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Abstract—The heat storage capacity of concrete in building
shellsis a major reason for excessively large electricity consumption
induced by indoor air conditioning. In this research, the previously
developed Smart Temperature Information Material (STIM) is
embedded in two groups of exterior wall specimens (the control
group contains reinforced concrete exterior walls and the
experimental group consists of tiled exterior walls). Long term
temperature measurements within the concrete are taken by the
embedded STIM. Temperature differences between the control group
and the experimental group in walls facing the four cardina
directions (east, west, south, and north) are evauated. This study
aims to provide a basic reference for the design of exterior walls and
the selection of heat insulation materials.

Keywor ds—building envel ope, sensor, energy, thermal insulation,
reinforced concrete

I. INTRODUCTION

CCORDING to The Institute of Energy Economics,

Japan — IEEJ (2006), commercia and residentia
buildings account for about one third of globa energy
consumption [1]. In Tawan, the combined electricity
consumption of residential and commercia buildings amounts
to 30% of the total electricity usage in building structures,
which is the largest non-industrial source of consumption. A
major portion of this usage comes from air conditioning
required to lower the indoor temperature. Heat produced by
domestic dectrical appliances and residents themselves, direct
solar radiation through windows, and heat conduction through
walls, roofs, and glass are the main heat sources in a building.
Since Taiwan is located on the border of tropical and
subtropical climate zones, daily solar radiation is especialy
strong during the summer months. Therefore, undesired
thermal energy storage is a mgjor issue. The duration of heat
storage in reinforced concrete (RC) buildings exceeds the
normal length of the day (sunrise to sunset), and there is not
enough time for the absorbed therma energy to dissipate
during the night. Consequently, mechanical airconditioning
systems use a substantial amount of energy to maintain a
comfortable indoor environment, and the associated cost is
high [2]. Xiande Lin (2007) believes that energy saving
strategies for buildings are more important than those for other
disciplines and have a more profound influence due to the
longer service life of buildings compared to other industria
products [3].
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According to a caculation of air conditioning cooling load,
heat from solar radiation that enters buildings through exterior
walls and windows accounts for more than 30% of the total
cooling load of the building [4]. Vijaykumar KCK et a. (2007)
state that appropriate selection of exterior heat insulation
materials is essentid in reducing building air conditioning
load [5]. The heat insulating and storage capacity of building
exteriors depend on various characteristics of the material
(heat conductivity, specific heat capacity, and density) as well
as the climate [6]. In Taiwan, 77.6% of new buildings are
constructed using reinforced concrete [7]. The exterior shells
of these RC structures absorb much heat during the day as a
result of the large heat storage capacity of concrete. Instead of
cooling the interna environment and improving comfort
through air conditioning during the operation stage (after the
completion of the building), it is better to introduce exterior
insulation into the building shells and assess its performance
in the planning and design stage. Selection of the optimum
insulation material so that heat from solar radiation is
prevented from entering the building via the exterior shell has
become an important research topic.

There are a number of investigations that use energy
simulation software or calculate the material heat transfer
coefficient U-values or heat resistance R-values to anayze
building shell heat insulation capacity. The outcomes of these
studies, which are based on indirect measurements, are very
useful in the design stage of the building's life cycle. The
present research utilizes STIM, which enables direct
measurement, to achieve long term and continuous monitoring
of therma conditions within RC during the operation stage. It
can provide an in-depth knowledge of the heat absorption and
dissipation processes within concrete facing different
directions. If analysis results from the direct measurements
can be fed back to design architects, they can reduce the
exterior wall thickness at appropriate places, and choose better
exterior insulation materia for walls with high heat absorption
(e.0. those facing west or south).

This study uses Radio Frequency Integrated Circuit (RFIC)
technology combined with temperature and humidity sensors.
By designing a custom electronic circuit and package box, we
have developed a smart temperature information material
(STIM) which can be embedded into reinforced concrete, and
is only 50mmx48mmx50mm in size. STIM is a new
measurement technology that features direct measurement,

wireless transmission, and real-time continuous monitoring [8].

