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Influence of Ground QOyster Shell on Compressive Strength

and Autogenous Shrinkage of Cement Pastes

Tawich Klathae' and Napadon Sornpakdee1

Abstract

This research aims to study the properties of crushed oyster shell powder (OSP) on
compressive strength and autogenous shrinkage of cement paste. The cement was replaced with
OSP at 0%, 10%, 20%, 30% and 40% by the weight of the binder has its proportion of water to
binder ratio (W/B) controlled at 0.30, 0.35 and 0.40. In the experiment, the compressive strength
of the cement paste at the curing age 7, 14, 28, 56 and 90 days were compared. This includes
atrial on autogenous shrinkage for 13 weeks. The result shows that for the compressive strength
of the cement paste, which replaced the cement with OSP at the proportion of 10%, 20%, 30%
and 40%, by the weight of the binder having lower compressive strength than the controlled
cement paste (C100). There is a decrease in compressive strengths upon increased addition of
OSP respectively for every proportion of water to binder ratio (W/B). For autogenous shrinkage,
it appears that the cement paste, whose cement component was replaced by OSP, will have an
increased value when for the increase in replacement proportion at 10%, 20%, 30% and 40%

respectively, for every proportion of water to binder ratio (W/B).

keywords: Ground Oyster Shell, Seashell Wastes, Compressive Strength, Microstructure, Blended

Cement Paste

1College of Industrial Technology and Management. , Rajamangala University of Technology Srivijaya.
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Chemical Composition (%) C oSsp
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Sulfur Trioxide (SO,) 296 0.62
Loss on ignition (L O I) 1.40 40.37
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o v w = J 4 = A Yy @
MAWAVRITUANS Souneunsunusosay 0, 10, 20, 30 L1240 VOIITARN Tag wib = 0.40

—@—7 Days ——14 Days =28 Days «>¢=56 Days —@=90 Days

1100

950

800

650

500

350

Compressive Strength (ksc)

200

0 10 20 30 40
% of Crushed Oyster Shell Powder (OSP) at w/b =0.40

d‘ o v w = 4 o =
MNT 4-10 LEAINAIDAVDITINUAINER HANHIADNHOIUTILA (OSP)

nFouiioudsunm Sesag 0, 10, 20,30 ag4o voeiaans 1a w/b= 0.40

Compressive Strength at w/b= 0.40

(ksc)

B C100 g C900SP10 g C800OSP20 g C700SP30 |4 C600SP40
1200

1000

800

600

L [ | . [
= M e s A

7 Days 14 Days 28 Days 56 Days 90 Days

H ' o v w 4 s A 1 @
J’IW‘Iﬁ 4-11 UAAIAINMAIDAVOITINUALN A ﬁ’éﬂﬂﬂTﬁ‘UﬂJ 7, 14,28, 56 1ag90 U

1 %’ T W {
Taan1uaANIAT 1A IUIAD TAAMIN 0.40



56

o v w ) 14 IR o ~

M99 4-7 LaAINITIF UM EUAIAIAIOAVDITIUUMNAAFININTUNUNUUT U UAA 8

U

I A

A v A 4 = o 3 @ ~ 1
palannresueTNUA AU UAMaanlyuimudiluiagilszanuiiesedi

1 %,‘ [y {
1987 TaaAIUANIAI AU TAQHIN 0.40

Compressive Strength (ksc) - % of C100 Compressive Strength (%)

Symbol
7 Days 14 Days 28 Days 56 Days 90 Days

C100 616 100 | 768 100 | 817 100 | 853 100 1,005 100

C900SP10 574 93 678 88 700 86 750 88 826 77

C800SP20 | 463 75 556 72 581 71 634 74 690 64

C700SP30 379 62 433 56 466 57 490 57 581 54

C600SP40 | 327 53 373 49 403 49 445 52 526 49

o o ¢ A Vo v v = ¢ ¢ u o oda Ao ' .| a o
HWUHA : anavlunediiiusnie MMAaBAVLITFIHAINAN nodNTiNaene dRTIEIHVRIMaIdaanSaumeuiy

]
=

a d ¢ P! d o [ =1 | a
mmumwtm‘nNQummm‘lnJma@ﬂizmmwmamemm( C100)
A 1o o W ~ o o ~ s s s ~
MWA 4-10 — 4-11 paaMaIdavessuamanluauudlesataualszinni 1
- . ) .
(©) oihimsununyuduuaaonalaenvesussuua (OSP) Nieuaz o, 10, 20, 30 uaziosaz
v { 1 g 1 7 { 1 % 7 L} o U
40 Taorhmiinveadagilszaiy NOANEININADITAMIN 0.40 NUNVANBULMINALIAINIA
o & A ~ 7Y A Ay Y A
pAana Famsununuiudalsnanlasnesunasuua (OSP) Nsegaz 20 - 40 Hu 1
Sldlsllowcud' [ d'd'ﬁl ?;d!oww YA 9
wun Ty ldmddsoananaann aumsunun N3eeaz 10 HulAMaealndiRewuaziios
= 4 S = J @ = 1 = A 1
ANBUAmaANTY usmuaiuiagiseauiietodnafey Tasnolgmsu 7, 14, 28, 56 Loy
@ [ 1 %’ 1 [ { o o ' o o o [ %
90 Tu uazdaaReTAAMN 040 FUAMES (C900SP10 )lWmmawsaminy 574, 678,
2 a J 9 = 4 S = J
700, 750 uaz 826 ksc GInAIluTosaz 93, 88, 86, 88, 77 VBIHNUAWAANTY UaUAIT] U

[

Jagilszanuiieodune) MuaIal A3 4-7

(2

1 4 o A o ' AR O ~ {
i]$ﬁ\uﬂ@Ulﬁl'ﬂ’llﬁa‘Vl’]ﬂ']il,Wll’f]ﬁi']a’)uu’]ﬁf]')ﬁﬂp‘l\iﬂ 0.35 1% 0.40 Waﬂqiﬂ@aﬂ\?‘ﬁ]{lﬁj
S 1 o v o A ' < o 4 o 2 @ ' o A
HU ﬁ@ﬂ’]ﬂ'] N ﬂllﬂ']iaﬂaﬁ@ﬂqﬁlwuqﬁj%ﬂlﬁ@ﬂqﬂ’lilwn E]G]ﬁﬁ’J‘LA‘LHG]E)’Jﬁ@NQ% 0.35 Uae
o v S %1 A 49! g‘.: [ Y a 1 1 1 1 dy
0.40 AMUAIAY !Wi'lgﬂill’lmu’lﬂm’lﬂﬂlu‘NUW11W!ﬂﬂ7\l@\1@1ﬂ’lﬁ ﬁ\jwaﬂjgﬂﬂ@@%@\‘lj’l\jiu!u@

a o J o q ¥ ' ~ o o 6o q Y1 o v o Ay Y Y
ﬂlawmumwa@mﬂwmmwumumawmumwa@mﬂm ﬂ11ﬂﬂ1ﬂ16ﬂﬂﬂﬂ1ﬂﬁﬂﬁ\ﬂﬂﬂ?ﬂ




57

a A =) ,:'4 1 v Y} a A = 4
4.8 dNBavealaenriesNITHUA (OSP) NHNANDAINITHAN LD INHSTVBITINUA
4
AR
A ' o a A a s s a o s
MWD 4-12 — 4-14 LAAIAINIHAAILU VDD TaVHsTURITNUANAAY UFINUALDTH
7 A & o A ~ s Y A Ay
paualszani 1 Funmsununusuudalsninlaenresuisuua (OSP) 13v8a20, 10,
v H 1 % T W {
20, 30 uaziooaz 40 Tastminvesiaailszaiu Noasaie @A 0.30 0.35 LAY 0.40
T ~ =~ 4 1 Y g’; 1 ] 1 @ =
WUNMIENURYuFuAD1sEIude OSP wu ludusodIgannInITHAA LU 1A
)=} = 14 MY A o =\ 1 o a A v A 14 A A
HeauIRFUUANAS 19 10911 511/3 s euAIN I AWV T sa N U IWUAINTA N
=~ I 3 ] = [] < v @
Yudmuailuiaglszauiiesodiufer (€100) Tasazmiuldan Sesazmsnaduuvos 1ad

~ = J J A 2 y o 2 A A
LHYTUDIH LU UALNE %%!‘Wll%ulﬁfJ‘IMﬂﬁﬂNM%ﬂﬂﬂ%ﬂﬁlmuﬂ"lﬁ]\‘i OSP w%’aﬂaz 10, 20, 30 Lae

Y 1 QU o v
%’aﬂaz 40 NNBATIUINDITANI AUAAL

a A A d‘d ! ! g a A
4.5.1 ansnavosnulaennosusuLa (0Ssp) NUHaneMNTHAA V0 Intod

1 %,‘ [ {
TAgAIVANDATIAIUUIND TAQHIN 0.30

600

500 w/h=0.30 W

o LR
/// _/

200
// ) —%—C700SP30 —%— C600SP40
100 /

——C100 —m—C900SP10 C800SP20

Autogenous Shrikage(10'3)

Age of Cement pastes(Day)
0 T I I I I I I I I I I I I 1

1 7 14 21 28 35 42 49 56 63 70 77 84 90

q' 1 o a A = o ¢ = o A = J Y
MU 4-12 UAAININITHAAIDUDD TaEaURITIUANAd FIMMIuMuNYuduuane
= = v A J I = J 3 [
patlaenrosuesuUe WisuMeuA B UAMaaNY uamuatluTaglseau

' @ 1 Y {
Me90813108) TAsAILALBATIAIUIADTAAMIN 0.30



58

a A A d’d ! ' v =
4.5.2 aNsWaveInuldenresuIsIuLA (OSP) NWaAAINITHAA LD 1AT

1 %,‘ [ {
WHea TagAIunNonIaININABIAAMIN 0.35

600

[\ (O8] B 9]
S (o] = S
(=] (=] (=] (=]

Autogenous Shrinkage(10
S
(e

/ ——C100 —m—C900SP10 —4— C80OSP20

/% —»—C700SP30 —x—C600SP40
/ Age of Cement
T T T T T T T f { i T T ,

1 7 14 21 28 35 42 49 56 63 70 77 84 90

a ' o A P~ s S R o A = s Y
NNN 4-13 !,Lﬁﬂimmi‘ﬁﬂGlDLLUUﬂﬂiﬁmuﬁlﬁﬂlmcﬁmuﬂmﬁﬂ Glf\‘]w’lﬂ']'il!ﬂucnﬂ,uc]ﬂMUQQQﬂ

A =~ v A s I A ~ I W
W\Hﬂﬂﬂﬂﬁ@ﬂu']\‘ﬁllﬂﬂ U.EU‘]JW]EJ‘]Jﬂll“lﬂlluﬂlWﬁﬂﬂNﬂ,ucﬁlNuﬁlﬂujﬁﬂﬂigﬁ']u

[ @ [ 90' [ @ H
We90819Re7 TasAIANDAIIEIUIADIAARIN 0.35

a A A d‘d ! ' v IS
453  ONFTNAVOINIUADNHOIUNITULA (OSP) NHanoAIMIHAA LU0 Indtilad

