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Abstract

Multi-zone layout is commonly designed for small commercial office buildings, retail stores
and supermarkets. These buildings are typically served by multiple packaged rooftop units to
supply heating and cooling for satisfying occupants’ thermal comfort. With this open space
layout, the center temperature of a zone is generally different from the ambient temperature of
a zone. To accurately predict the representative zone temperature, physical temperature sensors
are generally installed at multiple positions in a zone in order to develop temperature distribution
estimation; however, this approach is difficult to apply in buildings due to the open space
constraints. To overcome the problem, this article develops the novel zone temperature model
using virtual surface temperature sensors as one of the components instead of the center
temperature in adjacent zones. The proposed model is validated by simulation data obtained

from a building simulation platform based on two criteria.
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1. Introduction

Packaged air-conditioning equipment
such as rooftop units (RTUs) has been
intensively used in commercial buildings.
Approximately, they consumed nearly 50%
of all cooling conditioned commercial floor
space in the United States (DOE, 2012).
Despite their low initial and installation cost,
they are expensive to operate. Over 90% of
the units are of constant capacity, under-
sensed, and have only rudimentary local on-off
control. Meanwhile, based on year-long
trended data from dozens of stores, it has
been found that oversizing is a common prob-
lem with RTUs (Woradechjumroen et al., 2014).
The over-szied capacity has an average value
of 84% for cooling and 299% for heating. These
issues incur low-energy efficiency, reduce life
cycle of equipment, and affect the indoor
environment control. To improve the efficiency
of RTUs, many solutions were proposed by
other researchers, such as a multi-speed fan
control, demand-controlled ventilation, muilti-
stage compressor control, and enthalpy

economizer control (Wang et al., 2011).

However, these techniques all require the
installation of additional instruments and
therefore encounter significant market
resistance; they cannot eliminate other
problems such as simultaneous cooling and
heating and non-coordinated local control.
To tackle these problems, advanced supervi-
sory control of multiple RTUs can solve these
challenges, but it requires the accurate
prediction of zone temperatures in order to
suitably design control values for optimizing
efficient energy. This paper proposes a novel
physical-based linear parametric model for
predicting multi-zone temperatures utilizing the
developed virtual wall surface temperature
sensors (Yu et al., 2014) as one of components
instead of adjacent zone temperatures. The
validation of the proposed model is conducted
via goodness of fit (G) through the off-control
conditions of data obtained from the building
simulation platform using an artificial weather
in Miami, Florida USA. Also, the prediction
results are compared with the same models
which utilizing simulated wall surface tempera-

ture instead of the virtual sensors. The results
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show that the physical model based linear
parametric model, ARX (autoregressive with
external inputs) 211, performs well and can be
further applied in real-time supervisory control

in a future research.

2. Multi-zone building with on-off control

Figure 1 shows the simulated three-
zone one-story commercial building. The
height of the building is 3.50 m and all
windows are assigned to be of 1.2 m height.
Three one-stage RTUs are installed to provide
heating and cooling to the space. The cooling
model is operated by a vapor compression
cycle, whereas the heating mode uses electric
heating instead of gas furnace. The rated
cooling capacities are 5kW, 5kW, and
6.5kW, and the rated heating capacities are
4kW, 4kW and 4.5kW for RTU1, RTU2 and
RTUS, respectively. The building model is
established by HAMBASE (Wit, 2006) running
on Matlab environment. The operating
differential temperature is set as 2°C for all of
RTUs Each RTU is controlled by individually
on-off control as depicted in Figure 2 that
briefly describes typical on-off control of a RTU
with two-stage heating. The first-stage setpoint
of the conditioned space is 20°C and the
second-stage set point is 18.89°C. Whenever
the temperatures of a space vary below the
first-stage setpoint, the first-stage heating is
turned on to supply heat; it is automatically
turned off when the temperatures of the zone

are higher than the setpoint plus the dead

band, shown as region B in the figure. The
second-stage heating is turned on to supply
auxiliary heat if indoor temperatures are below
18.9°C. The second-stage remains on until
the temperatures in the zone are higher than

18.9°C and out of the operating differential

range A.
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Figure 1 lllustrates three-zone one-story commercial
building (Yu et al., 2014).
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Figure 2 Demonstrates on-off control action for a

heating mode (Woradechjumroen et al., 2014)

3. Model development

Conventionally, the heat balance equa-
tion of a zone temperature model has been

developed using heat transfer from adjacent



Development of Physical-based Linear Parametric Model Utilizing Virtual Sensors for Predicating Zone

Temperature in a Retail Store

Denchai Woradechjumroen, Yuebin Yu, Ph.D., Haorong Li, Ph.D.

zones through walls. However, this prior
development cannot measure and analyze
energy interaction and model uncertainties
occurring at virtual walls in a multi-zone
building layout. Since an advanced supervi-
sory control, which will be developed, concur-
rently requires multi-zone temperature predic-
tion and the analysis of model uncertainties
and heat transfer around virtual wall environ-
ment, the current paper proposes a novel
physical-based parametric model for
predicting multi-zone room temperature
utilizing the prediction of virtual wall surface
temperature via the novel virtual wall surface
temperature developed by our team (Yu et al.,
2014). The model of this zone prediction is
initially derived from the heat balance equation

at the center of a room in Equation 1.

d .
ICpaa(T ) =Ma_ac Cpa(TAC

+Z (TOAT _T|) (1)

'ToT;
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, Where i is zone index; j is adjacent zone index;
C..(J / kg °C)is the specific heat capacity of dry
air; T,(°C), Ts (°C), Tour(°C)and T, (°C) are room
temperature, surface temperature in zone |,
outdoor air temperature and supply air
temperature of a RTU; m(kg) and Ma_sc (kg /s)
are the air mass for a given zone and the mass
flow rate of a room air and RTU; h,(W /m?°C)
is convective heat transfer coefficients of
an adjacent zone; R (°C/W) s total thermal
resistance of wall window and roof and A;(m?)

