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Eco-Design of Light Weight Concrete for humid tropical climate
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2.1 AMzAUEUIEITeAUSaU (Thermal comfort)
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n. gauufile N (Air Temperature)
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1. milvaguuasame (Air Movement)
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1. Furnace lid 7. Cooling flange

2, Crucibles on the DSC sensor 8. Compression spring construction
3. Silver furnace 9. Cooling flange PT100

4. PT100 of furnace 10. DSC raw signal for amplifier

5. Flat heater between two insulating disks 11. Dry gas inlet

6. Thermal resistance for cooler 12. Purge gas inlet
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4. JnszianuasngAnTsumIgeduilazaigauseuvesasasuanuz

st arrilasugoiuzuiualiazidam
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A1519 3.1 wanauSunasvesuiia PCM Tu 1 nau au1a 60 x 20 x 10 lguURLLAS

agualun PCM et Yuria PCM
(@) (@.0.) (@.2.) (Sovazinpiwin)  (Govaclnetiwmiin
11,640 360 12,000 97.5 2.5
11,640 360 12,000 95.0 5.0
11,640 360 12,000 92.5 7.5
11,640 360 12,000 90.0 10.0

M1314 3.2 Uanvdndiunaneal PCM tazyune 1895inalunvuia 60 x 20 x 10 ufiwns a1

Ieanuau 5 neu

dndu (%) Yuna (kg) PCM (kg) datings (ko)
2.50 2995 0.075 3.0
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7.50 2113 0.225 3.0
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Wugmmsidenuuidnlunisesniuualedanis Pugh Method
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Criteria 3 0
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N13dnaMUVNELaan (Alternative Ranking Ordering)
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N, = awaniuana (R) au () veavnaden i tnesi j
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WA 20x60x10 wal. wiln 6.3 Alaniu denau ddwusznoundnlann Yuvn 19.2 % Yudwud
20.17% w510 58% usweulalns 2.4% egiliion 0.084% Anuaiznisldaulaemilufa Tilunis

[ -1 a
NaLUUNUIUD991ANS

NN 3.11 8gInaln
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Product Modeling

Environmental parameters

Information

General Information

Name of the product

dgulaun G4

Weight 6.3 nN.
Volume 20 x 60 x 10 il.
Lifetime n/a

Functionality

lglunisneasewiiaenis

Use of raw material

Juun 12120 (101 nn/ava)

Material used

Yudumd 1272 nn. (106 nn/ausl)

n3e 3.66 nn. (350 nn/aual)

wswaulalas 0.156 nn. (13 nn/aual)

pgiliflon  0.00528 nn. (0.44  nn./aual)

Problematic materials

None

Manufacture

NSHANINGAU

Production Technology m'i;j}ugﬂ
nsauleth

Production waste None

Distribution

Packaging None

30UTINN 10 89 (vudwsne) 2 nu

Transportation

souAv/uaUga 18 dauuna) 150 .

so/ualga 18 dauduig) 100 na.

soA/uaUga 18 da(us) 185 nu.

Product use

Useability

Energy consumpticn

None
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7] e a o a
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Agaaaun PCM 1juna
v v
Y ‘I'
ARATHIUIR nauludndausagas 2.5, 5.0, 7.5 uaz 10.0
3, 5 UAL 7 \UALNAT (aemiwin)

- I

o=t
ihaguaainumlszn
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Y
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Y
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3.6 n1sUssliupanIZNUATUEILINAaY

174

ayaminnAnwudsesniy deyalunmsneaiietuinerdedsiinnsanludiureml

u
[

aguden aguo 8guIaLun LLaxﬁgmaLmﬁﬁﬁi’;uﬂwnawaa PCM  Bafifiuiisils 400 A19191ms
waznslfenatiuinedy deyamslindanududeyannmssunumsldaulutwinedei
dmiuluduneunisaudeazlihiuniinnsan iesnnsvudduuiazadafiviinunisoudaes
Fuduihdandnuildniuey

a [ =

nsUsziliunanznuaudainaenYesi uinedewInaTadguaen aguen Bgulalu
wardguailidauUszneuves PCM 13815 Eco Indicator 95 Faludtnlsdsunsuauiu uay
Uszdiutanguitvineflasunansgmund 3 ngu laun aunvuywd sguvilig waznnianaived
vinegns lnenanisUssiiunanseanidudnunzaail
1. msmmuaunuam (Characterization) aainnisimuaunumazyilinsuladi
a 4 o a do w & et " a 3 ) = <
nszvIunsHanvseingAuimaseilatuiinansenudedandautseianlatng Feaziiusslovd
1 a I3 ad = ' &
agnannlun1aiasied lunsdinaesnisaasansznulssianlalssiannils fanguid manea 3
nauvzuanaduvtaesiieg el
1.1 guntmayud (Human health) azuaaaiieiu DALYs (Disability Adjusted

