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APIRUK MARTNOK : A STUDY OF EFFECT OF MOISTURE STATES
AND ABSORPTION OF NATURAL AGGREGATES AND RECYCLED
COARSE AGGREGATES ON SLUMP AND COMPRESSIVE STRENGTH
OF CONCRETE. ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D.,
P.E.

The research studies, the effect of moisture states and absorption of natural
and recycled coarse aggregates on slump and compressive strength of concrete. Effect
of two moisture states of both aggregates, air-dried state and saturated surface dry
state, were investigated. Recycled coarse aggregate was used to replace crashed
limestone at 25 and 100 percent by volume. Slump loss of fresh concrete with two
types of aggregate was determined. The compressive strength, ultrasonic pulse
velocity, and modulus of elasticity of hardened concrete were also determined. The
results reveals that concrete samples using coarse aggregates in air- dried state,
especially recycled coarse aggregates, have higher initial slump and faster slump loss
in the first- hour than those in saturated surface dry state. The coarse aggregates in
saturated surface dry state give higher compressive strength than those. The moisture
states of aggregate do not affect the ultrasonic pulse velocity of concrete but the
replacement of crushed limestone by recycled aggregate reduces the ultrasonic pulse
velocity. The cracks on cement paste of the recycled coarse aggregate increases the
distance for wave travel passing through concrete. The modulus of elasticity of
concrete was not directly depended on the moisture states of recycled coarse

aggregate but depended on the strength of concrete
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References Recycled Concrete
Natural Aggregate
Aggregate
Hansen and Narud 2,340-2,490 2,500-2,620
Lopez-Gayarre et al. 2,200-2,360 2,680-2,690
Salem and Burette 2,550 2,670
Tangchirapat et al. 2,450 2,670
TINA AU aYAMY 2,490 2,730
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A1319N 2.1 (99)

ANMUHUILUY (nn/y 3)
References Recycled Concrete
Natural Aggregate
Aggregate
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Rahal 2,390 2,860
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v Y v
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9 = gl
080N IYATUUT (%)
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SOIBRTATLN . . -
NTYDUIAYADUNTA AMNDIITULIN
Coarse Fine Coarse Fine
Hansen and Narud 3.8-5.0 8.7 0.8-1.8 3.7
Lopez-Gayarre et al. 3.80-5.00 - 0.22-0.27 -
Salem and Burette 4.70 - 0.30 -
quias 91d10 Lazdo 11qINinYna 455 6.46 0.45 0.91
q3ting geufne iazan 520546 | 8.03-9.62 0.39 0.94
Etxeberria et al. 4.44 - 0.88 -
Limbachiya et al. 4.90-5.20 - 2.5 -
Rahal 3.47 - 0.68 -
Ravindrajah and Tam 5.7 6.2 0.3 0.6
Tangchirapat et al. 5.61 11.91 0.46 0.94
B.C.S.J. 3.6-8.0 8.3-12.1 - -
Uniles $auy uazde aqsiintna 4.81 - 0.45 -
Levy and Helene 5.6 10.3 0.8 1.8

A ~ d ¢a Aa A v v ! (Y]
2.6 1]5N1%1!"’15!N‘Hﬂ!‘V‘Ia’ﬂ"ﬂ!ﬂ13‘nN3‘11EN3~l'Jﬁ5?Nﬂ‘1ﬂﬂ1ﬂﬂ]iﬂﬂﬂ!ﬂﬂﬂﬁuﬂiﬂ (Agna aun

wazane, 1 2553)

1IATININNTIDUANADUNIALUTZNOUAY 2 AIUNAN LAUN VIATINAINTTTUFIA

~ % s A JY A 1Aa ~ 7 s A 7Y JAa
uawmumwa@mamimimmzagwmmmmas’m FIHUAUNTANTOUDT ANTNHIVDINIA
Y

sadinnungugareihldiimsgadmhgediwadonuauiidvesnouniaaa taznouniaf

<Y Y a ~ J 7 Aa Ya .
LUNAILERA ) ﬂTﬂrﬂﬂﬂJWillclﬂllLlﬁLWEWI‘I/]Lﬂ1$“I/IW’J"UfNiJ’Jﬁ‘i’DJﬁnJTiﬂGlG]f’J‘ﬁ Linear Transverse

Method AMWU1AT91U ASTM C457 : Standard Test Method for Microscopical Determination of

Parameters of the Air-Void System in Hardened Concrete

Hansen i9e Narud

WUNUIATINHOUNUVUIA 16-33 L. N 1AINNTHD LAY

A A A =~ 4 4 Aa 9 1 A Ao
ADUNTANUTINUTUUANTAINIZNHITOEAY 25-35 WIATINNEIVIINNITIDUAYABUNTANY

WA 8-16 Y. VUTNUTLUANAMNMENAIT00aE 40 LAZUIATINHGILIINNTODUIAY




12

A Aa ) = o 4 Aa 9 [l
ABUNTANNUUIA 4-8 VY. VUSNUTWUANTAINIENHIToAL 60 TIU Lopez - Gayarre Lag

S A

[ A Y 1 a = o 4 Aa Fl
AN W‘U’ﬂll’)ai’mﬁ‘c’ﬂ‘iﬂlklﬂmﬂﬂﬁﬂ@ﬂ!ﬁ‘ﬂﬂﬂuﬂﬁﬁuﬂﬁMWm%mumWﬁ@LﬂW“VIIN”JﬁEJEJﬁ% 25
= Y I J [ a Aa IS A (A =y 4 4 A
09 35 uﬁﬂﬂwmuannai?mmﬂmiﬂammgﬂeuﬂiﬂwmmmaﬂuﬂiummmum‘wammw

AannuaImRlvIna lvgn

v
=

a a 4 o
Building Contractors Society of Japan - B.C.S.J. @Uo33m1sunasmuamaaninizi

A9 INHIUINMTIRaANARUNS A Tastiulasiuvetu ldurluaisazaiensa

~

a a [ 3 a 4 oA { A
laTasnassnngarigil 20 eswaifod naanniulSinaduudamaaiimziivewa

Q

Y
= o 3 1

< 1
31 TagnIMIgdetiuIinyeIuIaTINKEI 1A De Juan 110% Gutierrez 1HUIINITH
A ¢ 7 sy oA { A i ¥ ' 9
USauFuuamaarsouosa1s MMz NAIUeINIaT WU 1§ InNTdoaIaNADUNT A A1

9 a o ~ J 4 ] I Yo
ﬂ'l'icl"]fﬂiﬂhl?ﬂﬂﬁﬂﬁ@iﬂ 1“ﬂ'l'§‘l/]'lﬂ1§ﬁ$ﬁ'lﬁl“lﬂmuﬁlw'ﬁ@’(’]’E]ﬂﬁ]'lﬂiJ’)ﬁi'J‘JJVliJﬁ'liﬂiﬂclﬂfllﬂﬂﬂ

1Ay Y

A & a a o Aaan v a o Y
waaswreuniduiulu msiznsalalasaasiadmwnsainlfaserduauui ldan laga

' 3 a Ao A a 1 qa =~ s s sy oI 1 A
ﬂ’ﬂﬂ’ﬂll!ﬂ‘ui]i\‘] uanmﬂuﬂqﬁgﬂgwummmm1mmawmumwammzua‘imimmzag‘wma
Ay Y 1 = aw ay Ay ¥ k4 an A
5’31114EJTLI1/]VlﬂiﬂﬂﬂWiﬂ@ﬂLﬁHﬂﬂuﬂi@ﬁﬂﬂ\‘ﬂu’Jﬁ]ﬂﬂﬁﬁ]”] “Huﬂhlﬂﬁﬂﬂﬂﬁi‘ﬂﬂﬁﬂﬂﬂ’lﬂﬁﬁﬂ

1 [ Y d' 1 [ 1 9 as 9 a A 1 1 9

UANANNU Gl’l’iﬂTVWlNﬂu YU ‘V]ﬂ’dﬁ]‘]Jﬂ'JElﬂﬁﬂ1icl“]5ﬂﬁﬂhl81@‘5?]61ﬂiﬂllﬂ1®§i$’ﬂ’ﬂ\ﬁﬁ]ﬂﬁ$ 25

= 9 adAa A =P ] J 9 = 9 an Y
3 75 NAFUAIYITAATNUINUAIDYITEHINTDYAL 25 13 65 HAZNATOUAIBITNIT 1A

A 1 1 ] = 3 an 1 A 9 9 = J Y] 9
UUMDYTTNINTBYAL 40 DI 55 UATNI 3 ABNUIMITMT IHANNTOULANULANANN U DY

e

=D.

a0

USinavesdmudmadnienes isiimezegiiianasumeuiildnnms desirs
ADUNIN UAMNAAYADAUNNUBINIATINHEITABATI INTIZAINAADAMTUIAAI ) YDI
WIATINHE 1FY ANVAWIUNIZ ANUHUWUY mmmmﬁaiumﬁ@ﬂéﬁm{w ANVUAINITD

Y =2 1 [ 1 A = add o a Y
AUMUMSTTNNTOU tazduduaiunenuaIsnInduouasnauIAIe



13

M5N 2.3 AIMTANNTOUNNATOUAIUIATDIAOALDIIDATIINIIUIENAIUL (STNa

auu ez, 1 2553)

AMsannTUNNAToL
P A A
ANBIATDINOAUDUIDAT (%)
NUIYUDY
VIATIHIVIN VIATIHIVIN
MIIOUANADUNTA FITUIA

Hansen and Narud 22.4-414 18.8-25.9
Lopez-Gayarre et al. 33.1-37.2 24.0 -26.4
TINA AU LazAMY 37.0 23.0
quins 91nd10 Lazdo 11qINinYna 29.14 23.41
q3fNA LazAE 29.69 - 33.5 22.43
Tangchirapat et al. 33.08 21.70
B.C.S.J. 25.1-35.1 -
Tavakoli and Soroushian 26.40 — 42.69 22.87

M15197 2.3 WUNAINTANNTOUVDINIATINHEILIINNITEDUIALADUNI ATIA1DY

9
izmn%aaz 22.4 949 42.69 Tag1viin @IUY9IATINHEIVIINTITUHIARAINMTTNNTOU

9 ]
pgiz1iiedooaz 18.8 14264 Tagihmin mmsdnnseuveswlIaswreu ldenmsdes

S 1 1

Lﬁ']s!ﬂ@uﬂ:i{@lﬂ\lﬂiq\iﬂ’Nﬂ'”Iﬂﬁﬁﬂﬂil’f)usll’f)ﬂll’mi’m‘HEJ”I‘U‘tﬂﬂ‘ﬁ5S‘JJ‘I)'”IaLﬁ@Q‘NﬂiJ’Jﬁi’JiJﬁJQﬂﬁ'”I’J

Y ' Yy & v < ~ = 7
"lﬂN”Iuﬂ'i%‘]J’Juﬂ”lifJ@EJiﬂLLﬁ’J “Bx‘lﬁﬁwﬁclﬂﬂ’NiJLLﬂJQLLﬁQﬂJ@Q?J’Jﬁi’JiJiJﬂWﬁﬂﬁQ FIUDUNTALLALS

<Y s A 1 a a 1 3 A 9 A
ll’l’)i@nﬁ‘VI@'Iﬂ@Q@11]W’Jsllﬂ\UJ'Jﬁi’JlI!ﬂ3JM13Jllﬂ’J13JLLGINL!'EQW@VI%%QTHVHHﬂTﬁﬂi%LL‘ﬂﬂiuﬂ]ﬂ!%‘l’l

o Y =K = I VA 9
‘Vnﬂ”l'i'ﬂﬂﬁ@‘ﬂblﬂ UANDDNUIIUUUVUIALANNITINADINIT

%4 G d‘ Y S d' k4 | =
2.7 fnTW{v'JI‘Irnﬂﬂ‘Hﬂiﬂ‘Vﬂ‘UN’Ji’lﬁ’JN‘ViEﬂU!!E’I$11'Jaiﬂuﬁgtﬂﬂﬂﬂ\lﬂ%]ﬂﬂ1iﬂﬂﬂ!ﬂ‘ﬂ ADUNIA

aaTagileslaaru (Sgwa anmn naznmz,1/2553)

Y [
nndeyariiesduiinauonuiunasueuraziaIvazideni lannnmsdouay

s A Q/Qd'c'v 1 d' 9 1 a d' 9 a
ﬂ@uﬂiﬁllﬂmﬂ1WLLa$ﬂﬂ!ﬁh‘]JG]‘1/]&5]1ﬂ’Nll’Zlﬂi’HJ“l/lllﬂinﬂﬂﬁEl@ﬂﬁuﬂUlﬂﬂ?ﬂﬁi‘ihﬂﬂﬁiﬂ&lﬁ‘ﬂ

Y

Qs: A < ] = o
leiclul‘i't)\‘]ﬂ’ﬂllll,"llﬂllﬂiﬂ NIIQATNUT 51

azRean ldanmigeaarasunialal

TN UASD

I
A

F4
U A9UNTHINIATINHIVHTONIAT I

S =X LA o Y
ﬁ')uWﬁﬂJﬂE]uﬂiﬁﬁ]ﬂﬂWﬂWiﬂEJvlﬂ'J'lEJ@iJVl'lslﬂ




14

[

A o <4 S Aa A Yo a A ~

AUNTNUVDIADUNTANTA uamﬂum@gwam ﬂluﬂﬂﬁﬁﬂﬁﬁiﬂﬁjiﬂwﬂG]ff)‘U‘ﬂTﬁQ\‘]']uW’diJﬂﬂuﬂﬁﬂ
19 9 Ay v 1 = 1 ~
ulllslf]fll'Jffli’JiJ‘ﬂllﬂ‘01ﬂﬂ158@8lﬂ‘]ﬂﬂﬂl&ﬂiﬂﬁluﬁ'}uWﬁll‘ll@\iﬂf)l!ﬂi@]

[ <] a 1A dy 2 A A =) A

’E]‘t’JNul'iﬂ@nﬂJ Gluﬂﬁ%!ﬂﬁulﬂﬂlﬁilwU?WNﬂWiiﬂﬂﬂu@"lﬂ']ﬁﬂ@uﬂiﬂ NIDUABDUNTALVIDD

o v w A A o = 0o A 1R I o A

NNITNATDUNIAIDA ‘ﬁiE)iJfnﬁ‘lflWZﬂﬂﬂ’ﬁuﬂiﬂ?ﬂlﬁ‘ﬂzﬂ‘ﬂNﬂﬂ!ﬂWWllﬂJf]\‘]Lﬂﬂl“ﬂﬂﬂWﬁuﬂ NI

q

=\ v o <3 A o <3 A A a o A 9 1 9
1Jﬂ'ﬁﬂﬂwjlﬁ'}!ﬂlu@]@ﬂﬁ3EJW'JL/GT'ILSUNlﬂ'lgﬂ/t’)uﬂiﬂ‘ﬂ@I\uﬂu53ﬂln/]ﬁﬂ\jﬂﬁlﬁﬁluﬂ'ﬁﬂ@ﬁﬁ'}qaﬁlﬂ'ﬁ