is the area of an internal wall. The two major

assumptions used in Figure 3 include: 1) each
zone is well mixed, 2) heat radiation exchang-
es between a zone and surfaces are neglect
and 3) internal and infiltration load in each zone
are ignored. With these simplifications, the heat
balance equation of the room model prediction
consists of three load components: heat flow
through building components; heat flow from
the virtual walls; and load provided from the
RTU.
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Figure 3 Shows a simplified room thermal model
Using a weight version of the central

difference approximation in Equation 2,
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The physical model can be arranged in
the form of linear parametric model in Equation
3 for conveniently real-time programming. The
arrangement of the physical model based
ARX model is:
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4. Model validation

In this section, the model validation is
tested by using the off-control condition of a
RTU. First validation is compared simulated
room temperatures with predicted models:
ARX211 and ARMAX (autoregressive moving
average with exogenous variables) 2111; these
two models apply the predicted values of wall
surface temperature obtained from the virtual
sensors in model prediction. The prediction
results are depicted in Figure 4 to 6 for zone

1, 2 and 3, respectively.

Comparison between simulated room temperature (Tr) and predicted models using predicted Ts

BF T T T T =

zonet; simulated Tr

Room Temperature of Zone 1 ( °C)

1 ———ARX211; G: 71.65% 4
= * = ARMAX2111; G: 71.33%

I I I 1
05 1 15 2 25
Time (sec). 3 days in July J

Figure 4 Shows the results of zone 1 by using

predicted TS as the component of a model.

From Figure 4 to 6, the physical-based
parametric models in terms of ARX 211 perform
well; the results are similar to the prediction
obtained by ARMAX2111, which includes an

error term.

room (Tr) and predicted models using predicted Ts.

Room Temperature of Zone 2

zone2; simulated Tr

22| —— ARX211; G: 78.83% b

2 *** - ARMAX2111; G: 78.37%

I I I I I I I I I I
02 04 06 08 1 12 14 16 18 2 22
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Figure 5 Depicts the results of zone 2 by using

predicted Ty obtained from virtual sensors.

Comparison between simulated room temperature (Tr) and predicted models using predicted Ts

zone3;simulated Tr

ARX211; G: 81.7%

Room Temperature of Zone 3 ( °C)

**** ARMAX2111; G: 81.53% +

. . .
05 1 15 2 25
Sec (time), 3 days in July x10°

Figure 6 Shows the results of zone 3 by using

predicted Ty obtained from virtual sensors.

Additionally, to evaluate the effect of
prediction error in virtual wall surface
temperature sensors, we assume that T, can
be measured by replacing simulated results
from building platform instead of the values of
predict TS. The goodness of fit (G) is also used
for predicting room temperature. Two examples
of the evaluation are conducted by zone 2
and 3 in Figure 7 and 8, respectively. By
comparison, the virtual sensor effect can
degrade the prediction performance up to

around 17% (comparing Figure 5 with Figure
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7 based on ARX211) in zone 2 and around
11% (comparing Figure 6 with Figure 8 based
on ARX 211) in zone 3.

Comparison between simulated room temperature (Ti) and predicted models using simulated Ts
T T T T T T T T T

Moo NN
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Figure 7 Demonstrates the effect of the virtual sensor

application in zone 2

room () and predicted models using simulated Ts.

zone 3; simulated Tr

— ARX211; G: 92.12%

Room Temperature of Zone 3
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I | I |
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Figure 8 Shows the effect of the virtual sensor

application in zone 3

5. Conclusion

In this present study, the novel physical-
based parametric model is proposed for pre-
dicting room temperatures by using the ap-
plication of the virtual sensor. With the
application of the virtual sensor, not only does
the proposed model show good prediction
performances, but it is also used to analyze

the heat interaction between a zone and the

adjacent zones via the virtual wall surfuace
temperature for mainly solving simultaneous
cooling and heating problem; the proposed
model can be conveniently and potentially
applied in novel supervisory control for a future

research.
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Abstract

At present, the development of LED bulbs (LED) for illumination and decoration for resi-
dential areas and architecture become more popular in Thailand. With features such as energy
saving of LED light bulbs and no radiation released for LED, this makes researches on LED are

of interest for a lone time. However, the studies on the influence on vision on the replacement
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of LED to other lamps are relatively limited, especially for Thai people. This study aimed to explore
the visibility of the Thai people when there is a replacement of LED to each type of halogen.
There are two aspects to be investigated. The first aspect is to see the effects of the replace-
ments on visual performance, assessed by using Numerical Verification Test (NVT). The second
aspect is to explore their effects on subjective impression of space evaluated by using Semantic
Differential Method (SDM). Two experiments were carried out in a dark test room at the Faculty
of Architecture, Kasetsart University. There were two experiments to be carried out and each of
them aimed to explore different type of the replacement of LED to halogen. For each experiment,
there were two factors to be investigated, which are 1) type of lamp and 2) iluminance level.
There were 32 subjects participated in each experiment. In overall, the results indicated that LED

can replace halogen and in several aspects LED perform better than halogen.