A sedled but unpackaged STIM transmitter is shown in Fig.1.
The user interface was designed in the Building Physiology
Information System (BPIS) developed using the Borland C™
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Builder program. The BPIS contains database setdpuser
interface design. In addition to real-time monibgriof RC
structures, it also records long term temperatuzasarements
at all sensing points. BPIS can provide on-sitelding
managers with real-time data at multiple pointsyaality
alerts, and historical data [9]. In order to bettaderstand the
insulation capacity of various roof insulation nmaks, we
insert STIM transmitters into five concrete speaisie
(50cmx50cmx15cm) representing designed roof insuat
and conduct long term temperature monitoring [10he
STIM and BPIS systems facilitate the evaluation hefat
capacity of different insulation materials and thefficiencies
in energy savings. This information provides amtt$ and
building managers with references for heat insoltetnaterial
selection as well as for energy savings analysesaiof
conditioning systems. In low rise buildings, thejondy of
heat from solar radiation is transferred into theilding
through the roof. By comparison, in high rise bimtgs, the
exposed exterior wall area far exceeds the roo#.afdis
study is therefore extended to exterior walls ali. Wee hope
to assess heat insulation efficiency by conductorgy-term
monitoring of the impact of sunlight on exterior ligefacing
different directions (east, west, south, and nortiihis
research will provide a reference for material st at the
design or renovation stage as well as for the etialn of the
energy efficiency of building shells.

Fig. 1 A sealed but unpackaged STIM transmitter

Il.  APPLICATION OFRFIC WITH TEMPERATURE SENSORS
FOR CONCRETETEMPERATURE SENSING

While it is not difficult to use RFIC technology in
atmospheric temperature and humidity measurement,
embedding it into reinforced concrete to take measents
proves difficult, and the combined application ofIR and
sensors is rarely researched. A few approacheslvingo
direct measurement are adopted by some reseainhkrding
the following: the use of K or T type thermocouples
measure the surface temperature or the temperatura
central point inside the concrete specimen; the uofe
thermo-resistance or infrared thermal imaging tetbgy to
measure the temperature variation of building shell
mathematical derivation of the thermal transfee ridtvalue,
thermal resistance R-value, or temperature gratieestimate
the temperature inside the concrete panel; andude of
numerical modeling to evaluate the thermal propertof
building shells and modification of the design adoagly
[15]-[18]. Using the methods listed above, one eaaluate
the heat penetration capacity of building exteriwalls,
measure temperature at a single point, or measorpdrature
variation at the surface. There is, however, aneissith the
validity of this calculated or measured data, iattiiney do not
account for dynamic variation, nor are they longmte
measurements. Moreover, reinforced concrete paseisot
be treated as homogeneously layered material éxigrior
insulating layer, paint layer, concrete layer, layef
reinforcing bars, fillings, etc.). Direct and canibus
measurements, if they can be obtained, will offemare
reliable and valuable reference.

Ill.  EXPERIMENTAL SETUP
The present research compares the heat irsulati
capacities of materials commonly used as buildirtereor
walls in Taiwan, in hopes of providing useful refieces for
future energy saving designs or for material s&actn
renovation of older building exteriors. Specimerfs size
50cmx50cmx15cm are used to represent the extesimrete
panels. To prevent the ambient thermal environnfesrn
interfering with internal temperatures measuredSByM, the
four sides and the bottom inside of the experiniEnt were
covered with 1.5cm thick white polystyrene foam ttoga The
STIM is positioned in the center of the specimenskown in

Radio frequency (RF) technology has been expemgnciFig.2. For specimens to receive the same amoustmight,

rapid development in recent years. RFIC is the lrest
minimizing the size and power consumption of thecgbnic
circuits used in RF technology. It differs from Rad
Frequency Identification (RFID) for identity recatian in the
field of intelligent buildings and construction nagement.
RFIC’s functions of sensing and monitoring relevphysical
and chemical properties can be further enhanced
integration with specifically designed softwaresuking in

and also to minimize human and environmental imfbes, the
experiment must be conducted inavast open spaeecfdgsen
site (refer to Fig.3) is located on the rooftopgli¥il/Hydraulic
Engineering Building at the Feng Chia UniversityTiaichung
City, Taiwan (latitude and longitude 120.64688% /180974
N).

by

more flexibility in measurement and management. The

application of RFIC technology can be extended tiarge
number of areas, e.g. monitoring of aircraft wingtion [11],
temperature monitoring during the transport of oegd fish
and shellfish to the processing factory [12], usth warious
sensors to produce multi-agent design methods gsirs
evaluation [13], and monitoring of real-time respary
signals [14].
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Polystyrene foam boards 1.5cm

