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## 517 61236 32: MAJOR OPERATIVE DENTISTRY
KEYWORDS : CERAMIC THICKNESS / DENTAL CERAMIC / LIGHT INTENSITY /
RESIN CEMENT / SURFACE HARDNESS

PIMMADA KESRAK: SURFACE HARDNESS OF LIGHT-CURED RESIN

CEMENT UNDER DIFFERENT CERAMIC DISCS. THESIS ADVISOR: Assoc.

PROF. CHALERMPOL LEEVAILOJ; 107 pp.

The present study aimed to compare.ine light intensity transmitted through
ceramic discs and evaluate.ihe surfacgr hardness.of two light-cured resin cements
polymerized under cerami€ dis€sOf diﬁering characteristics. Ceramic disc 1.0 mm in
diameter and 0.5, 1.0, 4t6 and 2.0 thick Were prepared from IPS e. max" Press high
translucency (HT), IPS &.mdx Press hlgh opacity (HO) and Cercon®. The light
intensity from an LED light cufing unit was}me‘asured by a radiometer and compared
to the light intensity of expenmental gr@g}ps which measured after transmitted
through different ceramic discs+ The I|ghfeured resin cement specimens were
prepared from Variolink® Veneer (hlgh value—=l=3’) and NX3 Nexus® Third Generation

(white opaque). The,2 control groups were Z*types of resin cement which were

directly activated by t:he LED fight curing unit and the 24 exgenmental groups were 2
types of resin oemeht light activated through diﬁefe;nt ceramics types and
thicknesses. Knoop ha;dness measurements were obtatr;ed with 50 grams-forces for
15 seconds. Three indentations \were |made and the mean indentation depth was
calculated for each specimen. The data were analyzed statistically at 0.05 significant
level. Fhe'light intensity transmitted through the different'ceramies dists was lower
than that of the control group. Both ceramic type and thickness had a significant
impact on the intensity of light transmitted through ceramic disc. The surface
hardness of light-cured resn cement polymerized under different ceramic discs

depended on type of resin cement, type, thickness and opacity of ceramic.

Department :

Field of Study : ___._ Qperative Dentistry
Academic Year ;2009
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Nt snrua ez @ st ngailunsedan 1uan ey visaLdiannsasnisens
uasifluiBranundrann dnsaupaulan itaddElasiasasenaldinanlunisans

LLZNH’TL&?.I‘L&LW@LLT’W/VL‘H‘]_I?‘N’TCIA@QWNL?JNLMGV]@@@Q % mmmmﬂgmmwmmﬂﬁmmﬂm

«{73]

ANLTU u@n@’mumm L”LIN?J@QLL@\?I@LQMWN \ PEUTNFAIasLaNeNanAt LAY

AAMULANFATY AR ﬂ'J’]SJL?.I&JLL@QU?LQGAH\‘]T]@WQ@VNﬂ’WN’Wﬂﬂ’]WU?L’JmmﬂU‘H'Nﬂ@’m

M@@@‘L&’WLLMLL@:LMLL’AWINQmJ’J‘IWLLZQWIFW]—’N'I;B@QLMN@‘LATM (homogenous) ARG "

73,75] 5 .- o

o

meﬂﬂuaﬁ@ummﬂimumﬁﬂmmmm (fiber optic) agjsaniuLazi
Uaaniu waeAINA | lilaztlssnaudaedulentoiiasnunaivii | IUAARAAINHN
g T8sMARATIAT FaTuRtaemaeiuas 2 ATuEAnLvuiaeadlaud
TLALINNIRaanBLaaLa e ma sl @arboitip) Enasimmnie i AL LT

UaneaanuLas1adLATaeansdsAnandsaatatianlalat™  dsznausaeidulanfio

b2
o o

o dld dl v [=3 J % i

kg HaRgaMlspeidaumendnndtlaresqui SOV TIRIILTORIL, (Y]
° = Y 15 P = o X | & = .
tugendangamiuenaruinna el Adudiinasainay gt tsnanuduasan
waaatuasaawmeslu  TiuasndpunnwasiAnuaaiauiutaandvaantin
wasialil Tngarilan N duLAIgaNINALTINANINANUABATINLAY LATHA  HUANENY
Aulusazisuuinndvaaniuasiolfdlaoudunasgailuisuundie e

d‘d A [ '
LAINHAMNNANNAUNUNINNAN
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4. szazviea ndargnaanudinas

1
= o

n1sanelasATINlaeuaantinias i indadanunige (usi T ARnTan)

q

= dl A A = o o q v 3
PUANANNLHNBLLANLARAUNHNIUBDINA AEANIINMLALNIZANLAINN LT AL NLAS

@ﬁZ\Nm’ o 9LILTENINNADAULAILAZIA @ﬁéd&l?ﬁ@ﬂ AIABANNNLITINUALAZIZALNNT

q

[ %

Nanedmeslsadunesian Jagazamnsniialjisenedweslaadulinngauazd

q

1
A

syAunsfianedinesgegailataiavaaniiuaetfaiuiontinaesian ilasannlal
finsnsvansuasinliuasiiaaudniage peuswuninaaindfiselsn
m’mLsﬁuLLmﬁlivﬂ”ﬁwmﬂﬂmwmmﬁqLLmﬁ'amvﬁm 7 HAMUANANY AN
UANAZARAININ T iy Wmﬂmwa@mmumLmyammmu ilasann
INANNINTZANLUANAT ﬁmuLﬂmummmmmmwmuwuﬁimamaﬂummu SNARETN

'
o a aa

an @V]’]IWMW/lLﬂﬂ‘W’ﬂ@LN@?LL@"ANﬂ’J’INLL‘NNQ@ﬂZ\NWlﬂ ﬂ’l’]MLL‘LI\?N'W] WNU89

aJe

340 WL@':TLI LANATH mmmmﬁmumwmsﬁﬁmimﬂ LA Lummnmummmumvﬂwmq

AnaneaantinuAEnnNL g rﬁ’éﬁumimLE%QQ%QEQW’M@@%@@ﬁié’%mmﬁqiﬂ
mmmmmﬂmmmmeumm@u1mmmwmmum (degree of conversion)
vaaTanuii 7 14 i .
”Lummm‘lwmmummﬂmmmfﬂﬁ:amymmqmq 1 wudnileszazmaiiniu

ﬂﬁﬂ’ﬂﬁ\lL°TJ§JLLZN“Q’TT“I‘VI@@@LL’]LL@\‘Iﬂ@’]EILV]ﬂ‘ﬁU @“’@ﬁ@\mﬁﬂﬂqqﬂqﬂﬁ’mL?JNLLZN’Q'V]‘M@@@

[76, 80]

mummumﬂﬂm AINNIANEURN Corciolani LL@“’ﬂmv WUQ’W']@@L?%M AaNINER

ﬁmmmqﬁqwmmﬂ uaainefln il fisgesaing 0-4 mmum AzimNANnTuN9LAR
WOALNATNINNINTAR ST pantnanfiantuasdnenaeaiiuaaialn wiiflearouas
fisvezving 510 ndiaims AR L3 Foa nARNg8 LB ehadminuaindnAiaau
anlunisiianediuaiuInndndandu pantwanfiantuasdnauaeatiuas Uataines
Walilesmduasathidnagmesly | dnansdaithdennind i ideaonuduuas

ARNAILHANUUANNIZELINANTARNINTY

5. FAANNUUNTANIILAS

a aan a o nzll Ly o/ 3| o o o dl o v o
nafeUfsewedmeslaadunanysnizesiasiluiladadrAnynnilidan

[81]

ysnurdAnantTanI NN Wi Auazdanssanwneaatiniiiawala®”  lunianauiu

[ %

AnsaNtFRresianfiinastalisamedwmeslamduiduiu velfisamedweslsudu

q

1093801%U AaNTNER wazdisenedmeslarduresTugimusinialFTuaLsTy
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o

ponTnARuaziasin TANANTRNAATYABNIINIEANEUANTBIIAR FAAT LAIAINIID
dosinuuaznIzanauaslition wasdoulunjasiauaanun f;”m%ﬁﬂfmm]mtm
(opacity) dauiagiuasdaulugjarunsndesinuls uasinnsasvianuasion Janiuas
Hauldsauaa (translucency) Ruyter waz Oysaed”” WUIINITNTLANLLAITBITED)
\utladednAtynduasianisifianedineiansdas Teianarin1anszantuamInign
dll a I8 . = [ dl dl dll 1 o a
Walawas (filler) HaunadluATauiee A NENIARLLAIA N LUAIA L TIA LA

Tunns 1 s TuT i AT re @l a1 N9 AN N T8I B LA N1

[911]

TUNUEFIAN ANLTHIASAEARAS Gafeaanawananatsznig i Taseadng

[11, 12]

NAN (crystalline strueture) mmummmmmﬁﬂﬁLﬁu?ﬁuw uazAueaian Fatladel

WATHAZIUNIUN1INTe R 8P 29 BGLAIEIAA LRI NEa A AR
|

LESINNNINNUANS N -

LeﬁmmmqmummmLﬂmmmmmimwmuuauLﬂuﬂmammLﬂummmu
Lum@’mmmmm umﬁﬂivmi ”me ,um'mmmm RanwouzlndiAeeiy
sssuARe Ui mm‘lﬁﬂqﬂm-mi@umsﬁuu@gm@m:mmmLLm AN TNAYENINT I

A P | P o =) s =~ Y = =
Lﬂ@ﬂuLLﬂ@q LN@L']@'\Nqu‘lﬂ_uﬁgq‘?\lmqqu%ﬁﬁﬂ_@lﬂﬂm ASAITHNTRI HAITNLEUILLTS

mumuﬁifaLLiQTuﬁﬁqﬂﬁﬂiﬁaW@mqa ﬁmqmsﬁ’ﬁu%’w’mﬁémwﬁu Hadelutannly
Fhuaehad than i3 uiaznszua iAann wasiifeals ansnnsenasadeldsy
ANFRUINA LA AUEIINTG %Qﬂﬁiﬁmuﬁﬁm@LLﬂuLmiwﬁﬂ (core materials) 1114
anenlagaumegithium disilicate) yaNtNean L4 (aluminum-oxide) uazimaslaLiiay
aan ks (zirgonium oxide) N0 e N0 1 lsnuimsinanulfasnandneuang
mummwﬁmﬁﬂé’qu%ﬁ*ﬁqmmﬁﬂuLL@zLﬂuﬁﬂﬂuﬁ*u%\ﬂuLLdmmLLﬂ"NLLN WAZAINN
anend*?