Life Years) @sasvuatia msgandenisiiguamin ngadellmsezmenoutsloduais + 19
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1
= 1

o @ 1 o = 1w ' o el
guidslumsziiutheviefings) Jwmilambeszviiunisgadedieergvenisiguammily
1Y

a a & ] [ .
1.2 szuudlidmIven (Ecosystem quality) azidnsvuieidy PDF  (Potentially
. . a1 a a1 4
Disappeared Fraction) visngdis dndunisgayyavesanuviainviatsuesdedidindeiun
1.3 nsanaswemingns (Resource depletion) azuansmizeiiu M) surplus
= o o a = V& o ' & a
energy ¥IN8E4 MIanasreminenIvseUTinanmassgnsluslvedunsuazidawmas (M)
whivSadamadldlunisatauiviodoinda)
= . . 1< 1 = = ¥
2. Azhugane( Single Score) L UUNTUAAIAIAZILUULTLALIVDILAAZNIZUIUNT
& w = A4 A i @ A 1 a o a 2 = <
WInlngau Wefiansaniinszunumslavizaingavladianziuidanemnedanindenannign §
a11130Uan LANIHEaN IENULUUNAULT N BT BLARNNAN TENULUULENUSELA 9A1AZLUY
o o i o ' a
\Baferasuansiuiuag Pt (Person for target year) evtae Pt ina1nNTEUUNTITUIAUBS
= v ' 1 ' {a ' ' ar u 1 o &
HANIZNUNABINTALTIATUNGUHENTENUAINY NINUIEA9AY Tagn1snImeAInas Ay
1] = o 1 I EJ v L é’l 1 } 74 v
wiae Pt azviangfiamsianidnnuminvesanad lnefiazanunsasAiuliauinuisteuazaea
mnsulSeaisuiuainarsuialdlunisidegiiguiuan Pt aaeny
dmdunsusziliunansznuiudsndesvesuitsatuilaziinisiog e uniady
o a = da - v T, ¥ |
uagy HyuAsn dguaalu wazdgunaumildulssneures PCM elisitdaulsznaulag

o 9] v ' = = ' a o N
NANTENUARAILIATOLN LAY 1nfide TnefinsanAnzuudane (Single score)

A

a e ' -
NITHARIT F]ﬂ‘a'ﬂ'i"l\!

».
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dl c‘ = o
3.7 wasSasilaNldlun1sive

1. aewailudlidaluy i (thermocouple type K) Sngaumqiililugag 200 & 1,370

I~ 1 v oer i et o of = W o/ e
BNANTALTUE NalINUTBIRY Y ITeATasUuTinteyadnlul@ (Data logger)

AN 3.15 HWEJLVIE]ﬂiJﬁJULﬂaLLUULﬂ

s

2. inseniuinUeyasnluifl (Data logger) Eva HIOKI ju 8422-51 uiaestuiinteya

e

oLl Sdesdrygrnudruau 32 dosdyaiu Wdwiutuiinteyasnmaiivasussdulyiih

27 3.16 w3 undeuasnluiA
9




e ar < o o e = L
3. ATDINANULIIAL ‘L‘ﬁﬁ’m‘iU‘)ﬂﬂ'ﬂEJL‘S‘]aﬁJﬂ']EJuBﬂU‘IU'Wﬂ’ﬁBU

d o
AN 3.17 LﬂiEN'Jﬂﬂ'!’ISJL%'JaEJ

4. sesindinanivu llunsdvinmmegeuamniadarainmsdiassggeaulu

Usnaunuvnaau

2N 3.18 AU uasintu

“-“ e = K;’ b 44 L 1 d w2
5, HAIBNINGUNNUUASANIUTUDINIALINGD 8N HIOKI U LR5001 LﬂULﬁ‘iaﬁU‘u'ﬂﬂ

Jayasnlutli [ddmivtuiindayagamaiiuazauiuainAingas

i as = ‘5’ i
AN 3.19 Lﬂ%ﬂﬂ'}ﬂ@fﬂﬂﬂﬂltﬁﬂﬂ?’lﬂ?iﬂ@'\ﬂ']ﬂLL']ﬂﬁEm




6. lwsweiines (Pyranometer) Aasaluiilawds Mdwsuinanudussduaseiinglu

1 s IJ a
LHAREIUNNINIVALDU

2 3.20 Iwsuaiinas

- s v o ' s ' =
T Lﬂ’ia-ﬂﬁﬂﬁ’iumﬂmumm‘111ﬂ'J"Iwm‘uaﬂﬂﬂﬂaaﬂwu‘ﬂu'mmd‘] L'Wﬂlﬂuﬂ']imﬁ]aau

AUUANNNILNIN

aw 3.21 spavildlunisinuuiavesdgnatunildlunisnnaeunieg

& oA &8 o ar EY = o o i 2 i
8.  1I93LuY3 ‘l’iIE?']VI?U'JWUu'IWHENﬂﬂu@gﬂiﬂLU'lLW’éJ‘hﬂuﬂTiﬂ'IU')m?iUﬂLLaSNaﬂ']i

ot = = -4 a A
A UAUURANIINIUNTN Tnadanuazidend 0.1 Jadluns

AN 3.22 M3ialaaneiiiles




2 I 1) o 1 &
9. ABUANNTEY BUANUTOUN 75 uaz 105 ssangaded lolunislanuduiazni sin

o Bl ot 1 d L2 1
VIRAIUBDIINIBEN LWEJI‘F[HﬂTiVIﬂﬁElUﬁl'JﬂEJ']\W]'INEJ'IWS?]HQWE’Mﬂ’i’ill

L7 } 23 = ar ) ‘4
nw 3.23 geuanusarldlunseudsalnidetnivaday

Ao N 0l o Yo e & 8w a i o O 1 8
10. 1A38979UAUn ’l‘umwﬁummwuﬂmaqagmmmnauau iadaullasadanlgin 24

Falag

AW 3.24 Mstaimineedgualun

=

11, A39anAdauLsDn lanndaunssdnvasudonsaieiiouin 10 x 10 x 10

\wudlns lngisesanniasunsnligedni 10 Gu

AW 3.25 Lasasnlalunsvadaunsidn




J at 2/ el s IJ =
12, 1AT9INAFBULTING l‘lmﬂﬁﬂ'l_ll.l.ﬂﬁﬂﬂﬂ&‘lﬁﬁﬂﬂﬂ?ﬂﬁwﬂﬁ‘ﬂuﬁﬂ 4 x 4 x 160 Lgunlung

