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Abstract

This research describes the study and development of a geopolymer
mortar which is capable of developing high early strength, the most important
property of concrete pavement repair materials. The geopolymers were produced by
partial replacement of metakaolin (MK) by Parawood ash (PWA) and oil palm ash
(OPA). The geopolymer samples were characterized by compressive strength, drying
shrinkage, sodium and magnesium sulfate expansion, strong bonding with Portland
cement mortar, and microstructure, which can explain the mechanism by which the
geopolymer mixture attain high early strength. The chemical and microstructure were
analyzed by scanning electron microscopy (SEM), X-ray fluorescence (XRF), X-ray
diffraction (XRD), and Fourier Transform Infrared Spectroscopy (FT-IR). The mix
percentage design of PWA and OPA were varied in 13 combinations of 0:0, 10:0, 20:0,
30:0, 0:5, 0:10, 0:15, 10:5, 10:10, 10:15, 20:5, 20:10 and 20:15. Water to raw materials
of the geopolymer mortar of 0.45 was used in this study. The geopolymer samples
were cured at 800C for 0.5, 1, 2, or 4 hours and kept at ambient temperature
(30+2°C and 70+5%RH) for testing at 2, 6, 24 hours and 7 and 28 days.

The testing results revealed that the geopolymer mortars with 5%
OPA by weight gave the highest compressive strength. For all the mixtures, longer
heat curing time was found to accelerate the development of compressive strength
at early age. The drying shrinkage of the geopolymer mortar decreased with longer
curing time at elevated temperature and decreased with the increasing ash contents
for 2 and 4 hours. The expansion attack caused by sodium and magnesium sulfate
solutions were similar for all the mixtures, and with 30% ash, the expansion was
excessive. The bond strength between the geopolymer mortar and Portland cement
mortar improved with heat curing time for all formulations, and the samples
containing PWA or OPA showed dramatically higher slant shear strengths than the

control sample of the geopolymer with only MK for all heat curing times tested.
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Experimental results showed that the geopolymer mortars with 5%
OPA gave the compressive strength with curing periods of 1, 2 and 4 hours of 60, 62
and 66 MPa, respectively at 2 hours and 69, 70 and 72 MPa at 28 days. The
geopolymer mortars had drying shrinkage with curing periods of 1, 2 and 4 hours of -
0.044, -0.018 and -0.017% respectively at 4 weeks and -0.079, -0.050 and -0.043% at
30 weeks. The geopolymer mortars had high resistance to the sodium and
magnesium sulfates attack. After submersion in 5% Na,SO4 solution for 4 and 30
weeks following 2 hours of heat curing, the elongation values were recorded at 0.023
and 0.013%, respectively. After submersion in 5% MgSQO, solution, the elongation of
geopolymer mortars measured were 0.028 and 0.014% for 4 and 30 weeks,
respectively. The highest bond strength of 12 MPa was obtained from the
geopolymer mortar with 10% OPA, heated for 4 hours at 80°C and cured for 24 hours
at ambient temperature.

Scanning electron microscopy (SEM) indicated that the 5% OPA
sample had a dense-compact matrix and displayed complete chemical reaction of
the starting raw materials; this microstructure explained the mixture’s higher
compressive strength. In the X-ray diffraction (XRD) patterns, the sample with higher
amount of crystallinity also showed higher compressive strength. In addition, the
compressive strength of the geopolymer mortars with high absorption capacity also
displayed high strength as in the FT-IR pattern.

The optimum practical composition of the geopolymer mortar taking
into consideration the cost of production, environmental impacts and engineering
properties was 10% PWA (P10-1) and 10% OPA (O10-1) at 1 hour.

Keyword: Geopolymer, Parawood ash, Oil palm ash, Compressive strength, Drying

shrinkage, Sulfate expansion, Bond strength, Microstructure
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nsanduny wasdunslifanudedisnnepamnsalfAnauauaziioUsslominndia
Uszmelnedulssinmgeamnssunuasussimanilsiififaqumaeld Mifinen
NARNKANIINITIAWATNINNIE LU LO1LNaU (Rice husk ash) 1191898 (Bagasse ash) L1
Unduthstu (Oil palm ash) wazidldananns (Parawood ash) Wudu ussandmaniidu
vouvdoildinanldiudomdsiumne fuulusasuldumud Tandanand g
wianansathlvliusslenilddevdounulsiliias iunavinlmAsuannzdunadeuniun
Faduiveseuailangianldifuiagussauielilunuions
uenaniulsvisvesiguiadifienudosnsfiuiiuiiugnetasiussme
yilsildfenamsuiumntu Wersnsdmnigniluldduingfviuwesiiaes Wunal
wideiawlfonamnsndusuunnuasfgninlulfdudemasdmiunsoulsionmn ua
tagtusahlududomaniendnnszudlnih fograu lsslwihdunaifmiaszar 74
wldfonamnswiediFond Inlffornuagliormeurunmdn Wotunlfdudomaaiondn
nszuali vl imdeanaaw v lud urusnluuday Su il lidoramn
diusndunnd drdalasnisilinaudsfedddiuiilanavinniudosq windsldannsan
mumednldlaeisou uenandussnlssnundaneiossuaslssnundnemameiadlald
wlfonsmnadnarituiy Viinadlfomsdiiuannfuuainsiluldaumeig
IminssuAsutnetes Tnslanziuianieasislidesfunsunuiiyudiuud nsuands
vion shliianusiduiideshunldlmAnyssloninniu
ansUerloauiiFuinmsldiudnussamuileldun fuviami (Metakaolin) 34
Uszneulmedanilaeenled (S0, wavezgiuweenlen (ALO,) LUussdusznoundn uas
dorumsinszezaiud annsaifutagdedulumsudnilewsdiues (Geopolymer) ¢
fun (Kaolin)  Huanansanulinngfinavesuszmelne Tnswuanniifeniagdng
Us13uys Wudu waglunmeléfiamsanuldifaminssussuazusitna ludruvoaududa
ihifutuldangaamnssuifsdesiuiduingy Tasurduthifuituiinisugnduduou



wnlunield wagUsemelnefinandnundusiiu® 2555 Uszanm 11326000  diu
(www.ozecoth)  Famdannisatnendetdusenuuds Ieveandefiawnsaldiiu
Homdamsiofutnfigamaf 800-1,000 ownwadea veadeilfidudemasnnmdodud
Uszunsasay 5 Ima‘fmﬁfﬂ (Chandara et al. 2010, Sata et al. 2004, Tonnayopas et al.
2006) Dalimin (1995) Tngveadsfldifudamaszneulusensarurduiosar 6-7 ule
Urduforay 14-15 nindudosas 67 wazdevzansUrduiosay 23 Wiethuuiundu
wuilud 2555 Usemelneiidundudsiulssana 294,000 fu ansTdUrdunsuLl Sio,
\Dussdndnmaiadl vilsianudulldfannsahulfdutannauieldnsuaniloned
o3

TutlagtulafinsAnuimun Tanuiiln g Weldlunisnoaths uavdenusy
A Aiflanumuizanfuainudesnisldan wu arusinsiveanisudeia Sandu
Usglewiignaundenisneadisardouusuianilasianizianismeunia ieswinaiy
seulunsléau lnsamsRmefiivsinanisasasun wu msasasludledugfided
msgeuthsiamainliiianudndufesdinisladosasias FuiliAnnsasasiadedu
nanuaunirfanildlunisgeuthssazudessudminls Jaguludssemelddinnsld
warAnwiidetaniflautfonzlunsteuiansaounin daduianfifantinisudadn
a5y wedgTinunediues (polyurethane polymer) Bwendwediues (epoxy
polymer) weslugnfclianediues (thermosetting vinyl polymer) uagiunili@yuned
Woae (magnesium polyphosphate) (Fowler, 2008) §ailsmAeudnggs vinluiideymiu
nsUnl

WNEISNNITDS

MowoRiuasTiuud

lenediues (Geopolymer) Lﬂuaamﬂiummuwuwmmmﬂmﬂgﬂsmma
LAl ImaimaamwmaauﬂsvﬂauwﬂqLﬂmaaﬁm‘waaluiﬂsuaaaamﬁwu (Amorphous) @il
Faneulasenled (Si0,) uazevgiideneanled (ALO,) WWudulvg lneazgniujisemis
wiigheanssanilas loun Tedeudaing (Na,sio,) uazlioulensonlas (NaOH) 1Wudu &
aldaufoulunisiufitonfieliiinnisudenldiitedu lnsldanufouagludi
Uszann 60-90 esrneaidea agslsinuiaguszaruilenedmesiiannsoviuiazed
auMnAUNR (Kumar and Kumar, 2011, Somna et al,, 2011) uiaziAnduoenadng Tasvialy
1P faaﬁgaﬁuﬁ%ﬁwmwém%‘lawaé‘ma% SfnwseTuandany (Guo et al, 2009, Oh et
al, 2012) uagAuvruwn (Favier et al, 2013, Kong et al., 2008) Jundn sgralsiniy
HaqgtudiannsaterYanheuniingug inlusaulutaguan wu dunduthifu (A et al.
2011) uagkdunau (Riahi et al. 2012) 1usiu



Jlonedwesaruisaussendluldluausiigg wu suwsiiia poulndnl
WesTianunsanuaudeu wardluudaeunin (Chang, 2009) 1Hudu Tulagtullonediues
AAILASUNISHAIL wagAnwIaNUR e N1saleaIuauu (van Dam and Thomas, 2010,
Yeon et al, 2013, Abideng et al, 2013) sheausRmdmnssuiia Milvalowedwesd
Tomaiazldsuanudouethaumnsvatelnanizyegiunisneasns sty lusuiandesiinng
UFiRgaamnssulnglidlewedmositununuiiyuiinnsiviefandiuuddug

v
Y v Y

GLINAN!

Lo Aurmn

Wang et al. (2005) lavin1sAnwIn1s&ansnzialenadiunsannaueiiun
TnglflmAsudainauasladoulansenladiduingzsdu lummeaeuldludelensonladi
ansdiudueglutag 4-12 Tuand iiefnunfwansemuvesanududuifsoautfvesiloned
we$ vnitgaumgll 65 sarwaidea 1uan 10 $alus Tunisvaaeuuanslsiifiuinaing
Wuduvesansavangloifeulansenled dnasgreunnded1iadn Maswnvesilonediues
PnAuTRIsisduegannannsldnnududy 4-8 Tuans 1 10-12 Tuand Zuhua et
al. (2009a) lgldAuandutandedulumsdnaneitlonediues Tasiuluiinisunaueai
PEUNNIAIY) faus 600-1000 sFnwwaLdea nansvagoufuanslua il 1 (Zuhua et al,
2009a)  wanshnmsiingamgilunisin fnademaifiufdisavesilonsdmesgeiu lny
\aynziigaumndl 800-900 ssmiwaldea wazileifingumgiiidu 1000 ssrwaidoa Adssn
vosilewoduesanas wuiatunmanaasuneuntiiu (Zuhua et al. 2009b) fifdsdald
anasegsdundu Tuvaigd Elimbi et al. (2011) W@nwludnuazidoniu Tasnsenauum
flgumadl 450-800 serwaldea tanletioulansonlodainududu 10 Tua1s nsdu
sevinluifsudanaseluiedlansenled 1:1 naaeussezIAInon N1MAR kazfdagn
%qlué’mizwnmﬁaﬁaﬁuﬁnﬂqmmﬁhjﬁﬁﬂﬁﬁm uAnTARI9zaf Al aLHTT
gumgiige sufdsdnliminfiaanigumgll 700 esmwa@eadsn mi 2 (Elimbi et al,
2011)
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A9 1 MABAvesRlonediuesansiurIm g ilii1aiy (Zuhua et al., 2009a)

o PBOI
m PBO4
m PDibl

Compressive strength (Mpa)

450 © 500 © 550 600 © 650 ° 700 ' 730 800
Compressive strength of the geopolymers

PBOL, PBO4 et PDibl
1A 2 MdedavesRlonadula AU (Elimbi et al., 2011)

TC

Rovnanik  (2010) lé@nwmanssyuatnnsunieufigumgiiuasszeyiian
w199 vesdlewediuesildRurmidutagieiu Tnsnsveaeuaumuiuiy e
findsn il 3-5 uagn1snsranesings (Pore) warlassaiiemagania vufeudunan 1, 2, 3
uay 4 2l mansAnwInuitnisusfeuiigumgdl 60 uay 80 ssrwaldea a1ansaliids
dauazidsin luszoznafisniss luvaeiinisuudeuiigamadl 20 uag 40 ssaiwaldea
dadaunzidsdnasdos iistuluduresaarumuunuimstufeuiigungdiaen
mwwmuﬂu%ammﬁ'am Muniz-Villarreal et al. (2011) lenageuifunisundoudu 2
23 Tapasusn 2 $alus Uudoudionmgll 40 ssawaiBea safenisunieuiigamail 30-

90 parwaIdea nausINYIMouuNll 60 asmeallua Tilddalaniian
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A9 3 ANuruLduYesdlenefiueTulTeuigauiiunns1aiu (Rovnanik, 2010)

70 14
@ 60 12
= o i = -
g% % 1 = 10 7 :3
2 = v ] o
§ 40 5 %7% o
0 .':
2 30 % 6 7 2
g T 7 ]
52 s 4 4 Y o s
T 2 2 71
'S 1 — o
. LA 41
0 0 r
1 3 7 28 1 3 7 28
days days
| 10°C @20°C 040°C B60°C @80 °C| [w10°C @20°C 040°C B60°C @80 °C]|

A4 AsRRuIAaegaLaridinesdleonefineinunieugungiunns1eiui
SeeelIan 4 vi. (Rovnanik, 2010)

60°C 80°C
5
B N N '
s N N N
£ N INE IR
2 NN INE N
& NI IRNE IR
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28 1 3 7 28 1 3 7 28
days days
” 40°C 60°C 80°C
nl? 12 mih| R; :
E 10 {B20 1.\\,‘ N N S
2 g odn N IR IR N
5 604 NI IRE IR N
B4 :\\. N § §
il N N IR \
¢ o [N . , i BN NINE BEN N EIN B
1 3 7 28 1 3 7 28 1 3 7 28
days days days

AN 5 MAI9ALAENRINAVDIF Lo NDAUDSNTLELLIATUNSTDULANA9AU (Rovnanik, 2010)



Vip et al. (2008) MAnwdwansenuresnmsiinUsuauaaled (Calcite)
wazlalalud (Dolomite) ludiunauvasdlonediuesiidauasziainfiueiiw Anwunuiv
vaslovauumafey (Calcium ions) wazloseuasueiun (Carbonate ions) fifder &
NnHaMIageUMIIinTesay 20 veauaaleduagialaludvisyfuusauRduidadnves
Soneweslwity udasfunsifiunsuadalugae 90 Ju mafintuvesuaalsiuarlalalus
wnnIferar 20 wdmansENUBLIIanadn dunalaannistuinuinanisiiniuile
woAwesuaranyiinuesiludaing (aluminosilicate) sympamsisuiinasoUfisenmain
ﬁu%‘lawaﬁL;J@J%mﬁaﬂiﬁmmé’mﬁuéﬁmﬁuﬁﬁa (Lee and Van Deventer, 2002)

2. wnavy
Hardjito et al. (2004a) Mdnaaeuifeafuiuusaeg 1esdnansenude
fdssnvesilenediuesildidraonfutandeiu Insldasavanelufosddinauasleiols
asenlenluiinszdu (activator) weagulad

[
=

1. mududuvesansazarelaieulansonlaniiiudy Alanududulu
peluans ziinarinlyinidwnvesdlonaduasiiudu

[
= IS v v

2. dasrdusenindlasuddinedelufoulansenlenau Inaliiddnd
lonadiuosgaduguniuy

vosilewoduesgatumiludne

4. szuzanlunisuudoulutig 6-96 $alus finavnlimdisavesiloned
wosgetu uAn1sundl 48 Flus FulUldlgilsmdssaiutuannin Tured Davidovits 1¢
wusliuy 24-48 $3lu9

5. nsuiinansaninluysunalidiAudesas 2 vesiwinidiaesy FeLi
ANEunsalunsaulavesdlonediues uilsiinatasu1nfaen1aen

6. Snmamlnsthniinseuiihdetanduiuiifiuty sxdnarinliidsd
Y093 LONDAUDITANAT

a

7. Masdnvesdlonedimesuuiiaumall 60 esrwaided Wuan 24 Halus

Y

~ Y] Ao a ¢ v ' a aa
ASANWINANTENUIINLENARENRDIanaduasninad tneldlameudaingm
= & @ Y] 1 [y LY a‘g./l ¥ ei o o w I [ 1

wazlwsulansonlenduinonududiu Inawulunnsmeasuididadundn wuiten
Unlifinadendednvesilonedwesuinin wivuziieifunuiinisuuigavgiaudu
wawUansaMAavedlonadie et uanNtunITageUNSILA1TANN
whluudiunauvesilanadwes duarlianuaiuisalunisviiauluvusvallasty way
fansranudngnsdie Tannwuguvilidndadaanas Hardjito et al. (2008) N1
MANUTNTUTBIETaraelaRsulanson leATLT UYL ANS 0 A LaNe Al DS NaLATIEY
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0.4 Tnginiin wagdnarifiudndnitgungilunisuniigatuasdanuddaysondnios
AR lenedmes (Geopolymerization) Tudausuaqé’mqﬁuuﬁwﬁai’a@é]’jﬂﬁuﬁLfJu"Lﬂiu
Snwasientutiunismageues Hardjito and Tsen (2008) lgvinisAnen3lenedesd
duarziaindiasy uwaldldinunadenddinawazinuadeulansenlamduiinsziuuny
Mnnansageunuiuliasasuinldasasae inunadenlensenlasunduiinsedu
fdsdnfiazduogifuamudududuieatunsldmsaranslafoulansonlasd aududugs
Aasgnfvzgenulume lwugindnsdiusenitadnwadenddinasdelnunadeulanson
lad Ivingluyis 0.8-1.5 avanunsalviingdalad

Tuwauzdl Ravikumar et al. (2010). Anwrdvsnavesnranduduvesiinsedu
frnududu 4, 6 way 8 Tuans LLazé’miwdauiwiwﬁ’aﬂizéjuﬁ’ui’a@éjqﬁuﬁ 0.4, 0.5 Lay
0.6 Milsiofdsdn sngu warlassairsqaninvesneuniaildiinassuszian C wiemeniul
wannasuuailuianiestsza Insfnwidsgaumglissorinaity 9nnsanwnuitA
L%wﬁumsa“maﬁt,ﬁwﬁumﬁﬁwé’ﬁé’mLﬁwfumulﬂﬁw Tuvngiisnaaiussninainssduiiu
aammmuwmmuamaw 0.4 danpdesiunIMAdaUTes Hardjito et al. (2008) ludiuvesy
nutunuidednsdnserinafinseduiuTagdeiunnuy swiuasifiuinntuiadiaoy
uazAnIUANMANaDNUA Chindaprasit  at el (2007) IdAnwiaudfnugiu du
anuaansnmlduazidssavesilonedmesaniinassiifiunaidongs liludeudainnuas
lowgulansonlenlunisnsgdu Mnfnwinuianvanansatunisivaszeyluiiosay 105-
140 wazdnnduszinslufosdanauaslufoulansenles arsegil 0.67-1.0 fsaglvifnds
16 anvnaeuiimdssavesilonediuosanunsolialdgeds 65 wnewada Annududu
vosarsazanelafsulansenlen 15 Tuans Chindaprasirt at el. (2009). lavinnisAinen
WinAuuazilIeuiisuilenedmesildidassuasidmiinun liasavarslafoudainauas
Tnideulansenladiisasdumintu 1.5 uasldmmududuvesasazanslaifoslensonladi
5, 10 way 15 wans Imaﬂmﬁqmmﬁ 65 arwaldua Wunan 48 $alus wiewsislanaasy
dsdavosilonedmoiuoding aaeadlirndidngean 35 uay 18 wnzmada mudd
Fsaenndostunsnsiaaeuiinuans®ant Tudiassiluinadaniunnindminiue 7
mwm%’wﬁuﬁuaqmiazmsﬂmﬁaﬂamaﬂlﬁémﬁu 10 luans Wuernuiunsvagauney
siiiures Alvarez-Ayuso et al. (2008) vhnavaaauludnuuglndiAssiul wuiiar
Wuduansavanelafeulansenlen wiriu 12 luans Iiridadavesdlonadweasaintinase
Ipgeaauuiu

Tnelunsanuilenedwesdilngasdunsinwanilugissseya
1, 7 w8y 28 U leganizn1sAnwInIunaIon aEml'iﬁmmﬁﬂﬂ%'smamjuﬁﬁwmsﬁﬂm
auliAvesilonedweslutisegiindt 1 Fu 1wy Criado et al. (2010) MhmsAnuIlened
wesnniiiasy ddflmdoulensonluduaslofenddinaisnsaiumiaiu uassddlafen
Fawlndlunasunsdin vinsuaseuiigumad 85 ssmwaidea annan1maaeunyindle



wodwesldlufenlansonledatiadion (V) uaslfludoslonsenludnaudulnioudamn
(NS) Tariassnsiiony 8 w. Wuiedufuilewedwesfililudelensonlediosas 85
weaniulgfeuddinafovar 15 (W15) wagldludeulansenlunsosay 85 nauiuluieuda
nefesaz 15 waskauludeudamn (W15S) agnslsinnumasain 7 fu AMddngeetiaun
dewlufuiiong 8 v luvaridlenedimesililuiduulansenleduiinutios nauiy
ToiReudBinauiugaieiifuwuunauuar linaulsdoudamn maildidesnaiiadudag
019 8 v, TUaudis 180 Ju Fans1sil 1

A15197 1 Masenvasilanediuasianasy (Criado et al., 2010)

o ANF90n (LWNLWIEAa)

PReE 8 . 20 . 7 28 U 180 Tu
NS 10.53 13.76 35.46 37.16 40.51
N 19.38 54.45 55.53 68.59 77.98
W15S 12.19 14.31 42.47 47.33 63.26
W15 16.43 48.15 56.11 65.33 73.72
w8as 45.38 54.96 57.66 67.57 69.27
wsaa 43.12 46.92 52.92 55.87 79.27

3. Yanduq

msfnyideieatuilenedwesldfinsuesveunnisinu ity Tand
sulumsdansgiiuilonediwes uenmiennidiassuasiuvn lWilutaguindus 1wy
Faae (Tungsten) widnUufiniAa (Ferronickel) 18udy wagdsldfnaludanisle fansasi
wnnivdaialunsduesizitlensdwes Ine Pacheco Toreal et al. (2008) ld@nwnns
dnneiilonedmeianlaaunsviany eidudiudeinln Fanuilimddnagdluna
gusILs lnensnanuweaduulansenlyd (CaoH)  uwasldlaienlansanladiluiinsedu
nadouaNTRf19 vesdlonadiuesliinazily nsadeuanutumal STeEIaIneRa N3
e nsgedaiuaslugdanudangu fwamsmeaaeuuandliifuiautferuduman
wazszaznatnemliifuiimeladefisufuyuduuivesauauduni luvasiiaiunse
Hosiunagafuhlén Tudnlugdannubanguananilednmaiuseming AUSi geiu

n1sussenaldeu
wialulagdlenedwesanuisaiiuidssyndldlanainuaelugnamnssy

1 1 o 1 ¥ 1 a a [ d‘ d" L%
A9 wu N1 lulglusudeaine wasdauuwauRinianaunInfening 6 Feludagiu
walulagouiisuiunldagrawnsratslusnausemenal Tuaiuvesunsunsnaunsalaly

nsneasvsodoulsy U13s5nwRamaneun3s e auudu Wusy Wesen Yanile




1
= 1

wodwesuwila ansaliiiaslalunaidusiniituegiuiandiu snsidiunan Ay
WUIUVDIANTATAY (Hardjito et al,, 2004, Wang et al,, 2005, Alvarez-Ayuso et al,,
2008, Prinya et al., 2009) LATTUNDUITNITNITHEL (Abideng et al.,, 2013a, Abideng et

al,, 2013b) dwsvauvinienuidinssulaeniluvesilanedwasnounsadlaisuniulesn

o v w

LAUATIIUATIU NUIUBTALAUATINUAADUNIANTILYIN AvesauTRa1eq ludnduiiden

o v w = (I [y 1

Mdasuuseds warlugdanisuaninilianuinndtaeai Liukadluadaanugangunian

Y

TndAeany (wasud, 2540) vlnalensdiwesaounsa tutaanianuvuizanluau

9

] v
aa v Ao

Aoun3nlueged Tunisudailonsdweslidinunmifuuiidulswaies wu anududu
VoA sasaneily dns1dusEninsasazanenieg aaumgildlunisuy sseshaineunisuy

o 1 & 2/
Sou svegantunisun 1Uuduy

T =
ey, E""d

B P,
’ 1< o :t:u LA

A1) NPASIRINNG %) FBURINY

29 6 st lulgluanuneasmastauLURINIIABUNTA
11 1 1) www.geopolymer.org

) www.transtechengg.com

Pagtulddnsiauiguninvesiameiaiiiuwuuaouninuazuoailad
pounIaliFBtwienslinuinsanuariiongldoulduunihimeiiegdu Melfidle
anAldanglunstigeinm Sehlsinddesuaunnldvhnsfneifodeatutaniamets
ludnsuszmenazluusemalveios lussdssmainisfineideasunIaiamedsssauunly
i1 dunisuudgsiaunantinaimnssulifianumanzauiumsldaunazanmgd
Usene lunistigadenueniinsnouniniu S1duedranniifaguszauillidosdauts
anuannsalumsudsiifinmss suasinasensilinnislitesasasiisngs lvinlvsada
wagtingURmg YagUsrandildlunmsdeuuenionanounin 1wy reuninlesnuauddnuys

fednBanT (Microsilica-modified PC concrete), mauUnIndlufnNalwlnideunaamnm
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(Magnesium phosphate cement concrete), 8Wanauasang (Epoxy mortar), YuBiiuinas
Yenasenealeddauys (latex or Polymer-modified Cement), ABUNIANENLUTALUN
Awnulasian (Methyl methacrylate (MMA) concrete), ﬂauﬁm%mu@maLG?IEJ@JEJ%@}‘]LW}
(Calcium aluminate cement concrete) Hufu Yaguszanunariiinisldifuogaunsvans
Tushsdseine wioudaiinisusuusafiuaudRegranninan videudnseianisthyudiumd
s33unTly Tuimuududgalaenssanansiafiunsiin ey algau (2546) in9ide
n1sthansdanuasinens (Latex Bonding Agents) doswfiwauadiuneidng iusunase
el flunudenasuniniamaiiiinainanudemevesnouniniiu wifnwiuisudioy
auURELANY vesuasEsHauUsiethens (Latex Modified Mortar) funes@nssssumnilu
deimnssuls :nnsidenuin devinistuseddidauusieiens auetgasu 28 Yu
Usngirddsianasdafnuesesdnidauusiethens daganiuesisund uifdadn
YowpsiiFauUsethendumninuesisung

lusgiiiadvesusemeeeanaiielainunuinsguiangouusuiamig
ADUNTM (Cement Concrete and Aggregate Australia, 2009) lagRUI8IIUNOULLAY
nsaresvessgiaeinad RTA) T3wai 2 Feaedhulddn RTA T8 muainasivus
M&adnvesianianihluldlunstenusuinmeneuniniieny 6 4alus 1 5 wingmiada
TuvauzdiyuBundundliannsaliidssalsd wazasliaiidsdad 24 $alus (1 ) wirdu 5
wngnnada daliifisamefiazlefiamemdndeunsunelusseznaisni luvued
dnnavanaisginndavesansgerusni lanmunaudfiangeuusuianienouniniuy
afafiiaudsnsnad 3 agdiuldindefinsanteidadamuing 2 uag 4 dalus Yagieyld
Tunsgenugufimneundafesiimadawiiu 2,000 uaz 4,000 Veusremssimie
(13.79 uag 27.60 WNEWIEAR AILE1NU)



M13199 2 vinlagdnusYoIantoNwTIRIVIABUNTA (RTA, 2009)

PaUNHI NSUARY Sedn (wnemnada) lagdaay | n1sa
Ve (GNGY WUUWY gangu H1Y
\waLTea) (3eeay) Lww | 24w | 3T | 28T | Gnewnada) | (Sevar)
RTA spec 5 (6-h) 20 - 40 - -
YuBlauAnaunIn
(Portland cement concrete) > 0.025-0.05 ° ° 20 > 26 %0
Yududasuninusulssielulas@d
all 5-32 0.025-0.05 - 25 30 50 28 60
(Microsilica-modified PC concrete)
wunfideuguaneune
(Magnesium phosphate cement -18-40 0.025-0.05 14 a4q 50 60 22 90
concrete)
dlonduesans
(Epoxy mortar) 10-32 0.025-0.05 0 70 80 85 11 10
wiawalasannounin
(Methyl methacrylate (MMA) -6-50 0.05-0.1 30 85 85 85 14 10
concrete)
WARLTENRYQIUATIUUAABUNTA 20 0.025-0.05 | 40 (6-h) | 70 77 - ARNEM M
(Calcium aluminate cement 30 78 U“u"?imuﬁ
concrete) 50 55.5 ABUNIA
70 34.5
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137991 3 auURAveITanTouLINEIVNIABUNTAKUUTINLT LAY (www.txdot.gov)

amff@ ﬂ??ﬂﬁ@ﬂﬂ?i N1INAFDU
AAIAULTIALEN 4
o , o 400 91 24 3. ASTM C496
Splitting Tensile Strength, psi, min.
LSLROULUILAYS 4.
2,000 1 1 U ASTM (882
Slant Shear, psi, min.
N1TNAF I
0.07 w1 28 AU ASTM C157
Shrinkage, %, max.
AnduUsEanEreINTUEfIINALS Y
Coefficient of Thermal Expansion, 6.0 1 28 Tu Tex-428-A
micro strain /°F, max.
A8990 (NTINTEUBNVUA 4x8 T7) 4
. ) ) 2,000 9 2 4.
Compressive Strength using 4”x8” cylinders, o ASTM C39
4,000 1 4 .

psi, min.
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° = A aAa
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asdusznaumMaaiivasinghudedy

nan1sNAERUBIAUIENoUNMLAllnamalla X-ray fluorescence; XRF @4
wanal3luns97 4 wudrduenawndl Faneulaeenles (Si0y) wazergililausanien (ALO,)
Jusadusznaundn FeliuSunavindudesas 5030 waz 41.02 suasu lusaefidils
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A15197 4 5988Ee9RUTENOUNIAL WAL ALURNIINIEANVBIAUVINT a1 bIE19NITIWAY

gty
ponlun AUYVTILKN @l | dundaisti
SiO, 50.30 2.57 38.37
ALO; 41.02 0.53 1.48
Fe,05 1.05 0.56 3.01
CaO 0.33 41.19 13.84
TiO, 1.50 - 0.21
MgO . 4.52 3.00
K,O 4.08 16.11 14.09
P,Os ; 3.06 4.15
S0, ; 5.54 1.42
cl - 0.82 -
MgO, . 1.36 -
LOI 1.72 23.74 20.43
aUUANIINIBAIN
NufiRas w1z (m5.30./n.) BET 13.61 8.71 13.06
wuadnnii 45 luaseu (Sesay) 82 71 78
dio 1.35 2.86 4.32
dso 6.31 2513 19.30
doo 88.80 123.45 100.11
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99AUsENAULT

N300 UlATIATINYANIANIRAUFIVINGIVDIRUYIILAT Lo LT819INT)
LagtiUdurnsiulnemada Xray diffraction; XRD @01l 13-15 @1udisu nanis
Anngilasiaamdnvosiurmwifanni 13 wuihdurnsniiwavessdnaend (Quartz;
Si0,) dalan (lite;  ALSIOSALO;(OH),)  waglulasiaall (Microcline;  KAISi,Op)  vTu
sfsznaundn uenaniidmufindnuazsiuninseglutng 15-30 (26) wansisenuidue
Fugnuvesiurien Faldnvugadendstuidiassainnisnsadeures guadnual uay
Usgyayn (2554)

Al 14 Tassairsganmanisedgiuingwoadilifsmns wuiiilaves
NANAEAS wAaleA (Calcite; CaCOs) waza1A1bus (Arcanite; K,SO,) ussAusenaunan
Tnglinufinludnuuegunhandeusuinulufuriim sgslsinuainamagnuings
yosfiniidatauaglutag 20-50 (26)

At 15 Tudwveadundiningu wuhilwavesdnatend uaaled uazda
16 Sylvite;  KCU  Jupsrdsenaunan Tanwaraanaiumaveadldensnis wadnlsr

P1INI AL UANUNTUN U AV LA YR TIAARBINUNISNAABUILATIZI XRF

1500
|
Q Q = Quartz
_ I = lllite
P M = Microcline
o 1000 A
c M
3 |
o M
= Q
AE I
% p
£ 500 M M
&«
O T T T T T T T T T

0 10 20 30 40 . 50 60 70 80 90 100
ALY (26)

AN 13 NS HATILVBIAUTENDUKIVDIAUVIILH
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3000
¢ Q = Quart
= Quartz
2500 1 C = Calcite
g A = Arcanite
& 2000 -
IS
>
o
0 1500 A
prd
&
Z 1000 -
& Q
500 - C ' CICH C||
O T T T T T T T T T
0 10 20 30 40, 50 60 70 80 90 100
AN (20)
AN 14 N15IATIZIDIAUTENDUBIVDLA MTE19NIST
3500
Q
3000 A Q = Quartz
- S = Sylvite
g 2500 A C = Calcite
(2]
5 2000 -
S
= 1500 -
&
prd
& 1000 - Q
S S
C
500 - \"'u ‘ L 200 Q0 Q Q
0 T T T T T T T — T T
0 10 20 30 40 50 60 70 80 90 100
AL (26)
AN 15 N5ATILITBIRUTENIUBIVBLO1UIAN LN
naierivu
transform

nsvnyilendululaanavesansuseneu lneimaila Fourier

infrared spectroscopy; FT-IR THavndu (Wave numben) Tutag 4000-400 @y, vesfuw

w1 L1991 wagliUautiuianIni 16-18 mua1du A1l 16 wandduguiuunis

AnNAUYasAUIKT tngliuansiin (Peak) 7y (Very strong) agilalunasu 1083 uay 464

-1 4 Y v Y . . 9 . = i
Wi, idaenndesiunisdu (Vibration) vesiuselulana Si-O Faaud
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wuun-10 (Stretching) Tnefinnsaduiuiuse ALO wazfianasy 789 au.” wanslifiuds
ftuszlungy SFO-AL Tasmsiesesidduhiundsifialndifesturumes vin et al
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Control-1 100 100 100 100 100

P10-1 54.6 72.4 79.3 86.6 81.4

P20-1 35.2 61.7 70.4 73.8 63.2

P30-1 26.2 53.8 571 63.6 61.0

05-1 106.8 97.3 98.6 99.1 92.8

010-1 89.1 89.9 93.2 90.6 88.8

015-1 80.0 71.3 83.2 79.2 72.1
P1005-1 71.8 66.3 76.0 90.3 75.3
P10010-1 58.0 57.8 69.4 68.0 63.6
P10015-1 50.0 52.3 65.1 63.0 65.0
P2005-1 50.0 51.7 67.1 72.3 61.0
P20010-1 26.7 40.7 58.5 63.0 61.7
P20015-1 24.2 31.9 45.8 539 57.7
Control-2 | 1129 | 100 | 99.6 100 | 101.0 | 100 96.6 100 | 86.5 100
P10-2 99.2 | 87.9 | 909 | 913 | 89.6 | 886 | 914 | 946 | 79.2 | 91.7
P20-2 806 | 714 | 761 | 765 | 734 | 726 | 764 | 790 | 654 | 757
P30-2 743 | 658 | 67.2 | 675 | 686 | 679 | 66.8 | 69.2 | 60.6 | 70.1
05-2 110.7 | 98.1 | 104.3 | 104.7 | 108.4 | 107.3 | 103.1 | 106.7 | 94.8 | 109.7
010-2 96.3 | 85.3 | 88.0 | 88.4 | 920 | 91.0 | 940 | 97.3 | 86.5 | 100.1
015-2 832 | 737 | 748 | 752 | 847 | 838 | 837 | 86.6 | 7124 | 83.8
P1005-2 954 | 845 | 879 | 883 | 931 | 922 | 895 | 926 | 75.8 | 87.7
P10010-2 | 80.8 | 71.6 | 73.0 | 733 | 76.0 | 75.2 | 723 | 768 | 628 | 72.6
P10015-2 826 | 73.2 | 749 | 75.2 | 755 748 | 68.8 | 71.2 | 608 | 70.3
P2005-2 739 | 655 | 67.2 | 671.5 680 | 673 | 67.2 | 696 | 576 | 66.6
P20010-2 69.2 | 613 | 626 | 628 | 62.5 61.9 634 | 65.6 | 56.8 | 65.7
P20015-2 | 60.9 | 540 | 55.7 | 56.0 | 56.4 | 558 | 524 | 543 | 50.8 | 58.8
Control-4 | 125.1 | 100 | 111.0] 100 |109.3| 100 |104.8| 100 | 91.6 | 100
P10-4 1086 | 86.8 | 983 | 886 | 99.3 | 90.8 | 96.2 | 91.8 | 85.0 | 92.8
P20-4 986 | 7188 | 87.8 | 79.1 | 851 | 77.8 | 850 | 81.2 | 726 | 79.3
P30-4 773 | 61.7 | 70.2 | 63.3 | 70.0 | 64.1 686 | 655 | 618 | 67.5
05-4 1178 | 94.1 | 1065 | 96.0 | 106.5| 97.4 | 103.0 | 98.3 | 95.5 | 104.3
0104 106.7 | 853 | 96.6 | 87/.0 | 957 | 87.6 | 949 | 90.6 | 88.2 | 96.3
01514 101.0 | 80.7 | 94.1 | 848 | 97.8 | 89.5 | 981 | 936 | 853 | 93.1
P1005-4 950 | 75.9 | 89.0 | 80.2 | 889 | 813 | 863 | 824 | 77.6 | 84.8
P10010-4 874 | 698 | 794 | 716 | 774 | 70.8 | 73.1 69.7 | 70.0 | 76.4
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wodlwes wagld XRD wag SEM Llensiadeveiuiemsiasundadlasiainaganininiinase
fdssn lunanmsmeaeuidssailonedmesiurinmndutuiou 1 42l Morgualueinia
28 u tuflganirdlewedmesfivudou 2 uay 4 $2lus Swmamvaseuiiiinuaonades

fUNBN1TNAABUYDY Rovnanik (2010) kazkan1sIAs1e XRD kandliiuag199mauindy
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Spvay 5 UuSowduian 1, 2 way 4 lua aUasU 91NNISASIVEDUNUINEUNNLUU
XRD 48319 3 1081998 U5 IN1 YU SaeI LT Fondilan vaugnatenfeiu lagagny
nanaland wazlulaslaal dadundnviafedrdunnulufuviien waziduiunduanaindy
AMNLUU XRD  U893lanadiasunuiiuieaiumeanuiduinduissas 5 lunundnkaalan
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AU UNUNFUNAIENBULLEUNINLUU XRD  2HAULANANNNAIUAINUTALIUYDINEN
(AMUTALIUVBINN) LALLRNIEAIDAND LU LONDALLDILNUNUNNEIUMISLNUIANUTe88E 5
Munseu 4 Flus ediiduniniuu XRD Niiingandndlenedwesnuuiou 1 wag 2 93lue &9
ANUTALAUYINNDIIE AN TaLAR DU NTNad o 1d19AUaId lane Ao NonTIdIuNEY
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WENY AINLEAIAINIAIDA I IUNINT 247) ANA90ATLoNDALUDSHNUNUIEIUA 8L LY
gransfesar 5 Uuiou 4 93luen 28 Ju TeAnaandniunseu 1 uag 2 Falus Feasiiuualily
Wulvlufiemadeituiuauidsues Mustafa Al Bakri et al. (2012) 15789710737AN0 ALY
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Y99NAN LB Ne AW B LANANIAI9RANI LD Lo NeAWBSNLNAN LU UTA NITLNIIZANT
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Tannsrulunisnanilenedwes wavld XRD wag SEM iensivgevasuienisiudsuudas

lassasnaninasinasiefindasnagnals
A5 AATIZReAUSENaUMNIAiR8ImALla XRF (X-ray fluorescence)

andswavaudldenanis

PMNATIATIENDIAUTENOUNNIATIvDIRlonedlNasinEd lnaalla (X-ray
fluorescence; XRF) Tngl43lonedmasunuiiunsdiusiednliionsmnsuiiednvidssudiou
AswWasuwlasesrussnaumaall 9nfegsiildiuanamegraiien Mieteszezan
udou 2 Falus mnmsasadeunuitludlonedwesaurriwiegadernemssi 6§
Na,O, ALO, uae SIO, WiussdUszneundn Feiusinalnetuinwinfudesas 18.33, 21.00
wae 41.22 suddy Wednsunuiidhednlionmnsufiuanntuusina Na,O, ALO; uay
SIO,  anaakUsRumINUSHaa keI Areg1agulSunu ALO,  WINnUSeEay 21.00,
18.16, 16.03 uaz 15.59 Mi§0819 Control-2, P10-2, P20-2 Wwag P30-2 A& sy nsanas
Wosmndlsiensmsd ALO, TutSinafitdesynn Wudetuiu Sio, Tuvaed Na,o e

a aa a s a a S o oA % a
f\]']ﬂIGULWEJN“UaLﬂWLLagisﬁWIUllea@li@ﬂvLsUﬂ Nﬂiﬂqma@aQUUBULuaﬂﬂJq‘ﬂqﬂi@ﬂagsﬂﬂ\‘]ﬂﬁuqmgﬂ
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flaanSeearwed SO;, KO way CaO  @eardivSunamnnlutanldenannsi wazazdanali
USUNQUALUUAIDE1S P10-2, P20-2 wag P30-2 sua1eu $ag1auusunas Cao Tusiagng
Control-2, P10-2, P20-2 way P30-2 fUSunsaeay 0.27, 2.29, 5.92 way 7.51 auaisusd

v =

wanIAlUMIS197 6 AINAITNAFBUTLAASIALIUDE1ITALRUD NSRS UL UAIUDI99AUTENDU

(%
v Y

maaivesdlenafiuesinauianmsivisuulasianiasiu
a a } % I3 ’é LY
dNSNAVaLEIUIANUNLY
PMNMITIATIERRIAUTENBUMLATvesTlonedmasinad lnawatla X-ray
fluorescence; XRF laglealanaalasknuNuisdiumenIUiauunstuiefdneuseuiieu

A5 UALULUAIAUTENDUNINLAT A1NFDENTTAUINIKIDE1RE) 19195 sazan

AN 6 BIAUTENDUNIALLALINITIAIUS DAL VDIDIAUTENDUVDIR LoNDRUDS

F0E4
> Control-2 P10-2 P20-2 P30-2 05-2 010-2 015-2
ponlyn
Na,O 18.33 18.18 15.54 15.56 18.07 17.49 17.66
ALO3 21.00 18.16 16.03 15.59 20.68 19.60 18.33
SiO, 41.22 38.00 35.01 34.08 41.37 42.00 41.46
SO, - 1.30 1.32 1.40 - - -
KO 1.88 3.75 4.75 6.64 2.18 1.47 2.44
Cao 0.27 2.29 5.92 7.51 0.43 0.89 1.27
TiO, 0.99 1.12 1.34 0.98 0.99 1.02 0.89
Fe,0, 0.86 1.20 117 1.28 0.96 102 | 1.09
Rb,O 0.07 0.10 0.14 0.16 0.06 0.08 0.07
Y,0, 0.03 ; ; ; ; 004 | 003
210, 0.09 - - - 0.08 0.09 0.09
P,Os ; ; - 0.53 . . .
MnO - - - 0.26 - - -
Si0,/ALO;
1.96 2.09 2.18 2.19 2.00 2.14 2.26
(by weight)
Na,O/SiO,
0.44 0.48 0.44 0.46 0.44 0.42 0.43
(by weight)
Ca0/Sio,
0.007 0.060 0.169 0.220 0.010 0.021 0.031
(by weight)
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Yudou 2 4alus mnmsasadeunuiludlonedwesaurriwisgadersmssii 6§
Na,O, ALO; way Sio, WussrUsznoundndafinanunuailuiite svsuaiiomnmsunui
Uedumlgan ldenanist eg1elsiannAnuLans1evesesnUsEnUNIBAlsErInaan bl
s nasd s udssal e sdUsEne UMM aATive g UL d T sEe auans ey
Faavdamasomdsadetuiu aniegsalonedwediileunuiiuisdiudsduduigiy
NUIUSUIUDIAUTENDUNMILATYDY ALO; anas LlWuseg1e Control-2, 05-2, 010-2 uay
015-2 i ALO; fAinsesay 21.00, 20.68, 19.60 way 18.33 M1Ua1AU Anau131N1UEa
dhafuil ALO, TeesnnUseanadesay 1.48 Tusaid S0, Suunldufiusniuain 41.22 1Py
41.37, 42.00 wag 41.46 Tufagna 05-2, 010-2 way 015-2 ANAIRU Wunau1nUSua
SiO, IuLﬁwmémﬁ'}ﬁuﬁﬁaﬁgjqa Faudussduszneundnveadunduiingiy wWulieaiuiu K0

£

wag Cao Nilwwilduiiuguanilenefiwesnfauynediafeifsuandlilunisd 6

AsAATITvasRUsEnaUNuallnednsisiuuudnsidiuluans
nsAnepIRUsEnauNILAillnednsdiuluansves Si0o/ALOs, CaO/Sio,,
Na,0/Si0,, Na,O/ALO; way H,0/Na,O Tnanisiuasuluassnsaiunauvaaanlde19ns

LAL/M39L01UN8UUNNY FINAREDMNIIAIUINANSAIRISI9T 7 INRANISILASIZANUIN

[y 1

Smsndniluansaes H,0/Na,0 Taifinsidsuudanilesannisvaaeundadiinislivh Toseu
Fanm warledeulansenlodasd Fehlildfnadoniswasuntas egrslsinusnsdiuly
a13799 SIO/ALOs, Ca0/Si0, Na,0/Si0, way Na,O/ALO; ledinsiasuulasiesan
psdUsznaumaARfiumndnafurasTandafuisiue i Wldore wasdunduiiiy

LALEATIAIUNANTILANAINUYDILAALAIDEY LiBNR1TUI9RI1dUINANTID9 SIOL/ALOS

o w

NUIBRTIEIUILANTVDY SIO/ALO; WINAU 2.88 (05-1, 05-2 wag O5-4) @1U15alHANa9

Y -

dngegaiiony 28 Yu Aidsdatiuunliulndidesiunudde Chindaprasirt et al. (2012) i)
nsAnuilenediesnidnassfifiuaaidousenlungs lnsnsusuugsauiishoulugan
(Nano-silica) 13ounlusrgiiun (Nano-alumina) daiileifinergiiunilsildsnsdmluans
windu 2.87  IeidednUsvanm 63.2  wnzwiada usazilinisnesaii egnslsfam
NITeTRINASRTdUTLa1SYee SI0,/ALO, aglurng 2-4 (Silva et al., 2007; Silva et

al, 2008) azlrinaedalan n1snaaeuasItiA1dnsIdLluaIsvee SIO/ALO; aglutae

o v o

NN 2.77-3.49  Fegaldinegludrafianunsalididwand wisgdlsinulunisdine

= [

P I3 aa I o v a s A a A A
NANSENULEBDIANNDIAUTENBUNIUANNIZUNANBDN1ANDA S9HDIAUTENBUNIUANTUADUN Y

1%
v Y

Tnasiarige Audulunves Cao luansasiu lngn1sAnuiiiiuuves Winnefeild et al.
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(2010) wuIlenedlesfindnainidrassfiduaadoueenlas (Ca0) TmdnAautiaem
desniiieriulnfendding uasludoulansenludldlifuag wudeatudunisinm
483 Temuujin et al. (2009) 74 Ca0 W3o Ca(OH), naufudiaeslun1snandlonadwes 9
wudloinu3una Ca0 wie Ca(OH), Wnluilimawavesilenedwedanas Wievinis
ﬂm%auﬁqmugﬁ 70 esmwaldea suuanmsnedeundiinuinilesnsidiuluansues

Ca0/Si0, WMNTUEHATININAEnaNaERNAR DI UUIIANUITLNNETINN

AN5197 7 99RUsENRUMNILATIAYEATIdULLANS

RN SiO,/ALOs Ca0/SiO, Na,O/SiO, | Na,O/AL,Os | H,O/Na,O
Control 2.77 0.01 0.21 0.59 11.43
P10 2.85 0.08 0.23 0.66 11.43
P20 2.95 0.16 0.25 0.74 11.43
P30 3.09 0.26 0.27 0.84 11.43
05 2.88 0.02 0.22 0.62 11.43
010 3.01 0.03 0.22 0.66 11.43
015 3.15 0.04 0.22 0.69 11.43
P1005 2.98 0.09 0.23 0.69 11.43
P10010 3.13 0.10 0.23 0.74 11.43
P10015 3.30 0.11 0.24 0.78 11.43
P2005 3.11 0.17 0.25 0.78 11.43
P20010 3.29 0.18 0.26 0.84 11.43
P20015 3.49 0.19 0.26 0.90 11.43

anuduiusvesdnsdumaaiiiagivsnuaslnesnsdiuluand

AT 57 LAy 58 wanenuduiusues Si0/ALO;, wag Cad/Sio, AUE
TgNTIATITRLUUNTNIRdRUMIEWATA XRF kaznisAuiaailagldaensidiuluais a1n
nsneaeuilonedwefunuiiunsdudedlisamnsteduiduingy ssesnatludeu 2
lua Feee Control-2, P10-2, P20-2, P30-2, 05-2, 010-2 uaz 015-2 ldresAuszneu
Al 11anmdnsaiuneg fmnseil 6 withanadansnsenineaain XRE fuaen
mMsAunasasaluans mnammuisasdluandiintuhliesnsiduannaia

XRF LWL USULAEINU 7190098051871 SIO/ALO; Way CaO/Sio,
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3.6

3.4 A

3.2 4 y =1.1442x + 0.5347
R?=0.8242

3.0 f

*
2.8 -

Si0,/AlL,0; (1nan3)

2.6 -

2-4 T T T
19 2 2.1 2.2 2.3

Si0,/Al,0; (11m1in)

AN 57 AMUENTRUSYRY SIO/ALO; lnsutnAulagsnsidiuluans

0.30

0.25 A ¢

0.20 A y = 1.0685x + 0.0066
R?=0.9768

Ca0/sio, (Tuan?)

0.15 A
0.10 -
0.05 A
0.00 T T T T
0.00 0.05 0.10 0.15 0.20 0.25
Ca0/sio, (iiﬁﬂﬁﬂ)

AN 58 AMNANTUSYRY Ca0/SIO, Wweuminiulnesnsidiuluans

a ¢ ¢ U
nsIaszingvleandu
a ¢ ¢ o = a I3 N .

nasgnglaiduvesilensdiueslaginaila (Fourier  Transform
Infrared Spectroscopy; FT-IR) lite@nwinisiUasuniasvesanvuziduaiunasy 83n15aiwa
! 0 v w al a 6 < = = 1 1 o :j % v Al a 6
rafaeenvesilonafiues waviUSaumieuiin (Peak) Ainee seninsiangaenuiuilenedwes
NonTduNansge Ingldfiognsilonediuessseznarvuiou 2 Falug AN 59-63

INNITHATIANUIIRIBEN Control-2  HiduaUnasuidudnegavadu 3453, 1658
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1408, 1000, 722, 589 way 446 w3, laganady 3453 uay 1658 9. sudufinvesiusy
O-H wuuin-va (Stretching) wag H-O-H wuuldwe (Bending) mudndu uazeglundulans
anlondinumAaneadeiun1sAn®Ivee van Jaarsveld et al (2003) wag Frost and Vassallo
(1996) avlnasumdniaudniigaegil 1000 vy, [ufinvesiusy Si-0-Al uuuBa-na dady
wAnranUiAseuAnIlenedmeslnens@nwies Granizo et al. (2007) andiniilauisiu
wanhdlorSsuisuiufinesiiuuawn wuinfiniinnswasuulandniies Fsainnnsine
283 Honeling et al. (2005) lénaminfinfiauadusewing 450-1200 @y, lutiaiiddaves

nandadiinanufiseniadlenedwes sgslsinuliefarsanludiuvesilonsdiuesn

oA ) ! v !

PNTNEIUNENAN9Y) wanIlATUINiInAutRve sLRazfeg1aliinAivutdaiiasndulndlfes

flusn nanfendniugergiluddinnanuiteninilonediweasseninedanssiu (Auuna

1%
o w [y 1

w1 ke wagiinUdudidiv) duaeildlunisnsedu Qabeuddnauaglaboulans
anlwa) Wsuuuiduainasunidnvauslndifssiu Flonofiweosunuinuisdiumeanlyd
gramsmsetiUrdudly llafinadenisivdsundasiinvesaiunasu Inediuualdululy
a a (7 % = . n:ll U d‘ U ! %:l 1

fAmadeInuiunsfingves lsmail et al. (2013) Agauitmsdsuidaidnndiuiise
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og1lsfmy WonsiSsuisudunsgandunasluiiaavadu  400-1800
gy, fanndl 64 Fadurasfivanafinfiiu (Very strong) Tneamzfivdnasavaiuminiu
1000 1. MnwaAnvInUIIEuNTganduLasiuuIltigiuidorndidnesdlonediua sy
nsganduuasenafussddedenidunarstadeiiannsalflussuieissefunisfinu §izen
HNewodiwes Fsa1nnanismaaeunUITIUIIMAYARUINIAY 1000 @ Fog1silened
wes Control-2, 05-2, 010-2 uay 015-2 dAN1IYANTULAWYINAY 63, 71, 67 uay 67 Fail
AwdtusAuAAdsdadan i 200) insgandugs (Fevaznisganausi) TrAfindssags
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2 I3 961 LY 4' [y} 1= v 1 Y QI é’ =3 v 4{' =1 v al a
wagio1UrauinTudlosiudulifesesay 30 AnsveeRNTUantaelawisuiuIlened
£ | = VoA =~ A v = '
WBSAUYINNIDENNALD (Control-2)  wALIBLANNITENUTUSREaY 30 %I8UINAIN
(P20010-2  waz P20015-2) N15venesiasduagatmaunenugluaisavarelofiouuas
wUNUTgugaLN R
9. TEEZAIUNSOU 1 way 2 N1SvsNgfanadilossesnawslualsazany
ToRsnbazkUnIToUTaNAUILNIY WANTEaIANUNSDU 4 97119 ANNISVE8FIAITLURG 30
dUanai
10. NSENURUINEIUAELANLTg19NITIMT a1 UIANTNTuSesas 10 dwal
o0 W a a 1 = a & = 2 €Y 6 Qddg” 1 o a o d' Q‘
MasgaRnsznIadlonadwesivyudiuuiuesisuninvuegadaau TuvaeiReifiuliewiy
JrEAUNTaUMUTUNIEARARTUANtaeluyNgnIduNEY
11. nnsanwIlanedwasasell nan1sneaaulansbiiuinaiunsatild
Usggndldluanugeurimisasunis lagllofiansunainsiA1tlun1sHan Kansenunig
A9nasuaralURNIIAINTIY WUINlenadulasknunicganlde1mnsisesas 10 (P10-
1) wazo1Unandndusosas 10 (010-1) N5LeLIa1UN5SaU 1 9ILU9 @NUN50 bR &L

a

ign

SRIGURIIE

1. msiinsanweanstdnuaamnunuiivisduseodildonmnsuazén
Unduinsiuitenanilonedlesiliididnsings lusuauaiunsodenisnuniunisie
NIDUVDINTA N1STUNUVBIAAD}TA LTUAUL LagAnvDeaunuMusenIsUna

2. msﬁmsﬁﬂmmim%sJuufdaﬂ,ﬂNa%?mmas;amﬂ"LuLwiazsﬁNaflq Faug 2
Flustuly

I =

3. AsHNIANBENURANNE) IuanzA1adnNIzezia uNIausaLs 10
Y7 NatlienbndauvRnngeruiiaunlulelunisgeauinna
4. AISHNNSANYINITUARILAENTVL18F LA A LTI ILILIUNINAN
=1
GARE
5. A2SINNSANYINITWNUNUIEILAEL O TBNINTIwaL/Ms o0 1UN ANy
Tudsunangs Welunisidniaguiendiunigalaedndaudfeglurauwnnisldan

MOIAINTIUlA



LONEITO19D9

vofud nsvuas (2500). mslifannedieslusuneaiieiisafuaeunin. lusrans wih

51-54 Un31AY 2540
fgau @nu (2546). MIlATzLayIfnuaTRfuidsmedinitazaoundnina

feans POLYMER LATEX. $1891uadufl am. 201 driinidonagiaunaiumis nsumis
VA UNTIAY 2546

finnuATegiananees nsEnIanYATLaannsal www.oae.goth e 21 figuioy
W.A. 2556

9171 asuENNAg, MsAnwIUIBuguNsinnTauvesdanuaNIAYEINDTASYUTLLLA
Uasauauavaaloarulsunauiniazuesssilowodiuesiann, Inendnususya
UFweyrnufdndin a1u13g13ennssules) AMgIAINTINAIEAT UNINYITEYOULNY
2553

guadnual Saudnd wazU3nnn Jumuisiads nafnuanautATlonedwe fanudidudiu
Wa T1euiduatuanysal MRG528001 2554

Abideng, H., Danupon, T., Woraphot, P., and Pichai, T. (2013). Development and

Performance Evaluation of Very High Early Strength Geopolymer for Rapid Road

Repair. Advances in Materials Science and Engineering. Vol. 2013.
Abideng, H., Danupon, T., and Woraphot, P. (2013). Performance Evaluation and

Microstructure Characterization of Metakaolin-Based Geopolymer Containing Oil
Palm Ash. Scientific World Journal. Vol. 2013.

Ai, Z., Zhang, X., Kim, Y.H., and Yarlagadda, P. (2011). Mix Design and Compressive
Strength of Geopolymer Concrete Containing Blended Ash from Agro-Industrial
Wastes. Advanced Materials Research. 339: 452-457.

Alvarez-Ayuso, E., Querol, X., Plana F., Alastuey, A., Moreno, N., Izquierdo, M., Font,

O., Moreno, T., Diez, S., Vazquez, E., and Barra, M. (2008). Environmental,
physical and Structural characterization of geopolymer matrixes synthesized
from coal (co-) combustion fly ash. Journal of Hazardous Materials. 154(1-3):
175-183.

Bakharev, T. (2005). Durability of geopolymer materials in sodium and magnesium
sulfate solutions. Cement and Concrete Research. 35(6): 1233 — 1246.

Cement Concrete and Aggregate Australia (2009). Concrete pavement
maintenance/repair. Report July 2009.

Chang, EH. (2009). Shear and Bond Behaviour of Reinforced Fly Ash-Based

Geopolymer Concrete Beams. PhD thesis, Curtin University of Technology,

Australia.



88

Chandara, C., Sakai, E., Azizli, KAM., Ahmad, Z.A., and Hashim, S.F.S. (2010). The

effect of unburned carbon in palm oil fuel ash on fluidity of cement pastes

containing superplasticizer. Construction and Building Materials. 24(9): 1590-
1593.

Chindaprasirt, P., Chareerat, T., and Sirivivatnanon, V. (2007). Workability and strength
of coarse high calcium fly ash geopolymer. Cement and Concrete Composites.
29(3): 224-229.

Chindaprasirt, P., Jaturapitakkul, C., Chalee, W., and Rattanasak, U. (2009).
Comparative study on the characteristics of fly ash and bottom ash
geopolymer. Waste Management. 29(2): 539-543.

Chindaprasirt, P., Silva, P.D., Sagoe-Crenstil, K., and Hanjitsuwan, S. (2012). Effect of
SiO,_and AlL,O;_on the setting and hardening of high calcium fly ash-based
geopolymer systems. Journal of Materials Science. 47(12): 4876-4883.

Criado, M., Fernandez Jiménezb, A., and Palomo, A. (2010). Effect of sodium sulfate
on the alkali activation of fly ash. Cement and Concrete Composites, 32(8).:
589-594.

Dalimin, M.N. (1995). Renewable energy update: Malaysia. Renewable Energy. 6(4):
435-439.

Elimbi, A., Tchakoute, HK., and Njopwouo, D. (2011). Effects of calcination
temperature of kaolinite clays on the properties of geopolymer cements.
Construction and Building Materials. 25(6): 2805-2812.

Favier, A., Habert, G., d'Espinose de Lacaillerie J.B., and Roussel, N. (2013). Mechanical

properties and compositional heterogeneities of fresh geopolymer pastes.

Cement and Concrete Research. 48: 9-16.

Fernandez-Jimenez, A., Palomo, A., and Criado, M. (2005). Microstructure

development of alkali-activated fly ash cement: a descriptive model. Cement
and Concrete Research. 35(): 1204-1209.
Fowler, D., Zollinger, D., and Whitney, D. (2008). Implementation of Best Spall Repair

Practices for Concrete Pavement. Technical Report 5-5110-01-1. Center for

Transportation Research at The University of Texas at Austin.

Frost, R.L. and Vassallo, AM. (1996). The Dehydroxylation of the kaolinite clay
minerals using infrared emission spectroscopy. Clays and Clay Mineralsl. 44(5):
635-651.

Granizo, M.L., Blanco-Varela, M.T., and Martenes-Ramirez, S. (2007). Alkali activation of

metakaolin: parameters affecting mechanical, structural and microstructural

properties. Journal of Materials Science. 42(9): 2934-2943.



89

Guo, X., Shi, H., and Dick, W.A. (2009). Compressive strength and microstructural
characteristics of class C fly ash geopolymer. Cement and Concrete
Composites. 32(2): 142-147.

Hardjito, D., Cheak, C.C., and Ing, C.H.L. (2008). Strength and Setting Times of Low
Calcium Fly Ash-based geopolymer mortar. Moderd Applied Science. 2(4): 3-11.

Hardjito, D. and Tsem, M.Z. (2008). Strength and thermal stability of fly ash based
geopolymer mortar. The 3rd International Conference-ACF/VCA. 144-150.

Hardjito, D., Wallah, S.E., Sumajouw, D.M.J. and Ramgan, B.V. (2004a). On the
development of fly ash-based geopolymer concrete. ACI Materials Journal.
101(52): 467-472.

Hongling, W., Haihong, L., and Fengyuan, Y. (2005). Synthesis and mechanical
properties of metakaolinite-based geopolymer. Colloids and Surfaces A:
Physicochemical and Engineering Aspects. 268(1-3): 1-6.

Ismail, ., Bernal, S.A., Provis, J.L., Hamdan, S., and van Deventer, J.S.J. (2013).
Microstructural changes in alkali activated fly ash/slag geopolymers with sulfate
exposure. Materials and Structure. 46(3): 361-373.

Kong, D.LY. Sanjayan, J.G., and Sagoe-Crentsil, K. (2008). Factors affecting the
performance of metakaolin geopolymers exposed to elevated temperatures.
Journal of Materials Science. 43(3): 824-831.

Kumar, S. and Kumar, R. (2011). Mechanical activation of fly ash: effect on reaction,
structure and properties of resulting geopolymer. Ceramics International. 37(2):
533-541.

Lee, WKW. and van Deventer, J.S.J. (2002). The effects of inorganic salt

contamination on the strength and durability of geopolymers. Colloids and
Surfaces A: Physicochem and Engineering Aspects. 211(2-3): 115-126.

Muhiz-Villarreal, M.S., Manzano-Ramirez, A., Sampieri-Bulbarela, S., Ramon Gasca-
Tirado, J., Reyes-Araiza, J.L., Rubio-Avalos, J.C., Pérez-Bueno, J.J., Apatiga, L.M,,
Zaldivar-Cadena, A., and Amigd-Borras, V. (2011). The effect of temperature on

the geopolymerization process of a metakaolin-based geopolymer. Materials
Letters. 65(6): 995-998.
Mustafa Al Bakri, A.M., Kamarudin, H., Bnhussian, M., Rafiza, A.R.,, and Zarina, Y. (2012).

Effect of Na,SiO,/NaOH ratios and NaOH molarities on compressive strength of

fly ash-based geopolymer. ACI Materials Journal. 109(48): 503-508.
Oh, J.E., Moon, J., Oh, S.G., Clark, S.M., and Monteiro P.J.M. (2012). Microstructural and

compositional change of NaOH-activated high calcium fly ash by incorporating




90

Na-aluminate and co-existence of geopolymeric gel and C-S-H(l). Cement and
Concrete Research. 42(5): 673-685.

Pacheco-Torgal, F., Castro-Gomes, J., and Jalali, S. (2008). Properties of tungsten
mine waste geopolymeric binger. Construction and Building Materials. 22(6):
1201-1211.

Pacheco-Torgal, F., Moura, D., Ding, Y., and Jalali, S. (2011). Composition, strength and

workability of alkali-activated metakaolin _based mortars. Construction and
Building Materials. 25(9): 3732-3745.

Riahi, S., Nazari, A., Zaarei, D., Khalaj, G., Bohlooli, H., and Kaykha, M.M. (2012).
Compressive strength of ash-based geopolymers at early ages designed by
Taguchi method. Materials and Design. 37: 443-449.

Rovnanik, P. (2010). Effect of curing temperature on the development of hard
structure of metakaolin-based geopolymer. Construction and Building Materials.
24(7): 1176-1183.

Sata, V., Jaturapitakkul, C., and Kiattikomaol, K. (2004). Utilization of palm oil fuel ash

in_high-strength concrete. Journal of Materials in Civil Engineering. 16(6): 623-
628.
Silva, P.D., and Sagoe-Crentil, K. (2008). Medium-term phase stability of Na,O-Al,Os-

Si0,-H,0 geopolymer system. Cement and Concrete Research. 38(6): 870-876.

Silva, P.D., Sagoe-Crenstil, K., and Sirivivatnanon, V. (2007). Kinetics of
geopolymerization: Role of AlLO; and SiO,. Cement and Concrete Research.
37(4): 512-518.

Somna, K., Jaturapitakkul, C., Kajitvichyanukul, P., and Chindaprasirt, P. (2011). NaOH
activated ground fly ash geopolymer cured at ambient temperature. Fuel.
90(6): 2118-2124.

Temuujin, J., Riessen, AV., and Williams, R. (2009). Influence of calcium compounds
on the mechanical properties of fly ash geopolymer pastes. Journal of
Hazardous Materials. 167(1-3): 82-88.

Tonnayopas, D., Nilrat, F., Putto, K., and Tantiwitayawanich, J. (2006). Effect of oil
palm fiber fuel ash on compressive strength of hardening concrete. Proc. 4th
Thailand Materials Science and Technology Conference, March 31 —April 1,
2006, Thailand Science Park Convention Center, Pathumthani Thailand, 64-66.

van Dam and Thomas, J. (2010). Geopolymer Concrete. Transportation Research

Board. TechBrief, Federal Higshway Administration.



91

van Jaarsveld, J.G.S., van Deventer, J.S.J., and Lukey, G.C. (2003). The characterisation
of source materials in fly ash-based geopolymers. Materials Letters. 57(7):
1272-1280.

Wang, H., Li, H, and Yan, F. (2005). Synthesis and mechanical properties of

metakaolinite-based geopolymer. Colloids and Surfaces A: Physicochem and
Engineering Aspects. 268(1-3): 1-6.
Winnefeild, F., Leemann, A., Lucuk, M., Svoboda, P., and Neuroth, M. (2010).

Assessment of phase formation in alkali activated low and high calcium fly

ashes in building materials. Construction and Building Materials. 24(6): 1086—
1093.

Yeon, K.S., Choi, Y.S., Yeon, JH., and Kawakami, M. (2013). Recent development and
application of concrete-polymer composites in Korea. Transportation Research
Board. 19(2): 135-145.

Yin, CY., Kadir, SASA., Lim, Y.P., Syed-Ariffin, S.N., and Zamzuri, Z. (2008). An
investigation into physicochemical characteristics of ash produced from
combustion of oil palm biomass waste in a boiler. Fuel Processing Technology.
89(7): 693-696.

Yip, C.K, Provis, J.L., Lukey, G.C., and van Deventer, J.S.J. (2008). Carbonate mineral
addition to metakaolin-based geopolymers. Cement and Concrete Composites.
30(10): 979-985.

Zhang, Y., Sun, W., and Li, Z. (2008). Infrared spectroscopy study of structural nature
of geopolymeric products. Journal of Wuhan University of Technology. 23(4):
522-527.

Zuhua, Z., Xiao, Y., Huajun, Z., and Yue, C. (2009a). Role of water in the synthesis of

calcined kaolin-based geopolymer. Applied Clay Science. 42(2): 218-223.
Zuhua, Z., Xiao, Y., Huajun, Z., Sudong, H., and Yue, C. (2009b). Activating Process of

Geopolymer Source Material: Kaolinite. Journal of Wuhan University of
Technology-Materials Science Edition. 24(1): 132-136.