2 Y E4
1 AaA

o Y A Ay o g e = Y A Aa 2
711‘1143J?1E]Uﬂ§@]‘1/]@]@\1‘1ﬂl1ﬂ1ﬂ\1 FINTITNMIADUNTAULHATUHUNILUUNIATUAATNNINAUVUUD
v

= A 2 @ a a £ A g A a ~ '
ﬂ’auﬂimmammmamnuiumnmhmnmwmmﬂummﬂﬂﬂmww VUSNTUITITUUIN

A3

1 9 ; A [ A o ' = 1A A o I a Y o
ura laaanudeinsesinseiinisdosnounsamartimerinnandsuesnui lgilsy Towd
o ' = Yt < o Y ¥ £ 1
uazshmsdesauasunsalntvuamnas uazih i laiuiagoulumsasisouu ¥andan
v o A o v o & y 4 9 '
ladudumsiuasaounianaunldlse Texidnasanile ndoyariosdunuiilssau
o A o Ay 1y Y ] £~ o Ay [ =2 = A '
Marenounsaduiegin luldagunmudanillineuniandesiarewindeilag 1 wiluni
A
y A a9 Ay v y A g ¢ 3 o
Jaqow Teaiunateria 5y idro1uin i wnay 1Ws1udes v auiu
o ' 4 { L a { ] a
Wudu wudndelnnuazideage Iununyfudmud ludsuan ldunswnuly wagdl
J PR @ A Aq Y a
94A15ZNPUMIAT NN AN EITONAUIAUNINYBIABUNTAN 1FUIATININTITNIA
9 v
188 duinuunalumsiihiaguesleaunianauninuesneuniainauNIATIMINIS
v A KR I A ad = 9 A Aq ¥ 1
goaIAyARUNIN AT UBNITNMINIIIuNTangadesveInaun i 1FuIaTININNITE0BIAY

= ' = = A o [V g
ﬂﬂuﬂ’i@ﬂu@’f’luﬂﬁ‘h Tﬂfmiwazmﬂwmmuamm“lﬂu

2.8 founInaa (SgVa auu nazam, 12553)

Y
[

a 4 1 ~ ~ [] =3 1 o
§nd ysuded wuhaeunianlduiaswildainmsdessyaouniaununsieuii
A a 1 a 9/21 = 1 d' = [ = d‘ Y a A
NI ULEINTITUBIA IF I TumMTHANADUATANINAI LIRS UALADUNTAN IFHUKT D
nieTas 111 Tasmmzedssludriunaunldurasovazi@ean lanmMsdosAuAdUNTA
~ [ oy dyo/ s J a oy A 9 1 = 9 43’ a
ununnI e vennnldmuanlTuanihnlsludusauinu Iugavuamlsunm
Aa A 421 = A Y 1 =) 09}/ dy A
MIUNUNNAVVUUDINIATINALIDEAN IAIINATIDUABADUNTA NIT110921ANIATIV
= A 9 1 A A = g} U .3’ 1 £
azideail lavinmsgesiayneunialinisgaduihigenimsemiinlszunm 13 Fapa
=1 9 [ av [ Q(d' 1 a g} A Y a z o [ a A
MIANHIAANA0INUNUITEVRIIfAnA NnuNUTanihmldasansuadmivasunsan
Turaswnldnnmsdesruasuniaunuiuiasmansssunatiaeglugieiosas 113 D

A Aq ¥ a [ = 1 a : Aq ¥ A Aq ¥
123 ﬂlﬂﬁﬂ@uﬂi@%‘l%ﬂ\li}aifmi]"lﬂ‘ﬁi'iﬂJG]ﬂG] uazmwmmwﬂsmmumhwamauﬂs@nn“lﬁvma



15

o v w 1

FIWHIIVINABUNTANTAIAIDAUANA1NU (F1890AVDINDUNIATLHINL 180-550 NN/FBY’)
UNUNNIATIVHGIVINGTTNIATANULANA 1D UNEUAN DY
] <3 a oy d' 9) 1 d‘ﬂl A a 4‘ o 9
a1 lsnausuanin1Fludunay Adedlamuauiieniiliviasuneruuay
) A 9 1 = L] A v A Y d? Y a
wrasmazdeai lavninmsdesiAaounineg luan1izdudAmiIuegnulsuaas
J sy oA Aa Ay v , o
anuengn lumsgaiiveswesdsiimeziAiIvesuIaTImneIUi ldanmsdosiyaouna
pagdlSavesundealuun dunuesanuiudeesazmiunuinlaiunnsssumnaaie
Ay v . a A 4 a S dqw L 2 v
wrasnlannmsdearuaounisnuvulTuanimlglumswavazmiuiuain ladqe
[ 3 ~ = = gl [ 1 = o Y =~ =
AutiuluvasNndunaUNTAN159ATNIIIUBINIATINAINE1I I InoUNTag LY
' 3 A A Y A A
anuasn lumsmedesiaa meaailygmmsgadeanuamwnsalumsmldniolinig
o ' 2 = ' Ay Y ' ~ ) ]
gUAIaAANE1932a151 WATuFuIaswi laninmsdesyneunialutinieldulasu

Y
aenangadilszana 5-10 Wi AowihimskauneUnIA

2.9 MgUAIMAZMIYABNINISYUAIVOINDUNINAA (WA AN azAMz, 112553)

1 @ = 3 oA = Y = = v o Jdo
mqumﬂlmﬂauﬂ'imﬂum‘nmemmmmumaTUaﬁﬂauﬂmuazummﬁmwuﬁﬂu

= 9 1 q‘/ = d‘d 1 o L%
ﬂ'J']llﬁ”lﬂJ”IﬁﬂGLuﬂTﬁLVIﬂ?)Uﬂﬁ@]LGIJ']L!‘]JUWa@ TﬂfJ‘VI’JthﬂﬂUﬂﬁ@]ﬂilﬂﬁlﬂ']ﬁfalﬂﬁ'lq\iﬂﬂﬁ'lilﬁlﬁﬂwl
9 Y v A AAa v Ao 1 1 1 = Y = I 1A
LGIHLL‘U‘U”lmwmmauﬂiﬂmmmqum%mﬂm mummi’s;ft?gl,ﬁﬂﬂ1ﬁqummmﬂ®uﬂimﬂuﬂm

o Y =2 1 ~ o ) 14 a A = ' @
VITiﬁVIiTTJﬂQGH’Nﬁ$EJ$L’JE3TVIﬁiuiiﬂﬂiﬂuﬂﬂuﬂiﬁqﬂ NTVINADUNITANNTFYLTINIYUA

3 a o q ¥ a9 Vo o a dgvo a

Sunu ek ldimaeunsatnuuu Iy Teena liaeunsanldnauiasivazideauazuia
~ [} = { Aa [ = 1 v

swneui ldnmsdesiauasunI AUNUANT1WHT oI Udpslinsgden1n1sgua5)

nNADUNIAN 19185 IWINTTTVNA (NT10 Laz Huljudos)

A [ Y A Aq Y = Ay Y 1 =) A
l,llE]ﬂTﬂuﬂclfﬂﬂE]uﬂ’i@l‘ﬂGl“])’ﬂJ’)ﬁ’i’JiJﬁ%Lf]Elﬂ‘lfl1@%1ﬂﬂ1‘iﬂflﬂLﬁHﬂ@uﬂim!ﬂuﬂﬂiWﬂ

Y
]

Y v 1
udifesaz 50 waz 100 Tashwinuazlinguansuduwinunounianldulasiun

H H H Y
FITUIIA W‘]J31ﬂ®uﬂi@l‘ﬂ1%&l’)ai?hﬁglaﬂﬂﬂqﬁQWﬂﬂ1iEJE]EJLP(’HﬂGUﬂ‘imlﬂu‘l/Wliﬁllm‘ﬁW%,@ﬂ

A Aq ¥

Y Y
az 50 uaz 100 Tasiimiindedldsiludrunauaounianinniinaunianlyuiasiun

a < 9 o A = Ay v A AA IS A
‘ﬁ‘iiﬂJG]ﬂG]f]EJ'NL?Tuhlﬂ%ﬂ Lu@ﬂfﬂWﬂiJ’Jﬁ‘i'Jila8L’E]‘(’Jﬂ‘ﬂUlﬂﬂ'lﬂ!ﬂ‘]ﬂﬂﬂuﬂi@]ﬂhﬂ’ﬂm&ﬂuﬂ’iﬁEliJiJiJ

Q

g9 Aoy sazlimsnszarevine liaduaue sadnvazanailimamsdanuszning
1 Y A = dy 1
puMAvoIwIasI danalinnuaulvaluaeuninanas uenvniinmsvianielivesdiu

= A Ay = Ay v v a K o & A
a3L’EJEJS?’]L‘Ll’ENi]Tﬂﬂ"liLL‘VIM‘VIﬂ?ﬂﬂ?ﬁiiuazlﬂﬂﬂﬂqﬂmﬂﬂﬁﬂﬂﬂ!ﬂyﬂﬂuﬂiﬁ%Q!ﬂuﬂ’ﬂﬁ]ﬂﬂuﬁﬂ

danalvinouniaaaiinnuaniolumsiinuanas



16

Tagagunai1édin asunianldulraswnlannmsdoeamuasuniaiinsgadon
@ dlz 1 a A 9 a ] A a A
MIguAI IUIZzNMNFUNNADUNTAN IFUIATINIINGTTNHIA TAsIRNIZE1NBIA0UNTAT
91091’ = Ay ¥ 1 = 1 = = 1
ldMaasurenurazurasivazideai lannmsdosiayaeunia ludundulinsgudon
I o & A ~ s s A /Y oda A A ' 2 Ay v
MIYUAIABUTINGTINN NN TIMUAMTAnToNDI M NNnToMzagiuIasIuR Ia
[ oy $ 1 [} <3 1 a oy {
nnMsdesrnounia szgatii s ludiunaudn ldedresiag dawalddSunanihnldly

= 9 =2 o 9 = = F4 o 3
NINTUADUNIAAAUDYN ﬁN1/1ﬂ,wﬂauﬂmqaujmaﬂ’smamﬁﬂumsm"l@iuszammauﬁu

2.10 Mada Sgwa anin nazane,12553)

'
v @ o Y

o Aqy ' = o Yo =3 A
ﬂQUﬂiﬁﬂi‘]ﬁJﬂaiﬂllWEﬂ’Uﬂ'lﬂEJ'OEJLﬁ‘]&Iﬂ'ﬁ]uﬂi@]‘ﬂ’liﬂﬂ’lﬁ\‘l’t’]ﬂ@]'lﬁ\‘ﬁ’t’]ﬂﬁg 1399 15 14D

=) = [ a A 9 a = 9 o W w =
WSsuMeunuABUNIAN 1FNIATINAINTTTUHALAZ LU THNAAININA1AI0AYDIABUNTA
A o ] A o v A = o ~ 9 1 A Aa
NUIVIYDYLNDNININIINH YTV uuﬂ’f)ﬂ@1!ﬂi@]‘VI']i]"IﬂiJ'Jaﬁﬁmﬂ‘lﬂﬁ]WﬂﬂTﬁﬂ@ﬂﬂGUﬂiﬂﬂ‘M

o 2

o w o v w 1 A Ao ~ Y 1 A AaA
f18980 400 nn/wu’ TidwaganneuniafiiininulasIui laninmsdesneuniail
o v w 2 & 9 = o v w A Aq Y 1
A1d999 200 nn/ay’ WUAY MIANEIAIGIOAUDINOUNTAT IFNIATINIINNITED LAY
= 1 S A v 1 tiy
AounIa ludiunaunaunialiaane 111
o d a J ' 1 a a 1
§nd ysudsd wunimsldadiouiuanlseausaanszaa i laoasunun
Yusmud bifudesaz 35 ludunauneuniailduiasiunoiui ldninmsdesunounia
v 091 <3| o v w 1 ! o
saznsemiiuiuuiaswaziBeaansnldiddaganiinounianiuguieny 60 Ju ns
deuinuaaziBeaunuiiyudiuudosas 20 uaz 35 Tﬂﬂumumﬁﬂﬂs auluneunia
1% waswmoui ldnnmsdearuasuniauazneumiiiiunaswazBoagusali
o v o ' a A o K ! Y v A E] =
MdedagandinounsanlIuguiely 7 Suiu'll drumslfidunau-nldenlfunazidon
A = J 1 A Aq Y Ay ¥ ' =) S '
pnuiudwudundiulunounianlduiasaunlannmsdearvnouniailudiundu
] 9 A A @ o W o 1 9 Y 9y 9 A 9
awnsarelineunialimsiaunsiasdalugisergdnlaa Tasnslddwnau-den s
= A JN 1 a oy @ @ o ~
vaazdeaununudimud linuiesaz 35 Tashminvesiaqiszeanuildnounianly
A 1 = lg’ <3 = 0o v w 1
WA laninmsdesraouniauaznemiinduuiasivazideaiingwagini
G d’ %
ADUNIANIVANNDIY 7 TU
aow Uniles Sauy wunmslduiasiuneiuildaninmsdenauaouniadanali
o v w A Ao ' o Aqu a Y =
MawaveenounIaliaImInInounIan lsuiasnansssumalsznuiosas 10 ey 7
[ A 9 ~ [ A = @ a A 9 a d‘
W nazanaurdeioyas 4 N01g 90 TUILBINBUNUADUNITAN 1FUIATINIINTITUHIA HAZIND
~ = Y Y A Ay Y a 4 = @ ! 9
ununuduaarediouiui lannszuugoa ladiwauaazivealusasidiuiesas 20

9 v
Tasslmiinvesiaalszaiu amisarrelinounsanldulasiuneruainnisooasy



17

v
=2 Y

= [ o o o Y YR o o o = d‘ 9
ﬂ@uﬂiﬁWWﬂWﬂTﬁﬂ@ﬂiﬂqqmuUlﬂﬂﬁif)ﬂﬁ% 98 YBINAIOAVDIADUNIAN ITUIATINDIN

v o 1

FITNIANIY 90 W uazlifawageniineunianldulrasumerunnmsdesaunoUnIA

9 =~ 4 4 4 A 1 A = d Y Y a 09/' dy A
Tagld)udwudesauauatszinni 1 dlinsunuiyudmuadiomiouiu) feiiiio
{ <] 1 a { Y
%']ﬂ@uﬂWﬂﬁﬁﬂlu'lﬂlaﬂ‘llf’)\‘]!,fﬁﬂWuﬁu (ﬂJuWﬂﬂHﬂTﬂ!ﬂaﬂLﬂWﬂU 4.5 UliJﬂﬁf]‘L!) ﬁnﬂiﬂllﬂﬁﬂlelslj'l

1 [ ] d Y Lﬂy A A 1 dg} Aa <}
PAYDIINA N VDUNTA ﬁ\‘]WﬁGlWlu@‘ﬂﬂuﬂﬁﬁﬁJﬂ'J']iJL!uuiﬂﬂﬂlul!agﬂuﬂ'lﬂﬂusllu’]ﬂ!ﬁﬂsllﬂﬂ

v

Y a o Y o aaa 42' 1 9 a A [ o [ Y <
Lﬂ1ﬂ1u‘ﬂ‘lﬁflﬂ‘ﬂﬂ1i‘lﬂ1ﬂ§]ﬂiﬂ1@ﬂﬂluﬁﬂwaiﬁﬂ@uﬂiﬁ1lﬂ15‘WGJJ‘L!1ﬂ1a\‘lﬁlﬂllﬂ’E]EJN§’Jm§’J

v '
= Y

lugergaunazannsaiani ldedsdeiiouionounia Jo1guiniugiaeandoany
aw o a = "o Ao = 0
NUITEVOIINA AmAn tazauzinuNIagles Tyarunianuaz@eagia1usani
UgnsenleasTeaiu ladnitiagdes Tsaineruni
dy o Aqy 1 = ~ = J
wenvIntneunianlduiasiuneIuannIsdesiAyAdUNIALAZUNUNY UFILUA
s Y Y 1 oa Ayy a 4 = 1a gy 3 o
Posanauadiodinuniui lannszuurgoa ladiuauaazidea lumuiesaz 50 Tagiimiin
@ @ o v w k4 v Y o v w A Aq Y
YouiagUszau annsoianiiada lagenitdosas 90 vesddedavesnouniailduia
ad v 9y = Y ¥ Y a = = TS
5WNEITNIA N9y 90 Juld Tuvazimslfdmudosuaazideaunuiyudwuaosa
N 1 a 9 oy @ @ o Aqy Ay ¥
saua inuiesay 35 Tambhminvesiaglszamluasunsanlduiasiuneruinldornms
' =\ I 1 o Y a A o o v w YR 9
dosiaunounIalludiundy asoi ldaouniatinsianniideda laneiesas 89 voq
o dao i . _ 4y g
ABUNTAN 191105 ININTIINWIANDIY 90 TU TAGIRNIZRINBIMIUNUNNFIUSDHUA