= w o o < a o
Tnaiagasaninniulsnnlagegain 500 Alandy

el o
AN 3.26 Lﬂ‘iaﬂm‘ﬂuﬂ'ﬁ‘ﬂﬂaﬂU LLIIN /A




unyi 4
HaN1538

nan1s3ITedmiuiRumldgInaluildiuysznauves PCM  iietesiuanuioun
' £ a3 [} & t 2’
mewidgiig lnewdinammaasseaniliu 6 @ Usznaumie
= o a e v - - .
1. mansfnwdnvaeginssunisgadunazaeanuioures PCM laginTes Differential
- . = o a L o :J
scanning calorimeter (DSC) (BANTUNUATUUAAIAININ 3.1 UNA 3)
e = CJC‘ 1
2. WamIvAdauaNUAMNAEMHYBIETalNNTdwUTTNaUYeY PCM  aulnsgIu
gMEMNIIN UoN.1505-2541 Taavimsnadeuand@nans fie AumuILluwiLdsliuing A
AUNITULTIE AWFUNIULIEN LagdnsInsganauI
] b2 = ety
3. HAN1SNAERUNITULIANUTBUYBIDINALUIL@UUIENaUUBY PCM
4. wansnadeuthuinasdldnusitluggieunasdiassanzgiionnalugash
5. HAN5ERNWUULTIULIAING]

6. NANITILATIEAAUNANTENURDAILINADY

4.1 Nam‘iﬁnwqé’nﬁmquﬁnﬁumigmeﬁ'uuasmEJﬂfam%fawvaamnﬂﬁauamuﬂmaLﬂ%‘aa DSC

nsAnwIngAnTINNIIRATULAZATEANTOUTDY PCM  fiansandayaaingudn uasen
armadeunnmstalagiadas DSC annyamuatlunsiase fe sasmsdinanuiou
(Heating rate) fiA1 5 °C/min waz Flow Ny(e) 50 mU/min answasuanuzildiduusznn salt
hydrate fiB 532 Wway S44 yavasuvad 32 uag 44 arigaldod

INNNSNARBY HUFT ATBATINNITEIAILSBUTEY PCM seminenisiUdsuaniugain
weaudailuvoanal (heating) w83 532 fimeglutgisamngiisynin 3¢-42 asangaided i
Agaan 38 esrgaldua (11w 4.1) uae S44 faeglutisenngilszning 26-51 ssrLvaliod i
AR 40.27 BeAugaldisa (1w 4.2) wasmsAsuaniusatnvesanduveuds (cooling)
U4 532 difegluigungiisznin 20-24 asriwaldoa way S44 fimegludiegumniissning
24-29 perwaldod dniludreiibiiinsdsuaeuiuaidnsnsaemanudouuiasiogng
fiAmai waﬁlﬁuamﬁqnmﬂé‘lauLLan‘uaqfﬂ'wm'mqmm%fawum PCM fiA1uUsiunsanudnsInig
dremanudeuiitaliannaies DSC dwdenndaiuaidefiiiuu (Meng Zhang, et al,, 2005,
pp 795-809; Kuznik and Virgone, 2009, pp 2038-2046; Castell, et al., 2010, pp 534-540)
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= <l o 1 =i :?l‘ LY a <
CRLER 1“‘1]&151/1 S44 umsiaguanuLsEnIg 26-51 ANAEBLEEE UDNIINULET Yadd LBeulS

mma Lazingn sJaqu'mJ (2550) 85u1e1 msidanld PCM waamnu 40 peANgaLTed maa

]
o

Uszanaufsnansse aniegum)iigagnuasingauaaiimg gumpiuasntiedill POM HELBgIAINTS
wisuuaduseutuildasedadiulddaog wavieden P 1 55 asgaliod mLUumwaq
fmqmﬁqmammmaamnmmuciwmu gasmsvihalusey 24 alus & muu PCM wmauag"luma
Yagriouns SebildgnldnmSouudsadhaduiidenaligamaivesudefilsiunndranneueiila
PCM maannidn faiulusmadofanddniseiaden PCM 532 Tumsudnade wieldlunsadis

UNunndau

4.2 Namwmaauauﬁ'ﬁmen1amw‘uaeﬁigmaLmﬁﬁa'quﬂssnawm PCM  auuasgiu
ANE1UNIITY Uan,1505-2541

nMsnageuaiAinmen mussdgnaluiidmuszneuues POM Tdur Ay
WAILTIUSUIAT ATEIUNIULIISN A1BIUNILLSIER LLasé'mwmsQﬂnﬁmfw iowdadui
WiIzduune PCM fidsnaliBguaaiunildusenavaes POM fautanfaniunsgiues
RNAMNTTY WaN.1505-2541 Hanisnadsulanssanaluil

1. AAuviuda3uns (Density)

=

NANTIVIAZDUAIURUILLULEIUS LIRS wudw@amagm nidauUsEnauIey PCM

'
=

2 o
(LWC+PCM) :Jﬂwmmwumuumwiumsamumw 0.61-0.64 ke/dm @9@13574 4.1 S10)]
Lﬂia‘umaumu:umsgmqmammsmuammw 4 ila 0.7 Annumuududaunsiiaieg
] 2 = o/ (3 o 3 U 1 =
¥4 0.61-0.70 kg/dm (mmigwwamnm%qmamnﬁu, 2541) AUl AIAIUAUILULLEGS