Woodenboards 2cm
Smart Temperatur
Information Material(STIM)

18.5cm

Fig. 2 STIM embedded in the concrete specimen

Fig. 3 Experiment site

To compare the thermal insulation capacity of défe
materials, two groups of reinforced concrete pameiels,
representing exterior walls, were prepared. Thdrobgroup
has no insulation material while the experimentaug is
covered with a type of ceramic tile which is comyamsed in
Taiwan as insulation material for exterior wall pn Fig.
4and 5 show models for the control
experimental group, respectively. Both models cosepfour
wall panels facing different directions so that pewature
differences associated with different orientatiocan be
investigated. Tiles in the experimental group afe¢he size

Fig. 6 Exterior wall tiles used in the experimergedup

group and thR/. EVALUATION OF HEAT STORAGE CAPACITY OF EXTERIOR

WALLS AND THE HEAT CAPACITY OF INSULATION
MATERIAL

A. Effect of Sunlight and Orientation on The Heat Storage

22.5cm x 6cm x 0.7cm each, as shown in Fig. 6. Bgf Concrete Walls

continuously measuring temperature changes ingheimens
of both groups and comparing differences betweentio
groups, we evaluate the heat insulation capacitytilefl
exterior walls. The effect of building shell codithrough the
use of the insulation material on air conditioniglgctricity
consumption is analyzed.

The phenomenon of sunlight directly entering buidi
blocks and falling on the surface of building eidestructures
or indoors is called architectural daylighting. Then rises in
the morning from the east and sets in the weshsosblar
angle on buildings is constantly changing througttbe day.
Therefore, the heat absorption of exterior wallstba four
sides of the building is different. In this expeent, we embed
STIM transmitters (developed within our researcbugy) into
RC exterior wall panel specimens. For specimensthia
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experimental group (insulation of tiles is not ddesed here),
dynamic variation in the internal temperature ofllsvavith

different orientations is measured. The STIM measant is
configured to be taken every five minutes. The fexterior
walls of the specimen are positioned to face thst, esputh,
west, and north.

The embedded STIM unit continuously carries ougrimal
temperature measurements over a long duration,results
are recorded in the BPIS database. Data takereipéhiod of
2011/09/23~2011/09/29 is used for discussion ia Haction.
At that time, the season in Taiwan is early autumn.

The time when maximum temperature is observed @&
panel differs with orientation. In general, atmosipt
temperature reaches a daily maximum at around nobe.
west wall of the specimen is not at its maximumeinal
temperature until 5 hours later, at 5pm in therafien. The
hysteresis effect observed for time of maximum terafure in
the four walls is shown in Fig. 7. Due to differiaghounts of
sunlight, the east wall reaches a maximum at thieesttime,
followed by the south, north, and thenwest wall.

= control group south wall

(rimey ~~control group cast wall
-~control group north wall

-~ control group west wall
-f-on air

18:00

——

N " O\
— N\

14:00
N

13:00

17:00

16:00

15:00

12:00

11:00 T T T T T T
9/23 9/24 9/25 9/26 9/27 9/28 9/29

Fig. 7 The time of daily temperature peak in therfealls of the
specimen in the experimental group

In the week shown in Figure 7, according to datenfithe
Taiwan central weather bureau’s monitoring station
Taichung, it was sunny on all days except for 209/28 (rain)
and 2011/09/24 (clouds).

The record shows that the maximum temperature éntid
concrete usually lasts for 0.5~2 hours, unlike ine t
atmosphere where temperature dips immediately dfter
maximum is reached. For example, on 2011/09/23, ekt
wall reached a maximum temperature of 34.6° théesgrat
14:49~15:55 according to STIM measurements; théhseall
was next to reach its maximum of 38.9° at 15:24246the
north wall reacheda maximum of 32°, around 16:2528:7
and the west wall recorded a maximum of 40.4°
16:59~17:24.