= o 1 9 g} o @ 19 o w 9 =< 9
azmm“luwmmumaaz 20 TﬂﬂuTﬁuﬂﬂlﬂﬁﬂﬁﬂﬂi%ﬁTuﬁ”liJ']ﬁﬂW%JLﬂﬂTﬁﬂf’Jﬂhlﬂq\‘m\ii@ﬂ

o Aqy aa v Yy g Y 9y v
s 97 mmﬂaumw%masmmﬂﬁiiwmmmq 90 YU uuuﬁm”lwmmwmﬂmm%ma@ﬂ

v

= a d' ] 1] o @ o Yy 1 A T W o @ W a2 Aq Y
vaazoea lulSuanmune ausigianaoa liiauneunUMaeaveInaUnIaN 1%

N?ﬁi’)ﬂﬁfﬂ‘iﬁﬂﬂ‘ﬁiﬁ\l%?aqﬁ

Jd o Y

o J A Aq 9 Ay ¥ 1 a4 dqy
gUAT VINaY W‘]J'J']ﬂf’)ﬂﬂﬁ@l‘ﬂi%ﬂ?ﬁﬁ?llﬁfJ']‘U‘VIllﬂﬁ]']ﬂﬂ1§fJ@ﬂlﬂﬂﬂﬂu’ﬂﬁ@ﬂiﬂﬂ!ﬁg

Y '
o '

q Y Y 7 o w a ~ s o W w A Aq Y
"lﬂmm‘ﬂmuumu‘lmazmﬂmmuwﬂummum ﬂ']ﬁ\i@ﬂﬁ'lﬂ'ﬂﬂﬂuﬂﬁﬁﬂcl‘ﬁu'lﬁﬁﬁllﬁnﬂ

U

D.

=S
y
a v v P A ~ ~ o s s A
PITUYIN meﬂmmﬂmuumu‘masLaﬂmmuﬂﬂ“wﬁmuﬁﬂmmauﬂﬂizmmn 1 39802 20

[

Y 1
Tagiiindaqlszauausonaufaidavesnouniafl 1981509100 1T00 UL Y
v

Y
L% %

= Y 1 A A 19 9 9 J dyd' A
ﬂ@uﬂ‘i@iﬁq\‘lﬂ'J'lﬂf]‘L!ﬂi@]‘ﬂhlﬂ\lslﬂf!,ﬂ?ﬂ?ﬁllu'muﬂﬂﬂ'lﬂﬂ'lﬁﬂ@ﬁﬂﬂ MIUUHDIINDYNIANY

q Q

Jd 1 4

v

<3 Jd o w [} 1 1
mmmaﬂﬂlmgéﬁﬂmnumumamﬁm ?ﬂlﬂimmiﬂL"ﬁHQWIﬁJQ’NQGﬂQ‘] VDIUNTA ﬁawaiﬁgﬁa

A A ] 42‘ A <3 Y 4 oy &% ddy AAa o
ADUNIAUAITUUUUUINUYU u,axmgmmnmmmaﬂﬂmumﬂmnumunwu‘ﬂmium’;‘m
aaa d? 1 9 A A Y] o W o 9 1 < [ 9
ﬂgﬂiawqwu ’G’NNaslfl/iﬂf]uﬂi@]NﬂWiWGM‘Lﬂﬂ1ﬁ\1’E)ﬂhlﬂE)EJNi’J@Li?iﬂ%ﬁﬂﬁ)?ﬂ@]ullagﬁ1hﬁﬂ
o o w Y 1 A A a A dgl 1 <3 ~ ~ <Y 9
Wﬁummaq"lm)snmaguaqmaﬂauﬂmnmqnmmu ﬁ)EJNUl'iﬂGﬂiJﬂﬁ!muﬂiJluch'muﬂﬂ’JElm1

4 g} @ =) a ~ a o Yo o o A A c'v a
ﬂmnumummzmﬂ@“lu1J‘imm‘vm1mﬂu'lﬂﬂﬂﬁmmaﬂmmmuﬂimmmammﬂimm



18

A 091’ d"d‘ A = Y 9 4 oy % a A dg} o Y 1A
MIunuin Netieannmsununyuaduuaalgnhaniniululsnannnvui b5
J 1 a s aaan
Yudwualunouninanas dewaldSuauaadonlaasonlad (Ca(om),) mnljnselans

@ a d? Y (=} 1 o aan
“Ifulﬂﬂ‘llultl’é]t’Ja\‘]LLﬁ%UlJJLWENWEJG]E]ﬂ'l'i“l/lTngﬂifJ'l'].]fJ%I“]fﬁWH

2.11 Tugdannudavndu Ggwa anin nazaue, 1 2553)

1 [ A ] A A 9 A 9 L] = av
amlugdannudanguuesneunsaillsuiasiui lannmsdesuneunia luanuie

d' [ (=] o' [ 1 [ A (] = d‘ 9) a d‘
AR MUNTAMAIN M TN aanNUTAIUYDIADUNTAT 1FUIATINIINTITUHIA 1HBI9IN
<3 1 A o o ~ 1 v A 1 a A 9
ANUUTINTIVBINIATINTA NI A13190 2.4 waasm TugdadanguveanounInd 19

AN ¥ ' a A A o o A ' A Aq

wrawn lannmsdesiynounsa Weleuiua lugaaanuianguvenouniailduia

A & J o A ] A A A 9 1
FINVINFITUHIA FINUN TUQaadanguveInounIaiHauuIasIui 1aaInn1sdouey

~ Ao v v A 1 A Aq af 9
ﬂﬂuﬂi@]ﬂTﬁ]MﬂTﬁWﬂ’JﬂMﬂaﬁﬂﬂﬂquﬂlﬂﬂﬂﬂuﬂim’li%’h’mﬁ’mmﬂ‘ﬁiiil‘lﬂ@]ﬂﬂiﬂﬂag 45

A o A 1 A Aqy Ay ¥ 1 ~ A

ATNN 2.4 Ihﬂaﬁﬂ’J'lllEJWHEJ‘L!GUfJ\iﬂ'E’)‘Llﬂ5G]Vlsl“lfll'gﬁi'gh‘l/]ulﬂinﬂﬂ'lﬁﬂﬂﬁllﬁ'ﬂﬂ@uﬂi@]mﬁ]
~ @ ' @ A ] A Aqy a o

L‘V]fJ“LIﬂ‘]Jﬂ'lIiJ@jﬁﬁﬂ’)'mﬂﬂﬂqumﬁ]\iﬂ@‘Hﬂi@ﬂi“}fﬂ'}ﬁﬁ'JlIinﬂ‘ﬁi'ﬁJ“]ﬂG] (5@‘1/\!@1

auu azAM, 1 2553)

aiASeirN Zovaziiainiy
Ravindrarajah 8¢ Tam [17] <30
Hansen t4a1¢ Boegh [30] 15-30
Ravindrarajah et al. [31] 35
Xiao LlazAMUe [32] 45
Kheder itag Al-Windawi [33] 20-25

o [ a o [ 4 a 4 1 Y 9 [ a
dmsuauddeludszmalne Sy ysudan sreaunmsladioiuduain
Tsanuraalasase @di0urunuaaziden  vazidwnay - aenlduaazdeaunun
o 1 1 1 1 Y 1 1 [} 4 Y]
Yududuediu nuniinanszgnvaen lugaadanguvesaounsa ldumindeeuny
F) A ) 1 ) a A AAdo o o
NaNTENUINMI 1FUIaTN IdanmsdoaaunounIa 1AagNa1TaINABUNTANINEI0A

1 1 =2 2 T v A ll S A Y o a
9g U929 280 D3 570 /N’ WA lugaadarguyeInpUN IR IHNd A NS
A = ~ 2 U =) 1 1 v A oA F=
MsunuiuIasIwazveai lavnmsdeubaounIa taznuNA Tugaddangui laiia
UANANINTUNITVDI ACI 318 taz ACI 363 luinudoeas 15 uaz 17 audieu aenl Unilaq

@ J Y Y A A 9 a 4 = 9 9 =~
IAUY W‘Ummﬂmmammm"lﬂmﬂszuuwgaﬂ"lﬂcmmmazLaaﬂuamm%m@aamazmﬂﬂ




19

~ [ v A 1 A Aq Y Ay ¥ 1 = I 1
1JWaﬁﬂjuﬂaﬁﬂﬂﬁQuﬂlﬂﬁﬂﬂuﬂﬁﬁﬂicﬁu’laﬁﬁﬂﬁfJTlJ“VIUlG‘ITﬂﬂﬂ']ﬁﬂﬂﬂlﬁﬂﬂﬂuﬂiﬂlﬂuﬁﬂuwﬁu
1 [} zﬂ' = (% 9 d' 9 1 = d!
uliJlJTﬂ’Llﬂ LNE)WIfJ‘Uﬂ‘]JWaﬂﬁgﬂU‘DWﬂﬂ']ﬁGlG]SﬁJ’JaﬁﬂiJﬁfJ']‘U“I/Iulﬂ‘ﬂ?ﬂﬂ"liﬂ@ﬂ!ﬁ‘ﬂﬂﬂuﬂi@] SN

FY Y] Ao [ 4 a o dy v A 1 a A 9
TOANADINUITUIVYVDITNY UYTUTAIN u@ﬂ%TﬂHINﬂﬁﬁﬂﬂﬁ@umﬂﬁﬂﬂuﬂiﬁ‘ﬂﬂl%ﬂﬁaﬁﬁu
A ¥ 1 a A A = 4 J 4 A Y Y A
W‘c’JT]_J1/]llﬂ%1ﬂfﬂiﬂ@fJLﬁ‘HﬂfJL!ﬂﬁ@W]LWIuﬂﬂqu“mﬂl‘!ﬂﬂﬂiﬂlmuﬂﬂﬁmﬂ‘ﬂ“ﬂ 1 3YLDIDTIUNY
= 9 9 = A Y A [ A ) !
UABZIDEALAZIONVIUD08UARZDIANA INAIRSIN LA NLULIINNTUNITUDL 2.8.9. 1008 La
o o ' A Aqu a Y
g9nadINABUNTAN 1FUIATINHIIVAINTTTNALS ST DO 20

M3 1Fu2a5Ia2ReALaNIaTINKHEILIINNITIDUIAYADUNTALNUNNIATINDIN

4
1 =

a 9 S A v A A o 3 A v A '
FITUBIN f‘NNaGL‘Viﬂﬂ‘L!ﬂiﬁuﬂ11ﬂﬂaﬁﬂﬂ1’iﬂuﬂﬂ1ﬂﬂ ‘VN‘L!L‘L!EN%TﬂI?J@ﬁﬁEJﬂ‘Hquﬂl@ﬂllﬁ]aii]ll

Q

' '
= A 1 o

Y 1 1 (% 1 a 1 1
Tlvl,ﬂi]'lﬂﬂTiﬁlﬁ)ﬁllﬁEﬂﬂuﬂgﬁMﬂ1@1ﬂ31IN@jaﬁ§ﬂﬁquﬂlﬁ]ﬁﬂﬁﬁiﬂ]lﬁﬂﬂ‘ﬁiiu‘]ﬂﬁ 5’3115\1615’0\1’)1\1
A A = 4 S (R Y v A [} A A 9
‘Vll,ﬂﬂiﬂﬂﬂ'ﬂll‘WiquﬂJEN%!iJumWﬁﬁﬂLﬂ1$E]Q’(?NNﬁiﬂﬂWTN@jﬁﬁﬂﬂunﬂlﬂﬂﬂ@uﬂi@]‘Vlsl“]ﬂJ’Jﬁ

1 1o 1 iq ¥ a Yo
5’33Ji]1ﬂﬂ15‘(’J'OEJLﬁ‘]eIﬂE]‘L!ﬂ?i@]flﬂW’ITﬂ’ﬂﬂ]’0\‘1ﬂ@‘Llﬂ%@lﬁi“]fﬂ?]ﬁi')lliﬂﬂﬁii‘h“ﬁW@ daumsl¥iag

q

Hos Tyau luaIuNaUU99AUNTANHAULIATINIINATIDUABADUNT ANV TN 1UINAD

TugdatarduvoInounsn

== :’ \ = (%3 =
212 MIBNUDIHINTIHADUNIA (ﬁﬂ‘Wﬁ g uazﬂmz,ﬂ2553)

v '
2 1

Tasm Tdvinaounsalidiaesdanminy asunsanldulrasiunldainmsdeeay

A A = gl ] a A 1 A A 9 a A
ﬂ’f)uﬂi@NﬂWﬂ”ISG]J’ﬂJGU’eN‘Ll”IN1uﬂ?Juﬂi@]%q\iﬂﬂﬂ’ﬂuﬂﬁﬁﬂi%u’mi’mmﬂ‘ﬁiih%”m IUBIN

= IS) 1

1 v 9
wraswi ldninmsdesirvnounsaligngugandi 3N 24 wuaInsFuveiiniy

ABUNIAN 19118510915 TINNATA1RgTZHINABUNT AN 1FuIasIuT 1d9Inn1sdoaiey

apunialduaz lildiagloaToaruludiunan Tasaounianldulasaunlaninmsdon
= d‘ ] Y o 1 = | = g’ 1 =) d‘
wuaounian luldTaqlos Taarmuludiunauliainisduveniiiuaouniang

A v W o Aqy Ay v ' A A Yo
nga Tunundununsuniaildulaswi ldnnmsdeanunounianldidalos Taauly

Y '
drunanimnsduveuirunounsandInga

Y

FrusuduniainsFuueaitdiuaounIan ¥ HIIUINNNITIOULAY

[ =<

ADUNTAINIIUITEUDY Somna LALAUE WUIULDADUAIAAINAUMAIDAFIVY AINITHY

U

i
A 1w

3’ ] s A I~ 1 d' =) [ 1 A o w d'c; 1 =
UDIUTNTUABDUNTAUATAA DN HazluNUIFUNAI LA UNTAAINAIINMAINAIAINITHY

Qe

E4
=P = 1

:‘ ] = : @ aw o Jd o
Gummwmﬂauﬂ‘muunmqwuaEminﬂ G?Qﬁ@ﬂﬂ%ﬂﬂﬂﬂ\?’lﬂﬁ%ﬂﬂl@ﬁqv\lﬁi "ll’lﬂéj']fl Tﬂﬂiugﬂ
A Y 1 =< :’ ] o Aq Y = Ay Y
N4 llml,ﬁmmmsqmEUmemuﬂﬂuﬂmﬂi%hjﬁi’;hﬁﬂ”lﬂ&tﬁgy’Jaimazmﬂﬂwllﬂmﬂms
' A X gy 7 o w = = o 9 Y
YDYLAHADUNTA C]f\‘l‘lslfﬁﬂ]uaﬂ‘]%lﬂ! RC uag RCF auaiay L‘]J'iﬂ‘umfmﬂmﬁuuuﬂumnﬂ

av 4 < Y1 A o v o A Aq
J1UI9YUDN Somna LATAMUE "]f\‘llﬁuulﬂ'ﬁﬂllf’]ﬂTaﬁﬂﬂm@ﬂﬂ@i‘!ﬂif"Wli%N’Ja3311143”1]’1]'”“”5