AdATY (Keywords): ANNABIAIN (lluminance), ANENITWNNTHAILIY (Visual Performance),
AUNTINUAY (Color Quality), NNINTTAEFYedallARTN (Spectrum Power Distribution)
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AN9I97 1 aNINALEl NN NIAaBdLsN

Light Bulb llluminance(LUX)
Halogen MR16 300 LUX

LED MR 16 300 LUX
Halogen MR16 100 LUX

LED MR 16 100 LUX
Halogen MR16 50 LUX

LED MR 16 50 LUX

AN9I9N 2 annWikEluNNIvaaesRaad

Halogen Par 300 LUX
LED Par 300 LUX
Halogen Par 100 LUX
LED Par 100 LUX
Halogen Par 50 LUX
LED Par 50 LUX

TUN13ANENATITLAINNTATIATA
ANTNAYDIENNWLEIAINANIRDANBNIWILNIT
nowiurasaulnaLazAniansaaniwly
N3da9ddd laglunsdnAnan wlunisues
Wit #4330 NVT (Numerical Verification
Test) @aiflun1snaaaLNIT81UaAINANNIE)
wazAuudusnlunseudddlunsdnen
Anananlunisneasiulunane 7 n1gANEN
(Davis & Garza, 2002; Yamagishi et al, 2008)
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AnAzuLL NVT Score ldgnsssialilil

Score = (T-E) 100/(S+5)

Tasmuuali

T = The number of comparisons per trial
E = Number of Errors

S = Time to complete test
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et al., 2006)
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AN 4 pnsnasininlFeudisuvaanailaau

LATLEAER THA MR16

lluminance | Parameters t Sigs.
NVT Test 4141 0.000**
Dislike/Like 2.964 0.006™*
300 Glare/Comf. 4.818 0.000**
LUX Dim/Bright 6.500 0.000**
Diff./Easy 0.942 0.354
Cool/Warm 0.431 0.670
NVT Test 4.002 0.000**
Dislike/Like 0.579 0.567
100 Glare/Comf. 0.698 | 0.490
LUX Dim/Bright 3.819 | 0.001*
Diff./Easy 1.209 0.236
Cool/Warm 0.126 0.901
NVT Test 2175 0.037*
Dislike/Like 1.000 0.325
50 Glare/Comf. 0.624 | 0.537
LUX Dim/Bright 3.388 | 0.002**
Diff./Easy 1.892 0.068
Cool/Warm 3.645 0.001*

N9 3 LARINATE RS Tie
waenalalay WazLaass Tha MR16 7iAN
ANNADIATLAAYI =AU NANSANEN TRy
ANHANNLANA WAL NATIEIATYNINAD B
e NINUTLENENINANVADALDADAUAY

PADABNLALAU

llluminance LED nALNU | Halogen
300 lux Andn nula Anan
NVT Test v
Dislike/Like v
Glare/Comf. v
Dim/Bright v
Diff./Easy v
Cool/Warm v
[lluminance LED NALNY Halogen
100 lux Andn Aule Anan
NVT Test v
Dislike/Like v
Glare/Com. v
Dim/Bright v
Diff./Easy 4
Cool/Warm v
[lluminance LED NALNY Halogen
50 Ilux Anan Aula Ainan
NVT Test v
Dislike/Like v
Glare/Comf. v
Dim/Bright v
Diff./Easy 4
Cool/Warm v

NN FeLLsINaN AT RIBIaan LN

#108LAU Lazwaans 19 MR16 Tupn19i 3

waz 4 a7UlA9n veeaweadn tnannsaNtiy

aanrolanaunuaanailaauls uazlunrans

LA ULUNADALDADA N1TERNTNAINAANGN
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maAnEFauiisuAnANEuEnuaIadITeraenliuasdiuaznaenanlalauninadansnadiueAulne
ungal Iunimtd, As.AsiAT 430 LAY AT, WIADTITL NEILATTY

NARAZILALAL IALHNA LA U RIANLNINLNNT
NaiuRIAdan NV Test Halusyininanudes
491971 50 100 way 300 Lux 39aBALEATH
azylAnaninlunsenuuaznsnaiuil
TARULAZYNABINIMABAENTAIAU §UTLNIG
Fruanafandasnmnisdasadnaiu fsysy
ANNNABIAINY 300 lux viaem waads Azl
AnLanenndy uagliana@niiadng
ndmaenalaan lnsfiszfunNdeeadng
100 lux UAE 50 lux VABALBABRA LYAINNIAN
fatendmaeaglaay wuiu atnslsfanm
TuszAunnsdeeadng 300 lux Aulnaseteay
NaoAFNlAAUNINNITLASTITZAUAIIHNE B
4919 50 Lux vaananlaay azliuaanadily
AN ENTgunan

AN9799 5 waRaNaNaD LT eLisunannanlaau
WAZLBADA THA Par E27 NANAINNABIEINLAREIZAL

lluminance | Parameters t Sigs.
NVT Test 1.145 | 0.261
Dislike/Like 4.104 | 0.000**
Glare/Comf. | 0.610 | 0.546

300 LUX
Dim/Bright 4.941 0.000**
Diff./Easy 1.877 | 0.700
Cool/Warm 0.000 1.000
NVT Test 1.067 | 0.294
Dislike/Like 5.586 | 0.000**

100 LUX | Glare/Comf. | 1.784 | 0.084
Dim/Bright 6.062 | 0.000**
Diff./Easy 6.203 | 0.000**
Cool/Warm 0.208 0.840

llluminance | Parameters t Sigs.
NVT Test 1.828 | 0.077
Dislike/Like 5.5682 | 0.000**
Glare/Comf. | 1.027 0.313

50 LUX
Dim/Bright 5.805 | 0.000**
Diff./Easy 5.846 | 0.000**
Cool/Warm 0.9583 0.348

WNNELUE  "p <0.05 nadaulnt t-test

*p <0.01 NagaLlng t-test

A13197 5 wanINan s mlFauiiey
waenalalaL UAZLEABA T0n Par E27 TiAN
AYNA DIEINIUAAZTZAU HANNTANENG LY
WAUINHANNLANAN AT A ATYNINETA
TEUINUIZANTNINANVIADALDADA LAY
naananlalau