When the west wall reached its maximum in the aften,
the difference with atmospheric temperature atsdame time
was 12.3° (refer to Table 1), which is remarkatiee 12.3°
difference between the west wall of the specimed tre
atmosphere explains why west facing houses in libgare
not preferred by the general public. In the afterncand
evening, concrete exterior walls facing the west still at a
high temperature and continue to dissipate heattire rooms.
In some cases, airconditioning is necessary everthé
evenings to lower the room temperature. This isedogs

2415-1734
No:5, 2012

challenge to energy savings and

emissions.
TABLE |
TIME OF TEMPERATURERISE AT DIFFERENTORIENTATIONS (DATE:
2011/09/23)
Eastwall Southwall Westwall Northwall

Period of am6:49~ am7:19~ am8:14~ am7:34~
temperature rise in - pm14:49  pml5:24 pm16:59 pml6:25
the concrete
Duration 8hrs 8.1lhrs 8.75hrs 8.85 hrs
Start temperature 23.6C 24.7C 24.5C 23.4C
Maximum 34.6C 38.9C 40.4C 32C
temperature (£
Duration of the 1lhrs 1hrs 0.5hrs 1lhrs
maximum
temperature
Atmospheric 32.6C 31.8C 28.1°C 28.8C
temperature when
(A) is reached, (B)
Difference between 2°C 7.1°C 12.3C 3.2C

A-B

Buildings of different purposes have their own gsxtimes
and frequencies of use. Buildings that are useenoturing
the day include office buildings, schools, and daeis, while
residential buildings and department stores ared usere
frequently at night.

If the dynamic temperature variation within the caie
can be continuously monitored for more than a yéhe,
results can provide valuable references for bujdiesigners
or managers in the areas of space planning, ersigygs and
carbon reduction policies, exterior insulation desi and
renovation planning. They can also assist with dhsign of
Smart Skin used in intelligent buildings, in asgestich as
dynamic heat insulation, increased shades or itisolat the
west face, and automatic temperature adjustmentiumfor
exterior walls.

B. Effect ofWeather andClimate onThe Heat Sorage
ofConcrete alls

The relative motion of the sun and the earth is#ason for
the distinction between day and night, and thestiwi of the
four seasons. In the northern hemisphere, day®ager than
nights in summer and shorter in winter. In the rsprand
autumn, days and nights are similar in length.

In winter, the south receives the longest duratibsunlight,
followed by the east and west, while the north irexealmost
no sunlight. In summer, due to the larger solalenange, all
orientations are exposed to sunlight. The eastvesst sides
a&tave more sunlight, followed by the south and them It can
therefore be predicted that if the monitoring cantmue for
over a year, results in different seasons will vary

Even in the same season, due to the distinct divisf the
four seasons in Taiwan, monthly data is expectetutbuate.
The autumn starts in September and ends in Noverabdr
the monitoring in this study begins in early auturkig. 8
presents continuous measurements between 2011/69@3
2011/09/29. During this week, there were sunny dalgsidy
days, and rainy days. One sample from each weatimelition
is taken. For example, one sample is taken on aysday
(2011/09/26), one on a cloudy day (2011/09/24), @mel on a

reduction of carbon
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rainy day (2011/09/28). In the following discussiore aim to specimen in the control group under three weatbeditions
examine the maximum temperature differences ingltee in late autumn (November).
concrete walls of specimen in the control group euniree The four walls of the specimen face the east, wssith,
weather conditions in early autumn (September). and north.
The four walls face the east, west, south, anchnort 1) Sunny day sample: The maximum temperature of thye da
occurs at 14:59. The south wall of the specimenwvsha

1)Sunny day sample: The maximum temperature of the da (ecorded maximum internal temperature of 39,7
occurs at 17:29. The west wall of the specimen shaw

recorded maximum internal temperature of 24@,3
followed by the south wall which has a maximum of
42.6C.The maximum temperature in the east wall is 8.7

followed by the west wall which has a maximum of
36.5C.The maximum temperature in the east wall is Z9.7

and that in the north wall is 26®. The temperature

difference between the south and north walls i8°C2.