< a ety < 1 1 I3
U'31]']G]'S?I'E]\‘iﬂﬂll'}aLUWWNﬁ?UUi&"Jﬂ@U’UaQ PCM mnammummnmf‘ﬂmm‘ig’lu

A157°4 4.1 ANAURUILUIITWTIaS (i)

AU IMUTIUT LIRS (UTF) U1N351Y
PCM  Sawaslnstiwiin 0.61-0.70
size 3-7 size 5-5 size 7-3 2
(%) kg/dm
25 0.62 0.62 0.62 v
5.0 0.62 0.64 0.64 v
552
i 0.63 0.63 0.62 v
10.0 0.64 0.63 0.63 v
25 0.62 0.62 0.63 v
544 ;
5.0 0.65 0.61 0.62 v




ARSI T (UiA) WINTFIU

PCM  Sasaclauviuiin 0.61-0.70
size 3-7 size 5-5 size 7-3 2
(%) kg/dm
15 0.65 0.63 0.64 v
10.0 0.63 0.62 0.64 v

2. ANAUNIULSIBA (Compressive strength)
1 2/ g = :J 1

HAN1INAdBUAIMIUNIULIEATaBgInaIndduUsenauYes  PCM (LWC+PCM)

P oar = = 9 v o s . )
wudh dndnuivanzaude 2.5 Wasidud nsdlld 532 (nw 4.3) iAsunsedngegn Ao size 3-7

' 2 o 2 i 1 2 o v

A1 4.91 N/mm’ size 5-5 A1 4.60 N/mm’ waz size 7-3 fifn 4.70 N/mm’ nsdild S44 (am
(Y s . [ 2 . =1 2 = =
4.8) fiA3uusadnggn A size 3-7 flA1 4.82 N/mm’ size 5-5 iiA1 4.79 N/mm’ uag size 7-3 4l

l 2 4 = o [y | o o ° 14l
A1 4.75  N/mm” lalU3gungunuinasgiugnavinisuaITuLIennuaInIgIuagnegv 4

as &

Z a < o 2 a L o
N/mm- Aeagagn 5 N/mm” (H1R5§IURNENNUNGNFINNITTY, 2541) WUI1BFUIALUIN

b}

=p. =1

' ' ¢ o & =
drulsznovves PCM drutnasiuiasgiluvnendguialnduaunm ¢ gila 0.7 (LWC G4)

o 5
]

a Vel 1 v @ B 2 =2 4.1 | a e
Nﬁmlﬂﬂﬂqﬂqumquu?ﬂaﬂLQﬂEJ 5,52 N/mm '?jﬁilﬂ'qun'l']aﬁu'la'nﬂ”lwil

druliznauves PCM

4 a & = = a  w s a a [ .
iiesnndguialnduqunm ¢ wia 0.7 dndnaiadavaunaldoudainniitiondt tobermerite

=

- e 1 ’uJ EJ =
mmmuﬁimaqa‘umﬂ 65-90 lulasiuns wadmﬂmumiaﬁlammmmuqq 180 g Lgalgad

U

!
=4

wsaes 12 U1 ﬁ’ﬂﬁﬁiul,aqalﬁﬂmaq’l,uma 0.95-1.1 unluwns (ledu 8ana, 2554)

Y

2/
e et s

i a4 SiE = v o v v ar Rell 0 =]
fatY 9MIId@IUTRNTULas PCM uurluuvinlvaisiuniunsisailnianay 49

ApAREaInUALE ISR G I IS ULS IS aLa A LMUI LI uTRIAsunIaualuteulet (ludu

]
=

8ana, 2554)




LWC G4 @250 [55.00 7.50

6.0

Compressive strength (N/mm?)

size 3-7 size 5-5 size 7-3

AW 4.3 AAUNTULTDRBY S32 LUUHIUN1TEU

] LwC G4

250  []500 [§750 [ 10.00

6.0 ! 1

Compressive strength (Nfmm?)

size 3-7 size 5-5 size 7-3

AW 4.4 ANATUNTULTISREY SA4 LUURIUMIaY

3. AR unIukasan (Flexural strength)
NansAdEUAUNILLSIRAYaIBFInalUNTITiduUsEneUTEY PCM wuindnduiil
Fdumusingsanita 10.0 Weddud nsdlld 532 Wianswasuanusidrfuussdngegn fe
size 3-7 fiAn 20.12 ke/cm’ size 5-5 fif 24.30 ke/cm’ wae size 7-3 iiAn 24.99 ke/cm” n3dild
sa4 Wuanswdsugeuzilifuuseingaga e size 3-7 i 24.40 ke/cm” size 5-5 il 24.56

2 . - 2 o da o a
ke/cm’ wae size 7-3 §iA 25.90 kg/cm” fam1sne 4.2 luvasidguannduannm 4 oiia 0.7 i

4-5



ArfunseRnil 21.23 ke/cm2 dedonndasiuAinisiuusedn WalIsuiiisufuuinsgiu
gnamnssuNIINaRd AL uLSsan A Ay 0.3-0.4 whuesrnsiuwsdn vive
fiein 30-40 % vesAIMTTULIIER WU BRInAlNTITduUsENeUYes PCM yndndiuaglutnasi
wasgy  lesannididifuusediniadvegsswing 2014 — 2590 kg/cm’ (1A5gI

HAnAuNAIMNTIY, 2501)