A59N 6 msaslnsiFauiisunaanailaau
wazuandh 1iin Par

llluminance LED | nauni | Halogen
300 lux andr | dula | @ndn

NVT Test v
Dislike/Like v

Glare/Cont. v
Dim/Bright v

Diff./Easy v
Cool/Warm v
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llluminance LED | i | Halogen
100 lux anan | nula | Anan
NVT Test v
Dislike/Like v
Glare/Com. v
Dim/Bright v
Diff./Easy v
Cool/Warm 4
llluminance LED | nmwvni | Halogen
50 lux anan | nula | #Anan
NVT Test v
Dislike/Like v
Glare/Com. v
Dim/Bright 4
Diff./Easy v
Cool/Warm 4
NG

- winAadgnaeslaninndiedneTiiad Ay
adavaneoaeamilisy@vanmandiudiy
- wnAadevaeslateandnathdituddyma
amvsnefovaentidilssansnmugndw ity
- winAedsuansneiuatndld Sdas Aynng

aa =< 2/ o ¥
ﬂnmumﬂm’l‘ﬂmmmunu'l,m

ANNNITLIUT 8L UNANINED A8
naanlnalay wasueadn 1un MR 16 u
pa7t 5 waes apllidveanuesds i
MR16 Taginwsastiusnsnsoldnaunumans
o Tduadlunanstszifuivaenuonas
filsvansnniianimaananlamu lngasitiu
| ganlidnasTiszsiunsdesadndlusssvlalaf
wilwuiinaen alawulilszansnmdiand

naludauaesdnaniwlunisseaiud
Fafag NV Test 19lUs =i UAINNGBIEINT 50
100 way 300 Lux dnaeAweass azviily
ANEAINIUNITBIULAZNNTNDILTAUNALNU
anlaau 19 Eufunasnuannignsasnin
nsdasadnau AnszAuANNdnIsdng AY
INeTeUaNINUEIANNUABALEABHA NINNIT
LATVRaALEaER IiAnafAnTiadnandivaen
alaiau lngansiiszaunudasadng 100
lux MaeALeads IFanIWNNIaeaaNIIvinl
ANUNENINNARATIIALAU

3.2 ANEWAYRITEALAIINABIATN

AN 7 waRINAN9aD AT LB UANNARIAIN
3 FLALYDIMADATLALAL WATLEADH THA MR16

Lamp
Tyle Parameters F Sig.
NVT Test 0.557 0.575
Dislike/Like 9.526 0.000**
Halogen | Glare/Comf. 2.165 0.121
MR16 | Dim/Bright 34.63 0.000**
Diff./Easy 22.19 0.000**
Cool/Warm 1.914 0.158
NVT Test 1.820 0.168
Dislike/Like 2.201 0.116
LED Glare/Comf. 2.999 0.055
MR16 | Dim/Bright 58.42 0.000*
Diff./Easy 7.003 0.001**
Cool/Warm 7.879 0.001**
NNELNR: "o <0.05 nagaulng ANOVA

“p <0.01 NeEaLlng ANOVA
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maAnEFauiisuAnANEuEnuaIadITeraenliuasdiuaznaenanlalauninadansnadiueAulne
ungal Iunimtd, As.AsiAT 430 LAY AT, WIADTITL NEILATTY

A15797 7 wapaNanad AL eufiey
ANINABIAIN 3 TLALTDINAAATNIALAU LAY
WAADRA TiA MR16 NANNTANELAATLTLILGN
dlelivaananlaau MR16 nsdasadnefiiia
Yuvilviulnaausnniu anmiasgadndtu
LL@zdmﬁi@ﬂwa‘@jwumﬁu@mqﬁﬂmﬁﬁﬁagmq
affatnege lnailelivaonuesds oin
MR16 Huietinaadesadnssnntuasyiily
@mwmidmmﬁq@ﬂdﬁﬁu gnudiaiuuay
SEneuguinniuathafdaddyyneainesg
gaLTunu

A998 LARINANNAD AT L UANNERIAIN
3 TLAUIRINADATILALAL WATLEADA THA Par

Light Blub | Parameters F Sig.
NVT Test 0.056 0.946
Dislike/Like 22.71 0.000**
Glare/Comf. 1.547 0.218
Halogen | Dim/Bright 85.80 0.000**
PAR Diff./Easy 38.53 0.000**
Cool/Warm 0.797 0.454
NVT Test 0.074 0.929
Dislike/Like 5.362 0.006**
LED Glare/Comf. 0.749 0.478
PAR Dim/Bright 21.33 0.000**
Diff./Easy 4.986 0.009**
Cool/Warm 3.678 0.029

0 <0.05 NAgaLlne ANOVA
“p <0.01 NeEaLlng ANOVA

AN 8 LAAINANNAD ALITE UL
ANNADIAIN 3 TLALUBINADAFLALAL LAY
WRRDA THA Par NANNTANEHILAAILALTTILIN

Maglivann g1laial MR16 LazaanLeasn
9iln MR16 HUBYINA10452FAUNNTABIFTN
Thuvileuiu fe Walfinanudessinamnniy
Ay AL LA WAINAN9ANNTL 8NN3
m’m@dwgmdwﬁu uazauEduadneiii
AATYNNATADENIGITUAU

