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The objectives of this research are to study and design an Insulating Concrete
Form (ICF), to apply the component system for housing construction in Thailand, to
study cost and energy-saving efficiency of ICF model houses, and to study a formula
and properties of PVC foam used for substituting EPS foam in ICF production. The
results obtained from the study are ICF products and industrialized construction system
which can be further developed or adapted for prospective housing projects.

The study was conducted by means of document research related to ICF
products and construction systems. Properties and formula of PVC were tested in order
to determine whether it could be utilized to replace EPS foam. A prototype of ICF
panels was then designed and its mechanical properties were tested in a laboratory.
The testing results were compared with the structural analysis made by a structural
engineer. Two ICF model houses were designed by using the ICF components and
construction system developed in the study. The structural calculation, working
drawings, and construction cost estimation of two ICF model houses were carried out.
Energy consumption and electricity costs of ICF model houses were studied through the
use of a computer program (EnergyPlus) and compared with conventional houses
(concrete structure with brick plaster walls). Finally, the results from the study were
applied for further development of ICF products and their construction system.

The research findings can be summarized as follows:

1. The ICF system selected for developing in the study is “Panel System” which
has concrete structures (post-and-beams or concrete studs) inside the ICF wall. The
standard size of an ICF wall prototype is 1.20 x 1.20 x 0.18 m. (width x height x
thickness). The size of each cavity in the ICF is 0.12 x 0.12 m. with 0.15 m. (c/c)
spacing. These cavities c:én be filled with concrete at every 0.30, 0.60, or 1.20 m. Both
sides of the ICF wall are finished with fiber cement boards in a factory production.

2. The PVC foam was tested with formula: PVC 100 phr, Plasticizer 40 phr, Ca-Zn
St2 5 phr, AZD 15 phr and PA 7 phr, mixed with Food Mixer, and molded by Twin
Screw Extruder at temperatures of 160, 170, 180, and 190 °C at the speed of 120 rpm.
The PVC foam contained large air gaps and has good thermal resistance properties.
However, the extruder equipment which is normally used in the laboratory could not
extrude PVC foam to the demanded shapes. The compressive strength of the PVC

foam is higher than the value required from the ICF Technical Testing standard.
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However, the density of PVC foam is quite high. As a result, the ICF wall using the PVC
foam is heavier and more expensive than the one using EPS foam.

3. The average construction costs of a one-storey house and a two-storey house
designed by using ICF wall system are around 11,200 Baht/sq. m and 11,800 Baht/sq.
m respectively. The cost of ICF houses are close to the average cost of conventional
houses (concrete structure and brick walls) which is around 11,000 Baht/sq. m. The cost
of the ICF one-storey house and the ICF two-storey house are 1.9% and 7.6% higher
than the cost of the conventional ones, respectively.

4. The average cost of an ICF wall (without concrete) is around 760 Baht/sq. m
which is higher than a brick wall with cement plaster. However, ICF walls have other
advantages. For example, using as formwork for columns and beams, reducing
temporary structures in construction, having good thermal and sound resistance
properties, and facing with sheathing materials to function as finish wall components.

5. The results of energy simulations by utilizing a computer program show that, in
the case of operating air conditioning (mainly at night), the ICF one-storey house and
ICF two-storey houses decrease electrical energy consumption for air conditioning
around 7.4% and 5.9% respectively compared to the conventional houses. In the case of
operating an air conditioning system for a full 24 hours, the ICF one-storey house and
ICF two-storey houses decrease electrical energy consumption around 8.2% and 9.0%,
respectively.

The construction cost of the ICF one-storey house and the two-storey house are
close to the average cost of the conventional houses (+1.9% and +7.6% respectively)
whereas the ICF houses can save electrical cost by 7.4% and 5.9% respectively. The
investment return period of the two-storey house is 88 years. Therefore, it is not
tempting for owners for change. It may be a more feasible investment to only apply the
ICF construction system to buildings that operate air conditioning for a full 24 hours
throughout the day. The construction cost can also be reduced by simplifying the
building’s design, integrating well with the construction system and having sufficient

demands to warrant industrialized production.
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