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INVESTIGATION of a TRADITIONAL HOUSE based

on its ENERGY CONSERVATION

Duygu UTKUCU®), Hatice SOZER?"
2Istanbul Technical University, Energy Institute, Turkey

*Corresponding Author

ABSTRACT

In this study, a selected traditional house was investigated based its energy performance, located in
Phocaea, Izmir. For this purpose, physical properties of the house was identified and accordingly the
energy performance was analyzed by utilizihg a dynamic simulation software. The fundamental
characteristics of the traditional house, such as natural stonewalls, fireplaces, window shutters were
examined and compared with the contemporary architectural elements based on their effect on energy
efficiency. Results represent that the traditional stone house has better energy performance than

concrete and timber house, which mostly considered in today’s architecture.

1. INTRODUCTION

Phocaea is selected for this study where is located in coastal areas of Aegean Region. The city history
goes back to the mid-century of BC VII. Therefore, it has hosted various ancient heritages. The
traditional buildings in the region are constructed by considering the climatic conditions of western
Aegean that is classified in warm-humid climate region. The predominantly applied construction
materials are wood and stone, which are local materials of the region. They have resistant to the intense

rainfalls, high humidity ratio, and high temperatures [1]. According to the “special environmental
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protection zone management plan” which was prepared by the Ministry of Environment and Urbanism,

the region of city was set on the first-degree earthquake zone [2].

Traditional houses in Phocaea also have some architectural characteristics. The houses were located
and orientated to take advantage of the wind for natural ventilation inside of the building. They usually
have large and number of windows positioned on the faCades that is high and narrow. Furthermore, as
the warm climatic region, protecting the houses from the sun is also an important strategy. Because of
that, the courtyards are the important architectural consideration of the area by successfully protecting
houses from the sun. By this approach, huge and many number of windows provides available
daylighting. The small windows are usually located in ground floor, used to eliminate humidity. On the
other hand, the construction materials such as stone and wood are suitable for winter conditions.
Overall, these old fashion stone houses are considered as very effective and efficient for conserving the

energy. For this reason, one of the houses were selected to investigate its energy performance.

2. LITERATURE REVIEW

Research was conducted about traditional buildings in Phocaea have examined in the literature.
Asatekin and Eren was led a survey on traditional houses in Phocaea to identified the building’s
conditions. The questions of the survey were grouped under different headings that were about physical
properties, comfort conditions, functionality - family relations, renewal, protection and construction of
residential buildings. The responses of the survey represent that the physical properties of the traditional
buildings were built sensitively to the climatic conditions of the region in such a way to be cool in

summer and warm in winter [2].

In another study, historical status, physical characteristics and socio-economic conditions of civil
architecture in Phocaea district were discussed. Correspondingly, plans, faCades, structural systems,
materials and construction techniques of architectures were examined. The findings of physical
characteristics of these buildings were represent that they mostly have 2 story and consisted of
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masonry stone walls. The outer wall corners of the buildings were constructed with the long corner
stones. Stone jambs were used on the sides of the doors and windows; one or two rows of stone eaves
were used in almost all of buildings. The inner partition walls were made in half-timbered. The upper
floor was made of timber frame that called “Bagdadi”. The structures were similar in terms of material

and facade characteristics. There were 6 different plan types in terms of architectural plan [3].

According to sustainability, which referred as using existing materials and resources more efficiently in
traditional architecture, the building materials were selected for hot-humid regions. The materials that
had lower thermal mass were used to keep and store heat. In this concept, wood and stones were

commonly utilized as good thermal insulators [4].

Furthermore, another research was conducted with similar aim to consider the physical environment,
structure and energy recovery criteria for historical buildings in the region. Other than acknowledged
findings, the research also remarks about the masonry construction system with its simple plan solution
and simple geometric shapes. The outer walls of the buildings were constructed with a thickness of
approximately 60-65 cm stone to protect both from the wind and to minimize heat loss. As the stone
was a material with low heat transmission coefficient, the research was concluded that traditional

buildings are effective in providing suitable comfort conditions [5].

3. METHODOLOGY

In order to investigate energy performance of a selected traditional house and identify the physical
properties, a methodology had been developed. This methodology consists of six steps. First two steps
were about collecting data of environmental conditions of the region, and existing conditions of the
traditional building, which are mostly related with physical properties. Third step was to develop three-
dimensional modelling of the building by utilizing the collected data. The next step was to analyze the

energy performance of the building. In the following step, different scenarios were developed to improve
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the energy performance. As final step, results were evaluated. Those were shown in Figure 1. The steps

of the methodology are described in detail in the following sections.

1. Collecting data 3. Modelling

about environment | the building 4. Analyzing the ]
and topography with its energy 5. Develpoment 6. Getting the
> Colection of architecture performance of scenerios results

and physical

data about existing nehifens

buiding

Figure 1. Steps of the applied method

3.1. Collection of Data about Environmental Condition and Topography

The city is located on a peninsula along the Aegean coast of Turkey, connected to Izmir by 70 km
highway, as represented on Figure 2. Phocaea is a natural harbor. The forest area consists 50 % and
the residential area consists 14 % of total area. It has four sub-districts and four villages [6]. The center

of the city is set between Big Sea bay on the south and Small Sea on the north on Figure 2. The

Kliglk ¢
Deniz

Blyuk
Deniz
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settlements around Small Sea are mostly for traditional and contemporary residential, administrative

and commercial buildings while the settlements around Big Sea is mostly for holiday homes [3].

Figure 2. Location of Phocaea [7] and Aerial view of Phocaea district center [8]

3.1.1. Climate of the city:

Turkey has five different climatic regions, which are cold climate, mild humid climate, mild dry climate,
warm dry climate and warm humid climate. Depending on this classification, Phocaea is in warm humid
climatic region. It is warm during summers, humid and rainy during winters. The percentage of relative
humidity is very high; therefore, the sensible temperature is increased by humidity. The humidity, which
is occurred by intensive rainfalls, is balanced the daily average temperature. Depending on the General
Directorate of Meteorology, the average temperature, sunshine duration, and rainfall values of city is

represented on Table 1[5, 6, 7, 8, and 9].

Table 3.1.1. The Average Values over long years (1950-20156) [5]

Average
Temperature
(°C)
Max. Average
Temperature

(°C)
Min. Average

Temperature
(°C)
Average
Sunshine
Duration
(hour)

215a15351Ms Wavoulasdouoadauluaims UA 2 atuf 3 (nsnmiAu - suoau 2562)
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)



119 108 92 82 64 21 05 05 2 b6 89 125 776

1256. 101. 75. 46. 30. 98 1.8 26 15 45. 94. 141. 690.

1 9 6 4 9 3 8 1 3
Daily Total Highest Precipitation Fastest Wind Day Highest Snow
29.09.2006 145.3 29.03.1970 127.1 km/h 4.01.197 8.0 cm
kg/m? 9

The lowest average temperature is 8.9 °C in January and highest average temperature is 28 °C in July.
The minimum and maximum average temperature has been seen respectively 5.9 °C and 33.2 °C. The
daily total highest precipitation was up to 145.3 kg/m? Moreover, the fastest wind speed was 127.1
km/h. Additionally, the highest snow on ground was 8 cm. These represent overall information of
Phocaea’s climate. However, for the accurate energy performance analyses more detailed, such as

hourly-based climatic data should be utilized.

3.2. Collection of Data from Existing Buildings

These research is carried out to understand applied energy efficient strategies of the traditional
buildings in the region. Over years, an attitude has been formed towards the protection and restoration
of conventional buildings of the region. As a result, the old- fashion buildings are still remain active in

Phocaea [9].

The design approaches start from the district level by paying attention to drainage, street and pedestrian
systems. The main streets of the city are about 7-8 m wide. On the other hand, the sides and the alleys

are narrow. The width could be reduced to 3 m. The main characteristics of the houses are listed as;

® The ground floors are used as storage.
® The living room and guests’ rooms are located on first floor.

® The courtyard is provide shaded area and also used for plenty of activities as a gathering space
[9]
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® Natural stone and wood are the main construction materials.

In the city center, these buildings were generally constructed with two story, and additionally they have
another one story stone building in the garden. Houses have constructed with hipped roof. The city
streets are generally narrow and have cobblestone pavements for draining rainfall water into ground

[10]. Elevations of the most common two-story facades are displayed on Figure 3.

g UU

Figure 3. FaCade with two story houses [2]
Their images from city are represented on Figure 4. The house that have a courtyard is surrounded with
rubble covered stonewalls on the ground floor. These traditional stone buildings are also called by

natives as “Levanten” buildings [10].
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Figure 4. Examples of two story stone house with garden

The traditional houses in Phocaea, usually known as stone houses by public, has one or two story with
masonry stonewall, wooden roofs, and wooden flooring. The stonewall were made by Phocaea stones
called slate. Slates are a piece of rock and they are categorized a natural stone. They were used for
inner and outer wall. Slate has high thermal mass that keep the house cold in summer and warm in

winter. It also has very different tones of colors.

The windows and door edges in exterior facade had stone doorpost and window frames. There were

one or more sequined stone eaves at the fringe level of the facade [3].

Wall system and material \In Phocaea, the traditional houses were generally built with 3 different
wall techniques which are masonry stone, irregular masonry stone, and rubble stone. The built

techniques and their applications are shown on Figure 5.
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Figure 6. Examples for the three techniques

Stone structures are remarkably durable in addition it has earthquake resistant. Moreover, they resist
fire, water, and insect damage. The mason needs minimum tools to build up and could be easily
repaired; the material is readily available and is recyclable. In order to ensure stability, the stonewalls
could be made thicker. Another advantage is that it reduces heating requirements during the cold
season and cooling requirements during the hot season. In this way, the determination of the thermal

capacity of a natural stone plays an important role when considering its suitability for energy saving.

Ceiling; In houses, the ceilings are usually plain and wooden. The wooden parts are placed flat

and side by side in the ceilings as shown on Figure 6.
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Windows and door; The windows sizes are varying. The dimensions of windows can be reached
as 100-120x200-230 cm. Street facades in the upstairs often seen double or triple windows. Their
shutters are wood. On the ground floor, it takes one or two windows as 100x200 cm. Their shapes are
sometimes rectangular, sometimes with a curved arch. If there was a storage area on the entrance
floor, there would be a separate access door for the storage area. The dimensions of storage door are
smaller than the main entrance. The main entrance door is usually constructed as a very imposing gate.

Door wings are ornamental wood with glass [2].

3.3. Modeling the Building with Its Architecture and Physical Conditions

The selected traditional building is located in center of Phocaea within 38°40°12” N and 26°4521"E
coordinates. The physical properties of the building were investigated, the necessary data were
collected and the energy performance of the building analyzed by utilizing the simulation software called

e-Quest. The purpose of this case is to determine the heating efficiency of the stone buildings in the
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Phocaea. Sufficient ventilation is provided with the help of cross ventilation with the benefit of precisely

located windows. However, ventilation is not considered in our study.

The Properties of the Houses

Selected building has 2 stories. The frontage of building is directly faced to the main street where is the
west side. At the end of the garden, there is a single story outbuilding for storage. While the main
building is flashy, storage building, which is also constructed with masonry stone is modest. Entering
the building, there is a hall, which reaches to the rear front that has a gate to garden. There is a furnace
in the rooms. There is a wooden staircase between these two rooms. On the upper floor, there are two
intertwined rooms. The external facade is left without plastering. However, they are enriched by
ornaments. Windows in ground floor have eaves shutter and in upper story have wooden shutter. The
entrance gate is made of wooden material with glass lamb and iron guardrail. Plas of first and second

fl

Corridor

Figure 7. The Floor Plan of Basement and first story
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The outer walls were constructed by masonry stone which is also known Phocaea stone as
mentioned on the above section. The thickness of stones was between 55 cm. The total height of
building, from ground to roof is 6.80 meter. Correspondingly, interior heights are quite high. There is

wood flooring on beams and there is wooden ceiling coating under beams.

The interior surfaces are plastered and painted with lime paint. At the same time, the outer
surfaces are left unplaster. The chimneys that were adjacent to the stonewall were constructed with

stone material. All doors, windows, ceilings, first story floors and stairs were made of wood.

The building energy performance was analyzed by developing the energy model of the building
with its existing conditions. Additionally, effect of fireplaces and shutters as a shading elements were
separately analyzed. Furthermore, comparison were made between the concrete and timber houses,
which represent the contemporary building materials. Additionally, stoned building’s energy
performance also improved by insulation applications. All the cases were analyzed and their results

were compared at the results sections.

3.4. Analyzing the Energy Performance

Energy performance of the building was analyzed by e-QUEST software. Information about the location,
orientation, architectural characteristics, materials’ physical and thermal properties, building systems,
zoning considerations as well as user profiles were obtained from the building’s owners, images and

literatures.

Materials thermal properties are listed on Table 2 and developed building model is shown on Figure 8.

Table 2. Used parameters

Height of floor to floor 2.7 m 9 ft
Height of floor to ceiling 3m 10 ft

R value for wood roof 0,17 m*K/W 0.97 hft’F/Btu

R value for slate wall 0.25 m*K/W 0.04 hft’F/Btu
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Length 0.90 m 3 ft
Dimensions of door

Height 1.80m 6 ft

Length 0.90 m 3 ft
Dimensions of small windows

Height 1.20m 4 ft

Length 0.90 m 3 ft
Dimensions of large windows

Height 1.80m 6 ft

The R-value for wooden roof was taken from literature [11] On the other hand, the R for slate stone

was calculated by dividing the thickness with A value of slate.

® The thickness of stones was 0.55 m.

® A value for slate = 2.2 mK/W [12]

Figure 8. The building representation using e-Qt
Electricity is used for heating, water heating and lighting. Therefore, the major energy consumption of
the building is the electricity which the heating has the main contribution with 60 % of total electricity
consumption. The domestic water’s heating is in the second ranked with 18% as represented on Figure

9 and Table 3.
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(x000) Electric Consumption (kWh) |

Area Lighting
Task Lighting
Misc. Equipment

Exterior Usage
Pumps & Aux.
Ventilation Fans

Water Heating
Ht Pump Supp.
Space Heating

Refrigeration
Heat Rejection
Space Cooling

ERE BERO
EE0 BEEO

-Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure 9. Electric Consumption one by one components
Annually, total electric consumption is 36,180 kWh according to space heating, domestic water,

miscellaneous equipment, and area lighting. The electric consumption per m? is 180.9 kWh/m?.

Table 3.4. The Amount of Electric Consumption

3.5. Development of Energy Performance Model with Specified Scenarios

Development of the energy performance model with the fireplace

The original plan of traditional building had fireplace. Over time the use of the fireplace was removed.

In these section, the effect of fireplaces are analyzed. The results are shown graphically on Figure 10.
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] Area Lighting ] Exterior Usage 1 water Heating ] Refrigeration
B Task Lighting B Pumps & Aux. Il Ht Pump Supp. I Heat Rejection
B ™isc. Equipment [ ventilation Fans [ | Space Heating | Space Cooling

Figure 10. Electric and Gas Consumption in Fireplace Use
The usage of the area lightening and miscellaneous equipment are kept the same with current situation.
However, space heating requires more energy than current situation. Annually, heating consumption is
140,370,000 Btu, which is equal to 41,142 kWh. In addition, the total energy requirement per m? is
223.17 kWh/m? When compare these amount with only electric usage, it seems that only heating by

the fireplace is required more energy.

Development of the energy performance model with the concrete structure

Phocaea stone is compared with current concreate material. According to Turkish Standard, TS 825,
Thermal insulation requirements for buildings are determined by climate conditions. Phocaea is given

in region 1. Thus, the u value for concrete structure with insulation is taken as 0. 4 Btu/hft?F [13].

The results for concrete structure are shown graphically in Figure 11. Moreover, it is assumed that
electricity is used to make a comparison with the current situation of the building. The total electric
consumption is 43,670 kWh, which means the electric consumption per m? is 218.35 kWh/m?. This

value is higher than the consumption of the stone construction.
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Electric Consumption (kWh) |

] Area Lighting ] Exterior Usage
I Task Lighting B Pumps & Aux.
[ Misc. Equipment Ventilation Fans
[ water Heating [] Refrigeration
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Figure 11. Electric Consumptions for Concrete Structure

The importance difference is created by space heating. Annually electric consumption difference is

shown on Table 4. The blue lines represents the concrete.

Table 4. Comparison of Electricity Consumption between Concrete and Stone Structure with respect
to end-use

(x000) ‘ Electric Consumption (kWh) |

10

2]

Electric

=

Consumptio

n
(KWh) h
0 B e e 0
Feb Mar Apr May Jun Jul Aug Sep QOct Nov

Jan

B

N

Concret
i e 851 | 604 | 527 | 339 | 238 | 133 | 109 | 106 | 113 | 198 | 490 | 658 | 436
Structur 0 0 0 0 0 0 0 0 0 0 0 0 70
e
Stone
684 | 488 | 426 | 275 | 201 | 125 | 112 | 109 | 112 | 169 | 390 | 526 | 361
DStructur
0 0 0 0 0 0 0 0 0 0 0 0 80
e
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Development of the energy performance model with Timber structure

The traditional stone building has timber construction as interior construction structure. In this stage, it

is assumed that the outer walls were in the same way as the inner walls and then the energy efficiency

of building is investigated. So that, the u value for timber structural wall is taken as 0.35 W/m?K. [14].

The electric consumption for timber structure shown on Figure 12.

(x000)

20

15

10

w1

Electric Consumption (kWh) \
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Figure 12. Electric Consumption for Timber Structure

Exterior Usage
Pumps & Aux.
Ventilation Fans

Refrigeration
Heat Rejection
Space Cooling

215a153¥1M1Ss Wavouta:aousadauluaims UA 2 adun 3 (hsnmau - suoau 2562)
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

17




The highest electricity need is occurred by space heating. The total need is 84,610 kWh and the electric

consumption per m? is 423.05 kWh/m? Annually electric consumption difference is shown on Figure

13. The timber structure is consumed more than twice compared to Phocaea stone.
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Space Cooling
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Space Heating | ——
Stone
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Electric Use (kWh x000)

Figure 13. Annually Electric Consumption between Timber and
Stone Structure by End-use

Development of the energy performance model with shutters as shading elements

In this section, effect of the shading elements on windows were examined. Stone building has medium-
dark color windows shutters. The assumption was made that 20% of shutters are closed when owners
are in house. Otherwise, they are closed. The electric consumption with shading element represented

on Figure 14.
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Figure 14. Electric Consumption with Shading Element
The shading effect is found adversely. They are blocked the sun lights so that the energy needs for
heating are increased. The total need is 36,520 kWh and the electric consumption per m? is 182.6
kWh/m?. Annually electric consumption difference is shown in below. The blue arrow represents stone

structure with window shutters on Figure 15.
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Figure 15. Annually Electric Consumption of Shading Element by End-use

Development of the energy performance mode/ with Improvements on the stone house
To improve the stone building, windows and doors are changed and some insulations are added.
Windows are changed with single Low-E materials, also doors are changed with Steel Hallow Core
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material. Ground base, walls and ceiling are insulated. The results are graphically represented on Figure

16.
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Figure 16. The Electric Consumption for Improved Stone Structure Building

When compared improved stone building and current stone building, it is clear that the electric

consumption of improved one is lower. The total consumption is 34,030 kWh and the electric

consumption per m? is 170.15 kWh/m?. Annually electric consumption difference is shown in below.

The blue arrow represents improved stone structure on Figure 17.
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Figure 17. Annually Electric Consumption by End-use
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3.6. Results

After all simulations are done, the comparison of them are represented on Table 5. Taking the annual

consumptions into account, the most suitable structure is stone.

Table 6. Annual Consumptions for each cases

Additionally, electricity consumption from simulations were taken into account to compare the annually

end-use on Figure 18
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Figure 18. Annually Electric Consumption by End-use
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The efficiency of building is depending on structural materials, location of windows and doors with their

materials. It is obvious that improvements on traditional buildings brings better energy efficiencies.

4. CONCLUSION

The aim of this work is to investigate the energy efficiency of traditional building in Phocaea though it’s
heating performance. Therefore, the energy performance of selected house was analyzed and
comparison made with different alternatives, which represent the present house structures. Results are
shown that the most suitable structural material is stone. In addition, the most energy needs of the
house is for the space heating. If the traditional stone house’s conductivity level is improved by adding

some insulation materials, the energy performance would be further improved.
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Abstract

The article has as a starting point a quote from a recent lecture that Rem Koolhas, the
world renowned architect and theoretician, has given to Harvard students and which is
about sustainability and the real and substantial concerns on this extremely current topic.
The subject is not new but it became a hot topic in recent years in both architecture critics
and practice.