Conrad uazanz™ druuniagunuisfind i lunussiindawdua dszom
Tiun wsdnaiauia (glass ceramics) LisAngnargRW (alumina-based ceramic)

wazimain ahalmasiaLie (zirconia-based ceramic) (A1319% 1)

1. WEs1AnTin azglun

Eu%mm@ﬁm (In—Ceram® Alumina, Vita Zahnfabrick, Germany) WoN 1L

Wil A A, 1988 wWlukrsnnszuuLanRuun Il uaz Wiy 3 vitdoe Tuduna ©
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fuaussiuasinaiaunandy (infilrated ceramic) Usenausog 2 dou Aadaunan

a A 3 dl ¥ =] ¥ ! a T v dzl ¥
azgieneanlas (ALO,) Ngndansauuazunsnusadauamanduia nnsaugld
nsvLug slip-casting Iaea¥lassazgiunifignsuanuinezqfidaueanlsfuay
unInTugnusaLauninerglluian natanvaedinas  (molten  lanthanum
aluminosilicate glass) TNHAMNLINLINGS Antunaniudeasalinnes caw
fugusnuus Wdd wmiuaseuiiunipsauiunds uazaznouiuntgn - 3 wiee

!
1% o o A a

a o IS4 =< a o L4 '
DUTLTNNIDABLNANATY A HAFTHVLILAIAT N UBCYNUN V]WIM@?’BUWHVLNZWEN']N

[

AN AUATINTR aﬂiﬁﬁm’j‘ﬁwuﬁuﬁyumﬂmﬂ (In-Ceram® Spinell, Vita Zahnfabrick,

Germany) Ufutlgedamndnlnelddounanaesianid@auwazazgiun (MgAL0,)"™ *

M fdauunure eIl nadndinons launay wadAManuusasa (flexural strength)
|
5 | a Al a = o v W o = o
ANINBUTLINDLGHIN ’NLLu“’uﬂm%LQW’]“’@‘I@UWHM‘L&’]LW}H% FANTNNIIWARIUN
Autusasiatily din-Geram’ Zurcoma Vita Zahnfabrick, Germany) Ingifu
Len@'ﬂﬂLuﬂmﬂmﬂmmmuwmu (pafnally stabllized zirconia) uensdaunan
azgRunaan ladsonan@o ot 70 6a 30 BudussiireslafleAetinnuudusanniy
mmm‘l,%‘lmm@ywmﬁuiuﬁwmim mefnuiﬂm uastiaend duFusedingu |

san1lull 1993 1®Nﬂ’1?W%Ju'ﬁ‘“‘rJUIW?LGH§‘Wﬂﬂ@°ﬁLL'j‘JJ (Procera” AllCeram,

o

Nobel Biocare, USA) Imﬂ Andersson WAy Oden mmmmﬂuﬂvaum (densely

sintered high- punty alumina) Fazaz 99.9 &lm’mLL‘INLLNN’mﬂfJ"mwﬁLL?NLL@ LANLNGE

[ ISP

a@mumumugﬂmm'ﬁmm-mu (CAD-CAM) mﬂuqummwmmammum el

a v

= =K v a o da’ o o 'ﬂl
ANNNANENNUAZ N AN NRLLAS INA LAWY e @iy T luiun g da

2. EESINNTUALND

eirad natip iRt sznanditd a3 nanmanfae wasaLlaaamesay 1@eIEN
mﬁmﬁqﬁm?mmmLL%@LL?@%Q&QVLWT (leucite-reinforced “glass ceramic) WazlgIdN
giinaganladamnm (ithium disilicate glass ceramic)

1) wasalnRenesmaw wanfiniitldeudszneutes K,0, SiO,, ALO,,
sio, SunlasatrAanesmaudlilunuesindausindnnstugfaeiinienas i
VITABLOCS Mark I, VITA TriLuxe Bloc uar VITABLOCS Esthetic Line (VITA

Zahnfabrik, Germany)
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a a

2) wsAngHauianasNANLTsesag lns Winunaulugossiun A

90" s AnNTusUfaedsn13nasn (pressable ceramic) Ineldas latienaznadn

a4

ANEIAIIN3DY (lost-wax and heat-pressed) sznausiag SiO,, ALO, waz K0 Lilu
L19NRNNRAMNAENINEGS wiHAMUTUsIAaUdI9RN HANAINNULIAR 95 -180 X

nzi1anna wasiANdNLsZANaANNFEIUNIUNNTUANSN (fracture toughness) Useanny

1/2[89]

1.3 MPa.m Asanianislaisneiap e uiuluiuting Sanlunguilliun

IPS Empress® (IvoclarVivadent AG, LieGhtEnsiein) Fasannlull 1988 lawmun IPS
ProCAD”  autvissmetifneEsinaiaineidiumenuudusasosglas ndauim
aynaazteaandn IPSeEmbress” wazaingTusausiaensnisnaslusyiiy  CEREC
inLab (Sirona Dental Systems, G&rmany)

3) Leﬁmﬁﬂmﬁmﬁﬁﬂu%}%t,ﬂm'}ﬂuvﬁmﬁnﬁ%ugﬂé’q ¢3BNADALTIINNLEL
a o a a 4 t:ll =Y o et . Y 6 % dl [~ KX aa
WReaiumingdauianidadaandidsadeglad Jszneufaununidunanames
TadAIne (Si0,-Lio,) InadiAnagaimuiassiatlssdnnd 300-400 wnziania uazian

1/2[90, 91]

FulsrAnTANFA UNIUNURRYN 2.8:8.3 MPa.m aunsan gLy 3

sioellluiumith uazaaasaldlsluifunsmiios Fanlunguillfun IPS Empress” 2
(Ivoclar Vivadent A&L@M@Q@n@ﬂﬁuzﬂmmﬂu IPS Empress® 2 ‘ﬁu N
9184 IPS Empress® 21 1#aann1snasn %gﬂmuﬁwﬁﬁéﬂwQfa@‘ﬂiﬂzwﬂmm‘ﬂmz@Lsﬁm
$in (fluoroapatite glass ceramic) PN AN AL N E A TILE 9T

sied LR gy Tas) 1PS @/meax A ld\insmusgunnsldonldlunnnadl
Tne IPS emax Uszneudnadany idmuglaaeisnadn laun 1PS e.max” Press uaz
ZirPressedaniagufasiaunaay (CAD/CAMY Lduri dPSe.nmax sGad uaz ZirCad
Lmﬁmﬁﬁéﬂﬁumuﬁwﬁﬁ o (layering) o IPS€.max - Ceram

IPS e.max” Press UsznausiedmenlaTamnm wumaqny IPS Empress 2 N
AruaNtTENeNIanmuarANllssuasdndn IPS Empress” 2 Sdraaunuussn
Uszunu 400 wnzlania wasilAndutlss@naaanudiuniunisy ansn 3.0
MPa.m'® gnansnldvinduiniiies Bund eauad Arauii wazasmLRvuTaude

4]

Wunswdesdn 2 16 Wolfart uazae™ Anmndnsinisasa) (survival rate) 199
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ALWIUHY 3 UUd0g T94519T19UAN IPS emax” i luiuntinuaziungs nafamnis

railungn 8 T wudndidnsnisasegiederay 93

3. sINNTUALERs AL

| o

seflatle (2r0,) Wlunanlaeanlds (dioxide) vasusimasiaiiian IAmaNITH

=)

FanalnAasiulay uaridndraadeiusssnsfusdauiiunas™ wanaaslais
fn9iessa 3 puuuvawegiugmugd © g Tutuadiin (monoclinic) Tutasgauug
faandn 1170 asAraiiud nseinuea (effagonal) lutawgnmai 1170-2370 89A7
= a a - 1 A a 1 = =2

EALlE]  LazAIuA (cubic) 1umq5émugmuﬂﬂﬂqq 2370 ANANIAKIEA IAEINAN
saflataasinnsulasuetlaesilinsannmnaginuaaihiuTuadtin ludesnivinliidusn
a9 (cooling phase) @fibvgdfdfsilasuilasan 1470-1010 asAgai@as il
Punaniintulszangdosny’ (45 — lazilusaminia lugean Asldfinnsliulys

@m@uﬁammLsﬁﬂﬂﬂLﬁﬂiﬂﬂﬂ’mﬁm@’ﬂﬂ%ﬁﬁﬂﬂﬂi@ﬁtﬁiﬂd 1 CaO, MgO, Y,0, #ie
CeO, Wansannedniaes e liiod i sz inuaangumgiivies i liluianates

= = dg( : , a “ 9j- =KX A dl 1
efladeaduInnal AglANNaRalS uIME  HANRNNTRsuLaeglie  uas

weAN AL Tusaaassatiiv(crack propagation) aanltsniauldidusmasaninans

nanasiallaNNgana - yitrum oxide (%,0,) ¥auaz 3 Fundn yttria-stabilized

tetragonal zircofia—polycrystalline (Y-TZP) Y-TZP_slamdantinnanaieilsznnsin 1

Hentinan 1w unusnssaysne lan An1gasEny a-HauudwsLarAy

FUNLNNTUANTNGS WaZE AN NanAaANNE AEY

)