92



unAiia

2138153V lUgIUtaya TCI
2M5EITUNINYIAPUIISIETIVUATUNS

auURTanUsyauIlonadiuosAUUIIN DN UYL UINEINABUNTA



94



95

Princess of Naradhiwas University Journal | @
(@)

vaw = ‘ﬂ ﬂ. . - =
auumaqﬂsza‘mﬁwaama‘:ﬁw‘mmmnwauwammanaumm
Properties of metakaolin based geopolymer binder used

in repair nf rancrate navement

anilidis & 2¢a. (Abideng Hawa. M Eng)’
AU ¢mlema 15.@. (Danupon Tonnayopas. PhD )
QTW’-HJ. sz 15.9. (Woraphot Prachasaree. Ph D)’
it anin U5 0. (Pichal Taneerananon. PhD )*

undage

mnaﬂmﬁumﬁﬁnma‘[awaﬂma‘;ua‘;ﬁ'l‘;mmuumnﬂwmnm lafesdang (NaSi0) watlaen
lgmanlsn (NaOH) mahLﬂmﬂmmvﬂmhmﬁauwmm‘nnm‘umm fisnsmmmaudsnineg wssmnde
lsmilamebnzemam 25 e Taevnmmeaseusadifome bwenlfidm loun nrmeseuidsda mmesn
wuun wasmaenesourluimasmelnfesuauentidedama lesmmmuhaafimmwniy 045, 055
uae 065 lnenimiin uassmavdiunanim 0. 5,1, 2 Uaz 4 13 ﬁammﬁ 80 asrniraBes shaenmasauidn
uuﬂammwml.ﬂunm 26,241, 7 uaz 28 u mnnmmﬁauwmﬁbwaama%ua%éﬁﬁamﬂnwmaﬂwm
T 0.45 g 2. 5 . (L33 0.5 T, ;mmmammuvim 2 o) Inerndednumi 37 winswnada

("‘

ﬂ"lﬂ'lﬁiu tq 'r]‘ﬁmﬂ'i mMieen ﬂ']‘WIGlF!‘lI.L'.IJUle HDITT MIVENELEN

Abstract

In this study, the geopolymer was prepared from metakaolin, sodium silicate (NaZSiO:) and sodium
hydroxide (NaOH) for repairing the concrete pavement. It was used early strength that can be re-opened
to traffic after 2.5-h. Several variables were used testing in laboratory experiment, including compressive
strength, drying shrinkage and sodium and magnesium sulfate expansions. Various water ratios was used
with metakaolin (w/m) ratios of 0.45, 0.55 and 0.65 by weight, and curing temperature at 80°C for 0.5-, 1-,
2-, and 4-h were performed in this work. Specimens for compressive strength were cured 2-, 6-, 24-h, 7-,
and 28-day in ambient temperature. The result of compressive stiength obtained 37 MPa from w/m of 0.45
curing for 2.5-h (0.5-h in oven and 2-h in ambient temperature).
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High early strength is the most important property of pavement repair materials to allow quick reopening to traffic. With this in
mind, we have experimentally investigated geopolymers using low cost raw materials available in Thailand. The geopolymer mortar
was metakaolin (MK), mixed with parawood ash (PWA, rubberwood ash) or oil palm ash (OPA) as binder agent. Rubberwood is
often used as raw material for biomass power plants in Thailand, especially at latex glove factories and seafood factories, and burning
rubberwood generates PWA. Both PWA and OPA are therefore low cost residual waste, locally available in mass quantities. The
geopolymer samples were characterized for compressive strength, drying shrinkage, and bond strength to Portland cement mortar
with slant shear test. The experimental design varied the contents of PWA and OPA and the heat curing time (1, 2 and 4 h) after hot
mixture process. The hot mixture process resulted in very high early strength. In addition, we achieved high compressive strengths,

low drying shrinkage, and very significant bond strength enhancement by use of the ashes.

1. Introduction

Many concrete infrastructures, such as concrete pavement,
bridge decks, parking structures, highways, and airport run-
ways, have high repair costs when damaged. This is partly
because special very-rapid-setting materials are used to
shorten the repair time in order to quickly get back to
normal use. The materials for rapid road repair must have
high early compressive strength, and include polyurethane
polymer, epoxy polymer, thermosetting vinyl polymer, and
magnesium polyphosphate.

Rapid concrete repair methods are of economic signif-
icance and therefore have been widely studied. Relatively
recent extensive studies have taken place at the Center for
Transportation Research of the University of Texas at Austin
[1] and the Texas Transportation Institute at the Texas A&M
University [2]. Modified Portland cement has been inves-
tigated [3, 4] along with magnesia-phosphate [5, 6]. These
studies have emphasized rapid setting. The current study
used materials locally available in Thailand, including waste

streams, in the production of geopolymers for these applica-
tions.

Studied in materials science and engineering, the geop-
olymer process takes place by chemical reactions between
aluminosilicate materials and alkaline solutions, under ele-
vated curing temperatures. Common raw materials for
geopolymer are fly ash and metakaolin containing SiO; and
Al,O,. The geopolymer benefits include high strength and
high early strength [7]. However, some studies [8-10] have
also assessed other mechanical properties such as the com-
pressive strength at 1, 7, and 28 days. These other properties
are not of primary importance in concrete pavement repair,
with the priority on early opening to traffic.

The current study focuses on metakaolin (MK), with
parawood ash (PWA, i.e., ash from rubberwood) or oil palm
ash (OPA).

Little research is available on the utilization of PWA or
OPA waste. In addition, the mechanical properties and beha-
vior of MK-based geopolymers with PWA or OPA are still
not well established or understood. Thus, further research is
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FIGURE I: Particle size distributions of raw materials.

needed to evaluate the effects of PWA or OPA in geopoly-
mer composite materials. The current study on MK-based
geopolymers containing PWA or OPA addresses these gaps
in knowledge about new environmentally friendly materials
particularly for concrete pavement repair.

We have created and tested MK-based geopolymers
containing PWA or OPA as partial replacements for MK. The
amount of PWA ranged up to 30% and of OPA up to 15% by
weight of MK. We also tested different heat curing times, so
that all of the main factors influencing geopolymer properties
were varied in the experimental design. Various key charac-
teristics of concrete repair materials were determined for the
geopolymer.

2. Experimental Program

2.1. Materials. The kaolin used in this study was calcined at
750°C for 2h and used as Si-Al cementitious material. The
chemical composition of the MK was analyzed using X-ray
fluorescence (XRF); it had the main components 50.30% SiO,
and 41.02% Al,O;. Grinding the MK in a ball mill produced
particles with mass-average size ds, = 6.31 um (Figure 1). Both
chemical composition and physical properties of this MK are
listed in Table 1.

PWA generated during the combustion of parawood for
electricity production was collected from a biomass thermal
power plant. The OPA used in this study was collected from
a palm oil mill. Both the PWA and the OPA were ground in a
ball mill for approximately 4 h. The particle size distributions
determined by laser scattering are shown in Figure 1: the d;,
values were 25.13 um for PWA and 19.31pum for OPA. The
chemical compositions were analyzed by XRE. OPA had the
main chemical components 13.84% KO, 38.37% SiO,, and
14.09% CaO by weight, while PWA had similarly 16.11% K, 0
and 41.19% CaO. The chemical compositions and physical
properties of PWA and OPA are listed in Table 1.

The alkaline activator used was a mixture of sodium
hydroxide (NaOH) in flakes of 98% purity, sodium silicate

Advances in Materials Science and Engineering

TaBLE 1: Chemical compositions (wt%) and physical properties of
cementitious materials used.

Chemical compositions MK PWA OPA
Si0, 50.30 257 38.37
AlLO; 41.02 0.53 148
Fe,0; 1.05 0.56 3.01
CaO 0.33 4119 13.84
TiO, 150 — 0.21
MgO — 452 3.00
K,0 4.08 16.11 14.09
P,0; — 3.06 415
50, — 554 142
Cl — 0.82 —
MaO, — 136 —
Loss on ignition (LOI) 1.72 23.74 20.43
Specific surface area (m?/g) BET  13.61 871 13.06
dyy (um) 1.352 2.860 4321
dzy (um) 6.308 25.128 19.305
dgo (m) 88.803 123450  100.109

(Na,S5i0,), and water. The sodium silicate solution contained
14.14% Na, O, 27.67% Si0,, and 56.28% H, O by weight.

River sand was used as the fine aggregate inert component
of the geopolymer mortars. The specific gravity of the river
sand was 2.51 and the maximum size was 4.75 mm. The water
absorption of the river sand was 1.48%, tested in accordance
with ASTM C128 [11].

2.2, Mixed Proportions. Geopolymer mortars were prepared
by mixing the raw materials (MK with PWA or OPA),
river sand, and alkaline activators (sodium silicate, sodium
hydroxide, and water). The alkaline activator was mixed first
at 74 + 2°C from reaction heat. The final mixing of alkaline
activator, reactive raw material, and river sand took place at
48 + 2°C. These elevated temperatures were essential to fast
setting. Details of the ingredient proportions and molar ratios
are shown in Tables 2 and 3, respectively. The samples were
mixed manually, not with a motorized mixer. The slurries
were poured into acrylic 50 x 50 x 50 mm molds to set and
form samples for compressive strength testing. The samples
were compacted in accordance with ASTM 109/C109M [12].
Samples were also formed in acrylic 25 x 25 x 285 mm molds,
compacted in accordance with ASTM C596 [13], for use in
tests of drying shrinkage. The samples in acrylic molds were
wrapped with polyvinyl sheets to prevent loss of moisture.
All of the samples were heated in an electric oven at 80°C
after casting, After curing for 1, 2, or 4 h, they were removed
from the oven. After unwrapping and demolding, the samples
were stored at ambient temperature of 30+ 2°C with a relative
humidity 70 + 5% until they were tested. The bond strength
test samples were prepared in 50 x 50 x 50 mm acrylic molds
slanted to give an interface at 45" (Figure 2) against Portland
cement mortar, which was cured at ambient temperature for
7 days. Afterwards, the geopolymer was added to these molds
to from a cube with the set Portland cement. The molds
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TaBLE 2: Mixed proportions of geopolymer mortars (by weight).

Mix MK (%) PWA (%) OPA (%) SS/N ratio A/R ratio W/R ratio RS/R ratio Heat curing (h)
Control-1 100 — —
P10-1 90 10 —
P20-1 80 20 —
P30-1 70 30 —_ 25 0.83 0.45 3 1
05-1 95 — 5
010-1 90 — 10
015-1 85 — 15
Control-2 100 — —
P10-2 90 10 -
P20-2 80 20 —
P30-2 70 30 - 25 0.83 0.45 3 2
05-2 95 — 5
010-2 90 —_ 10
015-2 85 — 15
Control-4 100 — —
P10-4 90 10 —
P20-4 80 20 —
P30-4 70 30 — 25 0.83 0.45 3 4
05-4 95 —_ 5
010-4 90 —_ 10
015-4 85 - 15
Note: 55: sodium silicate; N: sodium hydroxide; A: (S5 + N);
R: raw materials (MK, PWA, and OPA); W: water; RS: river sand.
TABLE 3: Mixture formulations.

Suvile §i0,/ALO;  CaO/SiO, NazC)fSin HzofNajp

(molar ratio) (molar ratio) (molar ratio) (molar ratio)
Control 277 0.01 0.21 1143
P10 285 0.08 0.23 11.43
P20 295 0.16 0.25 1143
P30 3.09 0.26 0.27 1143
05 2.88 0.02 0.22 11.43 |
010 3.01 0.03 0.22 11.43 . . . .
oI5 15 b i S FIGURE 2: Typical specimens with geopolymer mortar bonded to

were wrapped with polyvinyl sheet and heated to 80°C. After
curing for 1, 2, or 4h, the samples were unwrapped and

demolded. They were stored at ambient temperature for 24 h
and then tested.

2.3. Test Procedure. Geopolymer mortars were wrapped with
polyvinyl sheets to prevent moisture loss, cured in an oven
at 80°C for 1, 2, or 4 h, and cooled at ambient temperature
of 30 + 2°C with 70 + 5% relative humidity. The compressive
strengths of geopolymer mortars were determined according
to ASTM 109/C109M [12], using a universal testing machine
at a loading rate of 5.00 mm/min. For each mixture, three cast
samples were tested at each age of 2, 6, 24 h, and 7 days.

The drying shrinkage was determined with a length com-
parator in accordance with ASTM C490 [14]. The geopolymer

Portland cement mortar.

mortars were prepared using 1, 2, or 4 h of curing at 80°C.
Measurements were taken up to 30 weeks of age after curing.

The bond strength between Portland cement mortar and
geopolymer mortar was determined by a shear test, from 50 x
50 % 50 mm slant shear samples with interface line at 45" (see
Figure 2). The samples were tested under compression using
the standard procedure for testing compressive strength. The
bond strength was tested 24 h after heat curing, in ambient
temperature. Bond failure of a slant shear sample is shown
in Figure 3. The slant shear test has become the most widely
accepted test for the bonding of repair materials to concrete
[15]. However, there is no general standard available for this
test [15, 16].
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F1GURE 3: Slant shear sample after failure in compression test.

3. Results and Discussion

3.1. Compressive Strength. The effects of PWA or OPA content
on the compressive strength of metakaolin-based geopolymer
mortar are shown in Figures 4 to 8. The early 2 h compressive
strength is high, partly because the geopolymer mortars were
prepared as a hot mixture before curing in an oven.

The compressive strengths for different mixtures at the
observed ages are presented in Figure 4. The early 2h com-
pressive strength ranged from 15MPa to 71 MPa, while the
final observation at 7 days ranged from 42 MPa to 70 MPa.
The different curing times had no effect on the final compres-
sive strength of these geopolymers.

The compressive strength of geopolymer mortars with
PWA, heat-cured at 80°C for 1h, is shown in Figure 5. The
compressive strength clearly decreased with PWA content,
especially at 2 h observation time. This may partly be due to
particle size effects (dsp 6.31 m of MK against 25.13 ym of
PWA); the greater surface area of finer particles makes them
more active in polymerization [17]. Another contributing
factor may be the reduction of Si and Al when MK is
replaced with PWA. The CaO in PWA did not participate in
geopolymerization and may have hydrated slowly. Winnefeld
et al. [18] found that the lower strength incurred by high
calcium content may in part be caused by poor reactiv-
ity with alkaline activators in fly-ash-based geopolymers.
Test results confirmed that adding CaO into raw materials
decreased compressive strength. Promising results have also
been reported [19] for a curing temperature of 70°C.

Compressive strengths with OPA, heat-cured at 80°C for
1h, are shown in Figure 6. The compressive strengths again
decrease with OPA content, but at 5% OPA the final 7-
day strength remains unchanged. The compressive strength
values remain acceptable also at OPA contents of 10% and
15%. The main chemical component in OPA was SiO,, while
PWA mainly had CaO, partly causing the different effects on
compressive strength. Also, the average particles size differs,
and the smaller-sized OPA may be more reactive due to this
[17].

The effects on compressive strength might also be
explained with molar ratios (Si0,/Al,0,). Figure 4 shows the
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variation in compressive strengths of the samples measured
after heat curing. Assuming this ratio was the determining
factor, the most favorable Si0,/Al,0; molar ratios were in
control and O5, these being Si0,/Al;0; = 2.77 and 2.88,
respectively. Chindaprasirt et al. [20] have reported similar
trends, with Si0,/Al, O, up to 2.87, for high calcium fly-ash-
based geopolymer systems. However, adding OPA beyond
the optimal amount decreases the compressive strength
because it also contains CaO. In addition, the compressive
strength decreased with the amount of PWA (high CaO).
This is consistent with previous studies [19] on fly-ash-based
geopolymers. Previous studies [20-22] have also suggested
that the ratio Si0,/Al,0, influences the properties of the
geopolymer binders. Generally, the geopolymer binders have
been prepared using fly ash and metakaolin, with the ratio
§i0,/Al,O, within the range from 2 to 4 [20, 21].

For all mixtures, long heat curing times increased the
compressive strength observed at 2 h in ambient temperature.
Heat curing may accelerate the degree of geopolymerization
by encouraging the formation of mineral phases. For the
samples cured for 1, 2, and 4 h, with 10% PWA or OPA, the
compressive strengths for up to 7 days of age are shown
in Figures 7 and 8. The samples cured for 2 and 4h did
not develop dramatically higher long-term compressive stre-
ngths; instead, the prominent effects are in the early strength
development. Furthermore, with 10% OPA, the curing time
only had a marginal effect; see Figure 8.

3.2. Drying Shrinkage. All geopolymer mortars were exposed
to 30 + 2°C and 70 + 5% relative humidity for a prolonged
time, up to 30 weeks. The drying shrinkages of all samples
are presented in Figures 9 to 12. The drying shrinkage of
control samples is lower than with 10%, 20%, and 30% PWA
(Figure 9.). The average particle size of PWA is larger than of
MK and correlates negatively with the specific surface area.
The geopolymer reaction was incomplete (see Figures 5 and
6) after heat curing at 80°C for 1h, but the excess water
could not evaporate because the samples were wrapped with
polyvinyl sheets. After carving off the polyvinyl sheet, the
evaporation of pore water could take place; this is easier with
large pores corresponding to coarser particles. This is how
PWA content may contribute to the drying shrinkage and
increase it relative to control samples. Also, OPA tends to
increase drying shrinkage (Figure 10). In the control and with
5%, 10%, or 15% OPA, drying shrinkage was rapid in the 1 to
8 h interval. Our MK-based geopolymer containing PWA or
OPA had lower drying shrinkages than those reported for slag
mortar with sodium silicate, sodium hydroxide, and sodium
carbonate activators [23].

Figures 11 and 12 illustrate the drying shrinkage of geop-
olymer mortars containing 10% PWA and 10% OPA, respec-
tively, heat-cured at 80°C for 1, 2, or 4 h. The samples exhibited
similar behavior, in terms of longer curing decreasing the
drying shrinkage. The shrinkage of the samples containing
10% PWA is presented in Figure 11. With 4 h curing, there was
less shrinkage than with shorter curing. The use of water in
the geopolymerization reaction increases with curing time.
The drying shrinkage of samples containing 10% OPA is
presented in Figure 12. The samples cured for 2 and 4 h had
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FIGURE 4: Compressive strengths for different mixtures and curing times.

similar drying shrinkage values at all ages, with the shrinkage
continuing throughout the observed 30 weeks. For specimens
cured for 1h, the drying shrinkage was much higher at all
ages than with the longer cure times. Again, longer cure
times left less water for evaporation, due to higher extent of
geopolymerization reactions that used up water.

3.3. Drying Shrinkage and Weight Loss. Figures 13 and 14
show the relationship between drying shrinkage and weight
loss, expressed as percentage of initial weight, for geopolymer
mortars containing 10% PWA or 10% OPA. At the longer
curing times, the weight loss is smaller and so is the shrinkage.
This may be due to the higher extent of geopolymerization
reaction, in comparison with shorter curing time. Likely, the
weight loss is mostly from evaporation of water.

3.4. Drying Shrinkage and Compressive Strength. The rela-
tionship of drying shrinkage with compressive strength at 7
days is shown in Figure 15. The high compressive strength
samples have a stable aluminosilicate polymer structure
[24] from geopolymerization, resisting shrinkage. Also, this
mechanism may contribute to the effects of curing time on
shrinkage.

3.5. Bond Strength. The results on bond strength to Portland
cement mortar are shown in Figure 16. The bond strength
improved with heat curing time for all formulations, and the
samples containing PWA or OPA had dramatically higher
slant shear strengths than the control sample with only
MK, for all heat curing times tested. Particle size effects
may contribute to this, as the larger particles (samples with
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PWA and OPA) have a comparatively low specific surface
area. Then, the slurries containing PWA and OPA may flow
better, improving the surface contact with the OPC samples.
Another potential mechanism is that the fast setting control
samples might harden before fully developing surface bonds
with OPC. Finally, there is the possibility of actual chemical
reaction effects.

4. Conclusions

Geopolymer mortars from metakaolin with PWA or OPA
were synthesized and studied, with the following main
conclusions.

(i) OPA appears more advantageous than PWA, as a
supplementary raw material in these geopolymers,
due to overall better strength characteristics.
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(ii) Both OPA and PWA dramatically (see Figure 16)
increased the bond strength to Portland cement
mortar and may be necessary components in the
geopolymers for use in concrete repair.

(iii) Compressive strength of geopolymers can be impro-
ved by increased heat curing, here tested up to 4h.
However, with only 10% of OPA, heat curing at 80°C
for 1h already showed maximal strength, while with
10% PWA, longer cure times affect especially early
strength development.

(iv) Long heat curing times also decreased drying shrink-
age, potentially due to the well-developed strength.

(v) The longer heat curing times also used more water in
the geopolymerization process, reducing the amount
left to evaporate and detectable as weight loss.
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The postcuring weight loss had a tight relationship to
drying shrinkage.

Currently, geopolymer binders have not yet reached field
applications. However, portable steam boilers may enable
their practical use. Results from an ongoing field study of
these geopolymers with high early strength will be the sub-
ject of a future publication, complementing the current
laboratory study.
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This study reports on the microstructure, compressive strength, and drying shrinkage of metakaolin (MK) based geopolymers
produced by partially replacing MK by oil palm ash (OPA). The OPA was used as raw material producing different molar ratios
of §i0,/Al, O, and Ca0/5i0,. The geopolymer samples were cured at 80°C for 1, 2, or 4 hours and kept at ambient temperature
until testing. The compressive strength was measured after 2, 6, and 24 hours and 7 and 28 days. The testing results revealed that
the geopolymer with 5% OPA (5iO, : Al;O, = 2.88:1) gave the highest compressive strength. Scanning electron microscopy (SEM)
indicated that the 5% OPA sample had a dense-compact matrix and less unreacted raw materials which contributed to the higher
compressive strength. In the X-ray diffraction (XRD) patterns, the change of the crystalline phase after heat curing for 4 hours was
easily detectable compared to the samples subjected to a shorter period of heat curing.

1. Introduction

The geopolymers are interesting in the fields of materials
science and materials engineering. The geopolymer process
is a chemical reaction between aluminosilicate materials and
alkaline solutions under high curing temperature conditions.
Generally, raw materials are prepared with a geopolymer
binder consisting of fly ash and metakaolin (MK) containing
Si0, and Al,O; which are the main chemical constituents.
Geopolymers are binders that exhibit good physical and
chemical properties and a wide range of potential applications
[1]. However, several previous researches reported some of
the limitations of geopolymer properties. Metakaolin based
geopolymers show a relevant strength loss that makes them
unsuitable for construction purposes [2]. There are efflo-
rescence [3, 4| related problems with this materials, and
recently, Turner and Collins [5] showed that sodium silicate
“geopolymers” have almost the same carbon footprint as
Portland cement.

Previous studies [6-8] have reported that different ratios
of Si0,/Al, O, influence the properties of the geopolymer
binders. Generally, the geopolymer binder has been pre-
pared using fly ash and metakaolin, in which the ratio of

SiO,/Al,O; varied within a range of 2:1 and 4: 1. The effect
of high calcium fly ash contents between 2.79:1 and 4.79:1
(Si0,/Al,0;) on the setting time and compressive strength
of geopolymers was investigated in Chindaprasirt et al. [8].
The result showed that a higher compressive strength was
achieved within a range of SiO,/Al, 0O, ratios of 2.57:1 and
4.24:1. However, the current study focuses on SiO,/Al, 0,
and CaO/SiO; ratios.

van Jaarsveld et al. [9] used XRD and FT-IR techniques
to characterize the fly ash obtained from different sources
in order to gain a greater understanding of the effect of
phase composition on the dissolution behavior, reactivity,
and final physical and mechanical properties of fly ash-
based geopolymers. The polymerization mechanism and the
structure of the products were also investigated by Barbosa
et al. [10] using XRD and FT-IR spectroscopy. A number of
investigators [11, 12] have also studied the microstructure of
geopolymers using SEM.

Oil palm ash (OPA) is a by-product of the use of palm
kernels, palm fibers, and palm shells as biomass fuel in place
of petroleum in electricity generation. Currently, OPA is
disposed of in landfills, which has the potential to cause
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TaBLE I: Chemical composition (wt.%) and physical property of MK

and OPA.

Element MK OPA
Si0, 50.30 38.37
AlLO, 41.02 1.48
Ca0 0.33 13.84
Fe,0, 105 3.01
K,0 4.08 14.09
TiO, 150 0.21
MgO - 3.00
Other — 5.57
LOI 172 2043
Specific surface area (mzlg) BET 13.61 13.06
d,, (um) 1.352 431
dp (pm) 6.308 19.305
dgy (um) 88.803 100.109

environmental problems for the industry and health risks for
the public.

In the present study, geopolymers were prepared with
OPA ratios of 0%, 5%, 10%, and 15% (hereafter referred to as
Control, 05, 010, and O15, resp.), which produced differing
ratios of Si0,/Al,0; and CaO/SiO. They were prepared as
hot mixtures using sodium silicate and sodium hydroxide as
activators before being heat cured in an oven at 80°C for 1,
2, or 4 hours. The study aimed to analyze the effect of these
parameters on the compressive strength and drying shrinkage
using SEM, XRD, and FT-IR techniques. Measurements were
taken after 2, 6, and 24 hours and 7 and 28 days.

2. Experimental Section

2.1. Materials. The metakaolin (MK) used in this study was
collected from Narathiwat province. It was calcined at 750°C
for 2 hours and used as Si-Al cementitious material. The
chemical composition of the MK was analyzed using X-ray
fluorescence (XRF). The physical properties of the MK are
listed in Table 1. Grinding the raw materials in a ball mill
produced small particles. Figure 1 depicts the XRD pattern
of the MK. The MK showed an apparent amorphous phase
(between 20 and 35° 26) in its structure with peaks for
microcline, quartz, and illite.

The OPA was obtained from a palm oil mill in Krabi
province. It was sieved to remove any incompletely com-
busted fibers. The OPA was ground in a ball mill until the
median particle size was approximately 19 ym. The chemical
composition and physical property of the OPA are shown in
Table 1. Figure 2 shows the X-ray diffractogram of the OPA,
which demonstrates outstanding crystalline phase materials
with obvious detectable quantities of crystalline quartz, cal-
cite, and sylvite.

The activator used was a mixture of sodium hydrox-
ide (NaOH) in flakes of 98% purity and sodium silicate
(Na,S§i0;). The sodium silicate solution had a composition
by weight of 14.14% Na, 0, 27.67% SiO,, and 56.28% H, 0.
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River sand was used as the fine aggregate component of
the geopolymer mortars. The specific gravity of the river sand
was 2.5, and the maximum size was 4.75 mm.

2.2. Mixture Proportion. The geopolymer mortars used in
this study were prepared with MK, OPA, and the alkali
activators sodium silicate and sodium hydroxide with a
view to verify the viability of using geopolymer binders. All
the samples contained a mass ratio of river sand: MK and
OPA :alkaline activator : water of 3: 1: 0.83: 0.45. The alkaline
activator used was a mixture of sodium silicate and sodium
hydroxide in a weight ratio of 2.5: 1. The sodium silicate and
sodium hydroxide were mixed in water and produced an
exothermic temperature of 74 + 2°C. Later, the river sand,
MK, and OPA were added to the mixture which reduced the
temperature to 48 + 2°C. Samples of four different concentra-
tions of OPA were prepared: 0% (Control), 5%, 10%, and 15%.
The samples were quite sticky and fast setting and required
some effort to be cast in acrylic molds. The samples of the four
mixtures were then wrapped with a polyvinyl sheet to prevent
any moisture loss and cured in an oven at 80°C for 1, 2, or 4
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TaBLE 2: Mix proportions of geopolymer samples.

Sample name MK (by weight) OPA (by weight) CaO/Si0, (molar ratio) Si0,/Al,0; (molar ratio) Heat curing (h)
Control-1 100 - 0.01 277

05-1 95 5 0.02 2.88 )
010-1 90 10 0.03 3.01

015-1 85 15 0.04 315

Control-2 100 — 0.01 2.77

05-2 95 5 0.02 2.88 2
010-2 90 10 0.03 3.01

015-2 85 15 0.04 3.15

Control-4 100 — 0.01 277

05-4 95 5 0.02 2.88 4
010-4 90 10 0.03 3.01

015-4 85 15 0.04 3.15

hours to produce all 12 different experimental conditions (as
previously shown in Table 2), and after curing for 1, 2, or 4
hours, the samples were unwrapped, demolded, and allowed
to further cure at an ambient temperature of 30 + 2°C and 70
+ 5% relative humidity until the scheduled test date.

2.3. Test Procedure. After curing for 1, 2, or 4 hours at
80°C, the geopolymer mortars were removed from the acrylic
molds and stored at ambient temperature. Compressive
strength tests were conducted on cast specimens with dimen-
sions of 50 x 50 x 50mm. The samples were tested in
accordance with the relevant ASTM C109/C109M [13] at ages
of 2, 6, and 24 hours and 7 and 28 days. Drying shrinkage
tests were performed during a period of up to 30 weeks using
a length comparator in accordance with the relevant ASTM
C490 [14].

A JMS-5800 LV model scanning electron microscope
(JEOL, Japan) was used to identify the microstructure of the
geopolymer mortars. Small scraps of the samples were tested
using scanning electron microscopy.

Powder XRD was conducted using an X Pert MPD X-ray
diffractometer (PHILIPS, Netherlands) at angles from 5" to
80° (26) using the clay and rock 0.4 program. The MK, OPA,
and geopolymer paste were characterized directly. XRD was
conducted to identify the dominant crystalline phases and to
detect the positions of the peaks.

FT-IR was performed on the geopolymer samples on an
EQUINOX 55 spectrometer (Bruker, Germany) using the
KBr pellet technique in 4000-400 cm ™' range.

3. Results and Discussion

3.1. Compressive Strength

3.1.1. The Effect of the Ratio of SiO,/Al,0;. The compressive
strengths of the mortar after being cured at 80°C for 1, 2, or
4 hours are shown in Figures 3 and 4. It can be seen that for
all the mixtures the compressive strength generally decreased
with an increase in the proportion of $iO, (molar ratio) after
2 and 24 hours at ambient temperature (see Figures 3(a) and
3(b), resp.).

The development of the compressive strength of the Con-
trol, 05, O10, and O15 samples heat cured for 1, 2, or 4 hours
is shown in Figures 3(a), 3(b), and 3(c), respectively. It was
observed that the initial ratio of SiO,/Al, O, had a significant
effect on the development of compressive strength in the
geopolymer binder systems. It can be seen that after the short-
est period of curing of 2 hours at ambient temperature (Figure
3(a)), the mixture with the highest Si content (015) had the
lowest compressive strength of all the combinations of Si con-
tent and period of heat curing, and increasing the period of
heat curing while decreasing the Si content caused an increase
in the measured compressive strength in all the samples.

Figure 3(a) illustrates the compressive strength measured
after 2 hours at ambient temperature. It can be seen that
the strength varied in the order Control > 05 > 010 > 015
(8i0,/Al, 0, ratios 2.77, 2.88, 3.01, and 3.15, resp.).

A somewhat similar trend in strength development was
observed after 24 hours (see Figure 3(b)). However, the
compressive strengths of 010 and O15 were higher than
the comparative values after 2 hours (see Figure 3(a)). This
behavior was due to the average particle sizes (dx,: 6.31 ym for
MK against 19.31 um for OPA) being correlated to the specific
surface area. The finer the particle size, the greater the surface
area, which produces a more reactive material [9].

Figure 3(c) shows the variation in compressive strengths
of the samples measured after 28 days. The most favorable
Si0,/Al,0; molar ratio for strength development in the
geopolymer samples was found in O5 (SiO,/AlL, O, = 2.88),
a trend similar to the findings of Chindaprasirt et al. [8]
in respect of an increased alumina content (SiO,/Al, 05 up
to 2.87) of high calcium fly ash-based geopolymer systems.
However, in the present study, the compressive strengths of
the samples containing only MK (5i0,/Al,0; = 2.77) after 28
days were significantly higher for the samples cured for only
1 hour, which is consistent with the findings of Rovnanik [15].

The effect of the addition of OPA on compressive strength
was slightly less for the control samples measured after 2
hours at ambient temperature, but beyond this age, the
compressive strengths of the O5 samples were higher than
those of the control samples after longer periods at ambient
temperature. Therefore, in terms of compressive strength, the
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FIGURE 3: Compressive strength of geopolymer mortar with different 5i0,/Al,O; and heat curing time measured after (a) 2 hours, (b) 24

hours, and (c) 28 days.

results suggest that the optimal OPA content is approximately
5%. It was also observed that the O5 samples continued to
develop compressive strength to an age of 28 days. Because
OPA has SiO, as its main chemical component, the SiO,-to-
AlO; ratio of the geopolymer product is improved by the
addition of a small amount of OPA. However, adding larger
amounts of OPA beyond the optimal amount decreases the
compressive strength because the OPA also contains CaO.
These results are consistent with those of previous studies [16]
conducted on fly ash-based geopolymers.

3.1.2. The Effect of Heat Curing. The compressive strengths
of the geopolymer mortars as a function of heat curing and
the amount of OPA as a replacement for MK are illustrated
in Figure 3. For all the mixtures, longer heat curing was
found to accelerate the development of compressive strength
after 2 hours at ambient temperature more than a shorter
period of heat curing. Longer heat curing may accelerate
the degree of geopolymerization because of the formation of
mineral phases. However, as Figure 3 shows, the compressive
strengths of the control samples containing only MK after
28 days at ambient temperature were significantly higher for
the samples cured for only 1 hour, which is consistent with

the findings of Rovnanik [15]. However, for the O5 and 0101
samples cured for 1, 2, or 4 hours containing 5% and 10%
OPA, the compressive strength values at 24 hours and 28 days:
were similar with curing periods of 1, 2, or 4 hours (as shown |
in Figure 3), while the O15 samples containing 15% OPA,,
heat cured for 4 hours had the highest compressive strengths.
The influence of heat curing on the compressive strengths of*
samples cured for 1 and 2 hours was nearly the same after all
periods at ambient temperature, as illustrated in Figure 3.

3.2. Drying Shrinkage. The effect of the partial replacement :
of MK with OPA on the drying shrinkage of the geopolymer-
mortars is presented in Figures 5 and 6. The overall result:
indicated that the drying shrinkage was very low. The drying;
shrinkages for different proportions of OPA are illustrated in |
Figure 5. A comparison of the measurements of the control |
samples heat cured for 2 hours (Control-2) shows that the:
drying shrinkage values decreased over time. In addition, .
the decrease in drying shrinkage was inversely proportional |
to the increase in the OPA content. This lower drying;
shrinkage is due to the lower fineness of the geopolymer-
mortar with higher OPA content. This is similar to the trend |
of drying shrinkage reduction reported in Chareera [17]. It:
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Ficure 5: Drying shrinkage of geopolymer mortars containing OPA,
heat cured for 2 hours.

has previously been confirmed that geopolymers with fine-
sized calcined kaolin particles produce high shrinkage [18].
This phenomenon is due to fine particles having a larger
geopolymerization reaction surface area, and if they are
packed inadequately into a slurry system, they will produce
high shrinkage.

The drying shrinkage of geopolymer mortar containing
OPA cured for 1, 2, or 4 hours was similar, producing
decreased drying shrinkage with longer curing time at ele-
vated temperature. For example, the O5 sample cured for 2
and 4 hours had similar shrinkage values at all ages, with
drying shrinkage decreasing up to an age of 8 weeks, as shown
in Figure 6. Thereafter, the drying shrinkage values decreased
slowly. However, the drying shrinkage values in the first 8
weeks for the samples cured for 4 hours were less than those
of the samples cured for 2 hours. On the other hand, for the
geopolymer mortar cured for 1 hour, the drying shrinkage
values were much higher at all ages than those for the samples
cured for 2 or 4 hours. This was because longer curing times at
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FIGURE 7: Effect of heat curing on compressive strength and drying
shrinkage of samples with 5% OPA at 28 days.

elevated temperature result in a loss of water due to treatment
heating during geopolymerization.

The effect of heat curing on compressive strength and
drying shrinkage is depicted in Figure 7. It is evident that
while the compressive strength increases with greater periods
of heat curing, the drying shrinkage decreases especially
between periods of 1 and 2 hours. The optimum period of
heat curing is 2 hours which produces geopolymers with the
lowest drying shrinkage and reasonably high strength.

3.3. Microstructure Characterization

3.3.1. Scanning Electron Microscope (SEM). The microstruc-
ture of the MK-based geopolymers with different OPA
contents was observed by SEM, and the results are shown in
Figure 8. The comparison of the SEM pictures of the sample
matrices revealed that some raw materials, which had not
reacted, were partially coated with flakes that formed on the
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FiGURE 8: SEM micrograph of geopolymer mortar; (a) Control-2, (b) 05-2, (c) 010-2, and (d) O15-2.

crust of the samples. It was notable that the Control-2, O10-
2, and O15-2 matrices were not homogeneous and contained
small pores. The O15-2 sample in particular had many flakes
and the largest pores (see Figure 8(d)), whereas in the O5-
2 matrix, a lower proportion of unreacted raw materials was
detected in the samples (see Figure 8(b)). It was also found
that the 05-2 samples had higher homogeneity and the lowest
number of pores in comparison to the other samples with
the least unreacted MK and OPA from the alkaline activator.
This sample also produced the highest compressive strength
of 70 MPa after a period of 28 days. This suggests that the
dissolution of the aluminosilicate in the geopolymerization
process in the 05-2 sample produced the highest compressive
strength. The pores in the geopolymer matrices which lead
to the lower compressive strength are shown in Figures 8(a),
8(b), and 8(c) by arrows.

As the heat curing was increased from 1 to 4 hours,
the microstructure of the MK-based geopolymer containing
OPA demonstrated different proportions of unreacted raw
materials as can be seen in Figures 9(a) and 9(b). It was
observed that the O15-1 and O15-2 samples were covered in
flakes of unreacted raw materials that had formed on their
crust and they also contained many pores in the matrix
as illustrated in the figures. by arrows. Nevertheless, in the
015-4 sample, (Figure 9(c)) it was observed that the matrix
was homogeneous with a dense-compact microstructure
and a lower proportion of unreacted raw materials. This is
consistent with the finding of higher compressive strength in
Figure 3(c).

3.3.2. X-Ray Diffraction (XRD). The results of the XRD of the
MK-based geopolymers containing 5, 10, and 15% OPA, heat
cured for 2 hours are shown in Figure 10. The full mixture
showed a characteristic high background between 15" and
35° 26 with a decrease in the crystalline peaks associated with
the initial materials. The samples had a similar diffraction
pattern and did not demonstrate any significant change in
the degree to which they were amorphous and crystalline
from the control sample. The peaks of quartz, microcline, and
illite from the MK and of quartz, calcite, and sylvite from the
OPA were observed to have almost disappeared, indicating a
degree of geopolymerization. However, the peak of the quartz
content was noted to be around 27" 28 due to remaining
prominent quartz in both MK and OPA.

Figure 11 shows the XRD patterns for sample O5 with
various heat curing at 1, 2, and 4 hours. The three samples
had a similar pattern being mostly amorphous with some
crystalline peaks. The XRD pattern for the 4-hour sample
shows that the apparent quartz content was detected most
obviously at approximately 21°, 27°, 50°, and 60" 26 compared
to the samples heat cured for 1 and 2 hours. This indicates
that crystalline phases were detected in the geopolymer
samples and that heat curing at 4 hours produced the
highest amount of crystallinity and had a higher compressive
strength. Alvarez-Ayuso et al. [19] reported that fly ash-based
geopolymers with increased crystallinity exhibited increased
compressive strength. It has also been found that fly ash-
based geopolymer with 12 M NaOH showed the highest com-
pressive strength, and XRD results showed that the intensity
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FIGURE 10: XRD patterns of geopolymers containing OPA, heat
cured for 2 hours.

of the crystallinity was easily detectable and contributed to
the highest compressive strength [20].

3.3.3. Fourier Transform Infrared Spectroscopy (FT-IR). Fig-
ure 12 shows the FT-IR spectra for the Control-2, 05-2,
010-2, and 0O15-2 samples with those of MK and OPA for
purposes of comparison. The MK spectrum contains wide
bands at approximately 1083 and 464 cm™", reflecting the Si-
O vibrations. These major bands are observed at frequencies
near to these reported in the literature for this compound
[9, 21]. There is also a band at 810cm™" corresponding to

b N O I 05-4
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g 9 o 05-1

= A

40 50 60 70 80 90
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M: Microcline

FiGURE 11: XRD pattern of geopolymer containing 5% OPA.

Al-O. For the OPA spectra, the stretching of the Si-O groups
alternately bound to the Al-O bonds produces a signal at
1030 cm™" and a band around 789 cm™ indicative of the Al-
O or Si-O-Al groups. These major bands have also been
reported in the literature [22].

The FT-IR spectra of the Control-2 sample (see Figure
12) indicate major bands at approximately 3453, 1659, 1408,
1000, 723, 589, and 446 cm™. Those at 3453 and 1659 cm™
are formed by the O-H stretching vibration and the H-
O-H bending vibration, respectively, and these have been
previously noted in hydroxyl groups [9, 23]. The main
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FIGURE 12: FT-IR spectra of raw materials and the geopolymer
samples heat cured for 2 hours.

binder system vibration band at approximately 1000 em ™ is
attributable to the asymmetric stretching mode of the Si-O-
Albond in the reaction products, and this vibration band has
also been found in previous research [24]. The main bands
in the geopolymers are only a little different from those in
the FT-IR spectra of the MK between 450 and 1200 cm™'.
It has been previously reported that some raw material is
retained in the geopolymerization products [25]. The results
of the present study suggest that the composition of the
aluminosilicate was formed by the geopolymerization of the
MK and/or the OPA and the alkaline activator produces
slightly different FT-IR patterns. The effect of the OPA ratio
on the nanostructure as shown by the FT-IR spectra in
Figure 12 is rather limited. The trend of the FT-IR spectra in
previous research has been similarly adopted [26] where it
has been reported that difference in the w/b ratio in the gel
nanostructure of the fly ash based geopolymer as displayed
by the FT-IR spectra is rather limited.

It was observed that the main binder system vibration
band occurred at approximately 1000cm™" which can be
attributed to the asymmetric stretching mode of the Si-O-
Al bond, as shown in Figure 13. However, the compressive
strength of the geopolymer mortars produces a trend of lower
transmittance (high absorption), which reflects the higher
strength of the geopolymer as detected in the FT-IR test.

4, Conclusions

The effect of the partial replacement of MK by OPA, different
periods of heat curing on the microstructure, and compres-
sive strength of a MK-based geopolymer were investigated,
and the following conclusions may be deduced.

(a) The O5 sample (SiO,:AlL,O; = 2.88:1) produced
the highest compressive strength. The MK-based
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geopolymer, heat cured for 4 hours, had the highest
compressive strength of all. The XRD results showed
that the intensity of the crystalline phase after heat
curing for 4 hours was easily detectable and con-
tributed to the higher compressive strength more than
the samples heat cured for 1 and 2 hours.

(b) The CaO content (CaO/SiO, = 0.04) was hostile
in the geopolymer produced, especially in relation
to the early strength measurement after 2 hours at
ambient temperature and heat curing for 1 and 2
hours. However, heat curing for 4 hours produced
higher strength.

(¢) The alkali activation of MK with sodium silicate and
sodium hydroxide solutions produced materials with
high early compressive strength, when prepared in a
hot mixture.

(d) The addition of OPA, from 5% to 15%, had the effect
of decreasing the drying shrinkage of the geopolymer
mortars.

(e) Long heat curing times also decreased drying shrink-
age, probably due to the well-developed strength.

The increased compressive strength was attributable to
the structure of the geopolymer samples which had a dense-
compact matrix and contained less unreacted raw materials.
Further, a higher reaction of Si-Al in the geopolymerization
process produced aluminosilicate, and in addition, the prepa-
ration of the geopolymers in a hot mixture in this study may
have also contributed to the compressive strength. However,
different MKs from other locations may need different ratios
and particle sizes to achieve high compressive strength.
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Abstract. Drying shrinkage. compressive strength and microstructural analysis of metakaolin based
geopolymers partial replacement with Parawood ash was investigated. It was involved different
S102/A1,0;3 and CaO/S10; ratios. Characterization of geopolymer mortar was determined on drying
shrinkage. compressive strength. mineral phases and microstructure was analysed by X-ray
diffraction and scanning electron microscopy techniques. Test result of highest compressive strength
was about 71 MPa at 6-h (4-h in oven at 80°C and 2-h ambient temperature). Voids-cement ratio is the
most effect on the unconfined compressive strength of this metakaolin geopolymer mortar.

Introduction

Geopolymer process is chemical reaction between aluminosilicate materials and alkaline solutions
under high curing temperature conditions. Generally. raw materials were prepared of geopolymer
binder by fly ash and metakaolin that was had S10; and Al,O; main chemical composition. Moreover.
geopolymer could be produced from other waste materials such as rice husk ash [1,2.3]. sludge [4].

Geopolymer had advantages than ordinary Portland cement. such as high strength, better resistance
of sulfuric and sulfate solutions [5.6]. and high early strength [7]. PWA is a by-product of burnt
Parawood lumber as well as a by-product of the fumiture industry. Parawood is often used as an
energy combustion material for biomass power plants, latex glove factories and sea-food factories. In
Thailand. many biomass power plants consume Parawood. including a thermal biomass power plant
station and most latex glove factories in southern Thailand. Steam is generated by the combustion of
Parawood. it is approximately 25% ash is collected at the bottom of the boiler (bottom Parawood ash).
and the remaining 75% 1s blown out as fly ash. However. few appropnate landfill sites disposed
resulting in serious environmental problems.

Effects of several Si0,/Al,0; ratios on the properties of geopolymer were investigated [8.9.10].
Basically, geopolymer binder was prepared by fly ash and metakaolin (MK). theirs Si02/Al O3 varied
in range of 2-4. In case of high calcium fly ash [11] was investigated the effect of S10/AL;Os ratios
with 2.57-4.79 on the setting time and compressive strength of geopolymer. It resulted of higher
compressive strength achieved was in the range of Si02/Al,Oj; ratios of 2.57-4.22. This work deals
with the subject of MK based geopolymer partial replacement by PWA with main composition of
Ca0. is used as an aluminosilicate source in the production of geopolymer binder.

Experimental Programme

Materials Used. MK was collected from a kaolin mine in Narathiwat province, southern Thailand. it
was caleined at 750°C for 2 h and raw Parawood ash (PWA) derived from a biomass electrical plant
were used as raw materials mix to alkali activated binders. The particle size distribution of MK and
PWA are less than 45 pm about 82% and 71%. respectively. Major chemical composition of MK and
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PWA composed of 50.30% SiO-. 41.02% Al,Os. 1.05% Fe,0s, 1.50% Ti0,. 0.33% CaO, and 4.08%
K>O and 2.57% Si0,. 0.53% Al,0;. 0.56% Fe,0s. 41.19% Ca0, 4.53% MgO. and 16.11% K,O.
respectively. Furthermore, sodium silicate (14.14% Na>O. 27.67% SiO,. and 56.28% H>0) and
sodium hydroxide (98% purity) were used as the alkali solution in this study.

Mix Proportion. The geopolymer mortars were mixed MK and PWA. and alkali activator. The alkali
activator prepared with sodium silicate and sodium hydroxide to verify the viability of using
geopolymer binders (Table 1). All mortar samples in the cubic shape of 50<50x50 mm displaved the
mass ratio of normal sand/raw materials (MK and PWA)/ activator/water was used 3/1/0.83/0.45. The
activator was mixed sodium silicate to sodium hydroxide in a weight ratio of 2.5:1.

Table 1 Elaborated mixture of geopolymer samples.

Sample Designation MK PWA Ca0/Si0, Si0,/Al1,04

MK-2.77 or control 100 - 0.01 2.77
MK-2.85 90 10 0.08 2.85
MK-2.95 80 20 0.16 295
MK-3.09 70 30 0.26 3.09

The first step of mortar samples preparing were mixed among MK. PWA. and normal sand. The
second step poured sodium hydroxide and water into sodium silicate and measuring
geopolymerization temperature raised 74+2°C. Later, it was mixed aggregates and alkaline activators
that were obtained exothermic temperature decreased at 48+2°C. They were wrapped with polyvinyl
sheet to prevent moisture loss. Twelve formulates were cured in an oven at 80°C constant throughout
for 1-. 2-. and 4-h and then cured in the ambient temperature about 30=2°C and 70+=5% relative
humidity (RH) throughout this study.

Test Procedure. The compressive strength of geopolymer mortars were tested using a digital
compression testing machine, according to ASTM 109/C109M. The drying shrinkage test was
prepared with prismatic specimens of 25x25x285 mm in accordance with the ASTM C596-96. The
geopolymer mortars were prepared 80°C curing 2-h in an oven. Demolded specimens were measured
in a period of 1 to 35 weeks. Mineral phases was analysed in geopolymer via SEM (JMS-5800 LV).
XRD of geopolymer binder paste was also analysed using the X Pert MPD X-ray diffractometer at a
scaning from 5 to 85 (26F) by clay and rock-0.4 program.

Results and Discussion

Drying Shrinkage. The results of the drying shrinkage tests on the geopolymer mortars were
presented in Fig.1. The overall result indicated that the drying shrinkage was very low. The partial
replacement of PWA and heat curing effect the drying shrinkage of MK-based geopolymer were
studied. The drying shrinkages for different partial replacement of PWA are depicted in the Fig.1 (a).
A comparison of the MK-2.77-2 mixture exhibited that the specimens decreased drying shrinkage
values while increasing the PWA. The lower drying shrinkage of geopolymer mortars containing
PWA corresponds to filler of PWA, it has increase fineness. Similarly, the trend of drying shrinkage
decreasing has been also reported in the previous works [12]. It was confirmed that the geopolymer
from fine particle size of calcined kaolin would give high shrinkage [13]. It phenomenon is that fine
particle has quite large wetting surface area and if packed inadequately into slurry system will give
high shrinkage.

The drying shrinkage of geopolymer mortar containing PWA cured for 1, 2 and 4-h. All samples
exhibited similar behavior in terms of longer curing at an elevated temperature decreasing the drying
shrinkage. The samples MK-2.95 cured for 2 and 4-h had similar shrinkage values at all ages., with
drying shrinkage decreasing up to an age of 8-week. as shown in Fig.1 (b). Thereafter. the drying
shrinkage values decreased slowly. However, the dryving shrinkage values in the first 8 weeks of
sample cured for 4-h were less than those of sample cured for 2-h. For geopolymer mortar cured for
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1-h. the drving shrinkage values were much higher at all ages than sample cured for 2-h and 4-h. This
regarding because a longer curing time at an elevated temperature produced in the loss of water from
the heat to geopolymerization.

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

§70.0T ]| =t Controk2
= —a—P10.2
0O -008 4
P20-2
-0.09 4 —a— P30-2
-01
Age/Week Age/Week

a) (b)
Fig. 1 Drying shrinkage of geopolymer cured at ambient temperature based on (a) partial replacement
of PWA and (b) different heat curing conditions

Compressive Strength. Compressive strength values of geopolymer mortars with different
S10,/Al,0; ratios and various curing duration in an electrical oven and ambient temperature are
depicted in Fig. 2. The compressive strength is gradually decreased according ingredients with
increasing PWA proportion and Si0,/Al,O; ratio lower than 2.77. while CaO/SiO, ratio is higher
(Table 1). Furthermore, compressive strength of geopolymer can not be improved with higher
S10,/A1,0;5 and CaO/Si0- ratios. Nevertheless. the high compressive strength of geopolymer mortar
was obtained for S10,/Al,O; ratio in the range of 3.4-3.8 [&]. It should be noted that Si0,/Al,O; ratio
not only parameter considered. This condition suggests that influence of CaO interruption in systems
then was decreased of compressive strength. The several available literatures fly ash based
geopolymer [14.15.16] are mostly similar to the trend of this study. The effect of the PWA adding and
heat curing environment on the early compressive strength of geopolymer. It can be found PWA was
not improved the early compressive strength of samples (Fig. 2 a). Especially. specimens cured in
electrical oven for 1-h. owing to volume of CaO increasing was engendered aluminosilicate network
formation due to geopolymerization occurred slowly. However. all ingredients of curing at 1-h
indicated capacity to increase the compressive strength 28-day at ambient temperature in geopolymer
mortars (Fig. 2 b).
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Fig. 2 Compressive strength development of geopolymer mortars cured under ambient temperature
for (a) 2-h and (b) 28-day
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The geopolymer preparation by PWA and alkaline solution was investigated by means of SEM.
The micrographs analysis of mortar samples with different S10,/Al,O; and CaOQ/Si0, ratio were
carried out 2.77-2.95 and 0.01-0.16. curing time at 80°C for 2-h. MK-295-2 mortar samples (Fig. 3¢
and d) had not dense-compact microstructure characterized as geopolymer binder. in amorphous
matrix. Comparison MK-277-2 specimens only, this trend was composed the compressive strength.
Mineral Phases. XRD patterns of MK-2.77 and MK-2.95 specimens at different heating curing
periods and ambient temperature 28-day were illustrated in Fig. 3. Geopolymer was an aluminosilcate
mineral addition with crystallised compounds was quartz (S10,) microcline (KAISi:Og) and calcite
(CaCaQOs). it is identified as the main mineral phase. MK-2.77-1 showed broad hump at 21, 26, 36, 42
and 50° 28 and 27° 26 of quartz and microcline, respectively. When MK-2.77-1 reacted with CaO
from PWA (MK-2.95-1). peak of XRD pattern changed. demonstrating the evolution of the calcite
mineral in broad hump at 29° 26, However. when increased curing period at 4-h broad hump of quartz
inconspicuous excluding at 26° 26. In four geopolymer samples, amorphous materials are the most
important fraction after high temperature reaction. The evident broad hump in the 25-35° 28 range
was observed. This means amorphous in metakaolin based geopolymer after chemical activation
process at high temperature.

Q = Quartz, C = Calcite, M = Microcline
MQ

) Q Q Q MK2954
g .
£ , MK-2.77-4
z =
2 MK-2.95-1
= MEK-2.77-1
‘ A A A A
5 25 65 85

45
Position (28)
Fig. 3 X-ray diffractograms of geopolymer paste in different formulations and curing times

Microstructural Characterization. Metakaolin based geopolymer mortar analysing via SEM was
illustrated in SEM microphotograph of MK-2.77-2 (Fig. 4 a). It was observed that a homogeneous
matrix with less proportion of unreacted raw materials of mixture in the samples. On the other hand.
MK-2.95-2 specimen (Fig. 4 b) revealed some residual raw materials were abundent covered with
flakes on surface in MK-2.95-2 specimen as well as displayed heterogeneous with some porous
matrix. This increase was due to impregnation and a creation a lot of pores and different size, in
comparison to composites in MK-2.77-2 that was lead to drop compressive strength.

Fig. 4 SEM photomicrograph of geopolymer mortars 80°C curing ed 80 °C curing for 1d in an oven
magnified 350 of specimens (a) MK-2.77-2 and (b) MK-2.95-2.
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Summary

Effect of parawood ash on drying shrinkage. compressive strength and microstructural
characterization of metakaolin-based geopolymer mortar can be drawn below:

The CaO has an important impact on compressive strength and microstructure, it was results that
the sample with not dense-compact matrix and more unreacted MK containing PWA contributed the
lower compressive strength. Sample MK-2.77-1 showed a high compressive strength of up to 74.87
MPa on the 28-day. In XRD patterns, showed that the clarity of crystalline phase was highly detected.
it was high compressive strength. The addition of PWA. from 10-30%, has an effect in decreasing of”
drying shrinkage of geopolymer mortars. A long heat curing can be improve the compressive strength
and decreased the drying shrinkage. For drying shrinkage, sample heat curing for 2 and 4-h had nearby
shrinkage.

The sample with dense-compact matrix and less unreacted MK had maximum compressive
strength. Higher reactions of the Si-Al geopolymerization in this study are novel process of’
alumino-silicate to achieve high compressive strength development in early setting strength (2-h at
ambient temperature) and low drving shrinkage.
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3 50.92 50.39 52.24 50.92 50.39 52.24 273.2 271.4 105.75 40.17 2.038 2.025
1 51.16 50.89 51.60 50.18 50.77 51.59 276.7 274.4 119.16 45.38 2.060 2.043

24 3. 2 50.92 50.55 52.40 50.91 50.53 51.39 276.9 274.4 113.08 42.69 44.45 2.053 2.034 2.047
3 50.96 50.82 51.83 50.93 50.78 51.74 279.2 277.2 119.28 45.28 2.080 2.065
1 50.59 50.55 52.23 50.55 50.49 52.40 268.0 261.4 127.12 48.05 2.006 1.955

7 U 2 50.61 50.20 52.43 50.51 50.07 52.33 268.8 262.8 127.84 48.79 49.05 2.018 1.986 1.972
3 50.71 50.52 52.07 50.67 50.43 52.04 268.8 262.6 132.01 50.30 2.015 1.975
1 50.64 50.34 52.42 50.79 50.50 52.40 267.9 256.0 120.24 45.44 2.005 1.905

28 W 2 50.75 50.30 51.82 50.80 50.38 51.78 265.6 254.6 117.97 45.22 47.34 2.008 1.921 1.915
3 50.69 50.66 52.30 50.82 50.71 52.29 270.3 258.7 136.16 51.35 2.013 1.920
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! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.94 50.93 51.29 50.94 50.93 51.29 277.1 277.1 40.25 15.41 2.082 2.082
2 Y. 2 51.03 49.99 52.25 51.03 49.99 52.25 273.0 273.0 39.79 15.23 14.78 2.048 2.048 2.067
3 51.08 50.51 51.89 51.08 50.51 51.89 277.2 277.2 35.89 13.69 2.071 2.071
1 50.90 50.56 51.75 50.90 50.56 51.75 273.0 272.0 90.86 34.73 2.050 2.042
6 V. 2 50.91 50.67 51.86 50.91 50.67 51.86 274.6 273.9 83.66 31.84 33.60 2.053 2.047 2.047
3 50.92 50.44 52.05 50.92 50.44 52.05 275.0 274.1 89.92 34.25 2.057 2.050
1 50.78 50.35 51.99 50.76 50.33 51.92 274.2 273.3 96.69 37.00 2.063 2.060
24 Y. 2 50.74 50.40 52.07 50.74 50.46 52.04 274.7 273.7 92.19 35.11 36.03 2.063 2.054 2.058
3 50.70 50.41 52.01 50.69 50.34 52.06 274.5 273.4 94.32 35.99 2.065 2.058
1 50.72 50.58 51.98 50.69 50.50 51.98 273.9 270.1 110.65 42.15 2.054 2.030
7 U 2 50.65 50.48 52.23 50.59 50.45 52.21 2735 270.1 107.01 40.63 42.24 2.048 2.027 2.035
3 50.68 50.21 51.29 50.59 50.17 51.22 269.9 266.1 11291 43.94 2.068 2.047
1 50.79 50.45 51.99 50.79 50.40 51.73 275.0 266.7 123.36 47.32 2.064 2.014
28 Ju 2 50.86 50.75 51.58 50.81 50.76 51.31 274.6 267.0 117.99 45.30 45.65 2.063 2.018 2.012
3 50.75 50.47 52.02 50.78 50.44 51.86 274.6 266.1 116.00 44.35 2.061 2.003
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’ YN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83

NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.82 50.61 52.07 50.82 50.61 52.07 271.8 271.8 155.70 59.08 2.030 2.030

2 Ui. 2 50.91 50.78 52.27 50.91 50.78 52.27 274.1 274.1 163.48 61.59 60.33 2.028 2.028 2.024
3 50.89 50.72 52.21 50.89 50.72 52.21 2714 271.4 159.69 60.30 2.014 2.014
1 50.78 50.78 51.94 50.78 50.78 51.94 272.3 271.1 156.62 59.38 2.033 2.024

6 V. 2 50.92 50.86 51.88 50.92 50.86 51.88 271.9 270.7 158.15 59.94 60.81 2.024 2.015 2.019
3 50.78 50.68 52.34 50.78 50.68 52.34 273.1 271.7 167.42 63.12 2.027 2.017
1 50.55 50.69 52.04 51.00 50.71 52.03 272.8 269.2 161.58 61.25 2.046 2.001

24 3. 2 50.56 50.69 52.14 51.05 51.02 51.66 273.5 269.8 165.57 62.65 60.97 2.047 2.005 2.000
3 50.83 50.48 52.08 51.03 50.69 52.02 272.6 268.2 155.17 59.02 2.040 1.993
1 50.98 50.82 52.10 50.98 50.78 52.07 274.7 263.9 165.30 62.52 2.035 1.958

7 U 2 50.79 50.57 51.93 50.78 50.55 51.89 272.2 261.8 166.54 63.49 65.81 2.041 1.965 1.956
3 50.79 50.39 51.99 50.78 50.35 51.99 269.8 258.5 186.95 71.42 2.028 1.945
1 50.93 50.27 51.54 50.92 50.27 51.64 271.1 258.5 189.13 72.86 2.054 1.956

28 W 2 50.93 50.25 51.72 50.94 50.16 51.62 270.0 257.6 171.05 66.06 69.47 2.040 1.953 1.968
3 50.88 50.83 51.98 50.86 50.83 51.08 276.6 263.5 180.42 69.49 2.058 1.995
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! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.92 50.85 51.28 50.92 50.85 51.28 273.6 273.6 123.47 47.35 2.061 2.061
2 Y. 2 50.96 50.69 52.17 50.96 50.69 52.17 275.0 275.0 137.17 51.87 50.30 2.041 2.041 2.053
3 50.81 50.48 51.03 50.81 50.48 51.03 269.3 269.3 133.11 51.67 2.058 2.058
1 51.00 50.82 51.89 51.00 50.82 51.89 276.7 274.8 143.29 54.34 2.057 2.043
6 V. 2 50.86 49.48 52.17 50.86 49.48 52.17 270.7 269.0 149.87 58.06 56.23 2.062 2.049 2.049
3 50.94 50.70 51.95 50.94 50.70 51.95 277.5 275.7 148.28 56.30 2.068 2.055
1 50.96 50.94 52.04 50.96 50.93 52.00 278.0 273.8 150.98 56.95 2.058 2.029
24 Y. 2 51.06 49.98 51.35 51.01 49.97 51.33 271.7 267.9 154.98 60.39 58.85 2.073 2.048 2.034
3 51.14 50.46 51.82 51.14 50.39 51.82 274.6 270.7 154.83 59.21 2.054 2.027
1 51.05 50.48 51.63 51.06 50.44 51.59 271.5 262.9 151.15 58.09 2.041 1.979
7 U 2 51.05 51.05 51.96 51.08 51.02 51.88 276.7 269.3 158.68 59.95 60.15 2.043 1.992 1.983
3 51.03 50.76 51.83 51.02 50.62 51.83 273.3 264.8 163.79 62.43 2.036 1.978
1 51.21 50.84 51.66 51.21 50.85 51.68 276.2 263.4 174.17 66.28 2.054 1.957
28 Ju 2 51.05 50.75 51.85 51.05 50.75 51.70 275.3 263.4 170.49 64.98 66.51 2.049 1.966 1.961
3 50.88 50.44 52.11 50.88 50.44 52.14 274.6 262.3 179.52 68.26 2.053 1.960
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’ YN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83
NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.99 50.87 51.54 50.99 50.87 51.54 269.4 269.4 124.68 47.55 2.015 2.015
2 Ui. 2 50.96 50.87 51.75 50.96 50.87 51.75 272.6 272.6 117.32 44.57 45.20 2.032 2.032 2.011
3 51.09 51.97 52.01 51.09 51.97 52.01 274.3 274.3 117.49 43.47 1.986 1.986
1 50.81 50.49 52.19 50.81 50.49 52.19 273.0 271.4 116.38 44.17 2.039 2.027
6 V. 2 50.86 50.85 52.07 50.86 50.85 52.07 274.0 272.6 116.78 44.11 44.60 2.035 2.024 2.017
3 50.93 50.67 52.56 50.93 50.67 52.56 272.9 271.3 121.24 45.52 2.012 2.000
1 50.75 50.50 52.02 50.71 50.49 52.05 272.3 267.6 138.07 52.54 2.042 2.008
24 3. 2 50.82 50.06 52.25 50.80 50.05 52.22 274.3 269.7 139.76 53.47 52.50 2.064 2.031 2.017
3 50.88 50.17 52.26 50.80 50.12 52.22 271.9 267.4 134.77 51.49 2.038 2.011
1 51.17 50.33 51.71 51.12 50.08 51.78 271.5 262.5 136.46 52.62 2.039 1.980
7 U 2 51.16 50.07 51.98 51.13 50.92 51.89 270.0 260.7 143.43 54.28 52.58 2.028 1.930 1.957
3 50.94 50.95 52.24 50.94 50.89 52.15 274.8 265.2 134.88 50.82 2.027 1.962
1 51.20 50.89 52.19 51.18 50.87 52.18 273.6 261.7 141.40 53.27 2.012 1.926
28 W 2 50.98 50.91 52.56 50.97 50.85 52.51 273.9 262.3 145.90 54.64 54.00 2.008 1.927 1.922
3 51.04 50.53 52.51 51.03 50.53 52.43 270.0 258.5 143.32 54.10 1.9914 1912
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) 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaﬁla
WAILNZWUUITUT (Q) Lamageu (1) Q T Q T (g/cm’)
1 50.89 50.64 51.84 50.89 50.64 51.84 271.9 271.9 108.80 41.44 2.035 2.035
2 Wi. 2 50.88 50.66 51.96 50.88 50.66 51.96 271.3 271.3 98.99 37.61 40.53 2.026 2.026 2.028
3 50.93 50.47 52.36 50.93 50.47 52.36 272.3 272.3 112.44 42.55 2.023 2.023
1 50.99 50.58 51.12 50.99 50.58 51.12 275.7 273.9 108.12 41.82 2.091 2.077
6 V. 2 51.02 50.99 51.57 51.02 50.99 51.57 278.2 276.7 103.70 39.44 41.43 2.074 2.062 2.063
3 50.95 50.61 51.51 50.95 50.61 51.51 274.2 272.2 112.20 43.04 2.064 2.049
1 51.04 50.86 51.16 51.02 50.85 51.13 274.2 270.9 121.15 46.56 2.065 2.042
24 . 2 51.10 50.07 51.52 51.09 50.01 51.51 272.2 269.4 131.04 50.80 48.00 2.065 2.047 2.044
3 51.16 50.46 51.19 51.14 50.38 51.02 272.5 268.6 120.47 46.64 2.062 2.043
1 50.95 51.05 51.83 50.90 51.03 51.73 275.9 265.2 146.11 55.35 2.047 1.974
7 U 2 51.03 50.97 51.20 50.99 50.90 51.19 274.3 264.5 159.19 61.10 59.96 2.060 1.991 1.981
3 50.93 50.82 51.50 50.90 50.78 51.42 273.2 263.1 165.62 63.43 2.050 1.980
1 50.96 50.45 51.60 51.03 50.47 51.56 272.2 259.5 142.35 54.70 2.052 1.954
28 U 2 50.96 50.42 51.68 50.98 50.39 51.65 274.8 262.6 146.57 56.32 56.34 2.069 1.979 1.966
3 50.94 50.46 51.76 50.97 50.42 51.72 273.4 261.3 151.28 58.01 2.055 1.966
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’ YN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83

NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.54 50.49 52.18 50.54 50.49 52.18 269.3 269.3 85.44 32.43 2.023 2.023

2 Ui. 2 50.84 50.88 52.21 50.84 50.88 52.21 271.6 271.6 88.29 33.24 32.73 2.011 2.011 2.014
3 50.67 50.66 52.38 50.67 50.66 52.38 270.2 270.2 86.32 32.53 2.010 2.010
1 50.89 50.24 52.14 50.89 50.24 52.14 268.1 266.4 97.40 37.18 2.011 1.998

6 V. 2 50.89 50.56 52.31 50.89 50.56 52.31 271.0 269.2 97.28 36.78 36.16 2.013 2.000 1.993
3 50.98 50.82 52.65 50.98 50.82 52.65 272.8 270.3 92.36 34.52 2.000 1.982
1 50.98 50.91 52.20 50.93 50.87 52.20 274.7 271.6 116.46 43.86 2.005 2.008

24 3. 2 51.01 49.50 52.27 50.99 49.49 52.03 267.6 265.1 111.83 43.43 43.83 2.009 2.019 2.008
3 51.00 50.82 52.49 50.99 50.79 52.32 273.8 270.5 117.48 44.21 1.988 1.996
1 50.85 50.66 51.81 50.80 50.63 51.78 270.4 261.3 118.25 45.11 1.958 1.962

7 U 2 50.87 50.23 52.44 50.80 50.23 52.42 271.9 263.0 118.63 45.05 45.20 1.963 1.966 1.963
3 50.90 50.53 52.23 50.89 50.53 52.21 273.0 263.2 119.85 45.43 1.959 1.960
1 51.13 50.97 52.37 51.13 51.11 52.33 277.0 265.4 125.90 47.07 1.945 1.941