20

Y
=

' A Aaa o ' ' = d a A Y A
doaituneunsANLmAINI 35 wmihama smnssuveuiriuaeunsaluud Tduigady
E4
9819110 Hage1Ina ldndoyaninanaeandeeiudoyaved Somna HazAM: UBNIINI]
A A 9 = oy 1 A Ao o w 2 9
WennsandeyamsduveniWiunouniaiiasdalszum 35 wamhaaa dalduasw
= A FY 1 = ao o Jd o kY 1A
HOIAZUIATINAZIDEAT 1AV INMTIRBIAEADUNTANINAIUITEYRIGHAS 91Ad 18 WD A
=& ' A Aq Y AN ¥ ' A A ' A A
gan agannaeuniai lduiasiuneui laninmsdesrnouniaiisiediufonion 2
' g & A 2 Ay Y ' a A ~ 1
M1 Neililesainuaasivazidean ldvinnisdearuasuniaivuianaz i lidu e
o Y ' 1 d? =2 [ 1 A J
WIATFIU ASTM €33 1 1HT90991952NI1907aWIN T 30D a5 IWAINATFIUA
J Y s o v v o = 1 Y1 < gll A A
MEALazUDs M3 NUANUNTUGaziIaIoad1 TedawaliaimsFuveniiuaounsalia

k4
v @

1 A Aqy v ~ A o J =2
’L:lfil ﬁ'ﬁuﬂﬁluﬂiﬁﬂi%ulaiﬂﬂmﬂﬂﬁfJfJEJLﬁHﬂ?J‘L!ﬂiG]!Lﬁ%JﬂW JOANINNINT 45 LiJﬂ11J1ﬁﬂ1iﬂ U

]
v A

Y Y 4 ]
1 J = o 1 1 J [ 9 4 o w
Vlﬂ w°u315‘3?1mﬁmmmmwmﬂeuﬂ%'lmmmwﬂuumuﬂ mﬁmmﬁmmmﬂmmaw

A 42} 1 Qldy A A ] A 4?
rw3Jeuu?Nwa114Luaﬂauﬂmummuuummu@m

140
©® ° -
= J
2 120
L=/ o da o AN o ,
- 7] ﬂﬂuﬂi@l“fﬂ"ﬁ&nai?Nﬂﬂ']ﬂ'ﬂvlﬂﬂﬂﬂﬂ'ﬁﬂa&lLﬁ]ﬂ’
= 100
s3] 4
=
& 80 AaunIafltuaTINRINLNN
ks | LA
< - -
g 60 -
ks ) a 4‘1 @ n'vl %
= 40 — AWNIANLDUINIINRLIUN LA
@
=] \ a
% 7 -+ IANNIYDULABADUNIALLRS
o —
g 20 >,
_______ = — =
0] ; | 1] T T \ T |
15 20 25 30 35 40 45 50 55
Compressive Strength (MPa)
X ANTH ANARSHENIA wazame Y¢ RCFP35, gWns 21aans
-+ Chindaprasirt uaz@mns [> RCFP50, gWns 2naang
K] CON, §Was g2haae <] RCB20, Somna uazAe
A RC, %n5 dads @ RCB35, Somna uazans
W RCP20, §Wns 21aans Y RCBS50, Somna wazaus
[J RCP35, gWns 2qaans \/ RCB20, s5gwa auu uazge 31eswvinena
€ RCP50, §Wns snaana /\ RCB35, 33Wa aduu1 uazde esninEna
B RCF, gWns g9aans O RCBS50, 5gWa anul wazde MesAvinEna
i RCFP20, g%ms 2naans

{ v o J 1 1 o o W 1 o a 091
sUN 2.3 ﬂ’J"IlllelW‘Ll‘ﬁﬁ3‘Vi31Qﬂ1ﬂ1a\1i’]ﬂlla$ﬂ1ﬁuﬂ§$ﬁﬂﬁﬂﬁ“dﬁllu"lsll’f)\‘lﬂ@uﬂcﬁ{@]

U

(Fgwa anu uazame, 12553)



21

A Y Y A = a 4 A =y 4 (]
Welddinuduuaazideaninszuungda lagaununyudimuduisdiulu
o daqw Ay v ' = ' ' = o
AounIaN 1¥uIas MU 1ANMITEREAEABUNTA NUNFINITOAAAINITHFUVDIHIHIY
' ;g { ¢ 3 o
apun3alasgrawin Fuaulanindunslugdd 24 wazmslddihamihiuueaziden
d‘ s o [ [ 9 oy LYY = d‘ 9
ununusuauauludansesas 20, 35 uaz 50 lasimindaglssauluneunsanly
105NN 1ANNNTIDUABABUATA (ABUATA RCP20, RCP35, uaz RCP50) taylu
a A 9/3 = A Y 1 = =y
ADUNTAN 1FNINIATINNEIVUAZUIAITINALIBEAN |A1NNITIRANABUNTA (ADUNIA
RCFP20, RCEP35, tag RCFP50) wah lanuinlusiasidedadszua 25 mwnthaaia ans
Y Y ) Y
FUVIHIUABUATANIAIFTIATAIAAAIDENIANBINEUAUAINITFUYR NI IHIUADUAT A

A = o A nm Yq ¥ 9 < g’ % = = 1 1 =<
mumumemErmum"lu‘lﬂqlfmmﬂmuumumazmﬂ@ (mOUNTA RC ttay RCF) @1UAINITHU

e

a Aqy Ay v ' a ) ¢ o w
Gllﬂ\iu'lwquﬂﬂuﬂﬁﬁﬂshfﬂjaiquWﬂ’]ﬂﬂhlﬂﬁnﬂﬂ’lﬁﬂﬂﬂlﬁﬂﬂ’ﬂUflj @Nﬁlllfl’lﬂ']allu’lllu Iag

Y
o w

A Aqy = Ay v ' A Aq Y Y J
ﬂﬂuﬂi@]‘lﬂiﬂmﬁ]a‘i’)ll'ﬂEﬂUllaguﬂaiﬂﬂazlﬂﬂﬂﬂqﬂQWﬂfﬂiEJE]EJLﬁ‘Hﬂ’OUﬂiG]“I/ﬂ‘HLﬂT]JW@ﬂJHHJ‘L!

= A ~ s o0 o W Qal’ 1 421 A 1 =
uwazgaﬂmmuwﬂ,ummuwwummaﬂmgm 30 LiJﬂ'l“lJ'lﬁﬂ'lﬁ 6U‘Llhl‘]J Mﬂ?hlﬂﬁ%ﬁ]'lﬂﬂﬁl‘L!ﬂﬁﬁ

[

a A o Aa 2 4
FUALAIINUNY Td\iﬂﬂﬂiziﬂm 250 NN/BN UIDUN

FY = ~ ~ J 1 A Aqy A
WGHTN’E]E]fJ‘]Jﬂﬁ3!@8@Lmu%ﬂucmil‘u@]‘]JNET’J‘L!Gluﬂﬁ]uﬂi@]ﬂi“ﬁhi]ﬁiﬂu‘ﬁm‘ﬂﬂ

U

fl
Y 9
M3 1410
9 l =S L% =1 3’ 1 =S 9y % 1
lavinmsdosryasuNIAd1150aAAIBATINITTUVENNHIUABUNTA 1ANNOATIAIUMS
= Y = = 7Y v Yy Y =< 9 o =2 o
UNUN BNIUMIUNUNYUFUUAAIBOITIUERYTOEAL 50 DINLFITAADATINTHFUYBINN
[ a A 9 A 4 v = 2 A )=} o =
HiuApunIaf luaasaueIui lavninmsdessyneunsnadla ualoieununounia
[ S o =< g/ 1 o A ' ;I A o 3 dy A A
AIUAN SIAINOATINMIFUVRNINFIUABUNTANZINIINIGNDIY 28 taz 90 Tu NaHIHBINALND
d' = < Y 9 Y a d' v 9 g’ % [ o
ununusmuaalsninudeslulsanunniiesas 20 Tagiminveddagilszaiuim
Yo o o a A 1 <3 Y o 1 I = 3’ 1 =
lddesgavesneunsaiinianatediunu ldde danalilidnsimsduveniiuneunsa
dgl [ 1 9 [ a v = d‘ Y a a d‘
qITU WANIINAABUAINA1IAAADIIUITEVEIROUNTANHANID I UL TuTanga
a d! o Y = Q' dgl
mull Feildanungulusounimnuay
Y
nnpaauiasufdedatazdasimMsFuvesiriuvesnsunia amsadillan
Y 1 a = Y Y = Y J 3’ o = ~
MU UUAAZIREA 101¥IUdBsUAAzIReA uaziohdnhduuaazden  awsounun
Y 1
Yudmudldnedosay 20 Taerhmindaguszamluneunianlduiasiumerunazuiasiy
2 Ayny ' o A o = o ~ Y oA !
aziveai IdnInmsdosiAnounIa toandasIMIFuveuiWiunounia laillusdaauaz i
= o v o o 1 = = 7Y Y o o ¥ =
UWansENUAeMaIdANINTin drumsununusuaalsmidinalusasiieeas 35 83 50
cf} v W 1 Y a A = oy d? 1o o o A Y °
Tagimindaalszaurelnaounialanunuiigauuuanidedaiuul ldudiasny

a A A dy dy Yy 9 4 = ~ ~ IY
“]Jiiﬂﬂ!ﬂﬁll‘i/]‘l!ﬂﬂ’g(ﬁlu uﬁ)ﬂmﬂumﬂ%mwmaﬁ)sm@1azmﬂﬂclumil,mmmaljumumaaaz



22

g, v @ 1 9 [ = o 9 A A v = g‘
50 Tﬂﬂu1ﬂuﬂ3ﬁﬂﬂi$ﬁ1u1m‘ﬂu13ﬁ1ﬁiﬂﬂ@uﬂiﬂ LW§1$ﬂﬂ“ﬁ‘ﬂﬂuﬂiﬁu@ﬁﬂﬂﬁ%u‘uﬂﬂu1

HIUABUNTAG A MAIdANMAIAIN

Y Jd o =
2.13 ﬂ3]3»1ﬁ"l%»l‘liﬁﬂ‘l!ﬂ‘liﬂ‘luﬂ]uﬂﬁf’ﬂiﬂ (5§‘wa aum !!ﬁZﬂﬂ!$,1J2553)
~ @ 1 =S o [ 14 =
Z‘]Jﬂ 2.4 LAANAIDINADUNITIATINIUNITNATDUNITL ﬂgﬂﬁﬂl‘lﬁﬂlﬂﬂﬁﬂmu Tﬂﬂigﬁlg
4 =< ) @ A o 1 = Y A 1aaa A A
ﬂﬁ'ﬂl‘lﬁﬂlﬂﬂ5ﬂ“]ﬁJulﬂ‘ﬂ']ﬂfnﬁ'Jﬂ3383’l]'lﬂW'NI'J@EJ'NﬂfJuﬂiﬂﬂﬂﬁ@ﬂﬂ?umqﬂN@W@ﬂ"mﬂaﬂﬂll‘ll
2 Y Aa ¥ A = s = P a
‘ﬂuﬂ\1Lﬁuﬂmﬂ13LWﬂL!ﬁﬂQLLu3ﬂ31Naﬂell'ﬁ]\‘]ﬂa@uliﬂllﬂiﬂcﬁll G]f\iﬁ\‘llﬂﬁvlﬂﬂTﬂﬁ“UTJGUﬂﬂﬁ'ﬁ

a 4 s A dgl 1 ~ (=) 4 R AA oy [
ﬂi%ﬂﬂﬂ“ﬁﬁlﬁﬂﬁﬂﬁﬂqﬁﬂﬂlﬂﬂﬂlu ﬁ"JL!‘VIllﬂﬂﬂﬁﬂlliﬂllﬂiﬂ"h'ﬂuﬁ@ﬂﬂuW]'mﬁ]ﬂu

Epoxy Resin~

3% Nacl —

) ()

A A ad ~ A Ulﬁ)d =X g o o =
(ﬂ) ﬂE]Uﬂiﬁﬂwaﬂ@waﬂ“ﬁiﬂﬂiaﬂlﬁaﬂ ANGIHHIANTUATIHIUNATOUNITUNTNYY

'
= = 1

[} 1 J
@) drvgnaneunianuslumsazarslafennas lsaanudnduiosas 3 lag

J w
HINUD
A

Y v ] 4 J
(M) G]’J?JEJNTIE]ﬂﬂﬂGlﬁ}LmﬂLL']J']J NW“T)’ﬂLﬁ’E)‘VHizﬂzﬂﬁﬂ]liﬂlmiﬂéﬁﬂ

£l
v

4

Y
@ 1 ] o o I
@) aednnuslumisazareImasunas lsdanududuiosas 3 Tasimiin 1y

Jzoza 18 1ADU LAz WUAIMITNA881TaZa195a1193 IUAIaANUTuTY 0.1N
d' o ] =\ d' 4 = [
51N 2.4 @edunounIaNnadoUNITzezAa lsAUNINFY (FTWa AUl LazAME,

RU

12553)



23

80
T 70 &Y W/B = 0.45 [40]
E 4 £ wW/B =0.55
f} 60 £ w/B =0.65
s | ol S
c S0 2
k=) S
T 40 3
o <%
S 30 N %
5 | S5
L 20 335
5 1 55
= — <
s oI N N
O "‘ T T T I T
CON RC RCB20 RCB35 RCBS50

= s = a A a s
ﬂ'J’]iJaﬂﬂﬁﬂulﬁﬂl!ﬂﬁﬂcb'llellﬂ\iﬂﬂuﬂﬁ@lﬂlLG]fGluﬁ’]ﬁﬁga']fﬂ“]ﬂﬂﬂuﬂa@lliﬂ

e
=
=).
e}
[

Y 9y S e o
ANULUVNVUIDIAL 3 Iﬂﬂuleﬂ lﬂUfigﬂZﬂa’l 18 Lﬁ@u (jﬁ‘wa AUUT 1AL

Ame.112553)

~ = 4 = A A 1 =) o
517 2.5 namsnnwanaae lsduninduvesnounianugluaisazare Tmfsunao l3a

Y 9 v AT a P Ao \ Y
ANuINIuTosas 3 lashwin iuszeznar 18 oy Tagwunndandiuieiag
Uszanudednuy asunsanliurasiuneruanmsdesuasunIaludiupay (RC) T
= 14 = 1 A A 9 a = Y
ANwanAan lsaunInFuganinounsai 9u1asIuneIUINEITNIA (CON) Fauanaald
< 1 9 (] = 1 Y 4 < 9
Wums l¥ulasIuneruInmsgearuaounInatnaliinas lsaauisauns nduin

=

= Y 1 =) A 1 =) Y @ &
ﬂf]lllﬂiﬁhlﬂﬂﬂﬂ’ﬂﬂﬁ]uﬂiﬁ CON 1UBDIINUIATINHINUIINNITYDULAYADUNTANND TA1THI