A5 4.2 ATATUNIULTIAG

i} . Amisiuussin "runnsey” UINTFIY
Sowazlngunniin
PCM 30-40 % U9
(%) size 3-7 size 5-5  size 7-3 . .
AINITFUUTION
2:5 22.62 20.52 20.04 v
50 20.80 20.14 20.21 v
532
4% 21.71 21.34 22.41 Vv
10.0 24.12 24.30 24.99 v
2.5 24.05 21.43 22 1 v
5.0 23.26 27.53 20.39 v
544
1.5 22.78 24.71 22.54 v
10.0 24.40 24.56 25.90 v

4. dhsnsganaui (Water absorption)
o = 5 o a et ' Y
HaN1sNAdeunsINTgANauLaNnnIsueganidIusEnavues PCM wyudu
a1 24 s wud Bgnatniifidaudsznauves PCM Tunsalues S32 was S44 fidadiu 2.5

es =1 1

5.0 7.5 way 10.0 Wesidus Gesaslaetnin) fdasinisgandui adeil 0.39 ¢/cm’ Failn
maganduiliuananeiy WewFeudieutunasgugnamnssudadodidnliiu - 0.50 g/cm’
WUIHUIIATIIUDAINNTTH AIATN 4.3
fauannsananiasasuldiBgnawiidduussneuuss PCM dadau 2.5 wWeslius
(Fovarlagtmin) fautinianieamiliianzausunsgiugaamnssy wen.1505-2541
Lﬁ'aqmﬂﬁﬂmmmuﬁuL%aﬂ%mmsagswiw 0.62-0.63 ke/dm” ATFULIMALAZENTINITRANEY

thaglunasinasgiu dummsiuusdaiiangnindngau 5.0 7.5 uaz 10.0 Wesldus

Fey
N



M1319 4.3 dnsnsganau

, . o ﬁ'm'lmsgﬂnﬁmf'l 1ATFIY
Savazlasunuiin
PCM
(%) size 3-7  size 5-5  size 7-3 laitA 0.50
2.5 0.39 0.40 0.39 v
5.0 0.39 0.36 0.39 Vv
S32
1.5 0.37 0.40 0.41 Vv
10.0 0.39 0.39 0.39 v
25 0.39 0.40 0.39 v
50 0.39 0.39 0.39 v
544
7.5 0.35 0.42 0.38 Vv
10.0 0.38 0.40 DA7 v

f a =l
4.3 panaaaumMsuLaerdnuTauYadguialuanidiulsznauves PCM
' £y a dalh v =

n1sVedeuNIIMINANTauvesdgalUlidauYUsenauves PCM lagldasiuaeu
dn1uz 2 wllaRa S32 way 442 ludadau 2.5 Wedldud (Feuazlasiuidn) $1uau 3 sULUU Ap
. . . ° ot i 434 2 = s a o
size 3-7 size 5-5 Wag size 7-3 lngviinisuivanuieuvesyaliauipunenisauuanyedgi
aamniianeg A fig 40 50 uag 60 amialdus WaANYIAINITVUNATINTOULASIATLLIYD

A

PCM inzaugwsuthluldauase uansnedaunansnanaluil

1 o a e a
1. AANauTesdRhallidilsznauves PCM ila 532
HANIVIAEBUN1IMIEIIANSaUUBIdgIaluIfilidulszneuresdsivbsuaniuy
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f1319 4.4 Weighting of Environmental Stakeholder Requirements

Product (8g3aawun)

Stakeholder's

environmental

requirements Weight Justification for the product's weight
Environmentally safe 2 No Emission during use and manufacturing expected

Free of hazardous

substance 1 Important

Less material usage 4 Important - due to resource depletion and energy consumption
Easy construction 5 Very Important - save construction cost

High durability 3 Important - Long life construction material

Easy to transportation 6 Very Important - Save transportation cost

Energy saving 7 Very Important - Save electricity cost for home owner
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013149 4.5 EQFD -Translation of VOC and VOE into Environmental Parameters

g £
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Technical characteristics ——> 1= o Q
= U 3 B\
o | % E|E |5 |2 | 3
th = [} ) + 5 =
3 © c = 1 2 [e]
(@] O E =] = L =
VOC and VOE V
Environmentally safe e 2
Free of hazardous substance 1
Less material usage 4 6
Easy construction 5 6
High durability 3 7 5
Easy to transportatioh 6
Energy saving i f1 vk 7
B F R (BT a9 | a9 | = 30 | 258
Relative importance (%) 18.992 | 18.992 | 8.140 | 42.248 | 11.628
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Environmental Quality
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(FQFD)

Material Used

Selecting right materials to reduce

energy consumption at use stage
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191 4.6 Eco design strategies, measures and tasks

Improvement
Eco design measures Eco design tasks
strategies
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Eco desien Tasks Additional function needed Existing function to improve

(induans Phase Change Material (PCM)
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A1919 4.9 AN NTesaamiinisTuuanaznglues

Anuuandnsatgungindiiiuuanuas | nisanasussgamgil’ | n1sanasussgamgil
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A15719 4.10 HANSENUADFEILIAA YT UNAARUNY 4 viad (Characterization)

Impact
Unit LWC+PCM LWC G4 Cement Block Brick
category
Greenhouse ke 18,826.4445  18,966.8822 27,7137.9888 45,211.6875
Ozone layer kg 0.0009 0.0009 0.0003 0.0011
Acidification kg 61.2034 65.2871 208.2235 909.5416
Eutrophication kg 5.1017 5.1562 10.6770 11.8529
Heavy metals kg 0.0865 0.0839 0.1019 0.1530
Carcinogens ke 0.0005 0.0005 0.0006 0.0011
Pesticides ke 0 0 0 0
Summer smog ke 2.1241 2.0874 1.6293 6.5084
Winter smog kg 10.6069 43.9523 151.3696 850.2729
Energy
MJ  178,922.3097 183,049.9525  334,430.9891 591,790.9058
resources
Solid waste ke 0 0 0 0
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Abstract

