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Abstract

The work presented in this Doctoral dissertation concerns the ability of heavy
timber structures to passively reduce the fluctuations of the indoor temperature
and of the indoor relative humidity, through the dynamic process of heat and
moisture storage in wood. We make the hypothesis that the potential offered
by the hygrothermal inertia of heavy timber structures is significant, and that
it could provide a passive way of regulating the indoor climate. This ultimately
could results in a decrease of the energy demand from the Heating, Ventilating
and Air Conditioning systems. In this Thesis, the author tries to characterise
and quantify the significance of the hygrothermal inertia providing by the
heavy timber constructions.

The experimental studies contain an in-situ measurement campaign carried
out at the Vetenskapsstaden building located in Stockholm and erected in 2001.
The results from the test campaign show that a heavy timber construction
may contribute to buffer the indoor temperature. A direct quantification of
the moisture stored in the wood structure is measured regarding the year-to-
year indoor humidity fluctuations. It was however hardly possible to directly
quantify the moisture storage potential offered by the structure regarding the
day-to-day indoor relative humidity fluctuations because of the low sensitivity
of the measuring technique used.

In regard to the limitations noticed during the in-situ measurements,
laboratory measurements were launched to develop new methods to determine
the day-to-day hygric performances of wood exposed indoor. A new method
based on the Magnetic Resonance Imaging technology was developed and is
intended to provide information about the Moisture Buffer Value measured
according to a NORDTEST protocol, and about the moisture distribution in
wood with high spatial resolution. The Moisture Buffer Value of untreated
Scots pine measured with this method is in accordance with the gravimetric
method provided by the NORDTEST protocol. The Moisture Buffer Value of
coated Scots pine was also investigated and it is normally assumed that any
coatings will decrease the Moisture Buffering Capacity of the structure. The
results show however that for specific coating such as waterborne alkali silicate
coating, the Moisture Buffering Capacity of the structure may on the contrary
be improved.

At last, numerical simulations were carried out. They were based upon
the extension of a modular simulation environment IDA ICE 3.0, with the
implementation of a specific model for heat and moisture transport in a wood.
The results obtained pinpoint the highly synergetic effects between the indoor
moisture loads, the ventilation rate, the outdoor climate and the moisture
interactions with the structure. The outcomes also show that the Moisture
Buffering Capacity of a heavy timber structure is appreciable. The structure
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is able to even out substantially the day-to-day indoor relative humidity
fluctuations for a certain range of ventilation rate.
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