] . 2)Cloudy day sample: The maximum temperature of e d
difference between the west and north walls i8@.5 occurs at 15:34. The south wall of the specimerwsha

2)Cloudy day sample: The maximum temperature of @¢ d  ocorded maximum internal temperature of 32,8
occurs at 14:29. The south wall of the specimernwsha . .
followed by the west wall which has a maximum of

recorded maximum internal temperature of 38,3
followed by the west wall which has a maximum of

34.5C.The maximum temperature in the east wall is 2.7

and that in the north wall is 35@ The temperature

32.1°C.The maximum temperature in the east wall is Z7,.3
and that in the north wall is 26G. The temperature

and that in the north wall is 3@ The temperature difference between the south and north walls i83%.1

) . 3)Rainy day sample: The maximum temperature of the da
difference between the south and north walls i8G4.5 occurs at 15:04. The south wall of the specimen #as

3)Rainy day sample: The maximum temperature of the da (ecorded maximum  internal temperature of 28,5
occurs at 17:04. The west wall of the specimen shaw

recorded maximum internal temperature of 32,2
followed by the south wall which has a maximum of

31.9C.The maximum temperature in the east wall is &1,.6

followed by the west wall which has a maximum of
28.3C.The maximum temperature in the east wall is ZB.0

and that in the north wall is 27@G The temperature

and that in the north wall is 3TG. The temperature difference between the south and north walls i8CL.2

difference between the west and north walls i5@.7 —control group east wall ~ —control group south wall
(C) —control group west wall ~ —control group north wall
—control group east wall —control group south wall 0 —On Air ... ,
—control group west wall ~ —control group north wall !
—on Air TP

35
ﬂ(\ 30

25

45

20 M

11/13 /14 1115 11/16 1117 11/18 11/19
Fig. 9 Measurements under different weather commstin November
(control group)

9/23 9/24 9/25 9/26 9/27 928  9/29
Fig. 8 Measurements under different weather comuktin The results show that due to the influence of gimlon the
September (control group) internal temperature of concrete walls with diffare
orientations under sunny weather in September, the
temperature increase in the west face is higher that in the
south face. The east face has an even lower ircreas
temperature, and north face has the least incré&sesunny
gays in November, however, shorter days and lomggits
tdsult in less sunlight time for the west face. &gesult,
temperature rise in the south face is higher the in the
west. The east and north faces do not show signific
seasonal differences in September and Novemberp{gam

Fig. 9 contains data from continuous monitoringwastn
2011/11/13 and 2011/11/19 (late autumn in Taiwalo)jng
which there are sunny days, cloudy days, and rdayg. One
sample from each weather condition is taken.

For example, onesample is taken on a sunny d
(2011/11/14), one from a cloudy day (2011/11/13)d @ne
from a rainy day (2011/11/17). We first discuss th&ximum
temperature differences within the concrete walfs the
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from the sunny day). Regarding cloudy day samptes,
ranking of maximum temperatures in the four fadeyssthe

same as the November sunny day samples. There is no

obvious temperature difference in different ori¢iotzs under
sunny and cloudy weather in November.

——control group east wall
("C) ——control group north wall
experimental group south wall

——on air

——control group south wall

experimental group west wall

——control group west wall
experimental group east wall
experimental group north wall

45

40

35

30

25

20

15

10

11712 11/15 11/18 11/21 11/24 11/27

11/30 12/03 12/06  12/09 12/12

Fig. 10 Temperature change in the experimentalgend the control group

Moreover, in both September and November, the rdiffee

We compare the difference associated with oriemati

in the maximum temperature for cloudy day samplkes inboth the control and the experimental groupswelo
roughly half that for sunny day samples. On raiays] there 1)South face of the specimen: The maximum temperatfire

is very little temperature difference in both Sepber and
November because the concrete is not exposed ligistun

C. Effect of Heat Insulation Materials on The Heat Sorage
of Concrete Walls

To understand the thermal insulation capacity oé th
ceramic tiles commonly used on exterior walls inwEa, two
groups of RC exterior wall specimens were prepérefér to
Fig. 4 and 5). The control group specimen showRigure 4
does not contain insulation material. The specimérthe
experimental group in Figure 5 is covered withstilf€here are
8 wall panels in total for both specimens, eachtaiaing an
embedded STIM transmitter for temperature monitprias
shown in Fig. 2). These 8 STIM transmitters take
simultaneous measurements of the dynamic temperatur
variation inside the specimens in both groups. Eydisplays
measured data for the month from 2011/11/12 to /A@112.
Samples include sunny, cloudy, and rainy weatheinguhe
month. The recorded results show that tiled speasnie the
experimental group (dashed line) clearly have es&tion in
temperature compared to the control group (solite)li
Measurements of a sample from a sunny day (20114111
the month are shown in Fig. 11.