(elastic modulus) Tn&wAealane §

ANALLASR I LR T 0RSR A D ARG SITUNY TWERFAdUAE uay NIRn
v 1 o =
lFannnnassasa

b % i’ a a al o v ac [ =

R9965 9T L W saRNaRA we fialed R0 e 2-3 5 eldnaTulatiuan /

wAN, | (CAD/ICAMPPY T RasnasnslAsaannimasiatdandalltnumamn Wudadun

(presintered blank) laaldaaudamafaanuunlflaseduanuiavinlvgyndinauile

A3ULNDTA LT NITUAFIU DTN Famaslalasiaiiasin1aua flEadulua nsen

dszannifanny 20-25 Wanasduauliudn thlindnads walminniswnanysnld

(fully sintering) annUuaNLRMTNAReRdaNesTal N194519TUINUAERT It AR

= =2 o =2 [98] o 1 = a a 42’

2281219A0 MINTNAYLATAANI AN RN AN fiaasinsaagmasialiaemaingia

1A Cercon” (Degudent) Lava™ (3M ESPE) Procera” Zirconia N13&514T 14114037
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a A A as 2 o = 2 A A s A
Anwesladleanisnilaun1snasduanuainimesiadleN iU sRENALEY  (fully
sintered blank) LafladlaalaidAduudnin M EE A INa91L b liFaaniTaga

Il ndnmnuiuesaiesataniavaga WHesan ldinnamanAfvaIn1Inas ue

ﬂ’]?ﬂ@ﬂ@’]’%ﬁ\i HA m‘immmwmﬂuimm AN LL°II\‘1LL§‘\‘1°1I@Q"JZQ®1®[99] Finaeing

e flAeAngind 14w Denzir™ wag DC-Zircon
Cercon”  Wlumsdnanamasiniisfas1eiuanuanniaasiniansaluiniunisg
EIAWUANT NsTugLTueauedun s aelelaiauy oy (die) AN
a '8 ‘L/‘g d‘ 4 [t t:/ a tzllzzl ]
paNRamafazauny  (Sean) huLTRueasefluunuTuewme slafandawalug
ndnarHLiuase a et T as il 7ignmai 1350 asaadas s

2 ﬁ@IMQLW@IﬁLﬂ@ﬂ’]?LN’]’&NU?m Olercon® TAIAIIUNULIAR 1140 wnzdhanna

[101] 00]

’Q’mﬂ’]’iﬁmﬂ’l“ﬂ‘ﬂ\i Luthy LL@“’ﬁm‘u Lﬂﬁ]’)ﬂ‘u AAINATNNTD IUNT9TLILINaTATS

TUINUBETWIURY 4 ﬁu’)ﬁl ZWMTUW‘HM@? W‘l_l'J’] Cercon® NANAINNTOIUNTFLLSN

NNNAN IPS Empress 2 kg In-Ceram jwcoma

NV@’]‘FJﬂ’ﬁﬁﬂH’W\ﬁ‘WEN’M’NLN@LL'K\‘i mmjumummm ANNNITNUAAZ A ﬂ@\?[g "

% %qmmmﬂmmwmﬂﬂi mi Lmu ‘[m\‘mﬂwan (crystalline structure) AYNUUNLDY

.—_-i

RN ANa® meﬂmqmm = i]@fwmmmy@umumiﬂﬁmwmmmu,m

4 --i“

zdmalummmmmmmm i LL@mme ﬁnmmqummmmmLmﬂum?dm

LT TIRIAENS AR M AR NG 114557 WUINTHAVRITER
u/r dl Y = I 1 = a o 1% =2 dl
WAZAYNIUNL89TER N M HuuN URHARBNN 4096 1UAILA9T093L e TATeaTIgnand

uansiniuageian I Rnusazaia AR ATYFAEN1IAANAULAILAZNIZA LAY

%

Fapniad W il snassndail | Empress ¢ Esthetic! alsznetisosnang loindeynia

YUNALANUAZLIENFA L‘ﬂul,u@Lﬁil'lﬂ‘lﬁyﬂJﬂ‘J’]N’&’m’]ﬁ‘ﬂIuﬂWﬁ"&‘N APPSR NITAN ﬁUOZ]
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Core Material

System Manufacturing technique

Clinical indications

Glass Ceramic
Lithium disilicate
(Si0,-LiO,)
Leucite

(Si0,-ALO,K,0)

Feldspathics
(8i0,-Al,0,-Na,0-
K,0)

IPS Empress 2 (lvoclar Vivadent, Schaan, Liecht

wiHeat pressed

IPS e.max (lvoclar Vivadent) ea pressed

IPS Empress (lvoclar Vivadent) | Hea resied
Heg oressed
IPS ProCAD (lvoclar Vivadent)
VITABLOCS Mark Il (VITA Zahnfabrik, Bad.Sac
VITA TriLuxe Bloc (VITA Zahnfabrik)

VITABLOCS Esthetic Line (VITA Zahnfabrik)

Crowns, anterior FPDP

Onlay, 3/4crowns, crowns, anterior FPDP

Onlay, 3/4crowns, crowns
Onlay, 3/4crowns, crowns
Onlay, 3/4crowns, crowns
Onlay, 3/4crowns, crowns, neneers
Onlay, 3/4crowns, crowns, neneers

Anterior cwowns, veneers

Alumina

Aluminum oxide

In-Ceram Alumina (VITA Zahnfabrik)

intered

Crowns, FPDP
Crowns
Crowns, Posterior FPDP

Veneers, crowns, anterior FPDP

(ALO,) In-Ceram Spinell (VITA Zahnfabrik)
In-Ceram Zirconia (VITA Zahnfabrik) "’\'E
Procera (Nobel Biocare AB, Goteberg, Ig;ien_
Zirconia ‘I‘J
Y-TZP Lava (3M ESPE, St. Paul, Minn)

(2rO, stibilized by
Y,0,)

i
Wkﬂum‘nﬂm m fio-

DC-Zirkon (DCS Dental AG, Allsohlsﬁll Switzerland) 'Y

Procera (Nobel Biocare AB) ';1 '

N
R399 1

a [83]

uummqmmm’mrﬂmvm@mﬂumﬂmmmumLLuvmmmm‘]:mmma

. "llﬁ'--- f‘\-"_

Crowns, FPDP
Crowns, FPDP
Crowns, FPDP

Crowns, FPDP, implant abutments
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nsnagauANNLdeRszaulnlag

ANIARALAMNLIRN AN ARNANNNT Aa MHnANINALFUNURINAY
NAFDLAUNTZINDULTINAINUA T A1N1TUAZATUIULINAFANURIA N AN N ATAUNAIAI NI
nanaEauiasuaq™ udelale 2 dszian Aa nnmegauANLgTEs LN AT
(macrohardness tests) Az lfUsaNANINNGY 1 AlANSH LarN1IAgaLAMNLTIsssUlniAg

. 173 v 1 a o tﬁl a 173 o 1
(microhardness tests) azlfusanaiiaandn 1 alansu datianlEn19iunnssuannngn n1g
@ o = = WAV T I - aal A @
naastA Nyl il sl s uFI T NIEENE Al e 35 A N1INAFBLANLTSLLIL
Aninada (Vickers hardness test) taznimagauAmudauuuyll (Knoop hardness test)
TP NNANNITATUI AN LINAT DAL 7 [T Aatn e LN A9 NN A lanA e L SRt LA

" nmeaeuauwdw Nalnad lidnawmasglsasilnda  (diamond  pyramidal

o o

indentation) Ndyx 136 24dn 1A Wsagnailugllamatnania (square shape) ANEINY

Q q

ragLduNUeNys  (diagonal) m@as@mm;mmmmmmﬂumm’mLLmLL@ywmmﬂu
Vickers hardness number (VHN) mzmmmmjuumnmmmmvmmuﬂivmumwwam
Tanlany wiu Tasaaireilu mumiwm@mm]ﬂuﬂ AAANNNTLIULALAA LN AGBLILLL
nnes Imﬂiﬁjmmea‘@ﬂmqﬂmu@mmﬁlmﬂﬂﬂmﬂmﬂmuuLﬂﬂmju (rhomboid shape) A
mmLm\immmmﬂmmmwmxﬁuwmeugﬁuﬂqwm@ﬂmm Tdaendlu Knoop
hardness number * memuja@dﬂmmmuLmuuﬂ%mmmmvmwuﬁqﬁ
e i@ﬂﬂmuﬁmmmum (elastic recovery) mmmm&ummmmﬁuau Fadurnany
. - an X L . x U Y
wisiauuuylasliauitauiaeuaesdas wanadninimaseuwiuylauielduss
v a o = : a o Yo o @ 2 2
nalessus 0.1 Alansy Dawmnan @ flgnieas@nsponaaauddvisiaguiuaziin® Tag
ANAHLTN AU IARINANLRALIBANENITBLA U UENHNTDITRENA AIUAAQTL AN
2 Tneilanspe’
AT (H) = dasinndna (F) / Mufvedsaann (A)
IpeNuAradsasng (A) = 0.07L°

¥ ¥ a a
wag L = V’]Q’]Q\IEWQL’&‘HWLLEQHNL@MHWQ%@\‘I?@HT]ﬁgﬂﬂ?qﬂﬂ
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R4
Knoop 7 | '1
("

a4 (1)