It is also one of the important topics that concern us within the University Department
and a constant addition to the research topics proposed by our students for their final
diploma projects.

As a tutor, together with my colleague PHD.Prof.Melania Dulamea, we seek along with
our students the most profound approach to the problems of the modern city and try to
provide viable answers and alternatives in their research projects.

The contemporary city and its development represent one of our major concerns.The
current article is based on two diploma projects presented in this summer final jury at
UAUIM Bucharest.Both projects propose different directions of investigation and adequate
answers to the problems of the contemporary city and the way in which it can be developed
sustainable and efficiently:

In the first case, Catalin Serbu discusses the conversion of a currently decommissioned
historical building in a central area of Bucharest and how this building can be rendered to
the local community in a gesture meant to repair and generate new urban activities.

In the second, lulia Moraru explores the potential of an pos-industrial city, Ploiesti, and
the ways in which research and new technologies can become engines for development
and are in the same time capable to  ensure a re-branding process for the post-industrial

city.

KEYWORDS: SUSTAINABILITY, REGENERATION, CONVERSION, TECHNOLOGY,
REBRANDING, COMMUNITY.

215a15381Ms WavuLazgouoadanluaims UA 2 aduf 3 (hsnmau - suoau 2562) 25

Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)




1. Introduction

At UAUIM there has been a constant concern over the last years regarding the
problems of contemporary city and its development. We investigate through the studio
projects the possibility to  provide coherent and profound answers to the problems of the
modern city. Ecology, sustainability aided by technology, in their deep and fundamental
understanding are topics that came back constantly in the discussions of the semester
juries and especially in the final graduation projects of our students. We try to provide
balanced, consistent answers that go beyond a strictly technological approach that is too
often shallow and subjective. We think of the city as a living mechanism which deserves to
be carefully operated and in responsible and reasoned gestures that offer, besides
innovation, a respect for the history, tradition, local context and values of the city in its
ensemble.

One of the favorite themes of contemporary architecture, in terms of responsible
development, increasingly discussed these days is the possibility to relate with the existing
built heritage, the way it can be enhanced, re functionalized.

As the sustainability of contemporary cities has gained emphasis, there is an increased
interest in architecture in particular, due to its social and public responsibility. Since
sustainability is linked to public common values, research on sustainable spaces for the
public is an important way to secure sustainability in cities. The aim of the study is to derive
architectural methodology corresponding to local characteristics, and to suggest issues to
consider in architecture design to promote urban sustainability based on this. First,
regarding the environmental aspect, it can be observed that there is an effort to secure
sustainability. Second, in terms of social sustainability, historical value remains as a witness
of architectural place, so that it continues in people's memory. In addition, architecture
provides public places where citizens can gather and enjoy programs, while the
architectural methods showed differences influenced by cultural conditions.

The second scope is social sustainability, which aims to preserve historic buildings and
places, to preserve social customs, and values, and revitalize local communities. Based on
this, we aim to implement cultural and local identity, accessibility, security, and the
redistribution of space. In addition, efforts should be made to develop local communities
by the voluntary participation of residents, and to take over the cultural elements of the
region in the process of urban development. The creation of architectural space to promote
social interaction with local residents and to revitalize communities should be combined
with equal accessibility to various social facilities.

It is our belief that it is essentially sustainable to preserve and reuse an existing built
heritage rather than demolishing under any circumstances or building new, energy
consuming assemblies. We believe in the power of aggregating community and urban life
using to the maximum an already existing build environment with responsible resources

and specific interventions.
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During the tutoring process, discussing with our students on the topics of the
graduation projects and it came out as an argument an interview recently offered by Rem
Koolhaas, the well-known Dutch architect and theoretician about the meaning and
significance of being responsible in contemporary society. On this occasion Koolhaas
expresses his fears regarding a rather fashionable speech, facile and a less consistent

where there is in fact a real problem:

But now sustainability is such a political category that it's getting more and more
difficult to think about it in a serious way. Sustainability has become an ornament.

Together our aim was to get out of this trap with the proposed subjects.

2. Research Methodology
Research Methodology includes the materials, tools and method of the study.
Our students research was grounded on studying the local archives, consulting the
historical plans, understanding and studying the local and regional urban strategies, field
visits, photographic studies, sociological investigation based on questionnaires, references
and precedents used in similar situations in both local and international architecture.
The final diploma projects were carried out with three major stages:
1). A foundation study in which the premises and work strategy were presented as well
as the opportunity for intervention. At this stage a map with a maximum number of
twelve graphics and drawings was presented in front of a local university jury.
2). Pre-diploma and presentation of the written thesis that underpins the intervention.
At this stage it was necessary to present the first intervention proposal with the drawn
part and the layout of the ensemble accompanied by the theoretical work that had to
contain a minimum of 10,000 words and which argued the project.
3). The Final project with the detailed proposal in technical execution specifications,
detailed scale model of the whole existing context presented before a jury made up of
UAUIM professors and guest professors from important universities in Europe, USA
and Canada.
During the project the students benefited, besides the periodic guidance given by
myself and Prof. Melania Dulamea, of periodic lectures and consultations with structural
engineers and specialists for different related fields.
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Part I: Urban Sustainabilty through Public Architecture - Conversion of an old factory

Catalin Serbu proposes an intervention in a central area of Bucharest, currently under
damage and chooses as a study object a former symbol- factory of the 1930’s -
Cehoslovaka Factory.

Atelierele Fabricei de

Imbraciminte ,,Ceho-

- slovaca” Str. Berzei.
5 Arh. R. Bolomey

Fig.1 Cehoslovaca Factory and Outlet Store 1935. Arch.R.Bolomey © Catalin Serbu.
Archives study

The starting premise of the thesis is the importance of the place that bears the imprint
of time, similar to the chapters of a book, which follow one another and show the path
through the history. Urban revitalization involves not only the strictly physical renovation of
a space or a building. Primordial is the preservation of collective or individual memory, vital
in preserving the identity of a place. The thought of the tabula rasa, meaning demolishing
and starting from scratch, of ignoring the pre-existing context represents the opposite of
the conversion as a starting gesture. The quality of a conversion should also be deduced
from the impact on the social and cultural life of the city.

The entire study area Buzesti-Berzei-Uranus is part of the Central Bucharest. It is also
very important for the city infrastructure these days. Over the time, especially in the last
thirty years, through massive infrastructure interventions, the layout of new boulevards and
partial demolitions has altered the character of the neighbourhood. This had also direct
implications for local communities and practices. Its character has been diluted by widening
the streets and demolishing some symbolic buildings (the most important example is the
iconic public market, Hala Matache).
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Fig.2 The iconic Matache Market (now demolished) and the actual state of the old factory
© Catalin Serbu. Archives study

However, widening the boulevard increases the irrigation capacity of the areas and
increases the prospects of the streets. The potential of re-using the existing building on
site, a former garment factory that also had sales spaces, further supports the hypothesis
of a conversion. The amplitude and character of the space can host functions and activities
that bring back the local community, and further attracts people from outside, thus
regenerating the entire area. The project proposes a co-working space, a creative hub
completed with related functions.

In such a context, fragmented by aggressive demolitions and buildings left to degrade,
an example of reuse can be set. By reactivating the whole urban context, new jobs, new
sources of income can be generated through events or exhibitions, maintaining and
promoting the local identity.

Industrial spaces are currently being swallowed up by cities, which are still developing
outwards. In this way, the exisiting buildings placed in central areas, decommissioned or
poorly used became inconsistent at the urban level. The conversion of industrial sites can
be considered a component of urban revitalization, mainly by taking advantage of their
central positioning. A space or a certain structure that has created its own story and
relevance in history has also roots in the collective memory.

The antithesis to the conversion process is the attitude of the tabula rasa , meaning to
demolish and build new structures. In some situations it is considered cheaper to build a
from scratch rather than to refurbish the existing structure. Those who advocate for
demolition confess a misunderstanding of the value itself of the architectural object and,
beyond that, the ignorance of the special value of a possible symbolic gesture. In the same,
time the size of industrial spaces is an asset for the conversion of such spaces. Their
versatility to fit the needs of various functions is a strong argument for their reuse, but a
holistic approach is imperative.

The theme of conversion is a viable solution to the problem of abandoned industrial
sites. The reinterpretation of the old functions of the buildings represents a continuity that
supports the identity of the place and of the surrounding community, beyond the financial,
economic or even ecological considerations.

Thus, starting from these premises, the student rigorously inventoried the state of the
building at the very present moment and identified the valuable elements and the areas of

215a15381Ms WavvuLa:gouoadauluaims UA 2 aduf 3 (hsnmau - suoau 2562) 29
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)




possible intervention and completion. The local archives study helped also to re-compose
the initial image of the building and helped in the decision of preserving and highlighting
the initial structure and construction logic, the volume and facades, the original constructing
material. Also it provided the argumesnts to remove the elements wich came as a later
addition and restore the initial structure. Further more the project proposes a series of new
interventions, volume additions that are ment to help to streamline the urban image and
to accentuate the public character of the building. These actions offer spaces for the

community and give greater coherence to the whole ensemble.

1 o4 *®

—

Fig.3 The new proposal for a creative hub © Catalin Serbu. Diploma project

The new interventions are marked both by the architectural form and by the materials
in use, the new technology and construction techniques. Thus, an important building in the
collective consciousness of the inhabitants, is presented to the city as a model of good
practice and a possible engine of urban regeneration for the entire area.

The effects of the intervention will be noted at the community level as well. Re-
activating the surroundings by adding a center of interest will increase pedestrian traffic,
will also remove the fear generated by the occasional squatters of the buildings abandoned
by the people. Naturally, by the presence of people and the increaesd level of safety in
the area, the possibility of operating some other additional services is guaranteed.

The functional mix within the intervention will entail other activities that can be
developed in the vicinity. The exhibition spaces, the library, or the canteen inside are
opened to the general public. The possibility to host events due to the flexible main space
reinforces the possibility of attracting people from outside. Bars, restaurants or shops will

be able to operate due to the community attraction and tourism in the area.
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Fig.4 New forms of public space. Additions to the main buliding © Catalin Serbu. Diploma

project

A transparent approach, in which both working people and visitors can see each other,
promotes activities and stimulates participation. Treating the ground floor as open as it can
or glazed further supports this principle.

The return to the initial morphology of the building and to the key elements of the initial
project, by restoring the facades, removing the additions made in time, consolidating the
structure and restoring the details all contribute to the recovery of the place indentity. The
new intervention, in addition to the existing one, has a complementary materiality and color

that helps the readability between the intervention and the successor.

Fig.5 Diagrams and the scenario for intervention © Catalin Serbu. Diploma project
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Affiliation with the creative industries should in the end considered the next step. The
Hub can promote local artists and craftsmen through events, available rented spaces or by
offering courses and facilities that will add value to their professional approach. Thus, it can

become a desirable destination for professionals in related fields.

Part Il: Urban Re-branding through Sustainable Architecture - Research Center for the

Ploiesti University Campus (UPG)

lulia Muraru researches the symptoms and the reasons behind the degradation of post-
industrial cities over the last thirty years. It is a common phenomenon in Romania, where
as a result of non-involvement and poor management decisions of the authorities together
with the decline and closure of highly competitive industrial branches, migration and
population decline, a whole series of localities face serious problems both of economic
nature and, especially, with wider social and cultural implications in losing a specific identity.

For the last three decades, many of the Romanian industrial cities are in a process of
contraction and loss of identity. It is a phenomenon described as Shrinking-Cities.This is
also the case of the city of Ploiesti, located at a distance of about 50 km from the country's
capital, Bucharest. It is a city whose image is built from the incipient forms of the Industrial
Revolution in the 19-th century on the domestic territory, through the apparition of the first
oil refineries. The urban DNA of Ploiesti is in the extraction of oil, and its strategic
importance is confirmed even by the bombings during the Second World War. This positive
image receives continuity during the communist period (1947-1989) by associating with the
scientific ideology, the technical progress and the promotion of the engineering profession

at national level.

Fig.6 Ploiesti after bombing in WW Il. 1943© lulia Muraru. Archive study
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Once a flourishing economic city, the main center of the Romanian oil industry, the city
is currently experiencing a visible decline. The phenomenon manifests itself with variable
dynamics and can be observed at a careful urban reading, through its effects on society,
urbanity, economy and even architectural landscape.

The stagnation and abandonment of the industrial infrastructure, as well as the low
visibility of the university profile campus offers a static image of the city, almost a
museification of the engineer era.

The research aims to search for a possible model of urban re-brandling, based on the
existing resources and identity, at three different scales of action in time: the scale of urban
policies for education and research, the architectural scale of the UPG university campus
and the landscape scale. It is therefore an image with consistency, the identification of clear
and motivating values, the assumption of a personal mission.

The thesis investigates with theoretical and technical tools the idea of symbol, brand,
and image of the city, starting from the hypothesis of participatory actions, which will outline
the new image of Ploiesti in the collective mind through a new architectural landmark on
the campus of UPG (University of Petrol and Gas): The Biotechnology Research Laboratory
- Biotech CUBE- and a series of punctual actions in the built and vegetated landscape of
the campus. The postindustrial city can be a city of a "slow revolutioni' (see also Mumford),
of a consciousness awakening towards the re-approximation of nature through
biotechnology.

The major concepts with which the proposed project operates are:

Postindustrial image = the image of a city whose main economic activity is no
longer based on industry.

Urban branding = a strategy that aims to create an image or cultural significance for
cities, which should function as a source of added and symbolic value .

Biophilic Design = A concept defined by Theodor Harasim in his presentation at
the '"Leaving Gray Living Green”conference as a concept for the " /ncrease connectivity
of the occupants with the natural environment by using of the direct and indirect natural
conditions of space and location’.

lulia uses archival research and sociological investigation to establish a real
diagnosis of the current state of the city. The research of the urban development and
configuration, the historical premises and the stages of the development, the context of
the emergence of the university center and the current general state provide the basis for
a coherent intervention strategy.

The Qil District is thus identified as an element of the city (a neighborhood),
which mainly contains educational functions, especially by the presence of the two high
schools with technical profiles and the University of Oil and Gas. We can consider this
neighborhood as an essentialization on a smaller scale of the industrial Ploiesti identity. UPG
University itself represents a mental landmark both locally and nationally, being the only
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academic environment with a technical profile oriented to the extraction and processing of

oil and gas fields.

Also, UPG is an ensemble designed in the modernist style of the 1970s, with the

architectural language specific to the prefabricated and thus of the "architect-engineer" era.
The architecture of the ensemble expresses the rational and technique-oriented values

of the period, common with one of the ideal professions of the time in Romania - that of

an engineer.

Fig.6 UPG image from a postcard. 1975 © lulia Muraru. Archive study

The Oil and Gas University in Ploiesti is a physical and mental landmark for the
city. (see Kevin Linch’s book “Image of the City”). It was actually founded in 1948 in
Bucharest, in response to the need to train a large number of engineers for the oil industry,
and in 1975 it was to be relocated to Ploiesti, nicknamed at that time the "Capital Of Black
Gold". The demand for oil specialists was at that time constantly increasing, due to the
constant development of refineries on the territory of Ploiesti. The presence of the
University contributed to the international affirmation of Ploiesti, attracting students from all
over the world. The University's reputation has also been shaped by the perception of the
engineering profession in the collective mind, becoming a true brand of the city.

The global promotion of the engineer status given by the market demand at that
time has directly contributed to the increase of competitiveness and to the development of
the University. However, the effects of contemporary globalization as well as those of the
technological revolution are fading in all cities of industrial character. With the closing of
most of the refineries, factories and industrial services in Ploiesti led also to decreasing the
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competition in the specific sections of the university which is currently facing a shortage of
funds and students. This justifies the need for adaptation and reorientation towards new
territories such as biotechnology.

Currently, the research activities are the ones that bring the most funds for the
University, and with their support would benefit the entire academic community,
contributing, at the same time, to the economic development of the city. The study and the
research activities in this field would reinstate the University in the current context of the
needs of a post-industrial society.

A possible direction of study would be the methods of soil contamination, the problem
that currently affects large areas of the city. Thus, the University would not only come up
with an answer to a local problem, but could, through research, deliver results of
international importance. Also an advantage would be the proximity of the polluted
industrial sites, facilitating the combination of the work in the laboratory with the field
studies - Phytoremediation.

A relatively new field, but with significant potential is phytoremediation - "a
process of using plants for removing, transferring, stabilizing and destroying pollutants from
soil and sediments". This may be an answer to the problem of large areas of polluted soils
- an important problem of Ploiesti - and a much less expensive alternative to the current
methods. Phytoremediation can thus be one of the study areas of this research center, with
the benefit of providing researchers with the possibility of field study - the former Astra
Refinery is in the immediate vicinity of the university campus.

The building itself is a structural and technological experiment: double skin facades, a
glass cube supported by a special structure. The project relies on transparency and
interaction with the university community. An ovoid multifunctional room is suspended
inside the cubic volume. The ground floor is entirely free and works as an extension of the
existing green space, thus becoming a promenade, path and public space for student

interaction.
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Fig 7 Biotech CUBE © lulia Muraru. Diploma project
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Fig 8.9.10 Biotech CUBE. Public space and exterior view © lulia Muraru. Diploma project

3. Research Results

Research Results tell the clear result of the study. From the technical specifications
provided by the students research in the design process and the techincal details shown in the
final layouts of each project one can have a better understanding on how much the quality of
the products and the technology helped the students achieve better building performances in
terms of sustainable design and performance. Globalization plays a defining role in this building
design process as well. Having the opportunity to aces various types of information and
references also means a better possibility to achieve outstanding results in the design process.

In the first case it was mostly the case of adding a new independent structure and skin
that could work together with the exisitng building without overshadowing it. It was so that the
final decison was to work with metal and glass, a rather light sturcture that can also provide
transparency and a good dialogue with the existent surroundings and the street.
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Fig 11. Additional volume to the Cehoslovaka Factory.Facade and cross section in details
© Catailn Serbu. Diploma project
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Fig 11. Additional volume to the Cehoslovaka Factory. Cross section in details © Catailn
Serbu. Diploma project
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The second case is more about working with new technology and trying to achieve good

performances as well as creating an iconic building for the campus. It was also a matter of

transparency: towards the site and the public, towards the interior and the lab and working
spaces in the same time. On top of that, in the end a matter of structural effort for a building
that should redefine the image and the future of UPG campus.
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Fig 12. Biotech CUBE. Plan and cross section © lulia Muraru. Diploma project

215a15381M1s WavouLazaauoadouluaims U 2 adui 3 (hsnmiau - suoau 2562) 38
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)



| » 3 »

-

Y] TOYN

A

Cilindru dir 0.

ey Y &
Stich securizata stratificata | Lamellar safety glass
e

din sticla securizata stratficata | lamellar safety glass fin

+23.75
1 4

il din otel inoxidabi | 0.35mm stainkess-steel
oytder

Bara de tensionare din inox | 0. 14mm stainless-
shell tenson rod

Lamoka din sticla securtzata sratifcata | metar
safety glass fin

+20.00
v

Element metalic de fuxare al sticel din
Inox|Stainiess-shell glass fxing piece

o.

Stich securizata stratficata | Lamellar safety glass

|
Stcla securizata stratficars | Lamellr safety glass

%

|

I
1.00 L, oxs

e
=

Substrac vegosa | Vegeacion substrato
Geotextl | Geotesie

Sstem de recentie 3pa 5 drensj | Water retenvon and
dranage system

Mambrans snuradscin | Protective lyyer st roots
Sapn de panta, armata, cu panta varabds [Reinorced
red scrond wich varable thckness

Hidroizolatie membrana biuminoasa  2straan | Hydro
nsulation,

double ayered biumon membrane
Strac de dfuzi | Diffsion tayer

Bariera contra vaporilor + strat de duzie| Vapor barrier

+ diffsion layer
Bariera contra vaporior | Vapor barrer
Piaca boton wor | Lightweight concrete sab

cyinder
Bara de tonsionare din inox | 0.14mm scainoss-
shell tension rod

Placa metalca |Stoel plate

Bara da tonsionare din inox | 0.14mm stainlos-
shol tension rod

Lamela din stich securizaca sratficas et
salety glass fin

Element metalic de facare al stickel din.
nox|Staiess-shell gass fxing poce

Jaluzele metaixco | agustable sunshading

Bara de tensionare din inox | 0.14mm stainless-
shell tenson rod.

