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ABSTRACT

The aim of this present study was to promote the quality of living environment, and create a
healthy living environment through advocating for low carbon and green buildings. An additional
aim is gaining recognition for wood structured housing, thus gaining recognition in customers
and consumption to further promote the green ecological and sustainable development of wood
structured houses. This work examined the physical environment indexes and physiological
indexes of the participants in three different structure types of housing environment with
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behavioral analysis (CAPTIV) and environmental data (BAPPU) synchronous test system. The
results of the MANOVA revealed a significant main effect for the housing environment indexes
with temperature, moisture content, noise, illumination, air flow rate and skin temperature,
ECG, and respiration of three different structure types (log, glulam, reinforced concrete). In
comparison, the influence of the physical environment factors in both the log structure and
the glulam structure housing were better than the reinforced concrete structure housing. It
indicated that woody housing environment was benefit to the health of habitants. Participants
were interested in the log structure and glulam structure housing environment with joy and
comfortable feelings. Different proportion of building environment and interior wooden
decoration proportion can influence different cognitive and feelings of habitants. Therefore,
wooden housing environment is helpful to adjust emotion, relieve work pressure and improve
tasty, which would provide people with both physical and mental benefits.

KEYWORDS: Wood structure, healthy, comfortable, livable environment, physical index,
physiological index

INTRODUCTION

The health and comfort of building environment, as well as caring for the needs of high
work efficiency is increasing with the rapid development of economy and living level day by
day. Simultaneously, the rapid development of the construction industry puts forward increased
demands on the building environment. The building environment should not only meet the life
and work demands for healthy, comfortable, livable and efficient, but also reduce building energy
consumption and environmental pollution. Additionally, it is important to leave our carbon
footprint low by constructing green eco-buildings.

Recent scientific evidence indicates an important connection between housing and health
(Krieger and Higgins 2002). Housing is a very basic human needs for life and work. It requires
the consideration of the environment, which is sometimes ignored by architectural design and
developers for the effects of building properties (Gerilla et al. 2007). The living environment
we live day to day has a tremendous impact on our lives. It affects us both physically, as well as
psychologically. Recently, there has been a growing recognition of the importance of healthful
living (Rice et al. 2006). The building environment has a tremendous impact on human’s physical
and mental health. Interiors of our home can have a great impact on our daily activities, such
as residential developments to promote an older adults' sedentary behavior and active living
(Ahrentzen and Tural 2015). To an occupant or user, a house is more than just a building.
It should be an interdependent small ecosystem made up of many parts, including its structure,
environment quality, and environment performance. Bayne and Taylor (2006) examined and
suggested that aesthetical properties, such as fire and energy related properties were perceived
as the advantages of using wood. It was indicated that wood was suitable for smaller buildings,
such as housing for the elderly, schools, public buildings, smaller office buildings, and clinics
(Bysheim and Nyrud 2008). Therefore, by increasing wood use in interior design, one can bring
the positive health benefits of nature into the built environment (Burnard and Kutnar 2015).
It is generally known that the wood give a person the feeling of warmth, simplicity, comfortability,
cleanliness, softness and uniqueness. In the smooth wood grain with similar skin tactility have
the basic function of reassure mood and regulate emotions. The characteristics of wood properties
cannot be replaced with other materials: moisture absorption, heat preservation, fire resistant,
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elastic tension, release the elegant aroma at the same time. Previous studies have also suggested
that the use of wood products in indoor environment have a positive impact on people’s emotional
states and psychological health (Tsunetsugu et al. 2007). The use of wood and dimension stock
to construction energy-saving houses, make its affinity nature, low-carbon footprint, while
providing heat preservation and sound insulation, staying warm in winter and cool in summer.
Simply put, wood structured buildings can achieve “Healthy Housing” goals by improving the
indoor environmental quality, expanding the living space, and enhancing energy saving and
comfortability.

Many studies have been conducted on the physical health and psychological effects of
different aspects of our homes (Rice et al. 2006, Godish 2001, Shaw et al. 2001, Yoshino et
al. 1990), but little has been done to investigate their physiological impacts. In this study, the
people’s physiological index and physical environment index can be synchronous monitoring in
three types of building construction; it is a new and relatively unexplored method. To elucidate
if the different structure housing environment in the interior had an influence on physiological
and physical responses.