.
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Descriptive Statistics

Cement  Ceramic Thickness N Mean Std. Deviation | Minimum | Maximum
Variolink  control .00 Hardness 12| 21.638883 3.6874037 14.8333 26.4333
HT .50 Hardness 12" 19.391667 3.7739170 12.3667 23.2000
1.00 Hardness 121 18:386111 3.3162123 12.2667 21.9000
1.50 _Haidness 12| +1:7.163861 2.9929195 11.3333 21.2000
2.00 _Hardness 12|+ 15.375000 2.1063696 10.6000 19.0000
HO .50 Haidness 12| 19.808317 3.8717048 13.0000 24.4333
1.00 . Haidness o 12| 18.150000 3.4194482 11.4000 22.0333
150 _Hardness 12| 16.338917 2.8495600 10.7667 21.2667
2.00° Hardness 12| 13.005583 2.1113901 8.6333 16.4000
Cercon .50 Hardness 12| 17.663861 3.3199765 12.4333 21.4667
1.00 Hardness 12| ' 16.730528 2.7913267 12.0667 20.4000
1.50 Hardness 12} 14.472194 2.3888299 11.3333 17.9000
2:00  Hardness 12} 13.14969% 3.0631617 6.9333 17.6667
NX3 control .00 Hardness 12| 30.283333 1.8502252 27.5000 33.8333]
HT .50 Hardness 12| 30.158306 1.8465257 26.6000 32.7000
1.00 “ Hardness 12| 29.797222 2.1963909 25.8333 33.1667
1.50 | Hardness 12| | 27.794444 1.9040538 23.8000 29.4333]
2.00  Hardness 12| 24.827806 3.3477604 19.4000 28.6333'
HO 150 Harfdness 12| 29.480528 2:6028575 23.9667 33.9333'
1.00  Hardness 12| 27.163917 2.3683110 23.1000 30.0333'
1.50 Hardness 12| 25.511111 2.3417309 21.4000 28.5333|
2.00  Hardness 12| 20.083361 2.6079116 16.0333 23.9333I
Cercon .50 Hardness 12| 28.800000 2.2051821 23.7000 32.3000
1.00  Hardness 12| 27.105583 2.5347564  20.4667 30.0333
1.50 Hardness 12| 24.702778 2.6631969 19.6333 28.6333I
2.00  Hardness 12| 21.819472 2.4257779 16.8667 25.4667
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a & a B
Lot et L V4B LIFINN AIMTHUNUN Kolmogorov- Asymp. Sig.
Smirnov Z (2-tailed)
Variolink Veneer control 591 .876
IPS e.Max Pre t\\‘x \U/! .678 .748
NAYLLLF o™

HT w 763 605

.932

.803

743

492

.976

.991

.906

.398

.501

.990

NX3 .966

.955

1.000

.587

-
ﬂ (s .930
TI IPS e.Max Press - ‘g 0.5 . .823
| o/
AWINANA IR LN FE A >
L] ] - L ] -

q 15 .940 .340

2.0 463 .983

Cercon 0.5 494 .968

1.0 .740 .644

1.5 AT72 .979

2.0 579 .891
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Tests of Between-Subjects Effects

Dependent Variable:Hardness

Type |1l Sum of
Source Squares df Mean Square F Sig.
Corrected Model 9801.946° = 392.078 50.762 .000
Intercept 481333.563 1 134833.563| 17456.923 .000
Cement 6214 702 1 6211.702 804.230 .000
Ceramic 272 847 R 136.173 17.630 .000
Thickness 1548.47+ 3 516.159 66.827 .000
Cement * Ceramic 43.529 - 2 21.764 2.818 .061
Cement * Thickness 49.458 3 16.486 2.134 .096
Ceramic * Thickness 85.025 e, 6 14.171 1.835 .092
Cement * Ceramic * 5:162 6 .860 111 .995
Thickness =
Error 2209.003 286 7.724
Total 161335.376 312
Corrected Total 12010.949 Elildl

a. R Squared =.816 (Adjusted.R Squared = .800)
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wae 2 ngu (p = 0.000)
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75

TN NATINIBIN AR T UTT LT UT LN UALAZ I RNAUA LT IR NAAANRALIANAIN U

R0289L5T 1T LU (p = 0.062)
T NANTNATIN IS AR I TUT LN UFTLAL AN LN URLEI N NA B A LRALI AN

ANNNLTRN 1899 UT LU (p = 0.098)
T NANTNATINIAITRAUR LTIV RN LA AN AU IALTIVANFADANDRLIAN AN LT

R0289L5% 1T LUl (p = 0.093)

- liNANTnaTINIBINA AL WATRILETINN LAZAINAUIYBILETIH

NABANAALIANAIHLTIHYS

AULINENTNEINS
ARIANTAUNNINGAE



NN5ALATIZEANNULANFNSTDIANL QAL ATAITNLTIRITZ AN T T UL LN UG FING

NARNUN LHAUNAINETATUIIULESIRNN TUARAZAIMNURUIAINU

76

Adl a o Vo 1 = 1 Adl 1 < a
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ADANNINARALIN
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 21.638883 3.6874037 1.0644618]
NX3 P 30.283333 1.8502252 .5341140

Independent Samples Test

Leveng's Test for Equality:
of Variances

t-test for Equality of Means

95% Confidence Interval
of the Difference

i Sig. (2- Mean Std. Error
F Sig- | — df tailed) Difference | Difference Lower Upper
Hardnes Equal variances 8.379 08| 7258 |==tF 22 .000| -8.6444500| 1.1909478 -| -6.1745755
S assumed il 11.1143245
Equal variances not -7.258}.16.209 .000| -8.6444500| 1.1909478 -| -6.1223942
assumed 11.1665058
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Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 19.8391.667 3.7739170 1.0894360
NX3 12 30.158306 1.8465257 .5330460

Independent Samples Test

Leveneé's Test.for Equality,of
\/afiances

t-test for Equality of Means

95% Confidence Interval of
the Difference

Mean Std. Error
F Sig. t df Sig. (2-tailed) | Difference Difference Lower Upper
JHardness Equal variances 84235 .009 -8.877 22 .000| -10.7666389 1.2128515| -13.2819391| -8.2513387
assumed
Equal variances not -8.877| 15.981 .000| -10.7666389 1.2128515| -13.3380135| -8.1952643]
assumed

3.

dl a a - o 9/@9/ (=) = a g a !
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aa =
ADFANITNAKALN
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink v 18/386111 3.3162123 .9573080
NX3 12 29.797222 2.1963909 6340434
Independent Samples Test
Levene's Test for Equality of t-test for Equality of Means
Variances
95% Confidence Interval of
the Difference
Mean Std. Error
F Sig. t df Sig. (2-tailed) | Difference Difference Lower Upper
JHardness Equal variances 3.306 .083 -9.938 22 .000] -11.4111111 1.1482377| -13.7924103 -9.0298119
assumed
Equal variances not -9.938 19.093 .000] -11.4111111 1.1482377| -13.8136057 -9.0086165|
assumed
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dl a o -] o 9/: a = a o a '
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ANANINAFALT
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 17.163861 2.9929195 .8639814]
NX3 12 27.794444 1:9040538 .5496530
Independent Samples Test
Levene's Test fof t-test for Equality of Means
Equality ofiVariances
95% Confidence Interval of the
Difference
5 Sig. Mean Std. Error
[ Sigh t df (2-tailed) Difference Difference Lower Upper
JHardness Equal variances 3.095 .092 -10.381 R2 .000| -10.6305833 1.0240031| -12.7542358 -8.5069309
assumed -
Equal variances -10.38% 18.651 .000| -10.6305833 1.0240031| -12.7765653 -8.4846013
not assumed
dll a a -] o izagl a = a I a 1
5. \WHalsdutiussnsialsTsemeniin leaaauundnes 1inadulildauasgs

ANHNTUN 2.0 RadiumeFanfsnA e asA A ML Re49 3 la A e S AL InG /Y7

aa =
ADFANITNAKALN
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 15.375000 2.1063696 .6080565
NX3 12 24327806 3.3477604 19664152
Independent Samples Test
Levene's Test for Equality of t-test for Equality of Means
Variances
95% Confidence Interval of
the Difference
Mean Std. Error
F Sig. t df Sig. (2-tailed) | Difference Difference Lower Upper
JHardness Equal variances 3.534 .073 -8.279 22 .000 -9.4528056 1.1417929| -11.8207391 -7.0848720
assumed
Equal variances not -8.279 18.529 .000 -9.4528056 1.1417929| -11.8467210 -7.0588901,
assumed
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dl a 1 o 9/: a = al s a =<
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ANANINAFALT
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 19.808317 3.8717048 1.1176649)
NX3 12 29.480523 2.6028575 .7513802

Independent Samples. Test

LLevene's Test for Equality of
Variances

t-test for Equality of Means

95% Confidence Interval of
the Difference

Mean Std. Error
F 3ig. t df Sig. (2-tailed) | Difference Difference Lower Upper
JHardness Equal variances 4339 .049 -7.182 22 .000 -9.6722111 1.3467543| -12.4652086| -6.8792137|
assumed
Equal variances not “7:182| 19.257 .000 -9.6722111 1.3467543| -12.4884609| -6.8559613]
assumed ¥

7.