28 W 2 51.29 50.03 51.89 51.23 50.06 51.84 270.8 259.5 124.03 47.79 47.60 1.949 1.952 1.944
3 51.23 50.35 52.03 51.22 50.35 52.08 272.5 260.6 125.72 47.94 1.942 1.940
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! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.97 50.45 51.63 50.97 50.45 51.63 274.7 274.7 71.90 27.60 2.069 2.069
2 Y. 2 51.00 50.66 51.44 51.00 50.66 51.44 274.1 274.1 69.18 26.55 28.20 2.062 2.062 2.070
3 51.00 50.39 51.42 51.00 50.39 51.42 274.6 274.6 78.92 30.46 2.078 2.078
1 50.87 50.48 51.44 50.87 50.48 51.44 274.3 273.8 90.32 34.78 2.077 2.073
6 V. 2 50.86 50.47 51.43 50.86 50.47 51.43 275.8 275.2 84.21 32.44 32.71 2.089 2.085 2.073
3 50.96 50.84 51.54 50.96 50.84 51.54 276.3 275.4 80.97 30.90 2.069 2.062
1 50.93 50.41 51.98 50.93 50.45 51.97 274.9 272.6 107.42 41.00 2.060 2.041
24 Y. 2 50.97 50.28 51.73 50.95 50.29 51.72 272.0 269.6 109.80 42.21 41.08 2.052 2.034 2.035
3 50.93 50.71 51.64 50.90 50.64 51.69 273.1 270.4 104.81 40.02 2.048 2.029
1 50.91 50.46 51.56 50.88 50.36 51.45 269.2 261.0 112.79 4353 2.032 1.980
7 U 2 50.96 50.87 52.03 50.92 50.86 52.07 271.8 263.9 106.06 40.05 41.84 2.015 1.957 1.966
3 51.04 50.71 51.42 50.95 50.37 51.35 266.7 258.5 108.47 41.94 2.004 1.962
1 50.94 50.48 51.93 50.92 50.41 51.88 271.0 260.6 128.20 49.02 2.029 1.957
28 Ju 2 50.91 50.84 51.72 50.83 50.83 51.61 271.0 261.0 127.52 48.61 48.69 2.024 1.957 1.964
3 50.85 50.44 51.79 50.84 50.37 51.71 272.2 262.0 126.15 48.43 2.049 1.979
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’ YN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83
NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.89 50.49 51.83 50.89 50.49 51.83 276.7 276.7 76.03 29.05 2.078 2.078
2 Ui. 2 50.94 50.69 51.88 50.94 50.69 51.88 2716.7 276.7 67.35 25.61 28.24 2.066 2.066 2.070
3 51.04 50.46 52.25 51.04 50.46 52.25 278.0 278.0 79.24 30.05 2.066 2.066
1 51.02 50.80 52.08 51.02 50.80 52.08 282.4 281.3 89.62 33.87 2.092 2.084
6 V. 2 51.00 49.49 52.31 51.00 49.49 52.31 275.0 273.8 81.64 31.54 32.34 2.083 2.074 2.078
3 50.86 50.86 52.47 50.86 50.86 52.47 282.9 281.8 84.32 31.60 2.084 2.076
1 50.65 50.28 52.26 50.63 50.25 52.24 276.3 274.1 110.34 41.99 2.076 2.062
24 3. 2 50.82 50.27 52.22 50.80 50.24 52.19 277.1 274.8 112.84 42.99 42.36 2.077 2.063 2.052
3 50.85 50.25 51.98 50.83 50.79 51.95 274.8 272.3 109.96 42.10 2.069 2.030
1 50.85 50.27 51.53 50.83 50.24 51.51 274.6 268.5 122.26 47.20 2.085 2.041
7 U 2 50.83 50.05 52.43 50.82 50.05 51.47 274.8 269.0 124.41 47.41 48.04 2.060 2.055 2.048
3 50.85 50.25 51.23 50.84 50.24 51.22 274.1 267.9 127.48 49.52 2.094 2.048
1 51.07 50.54 52.23 51.05 50.54 52.22 278.6 270.6 120.07 45.49 2.067 2.008
28 W 2 51.02 50.97 51.73 51.00 50.97 51.70 276.6 268.9 122.01 46.27 45.68 2.056 2.001 2.008
3 51.27 50.98 51.58 51.19 50.94 51.57 278.9 271.0 119.07 45.28 2.069 2.015
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! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.71 50.65 51.77 50.71 50.65 51.77 2755 2755 41.63 15.88 2.072 2.072
2 Y. 2 50.83 49.46 52.12 50.83 49.46 52.12 269.7 269.7 37.25 14.45 15.07 2.058 2.058 2.065
3 50.90 50.86 51.32 50.90 50.86 51.32 274.2 274.2 38.82 14.87 2.064 2.064
1 50.80 50.55 51.96 50.80 50.55 51.96 274.2 273.3 70.16 26.71 2.055 2.048
6 V. 2 50.71 50.08 51.81 50.71 50.08 51.81 2735 272.7 62.02 23.90 25.41 2.079 2.073 2.063
3 50.68 50.58 51.96 50.68 50.58 51.96 276.5 2755 67.36 25.63 2.076 2.068
1 51.12 50.60 51.54 51.11 50.60 51.53 273.3 271.7 100.16 38.41 2.050 2.039
24 Y. 2 51.04 50.02 51.79 51.04 50.02 51.77 271.7 270.1 91.19 35.20 36.96 2.055 2.044 2.038
3 51.16 50.96 51.77 51.14 50.96 51.75 275.7 274.1 98.32 37.27 2.043 2.032
1 50.79 50.26 51.64 50.79 50.22 51.53 273.9 269.8 108.22 41.70 2.078 2.053
7 U 2 50.80 50.08 51.79 50.77 50.05 51.75 272.9 268.9 107.78 41.56 41.85 2.071 2.045 2.046
3 50.76 50.24 51.68 50.75 50.23 51.67 272.8 268.8 109.84 42.30 2.070 2.041
1 50.87 50.77 51.91 50.90 50.67 51.85 277.9 270.1 117.88 44.73 2.073 2.020
28 Ju 2 50.83 50.47 51.94 50.79 50.36 51.81 276.0 268.9 120.81 46.09 46.21 2.071 2.029 2.024
3 50.76 50.35 51.72 50.75 50.28 51.66 274.2 266.7 124.52 47.82 2.074 2.023
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’ YN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83

NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 51.12 50.91 51.57 51.12 50.91 51.57 273.6 273.6 36.02 13.72 2.039 2.039

2 Ui. 2 51.01 50.92 51.43 51.01 50.92 51.43 274.2 274.2 33.76 12.89 13.69 2.053 2.053 2.059
3 51.09 50.42 51.31 51.09 50.42 51.31 275.8 275.8 37.41 14.46 2.087 2.087
1 50.81 50.47 51.79 50.81 50.47 51.79 275.4 274.9 50.60 19.36 2.074 2.070

6 V. 2 50.88 50.59 51.68 50.88 50.59 51.68 275.6 275.1 50.28 19.23 19.94 2.072 2.068 2.069
3 50.91 50.42 51.63 50.91 50.42 51.63 274.6 274.2 55.25 21.22 2.072 2.069
1 51.26 50.44 51.48 51.22 50.43 51.48 271.9 270.8 73.65 28.36 2.043 2.036

24 3. 2 50.94 50.88 51.93 50.89 50.82 51.90 274.3 273.1 75.75 28.67 28.95 2.038 2.035 2.029
3 50.83 50.45 51.77 50.80 50.43 51.78 268.6 267.3 77.84 29.80 2.023 2.015
1 51.10 50.88 52.15 51.01 50.88 52.15 279.4 276.0 92.91 35.02 2.061 2.039

7 U 2 50.92 50.82 51.68 50.81 50.76 51.66 276.6 273.1 91.61 34.88 35.78 2.068 2.050 2.043
3 50.85 50.84 51.67 50.86 50.81 51.60 275.4 272.0 98.35 37.44 2.062 2.040
1 50.99 50.95 52.18 50.96 50.85 52.16 279.4 273.0 114.60 43.11 2.061 2.020

28 W 2 50.93 50.70 51.44 50.91 50.46 51.29 274.1 268.7 109.60 42.02 43.22 2.064 2.039 2.034
3 50.86 50.45 51.72 50.81 50.42 51.72 276.2 270.7 116.18 44.53 2.081 2.043

191



dl o W o = a (3 [ 1 ¥ dl a =
A157197 A-14 Masonvedlenediuasuas@is Control-2 UVHIDUNYUNN 80 DIFLYALTYE

Control-2
Y Y y . y . D A AL A
. N9 Tap) GR N9 817 G vnn | dnidn s oo | AR . . ,
. mla o | o | e | o | oy | e @ @ 139 hdsda | 4 wumu}u wu%miu ‘muﬂ:l,uu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 51.03 50.72 51.82 51.03 50.72 51.82 273.1 273.1 172.72 65.72 2.036 2.036
2 Y. 2 50.66 50.80 52.12 50.66 50.80 52.12 270.6 270.6 165.99 62.69 63.75 2.017 2.017 2.028
3 51.01 50.87 52.24 51.01 50.87 52.24 275.2 275.2 166.99 62.84 2.030 2.030
1 50.92 50.91 51.61 50.92 50.91 51.61 273.7 272.5 163.20 62.11 2.046 2.037
6 V. 2 50.94 50.65 51.61 50.94 50.65 51.61 271.5 270.4 167.97 64.26 62.26 2.039 2.031 2.023
3 50.89 50.66 52.17 50.89 50.66 52.17 270.2 269.4 159.66 60.41 2.009 2.003
1 50.20 50.64 52.04 50.24 50.69 52.10 264.3 261.3 154.75 58.60 1.998 1.969
24 Y. 2 50.94 50.55 52.03 50.96 50.59 52.11 268.8 259.9 167.49 63.53 63.80 2.006 1.935 1.968
3 50.87 50.57 52.26 50.88 50.59 52.34 2735 269.6 183.40 69.26 2.034 2.001
1 50.60 50.16 52.07 50.65 50.22 52.12 263.2 2555 163.32 62.40 1.992 1.927
7 U 2 50.60 50.42 52.20 50.66 50.50 52.19 264.4 256.8 172.98 65.63 64.20 1.985 1.923 1.925
3 50.62 50.53 52.22 50.60 50.50 52.18 265.5 257.8 170.12 64.56 1.988 1.933
1 50.69 50.36 52.26 50.79 50.40 52.24 266.0 255.3 167.07 63.45 1.994 1.909
28 Ju 2 50.70 50.43 52.10 50.73 50.50 52.04 267.9 257.3 178.51 67.93 64.73 2.011 1.930 1.922
3 50.74 50.66 52.58 50.76 50.59 52.58 270.9 260.1 167.05 62.80 2.004 1.926
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M15197 A-15 Masdnvesdlenediuesuesans P10-2 Uuseugumail 80 asriwaigya

P10-2
) 3 v L . . A A A
. N9 ) GR N4 8717 a9 dwmdn | dntdn s oo | MR . . .
e mlu o | e | e | o | oy | e @ © 139 Aa9on ey ﬁU’lLLuBH wml,niu wmil,uu
’ YN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83
NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.88 50.76 51.42 50.88 50.76 51.42 268.5 268.5 146.96 56.30 2.022 2.022
2 Ui. 2 50.73 50.74 52.01 50.73 50.74 52.01 267.9 267.9 154.69 58.62 56.03 2.001 2.001 2.010
3 50.54 50.71 51.86 50.54 50.71 51.86 266.8 266.8 139.83 53.17 2.007 2.007
1 50.68 50.73 51.83 50.68 50.73 51.83 269.2 268.4 147.54 56.11 2.020 2.014
6 V. 2 50.74 50.88 51.92 50.74 50.88 51.92 270.4 269.7 152.18 57.61 56.84 2.017 2.012 2.009
3 50.66 50.82 52.04 50.66 50.82 52.04 268.9 268.1 150.23 56.80 2.007 2.001
1 50.88 50.78 52.12 50.84 50.73 52.15 271.9 268.2 145.45 54.98 2.019 1.994
24 3. 2 50.99 50.73 52.36 50.93 50.68 52.38 273.3 269.8 164.91 62.12 56.55 2.018 1.996 1.991
3 50.83 50.80 51.80 50.8 50.74 51.86 268.9 265.0 152.93 58.12 2.010 1.982
1 50.60 50.71 52.05 50.61 50.72 52.07 267.7 258.9 154.68 58.57 2.004 1.937
7 U 2 51.01 50.69 51.57 51.04 50.75 51.62 269.4 261.2 159.60 60.92 60.73 2.020 1.953 1.946
3 51.21 50.7 51.35 51.29 50.72 51.36 268.7 260.3 163.31 62.69 2.015 1.948
1 51.70 50.61 52.20 51.81 50.82 52.15 276.6 263.2 155.84 58.80 2.025 1.917
28 W 2 50.52 50.75 52.43 50.70 50.88 52.43 271.6 258.2 155.38 58.25 59.33 2.020 1.909 1.913
3 50.72 49.21 51.66 50.84 49.5 51.62 261.3 248.5 155.74 60.95 2.027 1913

¢91



M1319% A-16 MABAvesdlonadiuesuesms P20-2 Unsauilgum)il 80 samiwaldea

P20-2
Y Y ¥ . y . . AL AU A
. N9 Tap) GR N9 817 G Umdn | Wnin s oo | AR . . ,
e mla oy | e | e | ) | eom) | ) (@ @ 139 hdeda | o wmuu}u wu%méu ‘mmimu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.70 50.62 51.95 50.70 50.62 51.95 266.4 266.4 111.73 42.49 1.998 1.998
2 Y. 2 50.69 50.28 52.11 50.69 50.28 52.11 267.0 267.0 123.80 47.25 45.50 2.010 2.010 2.000
3 50.76 50.54 52.02 50.76 50.54 52.02 265.7 265.7 122.94 46.76 1.991 1.991
1 50.94 50.47 52.03 50.94 50.47 52.03 271.9 269.8 120.69 45.96 2.033 2.017
6 V. 2 50.91 50.31 51.56 50.91 50.31 51.56 271.4 269.4 128.20 49.42 47.60 2.055 2.040 2.021
3 50.88 50.79 52.36 50.88 50.79 52.36 274.1 271.6 126.13 47.43 2.026 2.007
1 50.55 50.69 51.21 50.50 50.59 51.24 263.4 260.4 124.78 48.14 2.007 1.989
24 Y. 2 50.89 50.68 51.99 50.87 50.65 52.05 268.6 265.8 119.69 45.40 46.34 2.003 1.982 1.975
3 50.77 50.48 52.33 50.75 50.45 52.77 267.0 263.9 121.07 45.48 1.991 1.953
1 50.91 50.89 51.82 50.88 50.88 51.84 275.0 270.8 135.21 51.26 2.048 2.018
7 U 2 50.95 49.55 51.75 50.92 49.52 51.66 268.0 264.2 128.76 50.33 50.72 2.051 2.028 2.015
3 50.99 50.79 51.95 50.97 50.76 51.92 273.6 268.4 133.23 50.55 2.034 1.998
1 50.93 50.55 52.48 50.9 50.78 52.46 2735 264.2 133.57 50.14 2.024 1.948
28 Ju 2 51.03 51.01 51.58 51.13 51.01 51.57 274.4 265.1 125.72 a47.79 48.97 2.044 1.971 1.956
3 50.88 50.57 51.75 50.97 50.74 51.85 271.2 261.3 118.76 45.14 2.037 1.949

12



M15197 A-17 MAsdnvesdlenediuesuesans P30-2 unseuigumail 80 asriwaigya

P30-2

) 3 v L . . A A A

. N9 ) GR N4 8717 a9 dwmdn | dntdn s oo | MR . . .

e mlu o | e | e | o | oy | e @ © 139 Aa9on ey ﬁU’lLLuBH wml,niu wmil,uu

’ YN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83

NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.82 50.52 51.46 50.82 50.52 51.46 269.4 269.4 110.72 42.59 2.039 2.039

2 Ui. 2 51.08 50.72 51.55 51.08 50.72 51.55 271.7 271.7 105.38 40.30 41.94 2.034 2.034 2.037
3 51.22 50.92 51.66 51.22 50.92 51.66 274.5 274.5 112.89 42.92 2.037 2.037
1 50.54 50.68 52.44 50.54 50.68 52.44 273.4 272.8 111.54 41.97 2.035 2.031

6 V. 2 50.67 50.74 51.94 50.67 50.74 51.94 272.6 272.0 111.44 42.29 42.01 2.041 2.037 2.033
3 50.43 50.82 51.76 50.43 50.82 51.76 270.4 269.5 109.86 41.76 2.038 2.032
1 50.85 50.48 52.15 50.80 50.48 52.04 273.3 272.3 114.40 4355 2.042 2.040

24 3. 2 51.68 50.65 51.94 51.66 50.64 51.93 278.9 277.4 111.85 42.53 43.33 2.051 2.042 2.040
3 50.71 49.27 51.97 50.76 49.27 51.86 266.0 264.1 112.22 43.92 2.049 2.036
1 50.92 50.82 51.83 50.95 50.80 51.59 273.4 270.7 113.53 43.32 2.038 2.027

7 U 2 50.82 49.60 51.64 50.84 49.52 51.60 266.9 264.1 114.02 44.62 44.40 2.050 2.033 2.022
3 50.99 50.73 51.70 50.99 50.77 51.68 273.1 268.3 118.78 45.27 2.042 2.005
1 50.95 50.53 51.94 50.98 50.58 51.90 272.1 265.9 118.72 45.22 2.035 1.987

28 W 2 50.97 50.95 52.06 51.01 50.95 51.93 275.3 268.9 121.36 45.87 45.36 2.036 1.992 1.982
3 50.96 50.56 52.47 50.98 50.7 52.28 273.4 265.7 119.21 44.97 2.022 1.966
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M13197 A-18 MAsdnvesTlenediuesueians 05-2 Unsauiigumail 80 asriwaldya

05-2
) 3 v L v . AL AU A
. N9 Tap) GR N9 817 G Umdn | Wnin s oo | AR . . ,
e mla oy | e | e | ) | eom) | ) (@ @ 139 hdeda | o wmuu}u wu%méu ‘mmimu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.89 50.88 52.08 50.89 50.88 52.08 271.3 271.3 142.58 53.81 2.012 2.012
2 Y. 2 50.99 50.04 52.54 50.99 50.04 52.54 269.6 269.6 165.94 63.12 62.53 2.011 2.011 2.017
3 51.03 50.40 52.26 51.03 50.40 52.26 272.5 272.5 163.15 61.94 2.027 2.027
1 50.95 50.53 52.10 50.95 50.53 52.10 271.8 270.6 175.11 66.52 2.026 2.017
6 V. 2 50.96 50.52 51.75 50.96 50.52 51.75 2735 272.2 167.65 64.13 65.20 2.053 2.043 2.029
3 51.05 50.83 51.90 51.05 50.83 51.90 274.4 273.1 171.37 64.96 2.038 2.028
1 51.19 50.94 52.24 51.19 50.93 52.25 277.0 275.8 175.20 65.84 2.033 2.025
24 Y. 2 51.00 50.98 52.32 51.00 50.95 52.29 275.0 2735 186.63 70.05 68.45 2.022 2.013 2.019
3 51.01 50.45 52.48 51.01 50.42 52.46 274.2 272.5 183.76 69.47 2.030 2.020
1 50.82 50.62 51.94 50.82 50.60 51.92 270.0 264.2 175.71 66.88 2.021 1.979
7 U 2 50.89 50.86 51.98 50.86 50.81 51.97 272.2 266.1 180.84 68.48 68.49 2.023 1.981 1.976
3 50.97 50.65 52.02 50.91 50.64 52.00 271.2 263.8 184.59 70.10 2.019 1.968
1 50.84 50.61 52.01 50.80 50.64 51.90 269.5 257.8 185.60 70.62 2.014 1.931
28 Ju 2 50.88 50.42 51.73 50.84 50.38 51.71 269.6 258.2 190.08 72.96 71.00 2.032 1.949 1.942
3 50.92 50.60 52.13 50.89 50.50 52.17 272.5 260.9 182.92 69.43 2.029 1.946
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M15197 A-19 MABnveRlenediuesueans 010-2 Unseuiigumnil 80 srwaLtya

010-2
) 3 v L . . A A A
. N9 ) GR N4 8717 a9 dwmdn | dntdn s oo | MR . . .
e mlu o | e | e | o | oy | e @ © 139 Aa9on ey ﬁU’lLLuBH wml,niu wmil,uu
’ YN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83
NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.81 50.56 52.70 50.81 50.56 52.70 265.8 265.8 148.66 55.79 1.963 1.963
2 Ui. 2 51.13 50.77 52.88 51.13 50.77 52.88 269.1 269.1 142.21 52.97 54.38 1.960 1.960 1.968
3 50.69 50.53 52.83 50.69 50.53 52.83 268.0 268.0 157.52 59.01 1.981 1.981
1 50.98 50.63 52.89 50.98 50.63 52.89 269.5 268.1 145.78 54.44 1.974 1.964
6 V. 2 50.85 50.46 52.27 50.85 50.46 52.27 268.9 267.4 147.62 55.97 55.01 2.005 1.994 1.985
3 50.99 50.28 52.00 50.99 50.28 52.00 267.5 266.1 142.83 54.63 2.007 1.996
1 50.81 50.24 51.74 50.74 50.21 51.89 262.8 260.7 151.33 58.08 1.990 1.972
24 3. 2 50.74 50.51 51.89 50.76 50.67 51.86 265.6 263.9 141.01 53.66 55.52 1.997 1.978 1971
3 50.82 50.49 52.00 50.82 50.4 51.93 263.7 261.2 143.48 54.82 1.976 1.964
1 50.78 50.76 52.21 50.82 50.65 52.23 270.3 262.2 157.19 59.42 2.009 1.950
7 U 2 50.81 50.58 51.71 50.78 50.57 52.03 268.7 262.0 169.10 64.27 62.44 2.022 1.961 1.951
3 50.80 50.39 52.59 50.77 50.48 52.30 268.2 260.1 167.98 63.63 1.992 1.940
1 50.97 50.58 52.00 50.90 50.54 51.94 272.2 260.9 182.09 69.37 2.030 1.953
28 W 2 50.97 50.92 52.33 50.93 50.92 52.40 275.9 265.0 160.53 60.16 64.79 2.031 1.950 1.946
3 50.80 50.56 52.82 50.80 50.51 52.87 274.1 262.7 173.14 64.84 2.020 1.936

L91



M19197 A-20 MAsSRveTlenediuesuesans 015-2 Uuseunignmail 80 srwaliea

015-2
Y Y ¥ . y . . AL AU A
. N9 Tap) GR N9 817 G Umdn | Wnin s oo | AR . . ,
e mla oy | e | e | ) | eom) | ) (@ @ 139 hdeda | o wmuu}u wu%méu ‘mmimu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 51.16 51.00 51.87 51.16 51.00 51.87 275.1 275.1 125.94 47.61 2.033 2.033
2 Y. 2 51.00 50.93 52.11 51.00 50.93 52.11 273.3 273.3 124.61 46.95 46.96 2.019 2.019 2.023
3 51.12 50.54 52.15 51.12 50.54 52.15 271.9 271.9 122.09 46.32 2.018 2.018
1 50.94 50.58 53.36 50.94 50.58 53.36 270.5 268.7 126.95 47.04 1.967 1.954
6 V. 2 51.04 50.89 52.97 51.04 50.89 52.97 271.7 269.8 125.17 46.43 46.79 1.975 1.961 1.955
3 51.22 50.88 53.21 51.22 50.88 53.21 272.5 270.4 126.97 46.90 1.965 1.950
1 51.01 50.41 53.07 50.96 50.41 53.11 268.4 265.7 131.84 49.24 1.967 1.947
24 Y. 2 51.00 50.94 52.16 51.02 50.93 52.13 269.2 266.8 148.99 56.12 53.46 1.987 1.970 1.960
3 51.21 50.89 52.1 51.17 50.88 52.11 269.2 266.5 145.88 55.02 1.983 1.964
1 51.01 51.00 51.85 50.99 50.98 51.72 269.8 262.7 153.58 58.25 2.000 1.954
7 U 2 51.11 51.01 51.69 51.06 51.02 51.95 269.2 262.8 138.29 52.18 55.59 1.998 1.942 1.947
3 51.05 50.69 51.98 50.92 50.66 51.86 269.3 260.1 148.03 56.34 2.002 1.944
1 50.94 50.58 52.66 50.88 50.63 52.6 267.9 256.0 146.12 54.87 1.974 1.889
28 Ju 2 50.75 50.28 52.31 50.8 50.27 52.25 264.5 2532 143.88 54.78 54.22 1.982 1.898 1.891
3 50.76 50.75 52.56 50.77 50.71 52.5 267.0 254.8 141.16 53.02 1.972 1.885

891



M15197 A-21 MAsBnvedlenediuesuesans P1005-2 UuSeauilgunil 80 asriwaigyd

P1005-2
. N9 812 GR N9 g7 g vt | i oo | AMAeEn mml mml mml
. mla o | e | e | e | | e @ © W39 A8een ) WU’ILL“LJ3°14 wu%miu mm:mu
’ 9819 (kN) (MPa) (MPa) (g/cm”) | (¢/cm’) LQ@EJ3
NAINZUUUTIUN (Q) namaaau (T) Q T Q T (g/cm’)
1 50.93 50.9 51.27 50.93 50.9 51.27 268.7 268.7 148.72 56.99 2.022 2.022
2 Wi 2 50.96 50.9 52.04 50.96 50.9 52.04 270.9 270.9 138.51 52.29 53.88 2.007 2.007 2.017
3 51.14 50.85 51.89 51.14 50.85 51.89 272.9 272.9 138.16 52.36 2.022 2.022
1 50.45 50.93 51.96 50.45 50.93 51.96 271.2 269.5 148.46 56.10 2.031 2.019
6 V. 2 50.80 50.87 52.12 50.80 50.87 52.12 272.4 270.8 144.24 54.40 54.98 2.022 2.011 2.019
3 50.68 50.49 51.84 50.68 50.49 51.84 270.6 268.9 142.51 54.45 2.040 2.027
1 51.00 50.96 51.22 50.98 50.96 51.18 272.2 269.9 157.06 60.22 2.045 2.030
24 . 2 50.96 50.76 51.54 50.97 50.76 51.45 270.3 268.2 149.39 57.20 58.79 2.027 2.015 2.021
3 50.94 50.52 51.82 50.91 50.53 51.82 271.7 269.1 154.37 58.95 2.037 2.019
1 51.06 50.88 51.60 50.94 50.75 51.60 270.6 262.6 157.76 60.24 2.019 1.969
7 U 2 51.02 50.07 51.42 51.01 50.00 51.41 268.9 261.4 141.61 55.09 59.44 2.047 1.994 1.986
3 50.97 50.36 51.81 50.96 50.28 51.73 272.5 264.5 163.79 62.97 2.049 1.996
1 50.75 50.07 52.05 50.91 50.10 51.98 270.3 258.3 151.58 58.21 2.044 1.948
28 2 51.36 50.83 51.61 51.41 50.94 51.52 274.4 262.2 145.65 55.50 56.77 2.037 1.943 1.942
3 50.84 50.79 51.09 50.95 50.92 50.99 267.6 255.8 147.00 56.62 2.028 1.934
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M13199 A-22 MAdnvesdlenadiueiuesais PL0010-2 Uuseuiguyqil 80 eemvaLgyd

P10010-2
Y Y ¥ . y . . AL AU A
. N9 Tap) GR N9 817 G Umdn | Wnin s oo | AR . . ,
e mla oy | e | e | ) | eom) | ) (@ @ 139 hdeda | o wmuu}u wmméu wuw:t.uu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 51.29 50.98 52.69 51.29 50.98 52.69 273.9 273.9 120.73 44.95 1.988 1.988
2 Y. 2 51.05 50.86 52.73 51.05 50.86 52.73 271.5 271.5 116.62 43.48 45.64 1.983 1.983 1.983
3 50.98 50.49 52.94 50.98 50.49 52.94 269.7 269.7 129.58 48.48 1.979 1.979
1 50.94 50.96 52.76 50.94 50.96 52.76 269.4 268.6 120.34 44.76 1.967 1.961
6 V. 2 50.89 50.82 52.48 50.89 50.82 52.48 270.4 269.5 119.98 44.99 45.61 1.992 1.986 1.986
3 51.05 50.75 52.12 51.05 50.75 52.12 272.1 271.4 124.54 47.08 2.015 2.010
1 50.97 50.94 52.71 50.96 50.89 52.66 270.6 269.4 118.26 44.13 1.977 1.973
24 Y. 2 50.99 50.73 52.03 51.00 50.53 51.97 267.8 267.2 132.50 50.46 47.99 1.990 1.995 1.979
3 50.89 50.90 52.29 50.92 50.96 52.29 269.2 267.3 131.63 49.40 1.987 1.970
1 50.90 49.62 52.58 50.88 49.63 52.67 265.9 260.0 125.60 48.05 2.002 1.955
7 U 2 51.76 50.95 52.33 51.76 50.87 52.38 274.8 269.4 130.59 49.01 49.27 1.991 1.953 1.947
3 50.93 49.60 52.82 50.94 49.60 52.84 264.2 257.9 133.02 50.75 1.980 1.932
1 51.04 51.03 52.62 51.02 50.96 52.63 277.0 267.7 128.09 47.76 2.021 1.956
28 Ju 2 51.24 50.42 52.43 51.17 50.48 52.43 272.1 262.6 124.79 47.15 47.00 2.009 1.939 1.961
3 50.80 50.55 52.07 50.80 50.72 51.98 275.7 266.1 121.54 46.10 2.062 1.987
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M15197 A-23 MAsdnvedlenediuesuesians P10015-2 Unseunigumnil 80 s waLied

P10015-2

) 3 v L . . A A A

. N9 ) GR N4 8717 a9 dwmdn | dntdn s oo | MR . . .

e mlu o | e | e | o | oy | e @ © 139 Aa9on ey ﬁU’lLLuBH wml,niu wmil,uu

’ YN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83

NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.88 50.84 51.56 50.88 50.84 51.56 275.1 275.1 120.24 45.87 2.063 2.063

2 Ui. 2 50.91 50.54 51.87 50.91 50.54 51.87 276.9 276.9 123.98 47.29 46.65 2.075 2.075 2.065
3 50.89 50.43 51.98 50.89 50.43 51.98 274.6 274.6 122.67 46.80 2.058 2.058
1 50.86 50.64 51.45 50.86 50.64 51.45 272.7 271.8 120.56 46.27 2.058 2.051

6 V. 2 50.88 50.68 51.72 50.88 50.68 51.72 273.4 272.6 124.62 47.54 46.84 2.050 2.044 2.046
3 50.92 50.73 51.68 50.92 50.73 51.68 273.6 272.8 122.48 46.72 2.049 2.043
1 50.93 50.61 51.89 50.90 50.60 51.85 276.0 273.6 123.91 47.23 2.064 2.049

24 3. 2 50.98 50.88 51.95 50.96 50.91 51.90 279.2 276.6 121.81 46.10 47.70 2.072 2.054 2.052
3 50.89 50.62 51.78 50.83 50.42 51.75 274.7 272.1 129.85 49.77 2.059 2.052
1 51.21 50.99 51.94 51.17 50.92 51.85 273.8 264.0 118.84 45.01 2.019 1.954

7 U 2 51.12 51.04 51.72 51.03 50.95 51.60 271.1 262.4 117.82 44.82 45.72 2.009 1.956 1.955
3 51.10 50.49 51.66 51.08 50.46 51.60 268.2 260.1 123.26 47.34 2.012 1.956
1 50.81 50.35 51.87 50.81 50.25 51.80 267.9 256.2 125.35 48.157 2.019 1.937

28 W 2 50.82 50.50 51.45 50.81 50.53 51.37 266.6 255.1 117.52 45.274 45.50 2.019 1.934 1.936
3 50.80 50.74 51.76 50.81 50.75 51.72 269.5 258.2 113.03 43.062 2.020 1.936

1.1
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! 9814 (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.84 50.88 51.76 50.84 50.88 51.76 272.4 272.4 112.46 42.70 2.035 2.035
2 Y. 2 50.93 50.96 51.94 50.93 50.96 51.94 2735 2735 110.12 41.60 41.74 2.029 2.029 2.031
3 51.02 50.98 52.02 51.02 50.98 52.02 274.6 274.6 108.54 40.93 2.030 2.030
1 50.96 50.93 51.66 50.96 50.93 51.66 273.2 271.8 113.57 43.17 2.038 2.027
6 V. 2 51.01 50.84 51.71 51.01 50.84 51.71 273.6 271.6 108.85 41.40 42.02 2.040 2.025 2.027
3 51.18 50.96 51.90 51.18 50.96 51.90 276.7 274.7 109.74 41.49 2.044 2.029
1 50.91 50.56 51.70 50.97 50.51 51.68 272.5 270.1 111.63 42.76 2.030 2.030
24 Y. 2 51.05 51.02 52.08 51.02 50.99 52.02 276.6 274.3 112.04 42.24 42.94 2.022 2.027 2.033
3 50.91 50.59 51.66 50.82 50.54 51.58 273.6 270.7 114.20 43.81 2.035 2.043
1 51.20 50.99 51.94 51.20 50.93 51.95 278.5 2735 120.24 45.45 2.017 2.019
7 U 2 51.01 50.85 52.10 51.00 50.84 52.08 277.0 272.9 113.78 42.97 44.66 2.019 2.021 2.017
3 50.99 50.53 51.81 50.97 50.50 51.80 274.2 268.1 119.22 45.58 2.008 2.011
1 50.94 50.54 52.23 50.97 50.59 52.18 275.1 265.7 117.32 44.44 2.046 1.975
28 Ju 2 50.94 50.64 51.93 50.97 50.72 51.90 274.3 265.1 107.01 40.65 43.09 2.048 1.976 1.978
3 50.99 50.53 51.03 50.99 50.52 51.89 274.7 265.3 115.84 44.19 2.089 1.985
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P20010-2
y ) P . A | oA | e
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) IEN (kN) (MPa) (MPa) (g¢/cm”) | (g/cm’) L,aa%’J3

NAWAZUUVITUA (Q) namageu (T) Q T Q T (g/cm’)
1 50.86 50.25 51.45 50.86 50.25 51.45 272.2 272.2 100.97 39.05 2.070 2.070

2 U. 2 50.86 50.54 51.96 50.86 50.54 51.96 275.1 275.1 99.12 37.74 39.05 2.060 2.060 2.056
3 51.05 50.82 52.06 51.05 50.82 52.06 275.4 275.4 106.77 40.36 2.039 2.039
1 50.87 50.84 51.78 50.87 50.84 51.78 273.2 270.8 100.89 38.32 2.040 2.022

6 Ul. 2 50.78 50.86 50.98 50.78 50.86 50.98 271.7 270.6 101.40 39.11 39.11 2.064 2.055 2.037
3 50.89 50.78 51.67 50.89 50.78 51.67 273.4 271.4 104.65 39.88 2.048 2.033
1 51.07 51.02 52.10 51.01 50.96 51.99 2739 271.4 98.96 37.35 1.999 2.008

24 . 2 51.10 51.08 52.07 51.09 51.07 52.07 274.5 272.1 107.20 40.31 39.48 2.002 2.003 1.998
3 51.00 50.72 51.81 51.02 51.72 51.81 273.8 271.2 109.30 40.79 2.024 1.984
1 51.00 50.47 52.02 50.99 50.47 51.99 273.1 267.2 115.61 44.06 1.996 1.997

7 2 50.93 50.90 52.10 50.91 50.85 52.1 274.7 271.0 110.75 41.80 42.10 2.007 2.009 2.002
3 50.86 50.57 52.23 50.86 50.54 52.23 273.4 268.6 106.77 40.45 1.999 2.001
1 50.82 50.68 51.55 50.79 50.63 51.44 270.9 264.3 110.53 42.44 1.991 1.998

28 U 2 50.80 50.32 52.15 50.82 50.28 52.22 269.2 263.2 111.01 42.28 42.50 1.974 1.973 1.984
3 50.89 50.54 52.28 50.87 50.53 52.27 272.6 266.4 112.99 42.78 1.981 1.983
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! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.87 50.86 51.98 50.87 50.86 51.98 273.1 273.1 86.97 32.90 2.031 2.031
2 Y. 2 51.02 49.50 52.15 51.02 49.50 52.15 266.9 266.9 88.98 34.47 34.41 2.027 2.027 2.038
3 50.96 50.87 51.51 50.96 50.87 51.51 274.8 274.8 93.94 35.85 2.058 2.058
1 50.98 50.87 51.34 50.98 50.87 51.34 271.7 270.9 92.94 35.59 2.041 2.035
6 V. 2 50.78 51.24 52.23 50.78 51.24 52.23 272.3 271.4 92.54 34.58 34.85 2.004 1.997 2.012
3 50.88 50.84 51.86 50.88 50.84 51.86 269.8 268.9 90.68 34.39 2.011 2.004
1 51.04 50.83 51.27 51.02 50.83 51.26 270.4 268.8 92.47 35.49 2.021 2.022
24 Y. 2 51.07 50.85 51.88 51.06 50.84 51.85 270.1 268.7 93.88 35.61 35.62 1.994 1.996 2.005
3 50.90 50.75 51.87 50.89 50.74 51.84 269.1 267.4 94.09 35.77 1.996 1.998
1 50.87 50.54 51.16 50.85 50.51 51.22 272.2 266.6 92.70 35.83 2.027 2.027
7 U 2 50.96 50.67 52.12 50.93 50.66 52.11 272.1 267.4 87.49 33.14 34.83 1.987 1.989 2.011
3 50.99 50.40 51.53 50.97 50.37 51.51 272.0 266.7 92.14 35,51 2.014 2.017
1 50.87 50.56 51.82 50.87 50.51 51.79 270.6 264.4 102.47 39.17 1.984 1.987
28 Ju 2 50.85 50.84 51.80 50.83 50.76 51.78 272.0 265.9 99.25 37.76 38.05 1.986 1.990 1.994
3 50.77 50.43 51.13 50.73 50.44 51.06 268.5 262.0 95.82 37.20 2.001 2.005
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’ LN (kN) (MPa) (MPa) (¢/cm’) | (g¢/cm’) Laa83

NAUAZLUUTUA (Q) Lnamageau (1) Q T Q T (g/cm’)
1 50.90 50.68 51.98 50.90 50.68 51.98 278.3 278.3 184.05 69.87 2.075 2.075

2 Ui. 2 50.91 50.39 51.19 50.91 50.39 51.19 274.7 274.7 188.22 12.97 70.66 2.092 2.092 2.084
3 50.90 50.61 51.63 50.90 50.61 51.63 277.2 277.2 180.70 69.15 2.084 2.084
1 50.88 50.52 51.75 50.88 50.52 51.75 276.4 275.3 184.62 70.62 2.078 2.070

6 V. 2 50.84 50.15 52.20 50.84 50.15 52.20 2754 274.6 180.40 68.91 69.38 2.069 2.063 2.064
3 50.90 50.52 51.64 50.90 50.52 51.64 274.9 273.6 178.98 68.60 2.070 2.060
1 50.86 50.57 51.49 50.85 50.53 51.42 276.4 271.9 179.76 69.18 2.087 2.058

24 3. 2 50.86 50.29 51.51 50.85 50.30 51.48 275.3 271.8 182.75 70.57 69.02 2.090 2.064 2.057
3 50.81 50.61 51.80 50.81 50.62 51.77 277.3 212.7 176.35 67.29 2.082 2.048
1 50.97 50.65 52.24 50.94 50.62 52.18 280.3 275.0 184.42 69.82 2.078 2.044

7 U 2 51.10 50.92 51.44 50.97 50.90 51.35 278.7 274.7 184.98 70.77 69.59 2.082 2.062 2.047
3 50.90 50.63 51.73 50.87 50.59 51.72 275.5 270.8 178.42 68.19 2.067 2.035
1 51.30 50.91 51.77 51.23 50.90 51.72 278.1 268.8 180.62 68.61 2.057 1.993

28 W 2 50.96 50.83 52.03 50.95 50.85 52.05 278.9 269.7 176.14 66.55 67.30 2.069 2.000 1.998
3 51.00 50.68 51.95 50.99 50.63 51.88 277.4 268.1 175.34 66.75 2.066 2.002

G.L1T
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) ) v L v . A A A
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! RN (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laa83
PAIMNLUUUNUT (Q) Lnamagay (T) Q T Q T (g/cm’)
1 51.08 50.94 52.20 51.08 50.94 52.20 281.9 281.9 159.09 59.83 2.075 2.075
2 Y. 2 51.16 50.95 51.83 51.16 50.95 51.83 279.8 279.8 160.47 60.77 61.30 2.071 2.071 2.076
3 50.93 50.83 51.87 50.93 50.83 51.87 279.5 279.5 166.93 63.31 2.081 2.081
1 50.84 50.82 51.64 50.84 50.82 51.64 275.7 274.6 160.28 61.07 2.066 2.058
6 V. 2 50.88 50.58 51.72 50.88 50.58 51.72 274.8 273.6 158.98 60.77 61.46 2.065 2.056 2.061
3 50.87 50.49 51.42 50.87 50.49 51.42 274.5 273.2 162.32 62.52 2.078 2.069
1 51.00 50.56 51.29 50.98 50.40 51.26 273.1 270.1 157.75 61.06 2.065 2.051
24 Y. 2 50.96 50.53 51.28 50.93 50.48 51.28 273.2 270.7 161.42 62.36 62.69 2.069 2.053 2.057
3 50.87 50.64 51.47 50.86 50.53 51.46 276.2 273.2 168.13 64.66 2.083 2.066
1 50.94 50.89 51.84 50.93 50.81 51.69 278.7 271.0 168.06 63.99 2.074 2.026
7 U 2 50.86 50.53 51.92 50.79 50.53 51.86 276.8 269.2 164.23 62.67 63.91 2.074 2.023 2.019
3 50.84 50.42 51.72 50.84 50.42 51.70 274.1 266.1 169.63 65.07 2.067 2.008
1 50.80 50.52 52.13 50.82 50.36 52.23 278.4 267.9 168.86 64.20 2.081 2.004
28 Ju 2 50.81 50.05 52.28 50.82 50.15 52.24 277.0 267.3 166.23 63.45 63.64 2.083 2.008 2.005
3 50.78 50.23 51.88 50.87 50.42 51.86 276.1 266.4 165.42 63.26 2.086 2.003
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’ YN (kN) (MPa) (MPa) (¢/cm’) | (g/cm’) Laa83

NAIAZLUUTUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.97 50.45 51.63 50.97 50.45 51.63 274.7 274.7 71.90 27.60 2.069 2.069

2 U. 2 51.00 50.66 51.44 51.00 50.66 51.44 274.1 274.1 69.18 26.55 28.20 2.062 2.062 2.070
3 51.00 50.39 51.42 51.00 50.39 51.42 274.6 274.6 78.92 30.46 2.078 2.078
1 50.87 50.48 51.44 50.87 50.48 51.44 274.3 273.8 90.32 34.78 2.077 2.073

6 V. 2 50.86 50.47 51.43 50.86 50.47 51.43 275.8 275.2 84.21 32.44 32.71 2.089 2.085 2.073
3 50.96 50.84 51.54 50.96 50.84 51.54 276.3 275.4 80.97 30.90 2.069 2.062
1 50.93 50.41 51.98 50.93 50.45 51.97 274.9 272.6 107.42 41.00 2.060 2.041

24 3. 2 50.97 50.28 51.73 50.95 50.29 51.72 272.0 269.6 109.80 42.21 41.08 2.052 2.034 2.035
3 50.93 50.71 51.64 50.90 50.64 51.69 273.1 270.4 104.81 40.02 2.048 2.029
1 50.91 50.46 51.56 50.88 50.36 51.45 269.2 261.0 112.79 4353 2.032 1.980

7 U 2 50.96 50.87 52.03 50.92 50.86 52.07 271.8 263.9 106.06 40.05 41.84 2.015 1.957 1.966
3 51.04 50.71 51.42 50.95 50.37 51.35 266.7 258.5 108.47 41.94 2.004 1.962
1 50.94 50.48 51.93 50.92 50.41 51.88 271.0 260.6 128.20 49.02 2.029 1.957

28 W 2 50.91 50.84 51.72 50.83 50.83 51.61 271.0 261.0 127.52 48.61 48.69 2.024 1.957 1.964
3 50.85 50.44 51.79 50.84 50.37 51.71 272.2 262.0 126.15 48.43 2.049 1.979

Ll
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! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAIALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.89 50.67 51.96 50.89 50.67 51.96 278.5 278.5 120.57 45.80 2.079 2.079
2 Y. 2 50.89 50.09 52.06 50.89 50.09 52.06 275.8 275.8 110.64 42.43 43.62 2.078 2.078 2.078
3 50.95 50.32 51.86 50.95 50.32 51.86 276.1 276.1 111.30 42.65 2.077 2.077
1 50.86 50.52 51.86 50.86 50.52 51.86 276.0 275.2 112.43 42.91 2.071 2.065
6 V. 2 50.88 50.15 52.15 50.88 50.15 52.15 275.2 274.6 115.08 44.00 43.91 2.068 2.064 2.064
3 50.92 50.54 51.64 50.92 50.54 51.64 274.8 274.1 116.98 44.82 2.068 2.063
1 50.91 50.32 51.78 50.87 50.33 51.77 276.2 274.5 115.77 44.43 2.082 2.071
24 Y. 2 50.88 50.52 51.72 50.88 50.52 51.71 275.6 273.9 117.10 44.82 44.21 2.073 2.061 2.063
3 51.09 50.88 51.55 51.07 50.83 51.53 277.2 275.3 113.64 43.39 2.069 2.058
1 50.93 50.55 51.61 50.89 50.57 51.53 276.0 273.8 118.65 45.53 2.077 2.065
7 U 2 50.79 50.76 51.12 50.93 50.74 51.08 274.1 272.6 114.02 43.99 45.60 2.080 2.065 2.065
3 50.97 50.47 51.74 50.96 50.44 51.74 276.2 274.5 123.37 47.27 2.075 2.064
1 51.03 50.94 51.96 51.02 50.92 51.92 282.2 277.6 124.58 47.12 2.089 2.058
28 Ju 2 51.12 51.00 51.46 51.02 50.94 51.46 279.2 275.0 122.42 46.70 46.28 2.081 2.056 2.055
3 51.02 50.70 52.02 51.00 50.69 51.98 280.1 2755 118.58 45.00 2.082 2.050
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’ YN (kN) (MPa) (MPa) (¢/cm’) | (g/cm’) Laaa3

NAIAZLUUTUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.90 50.63 52.44 50.90 50.63 52.44 273.5 273.5 175.03 65.92 2.024 2.024

2 Wi 2 50.94 50.51 52.15 50.94 50.51 52.15 275.5 275.5 179.67 68.21 66.51 2.053 2.053 2.043
3 50.99 50.85 52.26 50.99 50.85 52.26 278.1 278.1 173.81 65.41 2.052 2.052
1 50.87 50.74 52.28 50.87 50.74 52.28 275.4 274.3 175.54 66.17 2.041 2.033

6 V. 2 50.93 50.82 52.13 50.93 50.82 52.13 276.2 275.2 172.87 65.25 66.61 2.047 2.040 2.039
3 50.88 50.28 51.98 50.88 50.28 51.98 2735 272.0 178.76 68.40 2.057 2.045
1 50.82 50.70 52.09 50.80 50.64 52.07 274.8 273.1 182.14 69.08 2.047 2.039

24 Y. 2 50.75 50.18 52.27 50.74 50.18 52.25 272.1 270.6 175.24 66.84 67.26 2.044 2.034 2.036
3 50.73 50.72 51.83 50.71 50.72 51.83 272.4 271.1 173.13 65.86 2.043 2.034
1 50.86 50.65 52.35 50.85 50.50 52.34 275.3 268.2 183.27 69.34 2.041 1.995

7 U 2 51.00 50.80 52.60 50.96 50.80 50.58 277.0 270.2 178.36 69.42 68.43 2.033 2.064 2.015
3 51.33 50.90 52.33 51.33 50.88 52.31 278.0 271.3 177.09 66.54 2.033 1.986
1 51.17 51.03 52.40 51.11 51.00 52.39 279.2 269.7 190.23 71.20 2.041 1.975

28 Ju 2 50.96 50.78 51.89 50.95 50.76 51.88 274.7 265.5 189.04 71.78 71.53 2.046 1.979 1.982
3 50.94 50.55 51.84 50.90 50.46 51.82 274.3 265.0 187.24 71.61 2.055 1.991

6.1
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! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAIALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 51.43 50.86 52.24 51.43 50.86 52.24 278.5 278.5 154.56 58.17 2.038 2.038
2 Y. 2 50.84 49.33 52.35 50.84 49.33 52.35 269.2 269.2 156.94 60.77 60.26 2.050 2.050 2.048
3 50.79 50.81 52.37 50.79 50.81 52.37 277.8 277.8 164.52 61.83 2.056 2.056
1 50.97 50.53 52.22 50.97 50.53 52.22 275.3 274.4 156.25 59.22 2.047 2.040
6 V. 2 51.03 50.48 52.36 51.03 50.48 52.36 276.0 274.8 158.86 60.10 60.39 2.046 2.037 2.038
3 50.94 50.52 52.02 50.94 50.52 52.02 274.2 272.8 162.54 61.85 2.048 2.038
1 51.05 50.51 52.14 50.95 50.49 52.05 274.2 272.3 155.93 59.33 2.039 2.034
24 Y. 2 50.98 50.94 51.98 50.91 50.90 51.97 275.0 273.4 153.52 58.04 60.44 2.037 2.030 2.027
3 50.85 50.50 52.38 50.84 50.45 52.36 273.1 2711 168.94 63.95 2.030 2.019
1 51.06 50.56 51.39 51.04 50.54 51.36 272.5 265.3 162.36 62.55 2.054 2.002
7 U 2 51.02 49.98 52.35 50.91 49.96 52.36 272.8 265.9 156.04 59.65 61.74 2.044 1.997 1.994
3 51.45 50.90 51.95 51.45 50.90 51.94 277.0 269.8 166.64 63.03 2.036 1.984
1 50.81 50.61 52.12 50.79 50.53 52.10 275.1 264.0 169.11 64.24 2.053 1.974
28 Ju 2 50.96 50.33 52.20 50.83 50.25 52.20 274.2 265.0 169.50 64.62 66.00 2.048 1.988 1.982
3 50.85 50.66 52.41 50.85 50.64 52.40 277.1 267.8 183.50 69.15 2.052 1.985
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. N9 ) GR N4 8717 a9 dwmdn | dntdn s oo | MR . . .

e mlu o | e | e | o | oy | e @ © 139 A890n ey ﬁU’lLLuBH wml,niu wmil,uu

’ YN (kN) (MPa) (MPa) (¢/cm’) | (g/cm’) Laa83

NAIAZLUUTUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.80 50.56 52.37 50.80 50.56 52.37 278.5 278.5 151.59 57.25 2.070 2.070

2 U. 2 50.85 50.59 51.50 50.85 50.59 51.50 274.9 274.9 141.16 54.18 57.05 2.075 2.075 2.075
3 50.88 50.45 51.66 50.88 50.45 51.66 275.8 275.8 155.63 59.71 2.080 2.080
1 51.02 50.38 51.46 51.02 50.38 51.46 275.3 274.5 156.23 60.26 2.081 2.075

6 V. 2 50.84 50.62 51.72 50.84 50.62 51.72 274.4 272.8 153.48 58.62 58.81 2.062 2.050 2.064
3 50.92 50.32 52.13 50.92 50.32 52.13 277.6 276.2 150.98 57.56 2.078 2.068
1 51.13 50.78 52.04 51.05 50.76 51.96 279.0 276.3 162.86 61.75 2.065 2.052

24 3. 2 51.07 50.82 52.28 51.07 50.71 52.21 279.4 276.9 166.80 63.00 61.75 2.059 2.048 2.052
3 50.83 50.71 52.28 50.82 50.69 52.24 279.4 276.7 160.20 60.50 2.073 2.056
1 50.80 50.58 52.07 50.77 50.28 52.10 278.2 271.3 171.47 65.46 2.079 2.040

7 U 2 50.75 50.07 52.28 50.72 50.03 52.24 276.9 270.0 177.34 67.85 66.45 2.084 2.037 2.040
3 50.76 50.21 52.00 50.73 50.19 51.96 277.5 270.4 172.21 66.03 2.094 2.044
1 50.96 50.82 51.52 50.91 50.83 51.51 277.8 269.0 138.77 53.00 2.082 2.018

28 W 2 50.82 50.55 52.14 50.79 50.52 52.08 277.6 269.6 168.08 63.88 63.86 2.072 2.017 2.015
3 50.80 50.42 52.19 50.80 50.41 52.19 276.9 268.4 167.96 63.84 2.071 2.008

181



M131991 A-34 MAdnvesdlenadiuesuesas P1005-4 UnTauiigum)il 80 s ivalded

P1005-4
) 3 v L v o AL AL A
. N9 Tap) GR N9 817 G Umdn | Wnin s oo | ANEER . . ,
e mla oy | @ | e | ) | eom) | ) (@ @ 139 hdeda | o wmuu}u wu%méu ‘mmimu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAIALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.81 50.78 51.54 50.81 50.78 51.54 272.5 272.5 137.68 52.61 2.049 2.049
2 Y. 2 51.04 49.46 51.83 51.04 49.46 51.83 267.5 267.5 140.67 54.87 53.63 2.044 2.044 2.052
3 51.32 50.81 51.69 51.32 50.81 51.69 278.1 278.1 140.27 53.41 2.063 2.063
1 50.66 50.85 51.80 50.66 50.85 51.80 273.4 272.6 147.67 56.06 2.049 2.043
6 V. 2 51.02 50.46 51.84 51.02 50.46 51.84 274.6 273.8 145.21 55.51 55.65 2.058 2.052 2.040
3 50.85 50.68 52.21 50.85 50.68 52.21 273.8 272.6 146.53 55.38 2.035 2.026
1 51.16 50.95 52.03 51.16 50.94 52.02 278.5 275.8 148.57 56.07 2.054 2.034
24 Y. 2 51.14 50.11 51.85 51.05 49.94 51.81 273.3 271.1 142.79 55.19 56.11 2.057 2.052 2.047
3 51.13 50.55 51.79 51.04 50.45 51.73 276.2 273.6 148.99 57.09 2.063 2.054
1 51.00 50.48 51.70 50.99 50.46 51.67 275.3 267.0 145.88 55.95 2.068 2.008
7 U 2 51.11 50.40 51.94 51.01 50.28 51.91 275.1 267.7 157.01 60.16 57.33 2.056 2.011 2.011
3 50.98 50.73 51.55 50.97 50.72 51.53 275.9 268.3 146.02 55.87 2.069 2.014
1 50.84 50.59 51.48 50.90 50.52 51.47 274.4 265.0 119.72 46.04 2.072 2.0022
28 Ju 2 50.90 50.85 51.73 50.89 50.86 51.69 276.4 267.2 155.97 59.33 58.12 2.064 1.9972 2.003
3 51.01 50.71 51.67 51.01 50.56 51.64 276.5 267.5 148.59 56.91 2.069 2.0085

81



M13197 A-35 Masdnvesdlenediwesueians P10010-4 Unseunigumnil 80 s waLted

P10010-4

j 3 v L . . A A A

. N9 ) GR N4 8717 a9 dwmdn | dntdn s oo | MR . . .

e mlu o | e | e | o | oy | e @ © 139 A890n ey ﬁU’lLLuBH wml,niu wmil,uu

’ YN (kN) (MPa) (MPa) (¢/cm’) | (g/cm’) Laa83

NAIAZLUUTUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.94 50.90 51.44 50.94 50.90 51.44 276.6 276.6 125.29 47.85 2.074 2.074

2 U. 2 51.06 49.29 51.34 51.06 49.29 51.34 274.1 274.1 128.57 50.81 49.36 2.121 2.121 2.087
3 50.82 50.86 51.16 50.82 50.86 51.16 273.3 273.3 128.57 49.41 2.067 2.067
1 50.94 50.52 51.54 50.94 50.52 51.54 275.3 274.5 128.86 49.49 2.076 2.070

6 V. 2 50.88 50.87 51.52 50.88 50.87 51.52 274.4 272.8 128.56 49.05 49.65 2.058 2.046 2.072
3 50.80 50.48 51.24 50.80 50.48 51.24 277.6 276.2 130.42 50.42 2.113 2.102
1 51.41 50.90 51.32 51.39 50.84 51.30 277.5 276.4 130.62 50.08 2.066 2.062

24 3. 2 51.10 49.29 51.49 50.97 49.28 51.47 267.6 266.4 121.01 47.71 48.90 2.063 2.061 2.052
3 50.94 50.86 51.85 50.93 50.86 51.84 274.0 273.0 118.79 45.05 2.040 2.033
1 50.96 50.54 51.55 50.94 50.52 51.54 274.3 268.5 129.88 49.88 2.066 2.024

7 U 2 51.05 50.89 51.53 50.88 50.87 51.52 277.3 272.5 123.67 47.19 48.53 2.071 2.044 2.039
3 50.84 50.49 51.32 50.80 50.48 51.24 274.0 269.2 146.15 56.50 2.080 2.049
1 51.04 50.60 51.63 51.03 50.58 51.50 277.0 269.5 130.31 50.03 2.077 2.027

28 W 2 51.03 50.00 51.55 51.01 49.99 51.47 274.1 267.0 135.31 52.59 52.41 2.084 2.034 2.024
3 51.02 51.37 51.60 51.01 51.36 51.59 279.4 271.9 144.75 54.63 2.066 2.012

€81



M13199 A-36 MAdnvesdlenadiueiuesais PL0015-4 Uuseunigumnil 80 eemvaLgyd

P10015-4
Y Y ¥ . y . . AL AL A
. N9 Tap) GR N9 817 G Umdn | Wnin s oo | ANEER . . ,
e mla oy | @ | e | ) | eom) | ) (@ @ 139 hdeda | o wmuu}u wu%méu ‘mmimu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAIALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 51.44 50.97 51.72 51.44 50.97 51.72 271.9 271.9 114.19 43.32 2.005 2.005
2 Y. 2 51.02 50.00 51.74 51.02 50.00 51.74 269.1 269.1 121.12 46.82 45.28 2.039 2.039 2.027
3 51.05 50.48 52.05 51.05 50.48 52.05 273.2 273.2 120.06 45.69 2.037 2.037
1 50.66 50.85 51.82 50.66 50.85 51.82 272.4 271.6 121.54 46.12 2.041 2.035
6 V. 2 51.02 50.58 51.82 51.02 50.58 51.82 271.6 270.8 122.42 46.71 46.28 2.031 2.025 2.025
3 50.87 50.88 52.21 50.87 50.88 52.21 273.6 272.5 122.24 46.02 2.025 2.017
1 50.83 50.59 51.70 50.81 50.53 51.69 271.5 268.2 120.17 46.01 2.042 2.021
24 Y. 2 50.94 50.30 52.15 50.93 50.29 52.14 270.8 267.7 127.23 48.52 47.31 2.027 2.005 2.010
3 50.92 50.67 51.94 50.88 50.64 51.93 271.6 268.1 124.63 47.39 2.027 2.004
1 50.91 50.61 52.30 50.88 50.59 52.28 275.6 270.6 126.65 47.89 2.045 2.011
7 U 2 50.87 50.20 51.85 50.86 50.14 51.84 272.2 268.1 133.87 51.50 50.01 2.056 2.028 2.013
3 50.80 50.74 52.40 50.77 50.69 52.38 275.1 269.7 134.48 50.65 2.037 2.001
1 51.11 50.97 52.19 51.10 50.95 52.16 279.5 272.4 146.90 55.28 2.056 2.006
28 Ju 2 51.07 50.77 52.30 51.04 50.74 52.26 274.3 268.1 139.72 52.69 54.37 2.023 1.981 1.997
3 51.02 50.61 51.94 50.95 50.51 51.92 275.5 267.9 144.64 55.15 2.054 2.005

p81



M15197 A-37 MAsenveTlenediuesuesans P2005-4 UnSeauilgamnil 80 asriwaigyd

P2005-4

j 3 v L . . A A A

. N9 ) GR N4 8717 a9 dwmdn | dntdn s oo | MR . . .

e mlu o | e | e | o | oy | e @ © 139 A890n ey ﬁU’lLLuBH wml,niu wmil,uu

’ YN (kN) (MPa) (MPa) (¢/cm’) | (g/cm’) Laa83

NAIAZLUUTUA (Q) namaaau (T) Q T Q T (g/cm’)
1 51.04 50.61 51.40 51.04 50.61 51.40 275.8 275.8 121.06 46.54 2.077 2.077

2 U. 2 51.00 50.23 51.02 51.00 50.23 51.02 271.9 271.9 113.42 44.26 45.22 2.080 2.080 2.079
3 50.97 50.70 51.10 50.97 50.70 51.10 274.6 274.6 116.26 44.87 2.079 2.079
1 50.94 50.55 51.33 50.94 50.55 51.33 2754 274.3 122.64 47.27 2.084 2.075

6 V. 2 50.96 50.57 51.20 50.96 50.57 51.20 275.6 275.3 121.68 47.00 46.84 2.089 2.086 2.078
3 51.09 50.60 51.40 51.09 50.60 51.40 276.4 275.3 120.29 46.25 2.080 2.072
1 50.97 50.57 51.22 50.94 50.52 51.11 275.6 275.2 121.15 46.92 2.088 2.092

24 3. 2 50.97 50.60 51.32 50.97 50.58 51.29 275.3 274.8 125.35 48.32 48.39 2.080 2.078 2.089
3 51.10 50.98 51.19 51.07 50.83 51.18 278.8 278.5 129.87 49.92 2.091 2.096
1 51.11 50.61 51.44 51.09 50.53 51.36 276.5 273.5 128.56 49.54 2.078 2.063

7 U 2 51.06 51.06 51.44 51.06 50.96 51.43 280.8 278.5 121.27 46.27 47.94 2.094 2.081 2.072
3 51.33 51.08 51.21 51.28 51.06 51.18 280.2 277.8 125.48 48.02 2.087 2.073
1 51.01 50.50 51.11 50.99 50.49 51.06 274.4 268.4 130.30 50.54 2.084 2.042

28 W 2 51.18 51.08 51.23 51.10 51.09 51.14 279.3 273.2 130.90 50.10 49.87 2.085 2.046 2.040
3 51.12 50.77 51.12 51.05 50.70 51.06 274.9 268.6 126.77 48.97 2.072 2.032

G871



M13199 A-38 MAdnvesdlenadiueiuesais P20010-4 Uuseuniguvnil 80 eemvaLgyd

P20010-4
) 3 v L v o AL AL A
. N9 Tap) GR N9 817 G Umdn | Wnin s oo | ANEER . . ,
e mla oy | @ | e | ) | eom) | ) (@ @ 139 hdeda | o wmuu}u wu%méu ‘mmimu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAIALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 51.07 50.42 51.13 51.07 50.42 51.13 272.4 272.4 100.73 39.07 2.069 2.069
2 Y. 2 51.08 50.53 51.69 51.08 50.53 51.69 273.6 273.6 91.73 35.12 37.60 2.051 2.051 2.060
3 50.95 50.64 51.34 50.95 50.64 51.34 272.9 272.9 100.37 38.61 2.060 2.060
1 50.96 50.56 51.02 50.96 50.56 51.02 272.4 271.3 102.47 39.72 2.072 2.064
6 V. 2 50.89 50.60 51.11 50.89 50.60 51.11 274.4 273.2 101.89 39.40 39.22 2.085 2.076 2.066
3 51.12 50.91 51.33 51.12 50.91 51.33 276.2 275.0 100.67 38.52 2.068 2.059
1 50.98 50.52 51.01 50.85 50.47 50.98 272.1 272.0 109.53 42.57 2.070 2.079
24 Y. 2 50.91 50.59 51.12 50.87 50.52 51.12 274.5 274.5 105.02 40.66 40.11 2.085 2.089 2.082
3 51.17 50.80 51.61 51.06 50.74 51.58 277.5 277.5 97.08 37.09 2.068 2.077
1 51.03 50.88 51.26 51.01 50.86 51.24 277.6 274.8 105.97 40.66 2.065 2.067
7 U 2 51.14 50.93 51.30 51.11 50.87 51.16 276.3 273.8 109.39 42.03 41.30 2.049 2.058 2.063
3 50.95 50.81 51.36 50.94 50.77 51.27 276.3 2735 107.22 41.19 2.057 2.063
1 50.85 50.57 51.26 50.79 50.55 51.23 274.1 269.8 114.16 44.08 2.047 2.051
28 Ju 2 50.83 50.18 51.40 50.77 50.11 51.32 274.6 270.9 121.53 47.26 45.70 2.066 2.075 2.065
3 50.92 50.41 51.68 50.78 50.24 51.52 276.0 271.9 118.42 45.75 2.050 2.069

981



M13197 A-39 MAsdnvesTlenediuesueiang P20015-4 Unseunigumnil 80 s waLied

P20015-4
j 3 v L . . A A A
. N9 ) GR N4 8717 a9 dwmdn | dntdn s oo | MR . . .
e mlu o | e | e | o | oy | e @ © 139 A890n ey ﬁU’lLLuBH wml,niu wmil,uu
’ YN (kN) (MPa) (MPa) (¢/cm’) | (g/cm’) Laa83
NAIAZLUUTUA (Q) namaaau (T) Q T Q T (g/cm’)
1 51.04 50.72 51.51 51.04 50.72 51.51 271.2 271.2 97.67 37.38 2.034 2.034
2 U. 2 51.09 51.05 51.14 51.09 51.05 51.14 270.4 270.4 96.77 37.07 37.04 2.027 2.027 2.031
3 51.08 50.96 51.43 51.08 50.96 51.43 271.9 271.9 96.13 36.68 2.031 2.031
1 51.03 50.75 51.54 51.03 50.75 51.54 272.2 271.1 98.65 37.72 2.039 2.031
6 V. 2 51.05 50.82 51.85 51.05 50.82 51.85 275.4 274.0 98.42 37.35 37.35 2.047 2.037 2.031
3 50.98 50.68 51.68 50.98 50.68 51.68 2714 270.2 96.87 36.99 2.033 2.024
1 50.95 50.63 51.54 50.91 50.59 51.59 269.4 267.5 101.88 39.04 2.012 2.013
24 3. 2 51.16 50.94 51.49 51.13 50.92 51.48 275.5 273.6 102.55 39.12 39.16 2.039 2.041 2.028
3 50.96 50.70 51.54 50.95 50.66 51.50 271.6 269.6 102.62 39.33 2.025 2.028
1 51.05 50.57 51.35 50.96 50.53 51.33 273.8 269.3 111.84 43.12 2.031 2.037
7 U 2 51.07 50.95 52.35 51.02 50.93 52.05 278.6 273.9 105.58 39.83 41.63 2.011 2.025 2.029
3 51.27 50.92 51.81 51.25 50.91 51.80 278.8 273.5 110.64 41.95 2.022 2.024
1 50.86 50.86 51.83 50.89 50.85 51.83 275.2 271.4 118.47 44.95 2.024 2.024
28 W 2 50.94 50.61 51.89 50.92 50.50 51.89 272.3 268.9 114.69 43.77 44.17 2.010 2.015 2.011
3 50.92 50.55 51.71 50.93 50.49 51.63 269.5 264.7 114.16 43.79 1.989 1.994

/81



M13199 A-40 MAsdnvesdlenadiuesuesas Control-0.5 Uniounigaumail 80 asrnaalTes

Control-0.5
Y Y y . y . s A AL A
. N9 Tap) GR N9 817 G vndn | dnidn s oo | ANEER . . ,
. mla o | e | e | o | | e @ @ 139 hdsda | 4 wumu}u wu%miu ‘muﬂ:l,uu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAIALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.84 50.66 52.26 50.84 50.66 52.26 275.0 275.0 100.11 37.81 2.043 2.043
2 Y. 2 50.81 49.52 52.29 50.81 49.52 52.29 267.3 267.3 84.90 32.79 38.63 2.032 2.032 2.036
3 50.84 50.72 52.48 50.84 50.72 52.48 275.1 275.1 104.98 39.44 2.033 2.033
1 50.77 50.53 51.42 50.77 50.53 51.42 276.8 274.7 145.98 56.18 2.098 2.082
6 V. 2 50.90 50.82 51.60 50.90 50.82 51.60 279.5 277.9 133.83 51.04 53.86 2.094 2.082 2.082
3 50.97 50.60 52.10 50.97 50.60 52.10 281.5 279.7 143.30 54.36 2.095 2.082
1 50.90 50.60 51.84 50.88 50.57 51.81 276.7 273.2 160.22 61.08 2.072 2.049
24 Y. 2 50.96 50.90 52.16 50.95 50.89 52.07 281.1 277.6 166.72 62.80 62.04 2.078 2.056 2.060
3 50.89 50.55 51.94 50.85 50.53 51.94 280.2 276.7 163.43 62.25 2.097 2.073
1 50.87 50.60 52.26 50.79 50.59 52.15 273.6 266.4 170.08 64.47 2.034 1.988
7 U 2 51.04 50.78 52.94 50.97 50.70 52.88 279.5 272.2 164.46 61.34 64.14 2.037 1.992 1.992
3 50.80 50.79 52.59 50.80 50.71 52.43 277.2 269.6 177.13 66.62 2.043 1.996
1 50.89 50.57 52.16 50.88 50.52 52.15 278.8 267.5 164.42 62.41 2.077 1.996
28 Ju 2 50.96 50.90 52.25 50.93 50.89 52.21 282.2 270.7 157.09 59.12 61.77 2.082 2.000 2.000
3 51.21 50.94 51.80 51.16 50.91 51.76 281.2 270.1 168.09 63.79 2.081 2.004

887



M13197 A-41 Masdnvedlenediuesuesas 05-0.5 Uusauilgumall 80 asriwalgya

05-0.5
j 3 v L . . A A A
. N9 ) GR N4 8717 a9 dwmdn | dntdn s oo | MR . . .
e mlu o | e | e | o | oy | e @ © 139 A890n ey ﬁU’lLLuBH wml,niu wmil,uu
’ YN (kN) (MPa) (MPa) (¢/cm’) | (g/cm’) Laa83
NAIAZLUUTUA (Q) namaaau (T) Q T Q T (g/cm’)
1 51.44 51.18 50.38 51.44 51.18 50.38 278.3 278.3 113.25 43.92 2.098 2.098
2 U. 2 51.17 49.94 51.43 51.17 49.94 51.43 275.9 275.9 127.34 49.58 47.13 2.099 2.099 2.102
3 51.13 50.60 51.14 51.13 50.60 51.14 279.0 279.0 123.96 47.90 2.109 2.109
1 50.93 50.56 51.67 50.93 50.56 51.67 278.2 277.2 142.87 54.69 2.091 2.083
6 V. 2 50.92 50.92 51.31 50.92 50.92 51.31 279.5 278.5 139.46 53.38 54.09 2.101 2.093 2.082
3 50.85 50.51 51.97 50.85 50.51 51.97 277.2 276.1 142.28 54.20 2.077 2.068
1 51.36 50.87 50.91 51.41 50.81 50.87 280.8 276.9 157.07 60.65 2.111 2.082
24 3. 2 51.01 49.28 50.85 51.04 49.31 50.76 270.6 267.5 150.58 60.09 59.80 2.117 2.093 2.090
3 50.91 50.83 50.96 50.88 50.83 50.96 280.6 276.5 151.92 58.65 2.128 2.097
1 50.72 50.60 52.25 50.67 50.60 52.24 279.4 272.6 157.58 59.61 2.084 2.035
7 U 2 50.79 49.15 51.98 50.75 49.13 51.90 272.9 266.7 171.52 67.27 67.30 2.103 2.061 2.051
3 51.22 50.73 51.60 51.02 50.68 51.50 280.9 273.9 195.81 75.02 2.095 2.057
1 50.88 50.49 51.80 50.82 50.46 51.77 275.6 263.9 181.10 69.33 2.071 1.988
28 W 2 50.89 50.80 51.89 50.80 50.77 51.83 278.4 267.0 176.13 66.93 67.01 2.075 1.997 1.997
3 50.74 50.40 51.70 50.74 50.31 51.67 276.0 264.4 168.41 64.79 2.088 2.005