39.7Coccurs between 14:59 and 15:44 in the control group
The average atmospheric temperature during thig fsn
27.8C, which gives an 11°@ difference. The tiled
specimen in the experimental group experiences
maximum temperature of 340 between 15:51 and
16:26.The average atmospheric temperature duriig th
period is 26.7C, which gives a difference of°@. The

maximum temperature in the experimental group accur
about one hour later than in the control group. The

maximum difference between the two groups°®3(89.7C

its

- 34.7C).In short, exterior insulation material (tiles)cat

most resist heat equivalent tdC5 at the time of the
experiment.

2)West face of the specimen: The maximum temperattire

36.5Coccurs between 16:44 and 17:04 in the control group
The average atmospheric temperature during thi®gés

25.0°C, which gives an 11.% difference. The tiled
specimen in the experimental group experiences
maximum temperature of 326 between 17:06 and
17:31.The average atmospheric temperature duriig th
time is 24.2C, which gives a difference of °8. The

its
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maximum temperature in the experimental group accur During the day, atmospheric temperature is oftendni in
about one hour later than in the control group. Thihe afternoon than it is in the morning. The samttegpn exists

maximum difference between the two groups %6.%hese inside the concrete exterior walls. In addition the
results indicate that the influence of insulatiomtenial atmospheric temperature, thermal conditions insithe
resembles that on the south face of the model. exterior concrete are also affected by the solaglean
3)East face of the specimen: The maximum temperaifire Therefore, temperatures in concrete walls facinfferdint

. [P directionsbegin to rise at different times. The rage
29.7Coccurs between 1‘,1'15 and 15:04 in the con"trol ,grouPemperatures,whichare equivalent to heat resistedthe
The average atmospheric temperature during thi®es gy jation material, in the morning (6:00~11:59)dan the

28.7C, which gives a IC difference. The tiled specimen in afternoon (12:00~17:59) for both the tiled experiibaé group
the experimental group experiences its maximurand the control group are tabulated below:
temperature of 28°2 between 14:42 and 16:37.The TABLE I

average atmospheric temperature during this tin2g i8C, EFFECTOF WEATHER AND ORIENTATION ON THE HEAT INSULATION
CAPACITY OF THE INSULATION MATERIAL

which gives a difference of 0O. The maximum

temperature in the experimental group occurs abalftan Weather Average T East South  West  North

hour later than in the control group. The maximum face  face  face face
difference between the two groups is°C.2lt is clear that
the insulation material does not make much of geifice
on the east face. Morning 1.19C 1.80C 0.5ZC -0.13C
4)North face of the specimen: The maximum temperatfire S:znmyp?eay
26.9Coccurs between 16:00 and 17:10 in the control groug  (2011/11/14)
The average atmospheric temperature during thi®gés Afternoon 1.48C 5.0rC 3.08C 0.58C
25.8C, which gives a 1°C difference. The tiled specimen
in the experimental group experiences its maximun
temperature of 26°€ between 16:42 and 17:17.The Morning 0.36C  0.2°C 0.57C -0.08C
. . o Cloudy d
average atmospheric temperature during this tin24 igC, SSm};Jleay
which gives them a difference of 17 The maximum  (2011/11/13)
temperature in the experimental group occurs abalitan Afternoon  0.95C  2.82C  2.50C  0.82C
hour later than in the control group. The maximum
difference between the two groups is °G.Hhese results
indicate that the effect of insulation materialai@bles that . Moming  0.25C  0.03C 049C -0.18C
on the east face of the specimen. Rainy day
sample
—control group east wall - experimental group east wall (2011/11/26) £ . °C s
—control group south wall - experimental group south wall Afternoon 0.7 0 1orc o4
- —control group west wall - experimental group west wall
() —control group north well experimental group north wall
10 —onair The morning and afternoon averagd values in Table 2

On air Temperature
sensor measured an
outdoor high of 30.7C
30 (Time is 13:08 pm.)

are calculated as follows: taking the morning §o00~11:59)
as an example, measurements are taken every haif 8o
there are 12 such data points in the morning atrerage of

35

which is denoted2 T. This 24T describes the average

temperature, which is equivalent to the heat therntial
insulation material is capable of resisting withime time
period (6 hours in the morning or in the afternoon)

25

20 : : : 1) Sunny day sample (2011/11/14): In the morning, sbeth

6:00 12:00 18:00 face has the maximum heat resistance, followedbyeast

15 i : : face. The temperature difference in the west fackeiow
00:00 0300 0600 0900 1200 1500 1800  21:00  00:00 1°C, and is negative for the north face. This mears th