\Walsdutiussnsa it uamEdn eRle s ndineg 1HaANNTALLAIEY AN
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aa =
ADFANITNAKALN
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink v 18150000 3.4194482 .9871097
NX3 12 27.163917 2.3683110 .6836725
Independent Samples Test
Levene's Test for Equality of t-test for Equality of Means
Variances
95% Confidence Interval of
the Difference
Mean Std. Error
F Sig. t df Sig. (2-tailed) | Difference Difference Lower Upper
JHardness Equal variances 1.629 .215 -7.507 22 .000 -9.0139167 1.2007471| -11.5041137 -6.5237196
assumed
Equal variances not -7.507 19.579 .000 -9.0139167 1.2007471| -11.5220870 -6.5057463|
assumed
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dl a 1 o 9/: a = al s a =<
LNT‘JL?sﬁusﬁLNuﬁ]‘LIiLI[5]'31[5]%1&\‘1’1%@?’1&1?11@‘1/‘1L‘ﬂ@’ﬂLLﬂJﬂsﬁL‘W?@ TUAAIINNULAIGS AN

U1 1.5 DAAINAT IWTaUNaUARatANAMNIEI R T la AR RS LA LI TNG /YIS

ANANNINARALN
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 16.338917 2.8495600 .8225971
NX3 12 205 T 1Y 2.3417309 .6759995

Independent Samples. Test

Llevene's Test for Equality of t-test for Equality of Means
Variances
95% Confidence Interval of
the Difference
Mean Std. Error
F 3ig. t df Sig. (2-tailed) | Difference Difference Lower Upper
JHardness Equal variances 267 .611 -8.615 22 .000 -9.1721944 1.0647259| -11.3803009 -6.9640880
assumed
Equal variances not -8.615 21.204 .000 -9.1721944 1.0647259| -11.3851188 -6.9592701,
assumed ¥
dl a a -] o 9/@9/ a = a I a =K
9. bHBLTAUT LN LA LN mﬁlmmmmmmiﬂw PRABLNNTLNTR TUAAITNNL LLZNZSQ AN
a a = 1 ndl T @ A a a o= a g < o/ =
U1 2.0 HRALNAT L‘]ﬁ‘ﬂll WELANLAAEATAIIHEINHL 12913 L AYALHE SuaZLINT &N
aa =
ADFANITNAKALN
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 13.005583 2.1113901 .6095058]
NX3 12 20.083361 2.6079116 7528392
Independent Samples Test
Levene's Test for Equality of t-test for Equality of Means
Variances
95% Confidence Interval of
the Difference
Mean Std. Error
F Sig. t df Sig. (2-tailed) | Difference Difference Lower Upper
JHardness Equal variances .615 441 -7.307 22 .000 -7.0777778 9686404 -9.0866150 -5.0689405|
assumed
Equal variances not -7.307 21.087 .000 -7.0777778 9686404 -9.0916718 -5.0638838|
assumed




10.

%

1 ndl 1 @ A a a = a & @ o =
ANRRLATANNLINENT89 3 laas Al SasLiindans

ANANIARALT
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 17.663861 3.3199765 .9583947
NX3 12 28.800000 2.2051821 -6365813]

Independent Samples. Test
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LLevene's Test for Equality of
Variances

t

-test for Equality of Means

95% Confidence Interval of
the Difference

Mean Std. Error
F 3ig. t df Sig. (2-tailed) | Difference Difference Lower Upper
JHardness Equal variances 5254 .032 -9.679) 22 .000] -11.1361389 1.1505460| -13.5222252| -8.7500526|
assumed
Equal variances not 9679 19.125 .000| -11.1361389 1.1505460| -13.5431976| -8.7290802
assumed ¥

11.

1 all 1 S a a o= " 3 o =
AR ATANNNLINENT9997T [ adARtlie s ALl indans

ADAN1INARALN
Group Statistics
Cement N Mean Std. Deviation="}, Std. Error Mean
Hardness Variolink 12 16.730528 2.7913267 .8057866
NX3 12 27.105583 2.5347564 7317212

Independent Samples Test

WLt NusLN AR IR UEEnEasARL AN 1.0 RaALNAT WIsudey

Levene's Test for Equality of t-test for Equality of Means
Variances
95% Confidence Interval of
the Difference
Mean Std. Error
F Sig. t df Sig. (2-tailed) | Difference Difference Lower Upper

JHardness Equal variances 1.301 .266 -9.532 22 .000| -10.3750556 1.0884429| -12.6323479 -8.1177632

assumed

Equal variances not -9.532| 21.799 .000| -10.3750556 1.0884429| -12.6335578 -8.1165534I

assumed
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ANANNINARALN
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 14.472194 2.3888299 .6895958]
NX3 12 24.702773 2.6631969 .7687987

Independent Samples. Test
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LLevene's Test for Equality of

t-test for Equality of Means

Variances
95% Confidence Interval of
the Difference
Mean Std. Error
F 3ig. t df Sig. (2-tailed) | Difference Difference Lower Upper
JHardness Equal variances 124 728 -9.906; 22 .000] -10.2305833 1.0327603| -12.3723971| -8.0887696|
assumed
Equal variances not 9906| 21.745 .000| -10.2305833 1.0327603| -12.3738545| -8.0873122
assumed ¥

13.
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aa =
ADFANITNAKALN
Group Statistics
Cement N Mean Std. Deviation | Std. Error Mean
Hardness Variolink 12 13.149694 3:0631617 .8842586
NX3 12 21.819472 2.4257779 .7002618]
Independent Samples Test
Levene's Test for Equality of t-test for Equality of Means
Variances
95% Confidence Interval of
the Difference
F Sig. t df Sig. (2-tailed) Mean Std. Error Lower Upper
Difference Difference
Hardness Equal variances 1.280 .270 -7.686 22 .000 -8.6697778 1.1279538 -11.0090108 | -6.3305447
assumed
Equal variances not -7.686 20.902 .000 -8.6697778 1.1279538 -11.0161533 | -6.3234022
assumed
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1.

dl a 8 a a o= a o 1 o QJQD a = = '8 a
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Til3auaaga
1.1)  AnedaA1ANwdeEe doudenuunnggiu AAgauazAIgeEATeILsaY
NANNNINARDY
Descriptives
Hardness
95% Confidence Interval for
Mean

Mean Std. Deviation| Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
50 12| 19.391667| 37739470 1.0894360| 16993834  21.789499 12.3667| 23.2000
1.00 12| 18.386111 8.3162123{ 9573080| = 16.279090|  20.493132| 12.2667| 21.9000
1.50 12| 17.163861| 4 200929195/ 8639814|  15.262251|  19.065471| 11.3333| 21.2000
2.00 12| 15.375000] 2.1063696| .6080565|  14.036677|  16.713323| 10.6000[ 19.0000
Total 48| 17.579160| /' 38662295 16.601709]  18.556611 10.6000| 23.2000

4858734

1.2) m?mmmummLLﬂsﬂmuﬁumLwiafzﬁzjué’fmrﬁimﬁﬁ Levene's

Test of Homogeneity of Variances
Hardness

Levene Statistic

df

df2

Sig:

2.409

44

.080

1.3)

AN 29041580

NN9LAT1 AN 319U T AARLAN AN TR A LR AL LANFAN T WAL ANED B

ANOVYA
Hardness
Sum of Squares df Mean Square F Sig.
Between Groups 107.606 3 35.869 3.714 .018]
Within Groups 424.975 44 9.659
Total 532.581 47
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1.4)  PNINUARIANAT AAIMILNAADLANUANGNTBIANARL LA WADILLILIY)
a o
Ael
Multiple Comparisons

Hardness

Tukey HSD

() J) 95% Confidence Interval

Thickne Thickne | Mean Difference

ss ss (1-3) Std. Error Sig. Lower Bound Upper Bound

.50 1.00 1.0055556(.. 1.2687605 .857 -2.382042 4.393153
1.50 2.2278056] 12687605 .308 -1.159792 5.615403
2.00 4.01666644" 1.2687605 014 .629069 7.404264

1.00 .50 -1.0055556|" 142687605 .857 -4.393153 2.382042
1.50 1.2222500| /142687605 771 -2.165348 4.609848
2.00 30111411 F1I2687605); .097 -.376486 6.398709

1.50 .50 -2.2278056| & 4.2687605 .308 -5.615403 1.159792
1.00 -1.2222500 1.2687605I 71 -4.609848 2.165348
2.00 1.7888641| /' 1.2687605] .500 -1.598736 5.176459

2.00 .50 -4.0166667 | 41:2687605 + 4 014 -7.404264 -.629069
1.00 -3.0111114)  1.2687605f &, .097 -6.398709 .376486
1.50 -1.7888611| ~1.2687605] s, -500 -5.176459 1.598736

* The mean difference is significant atthe .05 level.

Hardness
Tukey HSD?
Thickne Subset for alpha = 0.05
SS N i 2
2.00 12 15.375000
1.50 12 171163861 17.163861
1.00 12 18.386111 18.386111
.50 12 19.391667
Sig. .097 .308

Means for groups in homogeneous subsets are

displayed:

a. Uses Harmonic Mean Sample Size = 12.000.
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Descriptives
Hardness
95% Confidence Interval for
Mean
Mean Sid. Deviation| Std. Error_j.kewer Bound | Upper Bound | Minimum | Maximum

50 12| 19.808317] 3.8747048| 1.1176649]  17.348353| 22.268281 13.0000| 24.4333
1.00 12| 18.150000] 3.4194482| = 9871097|  15.977386|  20.322614| 11.4000| 22.0333
1.50 12| 16.338927" 2/8495600| | .8225971|  14.528393|  18.149441| 10.7667| 21.2667
2.00 12| 13.005583(¢" 24143901 1.6095058|  11.664070| 14.347097| 8.6333| 16.4000
Total 48| 16.825704| 439615017 5718065 15.675378| 17.976030| 8.6333| 24.4333

2.2)  mamagaUANHililglFuaasLsasnaNAILiFnATS Levene's

Test of Homogeneity of Variances

Hardness

Levene Statistic

dfl

df2

Sige

2.398

44

081

2.3)

AN UNINAED

ANOVA
Hardness
Sum of Squares df Mean Square F Sig.
Between Groups 305.760 3 101.920 10.384 .000
Within Groups 431.868 44 9.815
Total 737.628 47
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2.4)  ANATAAMILINAGALAMNUANFANTIIANLALLLILALANYATULLILIY AT
Multiple Comparisons

Hardness

Tukey HSD

0] J) 95% Confidence Interval

Thickne Thickne | Mean Difference

Ss Ss (I-9) Std. Error Sig. Lower Bound Upper Bound

.50 1.00 1.6583167 1.2790082 .570 -1.756642 5.073276
1.50 3.46940001| . 1.2790082 .045 .054441 6.884359
2.00 6.80273337  1.2790082 .000 3.387774 10.217692

1.00 .50 -1.6583167| 1.2790082 570 -5.073276 1.756642
1.50 1.8110833 1.2790082 .496 -1.603876 5.226042
2.00 5.1448167 L"162790082 .001 1.729458 8.559376