681



M1319% A-42 MAdnvesdlenadiuesuesms Control-2** UuTauilgam)il 80 s ivaldys

Control-2
Y Y y . y . s A AL A
. N9 Tap) GR N9 817 G vndn | dnidn s oo | ANEER . . ,
. mla o | e | e | o | | e @ @ 139 hdsda | 4 wumu}u wu%miu ‘muﬂ:l,uu
! 9814 (kN) (MPa) (MPa) (g/cm”) | (g/cm’) Laaa3
NAIALUUUTUA (Q) Lamegau (T) Q T Q T (g/cm’)
1 50.76 50.75 51.04 50.76 50.75 51.04 274.5 274.5 163.58 63.15 2.088 2.088
2 Y. 2 50.89 49.40 51.26 50.89 49.40 51.26 268.4 268.4 156.16 61.67 62.71 2.083 2.083 2.092
3 50.72 50.40 51.13 50.72 50.40 51.13 275.2 275.2 163.16 63.32 2.106 2.106
1 50.64 50.62 51.24 50.64 50.62 51.24 274.2 2735 164.28 63.34 2.088 2.082
6 V. 2 50.78 50.34 51.68 50.78 50.34 51.68 271.4 270.5 168.67 64.83 63.84 2.054 2.048 2.052
3 50.88 50.79 51.85 50.88 50.79 51.85 272.5 271.6 166.83 63.35 2.034 2.027
1 51.21 50.88 52.04 51.23 50.88 52.04 279.8 275.4 173.46 65.51 2.064 2.030
24 Y. 2 50.96 49.94 51.62 50.96 49.89 51.57 271.7 267.4 173.35 67.38 65.19 2.068 2.039 2.038
3 51.00 50.48 51.59 50.98 50.48 51.49 276.0 270.9 162.94 62.69 2.078 2.044
1 50.95 50.90 51.40 50.94 50.76 51.36 272.6 262.9 181.22 69.51 2.045 1.980
7 U 2 50.89 50.88 52.17 50.89 50.87 52.17 276.1 266.4 159.05 59.93 67.43 2.044 1.973 1.981
3 51.11 50.83 51.16 51.11 50.83 51.16 275.0 264.8 169.94 65.35 2.069 1.992
1 50.82 50.65 51.48 50.88 50.67 51.62 272.6 257.5 173.31 66.26 2.057 1.935
28 Ju 2 50.83 50.63 51.78 50.83 50.64 51.72 273.8 259.2 176.02 67.21 67.51 2.055 1.947 1.942
3 50.91 50.35 51.53 50.98 50.40 51.54 272.6 257.6 179.38 69.06 2.064 1.945

** Water to Metakaolin = 0.55

067



M15197 A-43 MAsdnvesTlenadiuesuesang Control-2** Uusauigamnil 80 smwaLtea

Control-2
j ) v L y . A A A
. N9 ) GR N4 8717 a9 dwmdn | dntdn v oo | 1SR . . .
e mla o | e | e | o | oy | e @ © 139 Aa9on o3 meLuBu wml,miu ﬁmil,uu
’ YN (kN) (MPa) (MPa) (¢/cm’) | (g/cm’) Laa83
NAIAZUUUAUA (Q) namaaau (T) Q T Q T (g/cm’)
1 50.97 50.38 51.14 50.97 50.38 51.14 2714 271.4 123.56 47.96 2.067 2.067
2 Ui. 2 50.98 50.42 51.55 50.98 50.42 51.55 273.5 273.5 122.13 46.99 48.40 2.064 2.064 2.061
3 50.85 50.51 51.74 50.85 50.51 51.74 272.9 272.9 131.32 50.25 2.054 2.054
1 50.68 50.82 51.63 50.68 50.82 51.63 273.1 271.8 127.42 48.56 2.054 2.044
6 V. 2 50.75 50.44 51.68 50.75 50.44 51.68 271.3 270.9 126.86 48.67 48.95 2.051 2.048 2.038
3 50.81 50.42 51.62 50.81 50.42 51.62 268.8 267.5 129.12 49.61 2.033 2.023
1 50.97 50.92 52.07 50.95 50.92 52.07 276.8 270.0 128.48 48.46 2.048 1.999
24 3. 2 51.04 50.93 51.34 51.04 50.89 51.32 272.5 266.9 136.57 52.29 50.39 2.042 2.002 2.004
3 51.00 50.72 51.16 50.98 50.67 51.11 273.1 265.4 130.59 50.43 2.064 2.010
1 50.87 50.86 51.70 50.85 50.83 51.69 274.1 259.8 131.95 50.22 2.049 1.945
7 U 2 50.80 50.49 51.74 50.79 50.48 51.65 271.7 257.9 132.95 50.99 51.20 2.047 1.948 1.934
3 50.86 50.39 51.74 50.86 50.38 51.72 268.1 253.3 136.48 52.38 2.022 1.911
1 50.78 50.39 51.50 50.84 50.29 51.67 270.7 252.3 155.16 59.71 2.054 1.910
28 W 2 50.80 50.18 52.01 50.83 50.20 52.08 270.1 252.2 125.28 47.92 60.18 2.037 1.898 1.905
3 50.77 50.20 51.94 50.80 50.25 52.02 271.8 253.1 158.53 60.65 2.053 1.906

** Water to Metakaolin = 0.65

161
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M13199 $-1 NSUARILUULINaLIlenediuesuesins Control-1 Unsauilgaumgil 80 sariwaides

L1 = 247.57 mm L2 =247.37 mm L3 = 249.49 mm
Freenai 1 Freghdl 2 Fregnil 3 Wl -
1Y " R ” R " N " T QUL | A
o) | nagy | Wmdn | dmdn | Lx nagy | Umdn | dmdn | Lx nady | Wndn | dmdn | viedd | dnddn °C %)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (9) (%) (%) (%)

0 1.139 0 377.9 0 0.936 0 388.1 0 3.062 0 394.4 0 0 0 29.0 68
1 1.138 | -0.00040 | 365.9 -3.18 | 0.929 | -0.00283| 376.1 -3.09 3.050 [-0.00481 | 381.9 -3.17 |-0.00382| -3.15 26.4 75
2 1.132 | -0.00283 | 365.0 -3.41 0.913 | -0.00930| 374.9 -3.40 | 3.036 |-0.01042 | 380.8 -3.45 | -0.00986| -3.42 30.4 68
3 1.110 | -0.01171 | 363.1 -3.92 | 0.898 | -0.01536| 372.4 -4.05 3.015 [-0.01884 | 378.3 -4.08 |-0.01530| -4.01 28.3 70
4 1.100 | -0.01575| 362.8 -4.00 | 0.888 | -0.01940| 371.6 -4.25 3.012 |-0.02004 | 377.4 -4.31 |-0.01840| -4.19 28.8 71
5 1.088 | -0.02060 | 362.0 -4.21 0.872 | -0.02587 | 370.6 -4.51 2.991 [-0.02846 | 376.5 -4.54 | -0.02498| -4.42 30.2 63
6 1.073 | -0.02666 | 361.6 -4.31 0.854 | -0.03315| 370.6 -4.51 2970 [-0.03687 | 376.1 -4.64 | -0.03223| -4.49 30.4 68
7 1.063 | -0.03070 | 361.3 -4.39 0.838 | -0.03962| 370.0 -4.66 | 2.963 |-0.03968 | 375.6 -4.77 | -0.03667| -4.61 30.6 67
8 1.051 | -0.03555| 361.5 -4.34 | 0.837 | -0.04002| 370.1 -4.64 | 2958 |-0.04168 | 375.7 -4.74 | -0.03908| -4.57 29.0 70
9 1.048 | -0.03676 | 361.6 -4.31 0.849 | -0.03517| 370.5 -4.53 | 2966 |-0.03848 | 376.0 -4.67 | -0.03680| -4.50 30.4 66
10 1.043 | -0.03878 | 361.6 -4.31 0.846 | -0.03638 | 370.2 -4.61 2.959 [-0.04128 | 376.0 -4.67 |-0.03881| -4.53 30.3 65
11 1.038 | -0.04080 | 361.4 -4.37 | 0.838 | -0.03962| 370.2 -4.61 2.952 [-0.04409 | 375.6 -4.77 | -0.04150| -4.58 29.5 66
12 1.038 | -0.04080 | 361.4 -4.37 | 0.838 | -0.03962| 370.2 -4.61 2.950 [-0.04489 | 375.6 -4.77 | -0.04177| -4.58 29.9 69
13 1.042 | -0.03918 | 361.5 -4.34 | 0.838 | -0.03962| 370.1 -4.64 | 2949 |-0.04529 | 375.7 -4.74 | -0.04136| -4.57 30.0 69
14 1.038 | -0.04080 | 361.5 -4.34 | 0.838 | -0.03962| 370.1 -4.64 | 2949 |-0.04529 | 375.7 -4.74 | -0.04190| -4.57 30.0 68
15 1.033 | -0.04282 | 361.5 -4.34 | 0.838 | -0.03962| 370.2 -4.61 2.950 [-0.04489 | 375.9 -4.69 |-0.04244| -4.55 30.1 69
20 1.028 | -0.04484 | 361.3 -4.39 0.815 | -0.04892| 369.9 -4.69 | 2.935 |-0.05090 | 375.4 -4.82 |-0.04822| -4.63 30.8 65
30 1.000 | -0.05615| 360.4 -4.63 | 0.792 | -0.05821| 369.1 -490 | 2911 |-0.06052 | 374.9 -4.94 | -0.05829| -4.82 30.5 66

g6l



M13199 $-2 NIVARILULLTIYeIlenadiuesueiis P10-1 Uniouniaaumail 80 asrnaalded

L1 = 250.82 mm

L2 =249.33 mm

L3 = 248.86 mm

Froghad 1 Froghad 2 Fregnadi 3 Wit -
01 " N A » T o ] % . " R " T QU | Ad
Gy | X waed | Wntdn | dntdn | Lx waen | dmdn | dmdn | Lx wada | Ul | dmidn | e | diiln “ (%)
(mm) (%) () (%) (mm) (%) (g) (%) (mm) (%) () (%) (%) (%)
0 4.385 0 395.9 0 2.904 0 383.2 0 2.427 0 382.2 0 0 0 29.3 64
1 4.385 0 384.0 -3.01 | 2.873 | -0.01243| 372.2 -2.87 | 2.382 | -0.01808 | 370.5 -3.06 |-0.01526 | -2.98 27.2 74
2 4.349 | -0.01435| 382.0 -351 | 2.835 | -0.02767| 370.2 -3.39 | 2.348 | -0.03175 | 368.4 -3.61 |-0.02459 | -3.50 30.9 68
3 4.345 | -0.01595| 379.0 -4.27 | 2.822 | -0.03289| 367.1 -4.20 | 2.334 | -0.03737 | 365.5 -4.37 |-0.02874 | -4.28 28.0 71
4 4.333 | -0.02073| 378.0 -4.52 | 2.808 | -0.03850| 366.1 -4.46 | 2.325 | -0.04099 | 364.5 -4.63 |-0.03341 | -4.54 28.6 75
5 4.323 | -0.02472| 377.1 -4.75 | 2790 | -0.04572| 365.0 -4.75 | 2.307 | -0.04822 | 363.6 -4.87 |-0.03955 | -4.79 28.9 67
6 4.307 | -0.03110| 375.6 -5.13 | 2776 | -0.05134 | 363.5 -5.14 | 2.291 | -0.05465 | 362.5 -5.15 |-0.04570 | -5.14 31.1 63
7 4.306 | -0.03150| 375.3 -520 | 2772 | -0.05294 | 363.4 -5.17 | 2.292 | -0.05425 | 362.1 -5.26 |-0.04623 | -5.21 29.7 67
8 4.299 | -0.03429 | 374.8 -5.33 | 2772 | -0.05294 | 362.7 -5.35 | 2.282 | -0.05827 | 361.2 -5.49 |-0.04850 | -5.39 30.5 67
9 4.308 | -0.03070| 375.9 -5.05 | 2775 | -0.05174| 363.7 -5.09 | 2.283 | -0.05786 | 362.2 -5.23 |-0.04677 | -5.12 30.4 66
10 4.304 | -0.03229 | 375.3 -520 | 2772 | -0.05294| 363.2 -5.22 | 2.279 | -0.05947 | 361.8 -5.34 |-0.04824 | -5.25 30.4 66
11 4.299 | -0.03429 | 375.2 -5.23 | 2768 | -0.05455| 363.2 -522 | 2.278 | -0.05987 | 361.8 -5.34 |-0.04957 | -5.26 29.9 68
12 4.289 | -0.03828 | 375.0 -5.28 | 2761 | -0.05735| 363.0 -5.27 | 2.270 | -0.06309 | 361.6 -5.39 |1-0.05291 | -5.31 29.8 68
13 4.297 | -0.03509 | 375.3 -520 | 2.762 | -0.05695| 363.2 -5.22 | 2.262 | -0.06630 | 361.6 -5.39 |-0.05278 | -5.27 30.0 69
14 4.296 | -0.03548 | 375.2 -523 | 2762 | -0.05695| 363.2 -5.22 | 2.259 | -0.06751 | 361.7 -5.36 |-0.05331 | -5.27 30.0 68
15 4.295 | -0.03588 | 375.3 -520 | 2.762 | -0.05695| 363.4 -5.17 | 2.254 | -0.06952 | 361.9 -5.31 |-0.05412 | -5.23 31.2 66
20 4.278 | -0.04266 | 374.7 -535 | 2751 | -0.06136| 362.8 -5.32 | 2.230 | -0.07916 | 361.3 -5.47 |-0.06106 | -5.38 30.9 65
30 4.262 | -0.04904 | 373.4 -5.68 | 2.726 | -0.07139| 361.6 -5.64 | 2.215 | -0.08519 | 360.0 -5.81 |-0.06854 | -5.71 31.1 66

961



M19197 -3 MINAFILUULAYRIT e NeALIBSUBTAS P20-1 UuSouilgaum

a

U

N3 80 A AL E

L1 = 252.32 mm

L2 = 249.32 mm

L3 = 249.72 mm

Fregni 1 et 2 Freenail 3 Wiy -
1Y " R A ” R " T o | 7 - " T QU | Al
oy | X nagn | Umdn | dwdn | Lx nagy | umdn | dmdn | Lx nagn | dwidn | dwidn | wesa | Wnidn “c (%)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (9) (%) (%) (%)
0 5.894 0 391.5 0 2.886 0 389.0 0 3.293 0 385.1 0 0 0 29.4 62
1 5.838 | -0.02219| 385.1 -1.63 | 2.798 | -0.03530 | 382.5 -1.67 | 3.161 | -0.05286| 377.8 -1.90 |-0.03678 | -1.73 28.3 73
2 5.810 | -0.03329 | 382.6 -2.27 | 2.766 | -0.04813 | 380.0 -2.31 3.139 | -0.06167 | 376.0 -2.36 | -0.04071 | -2.32 28.8 75
3 5.783 | -0.04399 | 377.7 -3.52 | 2737 | -0.05976 | 375.2 -3.55 | 3.103 | -0.07608 | 371.6 -3.51 |-0.05188| -3.53 29.9 62
4 5.788 | -0.04201 | 377.5 -358 | 2742 | -0.05776 | 374.9 -3.62 | 3.113 | -0.07208 | 371.3 -3.58 |-0.05728 | -3.59 30.0 68
5 5765 | -0.05112| 375.2 -4.16 | 2.724 | -0.06498 | 372.8 -4.16 | 3.094 | -0.07969 | 369.2 -4.13 | -0.06526 | -4.15 29.6 68
6 5.754 | -0.05548 | 373.7 -4.55 | 2703 | -0.07340 | 371.1 -4.60 | 3.071 | -0.08890| 367.5 -4.57 |-0.07259 | -4.57 30.0 69
7 5758 | -0.05390| 373.5 -4.60 | 2.709 | -0.07099 | 371.0 -4.63 | 3.074 | -0.08770| 367.5 -4.57 |-0.07086 | -4.60 29.8 68
8 5.755 | -0.05509 | 373.5 -4.60 | 2.708 | -0.07140 | 371.0 -4.63 | 3.072 | -0.08850| 367.4 -4.60 |-0.07166 | -4.61 29.0 73
9 5.755 | -0.05509 | 373.0 -4.73 | 2708 | -0.07140 | 371.0 -4.63 | 3.070 | -0.08930| 367.2 -4.65 |-0.07193 | -4.67 29.8 70
10 5.755 | -0.05509 | 372.8 -4.78 | 2.709 | -0.07099 | 370.3 -4.81 3.067 | -0.09050 | 366.8 -4.75 |-0.07219 | -4.78 31.0 65
11 5.755 | -0.05509 | 372.8 -4.78 | 2.708 | -0.07140 | 370.3 -4.81 3.067 | -0.09050 | 366.8 -4.75 |-0.07233 | -4.78 30.2 67
12 5.755 | -0.05509 | 372.7 -4.80 | 2.709 | -0.07099 | 370.2 -4.83 | 3.067 | -0.09050 | 366.7 -4.78 |-0.07219| -4.80 29.9 69
13 5.756 | -0.05469 | 372.8 -4.78 | 2.708 | -0.07140 | 370.2 -4.83 | 3.067 | -0.09050 | 366.7 -4.78 |-0.07220 | -4.80 31.1 65
14 5.756 | -0.05469 | 372.8 -4.78 | 2.705 | -0.07260 | 370.2 -4.83 | 3.067 | -0.09050 | 366.6 -4.80 |-0.07260| -4.80 30.0 68
15 5.757 | -0.05430| 372.6 -4.83 | 2.704 | -0.07300 | 370.2 -4.83 | 3.067 | -0.09050 | 366.6 -4.80 |-0.07260| -4.82 31.2 66
20 5735 | -0.06301| 371.5 -5.11 2.693 | -0.07741 | 369.1 -5.12 | 3.064 | -0.09170| 365.4 -5.12 | -0.07738 | -5.11 29.0 69
30 5715 | -0.07094 | 370.0 -5.49 | 2.675 | -0.08463 | 367.8 -5.45 | 3.040 | -0.10131| 364.1 -5.45 |-0.08563 | -5.46 29.7 67

L61



M13199 $-4 NIAFILULLIYeIlenedinesueiis P30-1 UuTouniaaumail 80 asrnaalded

L1 =251.64 mm

L2 = 250.95 mm

L3 = 249.87 mm

Fregnadi 1 Fregnadi 2 Fregnadi 3 wde -
01 » N A " T o ] % . » R " T QMUY | Ad
oy | X wady | Wntdn | Wntdn | Lx naen | Wndn | dntdn | Lx nady | Umdn | dmdn | e | Uil e (%)
(mm) (%) () (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)
0 5.205 0 400.1 0 4.520 0 385.4 0 3.441 0 389.4 0 0 0 29.8 69
1 5.090 | -0.04570| 396.9 -0.80 | 4.430 | -0.03586 | 382.5 -0.75 | 3.378 | -0.02521| 386.5 -0.74 | -0.03559 | -0.77 21.7 78
2 5.045 | -0.06358 | 395.3 -1.20 | 4.385 | -0.05380 | 380.6 -1.25 | 3.342 | -0.03962 | 384.8 -1.18 |-0.05233 | -1.21 29.0 72
3 5.010 | -0.07749| 389.4 -2.67 | 4.350 | -0.06774| 375.6 -2.54 | 3.302 | -0.05563| 379.5 -2.54 | -0.06695| -2.59 28.0 69
4 5.017 | -0.07471| 388.8 -2.82 | 4.359 | -0.06416 | 374.7 -2.78 | 3.309 | -0.05283| 378.7 -2.75 | -0.06390 | -2.78 28.3 71
5 5.007 | -0.07869 | 387.0 -3.27 | 4.340 | -0.07173| 373.0 -3.22 | 3.294 | -0.05883| 376.9 -3.21 | -0.06975| -3.23 28.9 70
6 4.991 | -0.08504 | 384.8 -382 | 4.326 | -0.07731| 370.8 -3.79 | 3.278 | -0.06523| 374.6 -3.80 |-0.07586 | -3.80 30.6 65
7 4.985 | -0.08743| 384.3 -395 | 4329 | -0.07611| 370.2 -394 | 3.278 | -0.06523| 374.3 -3.88 |-0.07626 | -3.92 29.8 69
8 4.998 | -0.08226 | 384.1 -4.00 | 4.331 | -0.07531| 370.2 -3.94 | 3.280 | -0.06443| 374.1 -393 |-0.07400 | -3.96 29.4 70
9 4.994 | -0.08385| 384.0 -4.02 | 4.328 | -0.07651 | 370.0 -4.00 | 3.277 | -0.06563| 373.8 -4.01 |-0.07533 | -4.01 29.5 69
10 4.989 | -0.08584 | 383.7 -4.10 | 4.323 | -0.07850 | 369.7 -4.07 | 3.268 | -0.06924 | 373.4 -4.11 | -0.07786 | -4.09 31.0 65
11 4.986 | -0.08703| 383.5 -4.15 | 4.320 | -0.07970| 369.4 -4.15 | 3.268 | -0.06924 | 373.1 -4.19 | -0.07865| -4.16 30.0 68
12 4.985 | -0.08743| 382.6 -4.37 | 4.320 | -0.07970 | 368.6 -4.36 | 3.270 | -0.06844 | 372.7 -4.29 |-0.07852| -4.34 30.6 67
13 4.990 | -0.08544 | 382.9 -4.30 | 4.325 | -0.07770| 368.9 -4.28 | 3.272 | -0.06763| 372.9 -4.24 | -0.07693 | -4.27 31.1 65
14 4.990 | -0.08544 | 382.9 -4.30 | 4.326 | -0.07731| 368.9 -4.28 | 3.272 | -0.06763| 372.9 -4.24 | -0.07679 | -4.27 30.0 68
15 4.995 | -0.08345| 383.1 -4.25 | 4.329 | -0.07611| 369.0 -4.26 | 3.275 | -0.06643 | 373.1 -4.19 | -0.07533 | -4.23 29.8 70
20 4.995 | -0.08345| 381.8 -4.57 | 4.313 | -0.08249 | 367.7 -4.59 | 3.258 | -0.07324| 371.8 -4.52 |-0.07973| -4.56 29.4 68
30 495 | -0.10134| 379.1 -5.25 | 4.294 | -0.09006 | 364.9 -5.32 | 3.242 | -0.07964 | 369.2 -5.19 |-0.09035| -5.25 29.8 67

861



a Y v = a s sy & v PN a a
A1919N -5 ﬂ']i‘ViﬂG]']LL‘UULLW\‘iGU@QG\]IE]W@aLll@ill@i@'ﬁ 05-1 ‘Um@qum‘wgm 80 A LaaLsYd

L1 =249.21 mm

L2 = 251.13 mm

L3 = 250.42 mm

Fregnadi 1 Froghad 2 Fregnadi 3 wae -
01 » T ] T . " T o ] % . » T 1 7 - " T QU | A
oy | X waRa | Unn | dntn | Lx naed | Wntn | Wndn | Lx wada | dnn | Wntdn | wesa | il e %)
(mm) (%) (g) (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)
0 2.783 0 396.9 0 4.698 0 386.5 0 3.987 0 398.9 0 0 0 28.4 73
1 2.716 | -0.02688 | 386.0 -2.75 | 4.642 | -0.02230 | 376.8 -2.51 | 3.898 |-0.03554 | 388.3 -2.66 | -0.02824| -2.64 30.0 71
2 2.695 | -0.03531| 381.9 -3.78 | 4.626 | -0.02867 | 372.7 -357 | 3.878 |-0.04353 | 384.1 -3.71 -0.03942| -3.69 30.2 68
3 2.677 | -0.04253| 377.6 -4.86 | 4.612 | -0.03425| 368.3 -4.71 | 3.862 |-0.04992 | 379.5 -4.86 | -0.04623| -4.81 29.6 70
4 2.678 | -0.04213| 377.2 -4.96 | 4.605 | -0.03703 | 368.0 -4.79 | 3.857 |-0.05191 | 379.0 -4.99 | -0.04369| -4.91 29.1 69
5 2.657 | -0.05056 | 376.5 -5.14 | 4592 | -0.04221 | 367.1 -5.02 | 3.843 |-0.05750 | 378.2 -5.19 | -0.05009| -5.12 29.4 69
6 2.643 | -0.05618 | 375.6 -5.37 | 4.583 | -0.04579 | 366.4 -5.20 | 3.840 |-0.05870 | 377.6 -5.34 | -0.05356| -5.30 29.1 69
7 2.632 | -0.06059 | 374.7 -5.59 | 4.570 | -0.05097 | 365.6 -5.41 | 3817 |-0.06789 | 376.5 -5.62 | -0.05982| -5.54 31.0 65
8 2.638 | -0.05818 | 375.0 -552 | 4.572 | -0.05017 | 365.7 -5.38 | 3.825 |-0.06469 | 376.9 -552 | -0.05768| -5.47 29.9 68
9 2.634 | -0.05979 | 375.0 -552 | 4.568 | -0.05177 | 365.6 -5.41 | 3.823 |-0.06549 | 376.9 -5.52 | -0.05902| -5.48 30.0 68
10 2.627 | -0.06260 | 375.0 -552 | 4.562 | -0.05416 | 365.3 -5.49 | 3.820 |-0.06669 | 377.0 -5.49 | -0.06115| -5.50 30.3 65
11 2.627 | -0.06260 | 375.0 -552 | 4.563 | -0.05376 | 365.2 -551 | 3.820 |-0.06669 | 377.0 -5.49 | -0.06101| -5.51 30.1 67
12 2.627 | -0.06260 | 375.2 -5.47 | 4.568 | -0.05177 | 365.8 -5.36 | 3.822 |-0.06589 | 376.9 -5.52 | -0.06008| -5.45 30.6 67
13 2.629 | -0.06179 | 3754 -5.42 | 4.567 | -0.05216 | 366.0 -5.30 | 3.821 |-0.06629 | 377.0 -5.49 | -0.06008| -5.40 31.2 65
14 2.629 | -0.06179| 3754 -5.42 | 4.567 | -0.05216 | 366.0 -5.30 | 3.820 |-0.06669 | 377.0 -5.49 | -0.06022| -5.40 30.2 68
15 2.630 | -0.06139 | 375.6 -5.37 | 4.572 | -0.05017 | 366.3 -5.23 | 3.818 |-0.06749 | 377.8 -5.29 | -0.05968| -5.29 30.5 69
20 2.612 | -0.06862 | 375.2 -5.47 | 4.551 | -0.05854 | 365.7 -5.38 | 3.802 |-0.07388 | 376.8 -5.54 | -0.06701| -5.46 30.5 68
30 2.58 | -0.08146 | 374.1 -5.74 | 4519 | -0.07128 | 364.8 -5.61 | 3.775 |-0.08466 376 -5.74 | -0.07913| -5.70 30.0 65

661



] ) v P a s sy & v ~ a a
MN19190 9-6 ﬂ"liﬁﬂ@]'ﬂLL‘UULL‘VN%@QQT@W@ﬁLll@ill@ignﬁ 010-1 Uuiaqumwﬂ“m 80 DALY Y

L1 =248.39 mm L2 = 252.58 mm L3 =249.37 mm
Fregnit 1 et 2 Fregnfi 3 Wiy -
21g ” T o | % . " N » R ) " T QU | A
Eashy | X nagy | Wmdn | dmdn | Lx nagn | Wmdn | dmdn | Lx nafy | Uwiln | Uwdn | viedd | danin “c %)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (9) (%) (%) (%)

0 1.959 0 378.4 0 6.147 0 389.4 0 2.938 0 395.1 0 0 0 27.6 75
1 1.880 | -0.03180| 372.4 -1.59 | 6.056 | -0.03603 | 382.4 -1.80 | 2.865 | -0.02927| 386.3 -2.23 | -0.03237| -1.87 29.1 70
2 1.855 | -0.04187 | 367.7 -2.83 | 6.037 | -0.04355| 377.4 -3.08 | 2.847 | -0.03649| 382.0 -3.32 | -0.04064 | -3.07 30.2 67
3 1.854 | -0.04227 | 363.8 -3.86 | 6.030 | -0.04632 | 373.7 -4.03 | 2.835 | -0.04130| 378.4 -4.23 | -0.04330| -4.04 29.5 69
4 1.838 | -0.04871| 363.0 -4.07 | 6.013 | -0.05305| 372.9 -4.24 | 2.818 | -0.04812| 377.5 -4.45 | -0.04996| -4.25 29.0 69
5 1.831 | -0.05153 | 362.2 -4.28 | 6.001 | -0.05780 | 372.1 -4.44 | 2.803 | -0.05414| 376.4 -4.73 | -0.05449| -4.49 29.8 66
6 1.818 | -0.05677 | 361.2 -4.55 | 5.992 | -0.06137 | 371.1 -4.70 | 2.792 | -0.05855| 375.9 -4.86 | -0.05889| -4.70 29.8 68
7 1.810 | -0.05999 | 360.6 -4.70 | 5.996 | -0.05978 | 370.7 -4.80 | 2.799 | -0.05574| 375.6 -4.94 | -0.05850| -4.81 30.8 68
8 1.817 | -0.05717 | 361.8 -4.39 | 5.998 | -0.05899 | 371.9 -4.49 | 2.805 | -0.05333| 376.5 -4.71 | -0.05650| -4.53 29.8 70
9 1.811 | -0.05958 | 361.3 -4.52 | 5.997 | -0.05939 | 371.5 -4.60 | 2.798 | -0.05614| 376.2 -4.78 | -0.05837| -4.63 30.4 68
10 1.797 | -0.06522 | 360.8 -4.65 | 5.982 | -0.06533 | 370.9 -4.75 | 2.787 | -0.06055| 375.7 -491 | -0.06370| -4.77 30.6 66
11 1.798 | -0.06482 | 360.6 -4.70 | 5.977 | -0.06731 | 370.9 -4.75 | 2.784 | -0.06176| 375.8 -4.88 | -0.06463| -4.78 29.6 68
12 1.794 | -0.06643 | 360.5 -4.73 | 5976 | -0.06770 | 370.8 -4.78 | 2.784 | -0.06176| 375.6 -4.94 | -0.06530| -4.81 30.1 67
13 1.792 | -0.06723 | 360.5 -4.73 | 5975 | -0.06810 | 370.7 -4.80 | 2.782 | -0.06256| 375.4 -4.99 | -0.06596| -4.84 30.3 69
14 1.792 | -0.06723| 360.5 -4.73 | 5976 | -0.06770 | 370.6 -4.83 | 2.780 | -0.06336| 375.4 -4.99 | -0.06610| -4.85 30.2 68
15 1.798 | -0.06482 | 361.3 -4.52 | 5981 | -0.06572| 371.3 -4.65 | 2778 | -0.06416| 376.3 -4.76 | -0.06490| -4.64 30.8 69
20 1.786 | -0.06965| 360.4 -4.76 | 5.969 | -0.07047 | 370.5 -4.85 | 2.768 | -0.06817| 375.4 -4.99 | -0.06943| -4.87 31.0 66
30 1.757 | -0.08132 | 358.8 -5.18 593 | -0.08591| 369.4 -5.14 | 2.747 | -0.07659| 374 -5.34 | -0.08128| -5.22 30.3 65
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L1 = 249.42 mm L2 =251.98 mm L3 = 250.37 mm
Froghad 1 Fregnadi 2 Fregnadi 3 Wit -
01 » PRV B » T ] T . " T 1 7 - ” T QU | A
oy | X nady | Wntn | dnidn | Lx waea | Unidn | ddn | Lx wada | Unidn | dwdn | wesn | dndn e %)
(mm) (%) (g) (%) (mm) (%) (g) (%) | (mm) (%) (g) (%) (%) (%)

0 2.988 0 382.6 0 5.550 0 395.4 0 3.938 0 378.5 0 0 0 28.1 79
1 2.892 | -0.03849| 375.6 -1.83 | 5.450 | -0.03969 | 387.9 -1.90 | 3.880 | -0.02317| 370.0 -2.25 | -0.03378| -1.99 28.9 75
2 2.874 | -0.04571| 370.9 -3.06 | 5.426 | -0.04921 | 382.8 -3.19 | 3.859 | -0.03155| 365.5 -3.43 | -0.04216 | -3.23 29.8 62
3 2.870 | -0.04731| 368.4 -3.71 | 5420 | -0.05159 | 379.7 -397 | 3.856 | -0.03275| 362.8 -4.15 | -0.04388 | -3.94 27.6 73
4 2.854 | -0.05373| 366.5 -4.21 | 5.407 | -0.05675| 378.3 -4.32 | 3.839 | -0.03954 | 362.1 -4.33 | -0.05001 | -4.29 29.3 68
5 2.842 | -0.05854| 365.9 -4.36 | 5.405 | -0.05754 | 377.3 -4.58 | 3.824 | -0.04553| 360.7 -4.70 | -0.05387 | -4.55 29.1 67
6 2.832 | -0.06255| 365.0 -4.60 | 5.385 | -0.06548 | 376.3 -4.83 | 3.813 | -0.04993| 359.7 -4.97 | -0.05932| -4.80 30.3 68
7 2.823 | -0.06615| 364.6 -4.70 | 5.382 | -0.06667 | 376.0 -491 | 3810 | -0.05112| 359.3 -5.07 | -0.06132| -4.89 30.4 69
8 2.845 | -0.05733| 365.3 -4.52 | 5395 | -0.06151 | 377.0 -4.65 | 3.823 | -0.04593| 360.1 -4.86 | -0.05493| -4.68 31.0 66
9 2.832 | -0.06255| 365.0 -4.60 | 5.382 | -0.06667 | 376.6 -4.75 | 3816 | -0.04873| 360.0 -4.89 | -0.05932| -4.75 29.9 69
10 2.813 | -0.07016| 364.4 -4.76 | 5377 | -0.06866 | 375.9 -4.93 | 3.802 | -0.05432| 359.2 -5.10 | -0.06438 | -4.93 314 66
11 2.821 | -0.06696| 364.1 -4.84 | 5379 | -0.06786 | 375.9 -4.93 | 3.802 | -0.05432| 359.1 -5.13 | -0.06305| -4.96 30.2 69
12 2.820 | -0.06736| 364.1 -4.84 | 5378 | -0.06826 | 375.7 -4.98 | 3.800 | -0.05512| 359.1 -5.13 | -0.06358 | -4.98 30.0 68
13 2.818 | -0.06816| 364.3 -4.78 | 5378 | -0.06826 | 375.6 -5.01 | 3.800 | -0.05512| 359.1 -5.13 | -0.06385| -4.97 30.4 69
14 2.818 | -0.06816| 364.5 -4.73 | 5377 | -0.06866 | 375.8 -4.96 | 3.800 | -0.05512| 359.2 -5.10 | -0.06398 | -4.93 30.3 68
15 2.818 | -0.06816| 365.3 -4.52 | 5377 | -0.06866 | 376.6 -4.75 | 3.807 | -0.05232| 360.3 -4.81 -0.06305| -4.69 30.4 69
20 2.798 | -0.07618| 364.1 -4.84 | 5353 | -0.07818 | 375.5 -5.03 | 3.782 | -0.06231| 358.9 -5.18 | -0.07222| -5.02 315 65
30 2.778 | -0.08420| 362.8 -5.18 | 5.325 | -0.08929 | 374.3 -5.34 | 3.763 | -0.06990| 357.7 -5.50 | -0.08113| -5.34 29.8 67
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M13199 $-8 NIVARILULYeTlenediuesueiims P1005-1 Unseunigumnil 80 eemvaltyd

L1 =248.71 mm L2 = 250.83 mm L3 = 248.47 mm
Fregnit 1 Fregnii 2 Freenadt 3 Wiy -
21g " T o 1 7 - » T | T~ " R " T QUL | AE.
o) | X nagy | umdn | dmdn | Lx nagy | dwdn | dwitln | Lx nady | Uwln | ddn | vedd | dmdn °C %)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (9) (%) (%) (%)

0 2.281 0 385.4 0 4.400 0 383.9 0 2.043 0 380.1 0 0 0 28.5 73
1 2.217 | -0.02573 | 378.7 -1.74 | 4.336 | -0.02552 | 377.5 -1.67 1.994 |-0.01972 | 373.1 -1.84 |-0.02366 | -1.75 28.5 79
2 2.205 | -0.03056 | 374.3 -2.88 | 4.310 | -0.03588 | 372.9 -2.87 1.997 |-0.01851 | 368.8 -297 |-0.02832 | -291 28.8 69
3 2.204 | -0.03096 | 372.2 -3.43 | 4.312 | -0.03508 | 370.7 -3.44 | 1.980 |-0.02535 | 366.6 -3.55 |-0.03047 | -3.47 29.1 70
4 2.183 | -0.03940 | 370.6 -3.84 | 4.290 | -0.04385 | 369.3 -3.80 1.962 |-0.03260 | 365.3 -3.89 |-0.03862 | -3.85 30.4 63
5 2.172 | -0.04383 | 369.4 -4.15 | 4.273 | -0.05063 | 368.2 -4.09 1.950 [-0.03743 | 364.1 -4.21 |-0.043296 | -4.15 30.6 59
6 2.168 | -0.04543 | 368.4 -4.41 4.277 | -0.04904 | 367.1 -4.38 1.933 |-0.04427 | 363.1 -4.47 |-0.04625| -4.42 30.7 67
7 2.166 | -0.04624 | 368.2 -4.46 | 4.266 | -0.05342 | 366.9 -4.43 1.932 |-0.04467 | 363.1 -4.47 |-0.04811 | -4.45 29.2 69
8 2.178 | -0.04141 | 368.7 -4.33 | 4.272 | -0.05103 | 367.1 -4.38 1.940 |-0.04145 | 363.3 -4.42 |-0.04463 | -4.38 30.5 65
9 2.163 | -0.04744 | 368.4 -4.41 4.273 | -0.05063 | 366.9 -4.43 1.938 |-0.04226 | 363.0 -4.50 |-0.04678 | -4.45 30.3 65
10 2.162 | -0.04785 | 368.2 -4.46 | 4.268 | -0.05263 | 366.9 -4.43 1.932 |-0.04467 | 363.0 -4.50 |-0.04838 | -4.46 29.4 68
11 2.160 | -0.04865 | 368.1 -4.49 | 4.266 | -0.05342 | 366.7 -4.48 1.930 |-0.04548 | 363.0 -4.50 |-0.04918 | -4.49 30.0 68
12 2.159 | -0.04905 | 368.0 -4.51 4.264 | -0.05422 | 366.5 -4.53 1.930 |-0.04548 | 362.8 -4.55 |-0.04958 | -4.53 30.3 68
13 2.159 | -0.04905 | 368.0 -4.51 4.263 | -0.05462 | 366.4 -4.56 1.928 |-0.04628 | 362.6 -4.60 |-0.04998 | -4.56 30.7 68
14 2.160 | -0.04865 | 368.2 -4.46 | 4.263 | -0.05462 | 366.5 -4.53 1.930 |-0.04548 | 362.6 -4.60 |-0.04958 | -4.53 30.2 68
15 2.166 | -0.04624 | 368.6 -4.36 | 4.262 | -0.05502 | 367.4 -4.30 1.933 |-0.04427 | 363.4 -4.39 |-0.04851 | -4.35 30.6 68
20 2.151 | -0.05227 | 367.8 -4.57 4.25 | -0.05980 | 366.2 -4.61 1.923 |-0.04829 | 362.5 -4.63 |-0.05346 | -4.60 30.7 67
30 2.132 | -0.05991 366 -5.03 | 4.228 | -0.06857 | 364.6 -5.03 1.895 [-0.05956 | 360.4 -5.18 |-0.06268 | -5.08 30.2 66
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M13197 9-9 MIVARILUULIYBITLaNaALIesHETA1S P10010-1 UnSauigumail 80 asriwaldya

L1 =248.15 mm

L2 = 251.63 mm

L3 = 251.19 mm

Fregnadl 1 Fregnadi 2 Fregnadi 3 wde -
01 " T o ] % . " RV A » T 1 7 - » T QU | A
oy | X waRa | Wntn | Umtn | Lx naen | Ut | dntdn | Lx wada | Ut | dntdn | veda | Wntn “ %)
(mm) (%) (g) (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)
0 1.717 0 384.6 0 5.202 0 388.8 0 4.763 0 392.8 0 0 0 28.1 79
1 1.595 | -0.04916 | 378.1 -1.69 | 5.102 | -0.03974 | 381.7 -1.83 | 4.692 |-0.02827 | 384.8 -2.04 |-0.03906 | -1.85 30.9 68
2 1.594 | -0.04957 | 372.2 -3.22 | 5.095 | -0.04252 | 376.3 -3.22 | 4.682 |-0.03225 | 379.7 -3.34 |-0.04145 | -3.26 28.0 70
3 1.596 | -0.04876 | 370.3 -3.72 | 5.104 | -0.03895 | 374.3 -3.73 | 4.688 |-0.02986 | 377.8 -3.82 |-0.03931 | -3.76 29.0 70
4 1.571 | -0.05884 | 368.8 -4.11 | 5.068 | -0.05325| 372.9 -4.09 | 4.659 |-0.04140 | 376.3 -4.20 |-0.05116 | -4.13 28.7 68
5 1.553 | -0.06609 | 367.5 -4.45 | 5.066 | -0.05405| 371.5 -4.45 | 4.648 |-0.04578 | 374.9 -4.56 |-0.05531| -4.48 31.0 66
6 1.551 | -0.06690 | 366.8 -4.63 | 5.064 | -0.05484 | 370.9 -4.60 | 4.646 |-0.04658 | 374.0 -4.79 |-0.05611 | -4.67 29.6 67
7 1.550 | -0.06730 | 366.6 -4.68 | 5.067 | -0.05365| 370.5 -4.71 | 4.643 |-0.04777 | 373.7 -4.86 |-0.05624 | -4.75 29.6 68
8 1.554 | -0.06569 | 367.0 -4.58 | 5.073 | -0.05127 | 370.9 -4.60 | 4.650 |-0.04499 | 374.3 -4.71 |-0.05398 | -4.63 30.5 65
9 1.552 | -0.06649 | 366.5 -4.71 | 5.064 | -0.05484 | 370.6 -4.68 | 4.644 |-0.04737 | 373.8 -4.84 |-0.05624 | -4.74 30.7 64
10 1.547 | -0.06851 | 366.3 -4.76 | 5.061 | -0.05603 | 370.5 -4.71 | 4.642 |-0.04817 | 373.7 -4.86 |-0.05757 | -4.78 29.5 68
11 1.545 | -0.06931 | 366.2 -4.78 | 5.060 | -0.05643 | 370.3 -4.76 | 4.640 |-0.04897 | 373.4 -4.94 |-0.05824 | -4.83 30.2 67
12 1.545 | -0.06931 | 366.2 -4.78 | 5.060 | -0.05643 | 370.1 -4.81 | 4.640 |-0.04897 | 3735 -491 |-0.05824 | -4.84 30.8 67
13 1.543 | -0.07012 | 366.0 -4.84 | 5.057 | -0.05762 | 369.9 -4.86 | 4.632 |-0.05215 | 373.2 -4.99 |-0.05996 | -4.90 30.8 67
14 1.543 | -0.07012 | 366.0 -4.84 | 5.057 | -0.05762 | 370.1 -4.81 | 4.633 |-0.05175 | 373.4 -4.94 |-0.05983 | -4.86 30.2 68
15 1.545 | -0.06931 | 366.5 -4.71 | 5.057 | -0.05762 | 370.5 -4.71 | 4.638 |-0.04976 | 373.8 -4.84 |-0.05890 | -4.75 30.8 67
20 1.534 | -0.07375| 365.7 -4.91 | 5.046 | -0.06200 | 369.4 -4.99 | 4.632 |-0.05215 | 3724 -5.19 |-0.06263 | -5.03 31.0 66
30 1.507 | -0.08463 364 -5.36 | 5.029 | -0.06875 | 367.7 -5.43 4.6 |-0.06489 | 370.5 -5.68 |-0.07276 | -5.49 29.9 67
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M1319 $-10 NMsnadIkuULsYaslonediuesuesins P10015-1 UNauilgum)il 80 smiwaldea

L1 = 250.56 mm L2 = 249.67 mm L3 =251.99 mm
Feenai 1 Fregnii 2 et 3 iy -
21g " T v | % . ” N " R ) ” T QUL | A
Eashy | X nady | dmdn | dwtdn | Lx nagy | Umdn | dmdn | Lx naga | umdn | dmdn | vedd | dain “c %)
(mm) (%) (9) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 4.128 0 409.3 0 3.236 0 384.8 0 5.555 0 392.5 0 0 0 21.2 7
1 3.991 | -0.05468 | 403.1 -1.51 3.090 | -0.05848 | 379.0 -1.51 5.471 |-0.03334 | 385.9 -1.68 | -0.04883| -1.57 29.0 73
2 3.973 | -0.06186 | 396.7 -3.08 | 3.066 | -0.06809 | 372.9 -3.09 | 5.457 |-0.03889 | 379.4 -3.34 | -0.05628| -3.17 30.2 61
3 3.974 | -0.06146 | 395.6 -3.35 | 3.072 | -0.06569 | 372.1 -3.30 | 5.450 |-0.04167 | 378.8 -3.49 | -0.05627| -3.38 30.4 67
4 3.959 | -0.06745| 393.2 -3.93 | 3.053 | -0.07330 | 369.6 -395 | 5428 |-0.05040 | 376.8 -4.00 | -0.06372| -3.96 30.0 66
5 3.946 | -0.07264 | 391.3 -4.40 | 3.040 | -0.07850 | 368.3 -4.29 | 5.418 |-0.05437 | 375.4 -4.36 | -0.06850| -4.35 30.1 69
6 3.945 | -0.07304 | 391.2 -4.42 | 3.040 | -0.07850 | 368.0 -4.37 | 5.420 |-0.05357 | 375.3 -4.38 | -0.06837| -4.39 30.0 67
7 3.947 | -0.07224 | 391.0 -4.47 | 3.033 | -0.08131 | 368.2 -4.31 5.418 |-0.05437 | 375.5 -4.33 | -0.06931| -4.37 29.8 70
8 3.961 | -0.06665| 391.6 -4.32 | 3.045 | -0.07650 | 368.7 -4.18 | 5.428 |-0.05040 | 376.2 -4.15 | -0.06452| -4.22 30.4 68
9 3.936 | -0.07663 | 389.6 -4.81 3.028 | -0.08331 | 367.2 -4.57 | 5412 |-0.05675 | 375.0 -4.46 | -0.07223| -4.62 30.1 67
10 3.936 | -0.07663 | 389.6 -4.81 3.027 | -0.08371 | 367.2 -4.57 | 5412 |-0.05675 | 375.0 -4.46 | -0.07236| -4.62 29.9 69
11 3.938 | -0.07583 | 389.7 -4.79 | 3.026 | -0.08411 | 367.3 -4.55 | 5410 |-0.05754 | 375.1 -4.43 | -0.07250| -4.59 30.3 68
12 3.937 | -0.07623 | 389.6 -4.81 3.025 | -0.08451 | 367.3 -4.55 | 5410 |-0.05754 | 374.9 -4.48 | -0.07276| -4.61 30.8 67
13 3.934 | -0.07743 | 389.5 -4.84 | 3.023 | -0.08531 | 366.9 -4.65 | 5.406 |-0.05913 | 374.6 -4.56 | -0.07396| -4.68 30.8 67
14 3.935 | -0.07703 | 389.5 -4.84 | 3.023 | -0.08531 | 366.8 -4.68 | 5.406 |-0.05913 | 374.8 -4.51 | -0.07382| -4.67 30.2 68
15 3.939 | -0.07543 | 389.7 -4.79 | 3.024 | -0.08491 | 367.7 -4.44 | 5410 |-0.05754 | 375.6 -4.31 | -0.07263| -4.51 31.3 64
20 3.924 | -0.08142 | 388.6 -5.06 | 3.021 | -0.08612 | 366.7 -4.70 | 5.405 |-0.05953 | 374.3 -4.64 | -0.07569| -4.80 30.2 68
30 3.899 | -0.09140 | 386.2 -5.64 | 2.994 | -0.09693 | 364.7 -5.22 | 5.381 |-0.06905 | 372.5 -5.10 | -0.08579| -5.32 30.2 67
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M15197 9-11 NMsuadluULiaesRlanediueiuaians P2005-1 Udseunigumgil 80 sumigaldes

L1 =250.64 mm

L2 = 250.13 mm

L3 = 251.87 mm

Fregnadl 1 Froghad 2 Freghed 3 \de -
01 " T | % . » N A » T o ] 7 - » T QU | A
oy | X waea | Wnn | dmtdn | Lx nady | dmdn | dntdn | Lx wadd | dmdn | dntdn | veda | dntn “ %)
(mm) (%) (g) (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)
0 4.208 0 397.5 0 3.699 0 383.4 0 5.444 0 392.0 0 0 0 29.6 73
1 4.142 | -0.02633 | 392.2 -1.33 | 3.617 | -0.03278 | 378.7 -1.23 | 5321 |-0.04883 | 387.6 -1.12 | -0.03598 | -1.23 29.5 71
2 4.117 | -0.03631 | 385.0 -3.14 | 3.586 | -0.04518 | 372.0 -297 | 5.300 |-0.05717 | 381.0 -2.81 | -0.04622| -2.97 28.3 67
3 4.119 | -0.03551 | 384.9 -3.17 | 3.594 | -0.04198 | 371.6 -3.08 | 5.294 |-0.05955 | 380.7 -2.88 | -0.04568 | -3.04 28.0 72
4 4.103 | -0.04189 | 382.6 -3.75 | 3.575 | -0.04957 | 369.3 -3.68 | 5.285 |-0.06313 | 378.4 -3.47 | -0.05153| -3.63 29.4 68
5 4.093 | -0.04588 | 381.0 -4.15 | 3.565 | -0.05357 | 367.8 -4.07 | 5.282 |-0.06432 | 376.9 -3.85 | -0.05459| -4.02 29.6 69
6 4.086 | -0.04868 | 380.6 -4.25 | 3.555 | -0.05757 | 367.2 -4.23 | 5272 |-0.06829 | 376.0 -4.08 |-0.05818| -4.19 30.0 67
7 4.089 | -0.04748 | 380.7 -04.23 | 3.556 | -0.05717 | 367.7 -4.09 | 5.277 |-0.06630 | 376.3 -4.01 |-0.05698| -4.11 30.0 68
8 4.086 | -0.04868 | 380.3 -4.33 | 3,551 | -0.05917 | 367.5 -4.15 | 5.270 |-0.06908 | 376.0 -4.08 | -0.05898| -4.19 29.8 69
9 4.083 | -0.04987 | 380.0 -4.40 | 3.548 | -0.06037 | 366.4 -4.43 | 5265 |-0.07107 | 375.2 -4.29 |-0.06044 | -4.37 30.1 67
10 4.083 | -0.04987 | 380.0 -4.40 | 3.546 | -0.06117 | 366.4 -4.43 | 5265 |-0.07107 | 375.2 -4.29 | -0.06070| -4.37 30.2 67
11 4.081 | -0.05067 | 380.0 -4.40 | 3.542 | -0.06277 | 366.3 -4.46 | 5262 |-0.07226 | 374.9 -4.36 | -0.06190| -4.41 30.6 66
12 4.080 | -0.05107 | 379.9 -4.43 | 3,542 | -0.06277 | 366.3 -4.46 | 5263 |-0.07186 | 374.7 -4.41 | -0.06190| -4.43 31.2 64
13 4.073 | -0.05386 | 379.6 -4.50 | 3.542 | -0.06277 | 366.0 -4.54 | 5262 |-0.07226 | 374.5 -4.46 | -0.06296| -4.50 30.8 69
14 4.074 | -0.05346 | 379.6 -4.50 | 3.543 | -0.06237 | 366.2 -4.49 | 5262 |-0.07226 | 374.7 -4.41 | -0.06270| -4.47 30.2 68
15 4.088 | -0.04788 | 380.5 -4.28 | 3.548 | -0.06037 | 367.1 -4.25 | 5.267 |-0.07027 | 375.3 -4.26 | -0.05951| -4.26 31.3 64
20 4.070 | -0.05506 | 379.3 -4.58 | 3.532 | -0.06677 | 365.9 -4.56 | 5.253 |-0.07583 | 374.1 -4.57 | -0.06589 | -4.57 30.8 67
30 4.048 | -0.06384 | 377.3 -5.08 | 3.526 | -0.06916 | 364.1 -5.03 5.23 |-0.08496 372 -5.10 | -0.07265| -5.07 29.9 67

G0¢



M13199 $-12 NMsuadikuuLsveslonediuesueseins P20010-1 UNseuilgumil 80 smiwaldea

L1 =247.99 mm L2 = 252.40 mm L3 = 248.98 mm
Fregnadl 1 Froghad 2 Fregnadl 3 Wit -
7 " R ) » T - ] % - » T o 1 % - » T S| Ad
@ah) | X oy | dwdn | dwmdn | Lx wasy | dwmdn | dndn | Lx waf | dmdn | dwdn | wvesn | donddn “ (%)
(mm) (%) () (%) (mm) (%) (g) (%) (mm) (%) () (%) (%) (%)

0 1.559 0 397.5 0 5.967 0 394.5 0 2.551 0 398.3 0 0 0 29.0 7
1 1.405 | -0.06210 | 392.7 -1.21 | 5.825 |-0.05626 | 390.0 -1.14 | 2.460 | -0.03655| 392.9 -1.36 |-0.05164 | -1.23 30.3 68
2 1.401 | -0.06371 | 386.3 -2.82 | 5.814 |-0.06062 | 384.0 -2.66 | 2.454 | -0.03896| 386.7 -2.91 |-0.05443 | -2.80 30.0 67
3 1.393 | -0.06694 | 385.9 -2.92 | 5.808 |-0.06300 | 383.4 -2.81 | 2435 | -0.04659| 386.4 -2.99 1-0.05884 | -2.91 29.5 67
4 1.390 | -0.06815| 384.3 -3.32 | 5.803 |-0.06498 | 381.9 -3.19 | 2.426 | -0.05020| 385.2 -3.29 |-0.06111 -3.27 29.2 70
5 1.382 | -0.07137 | 382.5 -3.77 | 5.802 |-0.06537 | 380.9 -3.45 | 2418 | -0.05342| 384.1 -3.57 1-0.06339 | -3.60 29.5 68
6 1.380 | -0.07218 | 381.0 -4.15 | 5799 |-0.06656 | 379.7 -3.75 | 2418 | -0.05342| 383.2 -3.79 |-0.06405 | -3.90 30.0 65
7 1.388 | -0.06895| 380.5 -4.28 | 5.801 |-0.06577 | 379.2 -3.88 | 2.421 | -0.05221| 382.9 -3.87 |-0.06231 -4.01 30.0 67
8 1.380 | -0.07218 | 380.1 -4.38 | 5.795 |-0.06815 | 378.8 -398 | 2416 | -0.05422| 382.4 -3.99 |-0.06485 | -4.12 29.9 69
9 1.373 | -0.07500 | 379.4 -4.55 | 5792 1-0.06934 | 378.4 -4.08 | 2.405 | -0.05864 | 382.5 -3.97 |-0.06766 | -4.20 30.2 66
10 1.373 | -0.07500 | 379.2 -4.60 | 5.792 |-0.06934 | 378.4 -4.08 | 2.405 | -0.05864 | 382.4 -3.99 |-0.06766 | -4.23 29.9 69
11 1.371 | -0.07581 | 379.0 -4.65 | 5.790 |-0.07013 | 378.3 -4.11 | 2.402 | -0.05984| 382.3 -4.02 |-0.06859 | -4.26 30.1 67
12 1.370 | -0.07621 | 378.5 -4.78 | 5.788 |-0.07092 | 378.2 -4.13 | 2.410 | -0.05663| 382.5 -397 |-0.06792 | -4.29 31.1 64
13 1.368 | -0.07702| 378.2 -4.86 | 5.791 |-0.06973 | 377.9 -4.21 | 2409 | -0.05703| 382.2 -4.04 |-0.06793 | -4.37 30.8 69
14 1.368 | -0.07702| 378.3 -4.83 | 5.792 |-0.06934 | 378.1 -4.16 | 2.407 | -0.05784| 382.3 -4.02 |-0.06806 | -4.33 30.3 68
15 1.366 | -0.07783| 378.5 -4.78 | 5.792 |-0.06934 | 378.7 -4.01 | 2.407 | -0.05784| 382.9 -3.87 |-0.06833 | -4.22 315 64
20 1.350 | -0.08428 | 375.4 -556 | 5.778 |-0.07488 | 376.9 -4.46 | 2.398 | -0.06145| 381.6 -4.19 |-0.07354 | -4.74 30.8 65
30 1.338 | -0.08912| 373.2 -6.11 | 5.754 |-0.08439 | 375.2 -4.89 | 2.388 | -0.06547| 379.4 -4.75 1-0.07966 | -5.25 30.2 66

90¢



M13197 9-13 NsUAIlUULiIesilanedilaiiaians P20015-1 Uuiouiigumgil 80 aerLaidea

L1 = 248.75 mm L2 = 249.98 mm L3 = 249.04 mm
Freghit 1 Fregil 2 et 3 \de -
7Y " R I " N A " T [ 3.~ " T AAgE | A
o) | X wada | dudn | dndn | Lx wada | dutdn | Wnin | Lx wada | Wmdn | dhutdn | weda | Wntn “ (%)
(mm) (%) (9 %) | (mm) (%) (9 (%) (mm) (%) (9 (%) (%) (%)

0 2.318 0 375.9 0 3.547 0 390.7 0 2.609 0 400.3 0 0 0 29.8 70
1 2.173 | -0.05829 | 371.3 -1.22 | 3.379 | -0.06721| 386.0 -1.20 | 2.498 | -0.04457| 394.3 -1.50 |-0.05669 -1.31 30.4 64
2 2.178 | -0.05628 | 367.2 -2.31 3.388 | -0.06361| 381.9 -2.25 | 2.507 | -0.04096| 390.3 -2.50 |-0.05362 -2.35 28.2 74
3 2.158 | -0.06432 | 366.1 -2.61 3.373 | -0.06961 | 380.5 -2.61 | 2.500 | -0.04377| 389.1 -2.80 [-0.05923 -2.67 28.8 71
4 2.152 | -0.06673| 364.5 -3.03 | 3.358 | -0.07561 | 378.5 -3.12 | 2475 | -0.05381| 387.5 -3.20 |-0.06538 | -3.12 30.0 64
5 2.135 | -0.07357 | 362.7 -3.51 3.342 | -0.08201| 376.6 -3.61 | 2461 | -0.05943| 386.2 -352 |-0.07167 -3.55 29.7 68
6 2.129 | -0.07598 | 362.1 -3.67 | 3.353 | -0.07761| 375.0 -4.02 | 2448 | -0.06465| 385.1 -3.80 |-0.07275 | -3.83 30.7 68
7 2.135 | -0.07357 | 363.4 -3.33 | 3.363 | -0.07361 | 376.7 -358 | 2.455 | -0.06184| 387.4 -3.22 |-0.06967 | -3.38 31.3 64
8 2.141 | -0.07116 | 362.7 -351 | 3.348 | -0.07961| 3759 -3.79 | 2.462 | -0.05903| 386.4 -3.47 |-0.06993 | -3.59 30.5 67
9 2.138 | -0.07236| 361.8 -3.75 | 3.345 | -0.08081 | 374.6 -4.12 | 2.461 | -0.05943| 385.8 -3.62 |-0.07087 -3.83 30.3 66
10 2.135 | -0.07357 | 361.6 -3.80 | 3.343 | -0.08161| 374.5 -4.15 | 2.461 | -0.05943| 385.8 -3.62 |-0.07153 | -3.86 30.1 67
11 2.132 | -0.07477| 361.3 -3.88 | 3.343 | -0.08161| 373.9 -4.30 | 2.460 | -0.05983| 385.3 -3.75 |-0.07207 -3.98 30.1 67
12 2.129 | -0.07598 | 361.0 -396 | 3.341 | -0.08241| 3735 -4.40 | 2.460 | -0.05983| 384.7 -390 |-0.07274 | -4.09 30.6 69
13 2.132 | -0.07477| 361.2 -3.91 3.348 | -0.07961 | 373.6 -04.38 | 2.459 | -0.06023| 385.1 -3.80 |-0.07154 | -4.03 30.9 69
14 2.133 | -0.07437| 361.2 -3.91 3.344 | -0.08121| 373.7 -4.35 | 2.460 | -0.05983| 385.2 -3.77 |-0.07180 -4.01 30.4 68
15 2.136 | -0.07317| 361.6 -3.80 | 3.342 | -0.08201 | 374.0 -4.27 | 2.467 | -0.05702| 385.7 -3.65 |-0.07073 -391 31.5 64
20 2.123 | -0.07839 | 360.2 -4.18 | 3.340 | -0.08281| 371.3 -4.97 | 2.456 | -0.06144| 384.1 -4.05 [-0.07421 -4.40 30.8 65
30 2.116 | -0.08121| 358.3 -04.68 | 3.324 | -0.08921 | 369.2 -550 | 2.437 | -0.06907| 382.2 -4.52 |-0.07983 -4.90 30.3 66

L0¢



M13199 $-14 NMsvadikuuLsYesilonediuesuesais Control-2 Unseunguuail 80 oM vaLTyd

L1 =250.25 mm L2 = 249.78 mm L3 = 249.06 mm
Fregnadl 1 Fregnadi 2 Fregnadi 3 wde -
01 " T o ] % . " RV A " T 1 7 - » T QU | A
oy | X waRa | Wntn | Umtn | Lx naen | Ul | dntdn | Lx wada | Ut | dntdn | veda | Wntn “ %)
(mm) (%) (g) (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 3.815 0 376.9 0 3.350 0 391.0 0 2.628 0 384.5 0 0 0 28.9 73
1 3.789 | -0.01039 | 368.6 -2.20 | 3.329 | -0.00841 | 381.9 -2.33 | 2.608 |-0.00803 | 374.7 -2.55 |-0.00894 | -2.36 27.6 78
2 3.768 | -0.01878 | 364.3 -3.34 | 3.282 | -0.02722 | 3774 -348 | 2.579 |-0.01967 | 370.7 -3.59 |-0.02189 | -3.47 29.3 70
3 3.760 | -0.02198 | 363.2 -3.63 | 3.280 | -0.02802 | 376.1 -381 | 2.566 |-0.02489 | 369.5 -390 |-0.02497 | -3.78 28.7 69
4 3.762 | -0.02118 | 363.2 -3.63 | 3.282 | -0.02722 | 376.2 -3.79 | 2.558 |-0.02811 | 369.6 -3.88 |-0.02550 | -3.77 26.1 72
5 3.772 | -0.01718 | 363.2 -3.63 | 3.295 | -0.02202 | 376.2 -3.79 | 2.558 |-0.02811 | 369.6 -3.88 |-0.02244 | -3.77 30.4 69
6 3.750 | -0.02597 | 362.1 -3.93 | 3.267 | -0.03323 | 375.0 -4.09 | 2.553 |-0.03011 | 368.5 -4.16 |-0.02977 | -4.06 29.1 65
7 3.755 | -0.02398 | 362.5 -3.82 | 3.274 | -0.03043 | 375.3 -4.02 | 2.550 |-0.03132 | 368.8 -4.08 |-0.02857 | -3.97 27.8 76
8 3.738 | -0.03077 | 361.3 -4.14 | 3.259 | -0.03643 | 374.8 -4.14 | 2.539 |-0.03573 | 368.3 -4.21 |-0.03431 | -4.17 30.0 64
9 3.722 | -0.03716 | 361.6 -4.06 | 3.247 | -0.04124 | 374.4 -4.25 | 2.514 |-0.04577 | 368.0 -4.29 |-0.04139 | -4.20 31.0 68
10 3.716 | -0.03956 | 361.3 -4.14 | 3.236 | -0.04564 | 374.1 -4.32 | 2.518 |-0.04417 | 367.7 -4.37 |-0.04312 | -4.28 30.6 67
11 3.714 | -0.04036 | 361.5 -4.09 | 3.237 | -0.04524 | 374.2 -4.30 | 2.511 |-0.04698 | 367.8 -4.34 |-0.04419 | -4.24 28.9 71
12 3.725 | -0.03596 | 361.6 -4.06 | 3.241 | -0.04364 | 374.6 -4.19 | 2.520 |-0.04336 | 368.0 -4.29 |-0.04099 | -4.18 29.6 70
13 3.724 | -0.03636 | 361.6 -4.06 | 3.242 | -0.04324 | 374.6 -4.19 | 2.510 |-0.04738 | 368.0 -4.29 |-0.04233 | -4.18 29.5 68
14 3.718 | -0.03876 | 361.2 -4.17 | 3.236 | -0.04564 | 374.1 -4.32 | 2.508 |-0.04818 | 367.7 -4.37 |-0.04419 | -4.29 29.6 66
15 3.716 | -0.03956 | 361.2 -4.17 | 3.228 | -0.04884 | 374.1 -4.32 | 2.499 |-0.05180 | 367.7 -4.37 |-0.04673 | -4.29 30.0 66
20 3.717 | -0.03916 | 361.8 -4.01 | 3.234 | -0.04644 | 374.7 -4.17 | 2.508 |-0.04818 | 368.1 -4.27 |-0.04459 | -4.15 30.8 67
30 3.672 | -0.05714 | 360.3 -4.40 | 3.205 | -0.05805| 373.3 -4.53 | 2.468 |-0.06424 | 366.9 -4.58 |-0.05981 | -4.50 29.8 67

80¢



a Y v = a s sy & v N a ~
M1919N 9-15 ﬂ']i‘ViﬂG]'JLLUULLW\‘iGU@QG\]IE]W@aLll@ill@i@'ﬁ P10-2 ‘Uuiaumqmﬁﬂum 80 AL Yd

L1 =250.48 mm L2 =251.89 mm L3 = 251.15 mm
Fregnadi 1 Fregnadi 2 fegnadi 3 \de -
7y " R A " R A " T | % - " T QU | A
o) | wadd | dwmddn | dndn | Lx wad | dwmdn | dndn | Lx nadd | Wmdn | dwdn | uwedy | dimdn c (%)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (9) (%) (%) (%)

0 4.049 0 384.3 0 5.460 0 383.0 0 4.718 0 374.1 0 0 0.00 27.0 7
1 4.038 | -0.00439 | 376.2 -2.11 5.449 |-0.00437 | 376.9 -1.59 | 4.702 | -0.00637 | 368.2 -1.58 |-0.00504 | -1.76 27.9 7
2 4.011 | -0.01517 | 371.3 -3.38 | 5421 |-0.01548 | 371.7 -295 | 4.676 | -0.01672 | 363.8 -2.75 |-0.01579 | -3.03 30.1 62
3 4.011 | -0.01517 | 371.1 -3.43 | 5418 |-0.01667 | 370.8 -3.19 | 4672 | -0.01832 | 363.1 -294 | -0.01672| -3.19 28.1 69
4 4.013 | -0.01437 | 372.0 -3.20 | 5.424 1-0.01429 | 371.3 -3.05 | 4.678 | -0.01593 | 363.7 -2.78 |-0.01486 | -3.01 28.4 75
5 4.008 | -0.01637 | 371.6 -3.30 | 5.418 |-0.01667 | 371.2 -3.08 | 4.666 | -0.02070 | 363.4 -2.86 |-0.01792| -3.08 30.6 69
6 3.995 | -0.02156 | 369.4 -3.88 | 5.408 |-0.02064 | 369.1 -3.63 | 4.664 | -0.02150 | 361.5 -3.37 | -0.02123 | -3.62 27.6 70
7 3.997 | -0.02076 | 368.5 -4.11 5.410 |-0.01985 | 367.9 -394 | 4.660 | -0.02309 | 360.4 -3.66 |-0.02123| -3.91 28.5 72
8 3.983 | -0.02635 | 368.3 -4.16 | 5.398 |-0.02461 | 367.5 -4.05 | 4.655 | -0.02508 | 360.0 -3.77 | -0.02535| -3.99 28.2 69
9 3.977 | -0.02874 | 367.7 -4.32 | 5.392 |-0.02700 | 367.1 -4.15 | 4.638 | -0.03185 | 359.6 -3.88 |-0.02920| -4.12 28.6 67
10 3.968 | -0.03234 | 367.1 -4.48 | 5.386 |-0.02938 | 366.6 -4.28 | 4.634 | -0.03345 | 359.1 -4.01 | -0.03172| -4.26 29.1 68
11 3.962 | -0.03473 | 366.7 -4.58 | 5.382 |-0.03097 | 366.3 -04.36 | 4.632 | -0.03424 | 358.8 -4.09 |-0.03331| -4.34 30.2 68
12 3.976 | -0.02914 | 367.8 -4.29 | 5.394 |-0.02620 | 367.0 -4.18 | 4.639 | -0.03146 | 359.3 -396 |-0.02893| -4.14 29.9 69
13 3.968 | -0.03234 | 367.2 -4.45 | 5389 |-0.02819 | 366.6 -4.28 | 4.632 | -0.03424 | 359.1 -4.01 | -0.03159 | -4.25 30.4 64
14 3.964 | -0.03393 | 367.2 -4.45 | 5384 |-0.03017 | 366.5 -4.31 4.631 | -0.03464 | 358.8 -4.09 |-0.03292 | -4.28 29.5 66
15 3.958 | -0.03633 | 366.8 -4.55 | 5.380 |-0.03176 | 366.0 -4.44 | 4.627 | -0.03623 | 358.6 -4.14 | -0.03477 | -4.38 30.1 65
20 3.963 | -0.03433 | 367.8 -4.29 | 5.382 |-0.03097 | 366.7 -04.26 | 4.632 | -0.03424 | 359.2 -398 |-0.03318| -4.18 30.5 69
30 3.942 | -0.04272 | 365.7 -4.84 | 5355 |-0.04168 | 364.9 -4.73 | 4.599 | -0.04738 | 357.5 -4.44 | -0.04393 | -4.67 29.9 67