0%

—

|
i . il
,'?\m e e—
nY :
EEN = ;
.
. % .

Otel faminat fixat cu unghiuri de otel 2650/ 50 / 3.2mm

0%

ISheet steel fixed with 2x50/5013,2mim steel angles.

Placa otel 25mm | 25mm steel plates
Grinzi metalice 25mm | 25mm steel flat ribs
Paca otel 25mm | 25mm steel plate

Fig 13. Biotech CUBE. Techincal details in croos section and facade © lulia Muraru.

Diploma project

215a15381Ms Waonula:aouoadaulusrms Un 2 adun 3 (nsnmau - sunau 2562) 39
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)




4. Conclusion and Discussion

Both studies results can be applied in several areas such as sustainability and
permanence over time, materials, energy efficiency, proper land management and waste
reduction as well as in more deep matters such as preservation, cultural identity, build
heritage or economic sustainable growth.

Existing buildings represent a resource. The value of a building should not be measured
by its economic potential but rather also on its social impact. If one looks at the economic
components buildings have an intrinsic value. The built substance, the technical
infrastructure and site development are all already present. Comparing with demolition and
starting from scratch a simple renovation often represents significant cost savings. In
addition the building and capital costs have already been amortised. As a result new value
creation can be initiated through a conversion. In their architecture and appearance the
still-existing buildings show their original use and meaning. They are witnesses of the past
and part of the identity of a place. This is determined not only by prominent buildings but
rather by the ordinary buildings of living commerce and production. In this sense buildings
can have important social significance. People identify and orient themselves with them. If
existing buildings are reused they remain an active part of the city’s built fabric. A conversion
is reasonable in terms of ecological considerations as well in the sense of sustainable
economic activity resources could be saved (money, workforce, construction material, land
consumption).

The concept of industrial heritage is in this study understood as industrial heritage from
the age of technique and science. The importance of technical objects throughout history
is due to their much slower organic degradation, as, for example, Mumford explains in his
writings. These types of weather-resistant footprints have also resulted in an inevitable
increase in artificiality in the human life environment, with notable medical and psychological
effects.

The post-industrial city can be a city of a "slow revolution" (Mumford), of a
consciousness awakening towards the re-approximation of nature through biotechnology.
In search of a reinvented identity, Mumford anticipates an evolution of society from "power
tfo plenitude', from a "mechanica" world to an "organic' one, centered on the human-nature
relationship.

By carefully analyzing the proposed situations it can be concluded that this is
obviously influenced by several factors: materials, experimentation with forms and the use
of sustainability principles. The link between the three elements is consistent in many
situations, their corroboration providing an architecture whose stake is the transformation
of the consumerist society into a society that reports its needs to existing resources,
sensitive to the same extent for the future. . Both had to experiment with the right forms
in order to imagine a building that through design and conformation implies a minimum

consumption of non-regenerative resources. Similarly, the use of modern, state-of-the-art
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materials is the instrument by which both students choose to meet the requirements of
BREEAM or LEED energy certification programs.

What is to learn from that experience is to prevent something that we, the architects, are
often tempted to do: sacrificing the comfort, function or environmentally friendly approach
by searching for some aesthetic qualities or egotistical approaches.
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Abstract

Lighting technology is rapidly evolving and therefore, permanent university lighting research
laboratory installations are becoming more scarce. Even when available, permanent university lighting
laboratories may become obsolete within a short time period. Worldwide, some researchers have
developed temporary laboratory setups which allow them to meet their project needs without the long-
term university infrastructure commitments, updates, and maintenance considerations of permanent
lighting labs. The purpose of this presentation is to compare the methodologies utilized in two recently
completed lighting studies at universities located in Thailand and the United States of America (USA),
13,801 kilometers (8,576 miles) apart. A comparison of laboratory setups, equipment and supplies,
financial investments, and study participants are presented. Photographic documentation of the lighting
setups, equipment lists, and associated costs are included. Although the researchers did not previously
have any contact before or during the respective study periods, their strategies to develop temporary
lighting setups had a few main similarities: overall costs, the use of human subjects, participant
sampling methods, the reliance on electrical extension cords and the location of their studies in
education spaces at their respective Universities. The purpose of each lighting study differed.
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Procedures, lighting equipment, supplies and furniture, study period, project costs and human

subjects’ involvement times and incentives differed.

Keywords:

Laboratory, Lighting, Methodology, International, University

1. Introduction

Traditional laboratories have historically existed as permanent, dedicated, physical facilities
which have housed specialized, critical laboratory equipment. That equipment was often large,
delicate and expensive. The need for traditional laboratories, where researchers had regularly
conducted experiments in-person with large, specialized and expensive equipment, has apparently
changed over the years, at least for some researchers [3, 9]. More recently, technology has
sometimes made it possible for researchers to utilize less-cumbersome equipment, sometimes solely
computers, for their research. The remote use of equipment, the sharing of equipment and other
forms of research collaboration are now also more common [6, 2, 13]. Virtual or web laboratories
have also been used recently by various disciplines and may supplement or even replace traditional
laboratories [1, 4, 5, 7, 8, 12].

Another challenge with large, permanent, traditional laboratories had been that they sometimes
needed to be relocated [10]. Recently, traditional laboratories have been examined from facility
management and “move management” perspective. Inventories of large, expensive, and delicate lab
equipment have been created in anticipation of old laboratories’ contents relocation to a new facility
[10]. Lab equipment moves may also be needed, when a research project ends or a researcher retires,
leaving behind an irrelevant laboratory.

Beyond “move management”, other facility management tasks are often necessary for
traditional laboratories. Traditional lab equipment and laboratory facilities require maintenance,
refurbishment or replacement. From the current study’s lighting researchers’ point-of-view, a particular
challenge has been that lighting technology itself is continuously evolving. The installation of a
permanent lighting system for research purposes may become outdated quickly. Further, budgets in
higher education have decreased at many universities which have implications for the future funding of

traditional University laboratories across disciplines [11].
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While collaborating for a Fulbright project, the researchers representing the two countries in
the current study learned they had both previously used temporary lab set-ups to conduct their lighting
research in order to overcome shortcomings regarding traditional laboratories. The researchers wanted

to perform a study to learn about each other’s temporary lighting laboratories

2. Research Methodology

The current study explores two temporary, lighting laboratory set-ups utilized by University
researchers. One lab was located in the architecture school at a large University in Thailand in 2016
and one lab was located in the design, housing and merchandising department at a University in the
United States of America (USA) in 2013. The researchers were curious about how their respective,

temporary lighting laboratories and associated methodologies would compare.

Thai Study

The purpose of the Thai research study was to measure visual performance by involving
participants for up to three (3) hours each in a review of black, white and grey patterns of different
contrast and size, under different levels of incandescent light. The Thai lighting temporary lab area
consisted of a former conference room (with rental at no cost to researchers); utilized one (1) desk
and (1) chair; two (2) 1,500 watt, quartz halogen (incandescent) scoop fixtures at a cost of 1,000 Thai
BAHT (BHT, $33.5 USD) each, manufactured by Micron and controlled by two custom-made portable
dimmer modules (6000 BHT, $190.16 USD). Lighting fixtures were mounted on a custom, (2) A-frame,
free-standing pipe apparatus with a material cost of 3,000 BHT ($100 USD). A chin rest (1,000 BHT,
$31.69 USD), a sloping document platform (1,000 BHT, $31.69 US) . The Thai researchers utilized a
Konica Minolta Model # T-10A llluminance Meter that they already owned to set light levels. The daylight
intrusion from the room’s two (2) walls of fenestration was minimized with fabric draperies. Study
participants in the nearby community were recruited via convenience and snowball sampling techniques
and were incentivized to participate.
USA Study
The purpose of the American research study was to consider participants’ preferences for raw ground
beef packages illuminated under three (3) different light sources by simulating grocery store meat
department conditions: fluorescent and two types of light emitting diode (LED) at the same light levels.
Participants were involved for approximately (15) minutes each and were randomly assigned to review

beef packages in one of the three lighting condition stations. Researchers utilized a section of a college-
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shared classroom/lab space with three tables (with rental at no cost to researchers) for their research
area. They purchased (6) gooseneck, clip-on, task lights, manufactured by Wisam which cost $12.00
USD each (360 BHT). They used an Extech LT300 light meter they already owned and set light levels
by adjusting gooseneck fixtures at the appropriate distance from ground beef packages. Researchers
used Cooper instant-read Thermometers #1246-02 at a cost of $7.00 USD (210 BHT) each to
continuously monitor safe temperatures for retail ground beef presentation. (Constant temperature was
critical as it also affected the raw ground beef appearance.) They utilized (3) styrofoam ice chests
$22.04 (695.38 BHT) with (6) reusable ice-packs at a cost of approximately $8.00 USD (252.41 BHT),
(3) raw ground beef packages at a cost of $33.00 US (1041.18 BHT). Researchers utilized numerous
extension cords that researchers already owned. The room was darkened with existing vertical vinyl
louvers and roller shades over the windows and researchers also applied additional black plastic they
already owned to prevent daylight intrusion into the study area. Study participants were recruited via
convenience and snowball sampling techniques. No incentives were paid to participants, however,
student participants were given “extra credit” in their courses to participate. Refer to Table 3 for a

detailed itemized cost for the USA study.

3. Research Results

A comparison of laboratory set-ups, equipment and supplies, financial investments, and study

participants is presented. Refer to Figures 1-10 for photographic documentation of the lighting setups.

Thai Temporary Laboratory Set-up
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Figure 1. 1500 watt quartz halogen Figure 2. Sloping document platform

and visual acuity test

scoop fixtures

Figure 3. Custom dimming module Figure 4. A-frame, free-standing pipe apparatus with scoop

fixtures

Figure 5. A participant taking visual acuity test

American Temporary Laboratory Set-up
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Figure 6. Three lighting treatments (LED - warm, LED - cool and compact fluorescent,)

illuminating raw ground beef packages in styrofoam ice chests

Figure 7. Researchers utilizing a light meter and a temperature

probe to check settings on the raw ground beef package.

Figure 8. Gooseneck Lighting Fixtures  Figure 9. Checking the temperature of the ground beef
package
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Figure 10. Participant completing perception survey

Comparison of Thai and American Laboratory Set-ups

Although the researchers did not previously have any contact before or during the respective

study periods, their strategies to develop lighting laboratory set-ups had a few main similarities: the

temporary nature of the lighting labs, the use of human subjects, sampling methods, the location of

their studies in rent-free education spaces at their respective University and the reliance on electrical

extension cords. The costs for the temporary labs’ set-ups were similar. (The Thai laboratory set-up

was 17,500 BHT ($558.50 USD) and American study was 14,134.85 BHT ($448.00 USD). Refer to

Table 1 for overall comparison and refer to Tables 2 and 3 for detailed cost comparisons by country.

Table 1. Comparison of Two Methodologies

Thai University

American University

Purpose of the To measure the visual
Study performance of
participants who reviewed
black, white and grey
patterns of different
contrast and size under
different levels of

incandescent light

To evaluate participant
preferences for raw
ground beef package
labels under three
different light sources:
incandescent,
fluorescent and light
emitting diodes (LED) at

the same light levels
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Sample and Age 20-50 years
Sampling 18-80+ years
method
Sex Male and Female Male and Female
Education Level Undergraduate and Undergraduate and
Graduate Students Graduate Students;
faculty, staff, older
adults
Participant Convenience and Convenience Sample
recruitment Snowball Samples
Number of 36 275
participants
Incentive to 300 BHT ($9.50 USD) Extra course credit for
participants students
Laboratory Experiment location On-campus conference On campus classroom/
set-up room
Length of the study 4 months 8 hours
period
Furniture One desk, one chair Three tables
Light meter Konica Minolta #T-10A Extech LT300 light
illuminance meter meter
Lighting Light Source Quartz Halogen Compact Fluorescent

(incandescent)

and LED
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Fixtures

Scoop Fixtures

Gooseneck clip-on

lamps
Controls Custom Dimming Module Switch Integral to
Gooseneck Lamps
Supplies

A-frame, free-standing
pipe apparatus, sloping

document platform

Cooper # 1246-02
instant-read
thermometers, three
styrofoam ice chests
with reusable ice-packs,
two raw ground beef

packages

Daylight control

Fabric window draperies

minimize daylight intrusion

Vertical, vinyl window
louvers and roller
shades minimize

daylight intrusion

Procedure

Participant time

involvement

3 hours

15 minutes

Instrument

Black, white and grey
patterns of different
contrast and size were
viewed under different
levels of incandescent

light.

With a random
assignment to three
different lighting
treatments, hard copies
of light perception

survey were completed.

Laboratory &

Costs

17,500 BHT ($558.50
USD)

$448 USD (14,035.84
BHT)
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Table 2: Detailed ltemized Cost for Thai Temporary Lighting Laboratory Set-up

Description Quantity Cost Extended Cost
BHT/ USD BHT/ USD

A-frame, free-standing 2 1,500.00 BHT/ $47.54 3,000.00 BHT/
pipe apparatus uUsh $95.08 USD

1500 watt 2 1,000.00 BHT/ $31.69 2,000.00 BHT/
Quartz halogen Scoop Ush $63.39 USD

Fixture

Custom Dimmer Module 2 3,000.00 BHT/$ 95.08 6,000.00 BHT/
Materials usD $190.17 USD

Extension Cords 2 1,000.00 BHT/ $31.69 1,000.00 BHT/
usD $31.69 USD

Desk privacy panel 1 1,500.00 BHT/ $47.54 1,500.00 BHT/
usD $47.54 USD

Sloping document 1 1,000.00 BHT/ $31.69 1,000.00 BHT/
platform UsD $31.69 USD

Chin rest 1 1,000.00 BHT/ $31.69 1,000.00 BHT/
ushD $31.69 USD

Labor cost for dimmer 1 2,000.00 BHT/ 63.39 2,000.00 BHT/
fabrication uUsh $63.39 USD

Total Supplies, 17,500.00 BHT/
Equipment and Labor $585.50 USD
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Table 3: Detailed itemized cost for USA Temporary Lighting Laboratory Set-up

Cost Extended Cost
Description Quantity BHT/USD BHT/USD
Ground Beef 1041.18 BHT/ 2082.37 BHT/
Packages 6 $ 33.00 USD $66.00 USD
Gooseneck 220.54 BHT/ 1323.25 BHT/
Lighting Fixtures 6 $6.99 USD $41.94 USD
252.41 BHT/ 1514.45 BHT/
Reusable Ice-Packs 6 $ 8.00 USD $48.00 USD
Styrofoam Ice 695.38 BHT/ 2086.15 BHT/
Chests 3 $22.04 USD $66.12 USD
Acuity Brands
#212P46 (A19) 50K
Hours, 620
Lumens, 11 W,
Warm White LED
Lamp, CRI 80, 1341.86 BHT/ 2683.73 BHT/
2800K 2 $42.53 USD $85.06 USD
Westinghouse
Luma Pro #6GEM3
(A19), 50K Hours
490 Lumens, 8 W,
Cool White LED
Lamp, CRI 85, 1209.67 BHT/ 2419.33 BHT/
5000K 2 $38.34 USD $76.68 USD
GE Energy Smart
#74436 (A19), 8K
Hours, 450
Lumens, 9W, Soft 492.20 BHT/ 984.39 BHT/
White Compact 2 $15.60 USD $31.20 USD
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Fluorescent Lamp,
CRI 82, 2700K
Paper and Printing 3.47 BHT/ $ 0.11 1041.18 BHT/
for Surveys 300 uUsD $33.00 USD
14134.85
Total Supplies & BHT/ $ 448.00
Equipment UsSD

The stated purposes and procedures of each lighting study differed. The study period differed
with the Thai study period spanning 4 months in 2016 and the American study period spanning 8 hours
on one day in 2013. Light sources, equipment, supplies and furniture, project costs and human
subjects’ involvement times and incentives differed. Incentives were paid to (36) study participants in
Thailand at 300 BHT ($9.50 USD) per participant. 275 undergraduate students were not given monetary

incentive but rather were given extra course credit to participate.

4. Conclusion and Discussion

The purpose of this presentation was to compare the methodologies utilized in two recently
completed lighting studies at universities located in Thailand and the United States of America (USA),
13,801 kilometers (8,576 miles) apart. It appears as though temporary lighting laboratories have been
successfully used by University lighting researchers in two countries across the globe.

The current study found both striking similarities and striking differences in the laboratory set-
ups in Thailand and the USA. Both studies relied on the use of several extension cords to power the
lighting. This reflects both facilities lack of electrical receptacles to plug in the needed devices.
Extension cords can be a trip hazard and fire hazard.

While the total costs were similar for the laboratory set-ups in both countries, the Thai study
paid incentives to participants and also paid labor for laboratory set-up. It should be noted that the
minimum hourly wage in Thailand at the time of the Thai study was 37.5 BHT ($1.08 USD). The minimum
hourly wage in the USA at the time of the American study was $7.25 per hour. (227.14 BHT). These
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facts should be considered when one compares the monetary costs of the two lighting laboratory

setups.

5. Limitations and Future Research Directions

This research utilized a convenience sample of laboratory setups. The current study reported
on a case study comparison of only two setups for lighting research which happened to occur during
a three-year time span. Future research efforts should examine multiple lighting research studies and
their laboratory setups, across various countries, across time. The traditional and temporary
laboratories from other disciplines than lighting could also be examined and compared for their
similarities and differences. Additionally, researching a representative random sample of temporary
laboratory set-ups could allow for statistical comparisons of the types of common equipment and

infrastructure utilized.
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Abstract
This paper presents a study focusing on the objectives, the relationship between the openings

and the amount of natural light within the Isan simulations. In this explanation, it shows important
physical evidence that shows the interrelationship between space and activity. Of monks The religious
rite penalty in Sims to the strictness of the tradition of the Twelve Heat and the Sangha of Buddhist
acts In the relationship within the space, the relationship of body composition to the monk's activities,
including the architectural interior space to the theory of natural light evaluation. Factors influencing
the styles, external characteristics, traditional Isan architecture. May result in reshaping That found the
abandonment of important areas in important positions for ceremonial ceremonial areas of the Sangha,
which is sufficient to see in recognition of the position of respect The amount of light in the interior of
the church, the mosque, the church (church body), the quality of the light in the building area at 300
Ix. The appropriate amount of light for Reading lighting Chairs, altars, chairs, altar, pulpit and the quality
of the lighting in the 500 Ix building area. Most of the quality of the light in the appropriate building.
Often found in transparent or hallway The form does not have a pinion roof protruding on all 4 sides
except the front. In which the characteristic Dim or solid wall form on all 4 sides may not find a
difference when compared to the form without a winged roof protruding on all 4 sides, very different
when comparing the amount of brightness When further observation, it was found that the brightness
level From the top edge of the opening The amount of light shows a value below 50 Ix, which indicates
the level of vision in normal people that is not clear. Another interesting explanation about the mural
painting of the hoop daeng is often found that the colors used and the important story elements of the
hoap daeng picture Will focus on drawing the area above the edge of the opening The window always
goes up. The deterioration of the color and composition of the hoop image present in the study The
condition remains in the details that still appear completely in some positions, if from the opening. The

pattern characteristic of the solid SIM that creates a solid wall on all 4 sides or the transparent SIM in
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the change of more thatch If it still exists and is seen today but in some places, adjusting the style The
structure of the interior space But didn't consider The quality, quantity, and lighting are appropriate for
activities in the contemporary society that Evolution evolves. Lifestyle in convenience Concise with the
time to perform the ceremony, different from the original. The characteristic structure of the roof
structure in the material The exquisite workmanship of local craftsmen And the thatch spacing affects
the pinion projected around for certain purposes That is inconsistent with the Northeastern Sim Isan
architectural tradition May be built from forming to preserve the structure of the building affected by
Physical environment Or just because concealing the area as a traditional ceremony The importance

of monks to peace Simple, unique in the way of the local community.
Keywords : Isan Sim, llluminance (lux), Religious rite
N

TUANNTNARSUSH L EI5IINT RS I Tandasadnenssndssiwal 8Nd aununstdA und o
AANIINANILHIF N UIULFILALAR AN LT N LD DFDAINTIN FIANTIN VDINWTLEIR IUTNNTAUTTIND 12