This work studied the possibility to use PCM with Autoclaved Aerated Concrete (AAC) for
reducing the heat transfer from the outer wall to the inner wall. AAC was designed the
double-layer wall with different PCM locations. AAC was divided into threc types of AAC3-
7, AACS-5 and AAC7-3. The various contents of PCM were also varied in the ratio of 2.5%,
5.0%, 7.5% and 10.0% by weight at each PCM-layered position. It was found that the AAC3-
7 sample with S32 type PCM content of 2.5% by weight showed the optimum compressive
strength which was around 4.91 N/mm? and also exhibited the more effective heat transfer
characteristics. Compressive strength, flexural strength, density and water absorption of this
condition were claimed in quality class of 4, which is also based on the Thai Industrial

Standard 1505-1998.
Keywords: Autoclaved Aerated Concrete, Phase Change Material, Heat Transfer

Introduction

City buildings and offices and residential housing are the largest electricity consumers in
modern cities, and building owners and occupiers pay a high price for their power
consumption. A decrease in energy dependence of buildings is one of the keys to reducing the
amount and cost of energy consumption, and is now required and being demanded in the
development of new and sophisticated building designs. New materials and construction
systems must therefore contribute to meet power reduction requirements and thereby promote
both energy conservation in construction and economic sustainability in energy generation.
One of the approaches to reducing energy consumption in buildings and enhancing the indoor

thermal environment is the integration of phase change material (PCM) into a building or




building services system, which was first used for thermal storage in buildings in 1980, to
increase thermal storage effectiveness. Then, experiments have been reported that used PCMs
in trombe walls**, wall boards*®, shutters or window’, ceiling boards®’ and roof'*'2,

In Thailand, around 28,000,000 m*> Autoclaved Aerated Concrete (AAC) was used in 2012,
Its popularity was due to it being the only type of wall material which exhibits the ability to
meet building energy saving requests of about 50% without adding other affiliated thermal
insulation materials'. Of further importance, it is lightweight and has a highly porous
structure (Approximately 80% of the volume of the hardened material is made up of pores,
50% being air pores and 30% being micropores), a lower thermal conductivity, a higher heat
resistance, a lower shrinkage, and an easier and faster construction process than traditional
concrete ™",

To enhance sufficiently the thermal properties of AAC, the integration of phase change

material (PCM) into AAC wall material was considered to reduce the heat transfer from the
outer wall to the inner wall, leading to the achievement of energy conservation goals in

buildings. This current investigation is therefore focused on testing the further mechanical
and physical properties, and thermal effectiveness of the AAC-lightweight concrete, by the
application of PCM at different locations, to determine the PCM position supplying the best
thermal performance. Additionally, thermal performances of three different wall structures

under optimal PCM conditions are also investigated and compared.

Experimental and Methodology

AAC-Light Weight Concrete

In AAC production, the starting materials are commercially and readily available: Lime
(Ca0), Portland cement, Aluminum (Al), Anhydrite (CaSQy), fine sand (less than 90 pm in
size) as well as the sugar sediment. The mixture composition of AAC is Lime (17.17 % by
weight), Portland cement (17.876 % by weight), Aluminum (0.094 % by weight), Anhydrite
(2.352 % by weight) and fine sand (62.517 % by weight). This composition of autoclaved
aerated concrete was fabricated at the temperature of 180-190 °C and the pressure of 12 bars

from a manufacturer.




Density, water absorption, compressive strength, flexural strength and heat transfer
measurement

Phase Change Material (PCM) was applied as a double-layer AAC at different locations.
AAC wall was designed three patterns: PCM-layered location is placed at the thickness of 3
cm from external surface (AAC3-7), PCM-layered location is placed at middle position of
AAC (AAC5-5) or the thickness of 5 cm from external surface, and PCM-layered location is
placed at the thickness of 7 cm from external surface (AAC7-3) as exhibited in Figure 1. The
content of PCM at each location was also varied in the ratio of 2.5%, 5.0%, 7.5% and 10.0%

by weight.
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(a)
Figure 1 (a) PCM-layered position (b) AAC-PCM.

Following the double-layer AAC preparation with different PCM-layered locations, the
autoclaved aerated concretes from the original AAC, AAC3-7, AACS-5 and AACT7-3 were
cut to obtain a uniform size of 0.10x0.10x0.10 m and then tested for compressive strength,
Other samples were dried at 105 °C for 24 h and then examined for density and water
absorption. For testing the flexural strength, all the sample blocks were cut to obtain a
uniform size of 0.04x0.04x0.16 m. The samples were then dried at 75 °C for 24 h. Nine
samples were tested in this way. The samples were tested and compared as following

Thailand Industrial Standard (TIS) 1505-1998 and Din 4165-1986.