) e

T A a a l a L] a a o o
TW3901MAGINNAUTITNIA (HuYudor) mezAnoguuiiuiasiuay 19iildnaelsa
=< Y 1 = P2 é’ ] 1 dy
f,’f”lll”I'iﬂ!,Wl'iﬂ"”]ﬁJ!aU”Ii;fﬂi’)uﬂiﬁllﬂQWﬂsUuTﬂEJNTHIW?QL‘HE’HM
4 Y 9 9 = A ~ o ' A Aq ¥
L?J@Gl.‘;]flﬂ”lslf'lu@ﬂﬂﬂﬂﬁgLﬂﬂﬂl!‘ﬂuﬂﬂju‘ﬁﬂuu@lﬂTﬁﬁﬂuGlUﬂﬂuﬂﬁﬂ'ﬂi%’uﬁﬁﬁﬁmﬂﬂTﬂ
' = ' = ¢ < gy a Aq9
NNNITYDYLAHADUNTA ‘W”U'31?]'J']llﬁﬂﬂﬁﬂUlﬁﬂll‘ﬂﬁﬂch'ﬂ\llall”li;fﬂ@uﬂiﬁﬂislfu'lﬁ'i'JlI‘VifJ']’]JﬁJ']ﬂ
! o Hqu v 2 = = I 1 P
ﬂTSﬂﬂﬂ!ﬂHﬂ@UﬂﬁWﬂGl%tﬂ?“lf”lu@@flﬂﬂﬁ$!ﬂﬂﬂllﬂuﬂﬂjucﬁmu@ﬂu@@§Tﬁﬁuiﬂﬂa$ 20, 35 uag
v
o v v o w ' < v
50 IﬂﬂuTWUﬂ’Jﬁﬂﬂigﬁ"lu (RCB20, RCB35 1iag RCB50 uaial) ﬁﬂﬁ\i@ﬂ”lﬁlﬁuvléﬁfﬂlﬂu
o & A = = ¥ ) a 0 q v & %
MNUIUBDIINDUNIANASIDYAVDIDTIFIUDDIVADSLDYA (d50 =5.6 Ullliﬂilll@]ﬁ) ‘Vni?ilui’]ﬁ/‘lﬁ@]
A A ] d? 1 L A A 99 9 Yy = 1 1
11!ﬂi’)uﬂ3@]Nﬂ'}n3JLlu‘lﬁ]uﬂ]TLWﬁ@]GlUﬂf’JUﬂi@TI]’hJ‘IGBLﬂﬂf”lu@@ﬂ'ﬂﬂﬁgli’)ﬂﬂcluﬁ]ul’dﬁﬂ IR
Y J =< 1 9 1 dy = 9 dy Y =1 1
114?’1?1?)115ﬂLL‘VISﬂ°]53JWTHLTWQLuﬂﬂi’)HﬂiG]HlﬂEﬂﬂ"lluull31’113NN?ﬁﬁ?NﬁﬂTUﬂTﬂﬂTiﬂ@ﬂLﬁH

a Aa ' ' < Y v v 2 =
ﬂ'é)uﬂimﬂummw;uqqmﬂumuwanﬂmu IﬂﬂﬂTiGl“]fl,m“]f1uf)@El‘Uﬂﬁ$L’t]EI@LL“VIL!‘VI



24

= 4

o 1 A d? A Y 1 =< 4 Slddg}
ﬂ”u“]fmuﬁcluﬂﬁi1?(')1!14@I\TGIJUE’{']NWTDLWN?YNN@]"I'L!‘Vﬂu@l@ﬂTﬁl,Wlﬁﬂ“]ﬁJGUfNﬂa@lliﬂ‘lﬂﬂ‘Uu
Y
f

' 3 Y v Y} a A a % o ' A ' '
Y fJfJ'l\‘]vl'iﬂ@nuﬂ'liGlGD'Lf]'ﬁﬂl‘!ﬂﬂﬂ’ﬂﬂaglﬂﬂﬂLlﬂuﬂﬂ,u"]ﬂmu@]Glu@ﬁﬁ'lﬁ'luﬂqx‘]ﬂgﬁﬁWaﬁﬂ

N15AAAIVUBINIAIDA

o Ay v v A A o vy A A o W v
2.14 MWKV I InMstoaIAEAdUNINHID T ANOA3 199U q W INA UM%
Ival Ggwa ann nazaae, 1 2553)

Yo Ay v l = A
UINITIU TN, 1014 ”lﬂmuuﬂﬂizmwmmaammuﬂmmaamﬁmaunmma

[ U 9 A A ) [ 9 1 3 [ A 3 09/’
AAANDATNOU ieinavu 18lvadu 3 FTAUAUNNAD FUAUNIN 1 FUAUNN 2 Lag
Y

@ qg/l S Ay ¥ a 1Y "9
BUAUNTN 3 Iﬂﬁ]"]fuﬂmﬂ'lw 1 !,‘]_I'Llll’Jﬁi'JllWfﬂ‘]J‘V]Vl,ﬂll'Jaii’Jlli]'lﬂ‘ﬁ551I°1ﬂﬁuliJu®EJﬂ’J'l'§fJﬂﬁ$

:} o =\ d‘ Y [l = d‘dl = 3’ [N 9
80 Iﬂﬂuﬂ’iuﬂ LLﬁ%iJll’mi’)iJ‘Vlllﬂmﬂﬂﬁﬂﬂﬂ!ﬁ‘ﬂﬂﬂuﬂi@ (‘vmmﬂﬁ@ﬂmum”lumuiaﬂaz 10)

Y

' a9 3’ @ A 3 o o A o IS
Nﬁm]ghlmmuiaﬂaz 20 IﬂEJTHWUﬂ VUSNBUAUNN 3 !“]_Iu(’]fuﬂ.mﬂ'l‘w‘Vl@]’lﬁ;ﬂllﬁglﬂulnﬁﬁﬁll

A (% U U

Ay v 1 @ J A Aqy Y & ' ' A
Wﬂ'lﬂ‘]/lvlﬂi]'lﬂﬂ'liﬁlﬁlﬂﬁﬁ@]‘ﬂﬂ 'H5ﬂ?ﬁﬂﬂﬂ?\lﬁllﬂ‘ﬂﬂﬁ]‘L!ﬂi@%i“ﬁllﬁﬂlﬂuﬁﬂuiﬂﬂlﬂuaz1Iﬂ1ﬂ'li@ﬂ

Q

< g‘ 1Ta 9 oy o A dy a9 Yy Y A @ '

Glf‘JJu'lVllllﬂuiﬂﬂag 20 Tﬂﬂu’l'ﬂuﬂ (@,@'lﬁ'l\‘l‘ﬂ 2.5) u'ﬂﬂi]’lﬂu’l’i'lﬂiJleE]IG]LLFJ\‘]!ﬂEJ'Jﬂ‘]Jﬂ'IﬂL‘]J\HLEJﬂ
4 [l Qa/) LY (] d' 9y 9 a =

ﬂiglﬂﬂuagﬂﬁﬂﬂﬁgﬂ@‘ﬂEJ'OEJ‘V]\‘IWIIﬂell@\WI’)ﬂfﬂ\ﬁ\l'}ﬁi'}ﬂﬂfﬂﬂﬂﬂl%uﬁﬂ DIINVTITUIDIVDUIUA

4 ] 1
eummma’m‘hmwmmmaiamm3ﬁ%ﬁm%mamwﬁu 9 AWATTIIN 8.6 Usznou uagin

]
g % =

(4 Y Y o @
ﬁﬂﬁﬂiuﬂmﬂ1W611603J’Jai’nJmul,ﬂﬁ Gl?i‘ﬂ1m‘Mi’Jﬁ]ﬁ"a‘]_lﬁx‘i’m‘@ﬂu%iw%ﬂzﬂuumuu’mﬁu

q

NN QNN TIDUIABABUNT ANUALAILAITIN 8.7 LAZIAUDLUUZNITIINIATINNREIUN

Y 9 09; Y] A Y = ~
ﬂl%LLﬁ'Jﬁ']llﬂﬂlﬂ']WVN 3 3EAUAUNN Lweﬂlﬂuﬂmﬂﬂuﬂmmm”mw 2.8

2

[

d' o d‘ =
MmN 2.5 Mwunsznnvesulasuneun ey (FINA aUU LDTA, il 2553)

9

E4
FUAAIN M NANNY

9J 1

fouﬂmmw 1 Nﬁﬁﬁﬁi\lﬁﬂﬁﬁ?ﬁﬂﬁ3ﬂ@‘U£th§J'Jﬁﬁ'J§JWEJT]Jﬂ?ﬂﬁﬁiﬂ“ﬁW@uliJﬁ@ﬂﬂ'J']%jﬂﬂﬁg
g’ o d‘ 9y 9 ] "9 oy @

80 Tﬂﬂmwuﬂ L!,azmai”nmEJmﬂolslm,mthMﬂﬂmi@ﬂaz 20 Tﬂﬂumuﬂ

A A Aqy v o n o 'Y

maumaimwamﬂmm BUAUNN 3 Nall’f]gh],NNWﬂﬂ'J'ﬁ@ﬂﬁ$ 10 Iﬂﬂ

J o e < Aq Y Y A

HINUDN u'ﬁ]ﬂﬂ'lﬂu‘ﬂ'lﬂTi@'ﬂG]ﬁJu'leUfNiJ'Jai')lﬂ"iEI']UVIGlGIfLLa'NJi$!ﬂ°VW] 1

9 r1a g9 :l @
G]’EN%JLﬂUiﬂEJﬁ& 3 I@EJHTViLlﬂ

z 1 Ay v A AqY Y S =< oy
BUAUNTN 2 ma53nwawuaau1wmﬂmmmmuﬂm‘nhum HAsUAINITIAAGUU

v
Tupusesaz 10 Tasriwmnin

1 A J v J

4 v
FUAUAIN 3 vaaswnerudiulvgfldnnidqionie nauszniteiagnouas

q

=1 dl Yy 9 =0 =< :l "Ta 9 g} %
AounIAN 191d7 l,!,azumms@‘ﬂ«mm"lummaﬂaz 20 Tagtimiin




25

Ay ¥ \ = 9 1 PRy ¥ ' Sy ¥
N?ﬁi’lh“l/lulﬂﬂ1ﬂﬂ']iﬂ’6ﬂlﬁHﬂ@uﬂiﬁ!LﬁJ’Nﬂ%ﬁJﬂl@ ﬂuﬂﬂﬂﬂﬂn]’)ﬁiﬂmﬂllﬂﬁ]']ﬂ

?
A A ' Yo Yy 9 v =
‘ﬁiilJG]lenluﬁaw € L1303 mei“l,%m@ﬂacﬂmmu mmaaaWuaﬂaam"lmzax“lummmm%
@ A A = 1 A A v A A 9 aa 1 Y]
W@mmuﬂauﬂmuﬂmmwmﬂummiaﬂmmaumwhuaaﬁmmﬂﬁﬁﬁwmﬂmﬁmm

dy 9 A 9 1 =) 1 1 [
o Tegau u@ﬂmﬂuﬁ1ﬂﬁl"'ﬁll’mi’JiJ“I/]llﬂmﬂﬂWiEJEJEJLﬁBﬂE)Uﬂﬁﬁ‘UNﬁ’Jui’Jllﬂﬂll’)aﬁ?llmﬂ

v P4
AR

sssunanazaalesleausunudentislinounialinunmnavuniimslduiasaunn
Y
MIPOUIANADUNIANIKNA
A Ay ¥ ' ~ Y} o ' Y g
madenuaiui laninmsdessyasunia liuzauiuauniwauneddaiy
! &£ Ao qu )] o oA 4 4 oA = A
druniani Iimsldurasaudinanianumin aunIngavy 1a1IABABUNTANYIUNI O
= ) [ @ @ = 1 A 3 A 1Y o v w 1o & 9
aounsadmsunulSuszautazaounia lidsumani ludssmssiaedage Tuduiudes
a g { 1 [l
THurasamnsssuand @uilumiaswidgunings) uaawiselduliasivnnmsdostsy
G Y 1o Y ' Y A A ' 1 129 AaA '
aounaa lduag lumldaunmuesnunedivannamiedomoudodisls ualidodnosioan
o w J { o e 1 a 4 < @ {
uagsanounsanuazAuneuninndeitlunelas limalse Tomi T¥naeiluiaghd

Uszlowd uazlunaiensdinui ilvaeuniatinmdias Tashaunimvesaudailulyl

Ay
ATUNABDINTT

d' [ o A:; y 9 1Y =
MITNN 2.6 ﬂmaﬂymxmﬁmuuﬂmanw%um (33N aUU LLﬁZﬂillZ,‘]J2553)

o’d‘ o
NAURNAIUA
7 7 7 o
o FU ¥ ¥ N9
AMANHAL
AU | AN | Ao | NAAOL
1 2 3
AMUD N UNIZURIVDIUIAT DT 08 2.40 2.00 150 | ASTM CI27
:’ v 9 4 [
ihminfesazunngavetesdilsznoudes
= ] o AA o a Yy 9 '
NN NsumzNoudIR T osnI1 2.20 10 10 -
SIaNuoNTUMIE NV IR 08AI 1.80 1 1 10 ASTM C123
NN NTUMIZ NV NI 081 1.00 0.5 0.5 1
:’ v Y [ A 3 Y o
minfesazungavesiaqoug wan  uin 1 1 5 dautlagnn
o ' P o oA
Tagoou M3 uoailan ouq) ASTM C142




26

MSNN 2.7 ToRmuAfUENtANIUATINNANYDIIATIMKHeUN1FUAT (Sgwa auu uag

A, 12553)

[

P o ax
DUNNNINUA AENINATOU

AMANbAY
USuunaelsdanazarelalunia Fevaz laeimiin) <0.06 ASTM C1152
Ysinadanles lugiesdlsznoy  Fanlaiazaiolu <1 EN 1744-1

Y
nsalugl so, GovazTamimiin)

A
a Y] J v o @
sunugamosnaviua (%’aaaﬂ@ﬂumuﬂ)

<1 EN 1744-1

Ysummdanm lalugilues Na,0 +0.65K,0

Y
(Govaz Taeimin)

<0.60 ASTM C289

A o v o A 9 A a Y] HAqY ¥ & '
AT NN 2.8 ﬂ']ﬁ\if)ﬂ“l/lﬂ’ﬂllclﬂLil@ﬂﬂUﬂﬁﬁﬂlslﬁl'Jaﬁ’JilWfJ"I‘]JVIGlGD'LLﬁ'J!‘]_IUﬁ'JuNﬁ'lllla%t!u':!“l/nﬁ

Tumstinen 15 luau Ggwa auu uazame12553)

1IATIWHEUN

15187

o v o o A Y
masvanounIaneen i

WInfiga (NN/ )

uunlumadue 115l uanuneunsa

4 '
FUAUNINN 1

Tusvua

A o ~ a < =
QWHﬂE)uﬂiG]‘ﬂ’Jhlﬂ ADUNTALTTULVAN ADUNTA

DALSI LAZOUUABUNTA

k4 v
FUAMAING 2

500

= e‘./ 1 ] o 9q Y o =
Qiuﬂﬂuﬂi@]‘ﬂ’Jhlﬂlmlllll.!uSuﬂﬁi%ﬂﬂﬂﬂuﬂiﬁ
[ = d'g} a v A 9 A
DALUTIUAZADUNTANADIUNTUNUFAULINADUN

S A s A W o @
llﬂiiﬂﬂ!ﬂa@]lﬁﬂuaWWﬁ@"D’ﬁW\lﬁq\‘] AINIUINU

v
=

a Y o P o o Ay ¥
ADUNIAN wﬂmmﬂwaﬂmsunmwaﬂ“lﬂ
i]Tﬂﬂ1iWﬂéf’JLL“lJ“]JLLﬁ\‘ILLﬁ%ﬂ’NNﬁUﬂI@QN?ﬂi?M