Wou (Fnfuaet) WiuAdygdsreiuin Idusundian neguaiuniauuuwifn fanaiiin13Tnegluuy

ae 090U52noUlATIEE 190N ANHOMANHASIANITAY TINTINITAVUATELLAUN FoResLn 1 ENA LW

q

]
=

7 waasuisiiasdstagananaenssudssind(@ndau)aneda awnaewfsuwduanusisludga
adgauiiu

GERLITIA (2L 'mﬂwumu‘s}iaﬂamﬁmmstTméiu 5A 1@e3Ad. (2530) asureiivaniaeniandainln
NIRNNB NI esendnwotaonTaensindaw Jlam a3qls. (2536) l@nanadsdnwmegiUuuy
asdtznavfiddgresdnluanuvaneaunsaninensnuasanusnsaisluanteszeznimadnd s
TN AN wEKYDY. (2549) abuneamavanedadaluadAuiuiau o Tatueneda srunasy Twansens
AaUTmusIIn, U7 28, atiuft 2 (5.a. 2549) : niin 52-53 na'ns’msiaﬁﬂLf'ramLﬁﬂaﬁuQﬂdauﬂ15Lﬂ§ﬂuLLﬂaq
n13UnAIBY 2475.?{&05"{1Ewaeiamsl,ﬂé"i"emuﬂmgﬂLL‘U‘m1aqIﬂiaﬂ%Nﬂmﬁmnﬁuﬂiuwrﬁﬁu§mu uassns
AnUimusTan atuuniaN 2559 d1 anunn Aalzans. (2550) adunagadayannidaiiearunisliag
Tun1sdgnasdn uazmde oifaena. (2560) a%uwsqm%agaiuﬁaﬁaﬁ%w §1 A3 AnNAIRUIINLEDIATY
Fe Wi Serdaiae Aedlastauanlulszindan annsmae afifmena. (2551) 05U1BANNTNAUSITIT
Audusetszif fSawuiuiuludmugnaduineilfoawluguruiinwasedende Tnanmiwiseenszsed
SwAvFmingguanelungihuniosnadun1sdieildennisusmtinusdudazdadanlaadie
Wik ﬁqmué’au@iﬁmuammz%ﬂLﬁmmﬂndn Wodududalunuilviudteves alsy wizaed. (2551) iedune
naafInIIAnpIANrIIgedLatIuiNda1u daulvgidun1sefuredeyaivedinmninw(Qualitative
Research Methodology) usifil#asunedvArUsunmusenieluiufisieamuduiusUsanousisssne fdetes
Wasadanenssnyssiwdhfndau namAe Aasuedreditayainiamanit woinmsdnenazaadiu

215a15381M1s WavvULEa:goloadauluoims UA 2 atun 3 (nsnpau - suoiau 2562)

Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

59




anuddgludizida JUuuuntinienwaassaTaenssududdny donutesineeeingudoyadiu
ANNFNARFITHINToNDaseUTumuaIsTINTfNeTuNEau TusneaziBaanisdaivgadeyadianis
fﬁ'lLLumLﬂﬂ‘iJi:LﬁaLi{am'mﬁﬁﬂﬁryﬁﬁﬂﬁm@mmwﬂ%mmumﬂ'jw"[,uv‘v?uﬁﬁu fian13Ane(key studies) @4
aranuwimenile enageumuasamussotondalundeSaim (Quantitative Research) #niie
fideussdnmesouaguiedauiundu mnnnsdmeiuiisondaenssdsznd fudau Tuifdeanus
JUuuY anwuzaastanla wuanmianlaiadnm ez afunedaimuaifieauusisTINA dindain
Tuusazdaiauazgluaniinade unzfoimuaiuidnedumbmsmisinueeuianasze: auwagluuy
dnwoz Fruasdtiznavlanesdenuanimensmndsswdidnd suieneiu Wnnudssumusdefansm
Feanavisiiasemnuisuiieulfiiniiwangugedoyalniiisunsndedosuieaanuduiussening
Usunmuassrinadvedeaia Ideely Seldanuddgle Ao uvan “AIeysziaua 1A gAIINaNNKET=NT 0
SO DRADUTHIUUAITTING N8 IUENE T Fidsnan19InEnEnanTotvelate bR 185 U18A 15N
umonauAGN s n o= An190% WuFolaudai/Saniaysisuaorivgluaasanasan Iy IAIFIHIA
dam Inensulesisnisuasiude nssnszsninlng”

as

nnUszavalunsfneuasdoanasidovsiv

Anen Aieedt asluandndnarioihisfidinadeanuiiuitoniadatiunausissneaniely
fudau uusuniddsanlufideniemenmdisnsiuanmmumudayanmeisnis yuiululzfeddgde
fadebuneiSeuieunaddinauaisTnmfdefanssuaeluiuias (lunssusnvsaanygaas lm
f3gls, 2536 ) AugludndInalenInLuuNInIgInNadau lnensulesifnisuazioiies nsznTenvialng

208U UATNIDULIAANITANTN

ANIATIASA 9137 BARLEEY LATAUT F9RNTIN ANNNEU YA Tnanudniuselunud audau

anufusgianiziasunsruinmslssmdljiasuilsduiuidnuuuTausrnduiud o 8
aRuaey fonasonduadadszndujiadudedisfanssaidieiu luanuatsnaianudeeszesune
dormlutnnamisrevresdusaniou Aaiudussadoulusaunildidusimun ilonouauasisznd
fisn TuvsunfiseAusarifgueu vndnen iasest wuiiAsnsagnuiiaduda vnudldldvanseasy
FmnAansanlu nedfiddudedssnd dadumes oranuifiiedlutsuiadaurintu i A uile
AMNFNNUSAUAN D19nunsovuwIAnludaduingiu aAnudunusszrnintendasdodiunouaesssnef
meluindan

NUNIWNRIITINTT Tutssdiu MsliRuiluamaduiusiu fu defenssndssnduiia dafudes
WUANBFUIEYBY TYAT 39733304 (2521) AN Falun1sfiesdudauifedin (13a) dnsuitdadude
Aunndunawsanurnygsrssauinedmudsdulngimdungunanuging -an Saguaseiedaiuwi
dungszdevaiadszmdluazfiiujoadusdeiiosiunniunaiuiu duiuaudsuddddanuddguaz
wssaialunslfifnndafuaonduadronin dglalkdszngfdjifnaniadduiodnduauiagnnig
Fepnaslneiedoduiieand19a3eds oy Yaulownn. (2547) BaUszndings s uldduneadafuantiniis

215a15381M1s WavvULEa:goloadauluoims UA 2 atun 3 (nsnpau - suoiau 2562)

Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

60




NIANNIMUTTINOUNTIAMAN 138NN BnRudad ABIALA (B — Aov) Futlsznaudieniimlszindiduaesadie
TuRudondon 38n71 Fafuaes suiduuwUfuian fudeduanamdnuuuunuuazanusssuiiien auid
Uszaggaud. (2560) gludn el uazng Feeuwazdne T dalinsinfansaswduianisni seddos
Uszgandanmdsiu idu mawszihdlund nnsfungu mildguanun uazdmualiidesnszvinnieluand
Amua $iu Fondn @ wedsnanduiiguynaessed Aedureffivizfiiuadaljiadeafauded
Falauaes 180 afinena. (2558) SaRumey iuni1sdiinssgmuniaindzdudannnsinuiddIauuy
neaInan iuguumilsro synsaauIAHLLDI1IUM (Popular Buddhism) #iannsimandiaeunig
wnsaauwniuliaenaanaanAuaresruwismiddidunadesd snnnfiseyddiazladdluy
fiwwusnaUTrgwnsenaun wananil deiufiafurawyge A0 Auow Ao1iny Alawn vad duugTedong
ANFaEoang A uazAasunelu WNSUTYYA Tuaunnnusneluiud dudaw nande “ﬁm:g“ﬁwmﬂ
Fazaund Fenandan i arsgndundunnen ievin Feansn novanedusmauazgdanun duduld
srenn Auaifiavzyndoendniiu daeiinias Adhazynluiafeginmensildivssinguiagnolae ddulng

ae 1Y @ v < Y ' P PR ] =~ @ o oA
RATLAZIORG LUUAKLEIIURN BUINNATNANIA ‘Y]E]ﬂa%Lﬂ%ﬁﬂﬂ%ﬂﬂﬁzﬂNﬂaﬂ“ﬁ%NWﬂ wmnh‘[amaaumm N

a

a

gavneiafiod Weasynluiafiegiinenlailiade RenzdlEsmivTagrosnddulndussnddiduduliug e
UszAnguingiianeisiauds foundan azeglulanaiuaingameiafiegietsznsla fagndaetsznis
Hwdadunduntulaerivuaegdiigadaineld 21 30 W18 denndnitu WS AlngudyAnyswu
Wi AlFEdevzyndaundnniu Rnndadimniuiielflilaesen Tsefaeyndan adrduagludmmdan yn
amdnn sghduagluamFnn yndoundan wddesdvaganizludundnn gndandun dosduadianizluum
fan wnuvndnneTIonan avTia ma 1 gluandusne udasunedinanuenaniningiunianieniwdn
Yszmaifianuddguasliuaadlfiind1 anuainisznd i uisenminnssnianTsnaesnssad Wa s
nyanluds Wenlesafanuidedalundnas wnsigda daduinimededudl SenumAssuungluoud
AT USIEnIN T RUT Ju defvnssnssniuATR Saduaoe il

R

; :1 5 e Py S v o L =
mﬁ:u:nmiﬂmﬂaHnwweﬁmmtwmﬂuur;uwuvmﬂa-muﬁ'uwuﬁmm'umﬁwuw Au ssfnssul s jUR Bnduda
—_— —_— fo e —_— —_—

na. 2475

orsfias (Fou o) I
ol
ol
]vl'uu I
Fauwn
i
s
iR
oy
Ao fudn
o B

i

ugngu

C
|
i
r
)
o
|
|

il
Ve ine e mewisAes wimwu sin ugead el
FandialAnda Frvmmnmeuaziosn Fadunr
Frpmlnordimrinild ot

wiztuauER o umelunn

P S——
ygaanmssn

n3afy 15 A Fou 11 e 3 5u 3Ry

A Wingm

il

Braie: ruifo Baitumos Tussiesadou sy

fradn * fifie * Sradan
it e 11.00usduinld

=)
iR AvnEAlunsaieu 3 w5
B e

o

ugphrssiuiu AumniEhuiuus 14 Anfeu 9 Adanfiss " dvlssduiu

SR aun s

thazenilUivld soussapumabidiognuamitlamems

S s a v oo
Vinggiegiaurinigsasdy

o = o,
uRmuETY HiE ynmET s
P R P PRI

s A 2]

o b S S it M
yydnzs fvin* dhow

o.
yimnssu
=gk

suszamdnaies wintw Ym Bruon Sdea Dunoinggies

e
wumssnevisnzumety f | [ E S
S$mau 5 oy 7 Feu

a

WHUBNINWA 1: afunefanssndssiwdljuRSaRuaasdataniandianisd Tudwices fusadfon

Ann anlaa audlye. (2561).

215a15381M1s WavvULEa:goloadauluoims UA 2 atun 3 (nsnpau - suoiau 2562) 61




agholafiony AnTsndsswdi e sesuaedluigiudinsudndsuludradodoanasrimedau
dufingiudadenisated Yanguiesuan1snudouyiUszngfaulignaeinianszossnineasianisnees
wizaedl ety mndunaezwudayadeadunetindond fenudenlasfanTanuszmdl e Sadumes
doRude Wend Weud Wour Weouula wazidoniuide winsnssnfinuanisldduinielu & Huddn
fla NIUTINT(F NI LAz UFNUN(WIEANY) Tunsiazgasiasonse Uaznauisnanlutidaud1AgIn a1
\Duausrsnaauruun FnEnusiususiidon < iudull innzvaafagiznieti i lwiafeinnni
Tivwud draulufimiaviaaudimdeiunanmeg ATnEuuriudusidon » fufeu « newiudmwsm
dlasnnnmemansdueiuaBleefiaesie cwisaaaitdnrimudn 2 Tu deTudwiduiugnaiv Jud

o o

soudwinuriuialyin dedragluanufienmudiansinade

andwansdinatfadenisatagrasdnuasINdan

NUMURAIIHIINIINIFNN1sauAudedululszaninglizan Auidnen doyansauunifnesd

ANHIEITINT Tweuadiuwesrdsznovlassaianandaensantszwdidndan 35n13fne wazwa

[ U

nsfine nsdnaivdeyaniaguin wodinisdneazyudivanaddgludizde sduuunienmeninees

a

[
LY v al

aofeensandudrdggadeyailadanguasdanniiioaylarsedraglndssiansneg Nuaali inds
b9 (3

FTUNINTBINNIANET VINUUITI w.a. Welrnuiingudaya auasatiznavulaseaitinaaiiaenssu

a

Wafnen nisrvegavhdsznavanifaenssndnsmeindan

H2us=B=Da1 AU aYan e IMsan I eSS URUTUAUEAL (W . 2530- W.A. 2560) (UNATILIIMS f 11UITe) |

. | __
[ L]
[ ||
wn (=] ) m wn ] =1 = o —~ @™ o a - =t w o Z ¥
=3 A & A 2 A 3 A 3 2 2 & @8 = 8 & H @
~ o~ —~ ~ ~ ~ ~ —~ ~ ~ ~ ~ ~ ~ ~ - ~ N~
< = = = = = = = = = E = & & = = £ ==
= = = = = = = = = = = =z z = = = = =
EI—D—D—G { = (el
~ a1lsy We:20A, 2551 | & 2550
E @ BIA1 N5, 2541 - msausniaU ([uar) I e o T e .
R suiriRgatun A3 : JananalAnda AAmuesEnzg | AU TugariaumsUAsULUE
= Auna guran \@uTuauda msUnAsad 2475, AAUIRILSsSY
E:‘: g AUUNSTAL 2559 il
o in )
= & 5 §Tepy Agals, 2536 - gudaiy . #IAR 2EUMENG, 2560 : Foriaadw au Jks
BE3 S AauNT, ARU=TTE, 2550 ANURIRUTNId0UTIE LRI
s Tseu AT, 2536 : nanfigAdIuduaas : AW aIrEfumSTasEs Joksatan fawdaol auauTuds=naa
B =N Turmudaos:a:Klaw aaaUda L TurnsuUgnastaau O
o o W .
4 % El O S NES55L, 2554 © msaysniusanan Waanss U UALTaL
= - : TunwanwmsOadausIuakInn waug 3aw-aming
ne gs=urd, 2533 : AUAUTILITUADUNATD 1
%’,‘SE | ? : U1 {2547, K 514
5 Twlsad aTuas, 2532 : dASnSSUENHONEIL
= T5WRE [EafuInsl, 2554 © 1ININNSSUTIUNTIAS 1A :
fe= UKUER 30 sUsU gURse wa=msiisaag
[}
fin naugry, 2549 : au(Tuarm) Aududau i Saduetod) Sunaasny
a AalIrIusssy, U 28, adur 2 (5.8, 2549) : K0152-53
lsas magls, 2530 @ aun=ambnEnssuy ) ) )
gsAs thrun, 2520 @ msAnudamsaysniia-Rrnnsaaaoed aula duidn, 2549 : au anRenssUdau kO aduls:TRrEns
MAAIUNTENTW Ussnnda: Saunia 3a1u HaamtRenssulng ngainwWa © ko 16-33

2 1TosAl, 2630 : anlmanssufUIENU. MSAULLINIIMSEaD "andnunian WRsnssLgaU”

AYINA [@SruAnna, 2530 : anilagnssudau o

a3 anaubsu, 2548 : gUuALTuauAaIY. muAalaadtiloe

[}
nsauA Js:ndute, 2547 aufuls=anmansuasriusssudatu neifnufuynnks

HayafnuansWan wanwgdls:ina . flayafnuanananiandiuitia . fayafnianEWamodonu = Hu g . fayafnuanEanaiasudusiu .ﬂauaFrnmansuammnsugﬁaquuu !
6 1 11 6 7 |

WRWATWA 2: aFuNenumudayantIsnsifgInuaadaenssndszsindldndau
N1 : gnlan audlye. (2561).

215a15351M1s WavULE:goloadauluaims UR 2 atun 3 (hsnau - suoiau 2562)
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

62




adelafionn gAnmlEutinedunedetsngnsciiiietulusiunaninmndensesiuilaedne
Aeneideyaluenaslszifmans (Historical Accounts) Wadunniszinnaasdndaiwaas Tlam Aigls.
(2586) Andaw uuwinmaniudiesuiedoya Fuilosainnimumudoyanisininiadeidy
aonifaensandszndiandau Tnsdwlng §AdnsnAmruandau dnazdrededontsduungduuudnume
S NGEY ‘ﬁ"ﬂﬂﬂgwuﬁaajaﬁnnﬁwa%mmm
Alam A3qla. (2536) Andau Widudeyasredududiulng luiagiu lugadeyaiferfuansmssUuuu iy
Anmiszinniialdennauiadirasdn nmaseuaEdNRuiTedade Ui nums TN AN TuAN
Foil Andmunutuuigns audsuiutiudszgnd fudmuiuiunsudemans wsAndamuiinoniden
iaamans Funnnfduansil

FudauWutiuusans Fudaurutuls:gnea Judaunutunauiavkady FuSaunasn@suLiovkadg
aluansuadumuuuuuInsSgIUMAdaIu
________________________________ d1wavdaya : 3lsm A3gls. (2536) Fudau
gulusuksaaulng FUAUKSEFULUURBNIAUNY 4 MU
| | | |
wuullo uud wuuluo v
i@sulnun l@sulnun @5ulnun iE@sulnun
Fu InlWEARUUISIY du Inlwssde Ju IndnsoaninGo du 3aUnuAvA
Uugulau Uwlwu UlukuavKDunu Urutidavdd
a.AD0 9.AdY 2.210a@1W150 9.INBASITEY
0.MWaus 9.MRFug 0.50U13m 9.52819R

WNWAINT 3: aSuNeNTIATERYaNa

Sl gk
ENER X T -
o.Aan ar £

o ol (2356)

B SnlwE iy
afunenmdu
o 3. (2356)

au

=

(3R]

Fudaunaanidsuliovkaln
aluansauadgmuluuUINSZIUNIASaIU

HUUUIASZIUMASaIU
Tnansulysismsiaz[Aviiov
ns:=nssvumrIalng

 EE O | | BSOS
UREENE NN pa

Tow i, (2586)

WAL, (2561)

JupuansusresRugnissuunansmeatasznouanndaenssnlu

NSANEN

A : anlan auslye. (2561).