1.50 .50 -3.46940004¢ 1.2790082 .045 -6.884359 -.054441
1.00 -1.8110833)¢ #1:2i790082 .496 -5.226042 1.603876
2.00 318333383[4# j1.2790082}4 .058 -.081626 6.748292

2.00 .50 -6.8027338 1.2790082 ' .000 -10.217692 -3.387774
1.00 5444467 J1.2790082 .001 -8.559376 -1.729458
1.50 -3.3383338| /| 1.2760082 .058 -6.748292 .081626

*. The mean difference is significant at the 0.05 Ievél_. v

Hardness =
Tukey HSD? i
Thickne Subset for.alpha = 0.05 Db
SS N 1 2 &
2.00 12 13.005583
1.50 12 16.338917 16.338917
1.00 12 18.150000 18.150000
.50 12 19.808317
Sig. 058 .496 .570

Means for groups injhomogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 12.000.
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3.
31)  AnaduAANNHn Ao danuuInggIu APNgALATANEIgATRILAAL
NQNNNINAADY
Descriptives
Hardness
95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Erger | .Lower Bound | Upper Bound | Minimum | Maximum
.50 12| 17.663861 3.3199765| .9583944 15.554449 19.773274| 12.4333| 21.4667
1.00 12| 16.730528 2.7913267|1.8057866 14.957003 18.504052| 12.0667| 20.4000
1.50 12| 14.472194 2:3888299| | .6895958 12.954404, 15.989985| 11.3333] 17.9000}
2.00 12| 13.149694 3.0631617| | .8842586 11.203454 15.095935 6.9333| 17.6667
Total 48| 15.504069 3.3461834| 1.4829800 147582439 16.475700 6.9333| 21.4667
32)  nimageuAMinlalFBdesLAasNansaziAIans Levene's
Test of Homogeneity of Variances
Hardness
Levene Statistic dfl df2 Sig.
.666 3 44 Ry

3.3)

DIV b L PR S I Ey I e i e RIRAtIte

ANOVA
Hardness
Sum of Squares df Mean Square E Sig.
Between Groups 153:321 3 51.107 6.030 .002
Within Groups 372.935 44 8.476
Total 526.256 47
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34)  ANADRAMILNAAELANUANFNTDIALRALLLLALANAAMLLLY AL
Multiple Comparisons

Hardness

Tukey HSD

0] J) 95% Confidence Interval

Thickne Thickne | Mean Difference

Ss Ss (I-9) Std. Error Sig. Lower Bound Upper Bound

.50 1.00 .9333333|  1.1885428 .861 -2.240083 4.106749
1.50 3.1916667 | . 1.1885428 .048 .018251 6.365083
2.00 4.5141667" 1.1885428 .002 1.340751 7.687583

1.00 .50 -.9333333[ 1.1885428 .861 -4.106749 2.240083
1.50 2.2583333 1.1885428 .243 -.915083 5.431749
2.00 3.5808333 |+ 1s1885428 .021 407417 6.754249

1.50 .50 -3.194666 74 1.1885428 .048 -6.365083 -.018251
1.00 -2.2588333)¢ 4111885428 .243 -5.431749 .915083
2.00 W38225000F 41.1885428), .684 -1.850916 4.495916

2.00 .50 -4.5141667 11885428 ' .002 -7.687583 -1.340751
1.00 -316808333) /1.1835428 .021 -6.754249 -.407417
1.50 -1.3225000| /' 1.1885428 .684 -4.495916 1.850916

*. The mean difference is significant at the 0.05 Ievél_. v

Hardness )
Tukey HSD? i
Thickne Subset for.alpha = 0.05 Db
SS N 1 2 &
2.00 12 13.149694.
1.50 12 14,472194 14.472194
1.00 12 16.730528 16.730528
.50 12 17.663861
Sig. 684 .243 .861

Means for groups injhomogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 12.000.
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89

dl a o & & o a o 9/: a = N ¢ a !
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FNINUARY ANRREAIANUTNEY A2 dauUBNIRTgIN ANANGALASANGIER

Hardness
95% Confidence Interval for
Mean

N Mean Sid. Deviation | Std. Error j.kewer Bound | Upper Bound | Minimum | Maximum
.50 12| 30.158306 1.8465257|+.5330460 28.985079 31.331532 26.6000[ 32.7000
1.00 12| 29.797222 2+1968909| | .6340434, 28.401702 31.192742| 25.8333| 33.1667
1.50 12| 27.794444 479040538/ |.5496530 26.584666 29.004223| 23.8000| 29.4333
2.00 12| 24.827806 313477604 19664152 22.700740 26.954871| 19.4000| 28.6333
Total 48| 28.144444 3/577418| . 4557808 27.227532 29.061357| 19.4000| 33.1667

4.2)  nmeaeuANHillatl U sLAR RaN ARt AR TR Levene's

Test of Homogeneityof Variances

Hardness

Levene Statistic

dfl

df2

Sifje.

2.447

44

076]

4.3)

AN FUUI A9

ANOVA
Hardness
Sum of Squares df Mean Square F Sig.
Between Groups 214.919 3 71.640 12.423 .000
Within Groups 2531734 14 5.767
Total 468.653 47
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4.4)  ANADAAUTLNARDUANLANANNTBIANRRLULLALANYATULLILIY AT
Multiple Comparisons

Hardness

Tukey HSD

0] J) 95% Confidence Interval

Thickne Thickne | Mean Difference

Ss Ss (I-9) Std. Error Sig. Lower Bound Upper Bound

.50 1.00 .3610833| .9803637 .983 -2.256493 2.978660
1.50 2.3638611 . .9803637 .090 -.253715 4.981438|
2.00 5.33050007 .9803637 1000 2.712923 7.948077

1.00 .50 -.3610833| .9803637 .983 -2.978660 2.256493
1.50 2.0027778| 9803637 .188 -.614799 4.620354
2.00 4.9694167 |.+".9803637 .000 2.351840 7.586993

1.50 .50 -2.368861 14 49803637 .090 -4.981438 .253715
1.00 -2.002#778)¢ 4.9803637 .188 -4.620354 .614799|
2.00 219666389 |4 49803637 4 .021 .349062 5.584215

2.00 .50 -5.33050007 / 9803637 .000 -7.948077 -2.712923
1.00 -419694267 | /.9803637} .000 -7.586993 -2.351840
1.50 -2.9666389'| | .9803637 2% -5.584215 -.349062

*. The mean difference is significant at the 0.05 level., |

Hardness
Tukey HSD?
Thickne Subset for alpha =.0.05
SS N 1 2
2.00 12 24.827806
1.50 12 27.794444
1.00 12 29.797222
.50 12 30.158306
Sig. 17000 .090|

Means for groups injhomogeneous subsets are

displayed.

a. Uses Harmonic-Mean, Sample,Size =+12.000.

90
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dl a c & o/ a o/ 9/: a = a '8 a =<
LN@Lﬁ?sﬁwﬁLuumLuﬂmmlﬁ“umm‘Lmumummm%wL@mLLmsﬁLwa?mummmwuum

5.
AN
51)  AnadEAIANLINHY Ao danuuInggIu APNgALATAGIgATRIUAAL
NQNNNINAADY
Descriptives
Hardness
95% Confidence Interval for
Mean
N Mean Sid. Deviation | Std. Error j.kewer Bound | Upper Bound | Minimum | Maximum
.50 12| 29.480528 2.6028575( 7513802 27.826751 31.134305| 23.9667( 33.9333
1.00 12| 27.163917 2:3633110| | .6836725 25.659164 28.668670| 23.1000| 30.0333
1.50 12| 25.511134 213417309( |.6759995 24.023246 26.998976| 21.4000| 28.5333
2.00 12| 20.083361 216079116| 47528392 18.426373 21.740349| 16.0333| 23.9333
Total 48| 25.559729 442442050| - 6125982 24.327340 26.792118| 16.0333| 33.9333
52)  nmeseyadilstlsguaasiiazngu A AR Levene's
Test of Homogeneity of Variances
Hardness
Levene Statistic dfl dr2 Sige=
.047 3 124 986

5.3)

AU sUUNINRE0

ANOVA
Hardness
Sum of Squares df Mean Square F Sig.
Between.Groups 575.269 3 191.756 31.093 .000
Within Groups 271.355 14 6.167
Total 846.624 47

N99LATIE RN 313919 N AN AN ANNABN A IR AL AN AN T WA AN AT A
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5.4) AN AMIULLIYAET
Multiple Comparisons

Hardness

Tukey HSD

0] J) 95% Confidence Interval

Thickne Thickne | Mean Difference

Ss Ss (I-9) Std. Error Sig. Lower Bound Upper Bound

.50 1.00 2.3166111 1.0138349 117 -.390334 5.023556
1.50 3.9694167 1.0138349 .002 1.262472 6.676362
2.00 9.3971667 1.0138349 .000 6.690222 12.104112

1.00 .50 -2.3166111 1.0138349 " -5.023556 .390334
1.50 1.6528056 140138349 ks, -1.054139 4.359751
2.00 7.0805556., 1,0188349 .000 4.373611 9.787501

1.50 .50 -3.9694167 1/0138349 .002 -6.676362 -1.262472
1.00 -116528056 1,0138349|. %y -4.359751 1.054139
2.00 5.4277500" 1.0138349 ' .000 2.720805 8.134695

2.00 .50 913971667 1,0138349| 4 .000 -12.104112 -6.690222
1.00 -7.0805556 1.0188349 i .000 -9.787501 -4.373611
1.50 -5.4277300 1,01383494 4 1000 -8.134695 -2.720805

*. The mean difference is significantat the 0:05 fevel.