1 %’ U <% {
Tasn1uANIATIAIUIADIAQNIN 0.40

600

500

400

Autogenous
[\ (O8]
(o] (]
o o

—_
[
[e)

d’ ' (J a A = 4 s
MNN 4-14 LLﬁ@Nﬂ"Iﬂ”liﬁﬂ@]’.)!.!lmE]@T@]illuﬂﬁ‘uﬁ]ﬂ“]fmuﬁmﬁﬁ N

w/b=0.40
——C100 —m— C900SP10 —4—C800SP20
// —%—C700SP30 —x—C600SP40
Age of Cement

1 7 14 21 28 35 42 49 56 63 70 77 84 90

o = I Y

MIUNUNYuFIUAAIe

J I @

9
A =\ = 14 S A =
palasnviosuasuua fFsumeunuduuamadniy uawuaiuiagilssau

[ @ U Y0 o {
B398 1AIAILANDATIAINIADTTQHIN 0.40



59

a ~ 1 o a A A s = A
M1319N 4-8 LLﬂﬂ\‘]ﬂ”lillEfﬂJWlEJ']Jﬂ”IﬂTiWﬂ@’JLL']_I']_I@@TG’]ﬁ]LLlﬂﬁm@ﬂ“]ﬁmu@]tWﬁ@%ﬂVﬂﬂTiLW]U‘VI

'
I A o

= J Y A v A 14 = @
Yuaudaienailasnrosusuua (OSP) AUaUAMaANTY uauudiluiag

L)

1lszauiiea0e131@e7 (C100)

Autogeneous Shrinkage At 90 Days(x 10-3) - %of C100Autogeneous Shrinkage
Symbol
W/b=0.30 W/b=0.35 W/b =0.40
C100 382 100 413 100 421 100
C900SP10 400 105 455 110 473 113
C800SP20 520 136 491 118 487 116
C700SP30 541 142 498 121 501 119
C600SP40 557 146 Sl 126 531 126

o LY A ' o a A = g g o da A v ' o
e anavlu peduisnne f’ﬂfn‘i‘HﬂﬂTJ!!‘lJ‘lJBBIﬂﬂ!uﬂﬁmﬂﬂ‘ﬁ!uuﬂ!ﬂﬁﬂ 14 neduTiigens dNTIEIUVDINTHAM

a A = 3 ¢ A = v A g daa = ¢ & v = 1 =
mmaaiﬂmuﬂmmmuumwaﬂ !3JEl!']ﬁf]'].lmEl‘lJﬂ'].l‘]ﬂi»luﬂ!‘Wﬁﬂ"fl&l‘]Ju“lﬂi»l1«!9]!‘]Ju?ﬁ@ﬂi%ﬁ1u!ﬂﬂﬂﬁ)ﬂ1ﬂ!ﬂﬂ?( C100)

o

A = 1 @ a A = J J
M990 48 uaaIMIfIeuNeAINITHAAIDUBE TnIHEA VD IHINUAINA A
A ¢ { X o { ¢
YuFwuadesanaualszinni 1 () Fuihmsununyudwuddlsnalionnosuiasuua
. D] H v Y
(0SP) N300, 10, 20, 30 Hazdooaz 40 Tasrhminueaiagiszau Noadruine Iagus
1 v { o 1 3’; 1 1 T
11 0.30, 0.35 1182 0.40 WUNMIUNUNYUFMUAVTIUA8 OSP Uu lidwT0FIvaAAINS
o A = J Y A o = v A J J = J
vasuuvee Iaddloauesdmudmad 1a TaoierimanSeuioutuSuudmadyudmuud

7 7 { 3 o a s 4
ﬂ@i@lllauﬂﬂi%mﬂﬁ 1 (C) VTLUUI %,’EJEJﬁZﬂWi‘ViﬂGl’JLLUUﬂﬂiﬁﬂlﬁﬂﬁﬂlﬂﬂ%Lmuﬁ!Wﬁ@ VT

v 9 '
a K A

MMy Y ssazMIunuNVoIHaonesUIaTULA OSP NiB8as 10, 20, 30 Az
$ouaz 40 uaay

é 1 =Y = 4 A

901992 AIHANINNUTMIULAATINAITVBIUA (CaCO,) YBINAUYADNHOIUNTHUA

x 4 o s o s {
(0sP) Fal1Sunuge Worisunuudmudleiauauallszani 1(0)TasSuaves (Caco,)
~ ' o A A = s g A A A ° Aaaa
WA TAsATINDNITHAAIIULDE TAUSAVDITINUANAAINTIZIUD CaCO, FulMIMIYNITeN
o =y a A o 9 a AaAdg = 4 Aa
nulasunaGonogiiua(c,Anioiinsaiunandanidunaaidoumsvoogiiua laase
(Calcium Carboaluminate Hydrates )Tﬂﬂﬂﬁﬁ%ﬂﬁﬁi‘ﬁ’hﬂ C,A 1lag CaCo, v iHanannd
o 9 Yy o g a 7 L. =] 9 . A o
anpaz IAT9a3 19190 19NN33 10A (Ettringite) H91AF983519909  Ettringite 3¢ Nanyay

9 = =2 o ' ~ o 9 2 2 I '

AMINANYY TasnanadnaIzmMInau Inssadevengson lunuiveudy ¥auilunisse
A A = . Yy A 2 = Y @ 2
U uIuInsanazdea(Finer pores) 1HNYSu I InUu 3easwaliinisvaauuvee Ind

= = 4 s A A a0 A2 ' o
HYTUDIBIUUALNE 6 ﬂNﬁNWQLﬂﬁ@ﬂWBﬂHTQiNUﬂ (OSP) UAUNNUUDYNNYAIU




=
unns

a3iwan1sIv uazderanenus

£ = o= Ao 9 wa = 4 7 2

e luUNN 5 92na1DINad§IveIN15I98 MUANAVTAVDIVDIHNUAIWETA &9
o { J [
mmsunuiyuduameradonrosunsuua (0SP) TaslunmsnadeuIdSeufieuny

= 4 S = J @ ~ ] = =< 9 v
Glfmumwﬁ@muﬂumuumﬂmﬁﬂﬂizmumm@mqmm (C100) 3IUDIVDLTUDLUTAN

5.1 agulwamsIde
= o = d‘d 1 ' o v w = 4
NAMIANYIAUTVITAVDIHUADNH DU VUANUNANILNUADAINAIDAVDITINUA
IR o A ~ Y A Ay
maaraimsununusuaaleran)aonneguasuua (OSP) f3egas 0, 10, 20, 30 Lag 40
Y [ So’ LY H
Tasihwiinveddaglszau uazaruaueaaIuinaeIaalszaiun 030, 0.35 uag 0.40
1 o v o 4 oA [
TaglumsnagenlaSoufoummasdavesdmuanaanety 7, 14, 28, 56 uag 90 u

9
aunsaagyldeail

[

A =1 3 = A o k) <R o
5.1.1 naaonoeuIaTNUA (OSP) U Nyl urazReANaNEUTAAIIADINY

4 4 4 { [ 1 < 9 1 [ o
Yudwudioianaudlsziani 1 AomvouuaiidoouninaniiosIaelin1n1un 198Uz
N1 2.59

5.1.2 walaenresuasuua (0SP) liawsasielumsisamsnedsuduay
"o Y a % 0 v X A4 2 g ~
M3NOAITAMBUVDITINUANAA INITIVY Taailioriinamuiosaznsunui 10, 20, 30 Haz
Y ¥ o @ J Y 1o A 9 ' o
Fovaz 40 lasthminvesdaqlszaiu szdamaliszeznarlunmsnedlisuaunas sz nodd
) a ¢ @ ) A 2 o o o
gAMBVOITUANAAIE 1HIaUNVAUBINTAIY MIUEIAY
= 4 SR o ~ = 4 <Y A
5.1.3 FUUMNAATINMIUNUNY UTWUANTAA oM doNHDIUITUDA
1 1 A o o W Y Y { v
(0sP) limmsogemuiasiuusesala mszanuawsolumsunundosas 10, 20, 30
Y o v w [ Y9y ' y v 7 33 @
uazdosay 40 Iidassuuseda latesniniionSouisunvyuduuailuiaglsearuiiog
1 =
28791A87 (C100)
A o A = A o 1 Y
5.1.4 wemmsiurulasnriesu1asuua (OSP) NoasId@IUsega 10, 20, 30

[

¥ 1 g 1 o 1
uazfesa 40 Taethminvesiagglszaumudiay ynoasiauihaedaguszaiu ilda

[

o a A A 2 A ~ v A 4 JA A ~ ]
m’i‘ViﬂﬁQLL‘UUEJ@TMLHEJ?{LWNMWW L?J@llr%fl’ﬂl“l/lfJUﬂUWluuﬂlWﬁﬁﬂNﬂ"uGﬁluuﬂlﬂu ae

Uszauiiea0e1a@e (C100)



61

5.2 UalaudIUY

9 Y
v A

a o { I a 4 o
Tunsasensail wan lditludeyanisinsizina msanviguantifveswanlaenvos
Aa o o oW ~ o o P =2 a a
HUHNINUANUAANTENUADATNIAIDAUDIFINUALNET A Iﬂﬂllﬂﬂﬂ’hlTGQ@WﬁNaLLﬂgﬂ%MTNﬂJ@QNQ
A d‘ﬂl A g @ [ A Y ]

waenviesu1esuNTosasMIUNUN 10, 20, 30 ttag 40 IﬂﬂuWﬂuﬂﬂJﬂﬁiﬁﬂﬂﬁgﬁTH m‘lwwam

A = = %} 1A J J 3‘, = =

ﬂﬂ!ﬁﬁJ‘U@]‘UNﬂigﬂTi Tsuaine s ue (w/b) 0.30, 0.35 1AL 0.40 MUY IIAITY
= A A 9 A o &
miﬁﬂmmumﬂumuam AU

= way A ~ o s A A &R o Ay
5.2.1 ATANKINUTUUAATUDUC UBIFIHUANTANITOADUNTA BININITUNUNAIYN

nlaeanesurasuua (0SP) ao'lilueuian

]
=1

=\ Bn} L= 4 ~
522 ”lumamﬁamﬁumsmﬂ?mmumwmuﬂ (w/b) MrRNETUNGA

523 mshmsanyazinmInaaed muiaguauy agles Tyaed19due1937e

Y
=1

Iddunuiaanamnsaaivoumandu laaau
o Y o a 3 A ' = <3 o o =
5.2.4 msh W lsnununaauaenuuudue U aeunsauasnd1MIUYauY ABUNTA
< A < ) [ Y Y
UaBNURUIUY HazAounTAUaond M UNIa T udu

o g ¥
5.2.5 miﬁﬂymmﬁummuﬂﬁ@ﬂ%uwmm;ﬂﬁaﬂwaﬂuNium (OSP)



UIIMIUNIN

¥
wa A

a Y g}z Aa aa
[1] nAe1 uAIwdl uaz A.aT.autin AUANFING, 2549, “AUANLANUFIULAZANUAINUYDI
=~ = Y Ao ~ = o Y Y =
ADUNIAUAZADUNIANTUIN1A08NUMIUNUNY UFWUALAZIN1ADEAIIHILAALTY
4 a =~ o = 3'.; ~
MIivoua”,MIdszyuIrnsnouniInllsziil ATan 2, 25-27 gaiaN 2549.
1" Awv a Jd Aaa o 4

[2] nsuiszan, 2549, nguavenaz s zHanAMIUszus gudasaums. (2549). Audwile

JUN 23 YUIAN 2557, 910 http://www.fisheries.go.th/it-stat/
Y
[3] nsuiszan, 2540. glomamnzieanesaz Insudansm. Taseamsiaumsnaaey
a a 4 o o Y] a o
az InTurInaiye nuszue TasdninaunoanuaiuayunIsIve.
o aa 4

[4] NFUNNUHIUAT, FUEVOYANFUNNUTIUAT. (2550). dDATIEY NTUNNUMIUAS. FuAUID
TUN 26 NINYIAY 2551, 910 http://203.155.220.230/stat_ search/frame.asp

' o w & ¥ o Y (A A

[5] 9558103 WU, 2545. MIMIaaznIoennluds Taglslaenosunsuazilasn

(=Y a 4 o a 4 a [ a 4
nogLag. MnUNuTUT i, PnainsalumIneds auzINMans,
AUNFINIFNTAS TAIZUIAR DY,
[6] Tass Asnnsiizia, 2552. onSwavewlaenvesuanonuauliAueuniu.
a a 4 Jd Y
MTNUT ananlaenIsy anzanlngnIsumMaasIaZ A4
a 1% 4
PHIING1AUFITUAIAAT
a o ’.f 4 ]

[7] aenf aseanana, 2547. myaadSuuvges lsaluihayTaeld nlaen lunldenvesats
uazidunaum. IneniinuslFyanumiuda, wiInedunyasmnans aay
INTIUANAAS, AVIIFIIAINTTUTIIAADY.