4. unggluazmsanilsana

Inguszasduaniunnsiinmeiodl Ao
eTasAnmnisueaiiurasrulngainuaen
waadn Wunuvaenlnanlalay uRazails
TngAaneluaaad laun luwdusnAens@nen
avsnasadnaninlunisueadiuimaaey
1ngl Numerical Verification Test (NVT) wazrlu
wifiaasAansAnmavnasaraidndams
dasainefiintu aansnagulddlaannga
Tuaesuesds asnslimaunumnaenanla
wu l8uaslilszansnwlumans  Ussiaud
fnan lnegvniduvasndssinnatian MR 16
Thunaesueasa azlilsyansnmitaninluud
aAnannlunsueawiu wazynniuain
Par aglvhlsr@viBnmiiandnluudrasnanuan
FaaN NLaIluae | Usslhn

nuansAnEaziuladaanala
_u Tuadlilsyansnndiandnvaenuesdn
lmziieldailn MR16 Wesludeswadly
AafanfieugunitlusyiuANd0sadng 50
lux wazAulnareunaananlalan xnnanLie
flazfuAANNEBIaINg 300 lux Wity HaGd
NANUIRTHANNANIANNUEINUABAEILA
AU NHANNIANNANNTEU A9UNADALEADH
Hunaapiifinainnsenud inlivaenues
BALHAUN (True White) Aslalliimnuianeu
uadlupanudasadnafideudnegdluszdu 300
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Lux 1t (ie9annvianauaasi Nanseaed
Polar Curve U84%ADATIAAIAILUTUINY
(Miller & Wolsey, 1994) wazinaznaliinmany
Fnniiulldealfdefseiuanudesaing
300 Lux AulneAsiAui@nseunaananla
@K 8NN le
Tutlaqriulszmalnaldnnnsgiunisis
ANNABNAINULLAING 819 CIE, EN, IESNA,
BS, TIEA uaddlaifenddeiilunnsgiunis
dosadnadmsuaulng suddaienaugou
wildlumsmmuANIATgIuNTd e9adN LAz
naaslauiuaulngluauian Ingianie
aehsidluieswesnnaenldaanlwliing
AUANMNABINTUAZNNTNNT N TIUIR9AULNg

518N1921994

arnAN WA LasaINialssnalne. (2546).
TIEA-GDO003 18U 117 <ALANNADIATN
meluermsvedstlszinalng. nawmns:
axpnlNLasadnuslszinalne.
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Design Guidelines of Paper Tube Structures for Temporary Architecture
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Abstract

The research aims to develop the design guidelines of paper tube structures for tempo-
rary architecture. Research methods included preliminary investigation and data collection from
various paper tube mills in Thailand and experimental investigation for the physical and me-
chanical properties of paper tubes to be applied for developing the design guidelines of the
paper tube structures such as column-beam frame and free-form structure. The results showed
that the paper tube, which is composed of fibrous material, has a density of about 700 - 750
kg/m?3 and can absorb moisture very well. The thick paper tube yielded more moisture content
than that of the thin paper tube. All of paper tube samples have the level of water absorption
higher than 100% and the maximum compressive strength between 65 - 100 kg/cm?, which
can be designed as a structure for temporary architecture. Several advantages of paper tube

structure included light weight, low construction cost and recyclability.
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AdATY (Keywords): LNUNTLANY (Paper Tube), A01RaNTs1d42A719 (Temporary Architecture),

TA39a319 (Structure), AANUANINNENIW (Physical Properties), AnaxNtFE@Na (Mechanical

Properties)
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Abstract

Large buildings with central halls are usually equipped with skylights to utilize natural
light, yet skylight installation should take heat and brightness into consideration. For the purpose
of energy efficiency, shading devices with replaceable glazings are applied for indoor heat
and brightness reduction. The research did a comparative study on energy consumption and
natural light penetrating through skylights fitted and not fitted with shading devices. Sample
buildings used in the research were large department stores fitted with skylights. The study was
based on variables of shading devices, sizes of skylights and types of glazings. It used e-Quest
3.6 computer application as an energy simulation tool and the data was then analyzed for
energy consumption and natural light results in order to find appropriate shading devices for

skylight installation.
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Cooling Load: The Case Study of Hotel and Residential Buildings
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Abstract

Nowadays, buildings widely use shading devices to prevent direct solar heat gain but
they were found restricted view area. This study, therefore, explored extruded facades of hotel
and residential buildings those allows seeing views and acting like the vertical shading fin. The
main purpose of the research is to find the solution of wall openings that response both of
seeing view and reducing solar heat gain. Simulated buildings of various wall opening designs
were tested in computer program called eQUEST, for energy consumption, and in Ecotect for
seeing view. The results would shows the vertical shading fin can help reduce energy

consumption and also enhance view area.
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Abstract

Virtual sensors are systematically developed from low-cost measurements such as
availably physical sensors and manufacturers’ data. Utilizing system responses-based criterion,
a virtual model based on transient response can be theoretically applied in feedback control
and system fault detection applications. In real implementation, however, it is required signal
processing from continuous time to discrete time; it can practically lead to system performance
degradation from actual model design. This paper proposes a novel virtual wall surface
temperature sensor using steady-state models in terms of multiple linear regression analysis.
The proposed virtual model can tackle the aforementioned barrier since it is applied to analyze
energy interaction in terms of simultaneous cooling and heating between a zone and adjacent
zones at steady-state response. Also, the virtual model application is implemented in zone
temperature prediction in multi-zone commercial buildings. The novel approach is implemented

in a building simulation platform for validating results via statistical theories.
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1. Introduction