MATERIAL AND METHODS

Participants

Twenty volunteers aged 25-35 years old participated in the experiment as subjects from
different trade backgrounds. There were 10 male and 10 female, with a mean age of 27.15 years.
Education was as follows: graduate degrees accounted for 35%, bachelor degree 15%, specialist
qualifications 25%, specialized subject the flowing 25%. Informed consent was obtained from all
participating volunteers. They were all native speakers of Chinese and had normal or corrected-
to-normal vision, normal hearing, and were without other nerve psychiatric diseases.

Experimental environment and apparatus

The experimental environments of physical and physiological tests were conducted in three
types of building construction: log structure made by Metasequoia (Zaxodium Rich), glulam
structure made by Pseudotsuga menziesii Carr, and the reinforced concrete structure (Figs. 1-3).
The test time was chosen from October to December during a day in autumn and winter, three
different building types for the subjects were chosen for the procedure of the experiment. The
three types of building areas were basically the same, log structure housing within the wooden
decoration is approximately 95%, glulam structure housing within the wooden decoration is
approximately 70%, and the reinforced concrete structure housing within the wooden decoration
is approximately 20%.

Glulam structure. Fig. 3: Reinforced concrete structure.
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This experiment took place at the exemplary low-carbon area in Suzhou Crownhomes CO.,
LTD in China. The experimental apparatus used CAPTIV (Fig. 4) and BAPPU (Fig.5). The
physiological measurement was conducted with the CAPTIV, and the physical environmental

data measurement using the BAPPU.
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Fig. 5: BAPPU synchronous analysis.

Experimental procedures

A randomized complete experiment test group design: three types of houses (log, glulam,
and reinforced concrete)* three kinds of weather conditions (sunny, cloudy and rainy) * six types
of physiological indexes (Temperature, GSR, EMG, ECG, Respiration, CFM) * five types of
physical environment indexes (temperature, moisture content, noise, illumination, air velocity)
*four tasks (sit, walk, climb stairs and looking).

The purpose and the procedure of the experiment were given to the subjects in advance
in order to guide the participants familiar with the experimental task, which may stable carry
out all required tests. This experiment recorded and tested the physiological indexes of subjects
by CAPTIV behavior analysis system synchronous, the 6 wireless sensors (Temperature - skin
temperature), GSR (galvanic skin response), EMG (electromyography), ECG (electrocardiogram),
Respiration, CFM (heart rate)) were located at the trunk and arm parts of the subjects respectively
(Fig. 6). They used the BAPPU portable tester in order to monitor the environmental data in
synchronicity (temperature, moisture content, noise, illumination, air velocity).

The house orders of trials were randomized for each participant. All the subjects were
allowed to come into the three types of homes in turn, each participant stayed 8-10 min in each
house to complete the test.

Fig. 6: The schematic of CAPTIV and BAPPU synchronous test.
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Data Analysis

Each physiology data was synchronous measured by CAPTIV L7000 Analysis Software.
Each physiology data was synchronous measured by BAPPU Time Analysis Software. The data
analysis used multivariate analysis of variance (MANOVA). Statistical significance was set at a
probability level of 0.05.