[8] 3% NAWN, 2554, Bnswavesmtinlulsulsquamianiinansenuaemmasoauas

(% S A =~ J Jd a a 4 a
MIUAAIUVDD TATIAVDIFIUUAINAA. INNUNUT a11IAINTTU To1 AL
a 4 (9} %
Amanssumaas ao1uma Tuladnszreundusnanmsaiansgii,
9
[9] N3¥ NAWT, woaig INouNoIazUNAA ATANA , 2559. “Concrete Paving Block Form
9 o ]
Parawood Fly Ash” M315zyaens sy Tosumama asan 21 Tui 28-30 UuIeu 2559
== a = ) = [ 7
a T5ausy U9 alval U% 0 1nolod 19HIaaIval

J

o da aan o Aa o a a
[10] BERL TUAT, FY NATNNNENA uazﬂ?tyaﬂn fl]LWﬂ”]J'i%Lﬁii, 2547. “Wﬁﬂi%ﬂﬂﬂl@dlgﬁ

a

1 a T 9 @ J o Y 1 A P
i‘lTL!“H‘LJGI’E)Iﬂ‘i\?ﬁ‘ﬂ\‘]‘iZ@]‘]J%qﬁﬂWﬂ"ll@ﬂlWﬁﬁ”, miml,mmuwucluﬂizmﬁ”lmmﬂ%hmm

a ¥ A a o v v
ADUNTA ATIN 2, 28 NP, ummEnammﬂuiaﬁwawamnmﬁuﬁ, HUT 64-82.



63

S o da an (% =y = 4 = ana
[11] B3I TUAT, 2549. “mm@ﬂﬁmmlmawau"la@ﬁ'e)ﬂ'lcmuazuﬂammmam@l”lammiﬂﬂ
/A 3w Y a ~ o A g’z ~
TGA Uag XRD UDUNTANLUINIILATT, ﬂﬁﬂ‘iz“]qfll’J%Wﬂﬁﬂ’ﬂuﬂi@]ﬂ‘i%ﬂWﬂﬂ‘N‘ﬂ 2,
25-27 AR, RATHIH, 111 MAT64-MAT72.
[ [ wa = 4 4 a v
[12] uiﬂﬁ‘i ﬂﬁi%i$,2554 . ﬂmﬁhﬂﬂﬂ%‘]ﬂa"ll’é)\iclﬂ,i]u@]lWﬁﬂWﬁNlﬁHV\IN"ﬁH’J. NMIA1IYLLDY
WAl 1T UMAINIADTITURAAS
[ [ a o 4 [ 4 o
[13] u’iﬂ@]’i ﬂ@‘li%i% LAY NITUN ANNITNY, 2545. ﬂ’J"I?JTIHVI”I‘LHJi’Nﬂ’Ouﬂ%@mﬁmgﬂ!ﬂﬁﬂﬂl
NFETIVBUALHAU UIT UHIINANSOTITUANAAS
[ [ = Av aa 0 VY Y 1 I @
[14] ‘]Jjﬂ@]i NATITL AT NBY ull@'lﬂ\iﬁ'ﬂﬁ, 2549. ﬂ”li‘]J§$EJﬂ@]1GIfLEﬂﬁ’EJEJLL?JL?JT%LTJH’JE‘T@JNE‘T?JGLH
@ a a 4 a
ﬂ”liﬁﬂﬂﬁﬁﬂ@]’)t!fﬂ‘ﬂﬂﬂiﬁﬁlﬁﬂﬁ. INITUNUD ﬁ?"lﬂ’)ﬁ’lﬂiilﬂﬂ‘ﬁ?
Nﬁ?%ﬂmﬁ/ﬂ‘ﬁiiuﬁiﬁﬁg
a a 4 4
[15] USeyan Suandlsziesy uazame, 2555 . MsAnE1 Inseai199anIAuoIBuANaaKd )
o ao) Ly a o [} a [ 1
Lﬁ}”ﬁhfﬂJuTMH. AITFITIVYLASHANUT UAT UK 1INV ULLNU
a [ J
[16] SNT gMIBITN, 2544, vowdowrh. maanunlszng, 1012), 1-2.
[ [ QJ = [ Y A A Qy d‘ Yo w
[17] 99U1NT 9 NAITA s 2554.ﬂ1§!ﬁ3fJiJ’Jﬁ?mﬂ“IﬁJmﬂlﬂaﬂﬂﬁ@ﬂuﬁiumﬁﬂﬂﬁ L‘W@i“]fﬂ?%ﬂ
g =) a = d' % d' U a a =
Wamwﬁﬂlumma,ammmmmzmﬂ‘ﬂ 28 RUUN 4 TUINAN 2554, @1UNIBIIAINTTUIAY
a 4 a %
AUSIAINTTUANTAT SJWTTI/IfJ'l’dEJW]ﬂIUIﬁﬁiﬁfhﬂﬂaﬂ?\Hﬂ‘W
[18] Tunu ogqa, 2539. 1ldonnes. 99nNIBINTBTURAGAD I, 6(56). FUAY
19U 4 NTNYIAN 2551, 10 hitp://royin.go.th/th/knowledge/detail.php?ID=1016
[ 4 a a
[19] gant sunyn i lwama, 2541, nfseuiisunsos ya Tavesnesns Insu (Crassostrea
2
1 [ J [ [
belcheri) A1oMIABILVUAN 9 /g3 suynm lwaa, dosy wnyw, 51 V1M,
4 ~ J o dy o e’%’ Iy [ 4 =
f;fi"l'hlgi‘ﬁ?u: ﬁuﬂWWUWﬂﬁL‘WW%mENEWI’)LH“NEJI;I\WQW'Jﬂﬁ:iﬁelg]i‘ﬁ"lu.
[ 9y (% Y 1 a a 4 @ a
[20] ¥3aun Yy, 2542. M3l5vilgegaautiavesfune. Ientiwusalsyanumiadga,
a [ 1 a 4 a a
UH1INIIQYUDULLNU, AUTIFAINTTUAITNT, ﬂ"ﬁlTJ‘]f”l'Jﬂ'Jﬂii‘JJIﬂiQﬁ%}N.
[21] Al-Salen, S. A. andAl-Zaid, R.Z, 2006. Effect of drying condition, admixtures andspecimen
size on shrinkage strains, Cement and Concrete Research, 36, 1985-1991
[22] Altoubat, S.A., and Lange, D.A., 2001. Tensile basic creep: measurements andbehavior at
early age. ACI Material Journal 98(5): 386-393.
[23] Altoubat, S.A., and Lange, D.A., 2001. Creep, shrinkage, and cracking of restrained concrete

at early age. ACI Material Journal 98 (4): 323-331



64

[24] American Society for Testing and Materials, 2001. Annual Book of ASTM Standards 2001.
Volume 04.01and 04.02, West Conshohocken, U.S.A.

[25] American Society for Testing and Materials, 2001. Annual Book of ASTM Standards 2001.
Volume 04.01and 04.02, West Conshohocken, U.S.A.

[26] ASHRAE, 2005. ASHRAE Fundamental Handbook(SI). Atlanta: The American Society of
Heating, Refrigerating and Air-Conditioning Engineers.

[27] ASTM Committee, 1994, Annual Book of ASTM Standard, Section 4 Construction, Volume
04.02 : Concrete and Aggregate, American Concrete Institute.

[28] ASTM Committee, 2006a. Annual Book of ASTM Standard, Vol. 4.01.

Philadelphia: American Concrete Institute.

[29] Ballester, P., Marmol, 1., Morales, J. and Sanchez, L, 2007. Use of limestone obtainedfrom
waste of the mussel cannery industry for the production of mortars.Concrete and Concrete
Research, 37, 559-564.

[30] Barnaby, C, 2004. An Investigation into the reuse of organic waste produced by the New
Zealand Mussel Industry. Unpublished master’s thesis, Auckland University of Technology,
Faculty of Science.

[31] Bissonnette, B., Pierre, P., and Pigeon, M, 1999. Influence of key parameters on drying
shrinkage of cementitious material, Cement and Concrete Research, 29, 1655-1662.

[32] British Standard, 1992. The British Standard Institute. London: The British Standard
Institution.

[33] Borgholm, H. E., Herfort, D., and Rasmusssen, S., 1995. A New Blended Cement Based on
Mineralized Clinker, World Cement, Vol. 8, pp. 27-33.

[34] Chindaprasirt P., Jaturapitakkul C., Sinsiri T., 2005. Effect of fly ash finness on compressive
strength and pore size of blened cement paste. Cement & Concrete Coposites., 27: 425-428

[35] Demirboga, R, 2007. Thermal Conductivity and Compressive Strength of Concrete
Incorporation with Mineral Admixtures. Building and Environment, 42(7),2467-2471.

[36] Falade, F., 1995. An investigation of periwinkle shells as coarse aggregate in concrete.
Building and Environment, 30, 573—577.

[37] Kim, K. H., Jeon, S. E., Kim, J. K. and Yang, S. C, 2003. An experimental study on thermal

conductivity of concrete. Cement and concrete research, 33, 363—371.



65

[38] Khan, M. I, 2002. Factors affecting the thermal properties of concrete and applicability of
prediction models. Building and Environment, 37, 607—614.

[39] Krammart, P. & Tangtermsirikul, S., 2004. Properties of cement made by parlially replacing
cement law materials with municipal solid waste ashes and calcium carbide waste.
Construction and Building Materials, 18, 579-583. Makaratat, N., Laosamathikul, T.

[40] Malhotra, V. M. , 2002. Introduction: Sustainable Development and Concrete Technology.
ACI Concrete International 24 (7): 22.

[41] Neville, A. M., 1995. Properties of concrete. London: Longman Stergaard, L., Lange, D.A.,
Altoubat, S.A., and Stang, H., 2001. Tensile basic creep of early-age concrete under constant
load. Cement and Concrete Research 31: 1895-1899.