According to U.S. Commercial Sector
Primary Energy in 2006 (DOE 2011), heating,
ventilation, air-conditioning and refrigeration
systems (HVAC&R) accounted for about 50%
of the total energy use in commercial buildings.
Approximately, 30% of total energy was
consumed on space cooling and space
heating by HVAC systems. Rooftop units (RTUS)
consumed approximately 62% of total energy
to provide both cooling and heating systems
for commercial buildings in the U.S. Specifi-
cally, RTUs accounted for 50% of total energy
use for small commercial offices and retail
stores (Rivers, 2004-2005). One of major
excessive energy uses is inherent oversizing
effect in RTUs. Based on the field data
analysis of 268 RTUs in 12 retail stores
located at different climate regions in USA,
Woradechjumroen et al. (2014) state that
the over-sized capacity of the RTUs has an

average value of 84% for cooling and 299%

for heating. These situations lead to the
highest peak energy penalty that goes
t0 226.41 kW in a cooling mode and 1,375.99
kW in a heating mode. To solve this oversizing
effect, advanced superviroy control becomes
the challengest solution that can potentially
supervise all RTU operations in terms of an
optimal coordinate control. The supervisory
control requires operational constraints from
installed sensors in a system. However, the
proposed solution solved inherent oversizing
effect could result model uncertainties and
unexpected situations around virtual walls
in multi-zone building structures such as
supermarket buildings and retail stores.

To address these challenges, our team
(Yu et al., 2014) developed a novel virtual wall
surface temperature sensor utilizing dynamic
equation in terms of a physical-based linear
parametric model. However, there is existing
error between 10 and 20% depending upon

the level of oversizing effect. To investigate and
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analyze fault error in prediction, steady-state
models developed from multiple linear regres-
sion analysis (MLR) is proposed for a novel
wall surface temperature sensor in this present
paper. The main advantages of steady-state
virtual sensors are: 1) potential for predicting
system performance at steady-state response;
2) easy-to-implement for real-time control and
fault detection and diagnosis (FDD) (Li et al.,
2011) and 3) to guarantee stable system
prediction. In this article, we will apply statisti-
cal theories for systematically developing
steady-state virtual sensor to predict wall
surface temperature in a multi-zone building.
The results show excellent prediction validated
by goodness of fit (G) and coefficient of deter-
mination (R®) when off-control conditions are
utilized to test in 3 zones. The newly proposed
model can be further applied in real-time m

supervisory control in a future research.

2. Building for model prediction

The analysis also utilizes the same
building example as the proposed dynamic
virtual sensor (Yu et al., 2014) for comparing
results. The building platform is three-zone
one-story commercial building. The height of
the building is 3.50 m and all windows are
assigned to be of 1.2 m height. It has been
supplied heating and cooling to the space by
three one-stage RTUs installed on the roof.
The cooling model is operated by a vapor
compression cycle, as depicted in Figure 1.

The rated cooling capacities are 5kW, 5kW,

and 6.5kW for RTU1, RTU2 and RTUS,
respectively. This building is simulated by
HAMBASE (Wit, 2006) running on Matlab

environment.
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Figure 1 lllustrates three-zone one-story commercial

building (Yu et al., 2014).

In Figure 1, the simulation is assumed
as follows: 1) the zone temperature of each
zone is measured at the center and 2) one wall
surface temperature is equally approximated
for four walls in a zone due to the limitation of
HAMBASE.

3. Model development

The concepts of virtual sensors can be
categorized in three criteria (Li et a., 2011):
measurement characteristics-based criterion
(transient-state and steady-state data-based
approach); modeling method-based criterion
(white-box, gray-box and black-box models)
and application purposes-based criterion
(replacement and observing). In this section,
the proposed model is based on black-box
models using multiple linear regression

method in the form of steady-state model,
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which do not change with time. Thus, it could
obtain better prediction than dynamic pattern
when sensitivity occurs in the system. Regres-
sion method has been intensively applied in
HAVC areas, especially in FDD applications
(Yang et al., 2014a and 2014b). MLR is used
to model the relationship between two or more
independent variables and a response variable
by fitting a linear equation to observed data.
Every value of the independent variable X is
associated with a value of the dependent
variable Y. Equation 1 is typically descript in

this study as follows:

Y = AX,+AX,+AX,+error (1)

Where as the error is 5% out of 95%
confidence of this fitting curve, A, A;, A, and
Ag are constant coefficient of curve fitting from
observed data (simulated wall surface
temperatures). Also, X;, X,, X5 are independent
variables and Y is a response variable or
dependent variable.

The procedures for constructing MLR
analysis are:

1. Investigating independency between
any independent variables (outdoor air tem-
peratures and zone temperatures) using Pear-
son’s correlation (r) and tolerance values with
significance

2. Checking y (wall surface tempera-
tures) depending upon at least one indepen-

dent variable tested by p value with significance

3. Examining the influence of all
selected independent variables on a dependent
variable (y) via p-value with significance

4. Computing the degree of relation
between multiple independent variables and y
in terms of R® with significance.

5. Checking conditions of a MLR equa-
tion.

The example of procedures is system-

atically conducted in zone 1 as follows:

Table 1 Tabulates statistical analysis of zone 1

Independent variables P-value r-value

Tzonet 0.000481 0.99
Tzone2 0 0.79
TOAT 5.03e-31 0.93

According to Table 1, we select three
significant independent variables including
zone temperature 1 (T,), zone temperature 2
(T,) and outdoor air temperature (Tosr) Since
the tolerance value between T, and T4
equalling 0.004 is less than 0.1 showing high
independency. Thus, we can select one of
them (T,,). All selected independent variables
strongly impact on wall surface temperature in
zone 1 since p values of each selected variable
are al lower than the significance at 0.05, and
each independent variable considerably affect
the variation of wall surface temperature by
high Pearson’s correlation (r-value). With
investigating the independency, each pair of
the variables is examined by tolerance value

that is higher than 0.1 leading to low indepen-
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dency between each variable. Thus, the steady-
state models of virtual wall surface temperature

are:

T, = -0.296T,, +0.137T,,-0.217T,,+2581 (2

T, = —0354T,,, +0.130T,, +1.108T,,+2617  (3)
Ty, = —0.424T,, +1814T, ~0455T,, +4298  (4)
4. Results

After obtaining the suitable and poten-
tial MLR equations in last section, the equations
are tested and validated by off-control condi-
tions in three zones for two days in July, and
are also compared to the predicted results
obtained from the dynamic virtual wall surface
temperature sensors proposed by Yu et al.
(2014). The validation is computed by using

R? and G criteria.