215a15351M1s WavULE:goloadauluaims UR 2 atun 3 (hsnau - suoiau 2562)
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)



oI ndayadnedn Fedmazvinsdifnsdeyainfnfegiuuuansusresdn fruasiuun

uenanwuzaidlsznouneanniinenssnluaueie Wianusdwi easnnigUuuresdnsme &x 9n
pvAlsznauduadeddeAnisUuuudnsmzaesdn a¥ruuuiaaslatendelaeldlusuns Dialux 4.12
uledesfiandn dantmaseuudainaaUianuaissand WWldandenansfouiey TaeRanim
sUnuusuunlFidu 3 Uszifudrdty fo wnudiiuiienans sUnssdenda uazasddaznaulaseaiionig
sonifnenssndug §AnsFusuouuulauguuudnuuzaesdn ilelfdmiunaseudianmusesisnma

v
o A

NINUNAANRRIUIHIWAIINTIN llluminance (lux) AT

215a15351M1s WavULE:goloadauluaims UR 2 atun 3 (hsnau - suoiau 2562)
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)



(19G2) "RRIQME WR{UY © LIt LAUKYNELURISLLUILAN]RLULMMAN,

MERMELEYNNTINEL

]

it

CRARLEWILELURLNGE 1 WMLUTLNT

% e

m_\;ErS_..nvﬁw_\,nwc

DEIEIBMALTIELUGLORYIEEU
nupguLenLEL LRI
m\ﬂmnnvcmpwr@vﬁm_\_,vmm,_Qmmdcmm$3rn\m_‘nm

Py n et

£
|
|

e

ot

T
b i e S

==
VRIRCLL

APLEVAUTE EADERINLA
LUBUIEIAMLE 1

UTURRELRIENNAT

ugIRey
BELRLEELE'@ MLBMTANGIAMLA
ermlroLeeusie it

(RRAd ~

URURNELIERE] NN

ALY b BUNANIMEUNNTITECEUNATE

I i 3'¢e g
N LW ”u M»
g2 2
pee |
5 8
g
S
&
e S B
T o o
- 2 c
5 2 3
8¢
3 53
54
g
~
&
=D £
-
2% 3
S W
igs
a2 E
55
oL B
&
N e e
drpmLue
BETELY'G FIM{TLR seLYe nnBrLn
RBROMIL It MLELTLTSMIMEMLE 152
UnURNELEIENANY UNURNELIITE AN
PE{IEERLUDEN I

2562) 65

nsnnNiay - sudny

A 2 atun 3 (

luoms U
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

Fouoadou

01Sa1sd¥IN1S Wavvulla



ANNANABSABANeTunanTaenssndeang BN 19Uz ABLEISIINTF
TUAIBFUIEHNAN ILAUNIIANBIN BT LEITTINTIALAZNIIUILLAULEIDTINTIA LHBr1898198991n

noedaosarviizineadunan %xmqwﬁi’fuwaﬁuﬁmﬂ%mmumﬁﬁmﬁﬁ David Egan. (2002). #ia1aduneln
AMNAIINI AT BRI N 13U T NN R 5TINT @ NOBHN1IUILIANLEISTINTGIAINN Architectural Lighting
wuiinslaeslanseunisefing s nsiesin Aan1e uazlATead19n18uanNT8901AT MaBANAABUSHN
anuaIenelnenans nsUszinusisssnafdiningasuianadn naWiEwuanIszAUIaIUTNIMANN

a3 lusndsuaznsaldnwneenu Felun1sdnein 15U s liURLEI5IINT A0 19Us TN el aNanla

WenumkdsnadinasaUianmanusivaewenwaznieluaias 1w jUuuurestende anugeaizUiuy

LA s

PIHIUNAY LLﬂzﬂ’ﬁBE]ﬂLLUUﬁQW%ﬂG\BQﬁﬁ’]ﬂGﬁ

& o

99 s wnasinluudazggnia

Minimize exterior
obstructions which may
block amount of sky
“seen” by task . Do not exceed =25 H
v ; for unilateral daylighting
Use high window location
(to see brightest part
Skylight dominates & of sky)
(diffuse light source) ; Slope ceiling to rear (to
| .6 / reduce interior surface

s ——_m—— area)
Minimal reflected | Tt “‘ Shade direct view of sky
ground light IH T : Maximize ceiling height

“TH— Use high-refiectance surfaces

+— lllumination gradient

a

2NN 1: TRIENRINEADLTITTINT AN A Nas o USHosuasaIen 8 Tua1as

#An : David Egan. (2002).

AnsamAINLa YT MLEITTINTIAN NN UN81A1T AvuadudsluniInagauivuasws

anwviesinuuuiinaynaguuivaan Partly Cloudy Sky @aifuiasiniinussafigaludszmealneg gawes 3z

I'4 o @

Taurnudt. (2553) Tusuns 1 Tuia1ag 30 4 Juaagsedsziianisiaeseeddaniaunieniindie Tun 21

]
= s '

furan NeiFudumenamzandayaiediuaNATaia 9130 FaRuae9 uasAui §eunssn Tunldwud

a

TuAasInlszingt BnRuaanninNNENIHETUEN SnneainnisAnsrnasus wudn xlueerudiniadsn
daulng asfuningemindluds AaazTusen wmaisedade dulsisreiunimuaiaAnagauee
nsAneUseufieuluagedl

A1adulgaes O’ Connor, Lee et al. (1997) Lﬁ'mﬁ’uwaﬂ%mmummsmwﬁﬁmeé’wnga‘c’mdwﬁ

FNITAIUAITEENLEIsTINTI ATz AUAINE R IR BN UNTTIFIuAD N1TlEITeTANg DY

v '

AR DATIITOUN WA LFIDIINTIRAINNTE69 1l olH A ngeromiid1adn h szazAunineui g1y

k7
& 2

oAz ldUszloriannuaisssnefife 1.5 h uazidenindeinsfamiredzfiawuas Light shelf szaenie

P 1% P ) a a laa o ' '
winIwdu 2h ludearmiude ngilddszsiiulasnisanndinlififsiavrsauialngegareuanaians

nazaniiidunszanla uazaanua1sromiiseldgainninseuIurinnu Working plane Aenunszauii

215a15381M1s WavvULEa:goloadauluoims UA 2 atun 3 (nsnpau - suoiau 2562)
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

66




wauUnfiagn 2.40 WwaTuazANNGIviiFAegNIzAu@ennuivIzAuinwauIzesNuEIsTINT AR
dovadiwlag1aiesnadia NUszum 3.6 - 4.8 1waAs Nnniie aundgiuidesdulunislingszezianan
aulade szezny 1.5 vi3e 2 AanugureInissiieienalimanzaniueiasludszmalng WosandFedia

vneuaniietlosiuesiuand1gn1elua1asA IR UUI NI MUEISTINTIAN T INTOEI FBIA1TITAARIAN

[
]

] o Y a A A ' ' = o L
WunpsNanauguin szeenimnzaNIzmioNnUszano 1 w1 nvtinene Seaiad loezna. (2549)
28 UN8UTHIMUEISIINTIA AadaUIrezlduaesIInNg @ Daylight zone iungoae19die ¥in1Uszifnues
FITNTIALTAITZYLYDITEAVAIMNADINI N LUNUNTI

ANENRUS AU 9ne safanTan Feansan uRuignAun sl fin s oI TN A

mnﬁmﬁmﬁiagaﬁﬁwmuamm NEN1 53305 139 LazAM. (2552) TuAesuNeIReINUIZEZN1IN
rinfsneiulunisdsznevfanssnneluiud Usznevfnsss wudssifanileiisenadecfieaiudesuneaes
antid Uszageud. (2560) Fefsanuiuiusdadiuirimesafanssumeluiui gluan aa wazng 99
sawsrineldTyda WnieinUfod dmnsan swdufansmn suldegluritman wnwdewszynsidilu
AEATNEUNUAEaIANIENSTL TnuddasuneRefidatiudeiuiinensaui Smudszifafiiiaul
AT UIEWILTN971% Working plane 28sdasaudan1sldUsunouasasneisneain a1esuie David Egan.
(2002) Lﬁ'mﬁ’uwaﬂ%mmu,mﬁiiusmﬁ‘?fLLﬁmﬁaaﬂgaamdm 'ﬁ"«a:ﬁwuﬂmiﬂizLﬁul,l,ﬂqﬁﬁwmﬁ'l,’iﬁizﬂzqq
anTuARuluuwIfeieszuIuringm Working plane 157 0.75 a. %awuﬁaﬁuﬁwgﬂmﬁlammﬁﬁ:ﬂxﬁmwz
AR UNIIFINAILATIZA ANNFNRUEFAsIuI N edafanTId FernTan Indnsmsanzisesiu
RN FIUAUNITUIZLTRUFITITNTNR FINTINAAIUT NI MU NT 197 I8 2TTUIVTI 919 Working plane 7l
sanAdDIAUIzEzNM IR luANE I geIaNzaNTLE pdaAanTIN FimnTIn o g view puiey vin
faw TuiReunTy videdaaans vitanwwua vistanwwsany dudu Seniangdeimuediesunesduny
rineludszidansinanlafigaiuszuiurineu Working plane 28sdasiudanisl¥usanaussaing e
WAHADBLNEILATIZR NN IANE AL

‘{,_\» 4 2) mesareafibiluionssy
DA DA seeen oo
/( 7rx\ ) swegEn A
. 2-\~_ > O ) 3
| { | o
| | e
| ! N
ANA e
,,,,,,,,, (e R L) SRy
| 4 A ,/7(
i o
A \/jrﬁ" B

DTG Viatniudieunaiu

WA 2: sﬂLmummiuﬂ‘sym'«mmmﬂ'«aLﬂmﬂmwmummu Working plane aa9§asiusan13ldU3nn e

839l A Nene

ﬁnml”aLﬂuaﬁwaﬁmﬂgﬂmei'lifﬂuﬂszLﬁﬁrﬁ'ﬂmu‘lﬁ]Lﬁ'mﬁ’mzmuﬁwm Working plane 9a98aa
fan13 19 US N auEIETII9 SINUITUILTNI Working plane Rilanaawizdaluanndnnus dadiuinenie
IENINAINTIN
Forngan A un an S i Idsz finuseosTnegd f‘fizaxqqmmmﬁﬁyﬂuumﬁqﬁﬁzmuﬁwm Working
plane 157 1.05 . 1o UNENAANUSNIATUEIETNN ABNINTTN FIANTIH DOINTZER
NANIINANDL

215a15351M1s W&V ULE:goIoadauluaims UA 2 atun 3 (nsngmu - 5unau 2562)

Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

67




Fudumgnalasdriedonmninoludgmniwuaziino elwldaniwuindonnisdoonined
wrnzanfuiuilisesinsmedn 9 Tnsaseuaguiuidulngmelueans osdwanaduanasgiuluns
doA10dune FAnmIFidsunanianudiuin dnAFunaTuaIaIemNAIA W mEnNTRIEIIINdauREI
Nnunasdayadwdnaan WiusaIsuisUszmalneg wuszduanudasaivnslueiazelszine
InefimaneanAuRuARanTINfisefuie sanazduted Tnuddayaduamnwuiinouseaiioluiud
01an3 Feifagiiununtsnmeinesunedeyaliseil aonmuannussailuiuiienas i 100 x wukasn
Usanomumorinoluiuiinmelu Tuad, qusn, 33 church body), amnwiSanauasainsluiuiionans # 300
IX WUKRBATUS N MUaI a9 e sansis N8 uniede (reading lighting) \Aa, Wuya, 53316% (chair,
altar, pulpit) uag Qmmwﬂ%mmumﬂ'jwiuﬁ?uﬁmmi 7 500 IXWUKRAANUSH ALEIEIIRUNIZENGD 181
anNEI, WNNW, 8%, 3an1370ya, UTIme1wnisd e (reading area, writing, typing, reading, processing)
agnslafiona Tuunenuiliedagamineliniuiummnedadosuisrasnmnwlianousaisluiuiionas
sondaenssndszng andan udszfddgdoiisndianuiu Seuitedusenadesdananisndszing
Andn Founsan woanazaed mnudldlivaneaunsdn gunwdinnnuseaivluiuiionasduluas
oI IRE B NLT T LADENlA TagazRanImeBunseaziBeaUTinmuaiainefiivanzanss
AanssnldrmuadaUSinauaiainnuanasau T3

A1399 1: AadunesneazidgnfaaA YN LEIEINIINNAN AT UUI NI LA EINNRNIZENFAANITNN
FA9N

ANABARATUINI WU EIEI199N 08 AUSTHIMLEIE TN T ENA B AINTIN
NanANay (WniToyad 19BN : arnANIWAusIsdIIuilszindlne)
(wisviayaa 19BN : Jyanwo &
UIzNIaNan T UUTHIWULEIE 19N
TUsunsn Dialux 4.12)
[] & | USsnausesdne 200 Ix | Taswnse(lounge), ¥issifiuienansdifcy(archives), Huv

(7

vithiiia(bookshelves)

WOIWNHNaW (day rooms) ¥iaewWnsa (waiting room)
B 3 AN muEIEINe 175 Ix N19AIA, 13932931918 (ramp, bay)uas $1uUIZAUANLE 9LE
we WNINBDIATT

] &dn | YSanosusesdng 150 Ix | AAUSM 1 A1T9Masdan1Ivinianssaneanenan / Aui
Tuladen, Aunanvi(escalators, lifts)

& Inomuasadng 125 Ix faananUnfAnarinusonvliiiesnesanisidaealuszes
WA LAWY

& INmuaEeadne 100 Ix LLmﬁdwﬁ"'ﬂaJ(general lighting) eneaankUnfAnefin uaz AU
en U3MAYIIURENNLAK(circulation areas andcorridors)
L1 &# | USunosuseadne 75 Ix NLAK, WHIANWEN, NINRIATNNANAW(NIght ramp)
Bl 540 | Ysunowuaesdne 50 Ix NILARINNANAW(NIght corridor), NLARIINA19IN(day
L% corridor)

215a15381M1s WavvULEa:goloadauluoims UA 2 atun 3 (nsnpau - suoiau 2562) 68

Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)




B s USNIMULEIEIN 5-25 Ix | WE99na19A %, WNIg11TuN1IFenan1Ioh (night lighting,
H29 observation lighting)
B i | USaowsadne 0 lx Feaandnfinadluiin

1. &ulusendednlo (GUuuvlndvavednundusauny 4 du andiuaunin)

a

@ La o a o 1
TolWHANAUIIIN TIugaiin 8.4 1899 2.nWEUS

Arnw : Al f3gls. (2536). “Budau.” yaitslaledn anuayunIvarinuaznIIRamn.

JUNNWLTAINNNDIATULUNUA FJUNINUEAINNNDIATUUUN U UFAIRATUTNIMUEINT 199N
NANANDY

3 Aewile
&

X ) ) £
MAN 3: LUDLEAIANNEINENIAIND

a

WU TIUGIHU 8.AIN LNREUG

nwantmagey daluserdedalas TalwBAwmuy Tugoiin 9.41899 2.MARUG su Unow
amuaIvazagluizdu 75 Ix - 200 Ix iudull Ransanainasddsznaulasesieannimensaudafuidam
ainelueiamsudmuinUsinuanusindszduiemedmiumatsznouisuszumd Fanvan fedulng
fugunnUinauaziszduluanumanzas TuusuninfensaluiUSnousaisluiuiaias 1 100
X FefannFanadaInUNaaUSH ML aIN s TR wAN el Tuad, §1131, 113 (church body) UazAMATN
Psamuseainsluinfianais A 300 Ix Amnnzanss AansInn1ssuniiede (reading lighting) 1A18 sand el
szduANEIREIwadan e uiulunTTUS A aduribigalAIwE Iy Wiy, 533RNa (chair, altar,

pulpit) 3zez vinFanaselUwudn Tuanudniusssduuurindsludszidaniraulaieadussuiurinen

215a15351M1s WavULE:goloadauluaims UR 2 atun 3 (hsnau - suoiau 2562) 69
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)




Working plane 229&a81%6an 130U M1 abL a8 319 I HA1INATY B9t USHIWAINHEINRIZAUNIA N SN

mIvsznaunsyszwet dansin eglunanadoudl

pe9l5AeN AsRIT U MUAEAIWIARENDWIAUNTRRIEINY TuiladedugTanale anany
Y o a (P R a d [ - a o ' ) ' Ao £ -
Foduingiuuiin Jedrasuiewenlasludaimuadwneinuuaiainluanuainsidesoundnadns vie

Aanssndssindiniseede uasainelutiedu Wudnimvue anadsznauisnssuwuuaniafidiacet)

2. fuluserdednlos jUuuudindeennuniusauny 4 Anu)

So, 7

Talwdde Tulnu 8.471399 2.0REUG

Axnw : Alaw A3gla. (2536). “Budan.” yahslaledn FuUFuWNIIRATIILATNITANA.
TUNTWERATHNNBIATAL AN FTUMNLRATHNHOIA THUWN AT LAAIA AT N RSN 19317

o

~

NaNnANay

Arnite
&

ANNN 4: LUULEAIAINNTINNRNIAIN

Lo
D

U o 1 [
8 Tulwi 8.A1339 N IWEUS

Mnramagey woilaseadi duasdviznavlaniaiaeisse Jnunfidusanalassanas Tud
nastaUanoanaing Afiusaselunanasey efunenaifszduiesmadniunistiznouRdszind Fou
n3sn adneaderuanlusivdedanlns sduuulddndsandnundusouie 4 1w enduduniin eraduwne
Tassa¥odmmitodnfilaladdusuundiumis vldiuinmeludssdodnmauaielndidssAnduiui
fun WewSeufieuruiud Auluseialndanausy Tugoaiiu a.61s9 2.0WERE mMnRsangUuuures
wiisnesAnlUsviednlnnenigUuuniidensasdiugafiddy uiuildoudunan nandeniinegeln
VAU anvazdiledenui JatensdwazynogUly uazennazdriindenatiiiwndoniug wu nizua
an vidafaneandy Aazvinanudemedoasdlsznaunielu drunisgaiasndmdu winys, s3sana

(chair, altar, pulpit)

215a15351M1s WavULE:goloadauluaims UR 2 atun 3 (hsnau - suoiau 2562) 20
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)



3. fufiurFaRNuuunantafiun 4 A GUuuuAnaIaDnundusaune 4 fu)
Jaunuasan Tnufiei ainsaide 1.508180

ANINMN :

77 7 R

722 T

JUdna1A3

A A3gla. (2536). “Budan.” yaidlalos ahuauunIITarinuasnIIRnA.

FUATWLEAIHNNDIATULUNUT

Nenite
JUAIMUUBIAT

U uaﬂmuumﬁmuuﬁ"uﬁ
LEAIRATUIHI WU SS90
nanaaey (NIhlddaniiuin
tszg)

gﬂmwmmuuumﬁmuuﬁuﬁ

LEAIRAIUIHI WU EIEI199N

Nanaaey (NIThAnTIuIn
sze)

JUMULUDIAT

¥

UAuANeluoAs

v

UAuneluaAT

UAunNeluaAT

AT 5: WULEAIANNETNENIAUNNATA Thulei a.nsaide 3508180

215asIBINS WavUlazdouoadouluoims U 2 adun 3 (nsnimiau - suoau 2562) 1
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)




=

4. FuiuvFefnuuunantaiiuni 4 au (GUuuulddnasanDnundusauni 3 Aueniuauniii)

TrANTNanARTY TUNUoInAnIIN 9.9796811130 3.508180

JUdna1ms

Annw : Alaw A3gla. (2536). “Budan.” yahslaledn FlUFuWNIIRATIILETNITANA.