[42] Tan, Shau —Hwai and Wong ,Tat —Weng, 1996. Effect of salinity on hatching, larval
growth,survival and settling in the tropical oyster Crassostrea belcheri (Sowerby). Journal of
Aquaculture 145 : 129 - 139

[43] Tao, Z., and Weizu, Q., 2006. Tensile creep due to restraining stresses in highstrength
concrete at early ages. Cement and concrete Research 36: 584-591.

[44] Tazawa, E., and Miyazawa, S, 1993. Autogenous Shrinkage of Concrete and Its Importance
in Concrete Technology. Proceedings of the Fifth International RILEM Symposium,
Barcelona, Spain, 189-168.

[45] Yang, E. 1., Y1, S. T., and Leem, Y. M. , 2005. Effect of oyster shell substituted for fine
aggregate on concrete characteristics: Part I. Fundamental properties. Cement and Concrete
Research, 35, 2175-2182.

[46] Yoon, G. L., Kim, B. T., Kim, B. O. and Han, S. H. , 2003. Chemical-mechanical
characteristics of crushed oyster-shell. Waste Management, 23, 825-834.

[47] Yoon, H. S., Park, S. K., Lee, K. H. and Park, J. B., 2004. Oyster shell as substitute for

aggregate in mortar. Waste Management and Research, 22, 158—170.



MANUIN 1.
HAMINATDUAIMAITAVBIFINURIWAR NOIYNTUY 7, 14, 28, 56 1AL 90 Tu

! %} ! % ti'
Iﬂﬂ“lmﬂﬁﬂil‘ﬂﬂll 2ATNAIUUINDIAANIN 0.30

66



' o v w =~ 14 S A I @ ~ T
M1319 N-1 Naﬂ”Ii‘i/]ﬂﬁ‘ﬂﬂf"l”Iﬂ1ﬂQE’JWIJi’]Q"b’L?J‘L!@]LWET@WI?JTJH“D’L?JH@L‘]JM’J?T@‘]JixﬁW‘L!L“WEN@EJN

s 14

1 %’ 1 @ H
1987 (C100) TAg¥INTAIVAY BATIHIUINADIAANIN 0.30

67

Code : C100 w/b : 0.30

Cross Weight Weight

Spec. Code Sectional | Height of of Date of Date of Comp. per
No. Area Specimen | Specimen Casting Testing Ages Strength Volume
(sz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C100 24.90 5.02 0.26148 25-Feb-16 3-Mar-16 7 767.92 2,100.24
2 C100 25.00 5.00 0.26270 25-Feb-16 3-Mar-16 7 759.89 2,101.60
3 C100 25.00 5.05 0.26319 25-Feb-16 3-Mar-16 7 773.91 2,105.52
average 767.24 2,102.45
1 C100 2475 4.98 0.25321 26-Jan-16 9-Feb-16 14 823.24 2,046.14
2 C100 25.00 5.01 0.26605 26-Jan-16 9-Feb-16 14 803.08 2,128.40
3 C100 25.35 5.00 0.26315 26-Jan-16 9-Feb-16 14 813.38 2,076.05
average 813.23 2,083.53
1 C100 25.50 5.03 0.26758 14-Jan-16 11-Feb-16 28 909.67 2,098.67
2 C100 25.00 4.97 0.26882 14-Jan-16 11-Feb-16 28 917.23 2,150.56
3 C100 25.50 5.05 0.26848 14-Jan-16 11-Feb-16 28 949.44 2,105.73
average 925.45 2,118.32
1 C100 24.75 5.01 0.26824 25-Nov-15 20-Jan-16 56 1,069.41 | 2,167.60
2 C100 24.90 4.98 0.26846 25-Nov-15 20-Jan-16 56 999.72 2,156.31
3 C100 25.25 5.03 0.26773 25-Nov-15 20-Jan-16 56 1,030.55 | 2,120.63
average 1,033.23 2,148.18
1 C100 2591 5.05 0.27092 16-Nov-15 14-Feb-16 90 1,034.49 | 2,091.40
2 C100 25.00 4.97 0.26972 16-Nov-15 14-Feb-16 90 1,078.01 | 2,157.79
3 C100 25.40 5.02 0.27068 16-Nov-15 14-Feb-16 90 1,117.50 | 2,131.62
average 1,076.67 | 2,126.94
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Code : C900SP10 w/b : 0.30

Cross Weight Weight

Spec. Code Sectional | Height of of Date of Date of Comp. per
No. Area Specimen | Specimen Casting Testing Ages Strength Volume
(cmz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C900SP10 25.15 5.05 0.25842 1-Mar-16 8-Mar-16 7 567.56 2,055.36
2 C900SP10 24.75 4.98 0.25611 1-Mar-16 8-Mar-16 7 599.07 2,069.53
3 C900SP10 25.55 5.03 0.25756 1-Mar-16 8-Mar-16 7 573.24 2,016.13
average 579.96 2,047.00
1 C900SP10 25.76 5.04 0.25681 27-Jan-16 10-Feb-16 14 632.55 1,994.25
2 C900SP10 25.40 5.02 0.25657 27-Jan-16 10-Feb-16 14 607.78 2,020.24
3 C900SP10 24.90 4.98 0.25643 27-Jan-16 10-Feb-16 14 610.23 2,059.68
average 616.85 2,024.72
1 C900SP10 25.25 5.05 0.26259 18-Jan-16 15-Feb-16 28 719.35 2,080.12
2 C900SP10 24.80 4.96 0.26294 18-Jan-16 15-Feb-16 28 796.24 2,120.45
3 C900SP10 25.55 5.04 0.26521 18-Jan-16 15-Feb-16 28 727.55 2,076.01
average 747.71 2,092.19
1 C900SP10 25.50 5.03 0.25965 2-Dec-15 27-Jan-16 56 885.00 2,036.47
2 C900SP10 25.50 5.04 0.26385 2-Dec-15 27-Jan-16 56 900.00 2,069.28
3 C900SP10 25.10 5.01 0.26370 2-Dec-15 27-Jan-16 56 920.00 2,101.20
average 901.67 2,068.98
1 C900SP10 26.11 5.08 0.26699 16-Nov-15 | 14-Feb-16 90 1,024.00 2,044.96
2 C900SP10 25.40 5.06 0.26833 16-Nov-15 | 14-Feb-16 90 985.00 2,112.83
3 C900SP10 25.00 5.00 0.26632 16-Nov-15 | 14-Feb-16 90 968.00 2,130.56
average 992.33 2,096.12
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Cross Weight Weight

Spec Code Sectional | Height of of Date of Date of Comp. per
- No. Area Specimen | Specimen Casting Testing Ages Strength Volume
(cmz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C800SP20 25.76 4.98 0.25300 2-Mar-16 9-Mar-16 7 537.22 1,972.56
2 C800SP20 25.10 4.97 0.25332 2-Mar-16 9-Mar-16 7 532.30 2,030.67
3 C800SP20 24.75 5.05 0.25152 2-Mar-16 9-Mar-16 7 591.80 2,012.31
average 553.77 2,005.18
1 C800SP20 25.86 4.98 0.25456 28-Jan-16 11-Feb-16 14 598.31 1,976.97
2 C800SP20 24.90 5.00 0.25451 28-Jan-16 11-Feb-16 14 610.51 2,044.26
3 C800SP20 25.00 4.97 0.25609 28-Jan-16 11-Feb-16 14 619.14 2,061.09
average 609.32 2,027.44
1 C800SP20 25.15 5.10 0.26134 19-Jan-16 16-Feb-16 28 704.39 2,037.58
2 C800SP20 24.75 5.02 0.26484 19-Jan-16 16-Feb-16 28 776.76 2,131.54
3 C800SP20 25.25 4.97 0.26398 19-Jan-16 16-Feb-16 28 695.83 2,103.55
average 725.66 2,090.89
1 C800SP20 25.50 5.05 0.25494 8-Dec-15 2-Feb-16 56 777.07 1,979.92
2 C800SP20 24.85 4.98 0.25501 8-Dec-15 2-Feb-16 56 751.02 2,060.64
3 C800SP20 25.25 5.00 0.25521 8-Dec-15 2-Feb-16 56 813.27 2,021.47
average 780.45 2,020.67
1 C800SP20 25.30 5.05 0.26362 16-Nov-15 | 14-Feb-16 90 801.47 2,063.45
2 C800SP20 24.75 4.98 0.26349 16-Nov-15 | 14-Feb-16 90 825.44 2,137.71
3 C800SP20 25.81 5.00 0.26328 16-Nov-15 | 14-Feb-16 90 859.00 2,040.50
average 828.64 2,080.55
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Code : C700SP30 w/b : 0.30

Cross Weight Weight

Spec. Code Sectional | Height of of Date of Date of Comp. per
No. Area Specimen Specimen Casting Testing Ages Strength Volume
(sz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C700SP30 24.95 5.00 0.24783 3-Mar-16 10-Mar-16 7 508.67 1,986.66
2 C700SP30 25.05 4.97 0.24715 3-Mar-16 10-Mar-16 7 513.91 1,985.16
3 C700SP30 25.10 5.00 0.24757 3-Mar-16 10-Mar-16 7 494.81 1,972.67
average 505.80 1,981.50
1 C700SP30 25.00 4.95 0.25135 16-Feb-16 1-Mar-16 14 612.61 2,031.11
2 C700PS30 24.65 5.00 0.24938 16-Feb-16 1-Mar-16 14 549.81 2,023.27
3 C700SP30 24.90 5.03 0.24927 16-Feb-16 1-Mar-16 14 584.87 1,990.23
average 582.43 2,014.87
1 C700SP30 25.10 4.97 0.25682 21-Jan-16 18-Feb-16 28 657.15 2,058.73
2 C700SP30 24.90 5.00 0.25547 21-Jan-16 18-Feb-16 28 694.56 2,051.99
3 C700SP30 25.00 5.02 0.25414 21-Jan-16 18-Feb-16 28 659.38 2,025.02
average 670.36 2,045.25
1 C700SP30 24.75 5.00 0.25046 15-Dec-15 10-Feb-16 56 684.00 2,023.92
2 C700SP30 24.85 4.96 0.24936 15-Dec-15 10-Feb-16 56 708.42 2,023.11
3 C700SP30 25.05 5.00 0.25139 15-Dec-15 10-Feb-16 56 697.15 2,007.15
average 696.52 2,018.06
1 C700SP30 26.11 4.98 0.25697 | 23-Nov-15 20-Feb-16 90 754.80 1,976.12
2 C700SP30 25.40 4.97 0.25565 | 23-Nov-15 20-Feb-16 90 749.19 2,025.14
3 C700SP30 25.00 5.05 0.25581 23-Nov-15 20-Feb-16 90 764.81 2,026.22
average 756.27 2,009.16
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Code : C600SP40 w/b : 0.30