RESULTS AND DISCUSSION

Effects from the physical environment index can be seen from the results of the analysis, and
there is a clear difference for log, glulam, reinforced concrete three different structures types of
housing environment in temperature, moisture content, noise, illumination and air velocity. The
results of the MANOVA revealed a significant main effect on the environmental temperature
for different structure types of housing (F=27.154, p<0.05). For the temperature factor,
temperature value in glulam structure housing environment > temperature value in log structure
> temperature value in reinforced concrete structure (Fig. 7). It had a significant main effect on
the environmental moisture content (F=5.928, p<0.05). For the moisture content factor, moisture
content value in reinforced concrete structure housing environment > moisture content value in
glulam structure > moisture content value in log structure (Fig. 8). As wood can exchange water
from the air and adjust air moisture content, the moisture content in the log structure housing
which have the most proportion of wood is more close to the humidity moisture content outside
the house. The average person feel most comfortable under the 45-55% relative humidity in the
glulam structure housing because of it’s use of the wall thermal insulation system. In addition,
houses with ventilated wooden facades can decrease the thermal load on facades (Mlakar and
Strancar 2013). Other studies have also shown superior thermal performance of wood frame
wall has perfect heat performance, and effectively reduce the relative humidity in the thermal
insulation layer, which improves indoor environment comfort level (Wang 2011). Among factors
that influence the living environment, humidity and temperature are the most important (Mlakar
and Strancar 2013). Thus, the glulam structure housing use of wooden frame wall thermal
insulation system have good function of heat preservation, moisture protection and ventilation. It
had a significant main effect on the environmental noise (F=15.652, p<0.05). For the noise factor,
the level of noise in reinforced concrete structure housing environment >glulam structure > log
structure (Fig. 9). It had a significant main effect on the environmental illumination (F=21.262,
p<0.05) and also a significant main effect on the air flow rate (F=37.443, p<0.05). For the
illumination factor, illumination value in log structure housing environment > illumination value
in reinforced concrete > illumination value in glulam structure (Fig. 10). It had a significant main
effect on the air flow rate (F=37.443, p<0.05).

For the air velocity factor, the air velocity value in reinforced concrete structure housing
environment > air velocity value in glulam structure > air velocity value in log structure (The
air velocity factor in glulam structure housing is also roughly the same as the log structure)
(Fig. 11). As a result of the wooden material own attribute act in the environmental conditions
or status, such as ambient light, sound, color, air quality, temperature and moisture content
control, etc. It is because the existence of the feeling feature for automatic adjustment to the
environment state, which makes the wooden material to create a stable and comfortable interior
bedroom environment have a long-term effect and positive effect on human body health (Rice
et al. 2006, Sakuragawa et al. 2005). Above all, this study proves that log structure and glulam
structure housing environment are superior in term of heat preservation, moisture content, noise,
illumination and indoor ventilation. This is beneficial to the health of residents.
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For the effect of physiological index, as can be seen from the results of the analysis, there
are clear differences for log, glulam, reinforced concrete within the three different structures
types of housing environment in temperature, ECG, and respiration. Housing structure types
have a significant main effect on temperature (F=5.532, p<0.05). Participants skin temperature
indicators were various in different structure buildings environment, the results were as follows:
skin temperature indicator in glulam structure > skin temperature indicator in log structure>
skin temperature indicator in reinforced concrete structure (Fig. 12). The body is in a state of
relative comfort because the wall thermal insulation system structure of the glulam housing to
keep the subjects’ skin temperature good. The main effect was not significant difference in GSR
(F=0.143, p>0.05) and the main effect was not significant difference in EMG (F=0.003, p>0.05).
It has significant differences in ECG (F=5.617, p<0.05).For participants’ ECG indicator within
different structure buildings environment, they were as follows: ECG indicator in reinforced
concrete structure > ECG indicator in glulam structure> ECG indicator in log structure
(Fig. 15). It has significant differences in Respiration (F=13.971, p<0.05). The main effect
was not significant difference in CFM (F=1.732, p>0.05). For people’s respiration indicator in
different structure buildings’ environment, they were as follows: respiration indicator in log
structure > respiration indicator in glulam structure> respiration indicator in reinforced concrete
structure (Fig. 17). Heart rate and ECG index in reinforced concrete structure are higher than the
wooden structure, this shows that the participants may be a bit nervous in the reinforced concrete
structure housing environment due to long work hours and pressure and are not as relaxed as
in other housing structures, such as wooden structure housing. The index of skin temperature,
respiration and skin conductance and electromyography of subjects are mostly in the wooden
structure housing environment is higher than reinforced concrete structure housing, this is
because skin conductance tend to rise, heart rate increased, the heart speeds up, cardiac interval
decreased of electrocardio when excited (Alfons et al. 2002, Willem et al. 2011). This shows that
the participants are in a state of excitement in the wooden structure housing environment with
happier and more comfortable feeling. This is because the wood has unique features such as color,
aroma, qualitative, grain, and its surface has a natural visual aesthetic feeling, as well as the most
excellent and strong material quality (Tsunetsugu et al. 2007). At the same time, this research has
proven that woodiness material consisting of indoor environment significantly better than that
of metal, stone, plastic and other materials composition of the environment for the psychological,
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physiological, development and growth, immunity and reproduction of human body and so on
(Liu 2008). There also appears to be a strong belief that the use of wood can help to create healthy
environments, and commonly evoked descriptors for wood rooms include “warm”, “comfortable”,
“relaxing”, “natural”, and “inviting” (Rice et al. 2006).
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In summary, timber construction create wooden environment space not only creates a
good physical environment for human life, but also makes people have good psychological and
physiological feelings. People learning and living in such wooden environment space will feel
comfortable, which can improve the efficiency of work, interest in learning, relieve pressure and
improve the quality of life at the same time.