60¢



] ) v P a s sy & v ~ a a
M99 9-16 ﬂ'ﬁﬁﬂ@]'ﬂLL‘UULLMQGU@ﬂﬂI@W@aLll@ill@ignﬁ p20-2 UN?@UWQQ«!MQ&I 80 29ALRALYYE

L1 =252.43 mm

L2 = 249.59 mm

L3 = 252.38 mm

Fregnadl 1 Fregnadi 2 Fregnadl 3 Wit -
01 » N » N » T 1 7 - » T Qg | Ad
Gy | X nady | dmdn | Wnddn | Lx wady | dmdn | Wnddn | Lx wady | dmidn | dutdn | wesh | Uiutn e %)
(mm) (%) () (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)

0 6.003 0 375.6 0 3.162 0 394.5 0 5.948 0 391.3 0 0 0.00 26.6 80
1 5.995 | -0.00317 | 371.5 -1.09 | 3.145 |-0.00681 | 390.0 -1.14 | 5928 | -0.00792 | 387.0 -1.10 | -0.00499 | -1.11 28.1 7
2 5.986 | -0.00673 | 367.4 -2.18 | 3.127 |-0.01402 | 385.7 -2.23 | 5911 | -0.01466 | 382.9 -2.15 ] -0.01038 | -2.19 27.9 76
3 5.970 | -0.01307 | 366.5 -2.42 | 3.127 |-0.01402 | 384.6 -251 | 5900 | -0.01902 | 381.9 -2.40 | -0.01355| -2.44 28.7 69
4 5.975 | -0.01109 | 367.1 -2.26 | 3.128 |-0.01362 | 3854 -2.31 | 5918 | -0.01189 | 383.1 -2.10 | -0.01220 | -2.22 28.7 74
5 5.977 | -0.01030 | 367.1 -2.26 | 3.136 |-0.01042 | 385.1 -2.38 | 5915 | -0.01308 | 383.1 -2.10 | -0.01036 | -2.25 30.7 68
6 5.961 | -0.01664 | 364.9 -2.85 | 3.122 |-0.01603 | 3829 -294 | 5894 | -0.02140 | 380.9 -2.66 | -0.01802 | -2.82 27.8 71
7 5.962 | -0.01624 | 364.1 -3.06 | 3.123 [-0.01563 | 382.1 -3.14 | 5900 | -0.01902 | 380.4 -2.79 | -0.01696 | -3.00 28.2 76
8 5.954 | -0.01941 | 363.3 -3.27 | 3.112 |-0.02003 | 381.1 -3.40 | 5.885 | -0.02496 | 379.3 -3.07 | -0.02147 | -3.25 28.4 69
9 5.944 | -0.02337 | 362.2 -3.57 | 3.108 [-0.02164 | 380.0 -3.68 | 5878 | -0.02774 | 378.3 -3.32 | -0.02425 | -3.52 28.6 67
10 5.936 | -0.02654 | 361.5 -3.75 | 3.102 |[-0.02404 | 379.4 -3.83 | 5873 | -0.02972 | 377.8 -3.45 | -0.02677 | -3.68 29.3 68
11 5.935 | -0.02694 | 361.2 -3.83 | 3.098 [-0.02564 | 379.0 -393 | 5865 | -0.03289 | 377.2 -3.60 | -0.02849 | -3.79 30.3 67
12 5.943 | -0.02377 | 362.0 -3.62 | 3.112 |-0.02003 | 379.8 -3.73 | 5873 | -0.02972 | 378.1 -3.37 | -0.02451 | -3.57 30.0 68
13 5.935 | -0.02694 | 361.4 -3.78 | 3.107 |-0.02204 | 379.2 -3.88 | 5.863 | -0.03368 | 377.7 -3.48 | -0.02755 | -3.71 30.4 64
14 5.930 | -0.02892 | 361.2 -3.83 | 3.102 [-0.02404 | 379.0 -393 | 5861 | -0.03447 | 377.5 -353 | -0.02914 | -3.76 30.0 68
15 5.924 | -0.03130 | 360.8 -394 | 3.093 |-0.02765 | 378.7 -4.01 | 5.858 | -0.03566 | 377.0 -3.65 | -0.03153 | -3.87 30.1 65
20 5.937 | -0.02615 | 361.2 -3.83 | 3.103 |-0.02364 | 379.2 -3.88 | 5.860 | -0.03487 | 377.7 -3.48 | -0.02822 | -3.73 30.5 69
30 5.912 | -0.03605 359 -4.42 | 3.079 [-0.03325 | 376.8 -4.49 | 5841 | -0.04240 | 375.3 -4.09 | -0.03723 | -4.33 29.9 67

01¢



a Y v = a s sy & v N a ~
A1919N $-17 ﬂ']i‘ViﬂG]'JLLUULLW\‘iGU@QG\]IE]W@aLll@ill@i@'ﬁ P30-2 ‘Uuiaumqmﬁﬂum 80 AL Yd

L1 = 250.70 mm L2 = 249.70 mm L3 = 250.59 mm
fognad 1 Fregnadi 2 Fregnadi 3 e -
7y " R A " T ] T~ " R A " T QU | A
o) | X wadd | Wndn | dmidn | Lx naed | Wndn | dwmtdn | Lx waea | Undn | ndn | veda | dndn c (%)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (g) (%) (%) (%)

0 |4268| 0 3813 | 0 [3273| 0 3957 | 0 | 4161 0 HEFE | o 0 0 265 | 80
1 4.262 | -0.00239 | 380.1 -0.31 | 3.265 | -0.00320 | 393.9 -0.45 | 4.157 |-0.00160 | 399.2 -0.25 |-0.00240 -0.34 28.8 7
2 4.258 | -0.00399 | 377.2 -1.08 | 3.257 | -0.00641 | 390.9 -1.21 | 4.148 |-0.00519 | 395.6 -1.15 |-0.00519 -1.15 28.9 71
3 4.241 | -0.01077| 375.3 -1.57 | 3.240 | -0.01322 | 388.8 -1.74 | 4.128 |-0.01317 | 393.3 -1.72 |-0.01238 -1.68 30.1 64
4 4.248 | -0.00798 | 375.5 -1.52 | 3.240 | -0.01322 | 389.1 -1.67 | 4.131 |-0.01197 | 393.8 -1.60 |-0.01106 -1.60 28.3 73
5 4.255 | -0.00519 | 376.1 -1.36 | 3.251 | -0.00881 | 390.1 -1.42 | 4.153 |-0.00319 | 394.4 -1.45 |-0.00573 -1.41 29.4 70
6 4.248 | -0.00798 | 373.9 -1.94 | 3.225 | -0.01922 | 387.3 -2.12 | 4.125 |-0.01437 | 391.6 -2.15 |-0.01386 -2.07 28.0 69
7 4.245 | -0.00917 | 374.4 -1.81 | 3.237 | -0.01442 | 388.0 -1.95 | 4.137 |-0.00958 | 392.3 -1.97 |-0.01106 -1.91 29.8 70
8 4.242 | -0.01037| 372.8 -2.23 | 3.215 | -0.02323 | 386.3 -2.38 | 4.122 |-0.01556 | 390.5 -2.42 |-0.01639 -2.34 28.1 71
9 4.234 | -0.01356 | 371.8 -2.49 | 3.210 | -0.02523 | 385.2 -2.65 | 4.117 |-0.01756 | 389.0 -2.80 |-0.01878 -2.65 28.9 68
10 4.232 | -0.01436 | 371.2 -2.65 | 3.208 | -0.02603 | 384.4 -2.86 | 4.112 |-0.01955 | 388.5 -2.92 |-0.01998 -2.81 29.4 70
11 4.237 | -0.01237| 370.7 -2.718 | 3.212 | -0.02443 | 384.2 -291 | 4.112 |-0.01955 | 388.1 -3.02 |-0.01878 -2.90 29.4 74
12 4.234 | -0.01356 | 370.5 -2.83 | 3.206 | -0.02683 | 384.0 -296 | 4.113 |-0.01915 | 387.9 -3.07 |-0.01985 -2.95 29.5 68
13 4.231 | -0.01476 | 370.1 -2.94 | 3.202 | -0.02843 | 383.8 -3.01 | 4.117 |-0.01756 | 387.5 -3.17 |-0.02025 -3.04 30.6 66
14 4.233 | -0.01396 | 370.5 -2.83 | 3.205 | -0.02723 | 383.7 -3.03 | 4.122 |-0.01556 | 388.4 -2.95 |-0.01892 -2.94 30.9 66
15 4.228 | -0.01596 | 369.7 -3.04 | 3.203 | -0.02803 | 383.2 -3.16 | 4.119 |-0.01676 | 387.1 -3.27 |-0.02025 -3.16 30.2 64
20 4.233 | -0.01396 | 370.2 -291 | 3.208 | -0.02603 | 383.7 -3.03 | 4.122 |-0.01556 | 387.8 -3.10 |-0.01852 -3.01 31.0 64
30 4.207 | -0.02433 | 366.6 -3.86 | 3.187 | -0.03444 | 380.2 -392 | 4.100 |-0.02434 | 383.9 -4.07 |-0.02771 -3.95 30.7 65
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] ) v P a s sy & Y P a a
M1919N 9-18 ﬂ'ﬁﬁﬂ@]'ﬂLL‘UULLMQGU@QﬂI@W@aLll@ill@ignﬁ 05-2 Uuiaqumwﬂ“m 80 DALY

L1 =252.21 mm L2 =252.02 mm L3 = 249.65 mm
Froghad 1 Fregnadi 2 Froghad 3 wae -
01 " R A " T o ] % . " CNR " T QMU | A
oy | X naen | Umidn | Wntdn | Lx naen | umtn | dwdn | Lx nadn | dmidn | Wntdn | e | Uintn “ (%)
(mm) (%) () (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 5.784 0 387.2 0 5.588 0 405.6 0 3.216 0 395.7 0 0 0 27.2 78
1 5.759 |-0.00991 | 3774 -2.53 | 5562 |-0.01032 | 396.7 -2.19 | 3.201 | -0.00601| 387.4 -2.10 |-0.00796 | -2.27 27.3 74
2 5.740 |-0.01745 | 373.6 -351 | 5584 |-0.00159 | 392.2 -3.30 | 3.185 | -0.01242| 383.1 -3.18 |-0.01493 | -3.33 28.4 75
3 5.731 |-0.02101 | 372.7 -3.74 | 5,572 |-0.00635| 391.1 -3.57 | 3.168 | -0.01923| 382.0 -3.46 |-0.02012 | -3.59 28.0 71
4 5.737 |-0.01863 | 374.4 -3.31 | 5,578 | -0.00397 | 392.9 -3.13 | 3.175 | -0.01642| 383.6 -3.06 |-0.01753 | -3.16 27.3 75
5 5.734 |-0.01982 | 374.0 -3.41 | 5583 |-0.00198 | 392.2 -3.30 | 3.174 | -0.01682| 382.9 -3.23 |-0.01832 | -3.32 29.4 70
6 5.722 |-0.02458 | 372.1 -390 | 5,575 |-0.00516 | 390.3 -3.77 | 3.150 | -0.02644 | 380.9 -3.74 |-0.02551 -3.80 29.2 62
7 5.722 |-0.02458 | 3725 -3.80 | 5.574 |-0.00556 | 390.7 -3.67 | 3.149 | -0.02684 | 381.4 -3.61 |-0.02571 -3.69 29.8 70
8 5.707 |-0.03053 | 371.7 -4.00 | 5.568 | -0.00794 | 389.6 -3.94 | 3.136 | -0.03205| 380.6 -3.82 |-0.03129 | -3.92 28.2 71
9 5.698 |-0.03410 | 371.2 -4.13 | 5,550 | -0.01508 | 389.2 -4.04 | 3.131 | -0.03405| 379.9 -3.99 |-0.03407 | -4.06 29.0 67
10 5.695 |-0.03529 | 370.8 -4.24 | 5553 |-0.01389 | 389.1 -4.07 | 3.128 | -0.03525| 379.7 -4.04 |-0.03527 | -4.12 29.5 70
11 5.696 |-0.03489 | 371.0 -4.18 | 5.558 |-0.01190 | 389.0 -4.09 | 3.125 | -0.03645| 379.9 -3.99 |-0.03567 | -4.09 29.5 74
12 5.692 |-0.03648 | 371.0 -4.18 | 5.550 | -0.01508 | 389.0 -4.09 | 3.125 | -0.03645| 379.9 -3.99 |-0.03646 | -4.09 29.3 69
13 5.687 |-0.03846 | 370.9 -4.21 | 5548 |-0.01587 | 388.8 -4.14 | 3,123 | -0.03725| 379.6 -4.07 |-0.03786 | -4.14 30.6 66
14 5.692 |-0.03648 | 371.1 -4.16 | 5543 |-0.01786 | 389.1 -4.07 | 3.128 | -0.03525| 379.9 -3.99 |-0.03586 | -4.07 30.9 66
15 5.685 |-0.03925 | 371.0 -4.18 | 5.536 | -0.02063 | 388.9 -4.12 | 3.120 | -0.03845| 379.7 -4.04 1-0.03885 | -4.11 30.9 64
20 5.685 |-0.03925 | 3715 -4.05 | 5535 |-0.02103 | 389.4 -399 | 3.122 | -0.03765| 379.3 -4.14 |-0.03845 | -4.06 31.0 64
30 5.658 |-0.04996 | 370.1 -4.42 | 5522 |-0.02619 | 388.0 -4.34 | 3.093 | -0.04927| 378.8 -4.27 |-0.04961 -0.34 30.9 65
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a Y v = a s sy & v q' a ~
M99 9-19 ﬂ']i‘ViﬂG]'JLLUULLW\‘iGU@QG\]IE]W@aLll@ill@i@'ﬁ 010-2 ‘Uuiaumqmﬁﬂum 80 AL Yd

L1 = 250.43 mm L2 = 253.01 mm L3 = 250.87 mm
Fregneil 1 Fregheil 2 Fregheil 3 Wiy -
7y " R A " R Y " T ] - " T QWU | AE.
@anh) | was | dwn | dwdn | Lx wafn | Wmdn | Wndn | Lx was | dhwtn | dwdn | weda | dntin “ (%)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (g) (%) (%) (%)

0 4.002 0 391.7 0 6.578 0 397.2 0 4.441 0 379 0 0 0 27.1 73
1 3.992 | -0.00399 | 381.8 -2.53 | 6.562 [-0.00632 | 387.9 -2.34 | 4.417 [-0.00957 | 370.8 -2.16 |-0.00663 -2.34 27.2 74
2 3.976 | -0.01038 | 377.2 -3.70 | 6.553 |-0.00988 383.3 -3.50 | 4.402 [-0.01555 | 367.0 -3.17 1-0.01194 -3.46 28.5 75
3 3.960 | -0.01677| 375.9 -4.03 | 6.533 |-0.01779 381.9 -3.85 | 4.385 [-0.02232 | 366.2 -3.38 [-0.01896 -3.75 28.1 71
q 3.961 | -0.01637 | 377.8 -3.55 | 6.532 (-0.01818 384.0 -3.32 | 4.388 [-0.02113 | 367.3 -3.09 [-0.01856 -3.32 27.5 7
5 3.958 | -0.01757 | 377.3 -3.68 | 6.531 |-0.01858 | 383.4 -3.47 | 4.392 |-0.01953 | 367.5 -3.03 |-0.01856 | -3.39 29.6 70
6 3.943 | -0.02356 | 374.7 -4.34 | 6.514 [-0.02530 | 381.0 -4.08 | 4.380 [-0.02432 | 365.1 -3.67 [-0.02439 -4.03 29.4 64
7 3.945 | -0.02276 | 375.3 -4.19 | 6.514 [-0.02530 | 381.5 -395 | 4.382 |-0.02352 | 365.5 -3.56 |-0.02386 -3.90 29.9 70
8 3.926 | -0.03035| 374.1 -4.49 | 6.494 |-0.03320 | 380.3 -4.25 | 4.365 [-0.03029 | 364.6 -3.80 [-0.03128 -4.18 28.3 71
9 3.919 | -0.03314 | 373.4 -4.67 | 6.490 |-0.03478 380.0 -4.33 | 4.365 [-0.03029 | 364.0 -3.96 |-0.03274 -4.32 29.1 66
10 3.912 | -0.03594 | 373.3 -4.70 | 6.482 [-0.03794 | 379.5 -4.46 | 4.355 [-0.03428 | 363.7 -4.04 |-0.03605 -4.40 29.6 69
11 3.905 | -0.03873 | 373.3 -4.70 | 6.485 |-0.03676 | 379.6 -4.43 | 4.352 |-0.03548 | 363.6 -4.06 |-0.03699 | -4.40 29.5 74
12 3.905 | -0.03873 | 373.3 -4.70 | 6.484 |-0.03715 379.5 -4.46 | 4.350 [-0.03627 | 363.7 -4.04 |-0.03739 -4.40 29.8 70
13 3.905 | -0.03873 | 373.1 -4.75 | 6.484 |-0.03715 379.5 -4.46 | 4.350 [-0.03627 | 363.8 -4.01 [-0.03739 -4.41 30.4 67
14 3.905 | -0.03873 | 373.4 -4.67 | 6.485 |-0.03676 | 379.4 -4.48 | 4.350 |-0.03627 | 363.6 -4.06 |-0.03725 | -4.41 30.0 69
15 3.902 | -0.03993 | 372.9 -4.80 | 6.488 |-0.03557 | 379.2 -4.53 | 4.350 |-0.03627 | 363.3 -4.14 |1-0.03726 | -4.49 30.5 64
20 3.908 | -0.03754 | 373.8 -4.57 | 6.488 [-0.03557 380.1 -4.31 4.358 |-0.03308 | 364.3 -3.88 |-0.03540 -4.25 31.0 64
30 3.889 | -0.04512 | 372.1 -5.00 | 6.458 [-0.04743 | 378.4 -4.73 | 4.325 [-0.04624 | 362.7 -4.30 [-0.04626 -4.68 31.0 64

1274



M13199 $-20 NMIUAFIKUULsYRsRlonedilesuesAs O15-2 Uuseungumail 80 eemvaLgyd

L1 =248.97 mm

L2 = 250.52 mm

L3 = 249.53 mm

Fregnadi 1 Fregnadi 2 Fregnadi 3 wde -
01 " T o ] % . " VI A » T 1 % . " T QU | A
oy | X waea | Wntn | Wndn | Lx waea | Ul | dntdn | Lx wady | dmidn | dntdn | veda | Wntn “ %)
(mm) (%) (g) (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 2.536 0 387.1 0 4.088 0 371.6 0 3.097 0 388.7 0 0 0 27.7 7
1 2.506 | -0.01205| 377.9 -2.38 | 4.058 | -0.01198 | 363.7 -2.13 | 3.058 |-0.01563 | 379.7 -2.32 |-0.01322 | -2.27 29.3 69
2 2.505 | -0.01245| 376.8 -2.66 | 4.052 | -0.01437 | 362.2 -2.53 | 3.061 |-0.01443 | 378.0 -2.75 |-0.01375| -2.65 28.0 74
3 2.480 | -0.02249 | 373.1 -3.62 | 4.022 | -0.02635 | 358.6 -350 | 3.045 |-0.02084 | 374.1 -3.76 |-0.02323 | -3.62 28.6 72
4 2.488 | -0.01928 | 375.0 -3.13 | 4.035 | -0.02116 | 360.6 -296 | 3.054 |-0.01723 | 376.2 -3.22 |-0.01922 | -3.10 29.1 75
5 2.490 | -0.01848 | 374.2 -3.33 | 4.027 | -0.02435 | 359.4 -3.28 | 3.053 |-0.01763 | 375.2 -3.47 |-0.02015| -3.36 29.8 70
6 2.471 | -0.02611 | 371.5 -4.03 | 4.027 | -0.02435 | 357.2 -3.88 | 3.039 |-0.02324 | 372.8 -4.09 |-0.02457 | -4.00 29.4 69
7 2.474 | -0.02490 | 372.2 -3.85 | 4.020 | -0.02714 | 357.7 -3.74 | 3.028 |-0.02765 | 373.2 -3.99 |-0.02657 | -3.86 28.7 71
8 2.464 | -0.02892 | 371.2 -4.11 | 4.008 | -0.03193 | 356.9 -396 | 3.025 |-0.02885 | 372.5 -4.17 |-0.02990 | -4.08 29.1 70
9 2.469 | -0.02691 | 370.8 -4.21 | 4.003 | -0.03393 | 356.2 -4.14 | 3.013 |-0.03366 | 371.8 -4.35 |-0.03150 | -4.23 29.5 68
10 2.451 | -0.03414 | 370.2 -4.37 | 4.001 | -0.03473 | 356.1 -4.17 | 3.015 |-0.03286 | 371.6 -4.40 |-0.03391 | -4.31 29.4 70
11 2.458 | -0.03133 | 370.1 -4.39 | 4.002 | -0.03433 | 356.1 -4.17 | 3.018 |-0.03166 | 371.8 -4.35 |-0.03244 | -4.30 30.7 66
12 2.455 | -0.03253 | 370.1 -4.39 | 4.001 | -0.03473 | 356.1 -4.17 | 3.015 |-0.03286 | 371.7 -4.37 |1-0.03337 | -4.31 30.2 68
13 2.453 | -0.03334 | 370.5 -4.29 | 3.992 | -0.03832 | 356.0 -4.20 | 3.015 |-0.03286 | 371.6 -4.40 |-0.03484 | -4.30 30.3 67
14 2.454 | -0.03294 | 370.4 -4.31 | 3.990 | -0.03912 | 356.0 -4.20 | 3.012 |-0.03406 | 371.5 -4.43 1-0.03537 | -4.31 30.0 68
15 2.454 | -0.03294 | 370.2 -4.37 | 3.989 | -0.03952 | 355.9 -4.22 | 3.011 |-0.03447 | 371.3 -4.48 |-0.03564 | -4.36 30.5 67
20 2.452 | -0.03374 | 370.7 -4.24 | 3.990 | -0.03912 | 356.6 -4.04 | 3.011 |-0.03447 | 372.0 -4.30 |-0.03577 | -4.19 30.7 68
30 2.42 | -0.04659 | 369.5 -4.55 | 3.962 | -0.05030 | 355.0 -4.47 | 2.984 |-0.04529 | 370.5 -4.68 |-0.04739 | -4.57 30.4 67
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M15197 9-21 NMsUAIlUULiIesRlanedilaiuaians P1005-2 Udseunigumgil 80 sumigaldes

L1 = 249.49 mm

L2 = 251.89 mm

L3 = 251.72 mm

Fregheit 1 Fregheil 2 Frethil 3 Wiy -
7y " T ] % . " R » T ] % - " T QWU | AE.
o) | X wada | dnddn | dmdn | Lx wada | Wmdn | dutdn | Lx wada | Wntn | dwdn | vesa | daudn “ %)
(mm) (%) () %) | (mm) (%) (9 (%) (mm) (%) () (%) (%) (%)
0 3.064 0 403.4 0 5.456 0 395.6 0 5.288 0 393.1 0 0 0 27.7 1
1 3.017 | -0.01884 | 394.5 -2.21 5.407 | -0.01945 | 386.9 -2.20 | 5.243 {-0.01788 | 385.7 -1.88 |-0.01872 | -2.10 29.5 68
2 3.012 | -0.02084 | 392.9 -2.60 | 5.412 | -0.01747 | 385.9 -2.45 | 5242 [-0.01827 | 384.9 -2.09 |-0.01886 | -2.38 28.0 79
3 3.005 | -0.02365 | 388.4 -3.72 | 5.392 | -0.02541 | 381.3 -3.61 5.232 |-0.02225 | 380.8 -3.13 | -0.02377 | -3.49 28.7 72
q 3.008 | -0.02245 | 390.3 -3.25 | 5.402 | -0.02144 | 383.5 -3.06 | 5.256 [-0.01271 | 383.0 -2.57 |-0.01887 | -2.96 29.5 74
5 2.998 | -0.02645 | 389.1 -3.54 | 5.409 | -0.01866 | 382.5 -3.31 5.242 |-0.01827 | 381.9 -2.85 |-0.02113| -3.24 30.0 69
6 2.981 | -0.03327 | 386.3 -4.24 | 5.394 | -0.02461 | 379.5 -4.07 | 5.223 [-0.02582 | 379.1 -3.56 |-0.02790 | -3.96 29.4 69
7 2.992 | -0.02886 | 386.8 -4.12 | 5.381 | -0.02978 | 379.9 -3.97 | 5.221 [-0.02662 | 379.4 -3.49 |-0.02842 | -3.86 28.9 71
8 2.982 | -0.03287 | 385.9 -4.34 | 5.368 | -0.03494 | 379.1 -4.17 | 5.198 [-0.03575 | 378.7 -3.66 |-0.03452 | -4.06 29.0 70
9 2.964 | -0.04008 | 384.9 -4.59 | 5.362 | -0.03732 | 378.4 -4.35 | 5212 [-0.03019 | 377.9 -3.87 |-0.03586 | -4.27 29.5 68
10 2.964 | -0.04008 | 384.7 -4.64 | 5.354 | -0.04049 | 377.8 -4.50 | 5.208 [-0.03178 | 377.6 -3.94 |-0.03745 | -4.36 29.4 70
11 2.958 | -0.04249 | 384.9 -4.59 | 5.358 | -0.03891 | 378.1 -4.42 | 5.207 [-0.03218 | 377.6 -3.94 |-0.03786 | -4.32 30.6 66
12 2.955 | -0.04369 | 384.8 -4.61 5.348 | -0.04288 | 378.0 -4.45 | 5201 [-0.03456 | 377.7 -3.92 |-0.04038 | -4.33 29.8 67
13 2.948 | -0.04649 | 384.6 -4.66 | 5.339 | -0.04645 | 377.7 -4.52 | 5.201 [-0.03456 | 377.5 -3.97 |-0.04250 | -4.38 31.2 68
14 2.948 | -0.04649 | 384.6 -4.66 | 5.338 | -0.04685 | 377.6 -4.55 | 5202 [-0.03417 | 377.4 -3.99 |-0.04250 | -4.40 30.2 67
15 2.948 | -0.04649 | 384.6 -4.66 | 5.338 | -0.04685| 377.5 -4.58 | 5.202 [-0.03417 | 377.3 -4.02 |-0.04250 | -4.42 30.6 67
20 2.950 | -0.04569 | 384.8 -4.61 5.338 | -0.04685 | 378.1 -4.42 | 5193 [-0.03774 | 377.7 -3.92 |-0.04343 | -4.32 30.5 68
30 2.929 | -0.05411| 382.9 -5.08 | 5.313 | -0.05677 | 376.4 -4.85 | 5.169 [-0.04728 376 -4.35 |-0.05272 | -4.76 30.7 67

GT1¢



M13199 $-22 MIvadIkuULsUeslonediuesuesins P10010-2 UNseuilgumgil 80 smiwaldea

L1 = 249.87 mm L2 = 249.40 mm L3 = 247.95 mm
Froghad 1 Fregnadi 2 Freghedi 3 Wit -
7 » T - ] - " R A » T o 1 % - » T QUL | Ad.
@ah) | X wasy | dmdn | dndn | Lx oy | dwdn | dwdn | Lx oy | dwdn | dwmdn | veda | dnndn s (%)
(mm) (%) (g) (%) (mm) (%) () (%) (mm) (%) () (%) (%) (%)

0 3.439 0 377.4 0 2973 0 393.2 0 1.524 0 396.6 0 0 0 29.0 68
1 3.412 |-0.01081 | 370.0 -1.96 | 2.951 |-0.00882 | 385.7 -191 | 1.466 |-0.02339 | 388.1 -2.14 1-0.01434 | -2.00 29.7 68
2 3.412 |-0.01081 | 370.0 -1.96 | 2.949 | -0.00962 | 385.3 -2.01 | 1.479 |-0.01815 | 387.7 -2.24 1-0.01286 | -2.07 28.0 74
3 3.410 [-0.01161 | 366.5 -2.89 | 2925 | -0.01925 | 381.6 -2.95 | 1.454 |-0.02823 | 383.9 -3.20 |-0.01969 | -3.01 29.0 70
4 3.410 |-0.01161 | 368.4 -2.38 | 2.929 | -0.01764 | 383.7 -2.42 | 1.467 |-0.02299 | 386.0 -2.67 |-0.01741 -2.49 31.0 68
5 3.407 |-0.01281 | 367.2 -2.70 | 2.920 | -0.02125 | 382.5 -2.72 | 1.462 |-0.02500 | 384.9 -2.95 1-0.01969 | -2.79 29.9 70
6 3.393 [-0.01841 | 365.3 -3.21 | 2909 | -0.02566 | 380.5 -3.23 | 1.450 |-0.02984 | 3829 -3.45 |-0.02464 | -3.30 27.8 76
7 3.389 [-0.02001 | 365.3 -3.21 | 2.892 | -0.03248 | 380.3 -3.28 | 1.443 |-0.03267 | 382.8 -3.48 |-0.02839 | -3.32 29.4 66
8 3.372 |-0.02681 | 364.0 -3.55 | 2.882 | -0.03649 | 379.1 -3.59 | 1.439 |-0.03428 | 381.8 -3.73 |-0.03253 | -3.62 28.9 70
9 3.358 [-0.03242 | 363.1 -3.79 | 2.874 | -0.03969 | 377.9 -3.89 | 1.428 |-0.03872 | 380.7 -4.01 |-0.03694 | -3.90 29.6 68
10 3.353 |-0.03442 | 362.6 -392 | 2.870 | -0.04130 | 377.6 -3.97 | 1.423 |-0.04073 | 380.1 -4.16 |-0.03882 | -4.02 30.5 69
11 3.370 |-0.02761 | 363.7 -3.63 | 2.868 | -0.04210 | 378.7 -3.69 | 1.434 |-0.03630 | 381.0 -393 |-0.03534 | -3.75 29.7 70
12 3.360 [-0.03162 | 363.5 -3.68 | 2.878 | -0.03809 | 378.4 -3.76 | 1.432 |-0.03710 | 381.2 -3.88 |-0.03560 | -3.78 30.5 67
13 3.352 |-0.03482 | 362.7 -390 | 2.862 |-0.04451 | 377.5 -399 | 1.422 |-0.04114 | 380.1 -4.16 |-0.04015 | -4.02 31.2 68
14 3.352 |-0.03482 | 362.6 -392 | 2.863 |-0.04411 | 377.5 -399 | 1.422 |-0.04114 | 380.1 -4.16 |-0.04002 | -4.02 30.2 67
15 3.353 |-0.03442 | 362.6 -392 | 2.864 |-0.04370 | 377.6 -397 | 1.422 |-0.04114 | 380.3 -4.11 |-0.03975 | -4.00 29.8 70
20 3.361 |-0.03122 | 363.4 -3.71 | 2.878 | -0.03809 | 378.1 -3.84 | 1.422 |-0.04114 | 380.8 -3.98 |-0.03681 -3.84 30.7 69
30 3.338 |-0.04042 | 361.1 -4.32 | 2.852 | -0.04852 | 376.2 -4.32 | 1.397 |-0.05122 | 378.6 -4.54 1-0.04672 | -4.39 29.9 67

91¢



M13197 9-23 NsUAILUULIesRlanedilaiieians P10015-2 Uuiouiigumgil 80 asrLyaidea

L1 = 250.80 mm

L2 = 249.20 mm

L3 =249.78 mm

Fregheit 1 Fregheil 2 Fregneil 3 Wiy -
7Y " AR I " ERRN A " AN A " T AWAgE | A
o) | X wada | dnddn | dmdn | Lx wasa | dntn | Wndn | Lx wada | Wndn | dwadn | wedd | daudn “ (%)
(mm) (%) () %) | (mm) (%) (9 %) | (mm) (%) (g) (%) (%) (%)

0 4.367 0 376.0 0 2.765 0 393.8 0 3.351 0 386.3 0 0 0 27.8 76
1 4.343 | -0.00957 | 370.0 -1.60 | 2.737 | -0.01124 | 386.5 -1.85 | 3.322 | -0.01161| 378.7 -1.97 1-0.01081 -1.81 28.0 71
2 4.345 | -0.00877 | 369.7 -1.68 | 2.728 | -0.01485| 386.1 -1.96 | 3.324 | -0.01081| 378.2 -2.10 1-0.01181 -1.91 30.0 69
3 4.337 | -0.01196 | 366.6 -2.50 | 2.697 | -0.02729 | 382.8 -2.79 | 3.304 | -0.01882| 375.2 -2.87 [-0.01539 | -2.72 29.0 70
4 4.343 | -0.00957 | 368.8 -1.91 2721 | -0.01766 | 385.2 -2.18 | 3.306 | -0.01802| 377.6 -2.25 [-0.01508 | -2.12 31.1 68
5 4.332 | -0.01396 | 367.8 -2.18 | 2.717 | -0.01926 | 383.9 -2.51 3.307 | -0.01762| 376.3 -2.59 |-0.01694 | -2.43 30.0 68
6 4.324 | -0.01715| 366.1 -2.63 | 2.703 | -0.02488 | 382.0 -3.00 | 3.308 | -0.01722| 374.4 -3.08 |-0.01975 | -2.90 28.0 75
7 4.312 | -0.02193| 365.9 -2.69 | 2.688 | -0.03090| 381.9 -3.02 | 3.293 | -0.02322| 374.4 -3.08 |-0.02535 | -2.93 29.4 66
8 4.307 | -0.02392 | 364.7 -3.01 2.682 | -0.03331| 380.4 -3.40 | 3.288 | -0.02522| 372.9 -3.47 1-0.02748 | -3.29 29.0 69
9 4.301 | -0.02632 | 363.5 -3.32 | 2672 | -0.03732| 379.6 -3.61 3.267 | -0.03363| 371.8 -3.75 |-0.03242 | -3.56 29.6 68
10 4.298 | -0.02751 | 363.3 -3.38 | 2.667 | -0.03933| 378.8 -3.81 | 3.272 | -0.03163| 371.5 -3.83 |-0.03282 | -3.67 30.6 68
11 4.300 | -0.02671 | 364.1 -3.16 | 2.684 | -0.03250| 379.9 -3.53 | 3.280 | -0.02842| 372.4 -3.60 [-0.02921 -3.43 29.7 70
12 4.312 | -0.02193 | 364.1 -3.16 | 2.680 | -0.03411| 379.7 -358 | 3.270 | -0.03243| 372.5 -357 |-0.02949 | -3.44 30.5 67
13 4.297 | -0.02791 | 363.3 -3.38 | 2.666 | -0.03973| 378.8 -3.81 3.264 | -0.03483| 371.3 -3.88 |-0.03416 | -3.69 31.2 68
14 4.297 | -0.02791 | 363.2 -3.40 | 2.666 | -0.03973| 378.6 -3.86 | 3.264 | -0.03483| 371.3 -3.88 |-0.03416 | -3.72 30.2 68
15 4.298 | -0.02751 | 363.1 -3.43 | 2.669 | -0.03852| 378.8 -3.81 3.262 | -0.03563| 371.5 -3.83 |-0.03389 | -3.69 29.8 71
20 4.296 | -0.02831 | 363.9 -3.22 | 2672 | -0.03732| 379.6 -3.61 | 3.268 | -0.03323| 372.2 -3.65 |-0.03295 | -3.49 30.7 69
30 4.275 | -0.03668 | 361.4 -3.88 2.65 | -0.04615| 376.9 -4.29 | 3.242 | -0.04364| 369.5 -4.35 1-0.04216 | -4.17 30.3 68

L1¢C



M13199 $-24 NMsuaILUULTsYesdlonediuesuesans P2005-2 UnTeauilgum)il 80 samiwaldea

L1 = 248.38 mm

L2 = 248.34 mm

L3 = 249.50 mm

Fregnadl 1 Fregnadi 2 Freghedl 3 wde -
01 " T | % . » T o ] % . " T o ] 7 - » T QU | A
oy | X waea | Wnn | dmtdn | Lx wady | uwmtn | dwidn | Lx waea | dmdn | dntdn | veda | Wntn “ %)
(mm) (%) (g) (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 1.945 0 394.4 0 1.911 0 393.4 0 3.065 0 368.7 0 0 0 28.5 72
1 1.900 | -0.01812| 387.9 -1.65 | 1.858 | -0.02134 | 387.2 -1.58 | 3.026 | -0.01563| 363.1 -1.52 |-0.01836 | -1.58 30.0 66
2 1.899 | -0.01852| 386.9 -190 | 1.874 | -0.01490| 386.2 -1.83 | 3.031 | -0.01363| 362.4 -1.71 |-0.01568 | -1.81 29.0 70
3 1.895 | -0.02013| 385.0 -2.38 | 1.868 | -0.01731| 384.6 -2.24 | 3.020 | -0.01804| 360.9 -2.12 |-0.01849 | -2.25 27.2 74
4 1.898 | -0.01892 | 386.8 -193 | 1.871 | -0.01611| 386.2 -1.83 | 3.027 | -0.01523| 362.4 -1.71 |-0.01675 | -1.82 30.0 68
5 1.890 | -0.02214| 385.0 -2.38 | 1.848 | -0.02537 | 384.1 -2.36 | 3.012 | -0.02124| 360.6 -2.20 |-0.02292 | -2.31 28.8 69
6 1.882 | -0.02536 | 383.6 -2.74 | 1.850 | -0.02456 | 382.9 -2.67 | 3.025 | -0.01603| 359.5 -2.50 |-0.02199 | -2.63 27.1 78
7 1.872 | -0.02939 | 383.2 -2.84 | 1.837 | -0.02980 | 382.3 -2.82 | 3.002 | -0.02525| 359.0 -2.63 |-0.02815 | -2.76 28.1 72
8 1.872 | -0.02939 | 381.6 -3.25 | 1.818 | -0.03745| 380.9 -3.18 | 2.992 | -0.02926| 357.8 -296 |-0.03203 | -3.13 28.7 69
9 1.854 | -0.03664 | 380.4 -355 | 1.808 | -0.04148 | 379.7 -3.48 | 2.982 | -0.03327| 357.0 -3.17 |-0.03713 | -3.40 30.1 68
10 1.853 | -0.03704 | 380.0 -3.65 | 1.809 | -0.04107 | 379.5 -353 | 2982 | -0.03327| 356.6 -3.28 |-0.03713 | -3.49 29.8 67
11 1.863 | -0.03301 | 380.8 -345 | 1.817 | -0.03785| 380.2 -336 | 2992 | -0.02926| 357.3 -3.09 |-0.03337 | -3.30 30.5 69
12 1.860 | -0.03422 | 380.9 -342 | 1.811 | -0.04027 | 380.3 -3.33 | 2991 | -0.02966| 357.3 -3.09 |-0.03472 | -3.28 30.6 68
13 1.859 | -0.03463 | 379.8 -3.70 | 1.809 | -0.04107 | 379.1 -3.63 | 2973 | -0.03687| 356.3 -3.36 |-0.03752 | -3.57 31.0 67
14 1.855 | -0.03624 | 379.8 -3.70 | 1.809 | -0.04107 | 379.1 -3.63 | 2973 | -0.03687| 356.3 -3.36 |-0.03806 | -3.57 30.2 69
15 1.853 | -0.03704 | 379.7 -3.73 | 1.807 | -0.04188 | 379.3 -358 | 2974 | -0.03647| 356.3 -3.36 |-0.03846 | -3.56 29.7 70
20 1.855 | -0.03624 | 380.0 -3.65 | 1.811 | -0.04027 | 379.3 -358 | 2977 | -0.03527| 356.3 -3.36 |-0.03726 | -3.53 30.9 69
30 1.837 | -0.04348 | 376.9 -4.44 | 1.787 | -0.04993 | 376.5 -4.30 | 2.955 | -0.04409| 353.7 -4.07 |-0.04583 | -4.27 30.6 68

81¢



M13197 9-25 NMSUAILUULIIYesRlanedilaiiasans P20010-2 Uniouiigaumgil 80 asrLyaidea

L1 =251.50 mm L2 = 249.63 mm L3 =251.14 mm
Freghit 1 Freghil 2 Freghil 3 Wiy -
7y " T ] % . " T | 7. " T o ] 0. " T QWU | A
@anh) | v | dwmtn | dwmtdn | Lx wasn | Umdn | Wndn | Lx wadn | dmdn | Wndn | weed | dnidn “ (%)
(mm) (%) (9) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 5.068 0 400.3 0 3.196 0 390.9 0 4.705 0 380.0 0 0 0 27.9 76
1 5.036 | -0.01272 | 3954 -1.22 | 3.150 | -0.01843 | 385.9 -1.28 | 4.673 |-0.01274 | 3749 -1.34 | -0.01463 | -1.28 28.7 72
2 5.036 | -0.01272 | 394.1 -1.55 | 3.148 | -0.01923 | 384.5 -1.64 | 4.672 |-0.01314 | 373.8 -1.63 |-0.01503 | -1.61 28.0 71
3 5.042 | -0.01034 | 393.2 -1.77 | 3.151 | -0.01803 | 383.5 -1.89 | 4.670 [-0.01394 | 373.0 -1.84 |-0.01410| -1.84 28.0 79
q 5.040 | -0.01113 | 395.0 -1.32 | 3.155 | -0.01642 | 385.3 -1.43 | 4.675 |-0.01195 | 374.7 -1.39 |-0.01317 | -1.38 30.0 67
5 5.033 | -0.01392 | 392.8 -1.87 | 3.144 | -0.02083 | 383.3 -1.94 | 4.670 |-0.01394 | 372.7 -1.92 |-0.01623 | -1.91 29.0 68
6 5.030 | -0.01511 | 391.6 -2.17 | 3.129 | -0.02684 | 382.3 -2.20 | 4.664 |-0.01633 | 371.6 -2.21 |-0.01943 | -2.19 27.3 74
7 5.014 | -0.02147 | 391.2 -2.27 | 3.106 | -0.03605 | 381.7 -2.35 | 4.647 |-0.02310 | 371.2 -2.32 1-0.02687 | -2.31 28.0 73
8 5.002 | -0.02624 | 390.0 -2.57 | 3.096 | -0.04006 | 380.4 -2.69 | 4.635 |-0.02787 | 369.9 -2.66 |-0.03139 | -2.64 28.6 70
9 4.987 | -0.03221 | 388.7 -2.90 | 3.093 | -0.04126 | 379.1 -3.02 | 4.619 |-0.03424 | 368.8 -2.95 |-0.03590 | -2.95 30.2 68
10 4.987 | -0.03221 | 388.4 -2.97 | 3.096 | -0.04006 | 378.6 -3.15 | 4.621 |-0.03345 | 368.4 -3.05 |-0.03524 | -3.06 29.8 66
11 5.007 | -0.02425 | 389.2 -2.77 | 3.091 | -0.04206 | 379.6 -2.89 | 4.631 [-0.02947 | 369.1 -2.87 |-0.03193 | -2.84 30.6 69
12 4.998 | -0.02783 | 389.3 -2.75 | 3.096 | -0.04006 | 379.4 -2.94 | 4.630 |-0.02986 | 368.7 -297 |-0.03259 | -2.89 30.7 65
13 4.987 | -0.03221 | 388.2 -3.02 | 3.089 | -0.04286 | 378.5 -3.17 | 4.625 |-0.03186 | 368.0 -3.16 |-0.03564 | -3.12 31.0 67
14 4.988 | -0.03181 | 388.2 -3.02 | 3.090 | -0.04246 | 378.5 -3.17 | 4.626 |-0.03146 | 368.0 -3.16 |-0.03524 | -3.12 30.2 69
15 4.990 | -0.03101 | 388.0 -3.07 | 3.092 | -0.04166 | 378.4 -3.20 | 4.627 |-0.03106 | 367.9 -3.18 |-0.03458 | -3.15 29.7 70
20 4.993 | -0.02982 | 388.5 -2.95 | 3.102 | -0.03766 | 378.8 -3.10 | 4.636 |-0.02748 | 368.3 -3.08 |-0.03165| -3.04 30.9 70
30 4.968 | -0.03976 | 384.8 -3.87 | 3.076 | -0.04807 | 375.3 -399 | 4.612 |-0.03703 | 365.0 -395 |-0.04162 | -3.94 30.2 67

61¢



M13199 $-26 NMIUAILUULYBIRlonedilesUesAS P20015-2 UNTauilgum)il 80 smiwaldea

L1 = 251.58 mm

L2 = 249.97 mm

L3 = 251.78 mm

Fregnadi 1 Froghad 2 Fregnedi 3 Wit -
01 ” R A " N A » T 1 % . " T QU | A
oy | X waRd | Wntn | Umtn | Lx naen | dntn | dmidn | Lx wadd | Wndn | duidn | veda | dandn e %)
(mm) (%) (g) (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)

0 5.148 0 402.9 0 3.535 0 397.9 0 5.351 0 398.5 0 0 0 28.0 75
1 5.011 | -0.05446 | 398.5 -1.09 | 3.499 | -0.01440| 392.9 -1.26 | 5317 |-0.01350 | 391.8 -1.68 | -0.01395| -1.34 28.7 72
2 5.023 | -0.04969 | 397.5 -1.34 | 3.495 | -0.01600| 392.0 -1.48 | 5322 |-0.01152 | 391.3 -1.81 | -0.01376| -1.54 28.0 71
3 4.998 | -0.05962 | 396.6 -1.56 | 3.503 | -0.01280| 391.2 -1.68 | 5.332 |-0.00755 | 391.4 -1.78 | -0.01017| -1.68 28.0 75
4 5.003 | -0.05764 | 398.2 -1.17 | 3.509 | -0.01040| 392.5 -1.36 | 5.328 |-0.00913 | 392.6 -1.48 | -0.00977| -1.33 28.7 73
5 5.002 | -0.05803 | 396.6 -1.56 | 3.496 | -0.01560| 391.0 -1.73 | 5320 |-0.01231 | 390.7 -1.96 | -0.01396| -1.75 29.0 68
6 4.989 | -0.06320| 395.4 -1.86 | 3.494 | -0.01640| 389.5 -2.11 | 5318 |-0.01311 | 389.5 -2.26 | -0.01475| -2.08 27.4 74
7 4.990 | -0.06280| 394.8 -2.01 | 3.477 | -0.02320| 389.0 -2.24 | 5301 |-0.01986 | 388.8 -2.43 | -0.02153| -2.23 28.0 72
8 4971 | -0.07036 | 393.7 -2.28 | 3.458 | -0.03080| 387.8 -2.54 | 5287 |-0.02542 | 387.8 -2.69 | -0.02811| -2.50 28.7 69
9 4.951 | -0.07831 | 392.2 -2.66 | 3.448 | -0.03480| 386.6 -2.84 | 5278 |-0.02899 | 386.4 -3.04 | -0.03190| -2.84 30.3 68
10 4.954 | -0.07711| 392.0 -2.71 | 3.451 | -0.03360| 386.0 -299 | 5.273 |-0.03098 | 385.9 -3.16 | -0.03229| -2.95 29.9 66
11 4.960 | -0.07473| 392.6 -2.56 | 3.462 | -0.02920| 386.9 -2.76 | 5.289 |-0.02462 | 386.9 -291 | -0.02691| -2.74 30.6 69
12 4.959 | -0.07513| 392.4 -2.61 | 3.457 | -0.03120| 386.6 -2.84 | 5.285 |-0.02621 | 386.5 -3.01 | -0.02871| -2.82 30.7 65
13 4.951 | -0.07831 | 391.6 -2.80 | 3.450 | -0.03400| 385.7 -3.07 | 5.270 |-0.03217 | 385.5 -3.26 | -0.03309| -3.04 31.0 67
14 4.951 | -0.07831 | 391.6 -2.80 | 3.452 | -0.03320| 385.7 -3.07 | 5.275 |-0.03018 | 385.4 -3.29 | -0.03169| -3.05 30.4 67
15 4.950 | -0.07870| 391.5 -2.83 | 3.450 | -0.03400| 385.7 -3.07 | 5.271 |-0.03177 | 385.5 -3.26 | -0.03289| -3.05 29.7 70
20 4.953 | -0.07751| 392.2 -2.66 | 3.454 | -0.03240| 386.2 -294 | 5281 |-0.02780 | 386.2 -3.09 | -0.03010| -2.89 30.9 69
30 4.94 | -0.08268 | 387.3 -3.87 | 3.434 | -0.04041| 381.5 -4.12 | 5.258 |-0.03694 | 381.5 -4.27 | -0.03867| -4.09 29.8 68

0ce



a Y v = a s sy & |y q' a =
A1919N 3-27 ﬂ']i‘ViﬂG]'JLLUULLW\‘iGU@QG\]IE]W@aLll@ill@i@'ﬁ Control-4 Ulﬁ@umqmﬂﬁm OINGRISBICTHE!

L1 =249.39 mm

L2 = 252.46 mm

L3 =247.91 mm

Fregnadi 1 Fregnadi 2 Fregnadi 3 \de -
7y " R A " R A " T ] %~ " e Rl G
o) | X wady | dmdn | dnddn | Lx wady | dmdn | dnddn | Lx wady | Wmdn | dmidn | wesn | diuiin c (%)
(mm) (%) (g) (%) | (mm) (%) (g) (%) | (mm) (%) (g) (%) (%) (%)

0 2.955 0 379.2 0 6.030 0 390.6 0 1.482 0 385.1 0 0 0 30.4 60
1 2.968 | 0.00521 | 369.2 -2.64 | 6.045 | 0.00594 | 381.2 -2.41 1.486 | 0.00161 | 376.2 -2.31 0.00426 | -2.45 28.6 72
2 2.958 | 0.00120 | 368.4 -2.85 | 6.028 |-0.00079 | 380.4 -2.61 1.479 | -0.00121 | 375.3 -2.54 | -0.00027 | -2.67 30.9 67
3 2.945 | -0.00401 | 366.9 -3.24 | 6.018 [-0.00475 | 378.6 -3.07 | 1.469 | -0.00524 | 373.3 -3.06 | -0.00467 | -3.13 28.7 70
4 2.946 | -0.00361 | 366.2 -343 | 6.016 [-0.00555 | 377.6 -3.33 | 1.467 | -0.00605 | 372.5 -3.27 | -0.00507 | -3.34 29.0 70
5 2.922 | -0.01323 | 365.5 -3.61 | 5984 [-0.01822 | 376.8 -353 | 1451 | -0.01250 | 371.8 -345 | -0.01465| -3.53 30.3 64
6 2911 | -0.01764 | 365.2 -3.69 | 5960 [-0.02773 | 376.6 -358 | 1.435 | -0.01896 | 371.3 -358 | -0.02144 | -3.62 30.5 65
7 2.900 | -0.02205 | 364.6 -3.85 | 5959 [-0.02812 | 376.0 -3.74 | 1.418 | -0.02582 | 370.9 -3.69 | -0.02533 | -3.76 30.6 67
8 2.901 | -0.02165 | 364.7 -3.82 | 5953 [-0.03050 | 376.1 -3.71 1.416 | -0.02662 | 371.0 -3.66 | -0.02626 | -3.73 29.1 70
9 2912 | -0.01724 | 364.5 -3.88 | 5949 [-0.03208 | 376.4 -3.64 | 1.425 | -0.02299 | 371.3 -358 | -0.02411| -3.70 30.9 66
10 2.905 | -0.02005 | 364.9 -3.77 | 5949 [-0.03208 | 376.3 -3.66 | 1.422 | -0.02420 | 371.2 -3.61 | -0.02545| -3.68 30.4 65
11 2.898 | -0.02286 | 364.6 -3.85 | 5944 |-0.03406 | 376.0 -3.74 | 1.422 | -0.02420 | 370.8 -3.71 | -0.02704 | -3.77 29.5 66
12 2.897 | -0.02326 | 364.5 -3.88 | 5946 |-0.03327 | 376.0 -3.74 | 1.420 | -0.02501 | 370.8 -3.71 | -0.02718 | -3.78 29.9 69
13 2.899 | -0.02246 | 364.7 -3.82 | 5950 [-0.03169 | 375.9 -3.76 | 1.419 | -0.02541 | 370.9 -3.69 | -0.02652 | -3.76 29.9 70
14 2.899 | -0.02246 | 364.7 -3.82 | 5947 |-0.03288 | 375.8 -3.79 | 1.420 | -0.02501 | 370.9 -3.69 | -0.02678 | -3.77 30.0 68
15 2.899 | -0.02246 | 364.9 -3.77 | 5942 |-0.03486 | 376.0 -3.74 | 1.422 | -0.02420 | 371.0 -3.66 | -0.02717 | -3.72 30.1 69
20 2.888 | -0.02687 | 364.3 -3.93 5.93 |-0.03961 | 375.7 -3.81 1.401 | -0.03267 | 370.6 -3.77 | -0.03305| -3.84 30.7 68
30 2.858 | -0.03890 | 363.6 -4.11 | 5922 (-0.04278 | 374.9 -4.02 1.38 | -0.04114 | 369.7 -4.00 | -0.04094 | -4.04 30.6 67

1¢¢



M131991 $-28 NMIUAFIKUULYRsRlanedieIuesins P10-4 UnTauilgam)il 80 samiwaidesa

L1 =251.25 mm

L2 = 248.99 mm

L3 =249.63 mm

Fregnadl 1 Fregnadi 2 Fregnadl 3 Wit -
01 » T | % - » RN » T 1 7 - » T Qg | Ad
Gy | X waea | Ul | dnddn | Lx nady | dmdn | Wnddn | Lx wady | dmidn | Umtdn | uesh | dautn e %)
(mm) (%) (g) (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)
0 4.815 0 386.2 0 2.563 0 384.7 0 3.198 0 385.7 0 0 0.00 30.5 61
1 4.826 | 0.00438 | 377.9 -2.15 | 2572 | 0.00361 | 377.2 -1.95 | 3202 | 0.00160 | 377.6 -2.10 | 0.00320 | -2.07 27.4 72
2 4.808 | -0.00279 | 376.9 -2.41 | 2547 | -0.00643| 376.1 -2.24 | 3.194 | -0.00160 | 376.7 -2.33 | -0.00360 | -2.33 30.1 69
3 4.795 | -0.00796 | 374.0 -3.16 | 2537 | -0.01044| 3732 -299 | 3.182 | -0.00641 | 377.9 -2.02 | -0.00827 | -2.72 28.0 70
4 4.794 | -0.00836 | 373.3 -3.34 | 2535 | -0.01125| 3722 -3.25 | 3.176 | -0.00881 | 373.2 -3.24 | -0.00947 | -3.28 28.5 76
5 4.777 | -0.01512 | 372.1 -3.65 | 2520 | -0.01727| 371.3 -348 | 3.172 | -0.01042 | 372.3 -347 | -0.01427 | -3.54 28.9 67
6 4.772 | -0.01711 | 371.3 -386 | 2512 | -0.02048| 370.2 =377 | 3.162 | -0.01442 | 371.3 -3.73 | -0.01734 | -3.79 31.1 63
7 4.773 | -0.01672 | 370.7 -4.01 | 2516 | -0.01888| 369.8 -387 | 3.156 | -0.01683 | 370.9 -3.84 | -0.01747 | -3.91 29.8 66
8 4.777 | -0.01512 | 370.0 -4.19 | 2518 | -0.01807| 369.0 -4.08 | 3.150 | -0.01923 | 370.2 -4.02 | -0.01748 | -4.10 30.6 67
9 4.782 | -0.01313 | 371.1 -391 | 2530 | -0.01325| 370.1 -3.80 | 3.148 | -0.02003 | 371.2 -3.76 | -0.01547 | -3.82 31.0 63
10 4.781 | -0.01353 | 370.6 -4.04 | 2528 | -0.01406| 369.4 -398 | 3.147 | -0.02043 | 370.6 -391 | -0.01601 | -3.98 30.3 64
11 4.779 | -0.01433 | 370.5 -4.07 | 2527 | -0.01446| 369.4 -398 | 3.147 | -0.02043 | 370.5 -394 | -0.01641 | -3.99 30.4 69
12 4.773 | -0.01672 | 370.0 -4.19 | 2523 | -0.01606| 369.1 -4.06 | 3.146 | -0.02083 | 370.3 -399 | -0.01787 | -4.08 29.9 68
13 4.778 | -0.01473 | 370.5 -4.07 | 2532 | -0.01245| 369.3 -4.00 | 3.142 | -0.02243 | 370.5 -394 | -0.01654 | -4.00 30.1 69
14 4.778 | -0.01473 | 370.5 -4.07 | 2532 | -0.01245| 369.5 -395 | 3.140 | -0.02323 | 370.5 -394 | -0.01680 | -3.99 30.0 68
15 4.778 | -0.01473 | 370.5 -4.07 | 2532 | -0.01245| 369.6 -393 | 3.136 | -0.02484 | 370.7 -3.89 | -0.01734 | -3.96 31.1 66
20 4.764 | -0.02030 | 369.2 -4.40 | 2518 | -0.01807| 368.6 -4.19 | 3.130 | -0.02724 | 369.8 -4.12 | -0.02187 | -4.24 30.8 67
30 4.752 | -0.02508 | 368.0 -4.71 | 2502 | -0.02450| 367.5 -4.47 | 3.122 | -0.03045 | 368.6 -4.43 | -0.02667 | -4.54 30.2 67

cce



M13197 9-29 NsUAILUULTIYesRlanedileiuaiing P20-4 Uuseufigumnil 80 sumiwalies

L1 = 250.86 mm L2 = 249.64 mm L3 =249.19 mm
Fregnadi 1 Fregnadi 2 Fregnadi 3 \de -
7y " R A " R A " T ] %~ " e Rl G
o) | X wady | dmdn | dnddn | Lx wady | dmdn | dnddn | Lx wady | Wmdn | dmidn | wesn | diuiin c (%)
(mm) (%) (g) (%) | (mm) (%) (g) (%) | (mm) (%) (g) (%) (%) (%)

0 4.429 0 395.0 0 3.205 0 394.5 0 2.755 0 377.9 0 0 0 30.6 69
1 4.431 | 0.00080 | 391.7 -0.84 | 3.212 | 0.00280 | 390.6 -0.99 | 2.775 | 0.00803 | 373.7 -1.11 0.00388 | -0.98 28.3 70
2 4.419 | -0.00399 | 390.1 -1.24 | 3.197 |-0.00320 | 389.3 -1.32 | 2.758 | 0.00120 | 372.2 -1.51 | -0.00360 | -1.36 29.7 72
3 4.403 | -0.01036 | 385.7 -2.35 | 3.188 [-0.00681 | 384.7 -248 | 2.742 | -0.00522 | 368.0 -2.62 | -0.00859 | -2.49 30.0 61
4 4.408 | -0.00837 | 385.7 -2.35 | 3.185 [-0.00801 | 384.6 -251 | 2.748 | -0.00281 | 368.1 -2.59 | -0.00640 | -2.49 30.2 68
5 4.395 | -0.01355 | 383.5 -291 | 3.167 |-0.01522 | 3824 -3.07 | 2.734 | -0.00843 | 366.2 -3.10 | -0.01240 | -3.02 29.7 68
6 4.377 | -0.02073 | 382.2 -3.24 | 3.155 {-0.02003 | 381.2 -337 | 2.724 | -0.01244 | 365.2 -3.36 | -0.01773 | -3.32 30.0 69
7 4.378 | -0.02033 | 381.8 -3.34 | 3.155 |{-0.02003 | 381.0 -342 | 2.728 | -0.01084 | 365.1 -3.39 | -0.01706 | -3.38 29.8 68
8 4.377 | -0.02073 | 382.0 -3.29 | 3.154 |-0.02043 | 381.1 -340 | 2.728 | -0.01084 | 365.6 -3.25 | -0.01733 | -3.31 29.1 72
9 4.378 | -0.02033 | 382.0 -3.29 | 3.155 |-0.02003 | 381.3 -335 | 2726 | -0.01164 | 365.5 -3.28 | -0.01733 | -3.31 30.0 66
10 4.373 | -0.02232 | 381.4 -3.44 | 3,150 [-0.02203 | 380.4 -357 | 2722 | -0.01324 | 364.6 -352 |-0.01920 | -3.51 31.2 64
11 4.374 | -0.02192 | 381.4 -3.44 | 3,150 [-0.02203 | 380.3 -3.60 | 2.722 | -0.01324 | 364.5 -355 |-0.01907 | -3.53 30.4 67
12 4.373 | -0.02232 | 381.3 -3.47 | 3.153 |-0.02083 | 380.5 -355 | 2722 | -0.01324 | 364.6 -352 |-0.01880 | -3.51 29.9 68
13 4.379 | -0.01993 | 381.4 -3.44 | 3,160 [-0.01803 | 380.5 -355 | 2723 | -0.01284 | 364.9 -344 | -0.01693 | -3.48 31.2 65
14 4376 | -0.02113 | 381.4 -3.44 | 3,160 [-0.01803 | 380.4 -357 | 2720 | -0.01405 | 364.9 -344 | -0.01773 | -3.49 30.0 68
15 4.375 | -0.02153 | 381.4 -3.44 | 3,158 [-0.01883 | 380.4 -357 | 2719 | -0.01445 | 365.2 -3.36 | -0.01827 | -3.46 31.3 65
20 4.362 | -0.02671 | 379.7 -3.87 | 3.148 |-0.02283 | 378.5 -4.06 | 2.717 | -0.01525 | 363.4 -3.84 | -0.02160 | -3.92 29.1 69
30 4.353 | -0.03030 | 378.1 -4.28 | 3.132 |-0.02924 | 377.1 -4.41 | 2.703 | -0.02087 | 361.9 -4.23 | -0.02680 | -4.31 30.2 68

¢ce



M131991 $-30 NMIUAFIKUULYBIRlanedeINesAS P30-4 UnTauilgam)il 80 samiwaidea

L1 =249.21 mm L2 = 249.41 mm L3 =252.82 mm
Fregnadl 1 Froghad 2 Fregnadi 3 Wit -
01 " T | % . " N » T 1 7 - " T QNQU | A
oy | X naed | Wnn | dmtdn | Lx naen | Uwdn | dmidn | Lx waea | dnidn | dwdn | wesh | dntn “ (%)
(mm) (%) (g) (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)

0 2.784 0 391.2 0 2.978 0 376.6 0 6.378 0 387.0 0 0 0 30.3 65
1 2.818 | 0.01364 | 389.7 -0.38 | 3.020 | 0.01684 | 375.4 -0.32 | 6.425 | 0.01859 | 386.8 -0.05 | 0.01636 | -0.25 29.6 72
2 2.795 | 0.00441 | 388.4 -0.72 | 2.991 | 0.00521 | 374.5 -0.56 | 6.400 | 0.00870 | 386.0 -0.26 | 0.00611 -0.51 30.0 69
3 2.768 |-0.00642 | 382.5 -2.22 | 2.967 |-0.00441 | 369.1 -1.99 | 6.359 |-0.00752 | 380.9 -1.58 | -0.00612| -1.93 28.0 69
4 2.770 |-0.00562 | 382.6 -2.20 | 2.960 | -0.00722 | 369.0 -2.02 | 6.369 |-0.00356 | 380.6 -1.65 | -0.00546 | -1.96 28.4 71
5 2.748 |-0.01445 | 381.2 -2.56 | 2.950 |-0.01123 | 367.4 -2.44 | 6.352 |-0.01028 | 378.9 -2.09 | -0.01199| -2.36 29.0 69
6 2.733 |-0.02046 | 379.4 -3.02 | 2.932 |-0.01844 | 365.3 -3.00 | 6.343 |-0.01384 | 376.9 -2.61 -0.01758 | -2.88 30.7 65
7 2.741 |-0.01725 | 379.6 -297 | 2.938 |-0.01604 | 365.3 -3.00 | 6.341 |-0.01464 | 376.9 -2.61 -0.01598 | -2.86 29.8 69
8 2.743 |-0.01645 | 379.7 -294 | 2.935 |-0.01724 | 365.3 -3.00 | 6.343 |-0.01384 | 376.9 -2.61 -0.01585| -2.85 29.3 71
9 2.740 |-0.01766 | 379.5 -2.99 | 2.937 |-0.01644 | 365.1 -3.05 | 6.341 |-0.01464 | 376.6 -2.69 | -0.01624| -291 29.8 70
10 2.737 |-0.01886 | 379.1 -3.09 | 2.937 |-0.01644 | 364.9 -3.11 | 6.339 [-0.01543 | 376.3 -2.76 | -0.01691| -2.99 31.2 64
11 2.735 |-0.01966 | 379.0 -3.12 | 2.937 |-0.01644 | 364.6 -3.19 | 6.338 [-0.01582 | 376.0 -2.84 | -0.01731| -3.05 30.0 69
12 2.735 |-0.01966 | 378.7 -3.20 | 2.937 |-0.01644 | 364.2 -3.29 | 6.340 [-0.01503 | 375.7 -2.92 | -0.01704 | -3.14 30.4 67
13 2.733 |-0.02046 | 379.0 -3.12 | 2.938 |-0.01604 | 364.4 -3.24 | 6.347 [-0.01226 | 376.0 -2.84 | -0.01625| -3.07 31.0 66
14 2.734 |-0.02006 | 379.0 -3.12 | 2.940 | -0.01524 | 364.5 -3.21 | 6.349 [-0.01147 | 376.1 -2.82 | -0.01559| -3.05 30.0 68
15 2.738 |-0.01846 | 379.4 -3.02 | 2.946 |-0.01283 | 364.8 -3.13 | 6.351 [-0.01068 | 376.4 -2.74 | -0.01399 | -2.96 29.8 70
20 2.726 |-0.02327 | 377.7 -3.45 | 2.940 |-0.01524 | 363.3 -353 | 6.331 [-0.01859 | 374.9 -3.13 | -0.01903 | -3.37 29.6 68
30 2.715 |-0.02769 | 375.4 -4.04 | 2.918 |-0.02406 | 361.0 -4.14 | 6.317 [-0.02413 | 372.6 -3.72 | -0.02529 | -3.97 30.1 65

1244



a Y v = a s sy & v N a ~
A1919N $-31 ﬂ']i‘ViﬂG]'JLLUULLW\‘iGU@QG\]IE]W@aLll@ill@i@'ﬁ 0O5-4 ‘Uuiaumqmﬁﬂum 80 DAL aL YA

L1 =252.45 mm L2 = 248.94 mm L3 = 248.23 mm
Fregheit 1 Fregnil 2 Frethl 3 \de -
7y " T ] % . " R A " T ] 0. " T Ny | A
o) | X wada | Wntn | dwdn | Lx wasa | dutn | Wndn | Lx wasa | dwdn | dhutdn | veda | dantn “ (%)
(mm) (%) (g) %) | (mm) (%) (9 %) | (mm) (%) (9) (%) (%) (%)

0 6.019 0 383.2 0 2.510 0 377.2 0 1.797 0 384.2 0 0 0 28.6 73
1 6.008 |-0.00436 | 376.9 -1.64 | 2.498 | -0.00482 | 371.5 -1.51 1.776 | -0.00846| 377.9 -1.64 |-0.00588 | -1.60 30.0 71
2 5.994 |-0.00990 | 373.7 -2.48 | 2.480 | -0.01205| 368.1 -2.41 1.763 | -0.01370| 374.9 -2.42 1-0.01180 | -2.44 30.2 68
3 5982 |-0.01466 | 369.9 -3.47 | 2478 | -0.01285| 363.9 -3.53 1.750 | -0.01893| 370.6 -3.54 1-0.01680 | -3.51 29.7 70
q 5978 |-0.01624 | 369.7 -3.52 | 2479 | -0.01245| 363.5 -3.63 1.740 | -0.02296| 370.3 -3.62 |-0.01722 | -3.59 29.1 69
5 5.969 |-0.01981 | 369.1 -3.68 2.46 | -0.02009 | 362.3 -395 | 1.735 | -0.02498 | 369.3 -3.88 |-0.02162 | -3.84 29.5 69
6 5.958 [-0.02416 | 368.4 -3.86 | 2.461 | -0.01968 | 361.9 -4.06 1.731 | -0.02659| 368.5 -4.09 1-0.02348 | -4.00 29.2 69
7 5.944 [-0.02971 367.5 -4.10 | 2.447 | -0.02531 | 360.9 -4.32 1.715 | -0.03303| 367.7 -4.29 1-0.02935 | -4.24 31.0 65
8 5.950 |-0.02733 | 367.8 -4.02 | 2.450 | -0.02410| 361.1 -4.27 1.722 | -0.03021| 368.0 -4.22 1-0.02722 | -4.17 29.8 68
9 5948 |-0.02812 | 367.7 -4.04 | 2.450 | -0.02410| 361.1 -4.27 1.720 | -0.03102| 368.0 -4.22 1-0.02775 | -4.18 30.0 67
10 5.948 |-0.02812 | 367.9 -3.99 | 2.440 | -0.02812| 361.1 -4.27 1.718 | -0.03183| 367.8 -4.27 1-0.02936 | -4.18 30.3 66
11 5948 |-0.02812 | 367.7 -4.04 | 2.440 | -0.02812 | 361.2 -4.24 1.718 | -0.03183| 367.7 -4.29 1-0.02936 | -4.19 29.9 69
12 5949 |-0.02773 | 367.7 -4.04 | 2.441 | -0.02772| 361.0 -4.29 1.718 | -0.03183| 367.7 -4.29 1-0.02909 | -4.21 30.4 67
13 5952 |-0.02654 | 367.8 -4.02 | 2.438 | -0.02892| 361.1 -4.27 1.720 | -0.03102| 367.8 -4.27 1-0.02883 | -4.19 31.1 66
14 5952 |-0.02654 | 367.7 -4.04 | 2.438 | -0.02892 | 361.1 -4.27 1.720 | -0.03102| 367.9 -4.24 1-0.02883 | -4.19 30.2 68
15 5.958 |-0.02416 | 368.2 -3.91 2.443 | -0.02691 | 361.4 -4.19 1.723 | -0.02981| 368.3 -4.14 1-0.02696 | -4.08 30.6 69
20 5.942 |-0.03050 | 367.4 -4.12 | 2.441 | -0.02772| 360.8 -4.35 1.719 | -0.03142| 367.7 -4.29 1-0.02988 | -4.26 30.0 68
30 5.908 |-0.04397 | 366.3 -4.41 2.407 | -0.04138 | 359.7 -4.64 1.689 | -0.04351| 366.5 -4.61 |-0.04295 | -4.55 30.2 67