Cross Weight Weight

Spec. Code Sectional Height of of Date of Date of Comp. per
No. Area Specimen | Specimen Casting Testing Ages Strength Volume
(cmz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C600SP40 25.40 5.10 0.24011 9-Mar-16 16-Mar-16 7 388.51 1,853.70
2 C600SP40 25.60 5.12 0.23903 9-Mar-16 16-Mar-16 7 354.28 1,823.65
3 C600SP40 24.90 4.98 0.23974 9-Mar-16 16-Mar-16 7 371.48 1,933.36
average 371.42 1,870.24
1 C600SP40 25.50 5.10 0.23829 24-Feb-16 9-Mar-16 14 496.21 1,832.30
2 C600SP40 25.25 5.05 0.23930 24-Feb-16 9-Mar-16 14 451.64 1,876.68
3 C600SP40 25.10 5.00 0.23970 24-Feb-16 9-Mar-16 14 502.30 1,909.96
average 483.38 2,001.26
1 C600SP40 24.90 4.98 0.25370 26-Jan-16 22-Feb-16 28 561.95 2,045.93
2 C600SP40 25.50 5.10 0.25136 26-Jan-16 22-Feb-16 28 532.91 1,932.80
3 C600SP40 25.00 5.00 0.25091 26-Jan-16 22-Feb-16 28 550.90 2,007.28
average 548.59 2,001.26
1 C600SP40 24.85 5.02 0.24912 17-Dec-15 13-Feb-16 56 618.50 1,997.08
2 C600SP40 24.90 4.98 0.25081 17-Dec-15 13-Feb-16 56 627.23 2,022.63
3 C600SP40 25.25 5.00 0.25062 17-Dec-15 13-Feb-16 56 642.37 1,985.11
average 629.37 2,001.26
1 C600SP40 25.40 5.08 0.25309 24-Nov-15 21-Feb-16 90 727.46 1,961.61
2 C600SP40 25.10 4.98 0.25054 24-Nov-15 21-Feb-16 90 715.14 2,004.35
3 C600SP40 24.85 5.11 0.25191 24-Nov-15 21-Feb-16 90 734.51 1,983.80
average 725.70 2,001.26
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Code : C100 w/b : 0.35

Cross Weight
Spec. Code Sectional | Heightof | Weight of Date of Date of Comp. per

No. Area Specimen Specimen Casting Testing Ages Strength Volume
(cmz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C100 2591 5.05 0.25422 25-Feb-16 16-Mar-16 7 662.64 1,943.05
2 C100 25.00 5.00 0.25524 25-Feb-16 16-Mar-16 7 673.24 2,041.95
3 C100 25.40 4.98 0.25874 25-Feb-16 16-Mar-16 7 654.74 2,045.77
average 663.54 2,010.26
1 C100 26.11 5.05 0.25835 26-Jan-16 9-Feb-16 14 760.94 1,959.19
2 C100 25.40 4.98 0.25671 26-Jan-16 9-Feb-16 14 759.23 2,029.46
3 C100 25.00 5.00 0.25648 26-Jan-16 9-Feb-16 14 728.57 2,051.84
average 749.58 2,013.50
1 C100 25.30 5.05 0.25684 14-Jan-16 11-Feb-16 28 874.66 2,010.38
2 C100 2475 4.98 0.25526 14-Jan-16 11-Feb-16 28 838.73 2,070.94
3 C100 25.81 5.00 0.25516 14-Jan-16 11-Feb-16 28 849.28 1,977.56
average 854.22 2,019.63
1 C100 26.11 4.98 0.24936 25-Nov-15 20-Jan-16 56 1,095.67 1,921.44
2 C100 25.40 4.97 0.24972 25-Nov-15 20-Jan-16 56 974.49 1,978.17
3 C100 25.00 5.05 0.25053 25-Nov-15 20-Jan-16 56 915.33 1,984.40
average 995.16 1,961.34
1 C100 25.60 5.10 0.26135 17-Nov-05 15-Feb-16 90 1,030.91 2,001.76
2 C100 25.00 5.08 0.26172 17-Nov-05 15-Feb-16 90 1,075.85 2,060.79
3 C100 25.10 5.00 0.25974 17-Nov-05 15-Feb-16 90 1,022.62 2,069.64
average 1,043.13 2,044.06
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Code : C900SP10 w/b : 0.35

Cross Weight Weight

Spec. Code Sectional | Height of of Date of Date of Comp. per
No. Area Specimen | Specimen Casting Testing Ages Strength | Volume
(sz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C900SP10 25.40 5.08 0.24941 1-Mar-16 8-Mar-16 7 549.58 1,967.40
2 C900SP10 25.10 4.98 0.24973 1-Mar-16 8-Mar-16 7 590.09 1,967.40
3 C900SP10 24.85 5.11 0.24809 1-Mar-16 8-Mar-16 7 574.51 1,967.40
average 571.39 1,967.40
1 C900SP10 25.60 5.10 0.25026 27-Jan-16 10-Feb-16 14 637.33 1,916.82
2 C900SP10 25.00 5.08 0.25212 27-Jan-16 10-Feb-16 14 688.78 1,985.20
3 C900SP10 25.10 5.00 0.25167 27-Jan-16 10-Feb-16 14 669.90 | 2,005.34
average 665.34 1,969.12
1 C900SP10 24.90 5.08 0.25815 18-Jan-16 15-Feb-16 28 782.76 | 2,040.84
2 C900SP10 24.85 4.98 0.25594 18-Jan-16 15-Feb-16 28 730.80 | 2,068.15
3 C900SP10 25.25 5.11 0.25694 18-Jan-16 15-Feb-16 28 768.80 1,991.36
average 760.79 2,033.45
1 C900SP10 25.34 5.10 0.24147 2-Dec-15 27-Jan-16 56 882.49 1,868.18
2 C900SP10 25.00 5.08 0.24350 2-Dec-15 27-Jan-16 56 824.24 1,917.32
3 C900SP10 25.25 5.00 0.24355 2-Dec-15 27-Jan-16 56 849.67 1,929.11
average 852.13 1,904.87
1 C900SP10 24.90 5.08 0.25642 17-Nov-15 15-Feb-16 90 1,045.80 | 2,027.16
2 C900SP10 24.85 4.98 0.25594 17-Nov-15 15-Feb-16 90 997.09 | 2,068.15
3 C900SP10 25.25 ! 0.25524 17-Nov-15 15-Feb-16 90 925.80 1,978.18
average 989.56 | 2,024.50
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Code : C800SP20 w/b : 0.35

Cross Weight

Spec. Code Sectional Height of Weight of Date of Date of Comp. per
No. Area Specimen Specimen Casting Testing Ages Strength Volume
(cmz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C800SP20 25.30 5.02 0.24530 2-Mar-16 9-Mar-16 7 497.26 1,931.40
2 C800SP20 25.50 5.01 0.24618 2-Mar-16 9-Mar-16 7 502.45 1,926.90
3 C800SP20 25.05 5.00 0.24400 2-Mar-16 9-Mar-16 7 454.21 1,948.10
average 484.64 1,935.47
1 C800SP20 24.75 5.00 0.24959 28-Jan-16 11-Feb-16 14 554.34 2,016.89
2 C800SP20 25.00 4.98 0.24970 28-Jan-16 11-Feb-16 14 579.26 2,005.62
3 C800SP20 25.35 5.00 0.24976 28-Jan-16 11-Feb-16 14 564.51 1,970.42
average 566.04 1,997.64
1 C800SP20 25.00 4.95 0.25128 19-Jan-16 16-Feb-16 28 612.03 2,030.55
2 C800SP20 25.05 5.00 0.24975 19-Jan-16 16-Feb-16 28 629.49 1,994.01
3 C800SP20 25.10 5.05 0.24830 19-Jan-16 16-Feb-16 28 654.97 1,962.84
average 632.16 1,995.80
1 C800SP20 25.05 5.00 0.24554 8-Dec-15 2-Feb-16 56 717.86 1,960.63
2 C800SP20 25.45 5.01 0.24622 8-Dec-15 2-Feb-16 56 755.26 1,931.07
3 C800SP20 25.30 5.00 0.24707 8-Dec-15 2-Feb-16 56 701.16 1,953.08
average 724.76 1,948.26
1 C800SP20 25.34 5.10 0.25328 17-Nov-15 15-Feb-16 90 781.86 1,959.55
2 C800SP20 25.00 5.08 0.25236 17-Nov-15 15-Feb-16 90 799.92 1,987.09
3 C800SP20 25.25 5.00 0.25000 17-Nov-15 15-Feb-16 90 7717.36 1,980.20
average 786.38 1,975.61
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Code : C700SP30 w/b : 0.35

Cross Weight

Spec. Code Sectional | Height of | Weight of Date of Date of Comp. per
No. Area Specimen | Specimen Casting Testing Ages | Strength | Volume
(sz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C700SP30 25.05 5.01 0.23862 3-Mar-16 10-Mar-16 7 451.71 1,901.35
2 C700SP30 25.25 4.96 0.23955 3-Mar-16 10-Mar-16 7 458.12 1,912.68
3 C700SP30 25.15 4.97 0.23892 3-Mar-16 10-Mar-16 7 441.81 1,911.43
average 450.55 1,908.49
1 C700SP30 25.76 4.97 0.24626 16-Feb-16 1-Mar-16 14 520.30 1,923.87
2 C700SP30 25.40 4.98 0.24792 16-Feb-16 1-Mar-16 14 484.26 1,959.97
3 C700SP30 24.90 5.00 0.24758 16-Feb-16 1-Mar-16 14 470.45 1,988.59
average 491.67 1,957.48
1 C700SP30 25.05 5.10 0.24487 21-Jan-16 18-Feb-16 28 534.28 1,916.72
2 C700SP30 24.90 5.08 0.24628 21-Jan-16 18-Feb-16 28 553.54 1,947.06
3 C700SP30 25.00 5.00 0.24633 21-Jan-16 18-Feb-16 28 546.14 1,970.71
average 544.65 1,944.83
1 C700SP30 25.35] 5.05 0.24119 15-Dec-15 10-Feb-16 56 558.32 1,884.26
2 C700SP30 25.30 5.00 0.24321 15-Dec-15 10-Feb-16 56 565.54 1,922.73
3 C700SP30 25.00 4.98 0.24220 15-Dec-15 10-Feb-16 56 568.36 1,945.38
average 564.07 1,917.46
1 C700SP30 2591 5.05 0.24615 32-11-15 20-Feb-16 90 727.89 1,881.37
2 C700SP30 25.00 5.00 0.24694 329IS1S 20-Feb-16 90 650.89 1,975.55
3 C700SP30 25.40 4.98 0.24669 32-11-15 20-Feb-16 90 681.02 1,950.50
average 686.60 1,935.81
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Code : C600SP40 w/b : 0.35

Cross Weight

Spec. Code Sectional | Height of | Weight of Date of Date of Comp. per
No. Area Specimen | Specimen Casting Testing Ages Strength | Volume
(cmz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C600SP40 25.25 5.00 0.23185 9-Mar-16 16-Mar-16 7 421.93 1,836.48
2 C600SP40 25.10 5.09 0.23281 9-Mar-16 16-Mar-16 7 430.42 1,822.26
3 C600SP40 25.25 5.09 0.23364 9-Mar-16 16-Mar-16 7 441.81 1,817.89
average 431.39 | 1,825.54
1 C600SP40 25.86 4.98 0.23845 24-Feb-16 9-Mar-16 14 442.55 1,851.85
2 C600SP40 24.90 5.00 0.23661 24-Feb-16 9-Mar-16 14 488.57 1,900.48
3 C600SP40 25.00 4.97 0.23789 24-Feb-16 9-Mar-16 14 448.68 1,914.61
average 459.93 1,888.98
1 C600SP40 26.01 5.06 0.24454 25-Jan-16 22-Feb-16 28 503.80 1,858.09
2 C600SP40 25.15 5.02 0.24508 25-Jan-16 22-Feb-16 28 529.52 1,941.18
3 C600SP40 25.00 5.00 0.24429 25-Jan-16 22-Feb-16 28 516.27 1,954.32
average 516.53 1,917.86
1 C600SP40 25.30 5.12 0.24376 17-Dec-15 13-Feb-16 56 527.05 1,881.91
2 C600SP40 25.15 5.00 0.24428 17-Dec-15 13-Feb-16 56 532.97 1,942.58
3 C600SP40 24.85 5.00 0.24273 17-Dec-15 13-Feb-16 56 546.07 1,953.56
average 535.36 1,926.02
1 C600SP40 26.11 5.05 0.24119 24-Nov-15 21-Feb-16 90 524.42 1,829.06
2 C600SP40 25.40 4.98 0.24296 24-Nov-15 21-Feb-16 90 577.18 1,920.75
3 C600SP40 25.00 5.00 0.24143 24-Nov-15 21-Feb-16 90 544.09 1,931.44
average 548.56 | 1,893.75
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Code : C100 w/b : 0.40

