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A method is presented for the prediction and evaluation of luminous and thermal
environment designs for semi-enclosed membrane spaces. It is shown that it is possible to
create a comfortable thermal environment with an effective use of daylight in an urban
district.

First, in order to develop the prediction and evaluation method, the properties of
architectural membrane materials were evaluated with consideration of material regulations.
Additionally, the luminosity and thermal and wind conditions around the targeted membrane
space were surveyed. Based on the results, the requirements for developing the prediction
and evaluation method are given.

Next, in order to predict simultaneously the luminous and thermal environments in the
membrane space, which are derived from the solar radiation transmitted through the
membrane material, the combined simulation tool was proposed using an existing thermal
environment simulation tool for heat transfer through exterior surfaces, considering the
properties of the membrane materials. In the presented method, a computational algorithm
similar in part to the existing tool was used, and a technique for conducting combined
analysis of luminous and thermal environmental simulation methods was developed
successfully.

To evaluate the thermal environment while taking into account the effect of luminosity and
wind for the design of the membrane space, computational fluid dynamics was employed.
Moreover, a multiple-purpose optimization technique proposed in a previous research was
introduced, allowing the evaluation of the thermal environment to include the
cross-ventilation in the membrane space.

Finally, membrane space designs were proposed for a station platform in an actual design
planning. The roof configurations and evaporative cooling systems of the different designs are
compared and the luminous and thermal environments are evaluated using the presented
method. It is revealed that by applying the developed method, the proposed designs can
create a comfortable environment in the membrane spaces.
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Prediction and evaluation of luminous and thermal environments in a semi-enclosed
membrane structural space
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