144



M13199 $-32 NMIuadIkuULsYeslonediuesuesins 010-4 Uuseungumail 80 eemvaLgyd

L1 = 250.70 mm

L2 = 250.63 mm

L3 = 248.78 mm

Fregnadl 1 Froghad 2 Fregnadi 3 \ae -
01 " T | % . » T o ] % . » T o ] 7 - " T QU | A
oy | X waea | Wnn | dmtdn | Lx nady | dmidn | Wntdn | Lx wadd | Umdn | dnddn | weda | dntn “ %)
(mm) (%) (g) (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 4.270 0 384.3 0 4.198 0 393.4 0 2.348 0 383.9 0 0 0 29.0 70
1 4.238 | -0.01276 | 378.9 -1.41 | 4.175 | -0.00918 | 388.0 -1.37 | 2.332 |-0.00643 | 379.3 -1.20 | -0.01097| -1.33 30.3 70
2 4.227 | -0.01715| 375.2 -2.37 | 4.167 | -0.01237 | 383.7 -2.47 | 2.318 |-0.01206 | 3754 -2.21 | -0.01476| -2.35 30.3 67
3 4.224 | -0.01835| 371.5 -3.33 | 4.165 | -0.01317| 379.9 -3.43 | 2.311 |-0.01487 | 372.0 -3.10 | -0.01546 | -3.29 29.6 68
4 4.212 | -0.02314| 370.7 -354 | 4.152 | -0.01835| 379.0 -3.66 | 2.302 |-0.01849 | 371.2 -3.31 |-0.01999| -3.50 29.0 69
5 4.200 | -0.02792 | 369.6 -3.83 | 4.138 | -0.02394 | 378.0 -3.91 | 2.289 |-0.02372 | 370.3 -3.54 |-0.02519| -3.76 29.8 66
6 4.189 | -0.03231 | 368.8 -4.03 | 4.132 | -0.02633 | 376.9 -4.19 | 2.279 |-0.02774 | 369.3 -3.80 |-0.02879| -4.01 29.8 68
7 4.186 | -0.03351 | 368.4 -4.14 | 4.128 | -0.02793 | 376.6 -4.27 | 2.281 |-0.02693 | 369.1 -3.86 |-0.02946| -4.09 30.8 68
8 4.192 | -0.03111| 369.4 -3.88 | 4.133 | -0.02593 | 377.6 -4.02 | 2.288 |-0.02412 | 370.0 -3.62 | -0.02706 | -3.84 30.0 69
9 4.198 | -0.02872 | 368.8 -4.03 | 4.135 | -0.02514 | 377.2 -4.12 | 2.280 |-0.02733 | 369.7 -3.70 | -0.02706| -3.95 30.3 68
10 4.182 | -0.03510 | 368.4 -4.14 | 4.125 | -0.02913 | 376.5 -4.30 | 2.272 |-0.03055 | 368.8 -393 |-0.03159| -4.12 30.6 65
11 4.190 | -0.03191 | 368.0 -4.24 | 4.126 | -0.02873 | 376.7 -4.25 | 2.270 |-0.03135 | 368.7 -396 | -0.03066| -4.15 29.7 67
12 4.188 | -0.03271 | 368.0 -4.24 | 4.124 | -0.02953 | 376.4 -4.32 | 2.270 |-0.03135 | 368.7 -396 |-0.03120| -4.17 30.2 69
13 4.187 | -0.03311 | 368.2 -4.19 | 4.122 | -0.03032 | 376.2 -4.37 | 2.268 |-0.03216 | 368.7 -396 |-0.03186| -4.17 30.4 69
14 4.190 | -0.03191 | 368.8 -4.03 | 4.128 | -0.02793 | 377.0 -4.17 | 2.274 |-0.02975 | 369.6 -3.72 |-0.02986| -3.98 30.9 69
15 4.190 | -0.03191 | 368.8 -4.03 | 4.128 | -0.02793 | 377.0 -4.17 | 2.274 |-0.02975 | 369.6 -3.72 |-0.02986| -3.98 30.9 69
20 4.177 | -0.03710| 368.0 -4.24 | 4122 | -0.03032 | 376.4 -4.32 | 2.258 |-0.03618 | 368.7 -396 |-0.03453| -4.17 31.1 66
30 4.152 | -0.04707 | 366.7 -4.58 | 4.088 | -0.04389 | 375.0 -4.68 | 2.242 |-0.04261 | 367.5 -4.27 | -0.04452 | -4.51 30.8 67

9¢c



M13197 9-33 NsUAILUULTIeRlanedileiuaiing 015-4 Uuiouiigamgil 80 aerLaldya

L1 =249.77 mm L2 =248.48 mm L3 = 252.07 mm
Fregneil 1 Frethil 2 Fregheil 3 Wiy -
7y " R A " R A " T ] - " T QU | AE.
o) | X wada | dutn | Wntn | Lx wasa | ddn | dutdn | Lx wada | dutn | Wnidn | vesn | dwidn “ (%)
(mm) (%) (9 (%) (mm) (%) (9 %) | (mm) (%) (9 (%) (%) (%)

0 3.338 0 387.2 0 2.045 0 372.7 0 5.635 0 380.2 0 0 0 27.7 75
1 3.316 | -0.00881 | 383.1 -1.06 | 2.016 [-0.01167 369.0 -0.99 | 5.608 [-0.01071 | 375.5 -1.24 1-0.01040 -1.10 28.9 75
2 3.300 | -0.01521 | 379.3 -2.04 | 2.008 [-0.01489 365.2 -2.01 5.587 |-0.01904 | 371.5 -2.29 1-0.01638 -2.11 29.9 62
3 3.305 | -0.01321 | 376.3 -2.82 | 2.008 [-0.01489 362.3 -2.79 | 5.593 [-0.01666 | 369.0 -2.95 1-0.01492 -2.85 27.6 75
q 3.293 | -0.01802 | 375.3 -3.07 | 2.004 [-0.01650 361.1 -3.11 5.573 |-0.02460 | 368.0 -3.21 1-0.01970 -3.13 29.3 68
5 3.277 | -0.02442 | 374.3 -3.33 1.988 |-0.02294 360.0 -3.41 5572 1-0.02499 | 366.8 -3.52 1-0.02412 -3.42 29.2 66
6 3.270 | -0.02723 | 373.2 -3.62 | 1.980 |-0.02616 | 359.1 -3.65 | 5.555 |-0.03174 | 365.8 -3.79 |-0.02837 | -3.68 30.3 68
7 3.266 | -0.02883 | 372.9 -3.69 | 1.975 |-0.02817 | 358.7 -3.76 | 5.558 |-0.03055 | 365.3 -392 |-0.02918 | -3.79 30.4 69
8 3.272 | -0.02642 | 373.6 -351 1.980 [-0.02616 | 359.3 -3.60 | 5.560 |-0.02975 | 366.1 -3.71 |-0.02745 | -3.61 31.0 66
9 3.277 | -0.02442 | 373.5 -354 | 1.979 |-0.02656 | 359.3 -3.60 | 5.558 |-0.03055 | 365.9 -3.76 |-0.02718 | -3.63 30.0 69
10 3.263 | -0.03003 | 372.8 -3.72 | 1.968 |-0.03099 | 358.4 -3.84 | 5,551 |-0.03332 | 365.2 -395 |-0.03145 | -3.83 314 67
11 3.261 | -0.03083 | 372.3 -385 | 1.972 |-0.02938 | 358.4 -3.84 | 5549 |-0.03412 | 365.0 -4.00 |-0.03144 | -3.89 30.3 69
12 3.261 | -0.03083 | 372.4 -3.82 | 1.970 |-0.03018 | 358.4 -3.84 | 5548 |-0.03451 | 365.0 -4.00 |-0.03184 | -3.89 29.9 69
13 3.263 | -0.03003 | 372.7 -3.74 | 1.970 |-0.03018 | 358.3 -3.86 | 5.548 |-0.03451 | 365.0 -4.00 |-0.03158 | -3.87 30.4 69
14 3.264 | -0.02963 | 372.8 -3.72 | 1.970 |-0.03018 | 358.5 -3.81 | 5.550 |-0.03372 | 365.2 -395 |-0.03118 | -3.82 30.1 68
15 3.271 | -0.02682 | 373.8 -346 | 1.972 |-0.02938 | 359.4 -3.57 | 5560 |-0.02975 | 366.2 -3.68 |-0.02865 | -3.57 30.5 69
20 3.257 | -0.03243 | 372.5 -3.80 | 1.959 |-0.03461 358.3 -3.86 | 5.546 |-0.03531 | 364.9 -4.02 |-0.03412 | -3.89 314 65
30 3.238 | -0.04004 371 -4.18 1.937 |-0.04347 356.7 -4.29 | 5,515 [-0.04761 | 363.3 -4.45 1-0.04370 -4.31 30.8 66

lcC



M13199 $-34 NMsuaILUULTsYesdleonediuesuesins P1005-4 UnTauilgum)il 80 sariwaldea

L1 =251.03 mm L2 =252.25 mm L3 = 249.99 mm
Froghad 1 Fregnadi 2 Fregnadi 3 wde -
01 " N A " T o ] % . " T 1 7 - " T QU | A
oy | X naen | untn | dwdn | Lx naen | dmidn | Wntdn | Lx wada | Umdn | dntdn | vesa | Wil “ (%)
(mm) (%) () (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 4.604 0 392.4 0 5.823 0 386.1 0 3.558 0 389.2 0 0 0 28.0 72
1 4.572 | -0.01275| 388.4 -1.02 | 5.800 | -0.00912| 381.9 -1.09 | 3.518 |-0.01600 | 383.8 -1.39 |-0.01093 | -1.16 28.3 72
2 4.576 | -0.01115| 384.4 -2.04 | 5.786 | -0.01467 | 378.2 -2.05 | 3.507 |-0.02040 | 379.6 -2.47 |-0.01541 | -2.18 28.8 68
3 4.568 | -0.01434 | 382.6 -2.50 | 5.784 | -0.01546 | 376.1 -2.59 | 3.507 |-0.02040 | 378.2 -2.83 |-0.01673 | -2.64 29.2 70
4 4.551 | -0.02111 | 381.0 -291 | 5.771 | -0.02061 | 374.4 -3.03 | 3.488 |-0.02800 | 376.7 -3.21 |-0.02324 | -3.05 30.4 63
5 4.551 | -0.02111 | 379.6 -3.26 | 5.763 | -0.02379 | 373.4 -3.29 | 3.483 |-0.03000 | 375.1 -3.62 |-0.02497 | -3.39 30.7 68
6 4.549 | -0.02191 | 378.7 -3.49 | 5.752 | -0.02815| 372.2 -3.60 | 3.477 |-0.03240 | 374.3 -3.83 |-0.02749 | -3.64 30.6 67
7 4.548 | -0.02231 | 378.5 -3.54 | 5,754 | -0.02735| 372.3 -3.57 | 3.482 |-0.03040 | 374.4 -3.80 |-0.02669 | -3.64 29.3 69
8 4.547 | -0.02271 | 378.7 -3.49 | 5.755 | -0.02696 | 372.3 -3.57 | 3.482 |-0.03040 | 374.4 -3.80 |-0.02669 | -3.62 29.7 68
9 4.540 | -0.02549 | 378.6 -3.52 | 5.754 | -0.02735| 372.4 -3.55 | 3.480 |-0.03120 | 374.4 -3.80 |-0.02802 | -3.62 30.3 65
10 4.534 | -0.02788 | 378.3 -3.59 | 5.755 | -0.02696 | 372.1 -3.63 | 3.480 |-0.03120 | 374.1 -3.88 |-0.02868 | -3.70 29.4 66
11 4.534 | -0.02788 | 378.3 -3.59 | 5.753 | -0.02775| 372.0 -3.65 | 3.480 |-0.03120 | 374.1 -3.88 |-0.02895 | -3.71 30.1 67
12 4.535 | -0.02749 | 378.4 -3.57 | 5.752 | -0.02815| 372.1 -3.63 | 3479 |-0.03160 | 374.1 -3.88 |-0.02908 | -3.69 30.2 67
13 4.537 | -0.02669 | 378.4 -3.57 | 5.751 | -0.02854 | 372.0 -3.65 | 3479 |-0.03160 | 374.1 -3.88 |-0.02894 | -3.70 30.1 69
14 4.537 | -0.02669 | 378.4 -3.57 | 5.752 | -0.02815| 372.0 -3.65 | 3.480 |-0.03120 | 374.1 -3.88 |-0.02868 | -3.70 30.2 68
15 4.543 | -0.02430 | 378.8 -3.47 | 5.755 | -0.02696 | 372.3 -357 | 3.480 |-0.03120 | 374.4 -3.80 |-0.02749 | -3.61 30.7 68
20 4.529 | -0.02988 | 377.8 -3.72 | 5.742 | -0.03211 | 371.7 -3.73 | 3.468 |-0.03600 | 373.8 -3.96 |-0.03266 | -3.80 30.8 67
30 4.5 |-0.04143| 375.3 -4.36 | 5.721 | -0.04044 | 369.4 -4.33 | 3.443 | -0.04600 371 -4.68 |-0.04262 | -4.45 30.2 67

8¢¢



M13197 9-35 NMsUAILUULiIesRlanedilaiueians P10010-4 Uuiouiigaumgil 80 asrLyaidea

L1 =249.79 mm L2 = 249.63 mm L3 = 249.42 mm
Frogaft 1 feoenel 2 foenl 3 \nde -
a1y " N " R " R " .| QU | Ad
@anh) | nagy | Wwmdn | dwnddn | Lx nadn | dmtn | dwdn | Lx nagy | dwdn | dndn | wedn | Wt i (%)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (9) (%) (%) (%)

0 3.364 0 371.5 0 3.196 0 376.5 0 2.993 0 386.8 0 0 0 28.0 71
1 3.331 | -0.01321 | 367.6 -1.05 | 3.178 |-0.00721 | 372.7 -1.01 | 2963 | -0.01203| 381.9 -1.27 |-0.01082 | -1.11 30.3 69
2 3.332 | -0.01281 | 362.5 -2.42 | 3.169 |-0.01082 | 367.5 -2.39 | 2950 | -0.01724| 377.1 -2.51 |-0.01362 | -2.44 28.0 70
3 3.331 | -0.01321 | 361.0 -2.83 | 3.171 |-0.01001 | 365.8 -2.84 | 2953 | -0.01604| 375.3 -2.97 |-0.01462 | -2.88 29.0 70
4 3.312 | -0.02082 | 360.0 -3.10 | 3.152 |-0.01763 | 364.4 -3.21 | 2936 | -0.02285| 373.7 -3.39 1-0.02043 | -3.23 28.8 68
5 3.308 | -0.02242 | 358.8 -3.42 | 3.145 |-0.02043 | 363.2 -3.53 | 2930 | -0.02526| 372.3 -3.75 1-0.02270 | -3.57 31.1 65
6 3.303 | -0.02442 | 358.3 -3.55 | 3,135 |-0.02444 | 362.4 -3.75 | 2932 | -0.02446| 371.6 -3.93 |-0.02444 | -3.74 29.7 67
7 3.303 | -0.02442 | 358.1 -3.61 | 3.133 |-0.02524 | 362.2 -3.80 | 2.926 | -0.02686| 371.3 -4.01 |-0.02551 -3.80 29.6 68
8 3.304 | -0.02402 | 358.1 -3.61 | 3.133 |-0.02524 | 362.3 -3.77 | 2926 | -0.02686| 371.3 -4.01 |-0.02537 | -3.80 29.6 67
9 3.307 | -0.02282 | 358.2 -3.58 | 3.135 |-0.02444 | 362.4 -3.75 | 2927 | -0.02646| 371.4 -3.98 |-0.02457 | -3.77 30.8 64
10 3.311 | -0.02122 | 358.1 -3.61 | 3.133 |-0.02524 | 362.2 -3.80 | 2.929 | -0.02566| 371.2 -4.03 |-0.02404 | -3.81 29.4 67
11 3.310 | -0.02162| 358.1 -3.61 | 3.133 |-0.02524 | 362.2 -3.80 | 2.927 | -0.02646| 371.1 -4.06 |-0.02444 | -3.82 30.2 68
12 3.307 | -0.02282 | 358.2 -3.58 | 3.131 |-0.02604 | 362.1 -3.82 | 2927 | -0.02646| 371.2 -4.03 |-0.02511 -3.81 31.0 66
13 3.300 | -0.02562 | 357.8 -3.69 | 3.128 |-0.02724 | 361.8 -390 | 2.924 | -0.02766| 370.8 -4.14 1-0.02684 | -3.91 30.2 69
14 3.300 | -0.02562| 358.0 -3.63 | 3.128 |-0.02724 | 361.9 -3.88 | 2.924 | -0.02766| 370.8 -4.14 1-0.02684 | -3.88 30.1 68
15 3.309 | -0.02202 | 358.7 -3.45 | 3,131 |-0.02604 | 362.6 -3.69 | 2925 | -0.02726| 371.8 -3.88 |-0.02511 -3.67 30.9 67
20 3.303 | -0.02442 | 357.2 -3.85 | 3.125 |-0.02844 | 361.6 -396 | 2921 | -0.02887| 370.5 -4.21 |-0.02724 | -4.01 31.0 66
30 3.280 | -0.03363 | 354.9 -4.47 | 3.100 |-0.03846 | 359.4 -4.54 | 2902 | -0.03648| 368 -4.86 |-0.03619 | -4.62 30.5 67

6¢¢



M13199 $-36 NMIUAILUULsYBsRlonedilesuesis P10015-4 UNTauilguu)il 80 smiwaldea

L1 = 248.84 mm L2 = 249.40 mm L3 = 249.86 mm
Fregnadl 1 Fregnadi 2 Fregnadi 3 wde -
7 » T ] % - " T - ] % - " T o 1 % - » T QUL Ad.
o | & ey | dwmdn | dwdn | Lx e | dmdn | dndn | Lx waf | dmdn | dndn | vedd | dntdn s (%)
(mm) (%) (g) (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 2414 0 385.6 0 2.965 0 376.2 0 3.426 0 392.4 0 0 0 27.3 74
1 2.392 | -0.00884 | 3825 -0.80 | 2.938 | -0.01083 | 372.9 -0.88 | 3.393 |-0.01321 | 387.9 -1.15 |-0.01096 | -0.94 29.7 71
2 2.375 | -0.01567 | 377.1 -2.20 | 2.923 | -0.01684 | 367.7 -2.26 | 3.379 |-0.01881 | 3825 -2.52 1-0.01626 | -2.33 30.3 61
3 2.377 | -0.01487 | 376.6 -2.33 | 2.924 | -0.01644 | 367.2 -2.39 | 3.379 |-0.01881 | 382.0 -2.65 |-0.01684 | -2.46 30.4 67
4 2.361 | -0.02130 | 374.6 -2.85 | 2.907 | -0.02326 | 365.2 -2.92 | 3.357 |-0.02762 | 379.9 -3.19 |-0.02406 | -2.99 30.0 66
5 2.355 | -0.02371 | 373.4 -3.16 | 2.903 | -0.02486 | 363.7 -3.32 | 3.356 |-0.02802 | 378.7 -3.49 |1-0.02553 | -3.33 30.0 68
6 2.351 | -0.02532 | 373.2 -3.22 | 2.896 | -0.02767 | 363.4 -3.40 | 3.354 |-0.02882 | 378.1 -3.64 |-0.02727 | -3.42 30.0 67
7 2.345 | -0.02773 | 373.4 -3.16 | 2.895 | -0.02807 | 363.7 -3.32 | 3.346 |-0.03202 | 378.5 -3.54 |-0.02927 | -3.34 29.9 70
8 2.342 | -0.02893 | 374.1 -2.98 | 2901 | -0.02566 | 364.3 -3.16 | 3.350 |-0.03042 | 379.3 -3.34 |-0.02834 | -3.16 30.5 68
9 2.346 | -0.02733 | 372.6 -3.37 | 2.898 | -0.02687 | 363.1 -3.48 | 3.346 |-0.03202 | 377.8 -3.72 |-0.02874 | -3.52 30.2 66
10 2.346 | -0.02733 | 372.4 -3.42 | 2.897 | -0.02727 | 363.2 -3.46 | 3.345 |-0.03242 | 377.8 -3.72 |-0.02900 | -3.53 30.2 67
11 2.345 | -0.02773 | 372.6 -3.37 | 2.899 | -0.02646 | 363.1 -3.48 | 3.345 |-0.03242 | 377.8 -3.72 |-0.02887 | -3.52 29.9 69
12 2.344 | -0.02813 | 372.8 -3.32 | 2.900 | -0.02606 | 363.1 -3.48 | 3.344 |-0.03282 | 377.9 -3.70 |-0.02900 | -3.50 31.0 66
13 2.340 | -0.02974 | 372.4 -3.42 | 2.898 | -0.02687 | 362.6 -3.62 | 3.341 |-0.03402 | 377.7 -3.75 1-0.03021 | -3.59 30.3 69
14 2.340 | -0.02974 | 372.5 -3.40 | 2.898 | -0.02687 | 362.7 -3.59 | 3.342 |-0.03362 | 377.8 -3.72 |-0.03007 | -3.57 30.2 68
15 2.346 | -0.02733 | 373.6 -3.11 | 2901 | -0.02566 | 363.8 -3.30 | 3.348 |-0.03122 | 378.8 -3.47 |-0.02807 | -3.29 31.1 66
20 2.335 | -0.03175| 372.2 -3.48 | 2.889 | -0.03047 | 362.5 -3.64 | 3.337 |-0.03562 | 377.5 -3.80 |-0.03261 | -3.64 30.2 68
30 2.318 | -0.03858 | 369.9 -4.07 | 2.874 | -0.03649 | 360.1 -4.28 | 3.319 |-0.04282 | 375.0 -4.43 |-0.03930 | -4.26 30.2 67

0¢c



M15197 9-37 NMsUAILUULiIesRlanedilaiuaians P2005-4 Uuseunigumgil 80 sumigales

L1 =249.18 mm

L2 = 251.51 mm

L3 =248.41 mm

Fregnadi 1 Fregnadi 2 Fregnadi 3 \dey -
7y " R A " R A " T o ] - " T QU | A
o) | X naed | Wndn | dwmtdn | Lx waen | dmdn | dndn | Lx naed | Wndn | dnidn | uedd | Wndn c (%)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (9) (%) (%) (%)
0 2.754 0 378.4 0 5.084 0 403.6 0 1.979 0 384.9 0 0 0 26.9 75
1 2.736 | -0.00722| 374.9 -0.92 | 5.075 |-0.00358 | 399.7 -0.97 | 1.966 |-0.00523 | 381.2 -0.96 | -0.00535| -0.95 30.3 69
2 2.714 | -0.01605| 368.6 -2.59 | 5.054 |-0.01193 | 393.3 -2.55 1.952 (-0.01087 | 375.2 -2.52 | -0.01295| -2.55 28.4 67
3 2.715 | -0.01565 | 368.6 -2.59 | 5.053 |-0.01233 | 393.2 -2.58 1.950 [-0.01167 | 375.2 -2.52 | -0.01322| -2.56 28.2 71
4 2.703 | -0.02047 | 366.5 -3.14 | 5.036 |-0.01908 | 391.0 -3.12 | 1.935 |-0.01771 | 373.2 -3.04 | -0.01909| -3.10 29.5 68
5 2.696 | -0.02328 | 365.3 -3.46 | 5.031 |-0.02107 | 389.7 -3.44 | 1.928 |-0.02053 | 372.1 -3.33 | -0.02163| -3.41 29.7 69
6 2.697 | -0.02287 | 364.6 -3.65 | 5.035 |-0.01948 | 388.9 -3.64 | 1.923 |-0.02254 | 371.3 -353 | -0.02163| -3.61 30.0 66
7 2.699 | -0.02207 | 365.0 -3.54 | 5.028 |-0.02227 | 389.3 -354 | 1920 |-0.02375 | 371.6 -3.46 | -0.02270| -3.51 30.0 68
8 2.698 | -0.02247 | 365.1 -3.51 | 5.026 |-0.02306 | 389.0 -3.62 | 1.920 |-0.02375 | 371.2 -356 | -0.02309| -3.56 30.0 69
9 2.696 | -0.02328 | 364.1 -3.78 | 5.024 |-0.02386 | 388.2 -3.82 | 1.923 |-0.02254 | 370.9 -3.64 | -0.02322| -3.74 30.2 66
10 2.696 | -0.02328 | 364.2 -3.75 | 5.023 |-0.02425 | 388.2 -3.82 | 1.922 |-0.02295 | 370.5 -3.74 | -0.02349| -3.77 30.0 69
11 2.698 | -0.02247 | 364.0 -3.81 | 5.029 |-0.02187 | 388.1 -3.84 | 1.921 |-0.02335 | 370.7 -3.69 | -0.02256| -3.78 30.6 67
12 2.700 | -0.02167 | 364.2 -3.75 | 5.027 |-0.02266 | 388.4 -3.77 1.926 (-0.02134 | 371.2 -356 | -0.02189| -3.69 30.5 69
13 2.695 | -0.02368 | 363.7 -3.88 | 5.021 |-0.02505 | 387.9 -3.89 1.922 |-0.02295 | 370.7 -3.69 | -0.02389| -3.82 30.2 70
14 2.695 | -0.02368 | 363.8 -3.86 | 5.021 |-0.02505 | 388.0 -3.87 | 1.923 |-0.02254 | 370.8 -3.66 | -0.02376| -3.80 30.3 68
15 2.696 | -0.02328 | 364.8 -3.59 | 5.023 |-0.02425 | 389.1 -3.59 1.930 (-0.01973 | 371.7 -3.43 | -0.02242| -3.54 31.1 66
20 2.688 | -0.02649 | 363.3 -3.99 | 5.012 |-0.02863 | 387.2 -4.06 | 1.923 |-0.02254 | 370.3 -3.79 | -0.02589| -3.95 30.8 67
30 2.677 | -0.03090 | 360.9 -4.62 | 5.009 |-0.02982 | 384.6 -4.71 1.906 [-0.02939 | 367.9 -4.42 | -0.03004 | -4.58 29.8 68

1¢¢



M13199 $-38 NMIuAILUULsYBsRlonedilesuesis P20010-4 UNTauilguu)il 80 smiwaldea

L1 = 248.77 mm

L2 = 250.62 mm

L3 = 250.56 mm

Froghad 1 Fregnadi 2 Fregnadi 3 wde -
01 » T | % - " N A » T o 1 7 - » T QU | A
oy | X nady | Wntn | dnidn | Lx waRa | Wntn | dmtdn | Lx wady | Umdn | dmidn | e | diuiln e %)
(mm) (%) (g) (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)

0 2.336 0 378.5 0 4.193 0 382.8 0 4.126 0 402.9 0 0 0 30.1 71
1 2.295 | -0.01648 | 376.5 -0.53 | 4.163 |-0.01197 | 380.4 -0.63 | 4.091 | -0.01397 | 399.5 -0.84 |-0.01414| -0.67 30.4 67
2 2.290 | -0.01849 | 371.1 -196 | 4.154 |-0.01556 | 374.7 -2.12 | 4.078 | -0.01916 | 393.7 -2.28 |-0.01703| -2.12 30.0 66
3 2.284 | -0.02090| 370.9 -2.01 | 4.148 |-0.01796 | 374.5 -2.17 | 4.072 | -0.02155 | 393.3 -2.38 |-0.02014| -2.19 29.6 66
4 2.281 | -0.02211| 369.2 -2.46 | 4.143 |-0.01995 | 373.4 -2.46 | 4.069 | -0.02275 | 392.3 -2.63 | -0.02160| -2.51 29.3 69
5 2.264 | -0.02894 | 368.8 -2.56 | 4.135 |-0.02314 | 372.5 -2.69 | 4.059 | -0.02674 | 391.0 -2.95 |-0.02628 | -2.74 29.6 68
6 2.262 | -0.02975| 368.1 -2.75 | 4.134 |-0.02354 | 371.8 -2.87 | 4.057 | -0.02754 | 390.3 -3.13 | -0.02694 | -2.92 30.1 65
7 2.262 | -0.02975| 367.8 -2.83 | 4.145 |-0.01915 | 371.5 -295 | 4.057 | -0.02754 | 390.1 -3.18 | -0.02548 | -2.99 30.0 67
8 2.260 | -0.03055| 367.8 -2.83 | 4.141 |-0.02075 | 371.5 -295 | 4.053 | -0.02914 | 390.0 -3.20 | -0.02681| -2.99 30.0 68
9 2.258 | -0.03135| 367.8 -2.83 | 4.132 |-0.02434 | 371.6 -293 | 4.050 | -0.03033 | 389.7 -3.28 | -0.02868 | -3.01 30.3 66
10 2.258 | -0.03135| 367.7 -2.85 | 4.132 |-0.02434 | 371.5 -295 | 4.051 | -0.02993 | 389.6 -3.30 | -0.02854| -3.04 29.9 68
11 2.262 | -0.02975| 367.7 -2.85 | 4.133 |-0.02394 | 371.5 -295 | 4.058 | -0.02714 | 389.8 -3.25 |-0.02694 | -3.02 30.6 67
12 2.262 | -0.02975| 368.0 =277 | 4.137 |-0.02234 | 371.6 -293 | 4.056 | -0.02794 | 389.9 -3.23 | -0.02668 | -2.98 30.5 68
13 2.262 | -0.02975| 367.4 -293 | 4.131 |-0.02474 | 370.9 -3.11 | 4.057 | -0.02754 | 389.3 -3.38 | -0.02734| -3.14 30.3 70
14 2.263 | -0.02934 | 367.5 -291 | 4.132 |-0.02434 | 371.1 -3.06 | 4.057 | -0.02754 | 389.4 -3.35 | -0.02707| -3.10 30.0 68
15 2.266 | -0.02814| 368.4 -2.67 | 4.135 |-0.02314 | 371.9 -2.85 | 4.057 | -0.02754 | 390.3 -3.13 | -0.02627 | -2.88 30.4 67
20 2.264 | -0.02894 | 366.8 -3.09 | 4.122 |-0.02833 | 370.2 -3.29 | 4.049 | -0.03073 | 388.6 -3.55 |-0.02933| -3.31 30.6 67
30 2.257 | -0.03176 | 363.8 -3.88 | 4.124 |-0.02753 | 368.2 -3.81 | 4.048 | -0.03113 | 385.7 -4.27 |-0.03014| -3.99 30.4 65

[AY4



M13197 -39 NsUAILUULIIYesRlanedilaiiasans P20015-4 Uuiouiigaumgil 80 asrLyaidea

L1 =252.12 mm L2 =251.10 mm L3 = 248.95 mm
Fregnadi 1 Fregnadi 2 Fregnadi 3 \ade -
21y " R " R " T | . " T QUL | A
o) | X waea | Umtn | dndn | Lx waed | Untn | dndn | Lx naed | Uun | dndn | wesn | ddn ‘ (%)
(mm) (%) (9) (%) (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 5.687 0 397.9 0 4.671 0 400.2 0 2.522 0 388.8 0 0 0 29.6 70
1 5.652 |-0.01388 | 395.7 -0.55 | 4.640 | -0.01235| 397.4 -0.70 | 2476 |-0.01848 | 384.7 -1.05 |-0.01541 | -0.77 30.5 63
2 5.655 |-0.01269 | 391.6 -1.58 | 4.640 | -0.01235| 393.2 -1.75 | 2476 |-0.01848 | 382.6 -1.59 |[-0.01541 | -1.64 29.2 70
3 5.651 |-0.01428 | 391.0 -1.73 | 4.623 | -0.01912| 3925 -192 | 2477 (-0.01808 | 381.4 -1.90 |-0.01860 | -1.85 28.8 71
a4 5.632 |-0.02182 | 389.5 -2.11 4.613 | -0.02310| 391.0 -2.30 | 2.461 |-0.02450 | 379.7 -2.34 -0.02314 | -2.25 30.1 64
5 5.618 |-0.02737 | 388.2 -2.44 | 4597 | -0.02947 | 389.5 -2.67 | 2.448 [-0.02972 | 378.1 -2.75 |[-0.02885 | -2.62 29.7 68
6 5.612 |-0.02975 | 387.2 -2.69 | 4.590 | -0.03226 | 388.5 -2.92 | 2.440 (-0.03294 | 377.5 -291 |-0.03165 | -2.84 30.7 68
7 5.618 |-0.02737 | 388.1 -2.46 | 4.597 | -0.02947 | 389.2 -2.75 | 2.442 |-0.03213 | 377.8 -2.83 [-0.02966 | -2.68 31.3 63
8 5.612 |-0.02975 | 387.5 -2.61 4.591 | -0.03186| 389.1 -2.77 | 2.440 (-0.03294 | 377.8 -2.83 |-0.03152 | -2.74 30.5 67
9 5.612 |-0.02975 | 387.5 -2.61 4.590 | -0.03226| 389.0 -2.80 | 2.440 (-0.03294 | 377.5 -291 |-0.03165 | -2.77 30.1 69
10 5.617 |-0.02776 | 387.4 -2.64 | 4.588 | -0.03305| 388.7 -2.87 | 2.438 [-0.03374 | 377.3 -296 |-0.03152 | -2.82 30.5 68
11 5.617 |-0.02776 | 387.5 -2.61 4.590 | -0.03226| 388.7 -2.87 | 2.440 (-0.03294 | 377.4 -2.93 |-0.03099 | -2.81 29.9 69
12 5.619 |-0.02697 | 387.8 -2.54 | 4590 | -0.03226 | 388.9 -2.82 | 2.441 |-0.03254 | 377.5 -291 |-0.03059 | -2.76 30.7 68
13 5.621 |-0.02618 | 387.3 -2.66 | 4.592 | -0.03146| 388.5 -2.92 | 2.441 |-0.03254 | 376.9 -3.06 |-0.03006 | -2.88 30.3 69
14 5.622 |-0.02578 | 387.4 -2.64 | 4593 | -0.03106| 388.5 -2.92 | 2.442 (-0.03213 | 377.0 -3.03 |-0.02966 | -2.87 30.2 68
15 5.628 |-0.02340 | 388.2 -2.44 | 4596 | -0.02987 | 389.5 -2.67 | 2.446 [-0.03053 | 378.1 -2.75 [-0.02793 | -2.62 30.6 67
20 5.615 |-0.02856 | 386.3 -292 | 4.583 | -0.03505| 387.3 -3.22 | 2.430 [-0.03695 | 375.9 -3.32 |-0.03352 | -3.15 30.7 67
30 5.613 |-0.02935 | 381.2 -4.20 | 4.577 | -0.03744 | 382.2 -4.50 | 2.421 |-0.04057 | 370.7 -4.66 |-0.03579 | -4.45 29.9 68
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M19197 -1 NsveneidluasaraelfeudamnanuintuSosas 5 vasdlenediuesuesas Control-1 Uuseuniaumnil 80 aemwalles

L1 = 25231 mm

L2 = 249.22 mm

L3 = 250.13 mm

Fregnadi 1 Fregnadi 2 froghed 3 Wit -
7 Y 1 2 o | % - Y 1 % o | % - R T T .| QMg | Ad
Gy | x| veedta | dmailln | dwiln | L | wenedn | dwdn | dwilln | e | eedn | | shdn | agned | dwn “ (%)
(mm) (%) (g) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)
0 5.876 0 391.2 0 2.790 0 388.3 0 3.697 0 390.7 0 0 0 28.7 70
1 5.937 | 0.02418 | 396.3 1.30 2.863 | 0.02929 | 393.4 1.31 3.773 | 0.03038 | 396.2 1.41 0.02795 1.34 27.9 7
2 5.931 | 0.02180 | 396.5 1.35 2.853 | 0.02528 | 393.3 1.29 3.773 | 0.03038 | 396.1 1.38 0.02582 1.34 29.7 73
3 5.925 | 0.01942 | 396.4 1.33 2.857 | 0.02688 | 393.3 1.29 3.763 | 0.02639 | 395.9 1.33 0.02423 1.32 29.2 64
4 5.927 | 0.02021 | 396.3 1.30 2.853 | 0.02528 | 393.5 1.34 3.763 | 0.02639 | 396.2 1.41 0.02396 1.35 28.4 74
5 5.927 | 0.02021 | 396.5 1.35 2.849 | 0.02367 | 393.3 1.29 3.759 | 0.02479 | 396.1 1.38 0.02289 1.34 29.3 64
6 5.915 | 0.01546 | 396.2 1.28 2.843 | 0.02127 | 393.2 1.26 3.752 | 0.02199 | 395.7 1.28 0.01957 1.27 30.4 62
7 5.917 | 0.01625 | 396.6 1.38 2.849 | 0.02367 | 393.4 1.31 3.754 | 0.02279 | 395.9 1.33 0.02090 1.34 30.3 69
8 5.912 | 0.01427 | 396.3 1.30 2.838 | 0.01926 | 393.5 1.34 3.753 | 0.02239 | 396.1 1.38 0.01864 1.34 30.2 66
9 5.918 | 0.01665 | 396.9 1.46 2.835 | 0.01806 | 394.0 1.47 3.760 | 0.02519 | 396.7 1.54 0.01996 1.49 29.1 72
10 5.915 | 0.01546 | 397.6 1.64 | 2.830 | 0.01605 | 394.1 1.49 3.755 | 0.02319 | 396.7 1.54 0.01823 1.56 29.0 69
11 5.912 | 0.01427 | 397.6 1.64 | 2.830 | 0.01605 | 394.3 1.55 3.752 | 0.02199 | 396.7 1.54 0.01744 1.57 30.1 67
12 5.912 | 0.01427 | 397.7 1.66 2.830 | 0.01605 | 394.5 1.60 3.750 | 0.02119 | 396.9 1.59 0.01717 1.62 29.9 68
13 5.910 | 0.01348 | 397.8 1.69 2.830 | 0.01605 | 394.5 1.60 3.748 | 0.02039 | 397.0 1.61 0.01664 1.63 31.1 65
14 5.910 | 0.01348 | 397.8 1.69 2.830 | 0.01605 | 394.5 1.60 3.748 | 0.02039 | 397.0 1.61 0.01664 1.63 30.2 68
15 5.912 | 0.01427 | 397.8 1.69 2.830 | 0.01605 | 394.5 1.60 3.746 | 0.01959 | 397.0 1.61 0.01664 1.63 30.6 69
20 5.911 | 0.01387 | 397.4 1.58 2.825 | 0.01404 | 394.0 1.47 3.742 | 0.01799 | 396.5 1.48 0.01530 1.51 29.8 68
30 5.906 | 0.01189 | 398.2 1.79 2.812 | 0.00883 | 395.0 1.73 3.731 | 0.01359 | 397.4 1.71 0.01144 1.74 30.2 67

YAY4



M13197 -2 MsvengaluasaraelgfsdamnaulituSesas 5 veddlenediuesuesans P10-1 UnSeuilgaunil 80 asrwaidya

L1 =249.36 mm

L2 = 251.32 mm

L3 = 248.06 mm

Froghad 1 Fregnadi 2 Freghed 3 Wit -
01 R N N " T o 1 7 . T T .| QNN A
Gy | < | veed | dwadn | dwin | L | agned | dwidn | dwen | L venedy | dntdn | dwdn | weneda | diwiln e (%)
(mm) (%) () (%) (mm) (%) (g) (%) | (mm) (%) (g) (%) (%) (%)
0 2.933 0 378.6 0 4.889 0 386.6 0 1.625 0 391.4 0 0 0 30.7 69
1 3.013 | 0.03208 | 380.0 0.37 4.972 | 0.03303 | 388.0 0.36 1.698 | 0.02943 392.7 0.33 0.03151 0.35 29.2 64
2 2.997 | 0.02567 | 379.6 0.26 4.959 | 0.02785 | 387.4 0.21 1.693 | 0.02741 392.6 0.31 0.02698 0.26 28.5 75
3 2.991 | 0.02326 | 379.5 0.24 | 4952 | 0.02507 | 387.2 0.16 1.685 | 0.02419 392.3 0.23 0.02417 0.21 29.3 64
4 2.981 | 0.01925 | 379.6 0.26 4948 | 0.02348 | 387.2 0.16 1.679 | 0.021769 | 392.2 0.20 0.02150 0.21 30.4 62
5 2973 | 0.01604 | 379.7 0.29 4944 | 0.02188 | 387.5 0.23 1.672 | 0.01895 392.3 0.23 0.01896 0.25 30.4 68
6 2971 | 0.01524 | 379.6 0.26 4.942 | 0.02109 | 387.6 0.26 1.671 | 0.01854 392.4 0.26 0.01829 0.26 30.1 67
7 2976 | 0.01724 | 379.8 0.32 4.948 | 0.02348 | 387.8 0.31 1.674 | 0.01975 392.6 0.31 0.02016 0.31 29.1 72
8 2.970 | 0.01484 | 379.6 0.26 4.941 | 0.02069 | 387.6 0.26 1.672 | 0.01895 392.7 0.33 0.01816 0.28 30.0 67
9 2.970 | 0.01484 | 379.8 0.32 4.940 | 0.02029 | 387.9 0.34 1.670 | 0.01814 392.9 0.38 0.01776 0.35 30.2 68
10 2.970 | 0.01484 | 380.0 0.37 4.940 | 0.02029 | 388.3 0.44 1.670 | 0.01814 393.3 0.49 0.01776 0.43 30.2 68
11 2.968 | 0.01404 | 380.4 0.48 4.940 | 0.02029 | 388.7 0.54 1.669 | 0.01774 393.7 0.59 0.01736 0.54 30.7 67
12 2.967 | 0.01363 | 380.8 0.58 4.938 | 0.01950 | 388.8 0.57 1.668 | 0.01733 394.0 0.66 0.01682 0.60 30.8 66
13 2.967 | 0.01363 | 381.5 0.77 4.939 | 0.01990 | 389.1 0.65 1.668 | 0.01733 394.2 0.72 0.01695 0.71 30.4 69
14 2.967 | 0.01363 | 381.3 0.71 4.936 | 0.01870 | 388.8 0.57 1.667 | 0.01693 394.0 0.66 0.01642 0.65 30.2 68
15 2.968 | 0.01404 | 380.9 0.61 4932 | 0.01711 | 388.4 0.47 1.665 | 0.01613 3935 0.54 0.01576 0.54 30.7 69
20 2.960 | 0.01083 | 380.6 0.53 4.923 | 0.01353 | 388.4 0.47 1.657 | 0.01290 393.3 0.49 0.01242 0.49 30.5 69
30 2.953 | 0.00802 | 381.6 0.79 4.923 | 0.01353 | 389.6 0.78 1.657 | 0.01290 394.4 0.77 0.01148 0.78 30.2 68

14



M13199 3-3 Msveneidluansazangluendamnanududuiosas 5 vesdlonediuesuesins 010-1 Uusounigaumail 80 asrLaalTed

L1 = 248.92 mm L2 = 249.10 mm L3 = 250.28 mm
et 1 Freghsil 2 et 3 \de -
o7y T AN R AN Y I A T T .| gy A
Gawh | B | voeda | mdn | dwdn | L | etedy | dwdn | ddn | L | eeda | dndn | dndn | venedi | diin “ (%)
(mm) (%) () (%) (mm) (%) () (%) (mm) (%) (9 (%) (%) (%)

0 2.488 0 394.5 0 2.673 0 380.4 0 3.853 0 394.6 0 0 0 30.3 69
1 2.557 | 0.02772 | 396.5 0.51 2.732 | 0.02368 | 382.5 0.55 3.908 | 0.02198 | 396.6 0.51 0.02446 0.52 30.3 59
2 2.548 | 0.02410 | 396.7 0.56 2.725 | 0.02087 | 382.9 0.66 3.903 | 0.01998 | 397.2 0.66 0.02165 0.62 30.8 63
3 2.537 | 0.01969 | 397.3 0.71 2.719 | 0.01847 | 383.5 0.81 3.900 | 0.01878 | 397.6 0.76 0.01898 0.76 30.8 65
4 2.537 | 0.01969 | 397.9 0.86 2.718 | 0.01806 | 383.8 0.89 3.898 | 0.01798 | 398.2 0.91 0.01858 0.89 29.5 70
5 2.538 | 0.02009 | 398.1 0.91 2.712 | 0.01566 | 384.3 1.03 3.892 | 0.01558 | 398.5 0.99 0.01711 0.98 31.3 66
6 2.530 | 0.01687 | 398.7 1.06 2.705 | 0.01285 | 384.7 1.13 3.888 | 0.01398 | 399.0 1.12 0.01457 1.10 30.3 66
7 2.530 | 0.01687 | 398.4 0.99 2.707 | 0.01365 | 384.7 1.13 3.887 | 0.01358 | 399.1 1.14 0.01470 1.09 30.5 68
8 2.530 | 0.01687 | 398.6 1.04 2.707 | 0.01365 | 384.9 1.18 3.890 | 0.01478 | 399.5 1.24 0.01510 1.15 30.4 68
9 2.530 | 0.01687 | 399.1 1.17 2.707 | 0.01365 | 385.3 1.29 3.890 | 0.01478 | 3994 1.22 0.01510 1.22 30.0 67
10 2.528 | 0.01607 | 399.2 1.19 2.705 | 0.01285 | 385.4 1.31 3.888 | 0.01398 | 399.5 1.24 0.01430 1.25 30.3 68
11 2.525 1 0.01486 | 399.4 1.24 2.702 | 0.01164 | 385.7 1.39 3.885 | 0.01279 | 399.8 1.32 0.01310 1.32 29.9 69
12 2.523 | 0.01406 | 399.6 1.29 2.700 | 0.01084 | 385.9 1.45 3.883 | 0.01199 | 400.0 1.37 0.01230 1.37 30.8 67
13 2.520 | 0.01286 | 400.1 1.42 2.698 | 0.01004 | 386.3 1.55 3.879 | 0.01039 | 400.3 1.44 0.01109 1.47 30.4 69
14 2.520 | 0.01286 | 400.0 1.39 2.698 | 0.01004 | 386.0 1.47 3.880 | 0.01079 | 400.1 1.39 0.01123 1.42 30.2 68
15 2.519 | 0.01245 | 399.4 1.24 2.698 | 0.01004 | 385.6 1.37 3.882 | 0.01159 | 399.8 1.32 0.01136 1.31 30.2 69
20 2.517 | 0.01165 | 399.7 1.32 2.695 | 0.00883 | 386.2 1.52 3.88 | 0.01079 | 399.8 1.32 0.01042 1.39 30.5 69
30 2.512 | 0.00964 | 400.6 1.55 2.69 | 0.00682 | 387.1 1.76 3.87 | 0.00679 | 400.3 1.44 0.00775 1.58 30.6 67

6¢C



M19197 2-4 MsvenedaluasaratelRedanalituiosay 5 vesdlenediweiuesang Control-2 UuSounigamgil 80 asrLyaIdea

L1 = 248.53 mm L2 = 248.94 mm L3 = 248.24 mm
Fregnadi 1 Fregnadi 2 froghed 3 Wit -
7 R R R o 3 .| aMu | A
@ahy | DX | veeR | dhwun | dwidn | x| 9ene | dvdn | dmn | L | aenei | dwn | dmdn | 9gneaa | dndn e (%)
(mm) (%) () (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)

0 2.098 0 387.8 0 2.510 0 378.7 0 1.805 0 390.6 0 0 0 28.1 7
1 2.148 | 0.02012 | 392.6 1.24 | 2.567 | 0.02290 | 383.5 1.27 1.877 | 0.02900 | 395.7 1.31 0.02401 1.27 27.9 76
2 2.138 | 0.01609 | 392.3 1.16 2.558 | 0.01928 | 383.2 1.19 1.863 | 0.02336 | 395.7 1.31 0.01958 1.22 28.8 69
3 2.142 | 0.01770 | 392.9 1.32 2.562 | 0.02089 | 383.7 1.32 1.878 | 0.02941 | 396.2 1.43 0.02267 1.36 28.6 75
4 2.143 | 0.01811 | 392.7 1.26 2.565 | 0.02209 | 383.4 1.24 1.876 | 0.02860 | 395.9 1.36 0.02293 1.29 28.0 7
5 2.140 | 0.01690 | 392.8 1.29 2.567 | 0.02290 | 383.5 1.27 1.868 | 0.02538 | 395.8 1.33 0.02173 1.30 29.1 65
6 2.138 | 0.01609 | 392.8 1.29 2.560 | 0.02009 | 383.4 1.24 1.872 | 0.02699 | 396.0 1.38 0.02354 1.30 28.4 75
7 2.139 | 0.01650 | 392.6 1.24 | 2.558 | 0.01928 | 383.5 1.27 1.865 | 0.02417 | 395.9 1.36 0.01998 1.29 28.9 66
8 2.133 | 0.01408 | 392.6 1.24 | 2.555 | 0.01808 | 383.4 1.24 1.863 | 0.02336 | 395.7 1.31 0.01851 1.26 30.2 62
9 2.123 | 0.01006 | 392.6 1.24 | 2.550 | 0.01607 | 383.3 1.21 1.862 | 0.02296 | 395.9 1.36 0.01636 1.27 30.5 68
10 2.127 | 0.01167 | 392.9 1.32 2.553 | 0.01727 | 383.7 1.32 1.862 | 0.02296 | 395.9 1.36 0.01730 1.33 29.0 75
11 2.123 | 0.01006 | 392.9 1.32 2.548 | 0.01526 | 384.0 1.40 1.857 | 0.02095 | 396.0 1.38 0.01811 1.37 30.8 68
12 2.121 | 0.00925 | 392.6 1.24 | 2.546 | 0.01446 | 383.7 1.32 1.855 | 0.02014 | 396.0 1.38 0.01730 1.31 30.4 67
13 2.116 | 0.00724 | 392.5 1.21 2.542 | 0.01285 | 383.7 1.32 1.853 | 0.01934 | 395.4 1.23 0.01610 1.25 30.2 67
14 2.110 | 0.00483 | 392.5 1.21 2.542 | 0.01285 | 383.6 1.29 1.853 | 0.01934 | 3955 1.25 0.01610 1.25 30.1 68
15 2.098 | 0.00000 | 3925 1.21 2.541 | 0.01245 | 383.3 1.21 1.855 | 0.02014 | 395.7 1.31 0.01630 1.24 31.0 67
20 2.100 | 0.00080 | 391.6 0.98 2.530 | 0.00803 | 3824 0.98 1.842 | 0.01491 | 394.7 1.05 0.01147 1.00 30.0 68
30 2.105 | 0.00282 | 392.5 1.21 2.522 | 0.00482 | 383.1 1.16 1.837 | 0.01289 | 395.3 1.20 0.00886 1.19 30.2 67

ove



M13199 3-5 M3vengiluamsazanglyeudaminanududuiosay 5 vasdlensdiuesuaiing P10-2 Uufoungaumall 80 asrnaaldes

L1 = 252.35 mm

L2 = 252.02 mm

L3 = 254.20 mm

et 1 Freghsil 2 et 3 \de -
o7y T AN R AN Y I A T T .| gy A
Gawh | B | voeda | mdn | dwdn | L | etedy | dwdn | ddn | L | eeda | dndn | dndn | venedi | diin “ (%)
(mm) (%) () (%) (mm) (%) () (%) (mm) (%) (9 (%) (%) (%)

0 5.922 0 406.3 0 5.591 0 389.8 0 7.765 0 407.9 0 0 0 29.7 70
1 5.972 | 0.01981 | 407.5 0.30 5.648 | 0.02262 | 390.5 0.18 7.828 | 0.02478 | 408.5 0.15 0.02240 0.21 30.0 70
2 5.961 | 0.01545 | 406.3 0.00 5.645 | 0.02143 | 389.6 -0.05 | 7.812 | 0.01849 | 408.5 0.15 0.01846 0.03 30.1 60
3 5.972 | 0.01981 | 407.4 0.27 5.658 | 0.02659 | 390.7 0.23 7.826 | 0.02400 | 408.6 0.17 0.02347 0.22 27.2 a4
4 5.964 | 0.01664 | 407.5 0.30 5.647 | 0.02222 | 390.6 0.21 7.819 | 0.02124 | 408.5 0.15 0.02004 0.22 29.7 73
5 5.970 | 0.01902 | 407.6 0.32 5.647 | 0.02222 | 390.6 0.21 7.817 | 0.02046 | 408.4 0.12 0.02057 0.22 29.0 68
6 5.965 | 0.01704 | 407.7 0.34 5.642 | 0.02024 | 390.7 0.23 7.817 | 0.02046 | 408.5 0.15 0.01924 0.24 28.4 71
7 5.960 | 0.01506 | 407.6 0.32 5.645 | 0.02143 | 390.7 0.23 7.817 | 0.02046 | 408.6 0.17 0.01898 0.24 29.3 69
8 5.958 | 0.01427 | 407.6 0.32 5.634 | 0.01706 | 390.8 0.26 7.811 | 0.01810 | 408.8 0.22 0.01647 0.27 30.0 68
9 5958 | 0.01427 | 407.9 0.39 5.629 | 0.01508 | 390.8 0.26 7.809 | 0.01731 | 408.8 0.22 0.01555 0.29 30.0 69
10 5957 | 0.01387 | 408.1 0.44 5.632 | 0.01627 | 390.9 0.28 7.809 | 0.01731 | 409.0 0.27 0.01582 0.33 29.5 74
11 5952 | 0.01189 | 407.9 0.39 5.628 | 0.01468 | 391.2 0.36 7.806 | 0.01613 | 408.9 0.25 0.01423 0.33 30.9 68
12 5949 | 0.01070 | 408.1 0.44 5.631 | 0.01587 | 390.9 0.28 7.802 | 0.01456 | 408.8 0.22 0.01371 0.32 30.5 67
13 5.949 | 0.01070 | 407.8 0.37 5.627 | 0.01428 | 390.6 0.21 7.802 | 0.01456 | 408.6 0.17 0.01318 0.25 30.4 66
14 5945 | 0.00911 | 407.6 0.32 5.627 | 0.01428 | 390.6 0.21 7.802 | 0.01456 | 408.6 0.17 0.01265 0.23 30.4 67
15 5.944 | 0.00872 | 407.6 0.32 5.630 | 0.01547 | 390.8 0.26 7.804 | 0.01534 | 408.6 0.17 0.01318 0.25 31.0 66
20 5.939 | 0.00674 | 407.3 0.25 5.622 | 0.01230 | 390.5 0.18 7.792 | 0.01062 | 408.5 0.15 0.00989 0.19 30.3 67
30 5.931 | 0.00357 | 408.3 0.49 5.617 | 0.01032 | 391.6 0.46 7.788 | 0.00905 | 409.5 0.39 0.00764 0.45 30.2 66

3774



M13197 -6 MsvenedaluasaratelyReudanaiTuTosay 5 vesdlewediwesueseng P20-2 Unseunigamnil 80 sumwalTes

L1 =251.64 mm

L2 = 250.15 mm

L3 = 251.10 mm

Fregnadi 1 Fregnadi 2 froghed 3 Wit -
01 Y 1 o | % - Y 1 % o | % - R T T .| Mg | A
Gy | x| veedta | dmailln | dwidn | L | aenedn | sdwdn | dwilln | e | eed | | shdn | agned | dwn “ (%)
(mm) (%) () (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)
0 5.205 0 410.5 0 3.722 0 399.3 0 4.668 0 407.8 0 0 0 28.3 7
1 5.278 | 0.02901 | 410.8 0.07 3.798 | 0.03038 | 399.7 0.10 4.742 | 0.02947 | 407.4 -0.10 | 0.02924 0.03 27.7 7
2 5.262 | 0.02265 | 409.8 -0.17 | 3.785 | 0.02518 | 398.8 -0.13 | 4.732 | 0.02549 | 406.4 -0.34 | 0.02444 | -0.21 30.1 59
3 5.269 | 0.02543 | 410.6 0.02 3.786 | 0.02558 | 399.7 0.10 4.738 | 0.02788 | 407.3 -0.12 | 0.02630 0.00 29.7 70
4 5.263 | 0.02305 | 410.7 0.05 3.778 | 0.02239 | 399.7 0.10 4.735 | 0.02668 | 407.5 -0.07 | 0.02404 0.03 30.3 69
5 5.262 | 0.02265 | 410.9 0.10 3.774 | 0.02079 | 399.6 0.08 4.729 | 0.02429 | 407.3 -0.12 | 0.02258 0.02 30.0 59
6 5.256 | 0.02027 | 411.1 0.15 3.772 | 0.01999 | 400.1 0.20 4.724 | 0.02230 | 407.8 0.00 0.02085 0.12 30.1 65
7 5.249 | 0.01749 | 411.1 0.15 3.767 | 0.01799 | 400.2 0.23 4.719 | 0.02031 | 407.8 0.00 0.01860 0.12 30.4 66
8 5.251 | 0.01828 | 411.3 0.19 3.772 | 0.01999 | 400.2 0.23 4.717 | 0.01951 | 408.1 0.07 0.01926 0.16 29.6 69
9 5.251 | 0.01828 | 411.6 0.27 3.769 | 0.01879 | 400.4 0.28 4.713 | 0.01792 | 408.2 0.10 0.01833 0.21 31.5 65
10 5.246 | 0.01629 | 411.8 0.32 3.767 | 0.01799 | 400.7 0.35 4.712 | 0.01752 | 408.2 0.10 0.01727 0.26 30.3 67
11 5.248 | 0.01709 | 412.2 0.41 3.768 | 0.01839 | 401.0 0.43 4.712 | 0.01752 | 408.6 0.20 0.01767 0.35 30.4 68
12 5.242 | 0.01470 | 411.7 0.29 3.762 | 0.01599 | 400.6 0.33 4.704 | 0.01434 | 408.2 0.10 0.01501 0.24 30.5 67
13 5.243 | 0.01510 | 411.6 0.27 3.766 | 0.01759 | 400.6 0.33 4.702 | 0.01354 | 408.1 0.07 0.01541 0.22 30.5 66
14 5.243 | 0.01510 | 411.5 0.24 3.764 | 0.01679 | 400.5 0.30 4.701 | 0.01314 | 408.2 0.10 0.01501 0.21 30.2 68
15 5.242 | 0.01470 | 411.5 0.24 3.761 | 0.01559 | 400.6 0.33 4.701 | 0.01314 | 408.1 0.07 0.01448 0.21 31.0 67
20 5.233 | 0.01113 | 411.1 0.15 3.752 | 0.01199 | 400.0 0.18 4.692 | 0.00956 | 407.7 -0.02 | 0.01089 0.10 314 65
30 5.228 | 0.00914 | 412.9 0.58 3.752 | 0.01199 | 401.7 0.60 4.684 | 0.00637 | 409.1 0.32 0.00917 0.50 31.1 66

474



M13197 -7 NMsvenedluasasaelafsdamnaNutTuSesas 5 vaadlenediuesuasas P30-2 UuSouilgnm

a

N3 80 AR E

U

L1 = 250.40 mm L2 =248.01 mm L3 = 250.72 mm
Freenai 1 Fregnii 2 et 3 Wiy _
1Y R R R R e 1w | 7 - o T .| QM| A
Guapy | x| weda | dwailln | dwiln | L | aeedh | shwdn | dwilln | e | eed | e | shdn | agned | dwn °C (%)
(mm) (%) (g) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 3.972 0 395.9 0 1.578 0 398.7 0 4.292 0 409.5 0 0 0 294 68
1 4.087 | 0.04593 | 393.4 -0.63 1.708 | 0.05242 | 395.6 -0.78 | 4.414 | 0.04866 | 406.0 -0.85 | 0.04900 | -0.75 26.0 74
2 4.080 | 0.04313 | 393.2 -0.68 1.698 | 0.04839 | 395.3 -0.85 | 4.392 | 0.03988 | 405.7 -0.93 | 0.04380 | -0.82 28.6 72
3 4.072 | 0.03994 | 393.4 -0.63 1.692 | 0.04597 | 395.7 -0.75 | 4.394 | 0.04068 | 406.2 -0.81 0.04219 | -0.73 29.3 74
4 4.065 | 0.03714 | 393.7 -0.56 1.681 | 0.04153 | 395.9 -0.70 | 4.375 | 0.03310 | 406.3 -0.78 | 0.03726 | -0.68 30.6 67
5 4.068 | 0.03834 | 393.8 -0.53 1.672 | 0.03790 | 396.2 -0.63 | 4.376 | 0.03350 | 406.6 -0.71 0.03658 | -0.62 29.7 68
6 4.064 | 0.03674 | 394.2 -0.43 1.674 | 0.03871 | 396.3 -0.60 | 4.372 | 0.03191 | 406.6 -0.71 0.03579 | -0.58 30.0 69
7 4.061 | 0.03554 | 394.6 -0.33 1.674 | 0.03871 | 396.9 -0.45 | 4.382 | 0.03590 | 407.0 -0.61 0.03672 | -0.46 29.5 69
8 4.059 | 0.03474 | 394.4 -0.38 1.668 | 0.03629 | 396.8 -0.48 | 4.383 | 0.03630 | 407.2 -0.56 | 0.03578 | -0.47 29.6 70
9 4.060 | 0.03514 | 394.3 -0.40 1.663 | 0.03427 | 396.5 -0.55 | 4.381 | 0.03550 | 407.0 -0.61 0.03497 | -0.52 31.7 65
10 4.063 | 0.03634 | 395.3 -0.15 1.670 | 0.03710 | 397.3 -0.35 | 4.364 | 0.02872 | 407.6 -0.46 | 0.03405 | -0.32 30.0 68
11 4.056 | 0.03355 | 395.6 -0.08 1.661 | 0.03347 | 397.8 -0.23 | 4.361 | 0.02752 | 407.7 -0.44 | 0.03151 -0.25 31.2 65
12 4.057 | 0.03395 | 395.6 -0.08 1.658 | 0.03226 | 397.7 -0.25 | 4.362 | 0.02792 | 407.5 -0.49 | 0.03137 | -0.27 31.0 64
13 4.058 | 0.03434 | 395.8 -0.03 1.660 | 0.03306 | 398.0 -0.18 | 4.364 | 0.02872 | 407.9 -0.39 | 0.03204 | -0.20 30.5 67
14 4.058 | 0.03434 | 395.3 -0.15 1.660 | 0.03306 | 398.0 -0.18 | 4.363 | 0.02832 | 407.4 -0.51 0.03191 -0.28 30.0 68
15 4.058 | 0.03434 | 394.9 -0.25 1.661 | 0.03347 | 396.9 -0.45 | 4.363 | 0.02832 | 406.4 -0.76 | 0.03204 | -0.49 30.6 69
20 4.042 | 0.02796 | 393.8 -0.53 1.649 | 0.02863 | 395.8 -0.73 | 4.359 | 0.02672 | 405.3 -1.03 | 0.02777 | -0.76 31.6 64
30 4.035 | 0.02516 | 395.1 -0.20 1.638 | 0.02419 | 396.5 -0.55 | 4.347 | 0.02194 | 406.1 -0.83 | 0.02376 | -0.53 30.9 66

eve



M13197 -8 MsvenediluasararelyieudanauituTosay 5 vesdlenediwesuesing 05-2 Uuseunigumail 80 sumwalTed

L1 = 252.64 mm

L2 =249.10 mm

L3 = 249.38 mm

Fregnadi 1 Fregnadi 2 froghed 3 Wit -
01 Y 1 o | % - Y 1 % o | % - R T T .| Mg | A
Gy | x| veedta | dmailln | dwidn | L | aenedn | sdwdn | dwilln | e | eed | | shdn | agned | dwn “ (%)
(mm) (%) () (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)

0 6.207 0 397.0 0 2.672 0 390.0 0 2.945 0 381.0 0 0 0 29.3 70
1 6.258 | 0.02019 | 401.3 1.08 2.741 | 0.02770 | 393.7 0.95 3.001 | 0.02246 | 384.6 0.94 0.02394 0.99 30.1 66
2 6.271 | 0.02533 | 402.0 1.26 2.751 | 0.03171 | 394.2 1.08 3.005 | 0.02406 | 385.3 1.13 0.02852 1.15 28.1 80
3 6.268 | 0.02415 | 402.2 1.31 2.753 | 0.03252 | 394.5 1.15 3.014 | 0.02767 | 385.4 1.15 0.02833 1.21 28.7 76
4 6.257 | 0.01979 | 402.2 1.31 2.738 | 0.02650 | 394.6 1.18 3.000 | 0.02206 | 385.7 1.23 0.02314 1.24 30.4 59
5 6.262 | 0.02177 | 402.8 1.46 2.738 | 0.02650 | 395.3 1.36 2.992 | 0.01885 | 386.0 1.31 0.02413 1.38 28.1 76
6 6.266 | 0.02335 | 402.8 1.46 2.733 | 0.02449 | 395.2 1.33 2.999 | 0.02165 | 386.1 1.34 0.02392 1.38 29.9 68
7 6.262 | 0.02177 | 403.0 1.51 2.737 | 0.02609 | 395.4 1.38 2.992 | 0.01885 | 386.5 1.44 0.02224 1.45 29.6 68
8 6.272 | 0.02573 | 403.2 1.56 2.733 | 0.02449 | 395.6 1.44 3.002 | 0.02286 | 386.5 1.44 0.02436 1.48 30.0 68
9 6.262 | 0.02177 | 403.5 1.64 2.729 | 0.02288 | 395.9 1.51 2.995 | 0.02005 | 386.6 1.47 0.02157 1.54 30.6 69
10 6.260 | 0.02098 | 404.0 1.76 2.730 | 0.02328 | 396.3 1.62 2.990 | 0.01805 | 387.1 1.60 0.02077 1.66 30.6 69
11 6.252 | 0.01781 | 404.1 1.79 2.726 | 0.02168 | 396.3 1.62 2.985 | 0.01604 | 387.1 1.60 0.01851 1.67 31.2 65
12 6.252 | 0.01781 | 404.4 1.86 2.730 | 0.02328 | 396.4 1.64 2.990 | 0.01805 | 386.9 1.55 0.01971 1.68 31.0 64
13 6.251 | 0.01742 | 404.7 1.94 2.733 | 0.02449 | 396.9 1.77 2.992 | 0.01885 | 387.3 1.65 0.02025 1.79 30.1 67
14 6.250 | 0.01702 | 404.4 1.86 2.730 | 0.02328 | 396.4 1.64 2.990 | 0.01805 | 387.0 1.57 0.01945 1.69 30.2 68
15 6.252 | 0.01781 | 404.0 1.76 2.726 | 0.02168 | 396.0 1.54 2.987 | 0.01684 | 387.0 1.57 0.01878 1.63 30.5 69
20 6.246 | 0.01544 | 404.2 1.81 2.721 | 0.01967 | 396.6 1.69 2978 | 0.01323 | 387.1 1.60 0.01611 1.70 31.2 65
30 6.237 | 0.01187 | 405.9 2.24 2.717 | 0.01806 | 397.6 1.95 2971 | 0.01043 | 388.2 1.89 0.01346 2.03 31.2 65

1274



a

M19197 3-9 Msvenedaluansararelsiudanaultuiosas 5 vasilenedwesuesing 010-2 UuTounaumgil 80 s

Y

L1 =249.13 mm L2 =249.21 mm L3 =251.17 mm
Freenai 1 Fregnii 2 et 3 Wiy _
1Y R R R R e 1w | 7 - o T .| QM| A
Guapy | x| weda | dwailln | dwiln | L | aeedh | shwdn | dwilln | e | eed | e | shdn | agned | dwn °C (%)
(mm) (%) (g) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 2.700 0 385.4 0.00 2.779 0 396.5 0.00 4.737 0 402.7 0 0 0 29.7 68
1 2.769 | 0.02770 | 389.4 1.04 2.845 | 0.02648 | 400.5 1.01 4.820 | 0.03305 | 406.2 0.87 0.02908 0.97 29.9 69
2 2.785 | 0.03412 | 389.7 1.12 2.842 | 0.02528 | 400.7 1.06 4.820 | 0.03305 | 406.2 0.87 0.03081 1.01 28.9 71
3 2775 | 0.03010 | 390.0 1.19 2.841 | 0.02488 | 401.1 1.16 4.812 | 0.02986 | 407.1 1.09 0.02828 1.15 31.0 68
4 2.760 | 0.02408 | 390.4 1.30 2.840 | 0.02448 | 401.6 1.29 4.806 | 0.02747 | 407.4 1.17 0.02534 1.25 30.8 66
5 2.760 | 0.02408 | 391.0 1.45 2.838 | 0.02367 | 402.1 1.41 4.807 | 0.02787 | 407.9 1.29 0.02521 1.39 30.7 64
6 2.762 | 0.02489 | 391.1 1.48 2.837 | 0.02327 | 402.2 1.44 4.803 | 0.02628 | 407.9 1.29 0.02481 1.40 29.1 69
7 2.764 | 0.02569 | 391.6 1.61 2.835 | 0.02247 | 402.5 1.51 4.803 | 0.02628 | 408.4 1.42 0.02481 1.51 29.6 69
8 2.764 | 0.02569 | 391.3 1.53 2.836 | 0.02287 | 402.8 1.59 4.805 | 0.02707 | 408.5 1.44 0.02521 1.52 29.7 69
9 2.764 | 0.02569 | 391.5 1.58 2.838 | 0.02367 | 402.9 1.61 4.802 | 0.02588 | 408.6 1.47 0.02508 1.55 30.6 69
10 2.762 | 0.02489 | 392.6 1.87 2.832 | 0.02127 | 403.7 1.82 4.797 | 0.02389 | 409.4 1.66 0.02335 1.78 30.2 68
11 2.758 | 0.02328 | 392.6 1.87 2.832 | 0.02127 | 403.8 1.84 4.796 | 0.02349 | 409.3 1.64 0.02268 1.78 31.4 65
12 2.754 | 0.02168 | 392.2 1.76 2.833 | 0.02167 | 403.4 1.74 4.793 | 0.02230 | 408.9 1.54 0.02188 1.68 31.0 64
13 2.754 | 0.02168 | 392.4 1.82 2.834 | 0.02207 | 403.8 1.84 4.794 | 0.02269 | 409.2 1.61 0.02215 1.76 30.1 68
14 2.755 | 0.02208 | 392.4 1.82 2.834 | 0.02207 | 403.5 1.77 4.794 | 0.02269 | 409.0 1.56 0.02228 1.72 30.1 68
15 2.757 | 0.02288 | 392.5 1.84 2.835 | 0.02247 | 403.4 1.74 4.798 | 0.02429 | 408.9 1.54 0.02321 1.71 30.5 69
20 2.748 | 0.01927 | 392.9 1.95 2.829 | 0.02006 | 403.8 1.84 4.782 | 0.01792 | 409.4 1.66 0.01908 1.82 31.5 64
30 2.752 | 0.02087 | 393.8 2.18 2.82 | 0.01645 | 404.5 2.02 4.782 | 0.01792 | 410.1 1.84 0.01841 2.01 30.8 67