Cross Weight Weight
Spec. Code Sectional | Height of of Date of Date of Comp. per

No. Area Specimen | Specimen Casting Testing Ages Strength | Volume
(sz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C100 25.20 5.08 0.24481 25-Feb-16 3-Mar-16 7 605.68 1,912.34
2 C100 25.40 5.03 0.24731 25-Feb-16 3-Mar-16 7 577.18 1,935.59
3 C100 24.90 5.00 0.24733 25-Feb-16 3-Mar-16 7 666.05 1,986.59
average 616.30 1,944.84
1 C100 25.00 4.95 0.24675 26-Jan-16 9-Feb-16 14 796.43 1,993.94
2 C100 24.65 5.00 0.24759 26-Jan-16 9-Feb-16 14 779.53 | 2,008.75
3 C100 24.90 5.03 0.24670 26-Jan-16 9-Feb-16 14 727.49 1,969.71
average 767.82 1,990.80
1 C100 24.75 5.00 0.24790 14-Jan-16 11-Feb-16 28 803.99 | 2,003.23
2 C100 24.80 4.96 0.24828 14-Jan-16 11-Feb-16 28 827.78 | 2,018.41
3 C100 25.15 5.00 0.24967 14-Jan-16 11-Feb-16 28 819.64 1,985.45
average 817.14 2,002.36
1 C100 25.15 5.00 0.24754 25-Nov-05 20-Jan-16 56 796.14 1,968.82
2 C100 25.15 5.04 0.24852 25-Nov-05 20-Jan-16 56 897.27 1,960.62
3 C100 25.15 4.98 0.24751 25-Nov-05 20-Jan-16 56 864.30 1,976.18
average 852.57 1,968.54
1 C100 25.30 5.05 0.25322 18-Nov-15 16-Feb-16 90 1,056.25 | 1,982.05
2 C100 2475 4.98 0.25300 18-Nov-15 16-Feb-16 90 953.77 | 2,052.61
3 C100 25.81 5.00 0.25193 18-Nov-15 16-Feb-16 90 1,006.18 | 1,952.53
average 1,005.40 | 1,995.73
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NREUNTVUA 10% (C900SP10) TAgiiN13nAIuAN 003 18IUUIADTAQNIN 0.40

Code : C900SP10 w/b : 0.40

Cross Weight

Spec Code Sectional | Height of | Weight of Date of Date of Comp. per
- No. Area Specimen | Specimen Casting Testing Ages Strength Volume
(sz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C900SP10 2591 5.05 0.24327 1-Mar-16 8-Mar-16 7 553.11 1,859.36
2 C900SP10 25.00 5.00 0.24331 1-Mar-16 8-Mar-16 7 565.25 1,946.51
3 C900SP10 25.40 498 0.24234 1-Mar-16 8-Mar-16 7 604.06 1,916.10
average 574.14 1,907.32
1 C900SP10 26.11 5.05 0.24370 27-Jan-16 10-Feb-16 14 646.46 1,848.09
2 C900SP10 25.40 4.98 0.24349 27-Jan-16 10-Feb-16 14 698.68 1,924.94
3 C900SP10 25.00 5.00 0.24314 27-Jan-16 | 10-Feb-16 14 688.37 1,945.12
average 677.84 1,906.05
1 C900SP10 25.30 5.05 0.25069 18-Jan-16 15-Feb-16 28 708.06 1,962.24
2 C900SP10 24.75 4.98 0.25213 18-Jan-16 | 15-Feb-16 28 718.55 2,045.55
3 C900SP10 25.81 5.00 0.25015 18-Jan-16 | 15-Feb-16 28 672.47 1,938.73
average 699.69 1,982.17
1 C900SP10 26.11 4.98 0.24957 2-Dec-15 27-Jan-16 56 766.56 1,919.21
2 C900SP10 25.40 4.97 0.25037 2-Dec-15 27-Jan-16 56 739.39 1,983.32
3 C900SP10 25.00 5.05 0.24901 2-Dec-15 27-Jan-16 56 743.95 1,972.36
average 749.97 1,958.30
1 C900SP10 26.11 4.98 0.24725 18-Nov-15 | 16-Feb-16 90 814.12 1,901.37
2 C900SP10 25.40 4.97 0.24371 18-Nov-15 | 16-Feb-16 90 841.62 1,930.56
3 C900SP10 25.00 5.05 0.24446 18-Nov-15 | 16-Feb-16 90 822.87 1,936.32
average 826.20 1,922.75
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NREUNTUUA 20% (C800SP20) TAgIN13AIUAN 003 18IUUIADTAQNIN 0.40

Code : C800SP20 w/b : 0.40

Cross Weight

Spec. Code Sectional | Height of | Weight of Date of Date of Comp. per
No. Area Specimen | Specimen Casting Testing Ages Strength | Volume
(cmz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C800SP20 24.95 5.00 0.24053 2-Mar-16 9-Feb-16 7 450.00 1,928.14
2 C800SP20 25.05 4.97 0.24113 2-Mar-16 9-Feb-16 7 478.00 1,936.81
3 C800SP20 25.10 5.00 0.23955 2-Mar-16 9-Feb-16 7 460.00 1,908.76
average 462.67 1,924.57
1 C800SP20 25.00 4.95 0.24097 28-Jan-16 11-Feb-16 14 560.22 1,947.23
2 C800SP20 24.65 5.00 0.24072 28-Jan-16 11-Feb-16 14 562.02 1,953.01
3 C800SP20 24.90 5.03 0.24118 28-Jan-16 11-Feb-16 14 546.72 1,925.63
average 556.32 1,941.96
1 C800SP20 24.75 4.97 0.24153 19-Jan-16 16-Feb-16 28 601.91 1,963.54
2 C800SP20 24.85 5.00 0.23762 19-Jan-16 16-Feb-16 28 572.62 1,912.43
3 C800SP20 25.15 5.02 0.23914 19-Jan-16 16-Feb-16 28 567.83 1,894.13
average 580.79 1,923.37
1 C800SP20 24.75 5.00 0.24185 8-Dec-15 2-Feb-16 56 643.21 1,954.34
2 C800SP20 24.85 4.97 0.24287 8-Dec-15 2-Feb-16 56 636.27 1,966.49
3 C800SP20 25.05 4.98 0.24170 8-Dec-15 2-Feb-16 56 621.98 1,937.54
average 633.82 1,952.79
1 C800SP20 25.40 5.10 0.24185 18-Nov-15 16-Feb-16 90 657.69 1,867.14
2 C800SP20 25.60 5.12 0.24287 18-Nov-15 16-Feb-16 90 705.13 1,852.95
3 C800SP20 24.90 4.98 0.24170 18-Nov-15 16-Feb-16 90 706.81 1,949.16
average 689.88 1,889.75
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NOYUWIVUA 30% (C700SP30) TAgINITAILAY 0AIIAIUIIADTTYHIN 0.40

Code : C700SP30 w/b : 0.40

Cross Weight

Spec. Code Sectional | Height of | Weight of Date of Date of Comp. per
No. Area Specimen | Specimen Casting Testing Ages Strength | Volume
(sz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C700SP30 25.40 5.08 0.23515 3-Mar-16 10-Mar-16 7 381.37 1,822.56
2 C700SP30 25.10 4.98 0.23491 3-Mar-16 10-Mar-16 7 382.85 1,879.31
3 C700SP30 24.85 5.11 0.23359 3-Mar-16 10-Mar-16 7 373.35 1,839.53
average 379.19 | 1,847.13
1 C700SP30 25.60 5.10 0.23700 16-Feb-16 1-Mar-16 14 417.08 1,815.26
2 C700SP30 25.00 5.08 0.23699 16-Feb-16 1-Mar-16 14 420.32 1,866.06
3 C700SP30 25.10 5.00 0.23731 16-Feb-16 1-Mar-16 14 460.35 1,890.92
average 432.58 1,857.41
1 C700SP30 24.90 5.08 0.23839 21-Jan-16 18-Feb-16 28 465.53 1,884.63
2 C700SP30 24.85 4.98 0.23705 21-Jan-16 18-Feb-16 28 492.41 1,915.51
3 C700SP30 25.25 5.11 0.24031 21-Jan-16 18-Feb-16 28 440.59 1,862.47
average 466.18 1,887.54
1 C700SP30 25.34 5.10 0.23709 15-Dec-15 10-Feb-16 56 489.24 1,834.29
2 C700SP30 25.00 5.08 0.23625 15-Dec-15 10-Feb-16 56 481.09 1,860.24
3 C700SP30 25.25 5.00 0.23641 15-Dec-15 10-Feb-16 56 497.09 1,872.55
average 489.14 1,855.69
1 C700SP30 25.50 5.10 0.23727 23-Nov-15 20-Feb-16 90 563.97 1,824.45
2 C700SP30 25.25 5.05 0.23773 23-Nov-15 20-Feb-16 90 618.48 1,864.37
3 C700SP30 25.10 5.00 0.23733 23-Nov-15 20-Feb-16 90 559.59 1,891.08
average 580.68 | 1,859.96
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NRHUNTUUA 40% (C600SP40) TAgIN13AIUAN 003 18IUUINDTAQNIN 0.40

Code : C600SP40 w/b : 0.40
Weight
Cross Height of of Weight
Spee Code Sectional | Specime Specime Date of Date of Comp. per
e Area n n Casting Testing Ages Strength Volume
(sz) (cm) (kg) (d/m/y) (d/m/y) (days) (ksc) kg/cu.m.
1 C600SP40 25.40 5.10 0.22614 9-Mar-16 16-Mar-16 7 298.68 1,745.85
2 C600SP40 25.60 5.12 0.22757 9-Mar-16 16-Mar-16 7 337.44 1,736.22
3 C600SP40 24.90 4.98 0.22607 9-Mar-16 16-Mar-16 7 344.38 1,823.12
average 326.83 1,768.40
1 C600SP40 25.50 5.10 0.23029 24-Feb-16 9-Mar-16 14 382.31 1,770.78
2 C600SP40 25.25 5.05 0.23273 24-Feb-16 9-Mar-16 14 356.78 1,825.15
3 C600SP40 25.10 5.00 0.22970 24-Feb-16 9-Mar-16 14 380.76 1,830.28
average 373.28 1,808.74
1 C600SP40 24.90 4.98 0.23419 25-Jan-16 22-Feb-16 28 422.69 1,888.60
2 C600SP40 25.50 5.10 0.23535 25-Jan-16 22-Feb-16 28 394.31 1,809.69
3 C600SP40 25.00 5.00 0.23655 25-Jan-16 22-Feb-16 28 391.30 1,892.40
average 402.77 1,863.56
1 C600SP40 24.85 5.02 0.23582 17-Dec-16 13-Feb-16 56 446.32 1,890.46
2 C600SP40 24.90 4.98 0.23535 17-Dec-16 13-Feb-16 56 437.52 1,897.95
3 C600SP40 25.25 5.00 0.23476 17-Dec-16 13-Feb-16 56 451.38 1,859.49
average 445.07 1,882.63
1 C600SP40 24.90 4.98 0.24035 24-Nov-15 21-Feb-16 90 482.10 1,938.28
2 C600SP40 25.50 5.10 0.23800 24-Nov-15 21-Feb-16 90 552.72 1,830.07
3 C600SP40 25.00 5.00 0.24050 24-Nov-15 21-Feb-16 90 542.68 1,924.00
average 525.83 1,897.45
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Code : C100 w/b : 0.30