Fig. 11 Heat insulation capacity of the insulatinaterial at different despite the increased atmospheric temperature @& th
orientations morning, tiles on the north face of the specimeayphe
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role of heat storage, not heat resistance. In ftegn@on,
the south face also resists the most heat. Theetatye
difference is more obvious in the west face thanthae

morning due to its exposure to direct sunlight. Theelection of exterior

temperature in the concrete at the east face stedscrease
in the afternoon. As a result, the temperaturecthffice is
similar to that in the morning. The temperaturdéedénce in
the north face is larger than in the morning. Hogvethe
main heat source is the atmosphere, not solar tiadlia

Therefore, the difference is not apparent, all WweléC.
2)Cloudy day sample (2011/11/13): In the morning, \whesst
face has the maximum heat resistance, followedbyetst
and south faces. The temperature differences irihedle
faces are below°C, and it is negative in the north face.

This means that tiles in the north face of the spen keep
the heat in the concrete at a lower ambient teneraln

concrete can last over a year and the resultscanpared and
evaluated across four seasons, it can provide maleable
references for architects in the selection of ogtiorientation,
thermal insulation materiadnd
assessment of energy consumption in indoor airitionthg.

Due to the limitations of research funding and tirtles
research only investigated the application of STiMthe
evaluation of the performance of thermal insulatioaterials.
Further work can be carried out on the effect aéraation on
the heat absorption and dissipation time, and &ssoc
differences in the temperature variation. Without
compromising structural safety, exterior wall thielss can be
adjusted (e.g. thick reducingfrom 15cm to 8cm)hat design
stage, or thermal insulation capacity can be erdgthrfor
insulation material on the west and south facesre/iarge
heat absorption occurs.

Moreover, STIM can also be introduced into the diniy

the afternoon, the south face has the maximum heghell facade to develop Smart RC skin with an aatgm

resistance. The temperature difference is moreooisvin
the west face than in the morning due to its exposa
direct sunlight. The temperature differences in¢hst and
north faces are larger than those in the mornirmvéver,
the heat mainly comes from the atmosphere rathen th
from solar radiation. Therefore, the difference rist
obvious.

3)Rainy day sample (2011/11/26): The temperatu
differences in the afternoon are larger than thios¢he
morning for all four faces. The main heat sourcethis
atmosphere, not solar radiation. Therefore,
insulation effect of the insulation material is @obminent,

and temperature differences are all beld®.1A negative

difference occurs in the north face in the mornifigis
indicates that tiles in the north face of the spexi

temperature adjustment function. This can effebtipeevent
heat from being transferred into the indoor envinent due to
excessive heat accumulated in the exterior conevalis, thus
reducing unnecessary energy consumption in theibgil
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thet hea

preserve the heat in the concrete at lower ambient

temperature.

V.  CONCLUSIONSAND SUGGESTION

In the future, research groups can make more use
innovative sensing technology such as STIM to diyec
measure the dynamic temperature changes insidelirmyil
exterior walls. When a sufficient amount of moningrdata is
collected, statistical and comparison analyses dan
performed on the temperatures in the database dingoto
various criteria such as environment, locationegat wall
pattern, and orientation. It is believed that tbéa provide
more accurate information regarding concrete héatage
capacity.

It will also enable building designers to compretiealy
consider factors including the latitude and lond@uof the
building location, weather conditions, and the geppical
environment in orientation design and space plannihere is
a distinct division between seasons in Taiwan, aedther
varies significantly. Therefore, it is possibleuwoderstand, in a
short period of time, the influence of weather amdsonal
variations on the temperature changes inside therete. If
continuous monitoring of temperature variationshinit the

of

383



(1
(2

(3]

(4

(9]

6]

(8

(9]

[10]

(11

[12]

[13]

[14]

[19]

[16]

[17]

[18]

International Journal of Architectural, Civil and Construction Sciences
ISSN: 2415-1734
Vol:6, No:5, 2012