74



M13197 3-10 N1svenemluasasanglufeudaninanududuiovay 5 vesilonadwaiuaiaing 015-2 Uufouilgamail 80 asrwaigyd

L1 = 248.49 mm L2 = 250.52 mm L3 =251.81 mm
Fregnadi 1 Fregnadi 2 froghed 3 Wit -
01 Y 1 o | % - Y 1 % o | % - R T T .| Mg | A
Gy | x| veedta | dmailln | dwidn | L | aenedn | sdwdn | dwilln | e | eed | | shdn | agned | dwn “ (%)
(mm) (%) () (%) (mm) (%) () (%) (mm) (%) (g) (%) (%) (%)

0 2.057 0 392.9 0 4.088 0 380.6 0 5.380 0 403.9 0 0 0 29.6 68
1 2.136 | 0.03179 | 395.6 0.69 4.155 | 0.02674 | 383.2 0.68 5.440 | 0.02383 | 406.3 0.59 0.02745 0.65 30.3 61
2 2.138 | 0.03260 | 395.9 0.76 4.162 | 0.02954 | 383.6 0.79 5.463 | 0.03296 | 406.7 0.69 0.03170 0.75 28.3 72
3 2.132 | 0.03018 | 396.5 0.92 4.152 | 0.02555 | 383.8 0.84 5.452 | 0.02859 | 407.1 0.79 0.02811 0.85 30.8 66
4 2.130 | 0.02938 | 397.2 1.09 4.150 | 0.02475 | 384.6 1.05 5.447 | 0.02661 | 407.6 0.92 0.02691 1.02 30.2 62
5 2.136 | 0.03179 | 397.8 1.25 4.153 | 0.02595 | 385.4 1.26 5.452 | 0.02859 | 408.4 1.11 0.02878 1.21 28.2 72
6 2.135 | 0.03139 | 398.1 1.32 4.150 | 0.02475 | 385.7 1.34 5.450 | 0.02780 | 408.6 1.16 0.02798 1.28 30.0 69
7 2.118 | 0.02455 | 398.7 1.48 4.145 | 0.02275 | 385.9 1.39 5.445 | 0.02581 | 409.2 1.31 0.02437 1.39 29.7 69
8 2.119 | 0.02495 | 399.2 1.60 4.142 | 0.02156 | 386.3 1.50 5.445 | 0.02581 | 409.7 1.44 0.02411 1.51 30.2 68
9 2.113 | 0.02254 | 399.7 1.73 4.141 | 0.02116 | 386.9 1.66 5.440 | 0.02383 | 410.2 1.56 0.02251 1.65 30.6 67
10 2.116 | 0.02374 | 400.3 1.88 4.146 | 0.02315 | 387.6 1.84 5.433 | 0.02105 | 410.9 1.73 0.02265 1.82 29.2 72
11 2.120 | 0.02535 | 400.0 1.81 4.143 | 0.02195 | 387.3 1.76 5.435 | 0.02184 | 410.4 1.61 0.02305 1.73 30.9 67
12 2.117 | 0.02415 | 400.7 1.99 4.144 | 0.02235 | 387.8 1.89 5.431 | 0.02025 | 411.2 1.81 0.02225 1.89 29.3 69
13 2.118 | 0.02455 | 400.7 1.99 4.142 | 0.02156 | 387.9 1.92 5.435 | 0.02184 | 411.1 1.78 0.02265 1.90 29.8 66
14 2.118 | 0.02455 | 400.5 1.93 4.140 | 0.02076 | 387.7 1.87 5.433 | 0.02105 | 411.0 1.76 0.02212 1.85 30.1 68
15 2.118 | 0.02455 | 400.3 1.88 4.139 | 0.02036 | 387.5 1.81 5.429 | 0.01946 | 410.7 1.68 0.02146 1.79 315 67
20 2.112 | 0.02213 | 400.8 2.01 4.134 | 0.01836 | 387.8 1.89 5.420 | 0.01588 | 411.0 1.76 0.01879 1.89 30.4 70
30 2.095 | 0.01529 | 401.7 2.24 4.122 | 0.01357 | 388.1 1.97 5.406 | 0.01033 | 411.4 1.86 0.01306 2.02 30.4 68

274



M19197 3-11 Nsvenemluasazanglupeudamnnnuiduduiovas 5 vasdlonedwaiuaiaing P1005-2 Unseufioamall 80 srwaliea

L1 = 251.06 mm

L2 = 248.43 mm

L3 = 251.28 mm

Fregnadi 1 Fregnadi 2 froghed 3 Wit -
7 Y 1 2 o | % - Y 1 % o | % - R T T .| QMg | Ad
Gy | x| veedta | dmailln | dwiln | L | wenedn | dwdn | dwilln | e | eedn | | shdn | agned | dwn “ (%)
(mm) (%) (g) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 4.628 0 404.3 0 2.004 0 389.0 0 4.850 0 394.5 0 0 0 29.1 71
1 4.696 | 0.02709 | 406.5 0.54 | 2.083 | 0.03180 | 390.6 0.41 4.928 | 0.03104 | 395.9 0.35 0.02944 0.44 28.8 70
2 4.703 | 0.02987 | 406.7 0.59 2.083 | 0.03180 | 390.9 0.49 4918 | 0.02706 | 396.0 0.38 0.02958 0.49 26.5 78
3 4.693 | 0.02589 | 407.0 0.67 2.073 | 0.02777 | 391.3 0.59 4.917 | 0.02666 | 396.7 0.56 0.02678 0.61 29.5 70
4 4.695 | 0.02669 | 407.3 0.74 | 2.074 | 0.02818 | 391.5 0.64 | 4914 | 0.02547 | 396.8 0.58 0.02678 0.66 30.0 68
5 4.693 | 0.02589 | 407.8 0.87 2.070 | 0.02657 | 391.8 0.72 4912 | 0.02467 | 397.0 0.63 0.02571 0.74 28.4 72
6 4.689 | 0.02430 | 407.9 0.89 2.064 | 0.02415 | 392.2 0.82 4.902 | 0.02069 | 397.6 0.79 0.02305 0.83 30.0 69
7 4.686 | 0.02310 | 408.0 0.92 2.062 | 0.02335 | 392.3 0.85 4.908 | 0.02308 | 397.8 0.84 0.02318 0.87 29.7 69
8 4.682 | 0.02151 | 408.6 1.06 2.062 | 0.02335 | 393.0 1.03 4.900 | 0.01990 | 398.4 0.99 0.02158 1.03 30.2 68
9 4.681 | 0.02111 | 409.2 1.21 2.060 | 0.02254 | 393.4 1.13 4.898 | 0.01910 | 398.9 1.12 0.02092 1.15 30.5 67
10 4.685 | 0.02270 | 409.8 1.36 2.060 | 0.02254 | 394.2 1.34 | 4.898 | 0.01910 | 399.5 1.27 0.02145 1.32 29.2 71
11 4.683 | 0.02191 | 409.7 1.34 | 2.058 | 0.02174 | 394.0 1.29 4.897 | 0.01870 | 399.4 1.24 0.02078 1.29 30.9 67
12 4.684 | 0.02231 | 410.4 1.51 2.060 | 0.02254 | 394.7 1.47 4.902 | 0.02069 | 399.8 1.34 0.02185 1.44 29.3 69
13 4.682 | 0.02151 | 410.7 1.58 2.060 | 0.02254 | 394.9 1.52 4.900 | 0.01990 | 400.1 1.42 0.02132 1.51 29.8 66
14 4.680 | 0.02071 | 410.5 1.53 2.060 | 0.02254 | 394.7 1.47 4.900 | 0.01990 | 400.0 1.39 0.02105 1.46 30.2 68
15 4.678 | 0.01992 | 410.2 1.46 2.056 | 0.02093 | 394.2 1.34 | 4.902 | 0.02069 | 399.5 1.27 0.02051 1.35 315 67
20 4.675 | 0.01872 | 410.6 1.56 2.050 | 0.01852 | 395.0 1.54 | 4.902 | 0.02069 | 400.3 1.47 0.01931 1.52 30.6 70
30 4.660 | 0.01275 | 411.3 1.73 2.035 | 0.01248 | 395.4 1.65 4.878 | 0.01114 | 400.6 1.55 0.01212 1.64 30.3 67

Lvc



M19197 -12 N1svenemluasazanglopeudaminanudutuiegay 5 vosdlonadiuesuesnis P10010-2 Unsauigumail 80 srwaltua

L1 = 249.38 mm L2 = 250.47 mm L3 = 249.64 mm
Freenai 1 Fregnil 2 et 3 iy -
21g = 1 % - | % - R R > 1w | 7 - o T .| SM | A
Guapy | x| weda il | dwiln | L | aenedh | shadn | dwilln | e | eedn | | shdn | agned | dwn °C (%)
(mm) (%) (9) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 2.952 0 391.6 0 4.042 0 381.8 0 3.213 0 385.4 0 0 0 30.1 62
1 3.028 | 0.03048 | 392.4 0.20 4.125 | 0.03314 | 382.5 0.18 3.285 | 0.02884 | 385.9 0.13 0.03181 0.17 30.0 61
2 3.035 | 0.03328 | 393.2 0.41 4.122 | 0.03194 | 383.2 0.37 3.286 | 0.02924 | 386.7 0.34 0.03149 0.37 28.0 7
3 3.033 | 0.03248 | 393.3 0.43 4.116 | 0.02954 | 383.3 0.39 3.275 | 0.02484 | 387.0 0.42 0.02895 0.41 28.0 76
4 3.025 | 0.02927 | 393.9 0.59 4.112 | 0.02795 | 384.0 0.58 3.270 | 0.02283 | 387.5 0.54 0.02668 0.57 29.3 64
5 3.024 | 0.02887 | 394.6 0.77 4.112 | 0.02795 | 384.7 0.76 3.260 | 0.01883 | 388.1 0.70 0.02522 0.74 28.5 74
6 3.018 | 0.02647 | 394.8 0.82 4.105 | 0.02515 | 384.9 0.81 3.268 | 0.02203 | 388.4 0.78 0.02455 0.80 29.2 64
7 3.015 | 0.02526 | 395.5 1.00 4.098 | 0.02236 | 385.6 1.00 3.267 | 0.02163 | 388.9 0.91 0.02308 0.97 30.4 61
8 3.012 | 0.02406 | 395.4 0.97 4.098 | 0.02236 | 385.6 1.00 3.265 | 0.02083 | 389.0 0.93 0.02242 0.97 30.6 68
9 3.012 | 0.02406 | 396.0 1.12 4.095 | 0.02116 | 386.3 1.18 3.262 | 0.01963 | 389.4 1.04 0.02162 1.11 30.0 68
10 3.017 | 0.02606 | 396.7 1.30 4.089 | 0.01876 | 386.7 1.28 3.258 | 0.01803 | 389.7 1.12 0.02095 1.23 29.2 71
11 3.013 | 0.02446 | 396.6 1.28 4.089 | 0.01876 | 386.8 1.31 3.258 | 0.01803 | 389.9 1.17 0.02042 1.25 30.0 67
12 3.017 | 0.02606 | 397.0 1.38 4.089 | 0.01876 | 387.2 1.41 3.257 | 0.01763 | 390.3 1.27 0.02082 1.35 29.3 69
13 3.011 | 0.02366 | 397.4 1.48 4.088 | 0.01837 | 387.2 1.41 3.259 | 0.01843 | 390.1 1.22 0.02015 1.37 29.8 66
14 3.011 | 0.02366 | 397.0 1.38 4.087 | 0.01797 | 387.0 1.36 3.257 | 0.01763 | 389.8 1.14 0.01975 1.29 30.1 68
15 3.011 | 0.02366 | 396.7 1.30 4.083 | 0.01637 | 386.5 1.23 3.257 | 0.01763 | 389.5 1.06 0.01922 1.20 31.5 67
20 3.000 | 0.01925 | 397.4 1.48 4.075 | 0.01318 | 387.1 1.39 3.253 | 0.01602 | 390.1 1.22 0.01615 1.36 30.8 70
30 2988 | 0.01444 | 397.3 1.46 4.072 | 0.01198 | 386.8 1.31 3.240 | 0.01082 | 389.5 1.06 0.01241 1.28 30.3 67

8v¢




M13199 3-13 Msvenemiluasaraslodeudamnanuduiusevay 5 vesdlonadwaiuesans P10015-2 Uudounigaumail 80 asrLaalded

L1 = 249.32 mm L2 = 251.67 mm L3 = 250.00 mm
Freenai 1 Fregnii 2 et 3 Wiy _
1Y R R R R e 1w | 7 - o T .| QM| A
Guapy | x| weda | dwailln | dwiln | L | aeedh | shwdn | dwilln | e | eed | e | shdn | agned | dwn °C (%)
(mm) (%) (g) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 2.888 0 383.8 0 5.244 0 396.6 0 3.568 0 384.0 0 0 0 28.5 73
1 2.956 | 0.02727 | 383.5 -0.08 | 5.327 | 0.03298 | 395.7 -0.23 | 3.656 | 0.03520 | 382.6 -0.36 | 0.03182 | -0.22 30.3 60
2 2.960 | 0.02888 | 384.3 0.13 5.336 | 0.03656 | 396.5 -0.03 | 3.661 | 0.03720 | 383.5 -0.13 | 0.03421 -0.01 27.5 7
3 2.953 | 0.02607 | 384.7 0.23 5.322 | 0.03099 | 396.7 0.03 3.655 | 0.03480 | 383.8 -0.05 | 0.03062 0.07 29.9 73
4 2.956 | 0.02727 | 385.2 0.36 5.323 | 0.03139 | 397.4 0.20 3.648 | 0.03200 | 384.4 0.10 0.03022 0.22 29.0 68
5 2.960 | 0.02888 | 385.8 0.52 5.322 | 0.03099 | 397.9 0.33 3.647 | 0.03160 | 384.7 0.18 0.03049 0.34 28.4 71
6 2.953 | 0.02607 | 385.9 0.55 5.318 | 0.02940 | 398.1 0.38 3.644 | 0.03040 | 385.1 0.29 0.02862 0.40 29.6 68
7 2.949 | 0.02447 | 386.3 0.65 5314 | 0.02781 | 398.2 0.40 3.635 | 0.02680 | 385.2 0.31 0.02636 0.46 29.9 70
8 2.950 | 0.02487 | 386.8 0.78 5312 | 0.02702 | 398.7 0.53 3.636 | 0.02720 | 385.4 0.36 0.02636 0.56 30.1 69
9 2.945 | 0.02286 | 386.6 0.73 5.313 | 0.02742 | 399.2 0.66 3.633 | 0.02600 | 385.9 0.49 0.02543 0.63 30.4 67
10 2.940 | 0.02086 | 387.4 0.94 5317 | 0.02901 | 399.3 0.68 3.628 | 0.02400 | 386.0 0.52 0.02462 0.71 30.9 65
11 2.945 | 0.02286 | 387.5 0.96 5.313 | 0.02742 | 399.5 0.73 3.632 | 0.02560 | 386.3 0.60 0.02529 0.76 30.8 66
12 2.945 | 0.02286 | 387.8 1.04 5.313 | 0.02742 | 399.8 0.81 3.630 | 0.02480 | 386.3 0.60 0.02503 0.82 30.2 68
13 2.948 | 0.02407 | 388.1 1.12 5.315 | 0.02821 | 400.0 0.86 3.628 | 0.02400 | 386.5 0.65 0.02543 0.88 30.7 66
14 2.948 | 0.02407 | 387.6 0.99 5312 | 0.02702 | 399.3 0.68 3.626 | 0.02320 | 386.5 0.65 0.02476 0.77 30.1 68
15 2.948 | 0.02407 | 387.0 0.83 5.308 | 0.02543 | 398.8 0.55 3.624 | 0.02240 | 385.5 0.39 0.02397 0.59 31.5 66
20 2.935 1 0.01885 | 386.8 0.78 5.302 | 0.02305 | 398.8 0.55 3.621 | 0.02120 | 385.2 0.31 0.02103 0.55 30.6 69
30 2.927 | 0.01564 | 386.6 0.73 5.288 | 0.01748 | 398.6 0.50 3.602 | 0.01360 | 384.8 0.21 0.01558 0.48 30.5 67

6v¢



M13197 3-14 n1svenemluasasanglupeudaninanududuievas 5 vasilonadiaiuaiaing P2005-2 Uuiouiigaumgil 80 asrnaldea

L1 = 250.02 mm L2 = 249.48 mm L3 =251.33 mm
Freenai 1 Fregnil 2 et 3 iy -
21g = 1 % - | % - R R > 1w | 7 - o T .| SM | A
Guapy | x| weda il | dwiln | L | aenedh | shadn | dwilln | e | eedn | | shdn | agned | dwn °C (%)
(mm) (%) (9) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 3.585 0 399.4 0 3.054 0 385.6 0 4.902 0 392.1 0 0 0 27.3 7
1 3.658 | 0.02920 | 398.5 -0.23 | 3.135 | 0.03247 | 384.4 -0.31 | 4.982 | 0.03183 | 390.7 -0.36 | 0.03083 | -0.30 29.9 60
2 3.664 | 0.03160 | 399.0 -0.10 | 3.148 | 0.03768 | 384.8 -0.21 | 5.000 | 0.03899 | 391.3 -0.20 | 0.03609 | -0.17 29.7 71
3 3.667 | 0.03280 | 399.1 -0.08 | 3.145 | 0.03648 | 385.1 -0.13 | 4978 | 0.03024 | 391.6 -0.13 | 0.03317 | -0.11 30.4 69
4 3.663 | 0.03120 | 399.0 -0.10 | 3.132 | 0.03126 | 385.3 -0.08 | 4.980 | 0.03103 | 391.8 -0.08 | 0.03117 | -0.08 30.1 59
5 3.651 | 0.02640 | 400.0 0.15 3.132 | 0.03126 | 386.1 0.13 4.976 | 0.02944 | 392.3 0.05 0.02904 0.11 30.6 64
6 3.653 | 0.02720 | 400.4 0.25 3.126 | 0.02886 | 386.4 0.21 4.984 | 0.03263 | 392.9 0.20 0.02956 0.22 30.6 66
7 3.666 | 0.03240 | 400.9 0.38 3.125 | 0.02846 | 387.0 0.36 4.984 | 0.03263 | 393.2 0.28 0.03116 0.34 29.6 70
8 3.658 | 0.02920 | 401.2 0.45 3.119 | 0.02605 | 387.1 0.39 4.983 | 0.03223 | 393.8 0.43 0.02916 0.42 31.9 65
9 3.652 | 0.02680 | 401.6 0.55 3.118 | 0.02565 | 387.5 0.49 4981 | 0.03143 | 393.8 0.43 0.02796 0.49 30.4 67
10 3.652 | 0.02680 | 401.8 0.60 3.117 | 0.02525 | 387.6 0.52 4978 | 0.03024 | 394.2 0.54 0.02743 0.55 31.0 65
11 3.650 | 0.02600 | 402.2 0.70 3.122 | 0.02726 | 388.0 0.62 4.975 | 0.02905 | 394.6 0.64 0.02743 0.65 30.7 66
12 3.651 | 0.02640 | 402.3 0.73 3.120 | 0.02645 | 388.1 0.65 4.976 | 0.02944 | 394.7 0.66 0.02743 0.68 30.2 68
13 3.653 | 0.02720 | 402.7 0.83 3.118 | 0.02565 | 388.4 0.73 4.978 | 0.03024 | 394.9 0.71 0.02770 0.76 30.6 66
14 3.652 | 0.02680 | 402.3 0.73 3.115 | 0.02445 | 388.0 0.62 4.975 | 0.02905 | 394.8 0.69 0.02676 0.68 30.2 68
15 3.652 | 0.02680 | 401.6 0.55 3.112 | 0.02325 | 387.4 0.47 4.972 | 0.02785 | 394.8 0.69 0.02597 0.57 31.5 66
20 3.630 | 0.01800 | 400.7 0.33 3.105 | 0.02044 | 386.6 0.26 4.966 | 0.02546 | 393.2 0.28 0.02130 0.29 31.2 64
30 3.627 | 0.01680 | 401.2 0.45 3.102 | 0.01924 | 386.8 0.31 4.955 | 0.02109 | 3934 0.33 0.01904 0.36 30.9 66

04¢
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M19197 3-15 N1sveemluasazanglapendamnanudutusesay 5 vosdlonadiuosuesans P20010-2 Unsauignmall 80 arwallua

Y

L1 = 249.28 mm L2 =251.29 mm L3 =251.81 mm
Freenai 1 Fregnii 2 et 3 Wiy _
1Y R R R R e 1w | 7 - o T .| QM| A
Guapy | x| weda | dwailln | dwiln | L | aeedh | shwdn | dwilln | e | eed | e | shdn | agned | dwn °C (%)
(mm) (%) (g) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 2.851 0 381.9 0 4.857 0 391.9 0 5.378 0 395.1 0 0 0 30.4 69
1 2.969 | 0.04734 | 380.8 -0.29 | 4.977 | 0.04775 | 390.5 -0.36 | 5.492 | 0.04527 | 393.5 -0.40 | 0.04679 | -0.35 28.8 71
2 2.962 | 0.04453 | 381.1 -0.21 4.975 | 0.04696 | 390.6 -0.33 | 5.493 | 0.04567 | 393.7 -0.35 | 0.04572 | -0.30 30.8 68
3 2955 1 0.04172 | 381.6 -0.08 | 4.976 | 0.04736 | 391.2 -0.18 | 5478 | 0.03971 | 394.2 -0.23 | 0.04293 | -0.16 30.9 59
4 2.954 | 0.04132 | 382.0 0.03 4.969 | 0.04457 | 391.9 0.00 5.476 | 0.03892 | 394.7 -0.10 | 0.04160 | -0.03 31.0 62
5 2951 | 0.04012 | 382.7 0.21 4.968 | 0.04417 | 392.5 0.15 5.478 | 0.03971 | 395.5 0.10 0.04133 0.15 29.1 69
6 2.950 | 0.03971 | 383.2 0.34 4.967 | 0.04377 | 392.9 0.26 5.477 | 0.03932 | 395.9 0.20 0.04093 0.27 29.7 69
7 2.948 | 0.03891 | 383.4 0.39 4.963 | 0.04218 | 393.3 0.36 5.471 | 0.03693 | 396.4 0.33 0.03934 0.36 29.6 69
8 2.943 | 0.03691 | 383.8 0.50 4.964 | 0.04258 | 393.5 0.41 5.472 | 0.03733 | 396.6 0.38 0.03894 0.43 30.4 69
9 2.948 | 0.03891 | 384.2 0.60 4.962 | 0.04178 | 394.0 0.54 5.465 | 0.03455 | 396.9 0.46 0.03842 0.53 30.4 66
10 2.940 | 0.03570 | 384.3 0.63 4.958 | 0.04019 | 393.8 0.48 5.462 | 0.03336 | 396.7 0.40 0.03642 0.51 31.0 65
11 2944 | 0.03731 | 384.2 0.60 4.959 | 0.04059 | 394.0 0.54 5.460 | 0.03256 | 396.7 0.40 0.03682 0.51 30.7 66
12 2944 | 0.03731 | 384.4 0.65 4.958 | 0.04019 | 394.1 0.56 5.460 | 0.03256 | 396.9 0.46 0.03669 0.56 30.2 68
13 2.942 | 0.03650 | 384.6 0.71 4.961 | 0.04139 | 394.4 0.64 5.461 | 0.03296 | 397.4 0.58 0.03695 0.64 30.6 66
14 2.940 | 0.03570 | 384.4 0.65 4.957 | 0.03980 | 394.1 0.56 5.460 | 0.03256 | 397.1 0.51 0.03602 0.57 30.2 68
15 2.938 | 0.03490 | 384.0 0.55 4.952 | 0.03781 | 393.4 0.38 5.460 | 0.03256 | 396.5 0.35 0.03509 0.43 29.6 71
20 2.925 | 0.02969 | 383.2 0.34 4.942 | 0.03383 | 392.8 0.23 5.450 | 0.02859 | 395.7 0.15 0.03070 0.24 31.0 65
30 2921 | 0.02808 | 383.6 0.45 493 | 0.02905 | 393.1 0.31 5.437 | 0.02343 | 396.0 0.23 0.02685 0.33 31.0 65

16¢



M13197 -16 N1sveemluasazanglopeudaminaudutuiegay 5 vasdlonadiuesuesning P20015-2 Unsauiigumail 80 srwaltua

L1 =250.98 mm L2 = 251.74 mm L3 =249.13 mm
Freenai 1 Fregnil 2 et 3 iy -
21g = 1 % - | % - R R > 1w | 7 - o T .| SM | A
Guapy | x| weda il | dwiln | L | aenedh | shadn | dwilln | e | eedn | | shdn | agned | dwn °C (%)
(mm) (%) (9) (%) | (mm) (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 4.548 0 395.9 0 5313 0 382.1 0 2.695 0 394.9 0 0 0 29.9 67
1 4.675 | 0.05060 | 393.7 -0.56 | 5.455 | 0.05641 | 379.9 -0.58 | 2.844 | 0.05981 | 392.2 -0.68 | 0.05561 -0.61 28.0 78
2 4.687 | 0.05538 | 394.1 -0.45 | 5.450 | 0.05442 | 380.3 -0.47 | 2.827 | 0.05299 | 3925 -0.61 0.05426 | -0.51 28.6 76
3 4.674 | 0.05020 | 394.4 -0.38 | 5.432 | 0.04727 | 380.8 -0.34 | 2.810 | 0.04616 | 393.1 -0.46 | 0.04788 | -0.39 30.4 59
4 4.678 | 0.05180 | 395.1 -0.20 | 5.437 | 0.04926 | 381.6 -0.13 | 2.813 | 0.04737 | 393.5 -0.35 | 0.04947 | -0.23 28.4 76
5 4.668 | 0.04781 | 395.3 -0.15 | 5.432 | 0.04727 | 380.6 -0.39 | 2.812 | 0.04696 | 392.2 -0.68 | 0.04735 | -0.41 29.9 69
6 4.664 | 0.04622 | 396.0 0.03 5.431 | 0.04687 | 382.4 0.08 2.812 | 0.04696 | 394.2 -0.18 | 0.04669 | -0.02 29.7 68
7 4.670 | 0.04861 | 396.4 0.13 5.425 | 0.04449 | 382.5 0.10 2.805 | 0.04415 | 394.5 -0.10 | 0.04575 0.04 30.2 68
8 4.663 | 0.04582 | 396.5 0.15 5.421 | 0.04290 | 382.9 0.21 2.806 | 0.04456 | 394.7 -0.05 | 0.04443 0.10 30.7 68
9 4.655 | 0.04263 | 396.7 0.20 5.418 | 0.04171 | 383.5 0.37 2.803 | 0.04335 | 395.1 0.05 0.04256 0.21 30.7 69
10 4.657 | 0.04343 | 397.7 0.45 5.419 | 0.04211 | 383.7 0.42 2.799 | 0.04175 | 395.5 0.15 0.04243 0.34 29.0 69
11 4.655 | 0.04263 | 397.7 0.45 5.418 | 0.04171 | 383.6 0.39 2.799 | 0.04175 | 395.4 0.13 0.04203 0.32 29.8 68
12 4.655 | 0.04263 | 397.6 0.43 5.414 | 0.04012 | 383.5 0.37 2.797 | 0.04094 | 395.1 0.05 0.04123 0.28 30.4 68
13 4.655 | 0.04263 | 397.6 0.43 5.415 | 0.04052 | 383.6 0.39 2.798 | 0.04134 | 395.4 0.13 0.04150 0.32 30.2 68
14 4.650 | 0.04064 | 397.3 0.35 5.413 | 0.03972 | 383.2 0.29 2.794 | 0.03974 | 395.0 0.03 0.04003 0.22 30.2 68
15 4.643 | 0.03785 | 397.0 0.28 5.412 | 0.03933 | 382.7 0.16 2.788 | 0.03733 | 394.2 -0.18 | 0.03817 0.09 29.8 71
20 4.642 | 0.03745 | 396.5 0.15 5.408 | 0.03774 | 382.2 0.03 2.788 | 0.03733 | 393.7 -0.30 | 0.03751 -0.04 30.0 69
30 4.625 | 0.03068 | 396.9 0.25 5.392 | 0.03138 | 382.9 0.21 2773 | 0.03131 | 394.1 -0.20 | 0.03112 0.09 30.4 67
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M13199 3-17 Msvenemiluansazaeladendauinanuduiuiovas 5 vesdlenafiueiuaiang Control-4 UnSouiigaumgil 80 ssriwailded

L1 =248.74 mm L2 =251.27 mm L3 = 252.16 mm
et 1 Freghsil 2 et 3 \de -
27y R R A T T L] QMM | A
Gawh | B | voeda | mdn | dwdn | L | etedy | dwdn | ddn | L | eeda | dndn | dndn | venedi | diin “ (%)
(mm) (%) () (%) (mm) (%) () (%) (mm) (%) (9 (%) (%) (%)

0 2.308 0 388.7 0 4.843 0 394.3 0 5.731 0 387.6 0 0 0 29.9 67
1 2.365 | 0.02292 | 394.1 1.39 4912 | 0.02746 | 400.1 1.47 5796 | 0.02578 | 393.5 1.52 0.02538 1.46 28.6 65
2 2.370 | 0.02493 | 394.4 1.47 4912 | 0.02746 | 400.6 1.60 5798 | 0.02657 | 394.0 1.65 0.02632 1.57 28.6 73
3 2.368 | 0.02412 | 394.7 1.54 4908 | 0.02587 | 399.2 1.24 5792 | 0.02419 | 394.0 1.65 0.02473 1.48 29.8 69
q 2.353 1 0.01809 | 394.2 1.41 4.905 | 0.02467 | 400.4 1.55 5.793 | 0.02459 | 393.6 1.55 0.02245 1.50 29.7 68
5 2.361 | 0.02131 | 394.2 1.41 4.908 | 0.02587 | 400.2 1.50 5798 | 0.02657 | 393.7 1.57 0.02458 1.50 29.9 69
6 2.357 | 0.01970 | 394.1 1.39 4912 | 0.02746 | 400.1 1.47 5798 | 0.02657 | 393.5 1.52 0.02458 1.46 30.7 69
7 2.353 1 0.01809 | 394.2 1.41 4.908 | 0.02587 | 400.2 1.50 5.805 | 0.02935 | 393.7 1.57 0.02444 1.50 30.9 69
8 2.361 | 0.02131 | 394.6 1.52 4.908 | 0.02587 | 400.6 1.60 5797 | 0.02617 | 393.7 1.57 0.02445 1.56 29.0 68
9 2.360 | 0.02091 | 394.6 1.52 4.910 | 0.02666 | 400.6 1.60 5.800 | 0.02736 | 393.7 1.57 0.02498 1.56 29.8 68
10 2.358 | 0.02010 | 394.7 1.54 4.910 | 0.02666 | 400.7 1.62 5.804 | 0.02895 | 393.9 1.63 0.02524 1.60 30.5 68
11 2.358 | 0.02010 | 394.7 1.54 4.908 | 0.02587 | 400.7 1.62 5.802 | 0.02816 | 393.9 1.63 0.02471 1.60 30.3 68
12 2.356 | 0.01930 | 394.7 1.54 4.908 | 0.02587 | 400.7 1.62 5.798 | 0.02657 | 393.9 1.63 0.02391 1.60 29.9 70
13 2.355 | 0.01890 | 394.8 1.57 4.905 | 0.02467 | 400.7 1.62 5.795 | 0.02538 | 393.9 1.63 0.02298 1.61 30.2 69
14 2.355 | 0.01890 | 394.8 1.57 4.903 | 0.02388 | 400.7 1.62 5794 | 0.02498 | 393.9 1.63 0.02259 1.61 29.9 72
15 2.359 | 0.02050 | 394.7 1.54 4.903 | 0.02388 | 400.7 1.62 5.798 | 0.02657 | 393.9 1.63 0.02365 1.60 29.3 72
20 2.350 | 0.01689 | 394.4 1.47 4.900 | 0.02268 | 400.3 1.52 5795 | 0.02538 | 393.4 1.50 0.02165 1.49 29.5 74
30 2.357 | 0.01970 | 395.2 1.67 4.901 | 0.02308 | 401.2 1.75 5796 | 0.02578 | 394.2 1.70 0.02285 1.71 30.2 70
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M13197 3-18 N1svenemluasazanglaeudaminanuduiuiegay 5 vosdlonadiuosuesins P10-4 Uuiouiigamgil 80 asriwaidea

L1 = 249.35 mm

L2 = 251.34 mm

L3 = 249.05 mm

Froghad 1 Fregnadi 2 Freghed 3 Wit -
01 R N N " T o 1 7 . T T .| QNN A
Gy | < | veed | dwadn | dwin | L | agned | dwidn | dwen | L venedy | dntdn | dwdn | weneda | diwiln e (%)
(mm) (%) () (%) (mm) (%) (g) (%) | (mm) (%) (g) (%) (%) (%)

0 2.920 0 385.5 0 4.905 0 377.8 0 2.622 0 389.3 0 0 0 30.7 67
1 2.988 | 0.02727 | 388.4 0.75 4.968 | 0.02507 | 380.1 0.61 2.686 | 0.02570 391.8 0.64 0.02601 0.67 31.2 68
2 2.990 | 0.02807 | 388.1 0.67 4.971 | 0.02626 | 380.0 0.58 2.689 | 0.02690 391.4 0.54 0.02708 0.60 28.8 71
3 2.979 | 0.02366 | 387.7 0.57 4.962 | 0.02268 | 379.4 0.42 2.682 | 0.02409 390.8 0.39 0.02348 0.46 30.0 69
4 2.972 | 0.02085 | 387.8 0.60 4.958 | 0.02109 | 379.6 0.48 2.680 | 0.023288 | 391.2 0.49 0.02174 0.52 29.6 69
5 2.972 | 0.02085 | 388.1 0.67 4.956 | 0.02029 | 379.7 0.50 2.679 | 0.02289 391.2 0.49 0.02134 0.56 30.5 67
6 2.971 | 0.02045 | 388.0 0.65 4.953 | 0.01910 | 379.7 0.50 2.682 | 0.02409 391.2 0.49 0.02121 0.55 30.3 67
7 2.969 | 0.01965 | 388.4 0.75 4.964 | 0.02347 | 379.9 0.56 2.688 | 0.02650 391.5 0.57 0.02321 0.62 29.0 71
8 2.970 | 0.02005 | 388.4 0.75 4.961 | 0.02228 | 380.0 0.58 2.686 | 0.02570 391.4 0.54 0.02268 0.62 30.2 65
9 2.970 | 0.02005 | 388.5 0.78 4.963 | 0.02308 | 380.0 0.58 2.685 | 0.02530 391.5 0.57 0.02281 0.64 29.9 68
10 2973 | 0.02126 | 388.6 0.80 4.964 | 0.02347 | 380.1 0.61 2.685 | 0.02530 391.6 0.59 0.02334 0.67 30.1 67
11 2976 | 0.02246 | 388.8 0.86 4.961 | 0.02228 | 380.7 0.77 2.686 | 0.02570 391.9 0.67 0.02348 0.76 29.8 67
12 2.980 | 0.02406 | 389.1 0.93 4.962 | 0.02268 | 381.1 0.87 2.688 | 0.02650 392.4 0.80 0.02441 0.87 30.3 68
13 2.980 | 0.02406 | 389.4 1.01 4.961 | 0.02228 | 381.5 0.98 2.688 | 0.02650 392.8 0.90 0.02428 0.96 30.7 69
14 2.980 | 0.02406 | 389.3 0.99 4.960 | 0.02188 | 381.2 0.90 2.686 | 0.02570 392.6 0.85 0.02388 0.91 30.2 68
15 2.978 | 0.02326 | 389.0 0.91 4.959 | 0.02149 | 380.9 0.82 2.684 | 0.02489 392.5 0.82 0.02321 0.85 29.6 70
20 2.962 | 0.01684 | 388.8 0.86 4.952 | 0.01870 | 380.7 0.77 2.683 | 0.02449 392.2 0.74 0.02001 0.79 30.0 72
30 2.964 | 0.01765 | 390.1 1.19 4.951 | 0.01830 | 381.9 1.09 2.681 | 0.02369 393.4 1.05 0.01988 1.11 30.2 70
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M13199 3-19 Msvenemiluasaraelodendauinanudutuiosas 5 vesdlenefiueiuairng 010-4 UnSouigaumgil 80 sarwaidesd

L1 = 248.46 mm L2 = 249.58 mm L3 = 250.56 mm
Fregneil 1 Fregheil 2 Freghil 3 \de -
o7y Y A A e | %v | v v e e R S
Gawh | | e | dmdn | ddwdn | L | weneda | dmidn | ddn | L Yeein | Undn | dandn | ve1edd | danidn “ (%)
(mm) (%) () %) | (mm) (%) (9 (%) | (mm) (%) (9 (%) (%) (%)

0 2.030 0 376.2 0 3.153 0 365.4 0 4.128 0 388.5 0 0 0 31.9 56
1 2.100 | 0.02817 | 380.0 1.01 3.222 | 0.02765 | 369.1 1.01 4.182 | 0.02155 392.5 1.03 0.02579 1.02 30.4 66
2 2.095 | 0.02616 | 380.3 1.09 3.218 | 0.02604 | 369.3 1.07 4.188 | 0.02395 392.8 1.11 0.02538 1.09 29.1 69
3 2.094 | 0.02576 | 380.2 1.06 3.213 | 0.02404 | 369.4 1.09 4.191 | 0.02514 392.8 1.11 0.02498 1.09 29.6 69
q 2.092 | 0.02495 | 381.0 1.28 3.208 | 0.02204 | 370.0 1.26 4.190 | 0.024745 | 3935 1.29 0.02391 1.27 29.7 68
5 2.092 | 0.02495 | 381.0 1.28 3.205 | 0.02083 | 370.3 1.34 4.192 | 0.02554 393.9 1.39 0.02378 1.34 30.3 69
6 2.089 | 0.02375 | 381.8 1.49 3.204 | 0.02043 | 371.2 1.59 4.189 | 0.02435 394.4 1.52 0.02284 1.53 31.0 68
7 2.088 | 0.02334 | 382.1 1.57 3.206 | 0.02124 | 371.8 1.75 4.190 | 0.02474 395.0 1.67 0.02311 1.66 30.4 69
8 2.089 | 0.02375 | 382.5 1.67 3.208 | 0.02204 | 372.0 1.81 4.189 | 0.02435 395.4 1.78 0.02338 1.75 29.5 67
9 2.089 | 0.02375 | 382.5 1.67 3.208 | 0.02204 | 372.2 1.86 4.189 | 0.02435 395.6 1.83 0.02338 1.79 30.2 68
10 2.089 | 0.02375 | 382.5 1.67 3.206 | 0.02124 | 372.5 1.94 4.189 | 0.02435 395.8 1.88 0.02311 1.83 30.6 67
11 2.088 | 0.02334 | 383.1 1.83 3.206 | 0.02124 | 372.8 2.03 4.188 | 0.02395 396.3 2.01 0.02284 1.96 30.1 68
12 2.088 | 0.02334 | 383.5 1.94 3.204 | 0.02043 | 373.0 2.08 4.188 | 0.02395 396.6 2.08 0.02257 2.04 30.5 68
13 2.088 | 0.02334 | 384.2 2.13 3.203 | 0.02003 | 3734 2.19 4.188 | 0.02395 396.9 2.16 0.02244 2.16 29.8 12
14 2.086 | 0.02254 | 384.3 2.15 3.202 | 0.01963 | 373.5 2.22 4.188 | 0.02395 397.0 2.19 0.02204 2.19 30.3 68
15 2.084 | 0.02173 | 384.6 2.23 3.199 | 0.01843 | 373.8 2.30 4.186 | 0.02315 397.3 2.27 0.02110 2.27 30.3 69
20 2.073 | 0.01731 | 385.0 2.34 3.193 | 0.01603 | 374.3 2.44 4.177 | 0.01956 397.8 2.39 0.01763 2.39 31.0 67
30 2.076 | 0.01851 | 387.2 2.92 3.192 | 0.01563 | 376.6 3.07 4.178 | 0.01996 400.0 2.96 0.01803 2.98 29.4 68
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M19197 -1 M3veeiiluasazanguunilendamnanudutusosay 5 vosdlonadiuosuesnis Control-1 Unauigamall 80 ssrmwalles

L1 =248.14 mm L2 = 250.34 mm L3 =251.98 mm
Fregneit 1 et 2 Freenail 3 Wit -
21g R AR R N R T T .| QNN A
Guaypy | ¢ | weed | ahwdn | dwiln | L | oweda | dwiln | dwedn | L | eedn | shidn | dwiln | seed | “c %
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (9) (%) (%) (%)

0 1.708 0 381.0 0 3.905 0 396.2 0 5.545 0 386.7 0 0 0 28.9 71
1 1.767 | 0.02378 | 384.6 0.94 3.985 | 0.03196 | 401.4 1.31 5.625 | 0.03175 | 391.2 1.16 0.02916 1.14 30.7 69
2 1.763 | 0.02217 | 385.1 1.08 3.983 | 0.03116 | 401.8 1.41 5.618 | 0.02897 | 391.4 1.22 0.02743 1.23 29.2 64
3 1.761 | 0.02136 | 385.1 1.08 3.980 | 0.02996 | 401.8 1.41 5.616 | 0.02818 | 391.4 1.22 0.02650 1.23 29.4 68
4 1.758 | 0.02015 | 385.0 1.05 3.978 | 0.02916 | 402.0 1.46 5.613 | 0.02699 | 391.5 1.24 0.02543 1.25 29.3 68
5 1.755 | 0.01894 | 385.2 1.10 3.973 | 0.02716 | 402.0 1.46 5.616 | 0.02818 | 391.5 1.24 0.02476 1.27 29.6 69
6 1.751 | 0.01733 | 385.1 1.08 3.973 | 0.02716 | 401.9 1.44 5.615 | 0.02778 | 391.7 1.29 0.02409 1.27 29.8 68
7 1.757 | 0.01975 | 385.0 1.05 3.978 | 0.02916 | 401.8 1.41 5.615 | 0.02778 | 391.5 1.24 0.02556 1.23 30.3 69
8 1.746 | 0.01531 | 385.0 1.05 3.974 | 0.02756 | 401.9 1.44 5.610 | 0.02580 | 391.9 1.34 0.02289 1.28 30.7 69
9 1.742 | 0.01370 | 384.9 1.02 3.968 | 0.02517 | 401.6 1.36 5.601 | 0.02222 | 391.7 1.29 0.02036 1.23 29.8 64
10 1.740 | 0.01290 | 384.9 1.02 3.968 | 0.02517 | 401.6 1.36 5.602 | 0.02262 | 391.7 1.29 0.02023 1.23 30.3 66
11 1.738 | 0.01209 | 385.1 1.08 3.966 | 0.02437 | 401.6 1.36 5.602 | 0.02262 | 391.6 1.27 0.01969 1.24 30.1 67
12 1.733 | 0.01008 | 385.3 1.13 3.963 | 0.02317 | 401.7 1.39 5.600 | 0.02183 | 391.6 1.27 0.02250 1.26 29.9 69
13 1.730 | 0.00887 | 385.3 1.13 3.961 | 0.02237 | 401.8 1.41 5.599 | 0.02143 | 391.6 1.27 0.02190 1.27 31.1 64
14 1.730 | 0.00887 | 385.4 1.15 3.961 | 0.02237 | 401.8 1.41 5.598 | 0.02103 | 391.6 1.27 0.02170 1.28 30.2 68
15 1.731 | 0.00927 | 385.6 1.21 3.961 | 0.02237 | 402.0 1.46 5.602 | 0.02262 | 392.1 1.40 0.02250 1.36 31.0 66
20 1.727 | 0.00766 | 385.1 1.08 3.96 | 0.02197 | 401.5 1.34 5.594 | 0.01945 | 391.3 1.19 0.02071 1.20 30.5 68
30 1.726 | 0.00725 | 382.9 0.50 3.947 | 0.01678 | 398.9 0.68 5.598 | 0.02103 | 388.7 0.52 0.01891 0.57 30.2 68

6S¢



M19197 2-2 M3veediluasaraneuuniidsudaninanududuiesay 5 vosilonadiasuaiang P10-1 UuSounigamgil 80 asrLaildea

L1 =250.12 mm L2 = 249.33 mm L3 =248.73 mm
Freenai 1 et 2 et 3 iy -
21g AR AR A > 17w | - T T .| QNN g
Guaypy | D¢ | wneda | dwin | dwin | L | oeed | dwaln | shedn | L | enedn | dwiln | shdn | sened | domin °C %)
(mm) (%) (9) (%) | (mm) (%) (9) (%) | (mm) (%) (9) (%) (%) (%)

0 3.686 0 399.8 0 2.896 0 384.4 0 2.296 0 374.1 0 0 0 29.9 68
1 3.752 | 0.02639 | 408.9 2.28 2.979 | 0.03329 | 393.7 2.42 2.371 | 0.03015 | 382.8 2.33 0.02994 2.34 29.2 64
2 3.748 | 0.02479 | 409.1 2.33 2.965 | 0.02767 | 394.0 2.50 2.364 | 0.02734 | 382.4 2.22 0.02660 2.35 28.5 74
3 3.740 | 0.02159 | 409.2 2.35 2.960 | 0.02567 | 394.1 2.52 2.357 | 0.02452 | 382.2 2.17 0.02393 2.35 29.3 64
4 3.732 | 0.01839 | 409.1 2.33 2.952 | 0.02246 | 394.2 2.55 2.350 | 0.02171 | 382.0 2.11 0.02085 2.33 30.4 62
5 3.732 | 0.01839 | 409.2 2.35 2.947 | 0.02046 | 394.2 2.55 2.341 | 0.01809 | 382.1 2.14 0.01898 2.35 30.5 68
6 3.728 | 0.01679 | 409.2 2.35 2.942 | 0.01845 | 394.2 2.55 2.338 | 0.01689 | 382.2 2.17 0.01738 2.36 30.2 67
7 3.735 | 0.01959 | 409.8 2.50 2.950 | 0.02166 | 394.7 2.68 2.338 | 0.01689 | 382.6 2.27 0.01938 2.48 29.1 71
8 3.727 | 0.01639 | 409.8 2.50 2.940 | 0.01765 | 394.8 2.71 2.333 | 0.01488 | 382.5 2.25 0.01631 2.48 30.0 67
9 3.726 | 0.01599 | 409.8 2.50 2.940 | 0.01765 | 394.8 2.71 2.330 | 0.01367 | 382.5 2.25 0.01577 2.48 30.2 68
10 3.724 | 0.01519 | 409.9 2.53 2.938 | 0.01685 | 394.9 2.73 2.330 | 0.01367 | 382.6 2.27 0.01524 2.51 30.6 67
11 3.722 | 0.01439 | 410.0 2.55 2.936 | 0.01604 | 394.8 2.71 2.329 | 0.01327 | 382.7 2.30 0.01457 2.52 30.2 68
12 3.721 | 0.01399 | 410.0 2.55 2.935 | 0.01564 | 394.8 2.71 2.328 | 0.01287 | 382.7 2.30 0.01417 2.52 30.0 69
13 3.719 | 0.01319 | 410.1 2.58 2.933 | 0.01484 | 394.8 2.71 2.328 | 0.01287 | 382.8 2.33 0.01363 2.54 30.2 71
14 3.718 | 0.01279 | 409.9 2.53 2.933 | 0.01484 | 394.6 2.65 2.327 | 0.01246 | 382.7 2.30 0.01337 2.49 30.2 68
15 3.717 | 0.01239 | 408.9 2.28 2.930 | 0.01364 | 394.0 2.50 2.327 | 0.01246 | 382.3 2.19 0.01283 2.32 30.7 69
20 3.705 | 0.00760 | 408.3 2.13 2.921 | 0.01003 | 393.3 2.32 2.317 | 0.00844 | 381.6 2.00 0.00869 2.15 30.4 69
30 3.698 | 0.00480 | 399.7 -0.03 | 2911 | 0.00602 | 384.3 -0.03 | 2.312 | 0.00643 | 376.2 0.56 0.00575 0.17 30.2 68

09¢




o o oA 9] Yy v v a a s sy & oy N a a
A1979N R-3 ﬂqiﬁﬂﬂqﬂmﬁiuaqﬁagaqﬂLLﬂJﬂULGUEJZJ“UaLWG\?\I'J']QJL“UNE{J‘Ui@EJﬁg 5 EU@QQI@W@aLiJgill@iW']i 010-1 ‘Umaqumwﬂum 80 A LaLud

L1 = 250.55 mm L2 = 250.54 mm L3 = 249.08 mm
Fregnei 1 Freghil 2 Fregneil 3 Wiy -
1Y v AR R AR B R A A T o QN A
e | < | e | dwidn | adwdn | L | ogned | dwdn | ddn | L | wenedn | dwidn | ddn | gened | dwin “ (%)
(mm) | (%) (g) %) | (mm)| (%) (g) (%) | (mm) (%) (9) (%) (%) (%)

0 4.121 0 384.2 0 4.112 0 398.5 0 2.651 0 374.3 0 0 0 30.3 69
1 4.195 | 0.02953 | 389.5 1.38 4.188 | 0.03033 | 403.4 1.23 2.727 | 0.03051 379.7 1.44 | 0.03013 1.35 30.3 59
2 4.185 | 0.02554 | 389.3 1.33 4.182 | 0.02794 | 403.9 1.36 2.705 | 0.02168 379.7 1.44 | 0.02505 1.38 30.8 63
3 4.175 | 0.02155 | 389.2 1.30 4.172 | 0.02395 | 403.8 1.33 2.703 | 0.02088 379.3 1.34 | 0.02213 1.32 30.9 65
4 4.173 | 0.02075 | 388.8 1.20 4.173 | 0.02435 | 403.2 1.18 2.703 | 0.020877 | 378.7 1.18 0.02199 1.18 29.5 70
5 4.174 | 0.02115 | 388.7 1.17 4.168 | 0.02235 | 403.5 1.25 2.701 | 0.02007 378.6 1.15 0.02119 1.19 31.3 65
6 4.166 | 0.01796 | 388.6 1.15 4.168 | 0.02235 | 403.6 1.28 2.702 | 0.02048 378.7 1.18 0.02026 1.20 30.3 66
7 4.165 | 0.01756 | 388.7 1.17 4.168 | 0.02235 | 403.5 1.25 2.703 | 0.02088 378.4 1.10 0.02026 1.17 30.5 67
8 4.166 | 0.01796 | 388.6 1.15 4.169 | 0.02275 | 403.6 1.28 2.703 | 0.02088 378.4 1.10 0.02053 1.17 30.4 68
9 4.166 | 0.01796 | 388.5 1.12 4.169 | 0.02275 | 402.9 1.10 2.702 | 0.02048 378.5 1.12 0.02040 1.12 30.0 68
10 4.164 | 0.01716 | 388.6 1.15 4.167 | 0.02195 | 403.1 1.15 2.701 | 0.02007 378.5 1.12 0.01973 1.14 30.2 68
11 4.160 | 0.01557 | 388.5 1.12 4.164 | 0.02076 | 403.0 1.13 2.698 | 0.01887 378.6 1.15 0.01840 1.13 30.1 68
12 4.157 | 0.01437 | 388.5 1.12 4.159 | 0.01876 | 403.0 1.13 2.695 | 0.01766 378.6 1.15 0.01693 1.13 30.6 67
13 4.152 | 0.01237 | 388.5 1.12 4.156 | 0.01756 | 402.8 1.08 2.691 | 0.01606 378.7 1.18 0.01533 1.12 30.1 71
14 4.152 | 0.01237 | 388.4 1.09 4.155 | 0.01716 | 402.5 1.00 2.691 | 0.01606 378.5 1.12 0.01520 1.07 30.2 68
15 4.152 | 0.01237 | 387.3 0.81 4.153 | 0.01636 | 401.8 0.83 2.692 | 0.01646 377.6 0.88 0.01507 0.84 30.2 69
20 4.145 | 0.00958 | 386.9 0.70 4.149 | 0.01477 | 401.2 0.68 2.688 | 0.01485 376.8 0.67 0.01307 0.68 30.5 69
30 4.144 | 0.00918 | 383.0 -0.31 | 4.139 | 0.01078 | 397.7 -0.20 | 2.688 | 0.01485 375.1 0.21 0.01160 | -0.10 30.2 68

19¢



M19197 2-4 M3veeiluasaranguunileudamnanudutusesay 5 vesdlonadiuesuesnis Control-2 Unauigamail 80 sumwalles

L1 =249.76 mm L2 = 250.76 mm L3 =249.23 mm
Fregnadi 1 Fregnadi 2 Fregnadi 3 Wit -
7 A R N v A A v e G A R
ey | DX | VE0EA3 | uwmin | dwitn | L | wenee | dmun | dmdn | D | 9gea | dmiln | uwin | 90 | win e (%)
(mm) (%) () (%) | (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 3.334 0 381.2 0 4.333 0 382.2 0 2.802 0 394.2 0 0 0 28.0 71
1 3.375 | 0.01642 | 388.2 1.84 | 4.392 | 0.02353 | 388.6 1.67 2.856 | 0.02167 | 399.8 1.42 | 0.02054 1.64 30.3 60
2 3.398 | 0.02562 | 388.4 1.89 | 4.407 | 0.02951 | 388.6 1.67 2.866 | 0.02568 | 400.1 1.50 | 0.02694 1.69 28.6 76
3 3.390 | 0.02242 | 388.1 1.81 4.404 | 0.02831 | 388.6 1.67 2.871 | 0.02769 | 399.9 1.45 | 0.02614 1.64 28.0 7
4 3.400 | 0.02642 | 388.2 1.84 | 4.394 | 0.02433 | 388.6 1.67 2.863 | 0.02448 | 399.9 1.45 | 0.02508 1.65 29.3 64
5 3.398 | 0.02562 | 388.0 1.78 | 4.398 | 0.02592 | 388.5 1.65 2.859 | 0.02287 | 400.1 1.50 | 0.02481 1.64 28.4 74
6 3.383 | 0.01962 | 387.9 1.76 | 4.397 | 0.02552 | 388.5 1.65 2.853 | 0.02046 | 400.0 1.47 | 0.02187 1.63 29.0 64
7 3.375 | 0.01642 | 388.1 1.81 4.388 | 0.02193 | 388.5 1.65 2.847 | 0.01806 | 399.9 1.45 | 0.01880 1.63 30.3 62
8 3.387 | 0.02122 | 388.0 1.78 | 4.391 | 0.02313 | 388.6 1.67 2.842 | 0.01605 | 399.8 1.42 | 0.02013 1.63 30.5 68
9 3.385 | 0.02042 | 388.0 1.78 | 4.389 | 0.02233 | 388.7 1.70 2.845 | 0.01725 | 400.0 1.47 | 0.02000 1.65 29.0 75
10 3.375 | 0.01642 | 388.2 1.84 | 4.387 | 0.02153 | 388.9 1.75 2.838 | 0.01444 | 400.1 1.50 | 0.01746 1.70 31.2 66
11 3.381 | 0.01882 | 388.3 1.86 | 4.391 | 0.02313 | 388.6 1.67 2.841 | 0.01565 | 400.0 1.47 | 0.01920 1.67 31.0 66
12 3.382 | 0.01922 | 388.0 1.78 | 4.392 | 0.02353 | 388.8 1.73 2.844 | 0.01685 | 400.0 1.47 | 0.01987 1.66 30.0 67
13 3.383 | 0.01962 | 388.2 1.84 | 4.392 | 0.02353 | 388.8 1.73 2.842 | 0.01605 | 400.0 1.47 | 0.01973 1.68 29.9 68
14 3.386 | 0.02082 | 388.4 1.89 | 4.390 | 0.02273 | 389.0 1.78 2.838 | 0.01444 | 400.4 1.57 | 0.01933 1.75 31.3 67
15 3.383 | 0.01962 | 388.5 1.92 | 4.390 | 0.02273 | 389.0 1.78 2.837 | 0.01404 | 400.5 1.60 | 0.01880 1.76 30.3 68
20 3.376 | 0.01682 | 388.4 1.89 | 4.378 | 0.01795 | 388.7 1.70 2.830 | 0.01123 | 400.0 1.47 | 0.01533 1.69 30.5 69
30 3.365 | 0.01241 | 387.5 1.65 | 4.377 | 0.01755 | 388.1 1.54 2.827 | 0.01003 | 399.4 1.32 | 0.01333 1.51 30.4 68

c9¢



o o oA 9] Yy v v a a s sy & v PN a =
A1979N R-5 ﬂqiﬁﬂﬂqﬂmﬁiuaqﬁagaqﬂLLﬂJﬂULGUEJZJ“UaLWW@'J']QJL?JN‘YJUi@EJﬁ% 5 EU@QQI@W@aLiJgill@iW']i P10-2 ‘Ulli@u‘mqm‘ﬁq&l 80 A LALYYH

L1 = 250.56 mm L2 = 250.30 mm L3 = 253.86 mm
et 1 et 2 et 3 Wiy -
1Y R R AR R R T T L QNN A
ey | | venedia | dmdn |awdn | L | oened | ddn | dodn | L | aened | i | dndn | vened | i “ %)
(mm) (%) () %) | (mm) (%) (g) %) | (mm) (%) (9 (%) (%) (%)

0 4.130 0 399.0 0 3.868 0 390.1 0 7.433 0 405.4 0 0 0 29.7 70
1 4.203 | 0.02913 | 410.1 2.78 3.920 | 0.02078 | 400.1 2.56 7.484 | 0.02009 | 414.9 2.34 0.02333 2.56 30.0 70
2 4.200 | 0.02794 | 409.2 2.56 3.917 | 0.01958 | 399.0 2.28 7.486 | 0.02088 | 413.8 2.07 0.02280 2.30 30.1 60
3 4.208 | 0.03113 | 409.5 2.63 3.922 | 0.02157 | 399.4 2.38 7.490 | 0.02245 | 414.5 2.24 0.02201 2.42 27.2 7
4 4.204 | 0.02953 | 409.8 2.71 3.915 | 0.01878 | 399.4 2.38 7.491 | 0.02285 | 414.6 2.27 0.02372 2.45 29.7 73
5 4.198 | 0.02714 | 409.7 2.68 3.913 | 0.01798 | 399.5 2.41 7.487 | 0.02127 | 414.3 2.20 0.02213 2.43 29.0 68
6 4.196 | 0.02634 | 409.6 2.66 3.920 | 0.02078 | 399.5 2.41 7.481 | 0.01891 | 4144 2.22 0.02201 2.43 28.5 71
7 4.195 | 0.02594 | 409.9 2.73 3.913 | 0.01798 | 399.7 2.46 7.482 | 0.01930 | 4145 2.24 0.02107 2.48 29.5 69
8 4.190 | 0.02395 | 410.0 2.76 3.910 | 0.01678 | 399.7 2.46 7.480 | 0.01851 | 414.6 2.27 0.01975 2.50 30.0 69
9 4.185 | 0.02195 | 409.8 2.71 3.905 | 0.01478 | 399.6 2.44 7.476 | 0.01694 | 4145 2.24 0.01789 2.46 30.1 69
10 4.185 | 0.02195 | 410.1 2.78 3.904 | 0.01438 | 400.0 2.54 7.470 | 0.01457 | 414.7 2.29 0.01697 2.54 29.6 74
11 4.172 | 0.01676 | 410.4 2.86 3.902 | 0.01358 | 400.2 2.59 7.467 | 0.01339 | 415.0 2.37 0.01458 2.60 31.3 65
12 4.171 | 0.01636 | 410.4 2.86 3.901 | 0.01318 | 400.2 2.59 7.471 | 0.01497 | 414.8 2.32 0.01484 2.59 31.0 66
13 4.171 | 0.01636 | 410.6 291 3.900 | 0.01278 | 400.3 2.61 7.475 | 0.01654 | 415.1 2.39 0.01523 2.64 30.0 67
14 4.171 | 0.01636 | 410.6 291 3.900 | 0.01278 | 400.5 2.67 7.474 | 0.01615 | 415.2 2.42 0.01510 2.66 30.1 68
15 4.170 | 0.01596 | 410.8 2.96 3.901 | 0.01318 | 400.7 2.72 7.473 | 0.01576 | 415.4 2.47 0.01497 2.71 31.4 66
20 4.159 | 0.01157 | 410.1 2.78 3.888 | 0.00799 | 399.8 2.49 7.451 | 0.00709 | 414.6 2.27 0.00888 2.51 30.4 67
30 4.151 | 0.00838 | 410.6 291 3.883 | 0.00599 | 400.3 2.61 7.449 | 0.00630 | 415.1 2.39 0.00689 2.64 30.2 67

€9¢



M19197 2-6 MIveeiluasaraeuuniidsudaninanududuievay 5 vosdlonadiasuaiaing P20-2 Uusounigaumgil 80 asrLaidea

L1 = 249.39 mm L2 = 248.56 mm L3 = 250.41 mm
Fregnadi 1 Fregnadi 2 Froghad 3 Wit -
7 N > 17 w1 - v A A v G e G A
ey | DX | VE08A3 | uwitn | dwidn | L | vt | dmun | dmdn | D | 9gea | dmiln | dwiln | 9gneaa | win e (%)
(mm) (%) (g) (%) | (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 2.959 0 392.5 0 2.133 0 396.7 0 3.982 0 384.8 0 0 0 28.3 77
1 3.049 | 0.03609 | 401.4 2.27 | 2.210 | 0.03098 | 405.7 2.27 4.069 | 0.03474 | 392.2 1.92 | 0.03394 | 2.15 27.7 7
2 3.046 | 0.03489 | 401.2 2.22 | 2202 | 0.02776 | 405.2 2.14 4.048 | 0.02636 | 392.2 1.92 | 0.02967 | 2.09 30.1 69
3 3.043 | 0.03368 | 401.7 2.34 | 2.207 | 0.02977 | 405.9 2.32 4.061 | 0.03155 | 392.8 2.08 | 0.03167 | 2.25 29.7 70
4 3.037 | 0.03128 | 401.7 2.34 | 2.204 | 0.02856 | 405.8 2.29 4.041 | 0.02356 | 392.6 2.03 | 0.02780 | 222 30.3 69
5 3.039 | 0.03208 | 401.6 232 | 2.198 | 0.02615 | 405.4 2.19 4.048 | 0.02636 | 392.2 1.92 | 0.02820 | 2.14 30.0 59
6 3.031 | 0.02887 | 401.8 237 | 2.190 | 0.02293 | 405.6 2.24 4.039 | 0.02276 | 392.5 2.00 | 0.02485 | 220 30.2 64
7 3.024 | 0.02606 | 401.9 2.39 | 2.189 | 0.02253 | 405.6 2.24 4.032 | 0.01997 | 392.2 1.92 | 0.02285 | 2.19 30.4 66
8 3.020 | 0.02446 | 402.0 2.42 | 2.183 | 0.02012 | 405.6 2.24 4.027 | 0.01797 | 392.6 2.03 | 0.02085 | 223 29.6 69
9 3.012 | 0.02125 | 401.9 2.39 | 2.183 | 0.02012 | 405.7 2.27 4.031 | 0.01957 | 392.2 1.92 | 0.02031 2.20 315 65
10 3.011 | 0.02085 | 401.9 239 | 2.180 | 0.01891 | 405.8 2.29 4.030 | 0.01917 | 3925 2.00 | 0.01964 | 223 30.3 67
11 3.013 | 0.02165 | 402.3 2.50 | 2.182 | 0.01971 | 406.1 2.37 4.020 | 0.01517 | 392.3 1.95 | 0.01885 | 2.27 30.4 67
12 3.010 | 0.02045 | 402.0 2.42 | 2.178 | 0.01810 | 406.0 2.34 4.022 | 0.01597 | 392.4 1.98 | 0.01818 | 2.25 31.0 66
13 3.012 | 0.02125 | 402.1 2.45 | 2.182 | 0.01971 | 406.1 2.37 4.025 | 0.01717 | 392.2 1.92 | 0.01938 | 2.25 30.0 67
14 3.010 | 0.02045 | 402.3 2.50 | 2.180 | 0.01891 | 406.3 2.42 4.022 | 0.01597 | 392.2 1.92 | 0.01844 | 2.28 30.0 68
15 3.010 | 0.02045 | 402.5 2.55 | 2174 | 0.01649 | 406.6 2.50 4.022 | 0.01597 | 392.2 1.92 | 0.01764 | 2.32 314 66
20 2.995 | 0.01444 | 401.0 2.17 | 2.162 | 0.01167 | 405.0 2.09 4.019 | 0.01478 | 390.9 1.59 | 0.01363 1.95 315 65
30 2.982 | 0.00922 | 401.4 2.27 | 2.153 | 0.00805 | 405.3 2.17 4.001 | 0.00759 | 391.3 1.69 | 0.00829 | 2.04 30.7 66

1274



o o oA 9] Yy v v a a s sy & v PN a =
AN R-7 ﬂqiﬁﬂﬂqﬂmﬁiuaqﬁagaqﬂLLﬂJﬂULGUEJZJ“UaLWW@'J']QJL?JN‘YJUi@EJﬁ% 5 EU@QQI@W@aLiJgill@iW']i P30-2 ‘Ulli@u‘mqm‘ﬁq&l 80 A LALYYH

L1 = 249.07 mm L2 = 249.84 mm L3 = 249.00 mm
Fregait 1 Fregheil 2 Frethil 3 Wiy -
1Y R AN R AR R A T T o QNN A
ey | | wed | dmdn dmiln | e | vened | ddn | ddn | L | aened | | ddn | gened | “ %)
(mm) (%) (9 (%) | (mm) (%) (9 (%) (mm) (%) () (%) (%) (%)

0 2.636 0 391.1 0 3.406 0 409.8 0 2.565 0 408.9 0 0 0 29.7 68
1 2.785 | 0.05982 | 400.7 2.45 3.533 | 0.05083 | 4199 2.46 2.682 | 0.04699 | 418.4 2.32 0.05255 2.41 26.0 84
2 2.770 | 0.05380 | 399.7 2.20 3.523 | 0.04683 | 418.4 2.10 2.672 | 0.04297 | 417.8 2.18 0.04787 2.16 28.6 12
3 2.760 | 0.04979 | 399.9 2.25 3.518 | 0.04483 | 418.9 2.22 2.668 | 0.04137 | 418.5 2.35 0.04533 2.27 29.4 74
4 2.752 | 0.04657 | 399.8 2.22 3.513 | 0.04283 | 418.9 2.22 2.662 | 0.03896 | 418.3 2.30 0.04279 2.25 30.6 67
5 2.751 | 0.04617 | 400.0 2.28 3.512 | 0.04243 | 419.1 2.27 2.660 | 0.03815 | 418.4 2.32 0.04225 2.29 29.6 68
6 2.738 | 0.04095 | 399.8 2.22 3.502 | 0.03843 | 418.9 2.22 2.650 | 0.03414 | 418.5 2.35 0.03784 2.26 30.0 63
7 2.745 | 0.04376 | 400.4 2.38 3.499 | 0.03722 | 419.4 2.34 2.650 | 0.03414 | 419.0 2.47 0.03838 2.40 29.5 69
8 2.744 | 0.04336 | 400.4 2.38 3.502 | 0.03843 | 419.4 2.34 2.646 | 0.03253 | 418.9 2.45 0.03811 2.39 29.6 70
9 2.738 | 0.04095 | 400.1 2.30 3.498 | 0.03682 | 419.2 2.29 2.641 | 0.03052 | 418.6 2.37 0.03610 2.32 31.6 65
10 2.729 | 0.03734 | 400.4 2.38 3.498 | 0.03682 | 419.5 2.37 2.645 | 0.03213 | 418.9 2.45 0.03543 2.40 30.0 68
11 2.726 | 0.03614 | 401.0 2.53 3.496 | 0.03602 | 420.1 2.51 2.640 | 0.03012 | 419.6 2.62 0.03409 2.55 30.4 68
12 2.733 | 0.03895 | 401.0 2.53 3.492 | 0.03442 | 420.1 2.51 2.641 | 0.03052 | 419.7 2.64 0.03463 2.56 31.3 64
13 2.732 | 0.03854 | 401.0 2.53 3.492 | 0.03442 | 420.2 2.54 2.640 | 0.03012 | 419.7 2.64 0.03436 2.57 29.9 68
14 2.732 | 0.03854 | 401.0 2.53 3.490 | 0.03362 | 420.0 2.49 2.640 | 0.03012 | 419.7 2.64 0.03410 2.55 30.0 68
15 2.732 | 0.03854 | 400.7 2.45 3.489 | 0.03322 | 420.0 2.49 2.641 | 0.03052 | 419.8 2.67 0.03410 2.54 30.5 69
20 2.707 | 0.02851 | 400.1 2.30 3.478 | 0.02882 | 419.6 2.39 2.625 | 0.02410 | 419.3 2.54 0.02714 2.41 31.5 64
30 2.695 | 0.02369 | 400.4 2.38 3.462 | 0.02241 | 420.0 2.49 2.608 | 0.01727 | 420.2 2.76 0.02112 2.54 30.8 66
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M13197 3-8 M3venefiluansaraewndifudaunanududuiovar 5 vesdlonediueiueiing 05-2 Unseunigumall 80 sarwallea