Hardness E
Tukey HSD?
Thickne Subset foralpha = 0.05
SS N 1 2 -
2.00 12 20.083361
1.50 12 25511111
1.00 12 27.163917 27.163917
.50 12 29.480528
Sig. 1.000 373 A7

Means for groups in homogeneous subsetsiare displayed.
a. Uses'Harmaoniec MeanSample'Size =12.000.
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6.1)  ANRALAIAINWINHD dotlEUuNIAgTIN APNGALATAGIGATRIUGAL

NQNNNINARDY
Descriptives
Hardness
95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Errer| Lower Bound | Upper Bound | Minimum | Maximum

50 12| 28.800000f2:2051821|" .6365813| " 27.398894|  30.201106] 23.7000| 32.3000
1.00 12| 27.105588)"2.5347564| | .7317212] 25495076  28.716091| 20.4667| 30.0333
1.50 12| 24.702778j" 2.6631969| | 7687987| 23010663  26.394892 19.6333| 28.6333
2.00 12| 21.819472| " 2.4257779| \7002618|  20.278206|  23.360738| 16.8667| 25.4667
Total 48| 25.606988| 3.5674683| .5149197| 24571074 26.642843| 16.8667| 32.3000]

6.2)  NIAgaUANHLLgFuvssLaYNANAYEIANATS Levene's

Test of Homogeneity of Variances

Hardness

Levene Statistic

dfl

df2

Sighed

173

44

914

6.3)

Az FAuuLsUUnINmeD

N9 AT IR ST A N AN FNE IR AN LA LAN AT WAL ANED

ANOVA
Hardness
Sum of Squares df Mean Square F Sig.
Between Groups 331.248 3 110.416 18.202 .000
Within Groups 266.913 44 6.066
Total 598.161 47
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6.4)  FNINUAAIANANRAAUILNAAELIAINUANANTEIANAALLLLALANY ALY
a 6
Ael
Multiple Comparisons

Hardness

Tukey HSD

() J) 95% Confidence Interval

Thickne Thickne | Mean Difference

Ss Ss (I-9) Std. Error Sig. Lower Bound Upper Bound

50 1.00 1.6944167|  1.0055023 344 -.990280 4.379113
1.50 4.0972222°| 1.0055023 1001 1.412526 6.781919
2.00 6.9805278 - 1.0055023 .000 4.295831 9.665224

1.00 .50 -1.6944167| _~1.0055023 344 -4.379113 .990280
1.50 2.4028056)#" 1.0055023 .094 -.281891 5.087502
2.00 5.2861471 |4 4.0055023 .000 2.601414 7.970808

150 .50 -4,0972222| 4 4.0055023]. 001 -6.781919 -1.412526
1.00 -2.4028058| / 1.0055023| 094 -5.087502 281891
2.00 2.8833056 | /1.0055023 1031 .198609 5.568002

2.00 .50 -6.98052787 | 1.0055028 .000 -9.665224 -4.295831
1.00 -5.2861141°| - 1.0055023F, 4 000 -7.970808 -2.601414
1.50 -2.8833056] “1.0055023)" = .081 -5.568002 -.198609

*. The mean difference is significant at the' 0.05 fevel,

S

Hardness .
Tukey HSD? .
Thickne Subset for alpha = 0.05
SS N 1 2 &
2.00 12 21.819472
1.50 12 24.702778
1.00 12 27.105583 27.105583}
.50 12 28!800000;
Sig. 1.000 .094 .344

Means for,groups:in hemogeneous:subsetsjare displayed,
a. Uses 'Harmonic Mean Sample Size =12:000:



95

NM9ILATITUANNULANFNTRIANLRRLATANNLTIRITDATTUTLNUANR AN UM €

LHAUNAINYTATUINULESINNANNTUA NRAMMNUULNINNY

Adl a 8 a a o= a o 1 o QJQD a Adld a Aa
1. WAL TUTLNUFIN IR AIA RS SUNAL AT UL I RN ANAINYUN 0.5 NAALNAT
1.1 AnedaA1AuudaEe doudesuunnsgIn ANAgALATAIgIEATBILsaT
NANNNINAADY
Descriptives
Hardness
95% Confidence Interval for
Mean
N Mean | StdeDeviation| Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
HT 12| 19.394667| #3.7739170|(}1.0894360 16.993834 21.789499| 12.3667| 23.2000
HO 12| 19.808317| 48.8717048[.1.1176649 17.348353 22.268281| 13.0000| 24.4333
Cercon 12| 17.663861)¢ 3.3199765| «.9583947 15.554449 19.773274| 12.4333| 21.4667
Total 36| 18.954645| 4 36794142 .6132357 17.709680 20.199549| 12.3667| 24.4333
12)  mmageuAdnultlstlsouaesinasnguActFNAT A Levene's
Test of Homogeneity of Variances
Hardness ‘
Levene Statistic dfy df2 Sig.
.216 = 33 .807

1.3)

Az ANULila IS N0

ANOVA
Hardness
Sum of Squares df Mean Square F Sig.
Between Groups 31.030 2 15.515 1.156 .327
Within Groups 442.803 33 13.418
Total 473.833 35

AN9LAT1ERANNLLUTUIIUINT AU LANFANUDI AR LANFANNTUAEIANED
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dl a 8 a a o= a o 1 o 9/: a ‘dld a a
2. HATUENUAYT e AIAL L FLNFN TATUNN WIS RNARNAINNLEN 1.0 NadLuAS

21)  AAsAIAINWINED dotleNuuNInggIN APNGALATAGIGATRILGAL

NQNNNINAADY
Descriptives
Hardness
95% Confidence Interval for
Mean

N Mean Sid. Deviation | Std. Errorfszower Bound | Upper Bound | Minimum | Maximum
HT 12| 18.386111 3:3162123] .9573080 16.279090 20.493132] 12.2667| 21.9000
HO 12| 18.150000 8.41494482| 9871097 15.977386 20.322614| 11.4000( 22.0333
Cercon 12| 16.730528 2.7913267|, .8057866 14.957003 18.504052| 12.0667| 20.4000)
Total 36| 17.755546 8.1827292|1.5304549 16.678666 18.832427| 11.4000( 22.0333

2.2)  mmageuadnulsdsgulesusiarnannILAANA Levene's

Test of Homogeneity of Variances
Hardness

Levene Statistic dfl df2 Slie g oy 1)
.205 2 33 .816

2.3)  NIATERAIHILIS LN N AN AN AINUEN AN LRSI LA NFING UL ANAT B

Az FAuuLsUunINAe9

ANOVA
Hardness
Sum of Squares df Mean‘Square F Sig.
Between'Groups 19.246 2 9.623 47 .398]
Within Groups 335.295 33 10.160
Total 354.542 35




97

dl a 8 a a o= a o 1 o 9/: a aa a a
3. LHATWENUAYT e A AL L FLNFN TATUN WIS RN AR ANNLN 1.5 NadLuAT

31)  AnaduAANLNHY dadanuuInggIu ANPNgALATAEIgATRILGAL
NQNNNINAADY
Descriptives
Hardness
95% Confidence Interval for
Mean
N Mean Std. Deviation| Stds Error| Lower Bound | Upper Bound | Minimum | Maximum
HT 12| 17.163861 2.9929195| .8639814 15.262251 19.065471| 11.3333| 21.2000
HO 12| 16.338917 2.8495600¢ .8225971 14.528393 18.149441| 10.7667| 21.2667
Cercon 12| 14.472194 2.3888299| .6895958 12.954404 15.989985| 11.3333| 17.9000]
Total 36| 15.991657 249094219| .4849037 15.007251 16.976064| 10.7667| 21.2667
32)  nimagelAuitilalRduesisiaznansatRaans Levene's
Test of Homogeneity of Variances
Hardness
Levene Statistic dfl df2 Sigdaia
131 2 83 .878]

3.3)  N9ArIEiAgNLe59uG H A NLANFANSN AN LR AE WAN AN LA ANED A

AN sUsunNaLRE9

ANOVA
Hardness
Sum of Squares df Mean Square F Sig.
Between Groups 45.641 2 22.821 3.005 .063]
Within Groups 250.625 33 7.595
Total 296.266 35
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dl a 8 a a o= a o 1 o 9/: a ‘dld a a
4. W NASTUTINUAINT D ANAHESLNAN FT UKL TINNNNANNAUN 2.0 HaALNAT

41)  AN@ALAIAINLDNHEY AolENUUNIATIIW AMFNARALATANGIANTRILAAY
NQNNNINARDY
Descriptives
Hardness
95% Confidence Interval for
Mean
N Mean Std. Deviation| Std: Error| Lower Bound | Upper Bound | Minimum | Maximum
HT 12| 15.375000 2.1063696( .6080565 14.036677 16.713323| 10.6000] 19.0000
HO 12| 13.005583 2:1113901f .6095058 11.664070 14.347097| 8.6333| 16.4000
Cercon 12| 13.149694f+ 3.0631617| .8842586 11.203454 15.095935| 6.9333| 17.6667
Total 36| 13.843426 246371114| .4395186 12.951156 14.735696|  6.9333] 19.0000|
4.2)  nmeasUPnEitl s dIeusazngN fAqtiAaa s Levene's
Test of Homogeneity of Vagiances
Hardness ,
Levene Statistic dfl df2 Sig.
1.891 2 38 1167

43)  N19RATITHANHLHEIETA T A NLARANS I A LA LANANNA WAL AN AT A

AzFANLL T TIEeRE

ANOVA
Hardness
Sum of Squares df Mean Sguare = Sig.
Between Groups 42.348 2 21.174 3.475 .043]
Within Groups 201.055 33 6.093
Total 243402 35
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4.4)  ANADAAUTLNARDUAMNLANANTBIANRALLLILALANY AT LUUY AL

a U

Multiple Comparisons

Hardness
Tukey HSD
() %) Mean Difference 95% Confidence Interval
Ceramic  Ceramic (I-9) Std. Error Sig. Lower Bound Upper Bound
HT HO 2.3694167 1.0076849 .063 -.103235 4.842068)
Cercon 2.2253056(. 1.0076849 .085 -.247346 4.697957
HO HT -2.3694167 1.0076849 .063 -4.842068 .103235
Cercon -.1441111 1.0076849 .989 -2.616763 2.328541
Cercon HT -2,.22530561" 1.0076849 .085 -4.697957 .247346
HO 14490171 1.0076849 289 -2.328541 2.616763
Hardness
Tukey HSD?
Subset for alpha
= 0,05
Ceramic N 1
HO 12 13.005583]
Cercon 12 18.149694
HT 12 15.375000
Sig. .063

Means for groups in homogeneous
subsets are displayed.

a. Uses Harmonic Mean Sample Size =
12.000.