Heat transfer of AAC with different conditions was also investigated and the samples of
original AAC and AAC with different PCM locations (AAC3-7, AAC5-5 and AAC7-3) were
set up as shown in Figure 2 and 3. The thermal source (heater) was controlled at the

temperatures of 40 °C, 50 °C and 60 °C to test the temperature at different positions of

samples.
Variac
Input 0-220 V
Vary the temperature of the heater (40, 50 and 60 °C)
Heater
— |
Thermal couples =
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Figure 2. Schematic diagram of the experimental set up.
e  Quiside position of fixed thermocouple lines
Inside position of fixed thermocouple lines
! : Insulation
E Heater
23 Autoclaved aerated concrete
| Space
4“—20cm—Pp<4—20cm p« 20cm —»
A\ =
A W 1T B Al I
[ i * ] R | f
| g
I iy 8 |
o H
| (T j]()cm}-- ~10cm =
g 3 7. ® : x‘ { r720cm—-!*7*206m -
| : =
I R :
il 3
| ; |
g
° i o ° e b §
L P
L AR A E
415 cm-p4-15 cm-» Side view
Top view

Figure 3. Location of thermal couples for testing the heat transfer.




Phase transition behavior and application of PCM

The phase change material in this work was concentrated on the kind of salt hydrate with the
type of S$32 and S44, which have a melting point of 32°C and 44°C, respectively. This
melting point of these phase change materials was reported by a PCM production company.
To confirm this result, the endothermic behavior of the salt hydrated phase change materials
was investigated by the differential scanning calorimeter (DSC). The obtained result was also
compared with the data from the company data. The procedure for transition behavior
investigation of salt hydrated phase change materials is described: 1) The salt hydrated phase
change materials (S32 and S44) about 10-15 mg were finely grinded. 2) Both samples of S32
and S44 were taken into each aluminum pan before analysis by DSC. 3) The samples (S32
and S44) were tested by DSC. and 4) The endothermic bebavior of the salt hydrated phase

change materials was analyzed.

Result and Discussion

Density and water absorption

To investigate the physical and mechanical properties of PCM-composed AAC, the salt
hydrate PCM types of S32 and S44 were applied to different double-layer AAC locations
(AAC3-7, AACS-5 and AAC7-3) with various PCM contents. The density of AAC3-7,
AAC5-5 and AAC7-3 with a difference of the PCM contents is shown in Table 1. In the
variation of 832 type PCM, the density of AAC3-7, AACS-5 and AAC7-3 was quite the same
level when the content of S32 type PCM increased. The density of AAC3-7, AACS-5 and
AAC7-3 was between 620 and 640 kg/m® when the content of PCM was between 0 and 10 %
by weight as shown in Table 1. In the variation of PCM type of 544, the density of AAC3-7,
AACS5-5 and AACT7-3 was quite the same level when the content of S44 type PCM increased.
The density of AAC3-7, AACS5-5 and AAC7-3 was between 610 and 650 kg/m® when the
content of PCM was between 0 and 10 % by weight as shown in Table 1. All density values
of AAC3-7, AAC5-5 and AAC7-3 at different PCM contents of both types were claimed in
quality class of 4 (610-700 kg/m®), which is based on the Thai Industrial Standard 1505-1998.
Water absorption of AAC3-7, AACS5-5 and AAC7-3 with a variation of the PCM contents is
shown in Table 2. When there was an increase of PCM content in types of S32 and 544, the
water absorption of AAC3-7, AACS5-5 and AAC7-3 was quite the same level. The water
absorption of AAC3-7, AACS-5 and AAC7-3 was between 350 and 420 kg/m® with an
increase of the PCM content in types of S32 and S44 between 0 and 10 % by weight as
shown in Table 2. All water absorption values of AAC3-7, AACS-5 and AAC7-3 at different




PCM contents of both PCM types were claimed in quality class of 4 (<500 kg/m?), which is
based on the Thai Industrial Standard 1505-1998.

Table 1 The density of AAC3-7, AACS5-5 and AAC7-3 with various PCM contents.

—_— Density (kg/m®) Standard
% by weight AAC3-7 AACS-5 AACT-3 610-700 kg/m’
2.3 620 620 620 v
5.0 620 640 640 4
S32
7.5 630 630 620 ¥
10.0 640 630 630 .4
5 620 620 630 v
5.0 650 610 620 v
S44
7.5 650 630 640 4
10.0 630 620 640 d

Table 2 The water absorption of AAC3-7, AACS-5 and AAC7-3 with different PCM

contents.
Water absorption Standard
PCM .
% by weight size 3-7 size 5-5 size 7-3 <500 kg/m
2.5 390 400 390 \
5.0 390 360 390 N
S32
.3 370 400 410 N
10.0 390 390 390 |
2.5 390 400 390 \
5.0 390 390 390 v
S44
75 350 420 380 v
10.0 380 400 370 \

Compressive strength and flexural strength

The compressive strength of different double-layer AAC patterns with a variation of PCM
contents is shown in Figure 4. For AAC3-7 with different PCM contents of S32 and S44, the
compressive strength of both PCM types decreased when there was an increase of PCM
content from 0% to 10% by weight is exhibited in Figure 4. For AACS-5 and AAC7-3 with
different PCM contents in types of S32 and S44, the compressive strength trend of both




patterns was similar to that of AAC3-7 is illustrated in Figure 4. It was found that the
optimum compressive strength of PCM-layered AAC was around 4.91 N/mm? obtained from
the AAC3-7 sample with PCM content of 2.5% by weight, which was the highest value in all
PCM-layered patterns. When compared with the Thai Industrial Standard 1505-1998,
minimum compressive strength of AAC was >4.0 N/mm?. Therefore, these compressive
strength values (except the compressive strength of AAC3-7 and AAC7-3 with S44 type
PCM content of 7.5% and 10% by weight, and AACS5-5 with S44 type PCM content of 10%
by weight) were claimed in quality class of 4 (>4.0 N/mmz), which is based on the Thai

Industrial Standard 1505-1998.