L1 = 250.54 mm

L2 = 252.14 mm

L3 = 249.35 mm

Fregnadi 1 Fregnadi 2 Fregnadi 3 Wit -
01 AR v AR v A A T T .| QungE | Ad
ey | ¢ | weed | | dwin | L | aened | dwaln | dwdn | L | ened | dwidn | dn | aeedt | dmin “ %)
(mm) (%) () (%) | (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 4.112 0 386.3 0 5.705 0 400.6 0 2.920 0 398.5 0 0 0 29.4 70
1 4.186 | 0.02954 | 394.2 2.05 5.788 | 0.03292 | 408.6 2.00 2.978 | 0.02326 | 405.5 1.76 0.02857 1.93 30.1 66
2 4.195 | 0.03313 | 394.8 2.20 5.792 | 0.03451 | 409.2 2.15 2.985 | 0.02607 | 406.3 1.96 0.03123 | 2.10 28.1 79
3 4.193 | 0.03233 | 394.4 2.10 5.788 | 0.03292 | 408.9 2.07 2.983 | 0.02527 | 405.9 1.86 0.03017 2.01 28.7 75
4 4.182 | 0.02794 | 394.2 2.05 5.787 | 0.03252 | 408.6 2.00 2.979 | 0.02366 | 405.6 1.78 | 0.02804 1.94 30.5 59
5 4.188 | 0.03033 | 394.3 2.07 5.780 | 0.02975 | 408.6 2.00 2.980 | 0.02406 | 405.6 1.78 | 0.02805 1.95 28.2 76
6 4.181 | 0.02754 | 394.1 2.02 | 5784 | 0.03133 | 408.4 1.95 2.970 | 0.02005 | 405.5 1.76 0.02631 1.91 29.9 68
7 4.178 | 0.02634 | 394.1 2.02 | 5784 | 0.03133 | 408.5 1.97 2.968 | 0.01925 | 405.4 1.73 | 0.02564 1.91 29.6 68
8 4.170 | 0.02315 | 394.1 2.02 | 5775 | 0.02776 | 408.3 1.92 2.967 | 0.01885 | 405.3 1.71 0.02325 1.88 30.0 68
9 4.168 | 0.02235 | 394.1 2.02 | 5769 | 0.02538 | 408.5 1.97 2.967 | 0.01885 | 405.3 1.71 0.02219 1.90 30.7 69
10 4.170 | 0.02315 | 394.4 2.10 5.753 | 0.01904 | 408.5 1.97 2.970 | 0.02005 | 405.7 1.81 0.02075 1.96 30.6 69
11 4.164 | 0.02076 | 393.7 1.92 | 5753 | 0.01904 | 408.2 1.90 2.962 | 0.01684 | 405.1 1.66 0.01888 1.82 30.7 68
12 4.165 | 0.02115 | 394.2 2.05 5.761 | 0.02221 | 408.5 1.97 2.966 | 0.01845 | 405.4 1.73 | 0.02060 1.92 31.3 64
13 4.165 | 0.02115 | 394.4 2.10 5.760 | 0.02181 | 408.6 2.00 2.965 | 0.01805 | 405.4 1.73 | 0.02034 1.94 30.1 67
14 4.166 | 0.02155 | 394.5 2.12 | 5760 | 0.02181 | 408.7 2.02 2.966 | 0.01845 | 405.7 1.81 0.02060 1.98 30.0 68
15 4.171 | 0.02355 | 394.9 2.23 5.762 | 0.02261 | 408.9 2.07 2.972 | 0.02085 | 406.9 2.11 0.02234 | 2.14 30.5 69
20 4.161 | 0.01956 | 394.1 2.02 | 5753 | 0.01904 | 408.4 1.95 2.968 | 0.01925 | 405.5 1.76 0.01928 1.91 31.2 65
30 4.151 | 0.01557 | 393.8 194 | 5741 | 0.01428 | 408.4 1.95 2.952 | 0.01283 | 405.4 1.73 | 0.01423 1.87 30.8 66

99¢
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L1 = 252.67 mm L2 = 249.00 mm L3 = 250.95 mm
Fregait 1 Fregheil 2 Frethil 3 Wiy -
1Y R AN R AR R A T T o QNN A
ey | | wed | dmdn dmiln | e | vened | ddn | ddn | L | aened | | ddn | gened | “ %)
(mm) (%) (9 (%) | (mm) (%) (9 (%) (mm) (%) () (%) (%) (%)

0 6.243 0 401.9 0 2.568 0 393.1 0 4.522 0 391.8 0 0 0 29.7 68
1 6.317 | 0.02929 | 411.7 2.44 2.654 | 0.03454 | 402.3 2.34 4.602 | 0.03188 | 400.2 2.14 0.03190 2.31 31.0 68
2 6.319 | 0.03008 | 411.1 2.29 2.656 | 0.03534 | 401.8 2.21 4.602 | 0.03188 | 400.1 2.12 0.03243 2.21 28.9 71
3 6.312 | 0.02731 | 410.7 2.19 2.652 | 0.03374 | 401.2 2.06 4.604 | 0.03268 | 399.1 1.86 0.03124 2.04 30.1 69
4 6.310 | 0.02652 | 410.4 2.11 2.647 | 0.03173 | 400.9 1.98 4.593 | 0.02829 | 398.9 1.81 0.02885 1.97 30.8 67
5 6.308 | 0.02572 | 410.4 2.11 2.640 | 0.02892 | 400.9 1.98 4.593 | 0.02829 | 398.9 1.81 0.02764 1.97 30.8 65
6 6.307 | 0.02533 | 410.3 2.09 2.645 | 0.03092 | 400.7 1.93 4.598 | 0.03028 | 398.5 1.71 0.02885 1.91 29.1 69
7 6.308 | 0.02572 | 410.3 2.09 2.641 | 0.02932 | 400.5 1.88 4.593 | 0.02829 | 398.7 1.76 0.02778 1.91 29.6 69
8 6.305 | 0.02454 | 410.1 2.04 2.633 | 0.02610 | 400.4 1.86 4.586 | 0.02550 | 398.7 1.76 0.02538 1.89 29.7 69
9 6.307 | 0.02533 | 410.1 2.04 2.630 | 0.02490 | 400.3 1.83 4.587 | 0.02590 | 398.4 1.68 0.02538 1.85 30.6 69
10 6.304 | 0.02414 | 410.1 2.04 2.634 | 0.02651 | 400.6 1.91 4.590 | 0.02710 | 398.5 1.71 0.02591 1.89 30.2 68
11 6.303 | 0.02375 | 409.7 1.94 2.636 | 0.02731 | 400.3 1.83 4.588 | 0.02630 | 398.2 1.63 0.02579 1.80 30.6 68
12 6.303 | 0.02375 | 409.7 1.94 2.633 | 0.02610 | 400.4 1.86 4.585 | 0.02510 | 398.5 1.71 0.02499 1.84 31.3 64
13 6.303 | 0.02375 | 409.8 1.97 2.634 | 0.02651 | 400.5 1.88 4.586 | 0.02550 | 398.5 1.71 0.02525 1.85 30.1 68
14 6.303 | 0.02375 | 410.0 2.02 2.634 | 0.02651 | 400.9 1.98 4.588 | 0.02630 | 398.6 1.74 0.02552 1.91 30.1 68
15 6.308 | 0.02572 | 410.6 2.16 2.637 | 0.02771 | 401.2 2.06 4.591 | 0.02750 | 399.2 1.89 0.02698 2.04 30.6 69
20 6.297 | 0.02137 | 409.8 1.97 2.632 | 0.02570 | 400.5 1.88 4.585 | 0.02510 | 398.1 1.61 0.02406 1.82 31.4 64
30 6.282 | 0.01543 | 409.7 1.94 2.615 | 0.01888 | 400.1 1.78 4.575 | 0.02112 | 398.3 1.66 0.01848 1.79 30.9 66
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L1 =252.35 mm L2 = 248.93 mm L3 = 248.87 mm
Fregnadi 1 Fregnadi 2 Fregnadi 3 Wit -
01 AR v AR v A A T T .| QungE | Ad
ey | ¢ | weed | | dwin | L | aened | dwaln | dwdn | L | ened | dwidn | dn | aeedt | dmin “ %)
(mm) (%) () (%) | (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 5.923 0 396.6 0 2.497 0 384.6 0 2.435 0 388.2 0 0 0 29.6 68
1 5.993 | 0.02774 | 406.1 2.40 2.572 | 0.03013 | 393.8 2.39 2.501 | 0.02652 | 397.9 250 | 0.02813 | 243 30.5 60
2 6.003 | 0.03170 | 405.9 234 | 2576 | 0.03174 | 394.0 2.44 2.508 | 0.02933 | 398.2 2.58 | 0.03092 | 2.46 28.3 72
3 6.001 | 0.03091 | 404.7 2.04 | 2568 | 0.02852 | 392.6 2.08 2.505 | 0.02813 | 396.7 2.19 0.02919 2.10 30.9 66
4 5.991 | 0.02695 | 403.8 1.82 | 2568 | 0.02852 | 391.8 1.87 2.507 | 0.02893 | 395.9 1.98 | 0.02813 1.89 30.2 62
5 5.998 | 0.02972 | 403.8 1.82 | 2563 | 0.02651 | 391.9 1.90 2.511 | 0.03054 | 395.7 1.93 | 0.02892 1.88 28.2 72
6 5.993 | 0.02774 | 403.7 1.79 2.561 | 0.02571 | 391.9 1.90 2.509 | 0.02973 | 395.8 1.96 0.02773 1.88 29.9 70
7 5.988 | 0.02576 | 403.5 1.74 | 2557 | 0.02410 | 391.5 1.79 2.503 | 0.02732 | 395.4 1.85 0.02573 1.80 29.7 68
8 5.982 | 0.02338 | 403.3 1.69 2.558 | 0.02451 | 3915 1.79 2.492 | 0.02290 | 395.3 1.83 | 0.02360 1.77 30.3 68
9 5.985 | 0.02457 | 403.4 1.71 2.552 | 0.02209 | 391.5 1.79 2.492 | 0.02290 | 395.4 1.85 0.02319 1.79 30.5 67
10 5.982 | 0.02338 | 403.2 1.66 2.547 | 0.02009 | 391.2 1.72 2.490 | 0.02210 | 395.2 1.80 | 0.02186 1.73 29.0 73
11 5.975 | 0.02061 | 403.2 1.66 2.550 | 0.02129 | 3915 1.79 2.490 | 0.02210 | 395.3 1.83 | 0.02133 1.76 30.7 67
12 5.975 | 0.02061 | 403.2 1.66 2.550 | 0.02129 | 3914 1.77 2.490 | 0.02210 | 395.3 1.83 | 0.02133 1.75 29.8 67
13 5.976 | 0.02100 | 403.1 1.64 | 2550 | 0.02129 | 391.3 1.74 2.491 | 0.02250 | 395.2 1.80 | 0.02160 1.73 29.7 65
14 5.976 | 0.02100 | 403.8 1.82 | 2550 | 0.02129 | 391.8 1.87 2.491 | 0.02250 | 395.9 1.98 | 0.02160 1.89 30.0 68
15 5.974 | 0.02021 | 403.9 1.84 | 2550 | 0.02129 | 392.5 2.05 2.492 | 0.02290 | 396.1 2.04 | 0.02147 1.98 31.4 67
20 5.971 | 0.01902 | 403.2 1.66 2.548 | 0.02049 | 391.3 1.74 2.480 | 0.01808 | 395.1 1.78 | 0.01920 1.73 30.4 70
30 5.961 | 0.01506 | 403.3 1.69 2.543 | 0.01848 | 391.7 1.85 2.463 | 0.01125 | 395.3 1.83 | 0.01493 1.79 30.6 68
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M15197 2-11 Msveemluasazaesuunilideudamnaududuiosay 5 vesdlenediwesuesang P1005-2 Unseuiigumnil 80 sumiwalies

L1 =250.41 mm

L2 = 248.95 mm

L3 = 247.85 mm

Fregait 1 Fregheil 2 Frethil 3 Wiy -
1Y R AN R AR R A T T o QNN A
ey | | wed | dmdn dmiln | e | vened | ddn | ddn | L | aened | | ddn | gened | “ %)
(mm) (%) (9 (%) | (mm) (%) (9 (%) (mm) (%) () (%) (%) (%)
0 3.975 0 382.9 0 2.521 0 394.2 0 1.422 0 384.1 0 0 0 29.1 71
1 4.040 | 0.02596 | 392.5 2.51 2.580 | 0.02370 | 403.9 2.46 1.466 | 0.01775 | 3935 2.45 0.02247 2.47 28.8 70
2 4.040 | 0.02596 | 392.3 2.45 2.588 | 0.02691 | 404.0 2.49 1.470 | 0.01937 | 393.7 2.50 0.02408 2.48 26.5 78
3 4.032 | 0.02276 | 392.0 2.38 2.586 | 0.02611 | 403.7 2.41 1.478 | 0.02259 | 3934 2.42 0.02382 2.40 29.5 70
4 4.025 | 0.01997 | 391.3 2.19 2.581 | 0.02410 | 403.0 2.23 1.485 | 0.02542 | 392.3 2.13 0.02316 2.19 29.1 64
5 4.026 | 0.02037 | 390.9 2.09 2.584 | 0.02531 | 402.6 2.13 1.462 | 0.01614 | 392.2 2.11 0.02060 2.11 28.4 71
6 4.020 | 0.01797 | 391.2 2.17 2.581 | 0.02410 | 402.9 2.21 1.473 | 0.02058 | 392.2 2.11 0.02088 2.16 29.9 70
7 4.016 | 0.01637 | 390.5 1.98 2.569 | 0.01928 | 402.2 2.03 1.460 | 0.01533 | 391.6 1.95 0.01700 1.99 29.7 69
8 4.011 | 0.01438 | 390.9 2.09 2.568 | 0.01888 | 402.7 2.16 1.460 | 0.01533 | 392.0 2.06 0.01620 2.10 30.3 68
9 4.011 | 0.01438 | 391.0 2.12 2.569 | 0.01928 | 402.8 2.18 1.458 | 0.01452 | 391.9 2.03 0.01606 2.11 30.4 67
10 4.011 | 0.01438 | 391.1 2.14 2.566 | 0.01808 | 402.7 2.16 1.460 | 0.01533 | 392.2 2.11 0.01593 2.14 29.0 12
11 4.010 | 0.01398 | 391.3 2.19 2.564 | 0.01727 | 4029 2.21 1.453 | 0.01251 | 392.0 2.06 0.01459 2.15 30.8 67
12 4.011 | 0.01438 | 391.2 2.17 2.568 | 0.01888 | 402.8 2.18 1.453 | 0.01251 | 3924 2.16 0.01525 2.17 30.0 68
13 4.012 | 0.01478 | 391.3 2.19 2.572 | 0.02049 | 402.9 2.21 1.456 | 0.01372 | 392.4 2.16 0.01633 2.19 29.8 66
14 4.011 | 0.01438 | 391.8 2.32 2.573 | 0.02089 | 403.2 2.28 1.457 | 0.01412 | 392.7 2.24 0.01646 2.28 30.1 68
15 4.011 | 0.01438 | 392.2 2.43 2.577 | 0.02249 | 403.8 2.44 1.462 | 0.01614 | 393.1 2.34 0.01767 2.40 31.4 67
20 4.000 | 0.00998 391 2.12 2.558 | 0.01486 | 402.8 2.18 1.443 | 0.00847 | 392.0 2.06 0.01111 2.12 30.6 70
30 3.978 | 0.00120 | 391.2 2.17 2.541 | 0.00803 | 403.1 2.26 1.433 | 0.00444 | 392.3 2.13 0.00456 2.19 30.5 68

69¢



M13197 2-12 Nsvenemluasaraeiunilieudamnanuiuduiosay 5 vesdlenediweiueian P10010-2 Uusounigamgil 80 aeraadys

L1 =252.25 mm L2 = 252.01 mm L3 = 249.44 mm
Fregnadi 1 Fregnadi 2 Fregnadi 3 Wit -
01 AR v AR v A A T T .| QungE | Ad
ey | ¢ | weed | | dwin | L | aened | dwaln | dwdn | L | ened | dwidn | dn | aeedt | dmin “ %)
(mm) (%) () (%) | (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 5.820 0 405.7 0 5.580 0 394.3 0 3.013 0 398.3 0 0 0 30.1 62
1 5.898 | 0.03092 | 416.7 2.71 5.658 | 0.03095 | 404.4 2.56 3.092 | 0.03167 | 407.6 233 | 0.03118 | 254 30.2 61
2 5.903 | 0.03290 | 417.3 2.86 5.664 | 0.03333 | 404.8 2.66 3.105 | 0.03688 | 407.9 2.41 0.03437 2.64 28.0 7
3 5.896 | 0.03013 | 417.0 2.79 5.658 | 0.03095 | 404.8 2.66 3.094 | 0.03247 | 407.6 2.33 | 0.03118 | 2.59 28.0 7
4 5.903 | 0.03290 | 416.9 2.76 5.653 | 0.02897 | 404.8 2.66 3.093 | 0.03207 | 407.1 2.21 0.03131 2.54 29.3 63
5 5.879 | 0.02339 | 417.2 2.83 5.643 | 0.02500 | 405.2 2.76 3.090 | 0.03087 | 407.2 223 | 0.02642 | 261 28.5 75
6 5.882 | 0.02458 | 417.3 2.86 5.652 | 0.02857 | 405.1 2.74 3.082 | 0.02766 | 407.2 223 | 0.02694 | 261 29.2 64
7 5.879 | 0.02339 | 417.0 2.79 5.647 | 0.02659 | 405.3 2.79 3.078 | 0.02606 | 407.1 2.21 0.02534 | 259 30.4 61
8 5.868 | 0.01903 | 417.2 2.83 5.644 | 0.02540 | 405.5 2.84 3.073 | 0.02405 | 407.3 2.26 0.02283 | 2.64 30.6 68
9 5.864 | 0.01744 | 417.0 2.79 5.639 | 0.02341 | 405.7 2.89 3.071 | 0.02325 | 407.2 223 | 0.02137 2.64 30.0 68
10 5.863 | 0.01705 | 417.2 2.83 5.638 | 0.02301 | 405.9 2.94 3.077 | 0.02566 | 407.7 2.36 0.02191 2.71 29.0 72
11 5.865 | 0.01784 | 417.3 2.86 5.641 | 0.02421 | 406.0 2.97 3.073 | 0.02405 | 407.9 2.41 0.02203 | 2.75 30.8 67
12 5.864 | 0.01744 | 417.3 2.86 5.640 | 0.02381 | 406.0 2.97 3.073 | 0.02405 | 407.8 2.39 0.02177 2.74 29.9 67
13 5.864 | 0.01744 | 417.2 2.83 5.636 | 0.02222 | 405.9 2.94 3.074 | 0.02445 | 407.8 2.39 0.02137 2.72 29.8 65
14 5.864 | 0.01744 | 417.0 2.79 5.636 | 0.02222 | 405.5 2.84 3.074 | 0.02445 | 407.6 2.33 | 0.02137 2.65 30.2 68
15 5.866 | 0.01824 | 416.7 2.71 5.633 | 0.02103 | 405.3 2.79 3.075 | 0.02486 | 406.9 2.16 0.02137 2.55 31.5 67
20 5.850 | 0.01189 | 416.4 2.64 | 5625 | 0.01786 | 404.5 2.59 3.062 | 0.01964 | 406.7 2.11 0.01646 2.44 30.8 69
30 5.832 | 0.00476 | 416.7 2.71 5.610 | 0.01190 | 404.9 2.69 3.042 | 0.01163 | 407.0 2.18 | 0.00943 | 253 30.8 68

0L¢



M15197 2-13 Nsvgnemluasaraeuunilideudamnanudutuiosay 5 vesdlenefiwesueiang P10015-2 Uusounigaumgil 80 sy

L1 = 252.23 mm L2 = 247.74 mm L3 = 250.53 mm
Fregait 1 Fregheil 2 Frethil 3 Wiy -
1Y R AN R AR R A T T o QNN A
ey | | wed | dmdn dmiln | e | vened | ddn | ddn | L | aened | | ddn | gened | “ %)
(mm) (%) (9 (%) | (mm) (%) (9 (%) (mm) (%) () (%) (%) (%)

0 5.795 0 392.7 0 1.312 0 3935 0 4.098 0 399.5 0 0 0 28.5 73
1 5.869 | 0.02934 | 402.8 2.57 1.420 | 0.04359 | 404.5 2.80 4.183 | 0.03393 | 409.1 2.40 0.03562 2.59 29.4 62
2 5.877 | 0.03251 | 403.8 2.83 1.403 | 0.03673 | 405.4 3.02 4.185 | 0.03473 | 410.4 2.73 0.03466 2.86 27.5 7
3 5.880 | 0.03370 | 403.9 2.85 1.398 | 0.03471 | 406.0 3.18 4.188 | 0.03592 | 410.9 2.85 0.03478 2.96 29.8 74
4 5.883 | 0.03489 | 404.1 2.90 1.398 | 0.03471 | 406.1 3.20 4.184 | 0.03433 | 410.9 2.85 0.03464 2.99 29.0 68
5 5.877 | 0.03251 | 404.3 2.95 1.390 | 0.03148 | 406.7 3.35 4.180 | 0.03273 | 411.4 2.98 0.03224 3.10 28.4 71
6 5.863 | 0.02696 | 404.3 2.95 1.388 | 0.03068 | 406.7 3.35 4.172 | 0.02954 | 411.4 2.98 0.02906 3.10 29.5 68
7 5.863 | 0.02696 | 404.4 2.98 1.388 | 0.03068 | 406.7 3.35 4.163 | 0.02595 | 411.3 2.95 0.02786 3.10 29.9 69
8 5.861 | 0.02617 | 404.5 3.00 1.381 | 0.02785 | 406.9 3.41 4.168 | 0.02794 | 411.4 2.98 0.02732 3.13 30.2 69
9 5.865 | 0.02775 | 405.1 3.16 1.383 | 0.02866 | 407.6 3.58 4.168 | 0.02794 | 412.0 3.13 0.02812 3.29 30.4 67
10 5.859 | 0.02537 | 405.2 3.18 1.390 | 0.03148 | 407.6 3.58 4.165 | 0.02674 | 412.0 3.13 0.02787 3.30 30.4 68
11 5.859 | 0.02537 | 405.3 3.21 1.381 | 0.02785 | 407.6 3.58 4.162 | 0.02555 | 412.0 3.13 0.02626 3.31 31.0 65
12 5.859 | 0.02537 | 405.3 3.21 1.380 | 0.02745 | 407.7 3.61 4.163 | 0.02595 | 411.9 3.10 0.02626 3.31 29.9 68
13 5.859 | 0.02537 | 405.2 3.18 1.378 | 0.02664 | 407.8 3.63 4.164 | 0.02634 | 411.9 3.10 0.02612 3.31 30.7 66
14 5.859 | 0.02537 | 405.0 3.13 1.378 | 0.02664 | 407.6 3.58 4.163 | 0.02595 | 411.9 3.10 0.02599 3.27 30.1 68
15 5.859 | 0.02537 | 405.0 3.13 1.378 | 0.02664 | 407.5 3.56 4.160 | 0.02475 | 411.9 3.10 0.02559 3.26 31.5 67
20 5.852 | 0.02260 | 404.7 3.06 1.362 | 0.02018 | 407.2 3.48 4.159 | 0.02435 | 412.0 3.13 0.02238 3.22 30.6 69
30 5.835 | 0.01586 | 405.3 3.21 1.352 | 0.01615 | 4079 3.66 4.135 | 0.01477 | 412.2 3.18 0.01559 3.35 30.9 68
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M13197 2-14 Nsveemluasarasiuniligeudamnanududuiosay 5 vesdlenediwesueseng P2005-2 Unseuigamail 80 ssmwalles

L1 = 246.74 mm L2 = 248.13 mm L3 = 248.37 mm
Fregnadi 1 Fregnadi 2 Fregnadi 3 Wit -
01 AR v AR v A A T T .| QungE | Ad
ey | ¢ | weed | | dwin | L | aened | dwaln | dwdn | L | ened | dwidn | dn | aeedt | dmin “ %)
(mm) (%) () (%) | (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 0.305 0 384.6 0 1.702 0 395.0 0 1.942 0 397.9 0 0 0 27.3 7
1 0.388 | 0.03364 | 393.3 2.26 1.785 | 0.03345 | 404.2 2.33 2.015 | 0.02939 | 406.6 2.19 0.03216 2.26 29.9 67
2 0.391 | 0.03486 | 394.5 2.57 1.787 | 0.03426 | 405.0 2.53 2.028 | 0.03463 | 407.5 2.41 0.03458 | 2.51 29.7 71
3 0.384 | 0.03202 | 394.8 2.65 1.778 | 0.03063 | 405.1 2.56 2.017 | 0.03020 | 407.7 2.46 0.03095 2.56 30.4 69
4 0.383 | 0.03161 | 394.8 2.65 1.778 | 0.03063 | 405.1 2.56 2.016 | 0.02979 | 407.6 2.44 | 0.03068 | 2.55 30.2 66
5 0.376 | 0.02878 | 395.1 2.73 1.777 | 0.03023 | 405.3 2.61 2.003 | 0.02456 | 407.9 2.51 0.02785 2.62 30.7 64
6 0.373 | 0.02756 | 395.1 2.73 1.768 | 0.02660 | 405.6 2.68 2.002 | 0.02416 | 408.1 2.56 0.02611 2.66 30.7 66
7 0.380 | 0.03040 | 395.4 2.81 1.775 | 0.02942 | 405.8 2.73 2.011 | 0.02778 | 408.2 2.59 0.02920 | 2.71 29.6 70
8 0.383 | 0.03161 | 395.5 2.83 1.772 | 0.02821 | 405.9 2.76 2.008 | 0.02657 | 408.1 2.56 0.02880 | 2.72 31.9 65
9 0.368 | 0.02553 | 395.9 2.94 1.772 | 0.02821 | 406.3 2.86 2.003 | 0.02456 | 408.4 2.64 | 0.02610 | 281 30.4 67
10 0.368 | 0.02553 | 396.0 2.96 1.767 | 0.02620 | 406.3 2.86 1.998 | 0.02255 | 408.6 2.69 0.02476 2.84 30.4 68
11 0.370 | 0.02634 | 396.1 2.99 1.768 | 0.02660 | 406.4 2.89 1.999 | 0.02295 | 408.8 2.74 | 0.02530 | 287 31.0 64
12 0.370 | 0.02634 | 396.2 3.02 1.767 | 0.02620 | 406.5 291 1.999 | 0.02295 | 408.9 2.76 0.02516 2.90 30.1 68
13 0.370 | 0.02634 | 396.4 3.07 1.763 | 0.02458 | 406.5 291 1.999 | 0.02295 | 409.0 2.79 0.02463 | 292 30.7 65
14 0.367 | 0.02513 | 396.3 3.04 1.763 | 0.02458 | 406.3 2.86 2.000 | 0.02335 | 409.0 2.79 0.02435 2.90 30.2 68
15 0.365 | 0.02432 | 396.0 2.96 1.764 | 0.02499 | 406.2 2.84 2.000 | 0.02335 | 408.6 2.69 0.02422 | 2.83 31.5 67
20 0.350 | 0.01824 | 395.7 2.89 1.752 | 0.02015 | 405.9 2.76 1.984 | 0.01691 | 408.5 2.66 0.01843 | 2.77 31.3 64
30 0.334 | 0.01175 396 2.96 1.738 | 0.01451 | 406.7 2.96 1.972 | 0.01208 409 2.79 0.01278 | 291 30.9 66

cle



M15197 2-15 Nsvenemluasarasuunilideudamnanudutuiosay 5 vesdlenefiwesueiang P20010-2 Uusounigaumgil 80 sy

L1 = 248.46 mm L2 = 249.58 mm L3 = 250.56 mm
Fregait 1 Fregheil 2 Frethil 3 Wiy -
1Y R AN R AR R A T T o QNN A
ey | | wed | dmdn dmiln | e | vened | ddn | ddn | L | aened | | ddn | gened | “ %)
(mm) (%) (9 (%) | (mm) (%) (9 (%) (mm) (%) () (%) (%) (%)

0 2.183 0 386.7 0 3.923 0 401.4 0 3.808 0 381.6 0 0 0 30.3 69
1 2.299 | 0.04666 | 392.2 1.42 4.038 | 0.04594 | 406.3 1.22 3.903 | 0.03796 | 386.2 1.21 0.04352 1.28 28.8 71
2 2.285 | 0.04103 | 392.1 1.40 4.028 | 0.04194 | 406.2 1.20 3.902 | 0.03756 | 385.9 1.13 0.04018 1.24 30.8 68
3 2.288 | 0.04223 | 392.2 1.42 4.023 | 0.03994 | 406.1 1.17 3.895 | 0.03477 | 385.9 1.13 0.03898 1.24 31.0 58
4 2.284 | 0.04063 | 392.0 1.37 4.022 | 0.03954 | 406.1 1.17 3.897 | 0.03557 | 385.7 1.07 0.03858 1.21 31.0 62
5 2.293 | 0.04425 | 392.2 1.42 4.027 | 0.04154 | 406.4 1.25 3.893 | 0.03397 | 385.9 1.13 0.03992 1.26 29.1 69
6 2.274 | 0.03660 | 392.2 1.42 4.017 | 0.03755 | 406.3 1.22 3.887 | 0.03157 | 385.9 1.13 0.03524 1.26 29.7 69
7 2.272 | 0.03580 | 392.2 1.42 4.013 | 0.03595 | 406.1 1.17 3.881 | 0.02917 | 386.1 1.18 0.03364 1.26 29.7 69
8 2.272 | 0.03580 | 392.1 1.40 4.010 | 0.03475 | 406.4 1.25 3.882 | 0.02957 | 386.0 1.15 0.03337 1.27 30.4 69
9 2.266 | 0.03339 | 392.4 1.47 4.000 | 0.03076 | 406.6 1.30 3.880 | 0.02877 | 386.0 1.15 0.03097 1.31 30.5 66
10 2.267 | 0.03379 | 392.1 1.40 4.000 | 0.03076 | 406.3 1.22 3.879 | 0.02837 | 385.9 1.13 0.03097 1.25 30.5 67
11 2.264 | 0.03258 | 392.2 1.42 3.995 | 0.02876 | 406.3 1.22 3.878 | 0.02797 | 385.9 1.13 0.02977 1.26 31.0 64
12 2.262 | 0.03178 | 392.4 1.47 3.992 | 0.02756 | 406.3 1.22 3.875 | 0.02677 | 386.0 1.15 0.02870 1.28 30.1 68
13 2.260 | 0.03097 | 392.6 1.53 3.990 | 0.02676 | 406.4 1.25 3.873 | 0.02598 | 386.1 1.18 0.02790 1.32 30.7 65
14 2.258 | 0.03017 | 392.4 1.47 3.990 | 0.02676 | 406.3 1.22 3.872 | 0.02558 | 385.7 1.07 0.02750 1.26 30.3 68
15 2.253 | 0.02816 | 392.0 1.37 3.988 | 0.02596 | 406.0 1.15 3.872 | 0.02558 | 385.3 0.97 0.02657 1.16 29.7 71
20 2.247 | 0.02574 | 391.3 1.19 3.974 | 0.02037 | 405.7 1.07 3.860 | 0.02078 | 384.8 0.84 0.02230 1.03 31.1 64
30 2.232 | 0.01971 | 391.8 1.32 3.959 | 0.01438 | 406.3 1.22 3.847 | 0.01559 | 385.1 0.92 0.01656 1.15 30.9 66
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M13197 2-16 N1svenemluasaraelunilieudamnanuutuiosay 5 vesdlenediweiueiang P20015-2 Uuiounigaumgil 80 s ey

L1 = 25212 mm

L2 = 249.41 mm

L3 = 248.58 mm

Fregnadi 1 Fregnadi 2 Fregnadi 3 Wit -
01 AR v AR v A A T T .| QungE | Ad
ey | ¢ | weed | | dwin | L | aened | dwaln | dwdn | L | ened | dwidn | dn | aeedt | dmin “ %)
(mm) (%) () (%) | (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 5.688 0 390.0 0 2.984 0 377.8 0.00 2.146 0 387.9 0 0 0 30.0 66
1 5.828 | 0.05553 | 397.6 1.95 3.144 | 0.06415 | 387.5 2.57 2.281 | 0.05431 | 397.6 2.50 | 0.05800 | 2.34 28.3 7
2 5.820 | 0.05236 | 397.2 1.85 3.142 | 0.06335 | 387.3 2.51 2.262 | 0.04667 | 397.3 242 | 0.05412 | 2.26 28.5 76
3 5.815 | 0.05037 | 397.5 1.92 | 3.125 | 0.05653 | 387.4 2.54 2.252 | 0.04264 | 397.6 2.50 | 0.04985 2.32 30.4 59
4 5.820 | 0.05236 | 397.4 1.90 3.132 | 0.05934 | 387.4 2.54 2.262 | 0.04667 | 397.5 247 | 0.05279 2.30 28.4 75
5 5.808 | 0.04760 | 396.8 1.74 | 3.119 | 0.05413 | 387.5 2.57 2.258 | 0.04506 | 396.4 2.19 0.04893 | 2.17 30.0 67
6 5.802 | 0.04522 | 396.5 1.67 3.121 | 0.05493 | 387.5 2.57 2.257 | 0.04465 | 397.5 247 | 0.04827 2.24 29.8 68
7 5.807 | 0.04720 | 396.6 1.69 3.124 | 0.05613 | 387.6 2.59 2.248 | 0.04103 | 397.6 2,50 | 0.04812 | 2.26 30.1 68
8 5.805 | 0.04641 | 396.6 1.69 3.118 | 0.05373 | 387.5 2.57 2.244 | 0.03942 | 397.5 247 | 0.04652 | 2.24 30.8 69
9 5.804 | 0.04601 | 397.3 1.87 3.119 | 0.05413 | 387.9 2.67 2.247 | 0.04063 | 398.0 2.60 | 0.04692 | 2.38 30.6 69
10 5.798 | 0.04363 | 396.9 1.77 3.117 | 0.05332 | 387.7 2.62 2.242 | 0.03862 | 397.7 2.53 | 0.04519 2.31 29.8 64
11 5.797 | 0.04323 | 397.0 1.79 3.115 | 0.05252 | 387.8 2.65 2.243 | 0.03902 | 397.9 2.58 | 0.04493 | 234 30.1 68
12 5.797 | 0.04323 | 397.0 1.79 3.115 | 0.05252 | 387.9 2.67 2.249 | 0.04144 | 397.9 2.58 | 0.04573 | 2.35 30.4 68
13 5.796 | 0.04284 | 397.1 1.82 | 3.115 | 0.05252 | 388.0 2.70 2.247 | 0.04063 | 398.0 2.60 | 0.04533 | 237 30.1 68
14 5.794 | 0.04204 | 397.0 1.79 3.114 | 0.05212 | 387.7 2.62 2.245 | 0.03983 | 397.6 2.50 | 0.04466 2.31 30.2 68
15 5.786 | 0.03887 | 396.9 1.77 3.112 | 0.05132 | 387.1 2.46 2.242 | 0.03862 | 397.2 2.40 | 0.04294 | 2.21 29.8 71
20 5.782 | 0.03728 | 396.3 1.62 | 3.098 | 0.04571 | 387.1 2.46 2.228 | 0.03299 | 396.6 2.24 | 0.03866 2.11 30.1 69
30 5.763 | 0.02975 | 396.9 1.77 3.086 | 0.04090 | 387.8 2.65 2.228 | 0.03299 | 397.9 2.58 | 0.03454 | 233 30.9 67

124



o o N a ) Yy v v z:l a ¢ Y & v q' a a
A1919N R-17 ﬂ']imEﬂEJﬁ]’ﬂua']iaga']EJLLﬂJﬂuL%UN‘UaLWGW"I'J']@JLGUNGZJUi@FJag 5 %@QQI@W@ﬁLN@iN@iWWi Control-4 ‘Umaqumwﬂum 80 A LaLud

L1 = 247.67 mm L2 = 250.21 mm L3 = 249.29 mm
Fregait 1 Fregheil 2 Frethil 3 Wiy -
1Y R AN R AR R A T T o QNN A
ey | | wed | dmdn dmiln | e | vened | ddn | ddn | L | aened | | ddn | gened | “ %)
(mm) (%) (9 (%) | (mm) (%) (9 (%) (mm) (%) () (%) (%) (%)

0 1.235 0 371.0 0 3.775 0 376.4 0 2.858 0 388.3 0 0 0 29.8 69
1 1.300 | 0.02625 | 378.3 1.97 3.831 | 0.02238 | 384.3 2.10 2927 | 0.02768 | 397.3 2.32 0.02544 2.13 28.7 65
2 1.312 | 0.03109 | 378.7 2.08 3.846 | 0.02838 | 384.7 2.21 2931 | 0.02928 | 397.8 2.45 0.02958 2.24 28.6 73
3 1.298 | 0.02544 | 378.4 1.99 3.828 | 0.02118 | 384.6 2.18 2.926 | 0.02728 | 397.8 2.45 0.02463 2.21 29.8 69
4 1.292 | 0.02301 | 378.5 2.02 3.822 | 0.01878 | 384.6 2.18 2.922 | 0.02567 | 397.4 2.34 0.02249 2.18 29.8 68
5 1.302 | 0.02705 | 378.5 2.02 3.842 | 0.02678 | 384.6 2.18 2.923 | 0.02607 | 397.6 2.40 0.02663 2.20 30.0 69
6 1.307 | 0.02907 | 378.7 2.08 3.847 | 0.02878 | 384.7 2.21 2922 | 0.02567 | 397.7 2.42 0.02784 2.23 30.7 69
7 1.302 | 0.02705 | 378.5 2.02 3.847 | 0.02878 | 384.6 2.18 2921 | 0.02527 | 397.5 2.37 0.02703 2.19 30.8 69
8 1.300 | 0.02625 | 378.4 1.99 3.840 | 0.02598 | 384.6 2.18 2918 | 0.02407 | 397.5 2.37 0.02543 2.18 29.8 64
9 1.300 | 0.02625 | 378.5 2.02 3.838 | 0.02518 | 384.6 2.18 2918 | 0.02407 | 397.5 2.37 0.02516 2.19 29.9 69
10 1.302 | 0.02705 | 378.6 2.05 3.838 | 0.02518 | 384.6 2.18 2.919 | 0.02447 | 397.6 2.40 0.02557 2.21 30.5 68
11 1.300 | 0.02625 | 378.7 2.08 3.836 | 0.02438 | 384.7 2.21 2918 | 0.02407 | 397.7 2.42 0.02490 2.23 30.2 68
12 1.300 | 0.02625 | 378.7 2.08 3.833 | 0.02318 | 384.7 2.21 2918 | 0.02407 | 397.7 2.42 0.02450 2.23 30.2 67
13 1.298 | 0.02544 | 378.8 2.10 3.830 | 0.02198 | 384.8 2.23 2917 | 0.02367 | 397.8 2.45 0.02370 2.26 30.6 67
14 1.296 | 0.02463 | 378.9 2.13 3.828 | 0.02118 | 384.8 2.23 2916 | 0.02327 | 397.9 2.47 0.02303 2.28 29.9 12
15 1.303 | 0.02746 | 378.7 2.08 3.828 | 0.02118 | 384.6 2.18 2917 | 0.02367 | 397.5 2.37 0.02410 2.21 29.4 71
20 1.298 | 0.02544 | 378.4 1.99 3.825 | 0.01998 | 384.1 2.05 2912 | 0.02166 | 397.4 2.34 0.02236 2.13 29.6 74
30 1.296 | 0.02463 374 0.81 3.828 | 0.02118 | 379.0 0.69 2912 | 0.02166 | 391.8 0.90 0.02249 0.80 30.3 69

Gl¢C



M19197 2-18 N1svenemluasazaenunilideudamnanuiutuiosay 5 vesdlenediwesueians P10-4 Unseuigumail 80 sarwaltua

L1 = 250.81 mm L2 = 252.20 mm L3 = 249.28 mm
Fregnadi 1 Fregnadi 2 Fregnadi 3 Wit -
01 AR v AR v A A T T .| QungE | Ad
ey | ¢ | weed | | dwin | L | aened | dwaln | dwdn | L | ened | dwidn | dn | aeedt | dmin “ %)
(mm) (%) () (%) | (mm) (%) (g) (%) (mm) (%) (g) (%) (%) (%)

0 4.376 0 395.5 0 5.769 0 389.3 0 2.852 0 375.2 0 0 0 30.1 68
1 4.445 | 0.02751 | 403.7 2.07 5.830 | 0.02419 | 398.2 2.29 2.929 | 0.03089 | 383.8 2.29 0.02753 | 222 315 58
2 4.468 | 0.03668 | 403.6 2.05 5.842 | 0.02895 | 397.9 2.21 2.935 | 0.03330 | 383.8 2.29 0.03297 2.18 28.9 71
3 4.447 | 0.02831 | 402.7 1.82 | 5.840 | 0.02815 | 397.3 2.05 2.930 | 0.03129 | 383.2 2.13 | 0.02925 2.00 30.0 69
4 4.446 | 0.02791 | 403.0 1.90 5.833 | 0.02538 | 397.6 2.13 2.925 | 0.02928 | 383.4 2.19 0.02752 | 2.07 29.6 69
5 4.437 | 0.02432 | 402.9 1.87 5.831 | 0.02458 | 397.7 2.16 2.920 | 0.02728 | 383.7 2.27 | 0.02539 2.10 30.5 67
6 4.439 | 0.02512 | 402.5 1.77 5.830 | 0.02419 | 397.3 2.05 2.918 | 0.02648 | 383.5 2.21 0.02526 2.01 30.2 67
7 4.439 | 0.02512 | 403.0 1.90 5.828 | 0.02339 | 398.0 2.23 2.920 | 0.02728 | 383.8 2.29 0.02526 2.14 29.0 72
8 4.432 | 0.02233 | 403.2 1.95 5.822 | 0.02102 | 398.0 2.23 2.915 | 0.02527 | 383.8 2.29 0.02287 2.16 30.2 65
9 4.430 | 0.02153 | 403.2 1.95 5.822 | 0.02102 | 398.0 2.23 2917 | 0.02607 | 383.8 2.29 0.02287 2.16 30.0 68
10 4.430 | 0.02153 | 403.3 1.97 5.823 | 0.02141 | 398.0 2.23 2.916 | 0.02567 | 383.9 2.32 | 0.02287 2.18 30.1 68
11 4.429 | 0.02113 | 403.2 1.95 5.822 | 0.02102 | 398.1 2.26 2.915 | 0.02527 | 384.0 2.35 0.02247 2.18 29.9 67
12 4.429 | 0.02113 | 403.2 1.95 5.822 | 0.02102 | 398.0 2.23 2.914 | 0.02487 | 384.0 2.35 0.02234 | 2.18 30.4 67
13 4.427 | 0.02033 | 403.2 1.95 5.822 | 0.02102 | 398.1 2.26 2912 | 0.02407 | 384.2 2.40 | 0.02181 2.20 30.8 68
14 4.428 | 0.02073 | 403.2 1.95 5.822 | 0.02102 | 398.1 2.26 2912 | 0.02407 | 384.0 2.35 0.02194 | 2.18 30.2 68
15 4.430 | 0.02153 | 403.1 1.92 | 5823 | 0.02141 | 398.0 2.23 2913 | 0.02447 | 384.0 2.35 0.02247 2.17 29.7 70
20 4.419 | 0.01714 | 401.2 1.44 | 5813 | 0.01745 | 396.3 1.80 2.907 | 0.02206 | 382.3 1.89 0.01888 1.71 30.0 72
30 4.41 | 0.01356 | 402.3 1.72 | 5811 | 0.01665 | 397.3 2.05 2.893 | 0.01645 | 383.2 2.13 | 0.01555 1.97 30.4 68

9/¢




o o N a ) Yy v v z:l a ¢ Y & |y N a a
A1979N R-19 ﬂ']imEﬂEJﬁ]’ﬂua']iaga']EJLLﬂJﬂuL‘?ﬁJﬂJ“ﬂaLWGW"I'J']@JL?J@J?JUi@FJag 5 %@QQI@W@@LN@?N@?WWi 010-4 UN?@UWQW‘VIQ@J 80 A LaaLsYd

L1 =248.92 mm

L2 = 250.17 mm

L3 =249.16 mm

Fregneit 1 et 2 Fregnl 3 Wiy -
1Y v AR R N R AR T Qnu | A
ey | ¢ | Wwe | dmin | dwdn | L | egned | | ddn | L Yewsa | Undn | dntdn | weieda | diuiin B %)
(mm) (%) (9 %) | (mm) (%) (9 (%) (mm) (%) (g) (%) (%) (%)

0 2.494 0 387.9 0 3.740 0 372.5 0 2.732 0 381.3 0 0 0 32.3 65
1 2.562 | 0.02732 | 396.6 2.24 3.822 | 0.03278 | 381.7 2.47 2.800 | 0.02729 | 391.0 2.54 0.02913 2.42 30.5 66
2 2.575 | 0.03254 | 396.3 2.17 3.826 | 0.03438 | 381.4 2.39 2.800 | 0.02729 | 391.2 2.60 0.03140 2.38 29.1 69
3 2.572 | 0.03133 | 397.3 2.42 3.822 | 0.03278 | 381.6 2.44 2.801 | 0.02769 | 390.8 2.49 0.03060 2.45 29.6 69
q 2.576 | 0.03294 | 395.9 2.06 3.823 | 0.03318 | 380.9 2.26 2.801 | 0.02769 | 390.5 2.41 0.03127 2.24 29.7 68
5 2.573 | 0.03174 | 395.3 1.91 3.822 | 0.03278 | 380.5 2.15 2.796 | 0.02569 | 389.8 2.23 0.03007 2.09 30.1 69
6 2.571 | 0.03093 | 394.8 1.78 3.815 | 0.02998 | 380.1 2.04 2.797 | 0.02609 | 389.5 2.15 0.02900 1.99 31.0 68
7 2.570 | 0.03053 | 394.7 1.75 3.816 | 0.03038 | 379.9 1.99 2.793 | 0.02448 | 389.3 2.10 0.02846 1.95 30.4 69
8 2.568 | 0.02973 | 394.5 1.70 3.815 | 0.02998 | 380.0 2.01 2.795 | 0.02528 | 389.2 2.07 0.02833 1.93 29.5 68
9 2.566 | 0.02892 | 394.5 1.70 3.815 | 0.02998 | 380.0 2.01 2.795 | 0.02528 | 389.2 2.07 0.02806 1.93 30.2 68
10 2.566 | 0.02892 | 394.5 1.70 3.813 | 0.02918 | 380.0 2.01 2.793 | 0.02448 | 389.2 2.07 0.02753 1.93 30.6 67
11 2.564 | 0.02812 | 394.4 1.68 3.813 | 0.02918 | 379.9 1.99 2.794 | 0.02488 | 389.1 2.05 0.02739 1.90 29.9 70
12 2.563 | 0.02772 | 394.4 1.68 3.811 | 0.02838 | 379.9 1.99 2.795 | 0.02528 | 389.1 2.05 0.02713 1.90 30.1 69
13 2.560 | 0.02651 | 394.4 1.68 3.811 | 0.02838 | 379.8 1.96 2.795 | 0.02528 | 389.1 2.05 0.02673 1.89 29.8 12
14 2.560 | 0.02651 | 394.4 1.68 3.811 | 0.02838 | 379.6 1.91 2.795 | 0.02528 | 389.1 2.05 0.02673 1.88 30.2 68
15 2.561 | 0.02692 | 394.1 1.60 3.811 | 0.02838 | 379.5 1.88 2.794 | 0.02488 | 388.9 1.99 0.02673 1.82 30.4 69
20 2.556 | 0.02491 394 1.57 3.799 | 0.02358 | 379.6 1.91 2.781 | 0.01967 | 388.5 1.89 0.02272 1.79 31.1 66
30 2.557 | 0.02531 391 0.80 3.796 | 0.02238 | 376.6 1.10 2.779 | 0.01886 | 396.6 4.01 0.02219 1.97 29.4 68
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M13199 ¥-1 Masganieseninedlonadiueaiuesans Control Aulssnuaudgiuuiteseng useunigumnil 80 aemwaLgya

Fuuauesas Fuuaueias + lenediues
e | daeghg A1 g1 GR Bos | wn N9 g1 R vt 45 (kg ASITANUN ﬁ'n,;a?{ﬁﬁq%
(mm) (mm) (mm) (mm) (9 (mm) (mm) (mm) (9 (MPa) 1119 (MPa)
1 51.05 48.08 50.65 69.84 136.9 50.80 50.30 52.42 274.5 1892.79 2.73
Control-1 2 51.11 49.54 50.94 71.06 139.1 50.89 50.86 51.80 275.1 1848.82 2.62 2.64
3 51.17 48.84 50.33 70.13 143.1 51.10 50.48 53.01 278.9 1780.50 2.55
1 51.03 49.43 50.21 70.46 138.3 50.95 50.44 52.95 274.2 1744.80 2.50
Control-2 2 50.96 50.07 51.24 71.64 141.6 51.04 51.03 52.62 277.6 2323.01 3.28 2.87
3 50.96 49.29 50.35 70.46 144.1 50.91 50.98 52.59 277.0 1983.62 2.84
1 51.02 48.46 49.35 69.16 136.7 50.88 50.36 51.92 270.9 3156.08 4.60
Control-4 2 51.10 48.51 49.96 69.64 139.4 51.00 50.44 52.36 274.0 3051.81 4.42 4.48
3 51.03 48.55 50.21 69.84 142.0 50.99 50.28 52.73 276.1 3055.20 4.41

18¢




M13197 ¥-2 Mdadavinseridlonadiwesueiaing P10 duleiauauddiuuduesans vuiounigamgil 80 asrLyaidea

8¢

Fuuauesas Fuuaueias + lenediues
e | daaghg A1 g1 GR Bos | wn N9 g1 R vt 43 (kg ASITANUIN ﬁ'n,;a?{ﬁﬁq%
(mm) (mm) (mm) (mm) () (mm) (mm) (mm) () (MPa) 9114739 (MPa)
1 50.80 50.06 50.33 70.99 141.1 50.69 50.34 51.89 271.9 7664.51 10.94
P10-1 2 50.81 50.43 51.83 72.32 149.2 50.73 51.00 52.18 279.3 6710.02 9.40 9.59
3 51.06 49.16 51.69 71.33 140.0 50.88 49.99 52.15 275.1 5961.51 8.43
1 50.99 49.31 50.58 70.64 139.1 50.94 50.80 51.82 274.5 6578.47 9.40
P10-2 2 50.93 50.16 50.66 71.29 138.0 50.90 50.69 52.42 276.2 7322.89 10.38 10.22
3 50.85 50.20 52.24 72.45 146.5 50.81 50.85 52.18 277.9 7774.65 10.86
1 50.91 49.12 50.37 70.36 139.3 50.91 50.23 52.16 272.5 7920.47 11.38
P10-4 2 50.93 49.07 51.63 71.23 141.6 50.82 50.44 52.56 274.1 7772.61 11.03 11.68
3 51.00 49.45 51.87 71.66 143.9 50.84 50.32 52.99 273.9 8970.82 12.64
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Experimental tests were used to identify the optimum mix of metakaolin (MK) geopolymer mortars needed to achieve
high early compressive strength. These tests mvestigated compressive strength, drying shrinkage, and sodium sulfate
expansion of binary and ternary MK-based geopolymer mortar samples containing Parawood ash (PWA) and o1l palm ash
(OPA) in different replacement levels. The following amounts of PWA and OPA were used: 10%, 20%, 30% and 5%,
10%, 15% by weight of MK, respectively, Sodium hydroxide, sodium silicate and a cuning temperature of 80°C for 2 h
were used as parameters to activate the geopolymerization of mortars. Thirteen geopolymer mortar formulations
contaming PWA and OPA were prepared, and the compressive strengths at 2 h, 6 h. 24 h, 7 days and 28 days were
determined. The highest compressive strength of 62 MPa, after 2 h at 80°C and 2 h at ambient temperature, was obtained

with 5% OPA.

Keywords: Compressive strength, Geopolymer, Parawood Ash, Oil palm ash.

1. INTRODUCTION

The term *“geopolymer™ appears in the fields of
materials science and materials engineering. The
geopolymer process is a chemical reaction between
aluminosilicate materials and alkaline solutions under
elevated curing temperatures. Geopolymers are binders
that exhibit good physical and chemical properties. and
have a wide range of potential applications. Geopolymers
were developed for use as construction materials [1].
Currently though. mainly cements are still used for
construction [2-5] even in such specific applications as
shielding barriers [6].

Products from geopolymers have certain advantages.
including high early strength, high strength, low shrinkage.
and resistance to chemical agents [7]. The important raw
materials of geopolymers include fly ash. blast furnace
slag. and metakaolin (MK) or calcined kaolin clay
containing Si0; and ALO;. which are the main chemical

constituents. Recently. geopolymers have replaced
conventional raw materials such as rice husk and bark
ashes [8, 9].

Oil palm ash (OPA) is a by-product of the use of palm
kernels, palm fibers. palm shells. and empty fruit bunches.
when used as biomass fuel to replace petroleum in
electricity generation. OPA has been reported to have main
chemical component SiO,. However, there have been few
studies on the use of OPA to develop geopolymer binder in
combination with MK and fly ash. Yusuf et al. [10] studied
the binary replacement of MK with ultrafine palm oil fuel
ash in geopolymer concrete with ground blast furnace slag
to achieve the compressive strength of 69 MPa.

Parawood ash (PWA) is a by-product of burning
Parawood lumber or waste, for example from furniture
industry. Parawood is often used as raw material by
biomass power plants. Currently, PWA is disposed of in
landfills, which has the potential to cause environmental

" Corresponding author. Tel : +6672855328,
E-mail address: abideng. hawa@gmail.com (A. Hawa)

problems for the industry and health risks for the public. It
seems that there is no prior publication about the use of
PWA as a material in geopolymer.

Drying shrinkage and sulfate attack are the most
important problems concerning the durability of concrete
structures. Under sulphate attack and high temperature
conditions, binder paste undergoes deterioration resulting
from expansion and shrinkage, cracking. Some researchers
[11. 12] report that fly ash based geopolymers have low
drying shrinkage characteristics. Chindaprasirt et al. [13]
showed that high-calcium fly ash based geopolymer
mortars present excellent volume stability with very little
shrinkage when exposed to a 50% RH environment.

Research by Sata et al. [14] shows that sodium sulfate
expansion of fly ash geopolymer is lower than that of
ordinary cement. The fly ash geopolymer mortars gave
excellent resistance to sodium sulfate attack.

In the present study, geopolymers were prepared, with
PWA and OPA ratios of 0-30% and 0-15%. respectively.
They were prepared as hot mixtures, using sodium silicate
and sodium hydroxide as activators. and heat-cured in an
oven at 80°C for 2 h. The study aimed to analyze the
effects on compressive strength, drying shrinkage. and
sulphate expansion, and on characteristics observed with
SEM and XRD techniques.

2. EXPERIMENTAL PROGRAMS
2.1. Materials

The MK was derived from kaolin by calcination at
750°C for 2 h. The raw kaolin came from a kaolin mine in
Narathiwat province of southern Thailand. The
diffractograms of the natural kaolin and calcined sample
are compared in Fig. 1. The crystalline phases of MK
consisted of quartz. illite, and microcline. The crystal in
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Fig. 1. XRD patterns of natural kaolin, MK, PWA and OPA. The
peaks are mdicated with Q - quartz, M - microcline, K -
kaolimte, I - illite, A - arcamite, C — calcite, and S —
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In this study. river sand was used as the fine aggregate
of the geopolymer mortars. The specific gravity and
maximum granule size of the river sand were 2.51 and 4.75
mm, respectively.

2.2, Mixture proportions

Geoplymer mortar samples were mixed from the raw
materials and river sand as inert filler. Then. sodium
hydroxide was mixed into sodium silicate and added to
water, and the mixture temperature became 74£2°C from
reaction heat. When the powder raw materials and river
sand were added. the mixture temperature became 48+2°C.
The texture of the samples was quite sticky and fast-
setting, and to cast them in an acrylic mold required effort.

The factors in the experimental design led to 13
different formulations (Table 2). This is a full factorial for
PWA (0, 10. 20 or 30% by wt. of MK) and OPA (0, 5. 10.
or 15% by wt. of MK), plus the case with 30% PWA. The
mass ratio of sand/raw materials (metakaolin, PWA and
OPA)/activator/water was 3/1/0.83/0.45. The activator
used was a mixture of sodium silicate to sodium hydroxide
in a weight ratio of 2.5:1.

Table 2 Mixture proportions of geopolymer mortars (%)

Paticle size, pm
Fig. 2. Particle size distributions of raw materials Code of Mixture MK PWA OPA

, . ) Control 100 0 0

Table 1 Chemical compositions (wt %) of materals used P10 20 10 0
Oxides MK PWA OPA P20 80 20 0

810, 50.30 2.57 38.37 P30 70 30 0

Al O, 41.02 0.53 1.48 05 095 0 5
Fe,O 1.05 056 301 010 90 0 10

Ca0 033 41.19 13.84 015 85 0 13
3;;3 130 = = P1005 85 10 5

K.0 208 16.11 14.09 P10O10 50 10 10
Other ) 1078 557 P10015 75 10 15
P2005 75 20 5

Fig. 1 show kaolinite and illite in untreated kaolin: and P20010 70 20 10
absence of kaolinite but presence of illite. microcline. and P20015 65 20 15

quartz in MK. According to Zibouche [15] and Wang. [16]
quartz stabilizes the geopolymerization reaction. In PWA
the crystalline phases detected are calcite. quartz, and
arcanite, while OPA contains quartz and sylvite. PWA
from the combustion of Parawood was collected from a
biomass thermal power plant. OPA was collected from a
palm oil mill in the Krabi province of southern Thailand.
Both PWA and OPA were ground in a ball mill for
approximately 4 h. The particle size distributions.
determined by laser diffraction technique in hydro
2000MU type device, are shown in Fig. 2. The major
chemical compositions analyzed by X-ray fluorescence
(XRF) of the cementitious materials are given in Table 1.

An alkaline solution was formed by mixing into water
sodium hydroxide in flake form (NaOH with 98% purity)
and sodium silicate. The sodium silicate solution had a
composition by weight of 14.14% Na,O. 27.67% SiO; and
56.28% H,O. The composition was analyzed using
inductively coupled plasma-optical emission spectrometer
(ICP-OES) for Na)O and SiO,. and by drying at 103-105
°C for HyO.

2.3. Test procedure

After geopolymer casting, the molds were wrapped
with a polyvinyl sheet to prevent moisture loss. cured in an
oven at 80°C for 2 h. and aged with the wrapping removed
at 30£2°C ambient temperature with 70£5% relative
humidity. The compressive strength was tested at 2 h. 6 h.
24 h, 7 days and 28 days of aging. in accordance with
ASTM  Cl109/C109M-97. The geopolymer mortar
specimens were cubes of size 50x5050 mm.

The drying shrinkage test was performed using a
length comparator in accordance with ASTM C490-96.
The geopolymer mortars were prepared using 2 h curing at
80°C. After demolding. they were measured for initial size.
Shrinkage was measured during a period of 1 to 30 weeks.

Sulfate expansion of the geopolymer mortars was
determined according to ASTM C1012-96 using 5%
sodium. Both drying shrinkage and sulfate expansion tests
were done with prismatic specimens of 2525285 mm,
that were kepts at ambient temperature of 30+£2°C with
70£5% relative humidity throughout this study. Sulfate



expansion tests were conducted during a period of 1 to 30
weeks.

The chemical compositions of MK. PWA, and OPA
were determined by X-ray {fluorescence with a
spectrometer (PW2400, PHILIPS) for the oxides.

A JMS-5800 LV model scanning electron microscope
(JEOL, Japan) was used to identify the microstructure of
the geopolymer mortars. Small scraps of the samples were
tested using scanning electron microscopy.

Powder XRD analyses were conducted using an
X'Pert MPD X-ray diffractometer (PHILIPS) at angles
from 5o to 900 (26) using the clay and rock 0.4 program.
The kaolin. MK, PWA. OPA. and geopolymer paste were
characterized directly. XRD was conducted to identify the
dominant crystalline phases and to detect the positions of
the peaks.

3. RESULTS AND DISCUSSION
3.1. Compressive strength

The effects of PWA-OPA content on the compressive
strength of metakaolin based-geopolymer mortar are
shown in Fig. 3. The early compressive strengths at 2 h are
in general good. partly because the geopolymer mortar was
prepared as a hot mixture before oven curing it. The
compressive strengths of mortars containing PWA are
graphed in Fig. 3a. The inclusion of PWA decreased the
compressive strength relative to control. This is due to the
reduction of Si and Al when MK is replaced by PWA,
affecting the main geopolymerization reaction. Winnefeild
[17] found that high calcium caused low strength. in part
by its poor reactivity with alkaline activators. and fly ash
based geopolymers have elevated calcium content. Test
results confirmed that adding CaO into raw materials
decreased compressive strength. These results are similar
to those of Temuujin et al. [18], who reported a curing
temperature of 70°C. However. PWA has larger particle
size than MK. This can reduce the compressive strength
due to poor accessibility for reaction. Compressive strength
values of geopolymer mortars containing OPA are in Fig.
3b. The initial compressive strength at 2 h is lowered by
OPA content of geopolymer mortars. The later strength
development of 5% OPA mixtures is better than the
control, and this content appears near optimal. The
compressive strengths kept improving over 28 days.

The compressive strength differences between 10%
contents of PWA and OPA may be due to different
amorphous phase contents (see Fig. 1.). Also the average
particles sizes differ (see Fig. 2.). and finer particles with
greater surface area tend to be more reactive [19]. Finer
particles may also fill cavities between large particles.
increasing packing density and leading to stronger
samples.

The compressive strengths of temary PWA-OPA
geopolymer mortars are shown in Figs. 3c and 3d. The
specimens P10 and P1005 were duplicated. confirming
that 5% OPA improved the strength, 10% PWA degraded
it, and the combination in P1005 was an improvement
over control. However, replacement of raw materials with
PWA containing a high amount of CaO may give unstable
geopolymer binders [20].
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3.2. Drying shrinkage

The drying shrinkages are presented in Fig. 4.
Comparison with the control shows that PWA decreased
drying shrinkage. The shrinkage was rapid during the first
three weeks. then a lower rate of shrinkage was observed
until 30 weeks. Especially the geopolymer mortar with
30% PWA had very low drying shrinkage. Similar trends
in drying shrinkage were reported by Chareera [21].
Geopolymers with fine-sized calcined kaolin particles have
high shrinkage [22]. This is due to fine particles having a
larger geopolymerization reaction surface area. and if they
are packed inadequately in the slurry they will produce
high shrinkage.
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Fig. 3. Compressive strengths of geopolymer mortars: a — PWA;
b—-OPA; ¢ — 10%WPA/OPA d — 20%WPA/OPA
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Fig. 4. Drying shrinkages of geopolymer mortars: a — PWA: b —
OPA; ¢ — 10%WPA/OPA; d — 20%WPA/OPA

The drying shrinkages of geopolymer mortars
containing OPA are shown in Fig. 4b. OPA tends to
decrease drying shrinkage. Shrinkage was again rapid for
the first 3 weeks. and the rate then decreased gradually.
The drying shrinkages of ternary PWA-OPA geopolymer
mortars are shown in Figs. 4c and d. Again, substitution of
MK by PWA-OPA lowered the shrinkage relative to
control. especially at long times where the results are clear
and stable. At early times. the shrinkages of some blends
appear higher than of control. Portland cement mortars had
drying shrinkages 0.0484%, 0.0765%. 0.0993% and
0.1004% measured at 7 days. 28 days, 2 months and 3
months, respectively [23]. In comparison our geopolymers
shrunk less.

3.3. Sulfate expansion

The expansions caused by sodium sulfate solutions are
shown in Fig. 5. The early expansion in the first week of
submersion. in sodium sulfate solutions. was rapid. After a
maximum peak. the expansion decreased for the rest of the

5 10 15 20 25 30 35
Time, Weeks

a

Expansion, %

0 5 10 15 20 25 30 35
Time, Weeks

Fig. 5. Sodium sulfate expansion of geopolymer mortars: a —
PWA; b—OPA; c — 10%PWA/OPA; d — 20%PWA/OPA

30 weeks. Expansion of mortars containing only PWA is
shown in Fig. 5a. These mortars had a high resistance to
the sodium sulfate attack. After submersion in the solution
for 4 and 30 weeks. the expansions varied in the ranges
from 0.020 to 0.037% and 0.007 to 0.023%., respectively.
The expansion of mortars containing 10 and 20% PWA,
submerged in sodium sulfate solutions. was similar to
control immersed in Na)SOs see Figure 5a. However.
mortar containing 30% PWA had the highest expansion.
possibly due to the average particles size (dso 6.308 pm for
MK against 25.128 pm for PWA). as larger particle size
tends to increase sulfate expansion [24].

The expansion of geopolymer mortars containing the
OPA submerged in sodium sulfate solutions is shown in
Fig. 5b. The expansion ranges of the geopolymer mortars
were 0.023 to 0.027% and 0.009 to 0.018%. for aged 4 and
30 weeks. respectively. Later expansions of these mortars
containing OPA were much higher than control. Expansion
time profiles of ternary PWA-OPA geopolymer mortars
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Fig. 6. Microstructure of the surface of hardened geopolymer mortar: a — Control; b — O5; ¢ — P20

are shown in Figs. 5¢ and 5d. The expansions were in the
range from 0.023 to 0.049% at 4 weeks of immersion, and
from 0.009 to 0.031% at 30 weeks. Notably. the ternary
geopolymer mortars containing PWA-OPA expanded more
than the control mortars.

It was observed that high strength geopolymer samples
expanded less than lower strength samples. when
submerged in Na,SO;.

Chareerat [21] reported that the particle size of the raw
materials was essential to the expansion of the submerged
geopolymer m sulfate solution. The raw materials with a
small particle size expanded less than with large particles.
For ordinary portland cement the addition of nano-silica to
the concrete mixture substantially improves sulfate
resistance [25]. Moreover. high CaO content of raw
materials also caused large porosity [26]. So. increasing
the particle size and CaO content produced greater
porosity. in agreement with the images in Fig. 6. The
increased porosity allows penetration of the sulfate
solutions into the mortar, and this may contribute to the
expansion. This matches our observation that the samples
P30, P20010 and P20015. with 30% or higher partial
replacment of MK, had the highest expansions. However,
hardened geopolymer became a strong structure that could
not be cracked [22].

In general. the hydration products were provided by
ordinary Portland cement. These products were highly
sensitive  to sulfate attack compared with the
geopolymerization products. The main geopolymerization
product is from sodinm hydroxide. sodium silicate and
other raw materials (Si and Al are essential chemical
components). Geopolymers submerged in sodivm and
magnesinm sulfate solutions have a comparatively stable
cross-linked aluminosilicate polymer structure [27].

Q 0 P20
035
Q aQ
A " 4 Control
0 20 40 60 & 100
10, depress

Fig. 7. X-ray diffraction patterns of geopolymer: Q — the peaks
of quartz; M — the peaks of microcline; C — the peaks of
calcite

3.4. Microstructure

SEM results shown in Fig. 6 represent fypical
microstructures of geopolymerization products obtained in
this study. Some unreacted raw materials were covered
with flakes in the Control and P20 samples (see Figs. 6a
and ¢) and the samples appeared nonhomogeneous. In
comparison the OS5 sample had less unreacted raw
materials (see Fig. 6b), and appeared more homogeneous.
Also the geopolymer mortar microstructure appeared fines
in O5. This may be related to the high compressive
strengths of the O5 samples shown in Fig. 3.

3.5. X-ray diffraction

The XRD patterns of Control. O5 and P20 samples are
shown in Fig. 7. at 28 days of aging. The geopolymers
were aluminosilcates with crystallised compounds. such as
quartz (Si02). microcline (KAISi:Og). and calcite (CaCOz).
The Control showed broad peaks from quartz at 21. 26. 36.
42 and 50° 26, and from microcline at 27° 28. The CaO
from PWA in P20 samples had calcite mineral causing a
broad peak at 29° 28, and these samples had low strength.
Geopolymer containing OPA (05) had XRD pattem
indicating amorphous structure. In all three geopolymers.
amorphous materials are an important fraction. with an
evident broad peak in the 25-35° 28 range. The amorphous
fraction in metakaolin remains in the geopolymers after the
polymerization reactions.

4. CONCLUSIONS

The influence of PWA and OPA confents on binary
and temary MK-based geopolymer mortars was
experimentally investigated.

The compressive strength improved by adding 5%
OPA relative to MK by weight. Both PWA and OPA
significantly reduced drying shrinkage.

The CaO content was in general harmful to the
geopolymers, and with 30% PWA the expansion in sodium
sulfate solutions was excessive.

Only minor effects on compressive sirength were
observed with long aging times, and these raw materials
appear suitable for applications requiring the high strength.
low shrinkage. and superior durability properties of rapid-
set geopolymer mortars demonstrated.
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