Sample 1 X, 1.416 Sample 1 X, 1.439
Age L, X, AL/LO(IO_B) L, X, AL/LO(IO_B) Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.416 1.416 0.00 1.439 1.439 0.00 0.00

7 1.416 1.204 149.72 1.439 1.268 118.83 134.28
14 1.416 1.117 211.16 1.439 1.170 186.94 199.05
21 1.416 1.061 250.71 1.439 1.100 235.58 243.14
28 1.416 1.012 285.31 1.439 1.062 261.99 273.65
35 1.416 0.973 312.85 1.439 1.019 291.87 302.36
42 1.416 0.956 324.86 1.439 1.002 303.68 314.27
49 1.416 0.906 360.17 1.439 0.952 338.43 349.30
56 1.416 0.896 367.23 1.439 0.942 345.38 356.31
63 1.416 0.875 382.06 1.439 0.927 355.80 368.93
70 1.416 0.864 389.83 1.439 0.916 363.45 376.64
77 1.416 0.861 391.95 1.439 0.915 364.14 378.05
84 1.416 0.859 393.36 1.439 0915 364.14 378.75
90 1.416 0.858 394.07 1.439 0.906 370.40 382.23
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Code : C90GOS10 w/b : 0.30

Sample 1 X, 1.317 Sample 1 X, 1.545
Age L, X, AL/LO(IO_B) L, X, AL/LO(IO_B) Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.317 1.317 0.00 1.545 1.545 0.00 0.00

7 1.317 1.131 141.23 1.545 1.346 128.80 135.02
14 1.317 1.001 239.94 1.545 1.246 193.53 216.73
21 1.317 0.930 293.85 1.545 1.177 238.19 266.02
28 1.317 0.879 332.57 1.545 1.129 269.26 300.91
35 1.317 0.852 353.08 1.545 1.095 291.26 322.17
42 1.317 0.833 367.50 1.545 1.077 302.91 335.21
49 1.317 0.802 391.04 1.545 1.039 327.51 359.27
56 1.317 0.797 394.84 1.545 1.035 330.10 362.47
63 1.317 0.774 412.30 1.545 1.012 344.98 378.64
70 1.317 0.764 419.89 1.545 0.987 361.17 390.53
77 1.317 0.761 422.17 1.545 0.985 362.46 392.32
84 1.317 0.759 423.69 1.545 0.984 363.11 393.40
90 1.317 0.752 429.01 1.545 0.971 371.52 400.26




87

o s IR o { s
M31943 HANITNATOUNTHAAILLUBD Iaditloduesdiuuamas 39nsununyudme

1 %’ 1 % {
Meraldon1osuasuua 20 % Iaeyhinsaiuan oasaIuIADTAgHIN 030

Code : C80G0S20 w/b : 0.30
Sample 1 X, 1.095 Sample 1 X, 1.010
Age L, X, AL/LO(IO_B) L, X, AL/LO(IO_B) Average
(mm.) (mm.) % (mm.) (mm.) %
1 1.095 1.095 0.00 1.010 1.010 0.00 0.00
7 1.095 0.955 127.85 1.010 0.855 153.47 140.66
14 1.095 0.847 226.48 1.010 0.742 265.35 245.92
21 1.095 0.790 278.54 1.010 0.683 323.76 301.15
28 1.095 0.740 324.20 1.010 0.638 368.32 346.26
35 1.095 0.677 381.74 1.010 0.579 426.73 404.23
42 1.095 0.657 400.00 1.010 0.560 445.54 422.77
49 1.095 0.602 450.23 1.010 0.503 501.98 476.10
56 1.095 0.594 457.53 1.010 0.496 508.91 483.22
63 1.095 0.579 471.23 1.010 0.481 523.76 497.50
70 1.095 0.564 484.93 1.010 0.471 533.66 509.30
77 1.095 0.562 486.76 1.010 0.470 534.65 510.71
84 1.095 0.561 487.67 1.010 0.470 534.65 511.16
90 1.095 0.549 498.63 1.010 0.463 541.58 520.11
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MoHI)ApNNBIUINTUUA 30 % laeTiNsAIugL BATIEINIIAD TEARIN 0.30

Code : C70G0OS30 w/b : 0.30

Sample 1 X, 1.672 Sample 1 X, 1.160
Age L, X, AL/LO(IO_B) L, X, AL/LO(IO_B) Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.672 1.672 0.00 1.160 1.160 0.00 0.00

7 1.672 1.088 349.28 1.160 0.946 184.48 266.88
14 1.672 0.890 467.70 1.160 0.840 275.86 371.78
21 1.672 0.804 519.14 1.160 0.804 306.90 413.02
28 1.672 0.788 528.71 1.160 0.783 325.00 426.85
35 1.672 0.744 555.02 1.160 0.776 331.03 443.03
42 1.672 0.715 572.37 1.160 0.742 360.34 466.36
49 1.672 0.698 582.54 1.160 0.718 381.03 481.79
56 1.672 0.658 606.46 1.160 0.672 420.69 513.57
63 1.672 0.644 614.83 1.160 0.660 431.03 522.93
70 1.672 0.640 617.22 1.160 0.658 432.76 524.99
77 1.672 0.624 626.79 1.160 0.643 445.69 536.24
84 1.672 0.619 629.78 1.160 0.640 448.28 539.03
90 1.672 0.614 632.78 1.160 0.638 450.00 541.39
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M5 HANITNATOUNTHAAILLIUBD IaditloaueIdiuuamas 39nsununyudmne

1 %’ 1 % {
Meraldon1osuasua 40 % Taeyhinmsaiuan oasaIuAeTagMHIN 030

Code : C60G0OS40 w/b : 0.30

Sample 1 X, 1.774 Sample 1 X, 1.141
Age L, X, | ALL(107) L, X, | ALL,(107) | Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.774 1.774 0.00 1.141 1.141 0.00 0.00

7 1.774 0.951 463.92 1.141 0.896 214.72 339.32
14 1.774 0.848 521.98 1.141 0.815 285.71 403.85
21 1.774 0.789 555.24 1.141 0.756 337.42 446.33
28 1.774 0.762 570.46 1.141 0.750 342.68 456.57
35 1.774 0.712 598.65 1.141 0.690 395.27 496.96
42 1.774 0.702 604.28 1.141 0.678 405.78 505.03
49 1.774 0.666 624.58 1.141 0.643 436.46 530.52
56 1.774 0.667 624.01 1.141 0.641 438.21 531.11
63 1.774 0.649 634.16 1.141 0.627 450.48 542.32
70 1.774 0.641 638.67 1.141 0.613 462.75 550.71
77 1.774 0.632 643.74 1.141 0.612 463.63 553.69
84 1.774 0.624 648.25 1.141 0.612 463.63 555.94
90 1.774 0.622 649.38 1.141 0.610 465.38 557.38




HNANUIN Q.
1 (% a A ~ 4 P 1 [
Nﬁfﬂi‘ﬂﬂ’d@‘ﬂﬂ1ﬂ1§‘ﬁﬂ@’l!!‘ﬂ‘ﬂi’]ﬂi¢]Eﬂluﬂﬁﬂlﬂﬂ"lﬂmumwfW]‘V]i’ﬂQﬂTi‘UﬂJ 1-90 97U

] %} ] @ {
TariiNInIuAN oaTIaIUIIAD IAQRIN 0.35



o 7 s
M1 -1 HANINATOUMIHAAIMU DD Tn BT VRIFUANAAN1
9

=]

< 3 [
UK UAL UIaA

a

Uszauieand 1@ (C100) Tagn1snIugy 8as1aIutiaedaanai 0.35

91

Code : C100 w/b : 0.35

Sample 1 X, 1.365 Sample 1 X, 1.328
Age L, X, AL/LO(IO_B) L, X, AL/LO(IO_B) Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.365 1.365 0 1.328 1.328 0 0

7 1.365 1.146 160.43 1.328 1.114 161.14 160.79
14 1.365 1.071 215.38 1.328 1.026 227.40 221.39
21 1.365 1.003 265.20 1.328 0.958 278.61 271.90
28 1.365 0.976 284.98 1.328 0.935 295.93 290.45
35 1.365 0.927 320.87 1.328 0.878 338.85 329.86
42 1.365 0.905 336.99 1.328 0.860 352.40 344.70
49 1.365 0.865 366.30 1.328 0.820 382.53 374.41
56 1.365 0.862 368.49 1.328 0.816 385.54 377.02
63 1.365 0.855 373.62 1.328 0.802 396.08 384.85
70 1.365 0.830 391.94 1.328 0.784 409.63 400.79
77 1.365 0.826 394.87 1.328 0.781 411.89 403.38
84 1.365 0.824 396.33 1.328 0.776 415.66 405.99
90 1.365 0.818 400.73 1.328 0.764 424.69 412.71
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M319 02 HANTNATOUNMITHAAIDUDD TATHITVOITLUANEEA FAIMTUNURY UTINUA

1 %’ 1 % {
Meraldonrosuasuua 10 % Iagyhinmsaiuan oasiaIuiaeiagnei 035

Code : C90GOS10 w/b : 0.35

Sample 1 X, 1.233 Sample 1 X, 1.266
Age L, X, AL/LO(IO_B) L, X, AL/LO(IO_B) Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.233 1.233 0 1.266 1.266 0 0

7 1.233 1.060 140.30 1.266 1.082 145.33 142.82
14 1.233 0.977 207.62 1.266 0.999 210.90 209.26
21 1.233 0.915 257.90 1.266 0.938 259.08 258.49
28 1.233 0.857 304.94 1.266 0.883 302.52 303.73
35 1.233 0.806 346.30 1.266 0.829 345.18 345.74
42 1.233 0.780 367.39 1.266 0.805 364.13 365.76
49 1.233 0.734 404.70 1.266 0.758 401.26 402.98
56 1.233 0.721 415.24 1.266 0.751 406.79 411.02
63 1.233 0.699 433.09 1.266 0.730 423.38 428.23
70 1.233 0.685 444 .44 1.266 0.714 436.01 440.23
77 1.233 0.683 446.06 1.266 0.710 439.17 442.62
84 1.233 0.682 446.87 1.266 0.707 441.54 44421
90 1.233 0.666 459.85 1.266 0.695 451.02 455.44
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M99 9-3 WAMINATOUMIUAANDLDD TANTIAVOITIUUAWAA FITINTUNUNY U1 UE