FUMNUTAINNNDIATUUUAUN | JUNINUFAINNNDIATUUUAUN

FUAIWLEAIHNNDIATULUNUTN waAIRAUTHMUEINTI9N uaAIRAUTHMUEINTII9N
nanaaey (NIt lidaniiuin NaNAaU (NITHLUANTILIL
szg) szg)

e Lgﬂ JUAUUUBIAT FUAULUDIAT
JUAUUUBIAT

1
a

UAunNeluaAT

UAunNeluaAT

UAuNNeluo1As

T
a

AT B: WUULEAIATNETNRNIAINTINAYAAHA Thunuemiingiu 8.8198 8130 3.508180

215asIBINS WavUlazdouoadouluoims U 2 adun 3 (nsnimiau - suoau 2562)
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

72




uuylaivavaUnuniusauni 3 Au eniuaunin IasdnsusfuiuvIadnuuunantieiuns 4
% 1 1 d. = =l s 1a s =l d‘ 3 U =
fu analanuansaisIsuifisuuduuuliEndien Tnundusauni 4 AU INTIENaNIIMATEULEAIEY

AYINwu a9l

Y v
A

AS9T WaNAFEUTIATTZAUTBIATUTHIMEIETINT 100 I f szAURinInnia 300 Ix Tudunisiiddse
AuidsznouRsdszind funsn sawizmed Fuisanadananaadulunsyoiieiuniaaenwamiu
Wriuya, 533016% (chair, altar, pulpit) #an1InagauAIUINIMLEIEI1S WuANaTaInItldauazlidae
wiuudazg AUSiauEIsIaTLEaINasaRui agefaan nadsluanaFuiusdegUuuuringely
daziiuiiianwlansaiafieriuszuiurinew Working plane aaedasiusonisldUsaouaeainsluaaineig
oo FEAUAMNINYTNIULIIFTNHANUANIZ TN NIRUATZUILT 97U Working plane ﬁﬂ'swqﬁnﬂﬁyﬂu
WWIRAET 1.05 H.UFAIRAAIUSHIMMLENET9 300 Ix Aimazaxss NANsINNIswniiede (reading lighting)uas
Weawasan snesnlunuiisduniegataswd iy winys, 53381a (chair, altar, pulpit) vannstild
Dandiuutizg euUinousiaieffiasieimadanimAanTIndina g LasUeRIunkIR A T AU
V3o s TunTouduns uaaIRaAUSH1mMANET 9 500 IX FerERumansanss Weudnes, AW, 81w,
Ian1Iveya, USiweuniiie (reading area, writing, typing, reading, processing)

Jadeluarudragd onlevanuduiussznindondadaUsamusisssnmfnieludn saude
Usanossnuan dendaiivindu 9a9 Usuudnsoe 5 teuilavaie 2 fuiu wudiasunedszifunils vin
Anmluniaidsnssndsznitas st luA Ui Ja ﬁimimy'ﬁﬂwumiﬂﬂwﬁwmuﬂiz@agﬁmuaLﬁ'amwmau
ﬁ‘*nErﬁyuﬁﬁﬂﬁtymwwz‘[,mmnmwﬁwaqmiﬂizﬂauﬁwmmzmm‘ WNANIINATDUATUINIALEIFIN WUAIH

f19209nIR DA UINYITE KaABUTHIMULAISI LT MAUA IULWIANA NI THE1AT AUTH LS 9

' i o & - - a ' = ' o o
aivazegluszau 100 Ix 3wl Waifisugmnndinnauasainsuansisanamansanly uasadnszaunily

¥ ]
4 =

(general lighting) A 818AARUNANDILAK LAZINEINDA DN WA USLILEYITUALNI9LAK (circulation areas

andcorridors) uglsiiesnadaIzAUAMNNUINMLEIET AR IUALY 7 3001 tBAINIIN TuAHANIZEN
813U N138untIAe (reading lighting) n3aumia31932AUTUIZAUNITNOIAK LATD, UNTUYY, HITHING
(chair, altar, pulpit) Tdatan laFnasa lUWDINTzAUUTHIMLEIEINY AILALINMIaUATULUKID 1TaLa

TLAVUSTHIULFIRI VS LEAINAAIRININ 50 IX TILHAIDITEAUTDINITHOI WIWARUNAN INTFALIK F9ND

s

A1adureieInuAINIaINIINAINY guudin inwudn 8NlHneauazevAdiznauizasINdAYIesn WgU LGN
v a - ) )N v . & < o a ' f
wnwnavInalnieseudesde vuntidnduldiane szeznTnaainkasIEAUYTNIMUEIRI ALY
WeswasaaurNIzanly uasaI19Izaunall(general lighting) ManamianUnAnesiin ¥inusLAALRANS
aRuauuluRaANUTHuEI53I8 8 szagluszauainanniinlyfn 75 Ix TuAuisdeamNianzausa Wiy
Anusy Feanvlidinansznudaanuiarmeauifadeindensnniaundinaiise Jagaed Nldlun1n
MNAAINTINHING FUusN
wianludresuredvihgnisfnszduuulesld glusaiinadeauuuuninigiuniadaiu ninlesis

ANIWALRILEDY NIENTINIAINg LTueunulun1IAne NAFaUTIINAAIUSN IS F97h

215a15381M1s WavvULEa:goloadauluoims UA 2 atun 3 (nsnpau - suoiau 2562) 73

Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)




RNNUMIDRNULUUNDNINNUNG 4 A%

gludadnadeanuuuNaIgIwaIadau nanlesndniuaskaias nsznTeamalng

NN 2 gludaFINETEANLUUNIATIWANASEIU nInlesBnTuasNaded nIznTnumalng

T

JUdmeAN3T

T .3

FUAIWLEAIHNNDIATULUNUT

SO TGP T THUTATT
LEAIRATUIHI WU EIEI199N
nanaaey (NIhlddaniiuin

iszg)

gumwuﬁmuuum@huuuﬁuﬁ
LEAIRATUIHI WU EIEI199N
Nanaaey (NIThUANTILIn
iszg)

£

UAuANeluoAs

sUnunaelueas

au

sUnunaelueas

al

MR B: KULLEAIANNETNELUNITINENEANLULNINIFIUAIABEY nInlesnBniTuazHaiias

NIENTNNAA NE

215asIBINS WavUlazdouoadouluoims U 2 adun 3 (nsnimiau - suoau 2562) 4
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)



¥ - . . : - Z ;
ANnRanIINATaUNY Wnlaelueas AvSanauasainezegluszau 100 Ix Iuly Waisuganiw

YInnsusiainauansfianuanzanls usiaineszaunalu(general lighting) vndainaazwuin Yinno e

Wa 6 1o9tla (U1unHse) 1 daada (Undsze) sandsnggeandad 7 goula szAUAMNIW UINIALEY

]
[

favnaastianNaNLENaluNuNlalay agluszauiauurNIzaNs A UTHILEIEI19A 200 Ix 849 SAUN

U

[ ]
s VoA A

H1INN31 300 Ix TuswAdINna AN un

a

aa aa o ¢ = = 1 @ v YL o 1 o s 1
UYTenauNTUIZIWD TINNTIN VDINITSTIA ‘?NLWE]QWI’JGIE]ﬂ'ﬁNBQLW%I%ﬂ’ﬁiUEﬂﬂﬂ']LLW%QQ@]Lﬂ’ﬁWﬂWW'ﬁ‘U LN

Y11, 533N (chair, altar, pulpit) 3nran InageuAIINIMLEIEINEINUYIzIA RN auls nanafeania

v ]
= = = as

709700 daN 1M NI190ILUY SN TR UTHIsuEIaIsuaaefian1ld laA 1 Te Awduasadneszaulnizauniy

¥ 1 @ 1Y
s 1 s A A a A A

NOIWIU LAN8, wrinuysn, 5330E (chair, altar, pulpit) WiadisluaudAydeszAvsesRuigIugnd Aufiae

@&

=

Wizwno3y Aunaldznyue 1wIosye 533 auieInIztAINnAUA TS URIE uasndedlaaniled

o @ o a = a A a o £
JuuunI AN Iheesiny ausTINienfianidniie anMANA
syUwnan1I@nEN

WesninguszmiansAnsyatinluanudunusiznitsgesdasetUsanusisssnafnieluds

'
s a s |4

81w ud1ag Tuaredureaina 1T uanIdoyanangIwnNIINIB8AIN NHANRIAYIFABITIANNTNA WD

U a9

=

seivAuisdansinsnAnTee szl WEFsananluis doanuiadeaia 913n Saduaes uaziud
MANTIH ANNNNSU YA Tuanngunusmeluiui e nduRusFasausninie dofanssn §anTas Ind
mwfusAuinelunsannenudengeinmitisiuusesTnma fadednswasugluuudnsugan
menanadnenssnUsziwildndaiu enadinalunisneagding ﬁwumsa:ﬁqmwﬁﬂﬁty@iaﬁyuﬁﬁw Anln
Funiei ddgdenui vazneuRsszindl FeunTin soawszaid Fuieewadanisnanduluniiuids
AUNUIYALATIN

aghelsfoy JUuunAnBozaasRuRufinaniefiuns 4 du viednlUss luanunaewdeuiiudy
13099 vnazdiasdnTsaguaznuinluiagtiu uiluuowhmwunsduguuoy Anvuzasdlasainelu
Aud mnualdlgarieds seduqmuandiannuaiaindansmanzandofansaslugaadoion Foaud
Wannnanewdeulusn ddTialudfienanuazain nizdudenadiznauRiUssndidrsananuds
W Fneuggiuunlanamiieanluian nslssdiareindygdmaiuin unzszeziaiasdinasiail
nunfifiulagsauiiiaTnnglizamduiis AlirenndasdegUdnsuizansaninenisndsziwdidndanu a1agn
ftunnategdiieinmlflasesiiratenaslésunansznuan Aiuadeanianenin viawennway
Unilapaduiuiichulszneuisdssne Addgaemszmiddaanuan Seuiammzauluidsse g

NN

215a15381M1s WavvULEa:goloadauluoims UA 2 atun 3 (nsnpau - suoiau 2562)

Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

75




LONE13D19D9

ITYAT LIDIEITIN. (2521). “euUsTINIHENYTEINIEUBUNTUNATEITDIT B M UATELAN.” LEAFITANNU)
YseIhaaidau. anInenaeaiuaIunilam araisaiu.

e f3gls. (2530). “dunzandnanIsn.” NNINEIREVDULNK.

# w@e3ad, (2530). “@otfaeniinlundsun1IFNNBINITINNTS509 enaneoiaaTnenIINAEL." FN1AN

o

anufinaein  TuwszuIngUaNA. avnInenaeveuLnin. IouLnu.

qind Iszwdl. (2533). “RUAWAUETIHADUNAN.” INEANRSIN TR a3 T1sedAmandanntTaenss
Ui INeNde uvIngasAaling.

M f3gqls. (2536). “@udan.” yaislaledn anuaywnIIIARILaENITANA.

nYNIENTIALIUT 55. (2543). “WIETTUYYAAIVANDIANT WA, 2522 WNIAT 1 FNBzeIATs.”

537 Youlownn. (2547). “erFedszimdifiandmuldfuneadoruunimduasannieimusimndunsonmen”
NJINNS. NNINLIRUTINAUNY.

575 Youlownn. (2547). “333NTINEFIN.” NTUNWA. AMINGIRETINATUNAN.

axT8 Bannd. (2539). “HARUNDILAZADIAUA.” 1MIHITNATINESINNENTATN, NTiN:15-21.

an WEUYGY. (2549). FuAnT s s u o Tatue1ed s1unesy Aavzeutraiedin anuneiesludd
uomn. AaUSmusTIn,: U7 28, atiufl 2 (5.a. 2549) : i 52-53.

1da a8ilRena. (2552). “@nNFNAUSITsRUdumelIz Snuuuiuduludsw” dinaunaimu
SHUAYUNIT
398 (n2.) SIUNUAURLNIINAIINITYANANE (FND.) . NMINBIREINTAYYAISH

FINIH FzTauIuun. (2553). “ﬁ']Elﬂ’lu%‘fﬁ_lﬁNUjEﬂIﬂWﬂ’liﬂ’]iﬁmﬂ’laﬂSWﬁ‘ﬂaﬂﬁ’JLLﬂiﬁﬁNa AONITUIUEY

5ITHTR gndenliluotans”. npenwaiuas: inAniaInesamaluladnizaanindouy.

IsWad piadranIch. (2554). “9INNNTTNEIUNIATIEN © WHURS 11979 JUF U JUNT9 uaznIdseeg” viv

N,

2554 : i1 189-214.

éqﬁi’aﬁhﬂzqa. (2555). “wiaainsluanilnenisn.” SBNANANIINGINSTOULAK. NPINTIRSVDWUNL.

goDueraIdealne. (2555). “Qiﬁaﬁim%fummﬁr‘lmiﬂizLﬁum']uél’ﬂﬁumqwé’mmt,a:ﬁ'aanﬁauv[,m 81937V

MInea3e a1aIuazUiudplaenislvd.) SUnANNLAITRIRINITRNANINEIRE. NFINNY.

nINgRReNINgN. (2555). “A1NIaienINng NI SEnANRNgIInne.

An wanygy. (2560). “Audaiuluganoun1aiUd suulasnisdnases 2475. 8ol imusssn’,

NVINEIRUDIINATAT. NTINW.

1man abilaena. (2560). “Aeriaai1e & I3 mnRRuINEa e W SmTane fudeniounuln

Uszind a17” WMIneNaeNeA)aaInonit

Moore, F. (2008). Concept and Practice of Architectural Daylighting. New York: Van Nostrand Reinhold.
215a15381M1s WavvULEa:goloadauluoims UA 2 atun 3 (nsnpau - suoiau 2562)

Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)

76



IESNA. (2003). IESNA ED-150-02, Intermediate Level Lighting Course. New Year, llluminating

Engineering

Society of North America.
Egan, David M. and Olgyay, Victor W. (2002). Architectural lighting. 2nd ed. New York: McGraw Hill.
Lechner, N. (2001). Heating Cooling Lighting. 2nd ed. New York: John Wiley & Sons.
CIBSE Lighting Guide 10. (1999). Daylighting and Window design. ISBN 0-900953-98-5. CIBSE.
O’Connor, J., E. Lee, et al. (1997.Tips for Daylighting with Windows: The Integrated Approach. Berkeley,

Lawrence Berkeley National Laboratory.

215a15351M1s WavULE:goloadauluaims UR 2 atun 3 (hsnau - suoiau 2562)
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)



nsusuantinBivnsifaanunudysadolumlmnusianisiueinis

W3RN NIBEIIUYA" WInIII MBIy 2 war goynen Taens °

3 amneAnenansuazinalulad avninendesIsNeaes
2 aoueAONTRENIINANERS NINENRUNBATAIENS

e-mail: kwanarat@gmail.com

unAange

nideidTagszmediiadnmamudululdlunsdugUusdulianannunuigraield
duisauitsmeluains fenszumnisdeioulaalidudmunuigrefidauiasieiu 2 auiauaséa
Uszauiuaneenu 3 wila fo 1) nmee Weladlan 2) naliaswedadlanrieddls 3) wauwanain
A% 5®°{ugﬂLﬂuu,r;\iu'l,ﬁﬂﬁﬁl,ﬁmmﬂ 400 x 400 A0ALNAT AU 20 AAALHAT ITUINUNAFDL
mmgmwﬁmﬁmﬁﬁqmmwmﬁmaaLLNu'*TItuLﬁé’Mﬁm’m qen. 876 - 2547 NMINANDUAMANIALEY
menwnu wislihSiRaanunuiysnddizaune 3 aiia deramanuiuiusazaniuag
Tudnfanasgiuimue MinassugmssndiddnanuiudulfiuianannunuigrdleeldaTaduiag
Uszaudiguiantifidonanmnuminnnsgusinimrigamvnrinsssusiuiulisannige wiwldiuia
Waunuigreilfsszamui 3 riafiguanddiduimaauniuanadeuldmunosianiuinly fen
nsinAnESeud 0.044 W/mK uaz 0.0919 W/mK uaz 0.941 W/mK snuaau
Aaan: Tdaanges, THUIANE, unwrtsanueiniele

Abstract

This research is focused on the study of how to develop interior wall panel from hemp
woody core. Three types of adhesives; Urea-formaldehyde adhesive (UF), Isocyanate- based
adhesive (E-Zero) and Shellac (lac) were mixed with hemp material to create sample hemp
boards using hydraulic hot press machine. The physical and mechanical properties of the panels:
density, moisture content, percentage of swelling, modulus of rupture and elasticity, and internal
bond strength were determined according to the specifications of Thai Industrial Standard (TIS)
876 — 2547) Then, thermal insulation properties of the boards were tested. Results indicated
that hemp board with shellac adhesive meet most of the requirements as per Thailand industrial
Standard specification. Some of the properties i.e. density, moisture content, and internal bond
of hemp boards with all three types of adhesives were found higher than the required value of
Thailand Standard specification (876 — 2547). Test results on thermal and physical properties
showed that the hemp boards with UF and E-Zero binding exhibited a considerably good thermal
insulation.

Keywords: Hemp board, Particle board, Interior wall panel
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AATUIA NARFNAUFIUszEInoine 3 iia Tdun giawaiiadlansdud (UF) fza1uaInase
(Shellac) uazn128%13 (Isocyanate) Inadanianaasseanidu 3 ga Aa 1) frvszaunngFe-waiad
Ta% 13 % wnsdarinazais 1% 2) ftszauanade 26 % uazdrinazanefe ueanaseduigns 1 %
uaz 3) frszanunm 8413 20% wazdadiude 1% lnensdugulisausiazge azvinnnsdugulnglfaun
wnuAraLes 16 Miduwiusuwunuigueideuadnnimdewrindu 2x2 fadiuns annInaseues
wm’wLflmmﬂﬁ'ﬁmmmm:aﬂumﬁugﬂlﬁm%ﬁLﬁa WNUATY T mﬁ{ugﬂLw\iu'[,ﬁﬂﬁﬁtﬁammmuﬁty
pofitfaiuaunu foil

o AMINVIUILUUTDILNUKITY 800 AlanTnsdognuiAfiugs

o PUIAVDILNWHIY 400x400x20 NABLNAT

« anETREUTYTIiouNaNnT Saeas 5

o UTARIWNIIEA

o szezaluNIanien 12-15 wii

2.3 mMIimhuwnissaionuiwlUIARanAY

1) nEnABLNUAYTTe3 NS UFIzaune 3 wianndadiuinnun Tnonaunin
idnsnannLaslfiaiaenun Wuandrellen aundiifsumnmeai fvuelinee aniusiies
wnuAgfinannLd T ughidwuiulildauin 400x400 fadiuns Tnsdess M¥dalselfldum
szvvliaan mmzasilinsdawiulisiiane nduinssnuiuiugean Taev 2 Suzeenns
Sugiuruinazfiuiundnisiannamu 20 findwes e lidudadedunmairueruare susn
nsdafaudleniasdnion Amuauseiu gorgiuazian lnedvuanaii 12 uiiuazanafau
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¥
Qs '

Aane 110 aeFwaLdes v 150 avAwades wazonlae liidaaInsrinaudan 3 wif WWan IHuns
a @ a | oA I ) - - ° ' 2 vy )
ARNUFRN SNLNUNHDINITOATUMILLATEY LUBATUANNWALAT Fta1aantazlaasieiidunan 3-7 Ju
walwuiuldiU SAinaunuagaengd dnsaussrey neninluvinnimasey

]
=l

2) n1sUFuan nIunasey laen 1siiunuIunnasgaun e lUUsuan1sniamwnnR(20£2) aeFn

q au
¥ '

AT E ANMNTUTNANS (6525) % IUTNIAAIN AD NIDVDITUNAFIUNATY 2 AT ¥19nu 24 F2lne
A1NWLHLAK 0.1 % LAINATIUNUANAUINNNITUIUEANMIL FEIRTUNATO LN INATDUAMNAUILUULAL
SunaenutulufesSuanie

2.4 MINATBUAMINTALTIN SN NLALLTING

iunuldniaAaunuigrdlinaseuamanti@dding THun MmasauaauLlL ATy
NITWBIAILAZAIINYNT NIINATOUANNUTILTIEING TAUA NIINATBUAMNAIUNIULIIARN NOARH
fangu uaznaseuandauinesiminlaelfiaiossiowssiFmmaseusiuanslune 2

2.4.1 MINATBUANINAUILUK

FALHUNATDLANNNINTFIUGATIVINTIN NaN. 876-2547 LR ENARDLANNARIUUUIUIA 50X50
faawNAs FIN13TviunasaudeLas eeduUUAIneanidaNazBenis 0.01 g. Taanunuwlaely
Tulasfimafidusainvdeiniosiiofiamnininanununliazidenie 0.05 Aaduns Seidmaauiinin
Bouwazawinin wazfiiduiugudnans 6 fndwas #9 20 Aadwns TafiUTnafina B ITELLNUTY
1ie 4 #u uazlFdndnluanaeudszanm 25 dadwes ntulinesidesundveinianiosiieTn
durdaifisui ewldazidenis 0.1 Sadwes Tanuniuazenvasiunasey Tnsaaiasfiorisgy
AULIITEUILIBITUNATED UITH0h 45 B9A7 AIUIMIAIAMINVWILIYL TINTHNTT AN ILIL
AlanJusagnuiAnines

1
p = %XIO6 @

P = anuviwuiu (Alansusiagnuieniines)

m = HIRVNTUNATOU (NTN)
v = USa9n3a89iunagey (QnUIANRaAINAT)

P} - P aa ' ) Sa a
AN 2 Lﬂjaﬂ“aLL@:’)ﬁﬂ’]iﬂﬂﬁﬂULLWu‘INﬂnﬁﬂLﬂﬂ

n1InNaaay TeazidganIInagay

o MITNITRINUARATY
gy INanUINIM

AITNTU

215a15351MS Wavoulia:aouoadoauluarms UA 2 adul 3 (nsnmau - suoau 2562)
Journal of Building Energy & Environment VOL.2 NO.3 (July - December 2019)



o NINAFDULNOVIATNDIFD

FITHNAITHYIN

o NMINATBUAINATUNN

LIIAALAENDARTEANE UL
o X vy A =

nnatuldiveinionnis

naday

e NINAFDUUWIIAMINIRINAY

a ¥
NIVIUN

o mMInasauANNTuALIL

AU LRPERIN

2.4.2 MINATDUAINTU

FALHUNATDUANNNIATFIREATINNTIN NBN. 876-2547 WaInANTUIUIA 50x50 Jadinns

HINITITUNATDUABLATDITILUUAIRDAAI8LATBITILUUAIRaaNHAINazIBanie 0.01 g. Avuala

Wumiaresiunasouneusy sudunasevlugoufignnnd (103 £ 2) °C auldnianf Ae NIn209Tu

NAFOY WHBTI 2 ATINIAIYNIHYK 6 TILNd AndlNLANAINWAY 0.1 % 2a9NIaTUNATaY INNHulasse