HAq v ¥ a Y
TTEJT]J‘i/ﬂ%L!ﬁ'JiﬂWiﬂ‘iﬂHWJEJ

9 ]
FUAUNNA 3

160

U U = = 1 =)
QTIJ‘IJT]Jﬁzﬂ‘Uﬂ@uﬂ’i@]!mgﬂ@l‘!ﬂﬁﬁqﬂlﬁﬁi\l

3 A 1% o v w
Lﬁﬁﬂ‘ﬂ]lll@]ﬂﬂﬂ"liﬂ"laﬂﬂﬂqxi

2.15 UIFLNENUIN

Ravindrajah 1182 Tam (1985) Any1nuauiiavesnounsafllduIasImINMIseoeAY

= J Y 2 o aw qaj 1 ~ a dg} (K%
ﬂ’t]uﬂimﬂ1llﬂ‘]ﬂﬂull’mi’nl‘ﬁElT]J G]Nuﬂ’)ﬂEJ‘VNﬁfNW?J’Nﬂﬂ!ﬂWW"UENM’J’ﬁi’)lliul“]ﬂﬂaelluﬂgﬂ’ﬂ




27

o w = = a ~ a A J o ° 1 a1
fawazmadeglvesnounia@y Taourasnd lafalininuaiesumzdind waziian
Y Y
MIAAFIINGINIIHUUNTIAGEY (MIATIWEITNIIR) UONINHTINDTIANUAIUNIUADNIS
ATZUNN ATH08 LALMITTATVDINIATINKEIUS LasAad1nNHULNTHAgDY (D1 59135
lasRaun lFununuIasTIWIINIIUIIA IUMITHAUADUNIANUINNAIAVDINDUNITAAAAID
9 ' [ A 1A =< 9
Jooaz 25 uaza lugaanuBarguilaanaIdiTosas 30
Y
De Oliveria 118 Vazquez (1996) ANB1D4ONTNAVOIANNFUVOINIATINT |HiAade

0o v w

wva A A & o Y 1 A Ao ~ a A
AUTNUAVDIADUNITANLUIAILAI WUIINAN WU@\‘Iﬂﬂuﬂiﬁ‘l/]Tl1iliﬂ3J’Jﬂi’Jilillcmﬂﬂ1/]E]Qiu

]
o v w A 9 =)

A o < {

anMzuiaazanzaudlanauanios fawwaniony 28 Ju vesneunianlduiasing

a A Y Y = 3 Ao [l 1 ' Y =) 1 A A
laAatialndifsenuneunianauasomimidos daua lugaaanudanguyesnouniai
T9u1a3205 ldaiisdinineuniaduiaznounindwosnnan lukesljiansegy sy um
P ' o A ' A o
Souaz 75 vou lugaddanguyesneunsand b

11l A.7. 2002 Limbachiya tazaaedny1nens 1suiasiunens snalunounia
o w a ~ a Aq Y 2 qg/l dyd a
AAIEE WIATIWNIVTITNTIAUAZUIATINNIUS lnAan g lumsaneiasesiiiubi unsae
~ a Ayy 1 = Qy 1 9 ~ 0o A [}

w3215 lmAa Idmanmsdearuaeunsannsudiu Inssaswasunsaduioguin luru
1195511 TAgu1A TAEAYBINIATINHNEILIIND 20 Hadwas u2a3215 lwdan ldluauide
dyd [ = 3’ I 1 a A (= ]
HNMINIgeduI Tl uaoUNIv0WIATINNEIVINTITNIA TUYVLAAIANUHUILUUTA
] 9 Y
ANIWIATINNIIDNINGITuAeg luszniiesaz 7 Defesaz 9 Neilillesninanumnguy

S 4 s A AAa ~ a i 9 ~
YOIFUUANTATNAADYNHAIVOINIATINNIVT lamfia dIumansznuInms lFuiasiunens
lafaunuiiniasinsssumanuinsldurasiuneus lsfaunuiuiaswneruain
535090 WiinuSesaz 30 ludwwansznuaemidealszasvosnounsa uad 19 ulSum

[ Y

[ dy 1 Yo =~ o Y A A a
3J1ﬂﬂ'ﬂlﬁ]%ﬁ\iNﬁcl‘ﬁﬂ1ﬁQ@ﬂ511’ENﬂ@‘Llﬂ'i@]aﬂZ’NLlﬁ3‘VI111”?ﬂ@uﬂiﬁﬂﬂ’ﬂuWEu%ﬂJﬂiNWﬂ!ﬂTﬁ

AA A dgl I I~ av dy 9 2 a o 9
UNUNNINUYU ’E)Eﬂ\‘iul'iﬂGl”IlJQTH’J%EJUﬁﬁq'IJhl'J’JﬁJ’Jﬁi’JiJ‘HEJTiJSUl“])’Lﬂﬁﬁ”I‘JJWﬁﬂMWM”IGlGHGlu

1 o BZ 9 a ] o v w o w
AIUNANVDINBUNTAMAIFI IAIAUTVTANINAIUIAINTTUVBIADUNTA 1HU MAI0A (1
o o ' Y A ' o & A
Fuusaa uaza lugaaanueavgy fanailuinimels

Y 2
¥A991INTY Poon HAaZAME (2004) 1AANHIDIBNTNAVOITNIZANNFUVDINIATIN
Y Y
53TUHIANAZNIATING lwAaaeAINITgDAA oA UBINOUNTA WUIAN1IZAINTY
YoauIasINAIHanIznUaeMI)asuuasuesnmsguaIveIneunIaaa NIasIniedlu

v
1 £ 1 = 1

o 1 a 1 [ {2
’c’fﬂ1’J$f]Ullﬁﬁﬂ11ﬁ!ﬁﬂ1ﬂ1iﬂﬂﬁ’3‘]ﬂﬂuiﬂ‘ﬂﬁl\iﬂ’ﬂllﬁzl,ﬂﬂﬂWigiLlLﬁEJﬂ1ﬂ1iq‘Uﬁ’)ﬁl‘i’)ﬂ’ﬂ

Q

~q 9

asunsaf lduiasvegluannzduiiiuiaazanzuielueoima nafeaounianly

wrasnegluannzaudrmuiatazanzudlueimaszinmsgudnaz msgadoa



28

9 Y
nmsgudledluniizilng Amsgudlrvesnsunsavuediulsuaniddss ludiunaw

= 1 9 o W o 1 a A 9 ~ A A 1 a Y
ADUNTABYINUIN “lu@mmmaﬂwmmeuﬂmﬂwaaimi“lﬂmﬂa‘nagﬂluamaxmumﬁlu

'
v v =

A o 1 a A 9 = a A [l A v A 9
2INIAUNIAIDAGFING A muﬂeuﬂmmﬁlwaaﬁ?mi"lﬂmﬂamag“luﬁmazammmum@

U

1 Y Y Y v
milloudnzdiwanvavdeiasda seeramannmssuhveanihdnuluulasiuignii
F4 [
I dennounisnay auiuawnsonanlasaglIdmslduasiuiegluannziudalu
1 Y
pIMenuNIasWEITNA litnudesay 50 Tasimin ludiunaunouniamuizay

9 v a S A a o w a
m‘mumiwamaumm%mammﬂﬂ@

=KX a a

Y
Etxeberria azAE (2007) ANY1D9dNTWAV0IUTanI1a515 laifauazTuaauns

a 1 wvAa A A a d! = 1 g‘ [ =1 d 1w 9 =~ 4
wammaﬂmﬁmummmumm‘lmmammmwmuumaﬂummummﬂu 0.5 (61,%‘1J,uqsm1m

=

1w a [ 1 < ' o v W { [

Ny 325 ﬂIﬁﬂiiJG]’E]Qﬂ‘]ﬂﬁﬂmﬁi) iﬂﬂNﬁﬂﬁﬁﬂ‘]&ﬂ‘v\lﬂ’ﬂﬂ1a\ﬁ]ﬂﬁ’01q 28 U 6U’E]\iiﬁ]’ﬂ‘hlfﬁKS‘I
o ~ a 3 Ao 1 A Aqy Qz "o Y
“I/HiﬂﬂiJ’Jﬁ‘i’JﬂJ“HEﬂ’]JiUl"‘]ﬂ,ﬂa“V]\1‘Vm@NﬂWﬂﬂ’Nﬂﬂuﬂi@ﬂ%ﬁJ’mi’Jm‘ﬁiiiJ“])’WWNWSJﬂWHmJi’BEJ

o
v A

= =2 g SY Jaa 1 ~ Aa Ao o 1 a
s 20 9925 G]N!’]JuWaFﬂ1ﬂll't’]fl'G]Tiﬂ@ﬂ@giun’)ﬁ5'Jl|5hl“lﬂﬂ'ﬁNﬂWﬁQﬂ@]’lﬂ?’lN?ﬁiﬁﬂJﬁiiN%’lﬁ

k4
LI Y 1

&~ A A 9 ~ a A 9 SN o w
vazmaanwan vl daiugagouvesnouniail lduiasumens luaanh lawaanisiaelu
= dg’ Y o @ ~ a A Jd Y PPN [l ~ a
NANINGIIZIUBGNUMEIV0IWIaTWHEILT lwfanTovesa1s nanegluniaiing luaa
o o A o w Aq ¥ = a v 2 ™
frsuasunsanasthunaanlduasus lmaadesas 50 uaz 100 Tassimiinveanlasiv
a A Y Vo o o o A Aq ~ a A 4
WFTINA 1o 1d Idmawaiiony 28 Ju vesneunianldulasiuens luaalia1lng
=% = d‘ 9 a o 9 [ 1 3’ 1 = 4 a A
iAeanouniai Iuraswmeusssuma i la laemsaadandrinhaeudmualszdnina
9 = A a =~ 7Y = dy 1 U o A 1
Jouaz 4 09 10 uazmaiulsnanjusuaiosay 509 10 wenINUNUNA lugaadavigy
= d' 9 =y a A ol 1 = d’ 9 a
VoI UNTAN 1FuIaTNHeNL3 lAalindinneunIan 14uIasINHEIUTITNHA
Rattapon Somna HazAMe (2012a) laAnYINANTENUMINIIIUTHLABBeA LAz
9 = 1 A Aqy = a I 1 Y
MUDDIUAAZIDIA ARANUNUMUVBIAUNTAN 1FuIaT05 ImAalluaunay Tasazly
~ a A A 1 09/} 9 Y A =} ) 4
a5 wHens lmAaununiuudosnivuanaz 1y inuiuuaaziven tazd1r1Ud0Y
a ~ ~ s o s A ! o v
vaazsaunuNYudualosauaualszinni 1 veauludasisosas 20, 35 uaz 50 Iag
Y Y
wrinvedidqlszaiuludiunay BinmsnadounIfIa9TuNs 199,11 FUV09IIH U
=~ 4 o =y 4 @
ADUNIA, STezMIUFATUAA 13ALALNITVEIIAIVDIABUATALBINAITazaeFala Ha
= 1 Y Y a = Y Y a ~ '
ASANHINDIINIT 1Y D10 TUHUVADLIDIA LAZIDIBIUODIVAALIDIA UNUNVINFIUVDI

H Y
Yududluneuniailduiasiud loaatiuddsansamgalumsdfulgeanunumu

voenounIanlsuiaiiud lsaa dasimsununnmzauuro Ao IURUUAaZIDsALaZIAN

l
v v A

Y = A Aqy ~ a A Yy Yo =
GHTL!fJfJEJ‘U@a%Lﬂﬂﬂcluﬂ@uﬂi@ﬂcl"lfll’lai’lhiul%mﬁLWfJGl‘ﬁllﬂﬂWa\iﬁ)ﬂﬂlﬁiﬂ$ﬁﬂJ ATFUHNIUVDN



29

A 9

oy Ao Y 1 =3 S A 9 [ ~
N ANUATUMUADNMIUNINTUVDIAA0 13A NgaazaNuMUmMuFaiaigenosovas
Y
20 Tagimiindeqisza
Y
Somna HazAmE (2012b) AnvIWANTzNUOATI@IMIIRE TR sTaIUNAZIOInIUEY
= 1 A = d‘ Y = a 1 = z:;
UaazideanenaaNaveIneunIaf 13u1a5915 ImAa TageonuuudiunauueIneunIai
a a 4 J J { @ 1 g} %
ldurasawsssuad Tasldjuswudlosanaudlsziani 1 uazlddasidruivoiag
- ! A Aq Y ~ a qgj 9
Uszenuming 0.45, 0.55 uaz 0.65 dauneuniai lduias ey’ laaaiulduiasiurey
~ a d‘ a a 1 3 Y 9 1 a = d'
3 lAaunuNuIasMHOIUTITNA (HUudes) Nanua uazlmdouiuuaazBoaunui
a 4 1 v Oy v @ 4 [
Yugmududiuludaiifosas 20, 35 way 50 Tamimindagdszaiu e 1¥5vilge
H v
Auautavesnounianldulrasunerns lmaa finsnadeutidedauazainsduveaiin
' A Aa Y o 1 o A 1 2y
HIuARUNIANNB1Y 28 1Az 29 Tu wenINHdImadoual lugaadanduYeIABUNTAAIY KA
Y 1 Y Y a = ~ a L A A Y
manageutaad iy lmdauruuaazveaununuduualuaouniainlsuiasiy
FlamfaansamelSuljesdesaldiiaiginineuniaildurasaunenns laaan lu'laly
Y a = AA o ' 3’ 1w 1w Yy Y a = @
iouRuDeazieanloandhaeiaglszanumnula dhowiuuaazideadianio
o A ) S YR Y : v W ) o A Aqy
Wunuiugmudlanedosas 35 Tanihmindaglseam dmsuneunianldurasiu
v Y Y
e lAaiiidandinhaeiaglsza iy 045 uad1miudnsidiuiiiaedag
L% 1 Y a 9 oa/ v o d‘ a d‘
Uszanuminy 0.55 uag 0.65 luals lsnudesas 20 Tastiindaglssau ensani

o 1w J v A 1 s A a qs// d‘ 9 q Y Y a =
NIANBDALNINY ‘WU’NIiJﬂﬁﬁ'ﬂﬂ‘ﬁfg‘LlsU’fNﬂ’E)‘Llﬂi@ihl"lﬂﬂﬁﬂﬁﬂjsﬁllﬁgqﬂimﬂ”lﬂiuﬁuﬂﬂﬁ%!@ﬂ@]

] Y
o ' =

A a A 9 a A ] 9 =
MﬂWHﬂ’Nﬂ’f)‘Llﬂi@]‘VIGl%iJ’Jﬂi’JiJﬁfJ”liJ‘ﬁiﬁlJ“ﬁﬁ(ﬂuﬂuuﬂﬂﬂ)ﬂﬁgiﬂmﬁﬂﬂﬁg 16 ©9 20 9NN

Y Y

a = A a 4 A A 9 = a A
nmslddimuiduueazi@eaununyuswud luasuniaildurasiunernd laaal
9 9

Uszanammsduvenivuaounialdnniimsaasandiuihaedaquszai
V=2 £y Y 2
Somna HazAM (2012¢) IAANYIHANTZNUVB UG IUIDIUAAZIDIA(YLIADNIA
Yszum 70 lunew)deamduiianienauazanuduniuvednounini lsuiasue1us
a & 9 v ' Aq Y X J PRV U Y
lafa Fudmudesnouvanldluauiteldennlswmihaa videiilddunudesa
aziwealinigqlos Teanuiomuguauianianatazanuduniuvesnouniai lsud
~ a ~ a 4 o 4 ~ [ 1 Y
V5o lada Tasunuiyudwualesauaudlszinni 1Tusasidiudesay 20, 25 uaz
Y ] ]
50 Taghmnindagilszanu iimsnaodred anaae oM IMaITuNsIon,a1 Tugaadanguy,

Y
o 1 J
mﬁmmmmmuﬂauﬂ% !lagﬂ'lillﬂiﬂ“dﬁll"llf]\?ﬂﬁflvliﬂ
Y v

1 o A (] = dl 9 ~ a a6 Y d' ]
NANATDUNUIN Ill(:]ﬁﬁﬂﬂﬂqu ﬂlﬂdﬂ@uﬂi@]‘lﬂi‘]ﬁl’)ai’JlIWEJT]JiVlG]ﬂﬂﬁ‘l/]\i‘ﬂﬂlﬂﬂmzﬂulll

v
A 1 o 1

T8 1udosuaazideaiiaidiniineunsan l4u1asIuneIUNTITUIA (MU udos)

U

9 ] Y
o 1

ﬂi$u1m%}®8ﬁ$ 19 u@ﬂ%Wﬂﬁé.J}\‘IW‘iJ’j1li9\}1“]51u’éle’E]ﬂﬂﬂﬁ%lﬁﬂﬂﬁnﬂ‘it‘lsl‘]gf}!,ﬁf]ﬁﬂﬂ1§5§3J6U’E]\1u1N1L!