4.5)  ANADRAMELYNAABLIANHNILANFINTESANLRAEILLLALANYADMLILLOALBAR (LSD)

u u

MultiplerComparisons

Hardness

LSD

() o) Mean Difference 95% Confidence Interval

Ceramicy, . Ceramic (I:9) Std. Error Sig. Lower Bound Upper Bound

HT HO 2.3694167| 1.0076849 .025 .319266 4.419567
Cercon 2.2253056 1.0076849 .034 .175155 4.275456

HO HT -2.3694167| 1.0076849 .025 -4.419567 -.319266
Cercon -.1441111f 1.0076849 .887 -2.194262 1.906039]

Cercon HT -2.2253056 1.0076849 .034 -4.275456 -.175155
HO 1441111 1.0076849 .887 -1.906039 2.194262

*. The mean difference is significant at the 0.05 level.
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51)  AnaREA1IANLINHY Ao daauuNInggIu AMFNAALATAIGIARTRILAAY
NQNNNINAADY
Descriptives
Hardness
95% Confidence Interval for
Mean
N Mean Std. Deviation| Std: Error| Lower Bound | Upper Bound | Minimum | Maximum
HT 12| 30.158306 1.8465257| .5330460 28.985079 31.331532 26.6000( 32.7000
HO 12| 29.480528 2:6028575( .7513802 27.826751 31.134305( 23.9667| 33.9333
Cercon 12| 28.800000 2.2051821| .6365813 217.398894 30.201106 23.7000( 32.3000}
Total 36| 29.479611 242462086| .3743681 28.719603 30.239619 23.7000[ 33.9333
52)  nisnagalAuililatl R duesisiaznansatdaans Levene's
Test of Homogeneity of Variances
Hardness
Levene Statistic dfl df2 Sigrdia
.316 2 33 ASHA

5.3)

DIV b [ p eI ol E T AR LR

N199LA91 AN U N A NLANFNNUB AL R AL LAN AT UAQEIANE D

ANOVA
Hardness
Sum of Squares df Mean Square F Sig.
Between Groups 11.070 2 5.535 1.104 .344
Within Groups 165.521 33 5.016
Total 176.591 35
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6.1)  ANRALAIAINWINHD datlENUuNIAgTIN APNGALATAGIGATRIUGAL
NQNNNINAADY
Descriptives
Hardness
95% Confidence Interval for
Mean

N Mean Std. Deviation | Std: ErfrorfsLower Bound | Upper Bound | Minimum | Maximum
HT 12| 29.797222|  2.1963909|) .6340434  28.401702|  31.192742| 25.8333 33.1667
HO 12| 27.163917}2:3683110| .6836725|... 25.659164|  28.668670| 23.1000| 30.0333
Cercon 12| 27.105583}2.5847564| 7317212| . 25.495076|  28.716091| 20.4667| 30.0333
Total 36| 28.022941] #2.6304193|, 4384032  27.182235|  28.912247| 20.4667| 33.1667

6.2)  niAReUAMINLUTUSIIRS AR NANFTANATE Levene's

Test of Homogeneityof Variances

Hardness

Levene Statistic

dfl

df2

Sigis

129

a3

880}

6.3)

DIV b [ p eI S ik e NG LaE)

N9 AT IS A AR AU R A RFIF NN AN TR A LA N AT WAL AN A

ANOVA
Hardness
Sum of Squares df Mean Square F Sig.
Between Groups 56730 2 28.365 51048 .012
Within Groups 185.438 33 5.619
Total 242.169 35
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6.4)  FNINUAAIANANARIUILNAABLANTNUANANTBIARRLULLALANY AT LTI AL
Multiple Comparisons

Hardness

Tukey HSD

() ) Mean Difference 95% Confidence Interval

Ceramic  Ceramic (I-9) Std. Error Sig. Lower Bound Upper Bound

HT HO 2.6333056|. .9677586 .027 .258625 5.007986
Cercon 2.69163897 .9677586 .024 .316958 5.066320

HO HT -2.6338056| .9677586 .027 -5.007986 -.258625
Cercon 05833331 .967i7586 .998 -2.316347 2.433014

Cercon  HT -2.69168897. . .9677586 024 -5.066320 -.316958]
HO -.0583338| .+ /9677586 998 -2.433014 2.316347

*. The mean difference is significant aithe 0.05 level.

Hardness

Tukey HSD? =

Subset for alpha ='0.054
Ceramic N 1 P 2ild
Cercon 12 27.105583
HO 12 27.163917 -
HT 12 29 797222f M
Sig. 1998 roo0f

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean'Sample Size = 12.000.
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7. LHATUT I UAITING AT LN IF TR U RNA R AINULN 1.5 RaALNAT

7.4)  AnaREA1ANLTINHY Aot daauuNInTgIu AMFNAALATANGIARTRILAAY

NQNNNINAADY
Descriptives
Hardness
95% Confidence Interval for
Mean

N Mean Sid. Deviation | Std. Errorfszower Bound | Upper Bound | Minimum | Maximum
HT 12| 27.794444 1.9040538] .5496530 26.584666 29.004223| 23.8000( 29.4333
HO 12| 25.511111 2.3417309| .6759995 24.023246 26.998976( 21.4000( 28.5333
Cercon 12| 24.7027%78 2.6631969|, .7687987 28.010663 26.394892| 19.6333( 28.6333
Total 36| 26.002748 2.6181828|1.4363638 25.116912 26.888643| 19.6333 29.4333

7.2)  nisnadeualutistlsguaBsida: nanAotRNATE Levene's

Test of Homogeneity of Variances
Hardness

Levene Statistic dfl df2 Sig. :
.522 2 38 .598]- 1=

7.3)  N19AIEIARNN LTSN E A LA N AN BANLR A WAN AN LA ANE D A

AN UUN9 B0

ANOVA
Hardness
Slim of Squares df Mean'Sguare F Sig.
Between Groups 61.702 2 30.851 5713 .007
Within Groups 178.219 33 5.401
Total 239.921 35
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7.4)  ANADAAMFTLNAABLANNUANG NTDIANRREULILIALIAWAAIUULIYAET

a U

Multiple Comparisons

Hardness

Tukey HSD

() ) Mean Difference 95% Confidence Interval

Ceramic  Ceramic (I-9) Std. Error Sig. Lower Bound Upper Bound

HT HO 2.2833333| .9487343 .055 -.044666 4.611332
Cercon 3.0916667 | .9437348 .007 .763668 5.419666

HO HT -2.2833333| .9487343 .055 -4.611332 .044666
Cercon .8083333|  .9487343 674 -1.519666 3.136332

Cercon HT -3.09166671 .9487343 .007 -5.419666 -.763668|
HO -.8088333}- . .9487343 674 -3.136332 1.519666

*. The mean difference is significant aithe 0.05 level.

Hardness

Tukey HSD? 4
Subset'foralpha =0.05-

Ceramic N 3 >
Cercon 12 24702778
HO 12 25.511141 25511
HT 12 27.794444] »
Sig. 674 05524

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 12.000.
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8.1)  ANRALAIAINWINHD datlENUuNIAgTIN AANGALATAGIGATRIUGAL
NQNNNINARDY
Descriptives
Hardness
95% Confidence Interval for
Mean

N Mean Std. Deviation | Std. ErroifLower Bound | Upper Bound | Minimum | Maximum
HT 12| 24.827806} ...3.3477604} .9664152 22.700740 26.954871 19.4000( 28.6333
HO 12| 20.08336L{w2:6079116| .7528392 18.426373 21.740349 16.0333 23.9333
Cercon 12| 21.819472f " 2.4257779| 7002618 20.278206 23.360738 16.8667 25.4667
Total 36| 22.248546| 4 3.8853455(, .5642242 21.098110 23.388982 16.0333 28.6333
8.2) N1INAADUAIN LT USRS AR NANATAIATH Levene's

Test of Homogeneity of Variances
Hardness
Levene Statistic dfl df2 Sids i
1.035 2 23 .366] /.

8.3)

DIVl [ P ES I E iy e N 1Yot dk)

N1991A1%38 A5 LI T AN LANFNNUR AR AL LAN AT WAL AN AT B

ANOVA
Hardness
Sum 'of Squares df Mean Square A Sig.
Between Groups 138.296 2 69.148 8.682 .001
Within Groups 262.824 33 7.964
Total 401120 35
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8.4) ANVATLLLLILN
a a U u
a o
Ael
Multiple Comparisons
Hardness
Tukey HSD
p -
() ) Mean Difference 95% Confidence Interval
Ceramic  Ceramic (I-9) Std. Error Sig. Lower Bound Upper Bound
HT HO 4.7444444 41521 26} .001 1.917364 7.571525
Cercon 3.00833337| 1.1521261 .035 .181253 5.835414
HO HT -4.7444444; 1.1521261 .001 -7.571525 -1.917364
Cercon -1:7361111 1.1521261 18301 -4.563192 1.090970
Cercon HT -3:0083333 1.1521261 .035 -5.835414 -.181253
HO 100 1" 11521261 e0L -1.090970 4.563192

*. The mean difference is signifieant at the 0.05 level.

Hardness

Tukey HSD? il

Subset for alpha =/0.05}
Ceramic N 1 2~
HO 12 20.083361
Cercon 12| 21.819472 = =
HT 12 24.827806f ="
Sig. 301

1.00Qf3 <=~

Means for groups in homegeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 12.000.
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