Comparison simulated T with the predicted model: ¥ and iy madel

.

e Simusdated Ts of zone 1

~— pradictod dyramic Ts; G=84.70%, R'~30.20%

Wall Surface Tomperatien of Zone 1 [ 'C)

=== predicted steacy-state Th; GeB8. W R =98 2%

. -

2 14 6 ® " 12 " 18 ]
Tima (sec), 2 days In Juy win

Figure 2 Depicts the compared results in Zone 1

From Figure 2 to Figure 4, the steady-
state models as shown in Equation 2, 3 and
4 demonstrate better predicted results than
the predicted dynamic models. Utilizing G and

R? criteria, the G values of the models can be

Wl Surstes Tamparaturs of Zone 2{ 'C)

increased from around 70% to 85% for zone
2 and 3, respectively, and can reach to 88%
for zone 1. Additionally, R-square values of
steady-state models can go to the highest

value at around 98% in zone 1.

Ts with the pe
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——— prndictad dynamé Ts; G68.02%, R'=50.34%
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Figure 3 Shows the compared results in Zone 2

Ta with the b mdels.
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Figure 4 Shows the compared results in Zone 3

5. Conclusion

This study improves the prediction
performance of dynamic virtual wall surface
temperature by proposing the innovative
steady-state wall surface temperature which
systematically utilizes the application of MLR
analysis. With the validation via high G and R
values, the predicted models demonstrate

excellent results. Their performances of the
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dynamic models are improved about 17-20%
based on the G criterion. The terminology
can be applied to detect faulty wall surface
temperature prediction and embedded into

supervisory control for a future research.
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Abstract

This research aims to utilize wasted sawdust from wood transformation factories by
producing it as interior panel. The mixture ratio of sample wall panel was consisted of sawdust
and naturalcementitious materials, i.e., wood oil mixed with dammar powder that was local
wisdom of former people for caulking boats. In addition, this research also studied and
compared thermal insulation property and sound absorption between interior wall panel made
of sawdust and gypsum board available in current markets.For producing sample wall panel for

testing, the mixture ratios of sawdust: wood oil: dammar were 1: 1: 1, 2: 1: 1, and 2: 1.5: 1.5.
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For compression molding of wall panel, thermal compression at 100 degrees Celsius was
used with pressure of 80-100 pounds per square inch for 10 and 5minutes. The results showed
that the heat transfer coefficient (K) of interior wall panel made of sawdust with the mixture of
2: 1: 1 and duration of compression of 5 minutes provided the highest level of heat conduction
at 0.2735 w/m.K while interior wall panel made of sawdust with the mixture of 1: 1: 1 and
duration of compression of 10 minutes provided the lowest level of heat conduction at 0.1905
w/m.K. Interior particle board from sawdust was able to be used as insulation with similar
property to gypsum board at 0.19 w/m.K but, Plywood provide heat conduction better than at
0.138 w/m.K. For sound absorption, the sample wall panels with the mixture ratio of 2.0: 1.5:
1.5 with duration of compression of 5 minutes, the sample wall panels with the mixture ratio
of 1: 1: 1 with duration of compression of 10 minutes, and the sample wall panels with the
mixture ratio of 1: 1: 1 with duration of compression of 5 minutes, were able to absorb over
40% of sound.

AAATY (Keywords): Liuyntian el (nterior Panel ), Uaet (Sawdust), 1W131e19 (Wood Oil),
HefU (Dammar Power), TARABTIN (Waste)
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Abstract

This research focused on the study of the deployable structures based on scissor-like
elements (SLE). This structural system can be constructed rapidly and is unlikely to be damaged
due to the deployment process. Research methods included changes of connection positions
in the member for studying the deployment behaviors of the scissor-like structural members of
three case studies. Rotations of the members at the given angles of 8° 20° 32° 44° 56° 68° and
80° were studied. The results showed that for all case studies the changes of connection posi-
tions affected the distance between connections and functional area. In particular, the third
case study yielded the decrease of distance between connections, which leads to the increase

in functional area, and decrease in overall dimensions of structure in comparison with those of
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the first and second case studies. Therefore, the third case study is appropriate for developing

a prototype for the deployable structure. Consequently, the two- and three-dimensional

deployable structures were investigated to study the effectiveness of their applications. The

result showed that the third case study is more appropriate for the two-dimensional deployable

structure. In case of the three-dimensional structure, the connections moved independently

to one another that the deployable structures based on scissor-like elements (SLE)

deployable cannot be generated for architectural applications.