Wifu Tetunadaulduana8 93 unAFoUNAIDULAS ATHINIATLUSHI AN HTUIINHIANDULAZ VAT

N30 UIDITUNAFTAVINNENNT
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2 m,-m
1o Moisture content (%) = ——=2% 100 @
m,

m ; = NINVNTUNANaUNBKAY (NTN)

m, = NINVDITUNATOUNAIBUUIN (NTN)

2.4.3 NMINATAUNIINEIFIATHAITNVW

FALNUNATDUANNNINIFINGATINNTIN Nan. 876-2547 WBTAANTRIUIA 50x50 ARALNAT
FmITsiunaseuseeissiiuuAInea JaanurmunlaelflulasiinesiasninTaanumuldaziden
9 0.05 faAWAT TATUSIMAINA1IT89Ta VLRI WIS 4 §1n uazldandlanveuszanm 25
faANAs LEILAT BN EA NA LR TATE Faliuananuinenedin witunaseulniazeonad
gownnd (20+2) sverades Tnedssunaseulilddeaniuaninlieouuneglfeduini dszanm
25 fRANAT LABRZTUGaIViIeIW LazdasiisanrisuasAwnTusiilalitosndt 10 findwnas Wougan
nagouaTy 1 Flnoud sdunaseusnduinfifneanlimuneivane wideslifgumgives Tne
MelFrauduladunitseduuunniagiligadasin 1w wanadin nizan Udesdunasevulisn 1 dals
LEIUITUNATD LT UNITANTNAITHAUIATNATUAU AN AU DAL B3 LTUFNIINDIFIATHAITNALIT D
LU ARD UM BWUAZVAILTUNINTNNNT

1
Thickness swelling = X 100

t, = ANNAWIINNTUNATOUNDUUTUT (RARLNAI)

t , = ANMNAUIVAITUNATOUANILTU (HABLNAT)

2.4.4 NMINATDUAIIHAIUUIIAAUNTNDAANEANE U

FALNUNANDUANHNIATZIUGATIMNTIN NaN. 876-2547 Fermuasuinasiunasaulin
50x200 fafumT MHTUNARaUUBLYIRIBsTUTiTzezvinedu 15 whaesaurunIzyiunasay (5
i lalF o uswaniia 209 10 mm.) wddeslitiesndt 150 Aadwes Wuaedunaseuduesen
Tdangafiseciutizan 25 fafwes IWusnaigafinanseasiunagey lnefidnnmaiausinaadi
sane wdnailimunaniausinaliazidenis 5 N vie 5 % sasusinagegaiiaunasauiuly nan
AlfdusiEunn wnsziiunaseuindacliioandy 30 3w udladnnnit 90 3w anaaluniana
Uszaon 10 AARNATABUIT ATUIAAIHAIUNIULTIAALEATNE AR NEANEUIINTNATT

ANAMHATUNIBULIIAA (MOR)

e f. = 3Pl F“zll (4)
2bt
fry = AMHEUNIBUIIAN (LHNZNITAR)
Frox = WINAGIgATRTunamauiuls (Had)
l = TZUTVNIDIUNUIDITU (RaALNAI)
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lop
I

AMHNNINNYANINGN AUNIVDITUNATDY (RAALNAT)

—~
Il

ANAUINYATINANVDITUNATDY (HARLNAT)

ANanantavien (MOE)

o 3
LH® Ly (Fz ) Fl) (5)
Em= —]—m
qbt* (a1 - az)
Em = NDAANEANEU (NNZWIFAR)
I = J28ZVNYDILTIITONTU (RAALNAT)
a2 y A o
Fo- F, = usinafiidndnludronsiwidmdunse (fdw)
b = ANNNINNYATNINA AU NITDITUNATDY (RARLNAT)
t = ANNNUINTATNINANVDITUNATDY (HAALNAT)

A R 4 y A a _a
a;-a, =3tzezusumNANInludNREwnIINITnEwas (Radung)

2.4.5 NMINATDUANNAIUNIWUTIAINURINTN

AALNUNANDUATNNINIFINGATIVINTIN Nan. 876-2547 ANNIIATUATUIATDITUNATDUT]
50x50 ARALNAT AARINTNNIFDITDITUNATDUA VLKW v drelansdanialitoanin 50x50
finawns IneldnaFuasiildused aszninsiunasauiuukuivldnnnitusedadlngunagey i
Funageufieienldudiilyidedods dvlisunagevuenasnainiu Feunfszuenluduld snsis
usssdaadulladgremsinane DaNRlERIUAGBNAY IWNITIITRNATULENDanaNAudaslitiaenit 30

a al ' 1 1 a al =3 =2 a a 1 al ° 2 =2
FUIN WA lNNIANIT 90 TN ANHSTUNTAIUTENIL 2 RAALNATADUIN ANTUWIUBAITNAIUNIWLITIR
NURINHIINNTNANT

N F
e Internal bond strength = (6)
Wox L

F o= uwaefeguge (Hadiu)
W = ananineaesdunaaey (Raalumg)
L

= ANNENVDITUNATAL (HARLNAT)

2.5 MInagauANHDuaBIUAIRANNTaU

nInaauamanTAnisdasiuuazatemanian laeni1sdnsiainisiianiauuaznis
£y Py | ¥ o o Yo o o
AIUNIBAIINT O UIDIUKN WX DA INUABN YT Iaeldifn19m3297A@3nLAT 89 Thermal Constant
Analyzer (HotDisk TCA) Miuaaslua131971 2 inn1inagauudwlidangrouuuurwseunldailssan

NUANA9AY uazAauKwlInagoy Fuaz 20 x 20 @uANAT 90 WinUIRAaLNwAYwNlEfUIz a1
8138 Waladlan n128 413 (E O) uaziiizauainai
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3. WAN1TIE

£ Y o
3.1 mi‘ﬂmawugﬁ WA INDAIINUNN [31)iRN

n1aduzUlf S AaAaunun e laelddaUsean 3 9 da 1) Weiiadladsdud
(formaldehyde resins) ¥i3agi3e Wasiadlan 2) %9 3) N1 E-Zero fiftlelgeiun (Isocyanate Resins)
\uesdisznouddy Fadmvesianasdsznevuaznafililun1sdn uaasluaned 3 wan1sdnm
WUIN E‘T’]N’]’iﬂ%}ugﬂLLN%lﬁﬂ’]%ﬁLﬁﬂ‘ﬂu’]ﬂ 400 fa8LunT x 400 AadiNAT X 20 HaAINAT (NI19X81IX
viun) 16 Anwoizvasduiuliazuansofusaiesinyszau Tngldifanduganainedilolfiunia
aeanfianasendun THndaRadldanlssamaingde wasindlad uazn E-Zero azdidans

wwlfduinanasen

a1397 3 dadinidguizauuszansueninenwldUrifinaunuigs

fdazan Usnnm | Unnm A LA lden NARAWT
fvin nm (n3%) (W) e e .
WAL SRR aLN AT
RERRE!
% . . PRI
(%) e o
(%)*
Heater Heater A0x40X2 TH.
Urea formaldehyde 1 13 1,611 12 Wil 3wl
(UF)
A3 (Shellac) 1.3 26 1,611 12 I 3 i
E-Zero 1.3 26 1,611 12 w1l 3w
(Isocyanate)

VNI To8RTIINNIAN YTIULTINIVNALEBYINNIATRIM T AT I

3.2 NINARDUAMENTALFINBATWDDIUN UL IR ALNUATY T

nsfnanAdenienw (Physical properties) 2avusulfUnsaAaunuigoefildannisdu
UTaelddadszau 3 9fia UsznaudlrenadauaIaIuiuiwin (Density) USuoeAng u (Moisture
content) mmw%u%ﬁ 24 §7lug (Water absorption) uazn1Inesian1eannuLisutdin 24 $lug
(Thickness swelling) Taglfanasgrunanimvigaamnass nen. 876-2547 fnantsdnmiail

(1) MINATDUAIMNVAWILIGY
NIINATDUAINABILUUIDILABTRITUITAANNUNA YT WUTT AMHAB UL LB

wHuFuldU3aAanldiaaUszan 3 afia Taun Wosdadlanlsdud (formaldehyde resins) niogi3e
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Wasiadlas n1a E-Zero uaza3s (Shellac) lngn1stndandindsznavaaslduasaia Tdivuanins
s ILHuNaraulif 800 kg/m® nmameundINIEAlH Wt uiulfuidinaanTaguzan
e 3 RafiAnauLnaINd 800 kg/m? Lwié’amagﬂmmﬁ"mmgmﬁ'mm fim 400-800 kg/m® @3
uanslunIng 2

o . i HE | f£aa =
ﬂ’ILQﬂﬂﬁ'}’\HVi&’]L&H‘»&&LNuWﬂ’?i'ﬂmﬂ"ﬁﬂ,muﬂnfﬂ\i

900
804.99
200
71017
790 634.73

600

500

4 WNAUSTNATEIUAMNMLILL 900 kg/m®

300
200

100

yluvaiiadlaq am E-Zero (lalsleanum) afs (Shellac)

MNA 2 Auade (Mean) 209NN ILBK B LHKI K IHUN SRR nUNwAQaen Ea sz a1 3

g% (p-value<0.01)

i 2 wiulfviaiAsandgreildaiuduidszamdananuiwiugege
(A1LRE8=804.99) 3990981 Ao unwldU SR InAmAlEn1Y E-Zero usdszau (Auade=
710.17) wazudwlihidnannignilfgdeneidadlodduslszau (Anads=634.73) auddu
HANINATOUAIHLANA1ITBIAI NI T LK LTS AR s nAgmefldsUszausaiulag
One-way ANOVA wudnfianuiuansanuetwdnediagnieaiifeg19gi(p<0.01) Tnaunuldiu156
Wandgeeildasadusivszmudianuminuinannniusulfivasanaannigesedildnig E-Zero uaz
gFenaiiadlad adnedivisddgneaifedege (p<0.01) wazurulfiuidiaanAgredilinn E-Zero

o s

) o el 1 1 1 v fa a s =g o = 6 o/ L3 1 a o
Lﬂuﬂ?ﬂizﬁﬁuﬂﬂﬂﬂﬂ‘lﬁuqLL‘WN;N']ﬂﬂ'NLLN%VLNﬂ”Ii@]Lﬂﬂ"ﬂ"lﬂﬂty“ﬁﬂﬂi‘lfﬂqﬁq@ﬁlﬂaiﬂﬂﬂlﬁﬂﬂﬂ"lﬁﬂuﬂﬁﬁﬂm

@&

NNEDALTWNARK (p<0.05)
2 USa o nTn (Moisture content)

miﬂﬂaauﬂ%mmmws‘i‘ymﬂumﬁmﬂ%mmm'ﬁ@ﬂ%’umw%mamw\iulﬁﬂﬁﬁLﬁaIﬂﬂ
WisuieuinarestunagauiaunIaLuAz At LRigMAR 103 + 2 °C FuliitiananiiTaatszau
3 wiia 1dun Weidadladisdud (formaldehyde resins) wing3s Wasdadlad n11 E-Zero uazads
(Shellac) fianuuanseiulasunuldiurifiiannianuszauie 3 riadaanutuagludfiunnnigu
inviualaefiaiagizning 4 - 13 % fuaadlunnd 3

£

NANIINANELAMHNULANANIDIANNTRIB LN BIAUNIAIAaINATIInmdsza1une 3 1ia
wudannuandiuedinedAnEdfe19ge (p<0.01) TasunuliUrsfiAanAgyrnldads

WudrdszamudanadudinitunulfUrsaiannigeeildn1 8415 uwazgiSeneiindladeged
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wedAYNNEAA0E19gY (p<0.01) uazuruiuldiifiiannigrnlin1ddls WWudUszamuiidinnm

o o

ANMNTUAINIWKRIIU IR RRnAgmnlin g SewesiadlanegsdnedrAgnieaiifguin (p<0.05)

& &L wy ) gma -
mmﬂﬂmﬁmuuuu‘luﬂ'\mma'-nmmunnvm

<
mmvvfmmgﬂumwwnu 4%-13% 4.05

IS

w

N)

-

glavefiadlan am E-Zero (lalrlogusm) a%s (Shellac)

MNN 3 Auade (Mean) AnnTnrasuAniwliUIAnanunuigrenldidszaw 3 1iia (o

value<0.01)

(3) MInaIFIAINAIINTW (Thickness swelling)

NINANDUAINIITWNEIAIATNAMHABITDILHHWUITAA LN BA YTINLIIAMHAU VD ILAN
sulith$AAailiiaauizau 3 wiia Taun Waidadladisdud (formaldehyde resins) vionde waiiad
Tag n18313 (E-Zero) waza3s (Shellac) wuindiauuansneiulaewuiniiliuraianidssaun
3 giiafidweisauAEYLn 13.09 19.88 uwne 32.6 aua1AD winlfh$AAaanTaadszauie 3

fiafAanuneIfInINANIIgINIINaIaIgIuidualda ldnn 12 dsuaalunini 4

wami'ﬂmaumwmmnﬁhwmmm%mmLLNuvLﬁﬂﬁﬁLﬁaLmuﬁ’ty,mwud"nﬁsiwﬁ’uaeiw
fiad A eadd (p<0.05) Taguduldursinannigreildasadusdssauinimwesiauning
wngonusulfiuidnaannigreil#innadls uazgFeneiiadladadefiiaddyniaia (p<0.05)
uazuruduli S RAanAgreAlinmadls (Dushseaminmawesimuanamnginiusuliga

WaanAgaenldnnegFeweiiad lanedninedrAgneadfuiu (p<0.05)
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AadmswessmumumunveaulitsfiRannuauiye
3 326

30
25
19.88

20

15

10

yaviofieflan nm E-Zero (lalaluenium) a1 (Shellad)

MWA 4 anade (Mean) ANANSIRIATNANNW LW B LA BTW IR SRR NLN Ay MR TEa

Jszau 3 vika (p-value<0.01)
3.3 nanasauAmENTAEINave IR SAAaRNUA YT

NMINATEUUHUITTANUNUA YT ATNNIATFIUNEAAUTTQAFIMNTIN HBn. 876-2547

UIznaumenIImasey A1ANAIUNIULIIAA (Modulus of rupture) Anaganiiavieu (Modulus of

v
]

elasticity) LAZAIAMNATUNIBUIIAIFIRINAVRIMI (Internal bond) Awan1INATaL A9t

(1) ANuABUIIAA (Modulus of rupture)

nanasauAIANNFIuNULTIAavI o NagdTuanINves T uli TR AR unui e
WUINANNFIUNIULTIR AT sUH BT WK U AR lE T anUszan 3 aiia Tdun Wesdadladisdu
(formaldehyde resins) #3og138 Wasiadlan n12841s (E-Zero) wazA3Y (Shellac) fANuANFAIITH

o o

pENHTSAYNNDA (p-value<0.01)

TmluviuiﬁﬂﬁﬁLﬁamﬂﬁ'cymﬁ‘f,%ﬂ%"qLﬁuﬁ'gﬂizmuﬁﬁuaﬁ'ﬂmwﬁﬂumumoﬁuqaﬁlqv’n
(ARie=13.88 Mpa) 78991 fa unulfivrsanaanigreildnnddls dushussau (@1ade=9.82
Mpa) uazunulfiunidinanniyriildadenesdadlodiiuseain@Einie=6.40 Mpa) auddu
T aAaTlfaTuduTagUieaud a1 ud IuN UL A gIALAE NLINIINIATFIREATIVNTIN

Nan. 876-2547 feuanslunIng 5
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fuake (Mean)anudumuusasa

16

1388
14

12

10

yoeveARS am E-Zero (lslat=nus) %3 (Sheliac)

NN 5 auade (Mean) ANEEIBNIBLTIAaLABIB I SRR nunuigrnlddidszau 3 1ia

(p-value<0.01)

NANTINATBUAIINLANG1NLBIAIANNATUNIULTIA AT D IUN U IT U TALA R INA Y97 1467
UszauaenuadulnedAgn1eaiia (p<0.05) TasudwldUrifiiaanigranidaduduiiszaind
ANNFIUNRLIIAAgInIRnldU AR INAYIN1EN1983T3 wazgFenesiadlanedrefiiediAnni

1 [

a66 (p<0.05) unzuruinlidfinaanagerenlin1ddls usdssamiianudiuniunssdaginii

o o 1 =

Funnld sAinaanngrilinngSewsiiadlanedsdnedagnaiifuuwiediu (p<0.05)

@

(2) Nagantianeu (Modulus of elasticity)

nmeRaUAINega A uInsd Ul ARanAgreiiliiaaUizain 3 v THun
Wosiadladisdud (formaldehyde resins) vidagi3s Wasiadlas n118415 (E-Zero) uaza3s (Shellac)
wuudulfuriaiAnnAgreilinnadlsduddssauiiduaionagdndangugefiqn (A1 ade=
1142.97 Mpa) 3098931 e wiulfivrsaiaannigrildaTuduiidszan (@uade=952.70Mpa) uaz
Lw\iuv[,ﬁﬂﬁﬁl,ﬁamnﬁ’cymﬁi%g Sevasiadlaninilisau@1nis=878.91Mpa) muaisuuazauls
UrdfiAaunuigrndlizaune 3 wie fdnogdndanguliiwnmriannigugaavnga von.
876-2547 Fouaaslunni 6

NANNINANBUANNUANF AN BRaNEAvEuIasuLHuTUlIU SRR s Inu A TR sz au

3 9fim fe a Scheffe t-test Wy ANandndavgureITulfiviAnaunuiysenlddiUszau 3 1dia

o o

TafanuuandenuogvdnefrAgyn1vaia
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Aadia(Mean)uendadnutuyes

LAY e a -
= . o UNEUY
mxuﬁmmgwueﬁ‘aaﬁnuqu urulifUnsAfaanun UNUYS

1400 ‘Lifiosndn 1,600 Mpa
1200 1142.97

1000 952.7
878.91

800
600
400

200

yeweiiaRlod m E-Zero (lelelyenium) %1 (Shellac)

2NN 6 AmdEnNIINafaUNanaataneu (p-value<0.01)

(3) AMNAIBNIBUIIAIAIRINAVRINI (Internal bond)

NIINATDUAIANHA BN BLIIRINIA NN VRIME 09T WA UV A iaa N gsanwuan
uHnIwlUSARan T ngUszau 3 9iia Taun 938 Wesdadlas n118413 (E-Zero) uaza3y (Shellac)
a a o o o A v Y | MY | 6o a H9Y o & a & @&
AA1RREANNAIUNIULIIFIIAINAVRIMTLANA1AY TasuanldUsAinaniTeSaneitaslandus?
Uz uAA1ANNATUNIBUIIRINIANAURINHRY 138 0.78 Mpa winldu3fndad 19n11848135 (E-
Zero) unzA34 (Shellac) udadszau fidranusiuniuussdseainduionid gegamde 1.13 uay
1.51 Mpa auaau InldirsAnaunuigaeanidssaiung 3 19%a JA1ANENAIBNHLIIRINIaINnY

Amtiannndn 0.35 Mpa HIWNMANIATZIREATIMNTIN

| v, = 2
AQay (Mean)ANUATUNIULTIAIAIRIN

wivliiunsifiasnunuigss
16 1.51
14
12 113
i
08

0.6

¥
04 |nasiimsgunnuiumuissisin tiosndi 0.35 M|

0.2

0

PR e a 2 P
gyileroiliodlad o E-Zero (lolslyeuun) A% (Shellac)

ANN 7 ANRRENITNANOULIIAIAIAIN

o a v

NIINANDUAINULANANTDILTIFIIANAURMTNT0 UKW SRR aunwA N 1Ea sz e

s

f19N% 3 TRANVINHANHLANAINBEE AT R1AYN DA (p<0.05) TaaunuldUriAiaanigei

@&

Tasudumvszauianufiunuussismiainnuiningeniukwldurifniaanndgereilin 84ls

U

o a

wazg3ewaiNadlanadndnedagnaia (p<0.05) wazunuiuldi sAnaanigrnlinddls 1w
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fadszaudanNdunuLssdsssaInAuAmingaInIuu iU SEinanAgrenlinngieweiiadlan

o o a

e NHTIFAYNNDALTUAY (p<0.05)
3.4 manasauAaNHduaIBANI o nLARITUN IR aLN WA YT

mnaseuamanUAniIsdosnuuazarsmanniau lnenisdneiainisiianniaunaznis
£y P | ¥ o o Yo o v o
AIUNIBAIINT O UIDIUKN WX DA INUABN YT Taeldifn19m3297A@31nLATI 89 Thermal Constant
Analyzer (HotDisk TCA) W31 wkuAQas 1wad 20 Adddsza wand 319 uazgiie wolad laq &

amanUAduIsgauniuanafouldmuinarianiunily danisiiansieud 0.044 W/m.k uaz

]
aa o

0.0919 W/mK aua 1A uAILaadlua19197 4 f1nurun N daidisa1uainads wuan da1n13un

AMNTauNINAga JArinnu 0.941 W/mK

i " £ o .
A3 N 4 nMInagauadNUIzdndnisiiainx3aw (Thermal conductivity)