Wood is one of the four major building materials in the world, which are the most main raw
materials on construction, decoration and furniture and so on. It is closely related to people's living
environment, the indoor physical environment quality and the user's psychological physiology
reaction. Moreover, it undoubtedly has a significant impact on the user's physical and mental
health. From the perspective of sustainable development and livability, make a better development
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of wood construction, as well as a better application of wooden environmental material to create
a good indoor environment is a subject worth exploring. Therefore, the studies from the human
side as the main research object above give us much useful information to consider the “health
and livability” of wooden houses. Through CAPTIV and BAPPU synchronous test and analysis
of environment index and physiological index of the participants in different building, it can be
revealed that the influence of wood structure housing living environment performance would
have profound influence for human health and protect the ecological environment, and play
an important role for promoting the development of green building. The development of wood
construction has a certain theoretical significance and practical value, at the same time to meet
people's growing environmental protection requirements, and creates a more comfortable and
healthy living environment.

CONCLUSIONS

This study investigated the physiological and physical environment indexs in order to draw
conclusion on the effects on humans in three different structure housing with different interior
designs environment. The findings of the study can be summarized as follows:

1. Thelog, glulam, and reinforced concrete are three different structures housing environment
that have significant effect on temperature, moisture content, noise, illumination, air
velocity. By contrast, the influence of physical environment factors on inhabitants in log
and glulam structure housing was better comparing with that in the reinforced concrete
structure housing. Therefore, log and glulam structures housing environment is benefit to
physical health of inhabitants.

2. Thelog, glulam, and reinforced concrete are three different structures housing environment
have significant effect on physiological index temperature, ECG, and respiration.
Participants in glulam structure building environment index of skin temperature is higher
than the log and reinforced concrete structure, reinforced concrete structure ECG index is
higher than log and glulam structure, log and glulam structure respiration index is higher
than the reinforced concrete structure. This suggests that the participants are not only
interested in the log and glulam structure housing environment, but also have cheerful
mood and comfortable feeling.

3. Compared with reinforced concrete structure housing, two kinds of wooden structure
houses give a person with comfortable state, of which glulam structure housing was slightly
better than log structure housing. Quantitative physiological indexes monitoring can well
reveal people within different structure housing environments that could not be detected by
some sensory effects.

The present study clarified that architectural environment has very important effect on
human health, and different structure housing environment cause different physical environment
index and physiological responses. Different construction environment and interior decoration
materials can cause significant cognitive differences and sensory evaluation. Further study is
necessary to consider consumer perceptions and reflect those individual differences of physical,
psychological, physiological indexes in the designing of artificial environments.

513



WOOD RESEARCH

ACKNOWLEDGMENTS

The study was supported by “Beijing Municipal Education Commission Co-building Project

of Scientific Research and Postgraduate Training for Key Disciplines (2015). The support of the
Co-built Project with Beijing M moisture content unicipal Education Commission “R & D on
Key Technology in Scientific Utilization of Non-wood Plant Raw Material”. NSFC 31260158.
Thanks to King-Far International Inc for providing us the research equipment and technology
support.

10.

11.

12.

13.

14.

15.

514

REFERENCES

Ahrentzen, S., Tural, E., 2015: The role of building design and interiors in ageing actively
at home, Building Research and Information .43(5): 582-601.