30

o Aqy ~ a Y 1 = a A A a 9 Y =

aounIanlsuiasiunes lsaa ldedralilszansna mamulsuaudimudssuaazidea
] H a 1 4
Tudrunanysinounini nlsurasinverns lsaarieliszezmuninguvsinas lsdanad
[} = dyoj 1 Y 9 Y = 9 g} o 1

2819018 YONINUTINVIIMT 1M1 ¥ UdesUAaIDeAToeas 20 lagtitvinluaIunay

A A 9 ~ a 1 [ A 9 =
ApunsaN Ifuasmnenys lsaaielsulsnuauianenatazanudunIuYeIneUnIa

nldurasamenys lsaaldedradidszanson

Y

Nn3eaendnina Asadad nazame ladnunlsziuguaniandesunsoavod

= 1 o an a o J Attt & aad < o
ﬂﬁluﬂiﬁLL‘]J‘]Jllll‘VHEH?JT@EJ’JTJQﬁGIS"II“B‘LH’TWafﬂ’ﬂa“Bﬁ%ﬁlﬂﬂ?‘ﬁﬂﬁ%@?ﬂi?ﬂﬁ? NnIng
a o aa A Yo ~ 4 4 4
AUATIECHNANINNNTDA m@ﬂ1%’;ﬁﬂleuchmﬂiamuau@ﬂszmmmmmzmaiaam&nmum

1 Qy Qy 4 1 Qy
lemuqmum 3/8 WA 3/4 U1 Gl%}umﬂeuﬂ?mgﬂwiq@,ﬂmﬁmmmmuaﬁa%mmmmwm
=< a 1 o o o o [ d' (% I 1 1 =<
10 99 15 1 UAIUAT @@ﬂllﬂﬂﬂ"lﬂ"lﬁ\i@ﬂﬂﬁﬂﬂigaﬂﬂ 91¢ 28 m‘lwmmag TENIN 200425 03

422425 D 1anSUADMINUFUALAT MTANEIUTZNDUAIINMIANYINANTENUUBIANIUNUN

o v w [

9 9 [
AN 9 VOIFUU UM VT I0AA il muﬁwmﬂT@qﬂmaﬁﬁqmasmwmuﬁﬁma

(%

Y
[ o w w Y] A a [ 4 a (% o w
NIENUADMINATOUMAITVUIITANDUNIAITRAA IsHaNadn Tadh MeuAUMaIsuNs

o v w

Y
PANIATTIULVVNIAY NIAHANTNATDUNUIIANUUUIVBIFUNIUUALF ATV
9 v
93 INIIVUIA TAGAVDINIATINHIUNNANTENVADAINIAITUIIDAY DINOUNTANINATDY

1 o U an a o 4 Qtiy [ ~ [ @ =K I
LL‘]J‘]Jll‘JJVI']a']fJ maa‘ﬁqamﬂ%uﬂwamﬂacmﬂluaﬂumzﬂtlmﬂmﬂﬂuaaﬂulﬂ vtung

1 o o o [

Usziummassunswavosneuniald laslszuanseusuldlussdunita Faadrsnarsan

o w 1

o v w o axd D] Y o = =2 Y A '
‘VIﬂﬁ@UﬂTﬁQﬁULLSQf’JﬂiuTﬁ@u 9 ‘ﬂﬁgﬂﬂ‘ﬂﬂ1§16}f\ﬂu UAZADINIUIDIVDITNAN TG NDIVTING
= VA A gy
AIZNUINANUUUFDDDUDINITNATOUUAIY

Av A1 ] ' = a A < o '
mﬂqmnsmmuum$mmmaaimwamﬂmmaummumuﬂﬂmmmaaim

Y
~A A

a 2/' J J =~ J 7 [l = a A <
DITUBIA ‘VN‘L!!,‘Llf]{IFﬂ1ﬂ3Jﬂ§§§]jWiLLa$/1’T%!’E]G]5L3J'LlGILW’L’fﬁ‘1/1@QGlleiJ'Ja‘i'Jll‘ihl,“]ﬂﬂahﬂ?'lhl!"ll\?uiﬁ

1 a dy 4 4 ~ J 5] 1 ~ a o A
‘LTE]EJﬂ’J11]’Jﬁi’J§J‘ﬁ‘§§3J“HWI u'e'Jﬂi}1ﬂmJa‘iéfmmz/ﬁ%mmumwammg“lumaﬂm"lmmaEN;J

Y

1 ay 1 Yy =3 o A 9 Y1
ﬂ'J'lﬂJWﬁ;uq@ﬂ'ﬂﬂ’)aijﬂﬁiiu%Wﬁﬂﬂﬂ f;’fQNaGI,WSJﬂWﬂW‘i@ﬂcﬁﬂJUWﬂqx‘iﬁ'liJhlﬂﬂjﬂ 114371 Poon

Y
HazAAE (2004) 1AANHIDIDNTNAVDITAIZANUFUVDINIATINTITNHIALALNIATINS by

J = d'

a2 1 Y o v w = o o3| a a @
ma@mmmsq‘umuazmmﬂmlmﬂauﬂm"lﬂuéja umﬂum‘iﬁﬂ‘lg111’Jai’m1/mJu1fimmiu¢1 N}

9
=

1 = A & a @ QSJI Aav A A = dy
ul,llW‘Uﬂ']iﬁﬂ‘]san'Jai’JiJﬂlﬂuWUﬂ'u ﬂ\1uu\‘iTL!Ti]EJ‘H%Qﬁuﬁlﬁ]‘ﬂ%$ﬁﬂ‘H1Wﬁﬂi$‘ﬂUﬁ]1ﬂﬂ'ﬂM%’u

a ~ Qy { a 1 1 Y o v w 1 @
mmnaaimﬁiimmmlazma'i’;m"lmﬂaﬁgﬂuwuﬂ,ummmiqum N1AIDA uazﬂﬂu@,aa

]

A

Aanviangu Tagaznadeusidaidanouniafleniosdans 1 lalniogruanszNuYe

u

J T

Y Y
AMNFUNY TUAoUfI961939UA28 UDNMINHUTIAINITO AT 19ANUFURUTIZH1IMEI09

3 A o Y a Yy 9
Llﬁ$ﬂ31uliﬁﬂﬁu@ﬁ@]511%uﬂhlﬂ@ﬂﬂ?ﬂ



31

UNN 3

S uIUMIIVY

@

2 0 = s A A Aqu a o
GluUﬂUﬂa']'Jﬂ\‘]'Jﬁﬂ @ﬂﬂﬁﬂ!llaglﬂﬁﬂqNﬂ‘ﬂi“ﬁiuﬂ’]ﬁﬂﬂﬁﬂ‘ﬂ ﬂ13lﬁiﬂu3ﬁﬂﬂﬂﬁﬂﬂ

a 9

MINAADVAUAVVIATUNIZA1) V0ITAQ MINATOUAUANTAVDIADUNTAAALASADUNIA

A3 o 9 =l o 1 [ o P 9 =
NUUVIAIILAINTIATINUAIDINNATD U Llﬁﬁﬁﬂluaﬂ‘]slmﬂﬁl%ﬂluﬂ"liﬁﬂy'l

3.1 JagilFlumsainm

1.
2.

s s e {
Yudwualesataualszoni 1 aasgIugaaInngsy

Y
YIATIWNEIS ImiAa v luage 3/4 HanTe luinu 19 ww.

9
" o ] ] <3 1
. NIJLUUUN 3@“W1u¢‘]3llﬂﬁ\iﬂ1ﬂ§§TULU@§4 (VALEaNNI 4.75 YU.)

. Auudes vina lvgjga lumu 19 ww.

Y
sz

, . .
32 ginsamaznsesiienldlumsanm

1.
2.

8.
9.

AZUNTIUATIZHYUIANIATIY HAAIAIgUR 3.1

] J Y v
w3osarimiin e u1daziBen 0.01 nfu uansdagli 3.2

. FANATDUANVAWIUNI L HAAIAIFUTN 3.3

dounuauguullSuguugl naasaagli 3.4

. FANAADUAYUAIVDINOUNIA LAAIAIFUN 3.5

. LUUYARABUNIATUNTIPAUINAYUIA 15X15X15 %, uazuUUaDAIUnIAgl

NIINTTUBN UAAIAIZUN 3.6
IATOIHTUADUNTA LAAIRIZUN 3.7
IA30INAARURIAIGA HAAIAIIN 3.8

v A 1 =) % d‘
‘gﬂﬂ@ﬁﬂUTNﬂﬁﬁﬂﬂﬁquu"ll’é)\‘iﬂf]uﬂiﬁ Llﬁ@\?ﬂﬂzﬂ‘ﬂ 3.12

10.1F0anAaeURawatUSand Tyiin naagaagii 3.11

11.10UNADUNTH



32

" Y
¥ o 3

3.2 asoeraimain lWiheuldaziden

Qo
=
=).

! a 4
Eﬂﬁ 3.1 AZUNIIUATIENUVUIANINTIY

0.01 NN




51 3.4 doumruquamugll 105- 115

DIFT AT e

51 3.6 nuVKABABUNTAFUNTIGINAR YUIA 15X15X15 w5,

U

nae uuuwd@ﬂauﬂ%gﬂmamzmﬂ YUIA 0.15 X 0.30 HU.

33




34

d' d‘ ) A d‘ o v w )
g‘ﬂ‘ﬂ 3.7 INTOINTUADUNTA Eﬂ‘ﬂ 3.8 IATINATOUNIONDAVDIADUNTA

3.3 IEMIANE

an = a a o’dy 1 IS 3 1 Y dy
’J‘ﬁﬂﬁﬁﬂBWJ’EN’JT]EHHWU‘EL!mN’Oﬁlﬂlﬂu"uuﬁ@uﬁﬁﬂ ANU

331 mansauflegalag

33.1.1
33.1.2

33.13

33.14

o % s 4 s {
Faq Yuduald)ududlosanaualszinni 1
= AN Y 1 oy o Yy Y

wiaswazdean lannnewii hundnlddazen

a A 9 an 1 Aa Aa A
wraswneunniuui ldansssumnativue linu 25 dadwas

[ 09/1 o v ! 4
waenntiu thauld suwenvuiadieazunsanasguwes 4 lao
1 L 1 4 ) o
AUNTOUNUAZLNTINIATTILDS 4 ADNIATINAZIDEADDN TIN5
duifuuazInsuNasTIues 4 uaziivinalumu 25 dadwes
= A Y I 1 = QSJ’ o [ 1
ApuIaT KU IFudIuHaNAoUNTA 91N UININIATINAING )
I~ [ a % Ja Aa 4' 1 49’ [
wuldgenaraaniathngeldiafa meaiuauannusunazosiu
i o 4

myduidlouaniagou o

a d' Y 1 = = =Y
wrasneuniuyuinldnndesuaounia Jvualumu 19

o o 1

AdNT 1EI091UANABUNIASDIAIUIATDIIOEADUNTA HAIDIN

j=9)

Y
Wwihaun 1annn13gesaInanuILenIuIAAIeAZINTINIATTIU

% ' A ' s A a A
193 4 TﬂUﬁ?um5@“W1u@$llﬂ§quqﬁﬁi1u1Uﬂj 4 ADUINTINALLIDYAN



35

lannmsgearuneunineen dmiudIUNAIDUATLNTINIATTIU
J = [ a A A A k2
o9 4 Ll'ﬂ&’il‘llu'lﬂulﬂlﬂu 19 Uaaluasg ﬂﬂﬂ?ﬁi?ﬂﬂﬂ?ﬂﬂ]’lﬂﬂTﬂﬂ1§
9
1 @ ) @ 1 <} 1 a o
J0ULANAOUNTA fl‘l']ﬂuuL!"Ill')a'i'J'lJﬂQﬂa'l'JLﬂ‘]JalﬁfNWﬁ1ﬁ§lﬂﬂJﬂ‘iJ"lﬂQ\‘]

Jya Aa A 1 dy % dy [ A
Thiiaya LWf]ﬂ’J‘Uﬂllﬂ"lﬂTI?JG]S‘L!LL'GWﬂ@ﬂﬂuﬂﬁﬂu!ﬂﬁ]u%Wﬂ’Jﬁﬂﬂuﬂ

a { 9 a 1 Aa a A
3.3.1.5 iJ'Jai'Jil1’?fJ1‘]Jfl]Tﬂ‘ﬁuﬂ"uﬁ]’lﬂinﬂ‘ﬁiiiﬁmﬁﬁﬂlu']ﬂ.lﬂlﬂu 25 aaluAg
Ay Y 1 = @ 3 ) o Y
!m%lﬂﬁ‘i'Jll‘l’iEl'lﬂﬂulﬂflnﬂﬂTiEJ@ﬂLﬁHﬂ@uﬂiﬁ waamﬂuuummﬂﬂ

1 A o a Y ) ' g’ <
agiuﬁmazaummum Iﬂﬂﬂ']iu']ﬂ')ﬁi’)ﬂﬂ')ﬁi')ﬂﬂfJTLIll']L!,“]i‘Ll'I uJu
< Yy o X a q9 ¥ y A4

1301 24 "]f’JIﬂN umumu%@mﬂmmq TISNANUTUNISHY 5114

o S a q9 9
mummmn%@mimma

10 3.10 1T03g08ANADUNTA

Qe



36

332 mynasevguaniAsumzvesTaqildlumsinm
MsnaadUfMaNTAdIWIzvaIanszau
33.2.1 MINATOUANNANTUNZVOIYUTINUA
MUNINTFIU ASTM C 188 Tagondondnmsituiuvei/Sinaves

@

GII’E]Qlﬂﬁﬂlﬁﬂllﬂuﬁﬁjﬂﬂﬁﬁﬂﬂﬂﬁﬂﬂ TagA1nu82198 1IN1Z A0 AT 1AIUVD

q

v o 1

2 Y [ 4 EJ
mindagaoiminvesueavalfdsmainuiaaiu Tasmsnaaeuii 1y

Y
o w o aAanaa o W

iiumaidues marlumsnaaewilesnn lisinljaseduiagnaaen

MINATDUAMANTAIUNIZVDINIATIN

3322 MINATBUAIINDNTUNIL uazmmiaﬂcﬁm‘i’wmmaﬁm a1y

WM3FIU ASTM C 128 ag ASTM C 127 d1M3UIaIINazBenaY

¥IAIINHEID AINE1AD TAsAIAIINAINTUNIZYBINIATIY AD
Y da .

