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Abstract. One of the most popular trends in construction industry is sustainable construction.
Therefore, application of construction materials with high insulation characteristics has
significantly increased during the past decade. Requirements for application of construction
materials with high insulation parameters are required not only by means of energy saving and
idea of sustainable construction but also by legislative requirements. Autoclaved aerated
concrete (AAC) is a load bearing construction material, which has high heat insulation
parameters. However, if the AAC masonry construction has high moisture content the heat
insulation properties of the material decrease significantly. This fact lead to the necessity for the
on-site control of moisture content in AAC in order to avoid inconsistency between the designed
and actual thermal resistivity values of external delimiting constructions. Research of the impact
of moisture content in AAC on its heat insulation properties has been presented in this paper.

1. Introduction

One of the most popular trends in construction industry is sustainable construction. Therefore,
application of construction materials with high insulation characteristics has significantly increased
during past decade. Requirements for application of construction materials with high insulation
parameters are required not only by means of energy saving and idea of sustainable construction but
also by legislative requirements. Latvian national construction norms [1] define normative thermal
transmittance values, which have to be calculated based on thermal conductivity values of the building
components.

At present, most designers or consultants focus only on the thermal performance of buildings based
on experiment or simulation analysis frequently without considering the moisture effect. However,
moisture has a big influence on the thermal characteristic of building materials and heat transfer
processing. The history of the research on the couple of heat and moisture (HM) transfer is older than
50 years. There are several models to describe the HM transfer process and solving methods. However,
till now, there is no any theory that could cover all situations for HM transfer in porous materials, due
to the kinds of assumption and complicated system. Meanwhile, kinds of hygrothermal characteristics
need to be input into the models, which probably limit solving the mathematic model [2, 3, 4].

Autoclaved aerated concrete (AAC) is a load bearing construction material, which has high heat
insulation parameters. However, if the AAC masonry construction has high moisture content the heat
insulation properties of the material decrease significantly due to its porous structure. The impact of
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moisture content in AAC on its thermal conductivity properties for thermal resistance calculations of
the building envelope can be assessed by methodology stated in ISO 6946:2007 [5].

This fact lead to the necessity for the on-site control of moisture content in AAC in order to avoid
inconsistency between the designed and actual thermal resistivity values of external delimiting
constructions.

2. Materials and Methods

Aerated concrete is basically a mortar with pulverized sand or industrial waste like fly ash as filler, in
which air is entrapped artificially by chemical (metallic powders like A1, Zn, and H>O; ) or mechanical
(foaming agents) means, resulting in a significant reduction in density [6].

Aerated concrete falls into the group of cellular concrete (microporite being the other one). The main
advantage of aerated concrete is its lightweight, which optimises the design of supporting structures
including the foundation and load bearing walls. Aerated concrete provides a high degree of thermal
insulation and considerable savings in material due to the porous structure. Aerated concrete can be
obtained with a wide range of densities e.g. 300+ 1800 kg/m3, thereby offering flexibility in
manufacturing products for specific applications (structural, partition and insulation grades) [7].

However, the porous structure of the AAC lead to accumulation of high moisture content if the
material is used for construction in wet conditions and therefore the designed heat resistivity values of
the material decrease significantly.

In order to detect the impact of moisture content in insulated wall constructions three types of wall
models were prepared and theoretical calculations of thermal transmittance values of the relevant
constructions calculated (table 1).

Table 1. Calculated thermal transmittance values of wall specimen.

