sources were used. The study wall was oriented to the South.

Figure 1. Building (model) with straw bale walls

TEST RESULTS

The external partitions of a building are homogeneous, we have two contact surfaces: outdoor air - partition,
partition - indoor air, which determine the temperature distribution and heat transfer processes from the outside to the
partition and its deep layers, and from them to the indoor dynamics.

Fluctuations in the wall temperature of the building had a seasonal nature, as the Lithuanian climate is
characterized by changes in air temperature at different times of the year. From the graph of temperature change over
time, it can be seen from Figure 2 that the highest measured indoor temperature of the building is 16.0 °C in April, the
lowest on some days is 0.5 °C. March and April stand out, where significant temperature fluctuations are observed.

The indoor air temperature of the building varies from 0.5 to 16 °C. During the study period, the highest monthly
actual air temperature (19.1 °C) was found in April, and the lowest (-5.3 °C) in March. Outdoor air temperature indicators
range from -5.3 to 19.1 °C.

The measurement results show that the indoor air temperature of the building, although very slightly above 0 °C,
remained positive throughout the study (the interior of the building is not heated). The change in the indoor temperature
of the building was influenced by the direct change in the outdoor air temperature. The temperature change occurred
through the building walls and ventilation. The temperature change occurred through the building's partitions and
ventilation.
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Figure 2. Comparison of outdoor — indoor temperatures

Typically, heat exchange and temperature fields in a building wall occur depending on changes in outdoor air
parameters. Often these heat exchangers are treated as stationary. To determine the temperature distribution in the wall
of the building, temperatures were recorded at two measurement points during the study. Two thermocouples were
installed in the straw bundle layer of the outdoor wall of the building. One thermocouple was installed 10 cm from the
surface of the outdoor layer, the other thermocouple was installed at a distance of 10 cm from the indoor wall surface.
The measuring points are at a distance of 10 cm from the wall surfaces. The obtained measurement results are presented
in Figures 3 and 4.
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Figure 3. Comparison of outdoor — wall indoor (10 cm depth) temperatures

20.0
18.0 !
16.0 t
14.0 t
12.0 t
| N
& &0 T TG T
é A A v
T Y, M IV WEHNLMVAUY AL
£ oo [MAPAMWY N © VIV VIITWNNHL MUYV VWARIATIVY ™~y ¥V
= Go MY AL W 11)|
> —
-6.0 t
-8.0
February March April
— outdoor air temperature — wall temperature at a depth of 30 cm

Figure 4. Comparison of outdoor — wall indoor (30 cm depth) temperatures

The data in the graphs show that on some days the temperature of the indoor layers of the wall exceeds the
temperature of the outdoor air. This means that the heat flow inside the wall due to the influence of solar radiation changes
its direction. This is confirmed by scientific studies, which show that even at relatively low intensities of solar radiation,
it has a greater influence on the distribution of the temperature outside the wall than the outdoor air temperature. In the
presence of solar radiation during the day, in the heat balance of the outdoor wall surface, the largest part consists of the
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energy provided by solar radiation, part of which enters the indoor layers of the wall by conductivity, part by long waves
radiated to the environment and part by convection.

The graphs show that temperature fluctuations in the building wall are quite complex and have cyclical signs. The
most pronounced temperature fluctuations were found closer to the outdoor wall surface at a distance of 10 cm from the
outdoor wall surface (Fig. 3). Less pronounced, significantly lower amplitude temperature fluctuations were found at a
distance of 10 cm from the indoor wall surface (Fig. 4). Heat exchange, judging by temperature changes, takes place
throughout the wall layer.

From the data presented in Figure 3, it can be seen that the temperature fixed at a distance of 10 cm from the
outdoor wall surface changes tendentiously between the outdoor air temperature throughout the study. Temperature
fluctuations have a sudden rise and fall pattern. The temperature ranged practically from 0 °C to 11.8 °C. The lowest
temperatures were in February and March. On some days of these months, it was close to 0 °C. Such temperature indicators
depend directly on the outdoor air temperature regime.

From the data presented in Figure 4, it can be seen that the temperature distribution inside the building wall at a
distance of 10 cm from the indoor surface depends on the larger layer of straw (30 cm). No indoor wall trim was installed
at the measurement site. The measurement results show that the temperature inside the building wall at a distance of 10
cm from the indoor surface varied from 1.8 to 13.6 °C. The average temperature was set at 6.4 °C in February, 7.2 °C in
March and 8.6 °C in April. The lowest temperature was found at the beginning of the measurements, in February, when
the average outdoor air temperature for this month was 3.7 °C.

The change in the temperature inside the wall of the building at a distance of 10 cm from the indoor surface
compared to the outdoor air temperature is not so pronounced. The graph shows lower amplitude temperature fluctuations.
There is no such sudden change in temperature when the outdoor temperature drops sharply. This temperature distribution
is determined by the layer of straw, the decoration of the outdoor wall of the building and the accumulation of heat in the
wall of the building.

CONCLUSIONS

Measurements of the temperature of the wall frame of the building filled with straw showed that the temperature
field of the wall is in a constant dynamic state. The heat exchange between the outside and the inside of the building is
conditioned by the outdoor temperature regime.

The dependence between the air temperature in the building and outdoors has been determined, where as the
outdoor air temperature changes, so does the air temperature in the building. During the research, the outdoor air
temperature varied from -5.3 to 19.1 °C, and the indoor air temperature of the building varied from 0.5 to 16 °C. The
average daily temperature of the building was 9.8 °C higher than outdoors.

It was found that the temperature of the individual layers of the walls of the building filled with straw varies
tendentiously depending on the outdoor air temperature. The most pronounced temperature fluctuations were found at a
distance of 10 cm from the outdoor wall surface.
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