Alfons, O. H., Harald, T. S., Almut, I. W., 2002: Series in affective science: Handbook of
affective sciences, Oxford University Press Pp 187 - 211.

Bayne, K., Taylor, S., 2006: Attitudes to the use of wood as a structural material in
nonresidential, Building Applications: Opportunities for Growth. Australian Government:
Forest and Wood Products Research and Development Corporation 42 pp.

Burnard, M.D., Kutnar, A., 2015: Wood and human stress in the built indoor environment:
a review, Wood Science and Technology 49(5): 969-986.

Bysheim, K., Nyrud, A.Q., 2008: Architects’ perceptions of structural timber in urban
construction, Conference COST E53, 29-30 October, Delft, The Netherlands.

Gerilla, G.P., Teknomo, K., Hokao, K., 2007: An environmental assessment of wood and
steel reinforced concrete housing construction, Building and Environment 42(7): 2778-
2784.

Godish, T., 2001: Indoor environmental quality, Lewis Publishers, Boca Raton, FL. 461 pp.
Krieger, J., Higgins, D.L., 2002: Public health matters-housing and health: Time again for
public health action, Am., J. Public Health 92(5): 758-768.

Liu, Y.X., 2008: Environmental science of wooden materials. Chinese Forestry Press,
Beijing.

Mlakar, J., Strancar, J., 2013: Temperature and humidity profiles in passive-house building
blocks, Building and Environment 60: 185-193.

Rice, J., Kozak, R.A., Meitner, M.J., Cohen, D.H., 2006: Appearance wood products and
psychological well-being, Wood Science and Technology 38(4): 644-659.

Sakuragawa, S., Miyazaki, Y., Kaneko, T., Makita, T., 2005: Influence of wood wall panels
on physiological and psychological responses, Journal of Wood Science - The Japan Wood
Research Society 51: 136-140.

Shaw, C. Y. etal. 2001: Canadian Experience in Healthy Housing. International Symposium
on Current Status of Indoor Air Pollution by Organic Compounds and Countermeasures
for Healthy Housing, Tokyo, Japan P. 31-35, January 18.

Tsunetsugu, Y., Miyazaki, Y., Sato, H., 2007: Physiological effects in humans induced by
the visual stimulation of room interiors with different wood quantities, Journal of Wood
Science 53: 11-16.

Wang, X.H., 2011: Research on thermal performance of wood frame wall, Chinese
Academy of Forestry: Postdoctoral research report.



Vol. 62 (3): 2017

17. Willem, K., Stephen, J., Synowski, Newell, M.E., Schmidt, L.A., Waldstein, R., Fox,
N.A.,, 2011: Autonomic nervous system reactivity to positive and negative mood induction:
The role of acute psychological responses and frontal electrocortical activity, Biological
Psychology 86: 230-238.

18. Yoshino, H., Matsumoto, H., Makita, K., 1990: Investigation of indoor thermal
environment, air quality, and energy consumption in new detached houses of wood-frame
construction in a small city in Japan, Environment International 16: 37-52.

Sua Sua SonG*
Berjing ForesTRY UNIVERSITY
COLLEGE oF MATERIALS SCIENCE AND TECHNOLOGY
QingHuuA EAasTrOAD 35
P.O.Box 25
Haipian, BEjING 100083
CHINA
PHONE: 86 010 62337192
Corresponding author: songrui_1688@126.com

Bennua Fer
INTERNATIONAL CENTRE FOR BAMBOO AND RATTAN
No. 8 Futonc DoNGDAJIE
‘WangjinG, CHAOYANG DisTRICT
Be1jiNG 100102
CHINA

X1a0 Huan Wane
Berjing ForeEsTRY MACHINERY RESEARCH INSTITUTE
OF STATE FORESTRY ADMINISTRATION
BEIjING 100029
CHINA

Ju~n N1
Suznou CrownnomEes Co., LTp
SuzHou 215105
CHIiNA

L1 HonGyao*

INNER MoNGoOLIA AGRICULTURE UNIVERSITY
COLLEGE OF MATERIAL SCIENCE AND ART DESIGN
Hounnor
CHINA
Co-Corresponding author: yaolihong82@163.com

515



WOOD RESEARCH

516