Sample Type Thermal conductivity (W/m.k)

K - Value (W/m.k)

LLNuﬁtnyﬂﬂizﬁﬂuﬂ%ﬁ 0.0961 + 0.020 = 0.941
unAYIIIzE U Ee Woradlan 0.1069 + 0.015 = 0.0919
wHuAadszaud 4ls (E 0) 0.0784 + 0.034 = 0.044

= @

na1eimg. e niduaninazfidiiniiianaieun 0.02 - 0.40 W/m.k

q

4. aytuszandnens

4.1 nandaudwlirIfianAgT

nsdnsnandaudulfiUifinannunuiysiduesisamialiannwiaduledmadisy
19 Tnelddadiuasimguand uand1oiu TaaUszaui 148 3 9iia Ao g5 Weidadlad sdud
(formaldehyde resins) a34 (Shellac) Ffiugszauiilaansyangd Wniasdedindon wazn1ad
13 (E-Zero) ﬁﬁmﬂai‘ﬂsﬂmLumﬂumﬁﬂszﬂauﬁﬂﬁqm:Lﬂuﬁuﬂ‘szmuﬁmﬂﬁmiﬂﬂ'aﬂqL‘%ﬂ Wodad
Taf v lFldiusuanedagenin vnstugdunulidaamnunuigareiianuniie 40 wudiwes 81 40
AT v 20 AFadimluntsndalisaanunuigrefildsUszaune 3 wia susadluaiane 4.
HanInasau asfunui NS Inai sz uaiiuazd 413 ifesndn 26 % Timanandugtiiu
wHulFuaziszauiindannaned 13 % dudomnaimtnessdlsssuiudriiazaisuda &
Uszaudiléangide wesndlad fiawriniu 370.53 nin fshwinmatianiiflszauwnnaiounsd &
T3 deiimiinmasasindszamiusriazane fauwiAu 445.2 nin feiu fdszamangde Wedla
dlad Anlfusinoadilszauionniiafasd 313 Mlviduin gi3e Weiladlad fanusanialunis
Samilenrasinquaznidafalasesdefidesfuunnadundnianuniinegiznine 100 - 600 cps &4

NnnIenYszaunaazd 33 AlaaanTRSuuseBndialadion [13] uazdanwmzunuldUSAnanle

q
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£ P v a v Y a v o ' a o a
AnNNIuUMemUszauRdInuIsifneuzaesdNdiuanieosiUszauudacsia Tneld156
anldaadusUsauasdfdnannninuanldnldsivszausiadusiuansluning 8

A 8 unuldurifinaununges lneliduszauainase

4.2 MINATaUAMINTANNNEATNLAZITING

nMInaFaULHKIIUITARAIINUARA TILRKITUAININNNIATZIN Non. Ysznaudie 1) N3
NARDUAMNAUIUIY 2) NIINBIAINIIAMINNHI 8) NINAFBULUTHIMAINT U 4) N1INARDY
ANNENHNTTMIFUNULTIRA 5) MINATBLAIANNEAVEUHBRET 6) NTINATBUANFIHLTIR I
anAufami sansnaguldanam e 2

nInaseuF UM BN NLaEANNLTILTITRsuNwlT NSRRI LA WU winldflEase
woznd4l3 uivszmuiuniinfzdwnasiinasgugaamnisnsnninnsling Sene fiad
Tasfidusnszauiienlflugaamnmulidaeduninanaluiagiiu nanamaseunsgdadanegu
sunwiAAanAgsilaeldiszaui 3 e wud Tikusnasgugaavnan wiwliiaaa

NNAYITIUIFIINAA 1N T INALALINUNIATFIUGATINNTINNINTIGA TIFaAARBINUNAN 1IANS

]
= '

Frunstugdlfisad wuih nadidlelrleeunduesdusznovassissaui drdgasiinmaniifde
WlddanzauladniinisldnngSewesiadlad [1, 14] Tured IS AAar i ldaT ol uem
Uszaudnangdadanguiads 952.70 Mpa F9laiH1wnmeiinnigu danadasuNan1TIT809 A
Wy NAWANA (2557) AdnmuaulalisannasdideslnelfnaninanaTadudszam wudr nsld
astludanauiiginin¥esas 20 vavianndisznavasrinlidnagdniavguanncdn [15] n3dnmn
AosanTAsnduIAAaAYTilne Kallakas uazame (2018) fwudn ukuiidiadnymsilinngise
Wosiadlamdueuszauazdaannuiunuwuseen 6.26 MPa [3] #viimnalndidesiunanisdne
Tuawideii wodn wiulianadymilinng deweitadladidusszamiisauduniuusida
\7INAU 6.40 Mpa wan1sdnsfanuiududifdaunuigsediiminiunssnsnlfidustauluns
Yiudplassadunieluenais senadesiusenuwnisdnslamaniinisdiresisanaunulliuazanin
fuanafeunnigmfinenuiisgnawnmulinigreilonmarzdmunuilfisaannasliasoily

arigadniuazaaalaniuauine lasgamundianveswnnld MDF vielfiifiifiannysfefivindn

[
A o Ao

w1 uadansuzudeuazfiannudoussvintidundesnislusinisiagnasite wananidfiiagdy
Inmwnnnuazunlaing snsanaunulidadela [16, 17]
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A3 97 5 AmanUAEInen weaziiinaesui SRR aunuAn I sgUszan 3 afaewnmn

NWﬁiﬁﬂ%q@ﬁTﬁﬂiiN
eRLMER Rl ATNAWIUIbL AINNTY NNINBIAL AMNENUNIU | NOAANEAVEY | AINAIUNIW
NIATFIU NON. (400-900 (4%-13%) (TaliAin 12%) LIIAR (21600 Mpa) | usedesanniiu
Kg/m®3) (213 Mpa) reRiirel
(> 0.35 Mpa)
gi3e Wadndlan 634.73 5.73 13.09 6.40 878.91 0.78
(Formaldehyde NI Nen. NI Hen. Taww wan. Taww wan. Taww wan. NI NN,
rasin)
n12d s 710.17 4.74 19.88 9.82 1142.97 1.13
(Isocyanate) W% NaN. WO Nan. Tair 1w won. Taidw wan. Toww wan. NI NN,
ﬂ%ﬂ 804.99 4.05 32.60 13.88 952.70 1.51
(Shellac) W1t Nen. Wt Nen. Taww wan. W% Nan. Talww wan. W% Nen.

4.3 manadoumaninttesiunazatemaaion
nsfnEnsiduaminansdeulaenis@neiainisinanaieuuaznisdiunuanuieuees
winlfigaushinauasuimduleldsaimnunuvetudulddsiuniefadinaetesddsznaudiseiu
Tnel433n13m37397m9nA3 e Thermal Constant Analyzer (HotDisk TCA) nagaun1siianiouses
FuliSaunuigriuiwdey AafUszau 3 ia wuin windSaRaunuigreiasmussamang 43
uazeide wedadled SguaniAduisaawiniuanaieulfmunodiawnialy fedndszananis
#¥1ANTauR 0.044 W/m.K uaz 0.0919 W/m.K aud ey sruuiul sainanidfdszainainaia
wud fennmianaeunnniige feiAn 0.941 W/m.K Saunuhiffadildsszauie 3 siiad
ﬁﬂﬂ’ﬁﬁ']ﬂ’l’m%ﬂuijﬁﬂ’jﬂLLNuﬁﬂ“if}NﬁlﬁﬁWﬁNﬂixa‘ﬂﬁfﬂﬁ'ﬁﬁ,’]ﬂ’)’m%auaq“ﬁ. 0.038 W/m.K uifi1a¥s
(Shallac) afinmantialudrfaniaduamwiniuainnion uailovanurnlSRianldasoduetszam
fenuvuuingonitudulnianan1dnng 413 uazg e Wedndlad dlszam Sedtuwaliinfiaziin
anwufouldunnin desanadesiunan1sdnmsaes AnaasinIndniagduidenienielueiaiinn
Wule A rIuasingUssmusI TN ALRE LI LLNuLﬁuialﬁcymﬁﬁmmwmLLmLuﬁwzﬂﬁhﬁuﬂﬁ:ﬁﬂE;mﬁ
drannsen (K) andnunniduleidananuiuiusinnia [18] Lﬁam‘%ﬂmﬁﬂuﬁ’umiﬁﬂmQmﬁuﬁ’ﬁ
LHnAwInANNIBuINT S ae i Iy Fene fiadlad i udaszamwnuinddininiensfeuiidiog
3211 0.0724 - 0.0925 W/mK [19] %Q’sj@LLNWL]’]%@LﬁﬂLLﬂuﬁij’ﬁ‘ﬁ‘ﬁﬁL%ElWﬂ%ﬁaalﬁﬁLﬂuﬁ?ﬂizﬁﬂu
wuAgnuiunansfnsamantiluniaduaniuaesigaslae Mirski et al. (2018) ANUIUHUAWIN
fryefil¥n12 pMDI (Isocyanate) tiuddszauiiandndsz&nsnisinaanoud (A = 0.035 W/mK)
fanantifiieuriawiniuanadeudidagluiagsiu (6] Auiu wiuliiRannunuiyrdaddnann
Tunrsndaduununisanudsneludfamandannduawniuenainegldluwdvasnianusaie
ANNEIBNLEIEIERnTaTelunIanansSeulEBnnmite
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5. naAnIInYsznA

awu%’afﬁé’%’umsaﬁfuﬁuumnnuqﬂwuumﬁﬁfﬂmnLﬁmuﬂi:mmmuﬁu NUINEIDTINAGAT
UszinThudszanm 2561  uazldfuanuewenewilivesUiiinisald uaziedasfiolunisdiiunig
WEINNAITUNALREIAINIINGAFINNIT NAIINYIRENIZIDNNATNITUAIWTD AMZIAINTINATAS
wazamsIneAaaiuazinalulad nruinedesssnaans
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View—out and Dementia in Elderly

WIRITION MIBAIY " IWNTAT NIDFTIUNEZ WIWID WU

9

auUe9 [NewIWAY? ULaZIRAND e’

" 9719713813231NAITIRIANTINEIAT AKEEOTRENTINATNAT NHINBIRELNBATATNAT
2 granrddszannimirimalulagruun ameinemaniuazinalulad avniineaessnaans
3 g1913dUszdnaneInTAaRIATaLATI [IINENUNANINTIY BATINTRNN
4 WwenuaIINTIwIYN1T Taeweuiaulye
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e-mail: nuanwan@gmail.com

1. UnAnge

mafneluailfiTagUssasdiadnmansnasasiineuendanneanandenluggiaigraingly
Cllssweuna TnenidneasinAnEnansnaresni1siinenanies Tnatsznoudae N3 ewen 2 LUy
Folaun nslafintindng/Aaneuendos waznisidinienenienduiisranmd Tnednsluieswnuuuiien
uazvesnnuuuTINlulsne ua lnevinninaassluaninuwindensnasiuuy Virtual Reality (VR) n1inaasas
TavnTudonaans o amezaorTnensanaans srinedensasan’ uaslfiediofiolunisian1ie sues
dondsldun wwunImaseunsdumIdune uazthanieneideyalnel¥aia Paired ttest

HaN1IAnEINLI E S UF s nuuui e IulseneuanfianeweniiiniissnedezielRiin ns
Aundundaggeengnnzanaudeniinnitdaedildfninengneuaniias uazdmiuFosRnuouAen
wazuuTINAT I meuenduiisrnmde deliiAnnsdundunsdadgiangnmzanaaudanninnitved
Tadnsineg/Anmenenvie

AEALY: LNITINTIA TINNBUBN ANITENDITON HEIang
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2. Unun

T3m “suouian” (Dementia) audulngdniinds “ladalawes” (Alzheimer) 339 9 uds anaudonlals
ulsa LLGI'Lﬂuﬂ’]'w%ﬁﬂ‘llBﬂﬁuﬂﬂﬁtﬁﬂ‘fu’%’mﬂﬂ’]ﬁlﬂ’]L'VW! Taawui 70% snméﬂmauamﬁ"auﬁmlmqwmm
Tandnlowes snsnnndefisungannsfidenluidssaesliieme Iuaunfasfiradanosszanos 1 uau
ABLTAR S‘H;w:l,%uﬁﬁwmmié?oLwiafﬂuﬂﬁﬁﬁmﬁomq 30 1 ﬁiaﬁnmfumaﬁﬁumﬁ%wqﬂﬁwmLLa:ﬂ'aﬂ 9
CRERY Lﬁamqmnguﬂizmm 60-65 Jauly azfonsusasrasnzanadoniniu lsasnoudeninen
ANNRAAUNATWAIHIUIDITND Y ﬁmiqmLﬁwﬁwﬁ'mmauawmaé’wuw%am Auluveaes 1w Aaeglyus
wTUuUn1IT (NTENTNEID1IUWETD,2554) nssnlaerluseslsaanpadonasnissnedieen e1ildin
mzanaudenluifgiudlaidefionuaninsnmzansudonldagiinns eriidluigiuRewdrzaanis
Lﬁiauﬂwmmwmﬁw (NITNINA51TUTH,2554)

#ONINNNTINENEI8e LA ATz Al AT nTRNE A UTA A1) N1IEIREAINLIARENAT R I
telunsuygeongfithedulsamuandonlunaieg nadnsnuii wserivdimadoansudianudn 1u
Tufvguniwaesnnywd ﬂ’]iL‘ﬁINLLﬁﬂﬁ’jNﬁ’m’]iﬂﬂi’Jﬁl‘ﬁuVﬂ wazUFuwIRNMBalnnugela ann1Inanisive
wm'wQ’ﬂmhﬂauaoLﬁaumauLLma'ijm’Luﬁ'Nﬂmﬁu LeZABINITLEIGBENIN U INA19AK (Boyce
,2009) uananitfinuingnainasiumsidianudessinslaifionndt 400 lux uazgoangidaasussaii
Uszanm 6,500 K viagenin delunassiudnaludrnainanduaisiauslidanuainedoclaiiin 5 lux
(Hanford and Figueiro,2013)

NG INTDIRUARANY ﬁaL‘fluﬁ'«ﬁaﬁnﬁcy‘tumiﬁuwummmumLﬁau A1) NIIANEULEATIHLA
'jwmidamiwﬁ'Lﬁmwmfmzria‘[,ﬁl,ﬁmmwLL’m&’aN'ﬁ'mLﬂ%uLm:ﬁwaashaﬁwﬁrgsiamiﬁumLﬁ’i’umwaa
HgvorglutuWnausinle (Noell-Waggoner, 2002) T8 ofluaead19l63 192 M1 NLEISTTNT A NS DUES
Uszdngluthuinaweaniniils §geengezmanndunidunsldddusniniiu (Netten, 1989) agslsf
mﬂumqﬂﬁﬁ’ﬁwudﬂuﬁmﬁﬂﬂuvﬁwffums%ﬁLLma'iji‘?usi"] 500 lux wvsuuasadtenaly (Ambient light)
uaTgIA 200 lux EmTULTININIANIZYA (Task light) dmiunmIneafufiiemwauasnadunidunie

U138 ur L& un1e 3519 iui nendenitnaanslasldnissaosaninwindesnludneuy
mwipdeulmsnase 3 88 Fan1slisnssanaaldianldlunisAnemisdiunimegeudainissuduniely
vianee) N1IAnE (Arthur ef al., 1997) Lﬁmmﬂ?;Emiﬁanﬁi'n*lfummmﬁ%muquﬂﬁwﬁm wazUSuLlaen
ThiefezAnmlddfige adrslsfimumniaguszsediduissnalszifiunsdunmiduneluaniuilag Ins
WlEdnaiuaeuszduifaie Taesulngazdnsluanmwedanade dviuiaguszsedassnsdnmnaiodl
Aawiafiazdnmndnsnaresiinieuandannzanandonluggeengrilneg dednesluarasUszian
T39nenuIa
3. sz1de1isie

nsfnmafitldransdnenlufemenasifinsriuguge Taevinnimesasiusniwwndosdians
#2835 013DV Virtual Reality (VR) @ 9iiuisn13sdneinisduaninuindonlunatanisdnslusda
(Hidayetoglu et al., 2012) siHalun13tdanifn1IAINa1? Weasnmmaassluaniwwindanaseiuls
mmmmuquﬁmﬂsﬁ'{u 9 fionvazinadanimaassld nsAnEaSeilldvnnmanesluiamaansds 6 o
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amzandaanIandand avIngdeinsasAand lnednwdndnasasnisianieuenties 2 Juuuy fldun 1)
Asldintingne/Inneuentied waz 2) n1sidinewenionduiIssined nednuludesinuuuifelwas

£
1

vioswnuuunnlulaweus Fadumuinndnislferuleedihegeige jUuuuresnwinaeeildlunsfine §
ot

Tafdnsinee/37 NIRNIIBITNTR
AT 1 A5EIIMEUENTDITDIFBINNLUULAEN

Tafintnene/37 NIRIIBITNTA
M 2 mIffhnneuaniosasresRnuULTIN

Tunsfnnadiiliggeagaminedfinnzansadendriunmasssitum 180 au lnsiiany 50-80
i ImlLﬂuﬁﬁlﬁﬁﬁmmmwﬁhLﬁim\lLtaz"[,aiﬁﬂcymmemﬂmﬁﬁwaﬂ'amiﬂiztﬂu T AUBAR WinAaRn 6o
n3zan uazivwuiuaea Tagswiusesdgeongidnfinnimaassdmiufesinuuuiien 93 au uaz
HowinuuuTin 87 au lnefifdhhnnmenssdifumandgoazimanesiuauring fu lunmesasaziinida
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AAIINTIANINAFDILAD WANIANEINALAINNNTNARIINATIRIL eI Alneldaiif Paired Etest

4. NaNSANTN

4.1 BnBWanIRIINBUBNTBIRBNITAUAUTUNITUABINNUULLAL LA TDIRNUULTIN
AT 1 Anade ALDEIUURNIAIFIRLAEIZAURERIAP8INTITAUAILEUN19INNIRTIN BN BIN

LANANNWIUFADINNLUULASILAEADINNRULTIN

{fade Anae AU p-value
NIAIFIN

WoewnuuuLien
Tsifneuen 3.089 0.794
A353308 4.040 0.912 0.000**
AOINNULUUTIN
TaiFnneunen 3.129 0.784
A3253308 4.483 0.794 0.019*

o @ ' o o

** Irpd1ANNENfagNgs (p<0.01) * Aed1Ayn19aia (p<0.05)
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AEUDNABINUANATINWIUFDINNUUULA I LAZHINNUULTIN WANIANENT IRRRINEoINNLUUIABIN NI
meneniduwiisssnandnslmianisfunidunvdmiuggeengidnnzanssfonninnitdesidinieuen
agvAnef1AYN DALY (p<0.01) BBNINANANIANHTIAAERIBINNUDUIINA HIaneuantdnda
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ﬁmﬁnLLUULﬁ'mLm:LLumaﬂquwaﬁum%amﬂuaﬂ'ﬁ'L'ﬂu‘iaﬁiiﬂ%ﬂﬁdﬂ%ﬁﬂﬂﬁﬁ%ﬁ’]Lﬁumq@iaﬁqomqm’a:
supadensnniosRni L enenludesinlsimeuna

Nﬂﬂﬂiﬁm&ﬂﬂ%ﬁﬁﬂaﬂﬂﬁaﬂﬁUﬂﬂiﬁﬂﬁﬂ‘Viﬂ’]tl’] MIANEN AU TN AT LN 9B BWAS I HLINDD Y
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Ulrich, 1984)
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TunreasenudnlugronainavanaIsdauslddauained aeladiis 5 lux (Boyce,2009; Hanford and
Figueiro ,2013)
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