REFERENCES
The Institute of Energy Economics, Japan, http://eneken.iegj.or.jp/en/
(accessed on 9 October 2011).
J. L. Alvarado, W. Terrell, and M. D. Johnson, “Passive cooling systems
for cement-based roofs,” Build. Environ., vol.44, no. 9, pp. 1869-1875,
Sep. 2009.
H. T. Lin, Energy efficiency design of building envelopes and Strategies
for reducing CO, emission, Architecture and Building Research Institute,
Ministry of the Interior, 2007. pp. 15-34.
D. C. Chou and J. J. Chiou, “A Study on the Insulation Performance of a
Double Skin Roof Induced by Natural Ventilation,” Journal of
Architecture, no.59, pp.79-92, 2007.
K. C. K. Vijaykumar, PS.S. Srinivasan, and S. Dhandapani, “A
performance of hollow clay tile (HCT) laid reinforced cement concrete
(RCC) roof for tropical summer climates,” Energy Build., vol. 39, no. 8,
pp. 886-892, Aug. 2007.
A. Praditsmanont, and S. Chungpaibulpatana, “ Performance analysis of
the building envelope: A case study of the Main Hall, Shinawatra
University,” Energy Build., vol.40, no. 9, pp.1737-1746, 2008.
C. Y. Chang, W. H. Hsiao, S. M. Huang, and S. J. Guo, “Supply and
Demand for Building Health Check,”Journal of Architecture, no.59,
pp.93-112, 2007.
C. Y. Chang, and S. S. Hung, “Implementing RFIC and sensor
technology to measure temperature and humidity inside concrete
structures,” Constr. Build. Mater., vol. 26, no. 1, pp. 628-637, Jan. 2012.
C. Y. Chang, S. S. Hung, Y. FPeng, W. T. Chang, and H. Y.Feng,
“Building Physiology Information System for Health Monitoring in
Reinforced Concrete Structures’, Intelligent Buildings International,
DOI:10.1080/17508975.2011.642477
C. Y. Chang, S. S. Hung and Y. F. Peng, “An Evaluation of the
Embedment of a Radio Frequency Integrated Circuit with a Temperature
Detector in Building Envelopes for Energy Conservation,” Energy Build.,
vol. 43, no. 10, pp.2900-2907, Oct. 2011.
X. L. Zhao, T. Qian, G. Mei, C. Kwan, R. Zane, C. Walsh, T. Paing, and
Z. Popovic, “Active heath monitoring of an aircraft wing with an
embedded piezoelectric  sensor/actuator network: 1l Wireless
approaches,” Smart Mater. Struct., vol.16, no. 4, pp. 1218-1225, Aug.
2007.
K. Crowley, J. Frisby, S. Murphy, M. Roantree, and D. Diamond,
“Web-based real-time temperature monitoring of shellfish catches using
awireless sensor network,” Sens. Actuator A-Phys,, vol. 122, no. 2, pp.
222-230, Aug. 2005.
J Wu, S. E Yuan, S Ji, GY. Zhou, Y. Wang, and Z. L. Wang,
“Multi-agent system design and evaluation for collaborative wireless
sensor network in large structure health monitoring,” Expert Syst. Appl.,
vol. 37, no. 3, pp. 2028-2036, Mar. 2010.
N. Andre, S. Druart, P. Gerard, R. Pampin, L. Moreno-Hagelsieb, T.
Kezai, L.A. Francis, D. Flandre, J.P. Raskin, “Miniaturized Wireless
Sensing System for Real-Time Breath Activity Recording,” |EEE Sens.
J., vol. 10, no. 1, pp. 178-184, Jan. 2010.
R. U. Hawatura, and M.T.R. Jayasinghe, “Thermal performance of
insulated roof slabs in tropical climates,” Energy Build., vol. 40, no. 7,
pp. 1153-1160, 2008.
F. Stazi, C. Di Perna, and P. Munafo, “Durability of 20-year-old external
insulation and assessment of various types of retrofitting to meet new
energy regulations,” Energy Build., vol. 41, no. 7, pp. 721-731, Jul.
2009.
S. A. Al-Ajlan, “Measurements of thermal properties of insulation
materials by using transient plane source technique,” Appl. Therm. Eng.,
vol. 26, no. 17-18, pp. 2184-2191, Dec. 2006.
H. L. Zhang, W. M. Marci, and X. Z. Fu,” Modeling of the hydrothermal
absorption and desorption for underground building envelopes,” Energy
Build., vol. 42, no. 8, pp. 1215-1219, Aug. 2010.

384