Thermal Thermal transmittance of

Layer Thickness of coflgflilgjil ty resistzance the constn;ction
layerd.m — ° k) KT (}nwx K Ue, W/ (m™K)
Wall S-1
External surface 0,040 0,1910
Plaster 0,002 0,900 0,002
Mineral wool 0,100 0,037 2,630
insulation
AAC masonry 0,300 0,100 2,500
0,130
Wall S-2
External surface 0,040 0,1885
Plaster 0,002 0,900 0,002
Polystyrene 0,100 0,036 2,630
insulation
AAC masonry 0,300 0,100 2,500
0,130
Wall S-3
External surface 0,040 0,3740
Plaster 0,002 0,900 0,002
AAC masonry 0,300 0,100 2,500
0,130

In order to model the deviations of the thermal transmittance values of the designed wall construction
specimen caused by the impact of moisture content in the AAC masonry elements, the drying process
of the specimen by application of electrical impedance spectrometry (EIS) [8].
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3. Description of the experiment
For the particular experiment three AAC masonry wall constructions with dimensions
1200x600x250mm (length x height x thickness) were used and the composition of the wall structure
was relevant to those stated in table 1. Afterwards, the two insulated specimens and the third one not
insulated were plastered on the external surface of the wall structure. Thus, a model of the construction
phase considering the completed cladding of the masonry structure as well as completed external
finishing of the wall, have been simulated (Figurel).

\ L ~

Figure 1. Sample constructions on stand.

Monitoring of the drying process throughout the cross section of the constructions was performed by
application of EIS for 12 weeks in laboratory conditions with air Rh in range of 60-80% and the average
temperature in range from 18 to 25°C. Such conditions comply with average weather conditions on
construction site in Northern European summers when the building envelope is not fully closed and
heating of the building has not begun. The same drying conditions were maintained for all specimens
[9].

As a result moisture distribution charts throughout the cross section of the specimen were obtained
(Figure 2.-Figure 4.)
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Figure 2. Changes of moisture distribution throughout the cross section V1 of S-1 specimen
construction during the experiment.
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Figure 3. Changes of moisture distribution throughout the cross section P1 of S-2 specimen
construction during the experiment.
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Figure 4. Changes of moisture distribution throughout the cross section K1 of S-3 specimen
construction during the experiment.

After the data about moisture content in the wall specimen was obtained the impact of the moisture
content in AAC on the thermal transmittance value of the wall construction was assessed by
methodology stated in ISO 10456:2007 “Building materials and products — Hygrothermal properties
— Tabulated design values and procedures for determining declared and design thermal values™ [10].

4. Results

Modelling of the changes of thermal transmittance values of the wall specimen described in Table 1 due
to the changes of thermal conductivity changes of AAC were performed and the results of the thermal
transmittance deviations of the wall constructions have been displayed in Figure 5-Figure 7.

The results of the modelling prove the assumptions stated in the first two paragraphs of the paper as
well as the results of the researches by Shui Yu et.al. [2, 11], therefore, the necessity of the monitoring
of moisture content in AAC masonry constructions during the construction period in order to avoid
sealing of extensive amounts of moisture in the wall constructions are of great importance. In case the
moisture content control is omitted the calculated thermal transmittance values of the building envelope
can vary from the actual values up to two times higher values. Particular risk in such situations can be
applicable to external delimiting constructions from AAC with no additional heat insulation layer as it
is displayed in Figure 7, where the inclination of the impact graph is the highest due to the fact that the
AAC is the only material, which grants the insulation of the delimiting construction.
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Figure 5. Deviations of thermal transmittance values of specimen S-1.
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Figure 6. Deviations of thermal transmittance values of specimen S-2.
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Figure 7. Deviations of thermal transmittance values of specimen S-3.

5. Conclusions

The moisture content of AAC and insulation material of external delimiting constructions have
significant impact on its drying speed and therefore on the moisture distribution throughout the cross
section of the wall construction. Furthermore, it influences the heat resistivity properties of the wall
construction, therefore should be considered during the design phase in order to avoid situations when
the building envelope is not able to reach designed insulation parameters.
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Therefore, it is necessary to perform moisture content measurements of AAC during the construction
phase in order to control the actual performance of the construction in terms of moisture content. In
opposite case significant deviations between designed and actual performance of the building envelope
will be observed and may lead to maintenance problems of the building structure.
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