Table 3 The flexural strength of different double-layer AAC patterns with different PCM

contents.
Flexural strength (N/mm?) Standard
PCM type >30%
¥ % by weight size 3-7 size 5-5 size 7-3 s \
of compressive strength
2:5 2.26 2.05 2.01 v
5.0 2.08 2.01 2.02 !
S32
75 217 2.13 2.24 ¥
10.0 241 243 2.50 v
2.5 2.41 2.14 2.28 -/
5.0 2.33 245 2.04 ol
S44
1.9 2.28 247 2425 v
10.0 2.44 2.75 2.59 r,

The flexural strength of different double-layer AAC patterns with various PCM contents is
shown in Table 3. It was found that the flexural strength of PCM-layered AAC in each
pattern increased when there was an increase of PCM content in types of S32 and S44. For
PCM type of S32, the maximum flexural strength of AAC3-7, AACS-5 and AAC7-3 samples
was found at the PCM content of 10% by weight which showed the value of about 2.41, 2.43
and 2.50 N/mm’, respectively. For PCM type of S44, the maximum flexural strength of
AAC3-7, AACS-5 and AAC7-3 samples was also found at the PCM content of 10% by
weight which showed the value of about 2.44, 2.75 and 2.59 N/mm?’, respectively. These
values were claimed in quality class of 4 (>30% of the compressive strength), which also

based on the Thai Industrial Standard 1505-1998.




Furthermore, this was observed that the increase of S32 and S44 PCM contents at each PCM-
layered location affected to a decreasing of compressive strength and an increase of flexural
strength. The optimum PCM content with optimum PCM-layer location in this investigation,
resulting in a maximum compressive strength, conforms to the Thai Industrial Standard 1505-

1998.
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Analysis result of phase change material (PCM)

The temperature range of the melting point in Phase Change Material (PCM) types of S32
and S44 was investigated using DSC measurement, as shown in Figure 5 (a) and (b). The
PCM type of S32 obviously exhibited 2 endothermic peaks as shown in Figure 5 (a). The first
small endothermic peak was observed at ~30 °C as a result of the starting point of the PCM
(S32) melting with a related enthalpy of 6.05 J/g. Next, the effect of an increase in
temperature to 60 °C resulted in the appearance of a second broadening endothermic peak at
~38 °C. This peak was due to the process of the molten PCM (832) and continued with the
first endothermic peak that was the result of the heat absorption of PCM (532) with a related
enthalpy of 137.67 J/g. For the PCM type of S44, it only illustrated an endothermic peak as
shown in Figure 5 (b). The broadening endothermic peak was observed at ~40.5 °C. This
peak was due to the process of the molten phase change material that was the result of the
heat absorption with a related enthalpy of 58.98 J/g. These results indicated that the
temperature range of melting point and the capacity of thermal storage of salt hydrated phase
change material type of S32 were more efficient than that of S44. So, the salt hydrated phase
change material type of S32 was further investigated for the integration of phase change

material (PCM) into AAC wall material.
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Figure 5. DSC plots showing the melting point of PCM: (a) S32 and (b) S44.

Heat transfer

PCM content (Type of S32) of 2.5% by weight was further considered for the double-layer
AAC fabrication to investigate the heat transfer from the outer wall to the inner wall. The
difference between the exterior and interior wall surface temperature and the difference
between the exterior surface temperature and room temperature of various double-layer
patterns (AAC3-7, AACS-5 and AAC7-3) are shown in Table 4. It was found that the highest
difference between the exterior and interior wall surface temperature and the highest
difference between the exterior wall surface temperature and room temperature were obtained
from the sample of AAC3-7. The highest difference between the exterior and interior wall

surface temperature was at approximately 3.3, 5.7 and 9.1 °C and the highest difference




L1

between the exterior surface temperature was at around 3.5, 7.8 and 9.3 °C when the thermal
source was controlled at temperatures of 40, 50 and 60 °C, respectively. With comparing the
temperature difference among the original AAC, AAC3-7, AACS-5 and AAC7-3, the
difference between the exterior and interior surface temperature and the difference between
the exterior surface temperature and room temperature of AAC3-7 were higher than those of
Original AAC, AAC5-5 and AAC-7-3. This demonstrates that PCM-layered location was
near the thermal source can absorb the thermal energy at exterior wall surface, reduce
sufficiently the heat transfer through the building envelop and lead to an improvement in the

insulative efficiency of buildings.

Table 4 Difference between the exterior and interior surface temperature, and difference

between the exterior surface temperature and room temperature.

Temperature  Difference between the exterior and Difference between the exterior
°C) interior wall surface temperature surface temperature and room
(°C) temperature (°C)
Original AAC AAC5 AAC Original AAC AAC AAC
ARC =33 73 AAC 37 5-5 7-3
40 2.8 3.3 3.1 2.9 8.1 35 7.5 2.9
50 5.2 5.3 5.4 5.1 6.3 7.8 5.8 St
60 6.9 941 73 7.4 8.2 ¥ 8.5 8.4
Conclusions

The optimum PCM content and type were significantly influenced to a double-layer AAC
fabrication. There were a decreasing of compressive strength and an increase of flexural
strength as a result of the increase of S32-type and S44-type PCM contents in each PCM-
layered location. The optimum compressive strength of the double-layer AAC was around
4.91 N/mm?® obtained from the AAC3-7 sample with PCM content of 2.5% by weight. The
samples in this condition also exhibited the decrease of heat transfer characteristics of wall.
The double-layer AAC with PCM-layered pattern can be suitably considered to be an

alternative application to concrete and masonry in the future.
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