ARATY (Keywords): TATeasnasWLLiL (Deployable Structure), lAsaaineunasing (Scissor-Like

Elements Structure (SLE)), NIOUANEN (Case Studies), @gmﬁﬂmﬁﬂiquﬁw (Connection), NUDN

I4aas (Function Area)
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Honeycomb Flexible Sunlight Facade
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Abstract

This study aims to design a prototype of building envelope an adjustable for sunlight
protection. The development of the fagade was inspired from honeycomb structure due to it is
efficient in term of direct sun radiation protection. Appropriate model analysis and efficacy
testing of the facade to light filtering and reduce heat indoors temperature were assessed using
experimental test boxes. The test boxes was a solid wall with insulation thickness of 1 inch.
The side front of the box was a single-pane transparency glass, 6 mm. of thickness (south
side). The box sizing 1.00x1.00x1.00 m.(WxLxH) was of the 3 boxes. The boxes were equipped
withour the fagade (opening moderate 15 cm. & max 30 cm.) illuminance and temperature to
were recorded from 6:00 am. to 6:00 pm. every 5 minutes and 10 minutes respectively. The
results of the test confirmed that the building envelope has the ability to filter light and reduce
heat inside the experimental boxes. Therefore the proposed fagade offers a new alternative for

modern sustainable design and promote innovation.
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Abstract

The facade design is one of the approaches to reduce energy consumption of building
in hot humid climate. Architects have realized the importance of facade design, and applied
applications to enhance the office building facade design. Which has a trend of higher energy
consumption such as the insulation installation, wall construction selection, and shading device.

This research aims to study the approaches to reduce energy consumption in office building
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facade though self-shading, The research is divided into two experimental phases; Experimen-
tal phase 1, the study of the energy consumption of the building that is self-shading in one
direction; Experimental phase 2, the study of the energy consumption of the building that is
self-shading in more than one direction. The four important variables to the design have been
modified, that is the orientation of the building, extension distance of facade, window to wall
ratio (WWR) and the daylight dimmers. This was done through the simulation of the eQUEST_3.64
program. The research results show that the most direction of the self-shading is the east.
When comparing the self-shading with shading device and tilted wall, it found that the self-
shading is the most efficient on energy saving at WWR 20% - 80%. The results from this research
are useful for architects who are interested in the facade design, and can be applied as an

approach to the building design using the self-shading for energy saving.

ARATY (Keywords): N311LARAYEIUNT981AT (Self - Shading), WawsuLFuana (Cooling
Energy), N13UseuEANA9IU (Energy Conservation), NTaLAANT (Envelope), B1ANTANTINGIU
(Office Building)
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Type Data

Building type Office
Building area 58,125.6 ft* (5,400 m?)
Building Height 6 stories

Floor to Floor 11.5 ft. (8.5 m)
Floor to Ceiling 9 ft. 2.74 m)

Roof type Concrete Slap

Glass type Green Tint Laminated Glass

HVAC system Chilled water coils
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Abstract

Bamboo is a natural material. It can be used as an alternative construction material that
can become friendly to the environment. In bamboo construction, we know that bamboo has
the limit of each culm to carry the loads. So, in order for the structure to carry more loads,
quantity of bamboo culms can be increased. Most common method is to put culms together
called “bundling”. The research is the experimental research that does the finding by testing
the loading capacity of setting specimens. The bamboo specie is selected to be Pai Sang Mon
(Dendrocalamus Munro) is a very common bamboo specie in northern Thailand that is used

in construction. The variables in bundling methods are set to be 2 types. They are bamboo
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dowels with nylon rope and nuts and bolts. The amount of bamboo columns used in bundling

in order to test the load carrying capacity is one to four culms. The finding is to find load

carrying capacity of bamboos by based on ISO-22157 standards (Determination of physical

and mechanical properties of bamboo) The load carrying capacity of bamboo beams result

appears to be highly increased if the amount of bamboo beam increases. The load carrying

from the bundling method with nuts and bolts appears to be higher than the bundling method

with be bamboo dowels with nylon rope.

AdATY (Keywords): N1379Ua1 I (Bamboo Bundle), A8n1939uan1 (Bamboo Bundiing Method),

nnriutuinaesmuli (The Load Carrying Capacity of Bamboo Beams)
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Abstract

Nowadays, other countries are increasing the rules and regulation relating to Green
Building Rating Systems. Especially, green building concept is continuing expansion in ASEAN
countries. This reflects in the reduction of power, planning for energy efficiency and use of
natural light for the day time instead of artificial light. This research comprises of two parts. The
first part is the study relating to the daylight under the rules and regulations of LEED BERDE
GREENSHIP GREENMARK TREES GBI and LOTUS and the second part is the compassion of
efficiency use of daylight in different building according to factors. In this part, it shows simula-
tion research result from energy software DIALux 4.10 which indicates illuminance and daylight
factor. From the research, it appears that the rating system in ASEAN is similar to the LEED
TREES GBI GREENSHIP GREEN MARK BERDE and LOTUS. It has two categories for
the evaluation which are (i) illuminance factor which was used by LEED GREENSHIP GREEN-
MARK and BERDE; and (i) TREES GBI and LOTUS use the daylight factor for the evaluation.
Concerning the 40 % Window to Wall Ratio, Visible Light Transmittance of 0.53, and Reflection
Coefficient of 80%, 60%, and 40% for ceiling, wall, and floor, respectively, it shows that all the
regularly occupied spaces pass the LEED standards, BERDE and GREENSHIP. However, the
above figure does not pass the criteria under the standard of TREES GBI and LOTUS. In order
to meet such standard, It requires 50% Window to Wall Ratio, Visible Light Transmittance of
0.66, and Reflection Coefficient of 80%, 40%, and 40% for ceiling, wall, and floor, respec-
tively, as the minimum requirement. This research is benefit for the architect professional in
relation to the design, the use of Window to Wall Ratio and Visible Light Transmittance,
and reflectance that will proper for each location in ASEAN. Also, it helps in energy saving
concerning the lighting system and it can be a tool for each building in order to meet the

criteria under the Green Building Rating Systems in ASEAN.

ANRIATY (Keywords): La45798978 (Daylight), Aotlsenavuasassaans (Daylight Factor),
ANAING (lluminance), \naNTUseiiueA1Tdean (Green Building Rating Systems), LEED,
BERDE, GREENSHIP, TREES, GBI, LOTUS
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