[ %} 1 [ {
Ao ABNNBIUNTUUA 20 % TABTINITAILAN DATIEIIADTAANIT 0.35

Code : C80GOS20 w/b : 0.35
Sample 1 X, 1.166 Sample 1 X, 1.160
Age L, X, | ALL(107) L, X, | ALL,(10%) | Average
(mm.) (mm.) % (mm.) (mm.) %
1 1.166 1.166 0 1.160 1.160 0 0
7 1.166 1.025 120.92 1.160 1.028 113.79 117.35
14 1.166 0.903 225.55 1.160 0.917 209.48 217.52
21 1.166 0.849 271.86 1.160 0.853 264.65 268.26
28 1.166 0.802 312.17 1.160 0.808 303.44 307.81
35 1.166 0.740 365.35 1.160 0.745 357.75 361.55
42 1.166 0.713 388.50 1.160 0.719 380.17 384.34
49 1.166 0.650 442.53 1.160 0.656 434.48 438.51
56 1.166 0.636 454.54 1.160 0.638 450.00 452.27
63 1.166 0.621 467.40 1.160 0.619 466.37 466.89
70 1.166 0.602 483.70 1.160 0.598 484.48 484.09
77 1.166 0.600 485.42 1.160 0.594 487.93 486.67
84 1.166 0.599 486.27 1.160 0.592 489.65 487.96
90 1.166 0.588 495.71 1.160 0.597 485.34 490.52
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M99 9-4 WAMTNATOUMITUAANDLDD TANTHIAVOITIUUAWAA FITINTUNUNY U1 UE

[ %} 1 [ {
MoHIABNNBIUNTUUA 30 % TABTINITAILAN DATIEINIADTAANIT 0.35

Code : C70GOS30 w/b : 0.35
Sample 1 X, 1.253 Sample 1 X, 1.031
Age L, X, | ALL(107) L, X, | ALL,(10%) | Average
(mm.) (mm.) % (mm.) (mm.) %
1 1.253 1.253 0 1.031 1.031 0 0
7 1.253 1.066 149.24 1.031 0.864 161.9 155.61
14 1.253 0.982 216.28 1.031 0.769 254.12 235.20
21 1.253 0.896 284.91 1.031 0.693 327.83 306.37
28 1.253 0.846 324.82 1.031 0.644 375.36 350.09
35 1.253 0.819 346.36 1.031 0.604 414.16 380.26
42 1.253 0.776 380.68 1.031 0.583 434.53 407.60
49 1.253 0.736 412.60 1.031 0.537 479.14 445.87
56 1.253 0.733 415.00 1.031 0.535 481.08 448.04
63 1.253 0.709 434.15 1.031 0.510 505.33 469.74
70 1.253 0.694 446.12 1.031 0.497 517.94 482.03
77 1.253 0.691 448.52 1.031 0.495 519.88 484.20
84 1.253 0.690 449.32 1.031 0.491 523.76 486.54
90 1.253 0.677 459.69 1.031 0.479 535.40 497.54
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M13519 9-5 WANINAAEUNIHAILIUOD Inditlodvedudmed 39 sumuny udmud

1 %’ 1 % {
Meraldonrosuasuua 40 % Iagyhinmsaiuan oasaIuAeTagrei 035

Code : C60GOS40 w/b : 0.35

Sample 1 X, 1.059 Sample 1 X, 1.064
Age L, X, AL/LO(IO_B) L, X, AL/LO(IO_B) Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.059 1.059 0.00 1.064 1.064 0.00 0

7 1.059 0.857 190.75 1.064 0.852 199.25 195.00
14 1.059 0.708 331.44 1.064 0.724 319.55 325.50
21 1.059 0.693 345.61 1.064 0.697 344.92 345.27
28 1.059 0.662 374.88 1.064 0.666 374.06 374.47
35 1.059 0.649 387.16 1.064 0.651 388.16 387.66
42 1.059 0.617 417.37 1.064 0.619 418.23 417.80
49 1.059 0.600 43343 1.064 0.603 433.27 433.35
56 1.059 0.559 472.14 1.064 0.560 473.68 47291
63 1.059 0.540 490.08 1.064 0.548 484.96 487.52
70 1.059 0.542 488.20 1.064 0.532 500.00 494.10
77 1.059 0.523 506.14 1.064 0.513 517.86 512.00
84 1.059 0.518 510.86 1.064 0.508 522.56 516.71
90 1.059 0.513 515.58 1.064 0.503 527.26 521.42
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Code : C100 w/b : 0.40

Sample 1 X, 1.334 Sample 1 X, 1.326
Age L, X, AL/LO(IO_B) L, X, AL/LO(IO_B) Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.334 1.334 0 1.326 1.326 0 0

7 1.334 1.148 139.43 1.326 1.147 134.99 137.21
14 1.334 1.018 236.88 1.326 1.012 236.80 236.84
21 1.334 0.997 252.62 1.326 0.988 254.90 253.76
28 1.334 0.971 272.11 1.326 0.952 282.05 277.08
35 1.334 0.945 291.60 1.326 0.933 296.38 293.99
42 1.334 0.913 315.59 1.326 0.896 324.28 319.93
49 1.334 0.897 327.58 1.326 0.877 338.61 333.09
56 1.334 0.834 374.81 1.326 0.826 377.07 375.94
63 1.334 0.814 389.80 1.326 0.809 389.89 389.84
70 1.334 0.810 392.80 1.326 0.802 395.17 393.98
77 1.334 0.803 398.05 1.326 0.782 410.25 404.15
84 1.334 0.795 404.04 1.326 0.776 41478 409.41
90 1.334 0.769 423.53 1.326 0.771 418.55 421.04
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M3 D2 HAMINATOUNITHAAMUDOO IadiloauoIdmuamdd Fainsumunyudmuua

[ %} 1 [ {
MeHI)ApNNeEUNTNUA 10 % TaeTinsalugy oA IdIuIIAD TaaRIN 0.40

Code : C90GOS10 w/b : 0.40

Sample 1 X, 1.244 Sample 1 X, 1.174
Age L, X, | ALL(107) L, X, | ALL,(10%) | Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.244 1.244 0 1.174 1.174 0 0

7 1.244 1.126 94.85 1.174 1.044 110.73 102.79
14 1.244 1.036 167.20 1.174 0.936 202.72 184.96
21 1.244 0.943 241.96 1.174 0.853 273.42 257.69
28 1.244 0.887 286.97 1.174 0.793 324.53 305.75
35 1.244 0.838 326.36 1.174 0.748 362.86 344.61
42 1.244 0.809 349.67 1.174 0.720 386.71 368.19
49 1.244 0.760 389.06 1.174 0.670 429.30 409.18
56 1.244 0.744 401.92 1.174 0.657 440.37 421.15
63 1.244 0.717 423.63 1.174 0.630 463.37 443.50
70 1.244 0.699 438.10 1.174 0.619 472.74 455.42
77 1.244 0.695 441.31 1.174 0.617 474.44 457.88
84 1.244 0.692 443.72 1.174 0.616 475.29 459.51
90 1.244 0.673 459.00 1.174 0.600 488.92 473.96
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M1519 23 HANINATOUNMIHAAIDLBE TN HaVOITUUANAA FIMsununudiua

1 %’ 1 % {
Meraldonrosuasuua 20 % Iagyhinsaiugu oasidIuhae Taanei 0.40

Code : C80G0S20 w/b : 0.40

Sample 1 X, 1.098 Sample 1 X, 1.274
Age L, X, AL/LO(IO_B) L, X, AL/LO(IO_B) Average

(mm.) (mm.) % (mm.) (mm.) %
1 1.098 1.098 0 1.274 1.274 0 0

7 1.098 0.966 120.21 1.274 1.147 99.68 109.95
14 1.098 0.883 195.81 1.274 1.057 170.32 183.07
21 1.098 0.810 262.29 1.274 0.986 226.05 24417
28 1.098 0.754 313.29 1.274 0.924 274.72 294.01
35 1.098 0.695 367.03 1.274 0.867 319.46 343.24
42 1.098 0.665 394.35 1.274 0.833 346.15 370.25
49 1.098 0.611 443.53 1.274 0.773 393.24 418.39
56 1.098 0.594 459.01 1.274 0.758 405.02 432.02
63 1.098 0.572 479.05 1.274 0.736 422.29 450.67
70 1.098 0.553 496.35 1.274 0.716 437.99 467.17
77 1.098 0.549 500.00 1.274 0.710 44270 471.35
84 1.098 0.547 501.82 1.274 0.707 445.05 473.43
90 1.098 0.531 516.39 1.274 0.692 456.82 486.61
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M3 D-4 HAMINATOUNTHAR WV VOO AT oAVOITINUANAA FIINTuNUNudinud

1 %’ 1 % {
Meraldontiosuasuua 30 % Iagrhimsaiugu oasidIuhae Taanei 0.40

Code : C70GOS30 w/b : 0.40
Sample 1 X, 1.175 Sample 1 X, 1.122
Age L, X, | ALL(107) L, X, | ALL,(10%) | Average
(mm.) (mm.) % (mm.) (mm.) %
1 1.175 1.175 0 1.122 1.122 0 0
7 1.175 0.985 161.70 1.122 0.968 137.25 149.47
14 1.175 0.890 242.55 15122 0.890 206.77 224.66
21 1.175 0.817 304.68 1.122 0.790 295.90 300.29
28 1.175 0.773 342.12 1.122 0.791 295.00 318.56
35 1.175 0.691 411.91 1.122 0.725 353.83 382.87
42 1.175 0.705 400.00 1.122 0.611 455.43 427.71
49 1.175 0.662 436.59 15122 0.621 446.52 441.55
56 1.175 0.657 440.85 19129 0.611 455.43 448.14
63 1.175 0.635 459.57 1.122 0.589 475.04 467.30
70 1.175 0.618 474.04 1.122 0.554 506.23 490.14
77 1.175 0.612 479.14 1.122 0.548 511.58 495.36
84 1.175 0.606 484.25 1.122 0.546 513.36 498.81
90 1.175 0.606 484.25 1.122 0.540 518.71 501.48
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M3 D5 HANINATOUNMIHAAIID VDO I THavoITUUANAA FImsununudiua

1 %’ 1 % {
Meraldontosuasuua 40 % Iagyhimsaiugu oasidIuhae Taanei 0.40

Code : C60G0OS40 w/b : 0.40
Sample 1 X, 0.947 Sample 1 X, 1.225
Age L, X, | ALL(107) L, X, | ALL,(10%) | Average
(mm.) (mm.) % (mm.) (mm.) %
1 0.947 0.947 0 1.225 1.225 0 0
7 0.947 0.859 92.92 1.225 1.128 79.18 86.05
14 0.947 0.768 189.01 1.225 1.017 169.79 179.40
21 0.947 0.700 260.82 1.225 0.948 226.12 243.47
28 0.947 0.660 303.06 1.225 0.896 268.57 285.81
35 0.947 0.590 376.97 1.225 0.824 327.34 352.16
42 0.947 0.563 405.49 1£225 0.797 349.38 377.43
49 0.947 0.496 476.24 1.225 0.730 404.08 440.16
56 0.947 0.470 503.69 #9025 0.689 437.55 470.62
63 0.947 0.447 527.98 1.225 0.687 439.18 483.58
70 0.947 0.423 553.32 1.225 0.665 457.14 505.23
77 0.947 0.411 565.99 1.225 0.661 460.40 513.20
84 0.947 0.406 571.27 1.225 0.659 462.04 516.65
90 0.947 0.390 588.17 1822’5 0.645 473.46 530.82
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