Y Y Y
an519IUTLHIINI NNl WA NN YSaunnu

Y E4 1
o A

v
AuAIMIgaFuIiueINIaTIv Av das1d1TznIhMTnve i
Y 1
g lurpIieueswlIasmastiIinvesIaTIMNAN IOV
a 4 @ 1 [
33.2.3 AATIZHNITNTLEAILALAT TUAAAINAZIDoAYDINIATINAY
i a 4 %
AZINTI MNUIATTIU ASTM C 136 1O AATIZHUUIANITNTZDIGA)
tazva lagmasyeauiasin TaenlJeumeuunsgiu ASTM C 33
=& Yo o A ) o Y
Fa lammuavouiwamnszaearvea iz audminldly
=}
NUABUNIA
Y
3.3.2.4 NAARUNUINIHMINYBINIATIN AT UIVUFDITNTLNINNIATIY
Y Y
ANNIATIIUASTM C 29 Tagnideimiinuiasiy Avtiminues
¥IATINADHUIHU1UTUA5 e nn/w’ daulTuesseedng
FENINUIATIN AoFpeazYeITeII AR lInelTIINT
333 MsnadougMaNlAvaIndUNINaaNazABUNIATINTIRIGD
3.3.3.1 NATDUAINITYUAIVOIADUNIAGA AIUNINTFIU ASTM C 143 11
4
1 @ 1 = < U
ApUNINAY lUgANIIINATDUAINITYUAD TastlnounIalY 3 Fu
g ) < Y ¢
HABEFUNTENIABINANNANY 2 BNAUHIUFUINAI 16 VY. 81 60
& 2 2 Y q ¥a £y o o 1
Wy Fuay 25 A3 1ntuei 1o ennT18IULATINITIAM

@

gua7



—

1

g

=}
N

37

1 Y] I 1 o
3332 NATOUMIYYITIAIGUAIVDIABUNTA 1TUNITHIAIGUAIVOI
A A 1 A A ) G 9
ARUNI NIRRT evszazna iz aylumsihneunsaly 1y
o (% 1 Y =) =) = Y A
i Taeshimsdaaaiguaann 9 15 i awneunia lulinguainie
1 o (Y 4
MyUA UMY
3.3.3.3 MINATOUMEIUDINOUNIAAIEIT Ultrasonic Pulse Velocity Test
(UPV)
AMINAAOURIAIVDIABUAIAAIIT Ultrasonic Pulse Velocity Test
as dy I v o v w = Y Y A
(UPV) 35msi Wumsnaaoumssuniaeoavesnounsa laseaing adenau
@ 9 a . 1 o 9 a 4 <
aaoand1ludin (Ultrasonic Pulse) 1ag l1iateIassadiaudy #annuisives
) Y
aaudaai lgialudinaenounialuegiunuduianIIn1en 1Yo
a9 A A a A a ' ~ v
ADUNIA DINOUNIANABNINANAUILEINTDAUNNHIUADUNTA IAITD LDy
o < A o 9 Aa < A @ 9 a
1NN5IAANNEINAUAadans 1 leHA HaYDIANTINAUDaNIT LA
o =) I= = [ o v w = 9 d!
gnsahuSeuieudanuansalumssuididnvesnouniala o
@ 1% 1 A A . 1 9y
WWOIRMINANNITUBINITAIAAUAIUDGI (Ultrasonic Pulse) i 1a) Tu

v
= =

o dy Y Y o A A A 9
AINANLUIADUNTANADINITNATOU LAIIALIAINAAUAIINDY 1%1uﬂ13

v v o o ]

4 ! v 1w o v <3 4
mﬁeuﬁmﬂmmﬁmmm”lﬂmmmﬁmumgm HIWIATUIU ‘HTﬂ']ﬂ’Nill,i’Jﬂau

g 9

Y o

v < 1 o v o
(Pulse Velocity) Tudanaraiy q udnildudswailuariiidedagagaves

Qe

9

ADUNTA NINATOUAIGITNITHO1DIMIUNIATTIU ASTM €597 130 BS
A = [ 9 1 d Aa o

1881 Part203 Iagin3odonaaounanilsznouaie nassginialiiadyn

Wadad a8 (Transmitter) YUIA 54 kHz drvsuneuniana i uaziisy

Ty 194 (Receiver) 1119491NAAUANNDFIANITONGY NTAWADUNTANUI

—

Y U =
Atlueean

4 @ <3 4 a . .
3.11 Lﬂ?’t]\‘mﬂﬁﬂﬂflﬁﬁﬂﬂlﬂiﬂﬂﬁﬂﬁi)ﬂ’ﬁ Ultrasonic Pulse Velocity Test (UPV)



38

3334 nadoulugaatanguIeINoUNIAAIYN WIATTIU ASTM C 469 N101g
Y
[ a [ a o % % 1
28 YU TaoAaAInoNINs & lslnes (Compressometer) L“lshﬂ‘USBnE]EJN
o ' A Y v =
NAFY 119A0819aIVUIATeINAde L 1HsInalseunmsosas 20 D4
o w w [ 9y =K Y [ = [ A Y
30 ¥09N1899A15ZaY 1AIIAALTINANIYOATUAYINUIUTAUNINY
1 ) Y
AudiioannuAaIANADUIINMIAL MNTUNARBUAIDE1NAI08ATT
2.46 + 0.35 NA/F1°/1NN dunaasnatazamsnadInein lan
Y o A ) o o =
YINTIAVUNTENAUTINANAIUTEUUTDEAT 80-90 UBILTIBATLAYRI

a 4 3 ' 4 o v w [
ﬂ@ﬂﬂ@ﬂlWiﬁIcﬁﬂJm’ﬂﬁ@@ﬂﬂ?ﬂuulﬁlllﬁﬂﬂﬂﬁ@ Lﬁﬂﬁ'lﬂ'laﬂ'ﬂﬂﬂizﬁﬂ

d‘ U U 1 o A 1
5107 3.12 @l’Ji’)EJNVIﬂﬁ@‘]JﬂﬂiJ@,aﬁﬂﬂﬁqu (Compressometer)

U

33.3.5 NAAOURIAIDAYDINDUNTA MWUIATTIU ASTM C 39 tilonouniall
919 1, 3,7, 14 uaz 28 Tu lagnounsnadouuaazoly 19010619
NATOU 5 719819 1AURMIaI0ANAIVDIABUNTA NIITUIVINAIBE19N

v Y
AR AUANAIINAINEI0 AR A UDIAIDEINATOUN I LA 1a]

3.3.4  MIAIENAIDEINDUNIANAZNITODNUULAIUNAN
=2 3 dy 9 ' = k4
TumsanuinsallduuuvaenounInglniagnuIna YA 15x15x15 %y, AIUAY
9
pasausznNNszaninanensTaqilszauminy 0.89,0.93, 1 HAZAIVANAINITYUAD

= Y ] = o 1 = Y I o o
"U’E]Qﬂf’)uﬂiﬁclﬁﬂgigqﬁ'ﬂ\i 5939 10 Ay, ﬁa\iﬂ']ﬂﬂa’f]ﬂf]uﬂiﬁllﬁjlﬂu 24 "]5'311]\11/]']ﬂ'|5f|’ﬂﬂllﬂl|



39

Y Y
uazii ldunluii a1miTuiinsn1snaa o uR189U9IAUNTAA289T Ultrasonic  Pulse
Velocity Test (UPV),nadouR 18409, lugaadanguiiognaaoun1e
o v 1 = 9 = c?;’ dy ya (] = a I~
dmsudrmaunounialdlumsanyiniol ldruudosuazurasind laaailu
1 I~ I . .
1Ia3WNEY uleendly / aouy aauzusnitluanizzuialue e Air- Dried (AD),
H Q‘ v A [ [ 4
A01ULN 2 TN1IZDUAIANIRY Saturated Surface-Dried (SSD) (UnuAIodanyal AD tag
o W £ 9 =1 o ) 13} I =~ ] [
sSD mwa1an) g udmuailuiaglsesaru uaznsewitiniuuiasivazivsn dnsiau
~ 1 a 1 ~ a 1 g 1 9 A Y
unuNsznIeRuuges wag uIasInUs lmfa utaiu 3 nqu uaz Tduaasiuneuinla
] =1 A a 1 Aa ~ 1 [ A 9
nMsgagnounIaununuiudesluilsuanuandaiu Ao Sesaz 0, 25 tag 100 Tag
v
WIHUANIAT IV AN
Y Y
lumsAnuinselioonuuuaIUNGNYDINDUNTANILAYN (CON) AUNIATFIU ACI
1 A A 9 ~ Y a [ = I~ ] o [
211.1 druneunianlduraswilanniuiudesnaziavasuniaudiunay iinsdsy
Y Y
Ysmannudu, Ansgaduih 1azA1nue 19T UNTIZYINIATIN AAOAIUAINIINE T
A o o o o ' =
mszvoafudmualesanaud Taena l)lumseonuuudiunauneuninauuinsgiu ACI
31 Y Aq ¥ & 1 aq Y 1 A o Aa Y]
2111 dwdpveswdasilsudiunaugnauyalved luan11zaudIN N Saturated
. A a A 9 u’j dy =) Y 1
Surface-Dried  (SSD) ¥ NN2a3 05350110 tazuaswnldlunisassimionlvogly
Y Y
anziialue1ma Air- Dried (AD) aaiiulunsoonuuuaIunauIsdealinisdsuii
d' dy = gJ a a oy d' Y 1 1
HBI1NANUFULALNTAATNUIVINIATINAINITY TasdTuanihn s udiumaunii
| a 2} Hq 9 a ' .. £ a g’ A
panitlu Usuanihmlgesaluaiunan (Mixing Water)FaluSunanimsumssarsenisge
Y v 9 v
Fveaniasi wazlsuaninlscanina (Effective Water) aodl3unaninldludunay

£ o v 1 A o A )
‘ﬁ)’\‘lﬂWWuﬂGlﬁﬂJ’Jﬁi’JiJﬂQGlUﬁﬂTme@’JN’JLL“VN

15190 3.1 DATIAIUNTNUABDUNTA

Mix Proportion (kg/m3)
Slump
Mix Recycled | Effective | W/C
Cement Sand | Limestone (mm)
Concrete water

AC 250 845 1,180 - 212.5 0.85 80

AR25 250 845 885 263.1 212.5 0.85 100

AR100 250 845 - 1,052.3 212.5 0.85 135

SSC 250 854.4 1,190 - 212.5 0.85 80
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Mix Proportion (kg/m3)
Slump
Mix Recycled | Effective | W/C
Cement Sand | Limestone (mm)
Concrete water

SSR25 250 854.4 895.5 275.6 212.5 0.85 60
SSR100 250 854.4 - 1,102.5 212.5 0.85 80
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Recycled
Properties River sand Lime Stone

Aggregate
Fineness Modulus 2.01 7.05 6.40
Bulk Specific gravity(SSD) 2.67 2.74 2.70
Water Absorption (%) 1.11 0.85 4.77
Dry-Rodded Weight (kg/m’) 1,643 1,542 1,432
Void (%) 36.57 42.47 40.09
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Sample Water Water
, , W/C (mm)
(kg/m) | gand | Stone Recycle (kg/m’)
aggregate
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SSC 205 247160 216199 14.3
SSR25 246 265978 236834 12.3
SSR100 235 264512 231478 14.3
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Materials Identification Sample 1 | Sample2 | Sample3 | Average
Weight of Sand in Oven-Dry , A (g) 493.75 494.23 495.62
Weight of Flask + Water, B (g) 668.60 669.10 669.10
Weight of Flask+Water+Sand , C (g) 978.40 977.70 978.00
Weight of Sand in SSD , S (g) 500.00 500.00 500.00
Bulk Specific Gravity (Oven-Dry) : A/(B+S-C) 2.60 2.58 2.59 2.59
Bulk Specific Gravity (SSD) : S/(B+S-C) 2.63 261 2.62 2.62
Apparent Specific Gravity : A/(A+B-C) 2.68 2.66 265 2.66
Absorption : (S-A)/A x 100 (%) 1.27 1.17 0.88 1.10
~ ' ! o = 3’ a a
ATNN N2 MANUINIUWIZUAZNTYAFTNHUIVNINUTITUEIN
Materials Identification Sample | Sample | Sample | Sample | Sample | Averag
1 2 3 4 5 e
Weight of Limestone in Oven-Dry
1,979.47 | 1,994.87 | 1,983.82 | 1,980.60 | 1,979.46
. A (kg)
Weight of Limestone in SSD , B
2,000.90 | 2,000.20 | 2,000.50 | 2,000.60 | 2,000.30
(kg)
Weight of Limestone in Water , C
1,256.70 | 1,264.10 | 1,259.30 | 1,257.80 | 1,258.50
(kg)
Bulk Specific Gravity (Oven-Dry)
2.66 2.71 2.68 2.67 2.67 2.68
:A/(B-C)
Bulk Specific Gravity (SSD)
2.69 2.72 2.70 2.69 2.70 2.70
B/(B -C)
Apparent  Specific  Gravity
2.74 2.73 2.74 2.74 2.75 2.74
A/(A+B-C)
Absorption : (B-A)/A x 100 (%) 1.08 0.27 0.84 1.01 1.05 0.85
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Sample | Sample | Sample | Sample | Sample | Averag
Materials Identification
1 2 3 4 5 e
Weight of Limestone in Oven-Dry
1,910.90 | 1,904.65 | 1,908.64 | 1,911.55 | 1,911.55
. A (kg)
Weight of Limestone in SSD , B
2,000.00 | 2,000.10 | 2,000.80 | 2,000.7 2,000.7
(kg)
Weight of Limestone in Water , C
1,208.50 | 1,199.40 | 1,199.90 1,200.3 1,200.3
(kg)
Bulk Specific Gravity (Oven-Dry)
241 2.38 2.38 2.39 2.39 2.39
:A/(B-C)
Bulk Specific Gravity (SSD) :
2.53 2.50 2.50 2.50 2.50 2.50
B/(B -C)
Apparent  Specific  Gravity
2.72 2.70 2.69 2.69 2.69 2.70
A/(A+B-C)
Absorption : (B-A)/A x 100 (%) 4.66 5.01 4.82 4.66 4.66 4.76
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Sieve
Fine Cumulative
Sieve Sieve and Percent Percent
Sieve Agg. Percent
Opening | Weight Fine Retined Passing
No. Retained Retained
(mm.) (€] Agg. (%) (%)
(%) (%)
(®
3/8” 9.5 0 0 0 0 0 0
#4 4.75 441.63 466.34 24.71 2471 2471 97.529
#8 2.36 408.18 451.86 43.68 4.367 6.838 95.633
#16 1.18 331.39 413.60 82.21 8.220 15.058 91.780
#30 0.60 310.38 460.66 150.28 15.026 30.084 84.974
#50 0.30 282.6 567.22 284.62 28.458 58.542 71.542
#100 0.15 258.98 563.24 304.26 30.422 88.964 69.578
pan - 34396 454.33 110.37 11.036 100.000 88.964
Sum 1000.13 201.96
Fineness Modulus = 2.019
MINN .5 MINTZNLHIVRINIATINN TANINHUTITHINA
Sieve
Line Cumulative
Sieve Sieve and Percent Percent
Sieve Stone Percent
Opening | Weight Fine Retined Passing
No. Retained Retained
(mm.) (@ Agg. (%) (%)
(g (%)
(@
3/4” 19.00 624.66 624.66 0 0.000 0.000 100.000
3/8” 9.50 683.07 951.51 268.44 13.729 13.729 86.271
#4 4.75 718.93 2269.98 1551.05 79.326 93.055 6.945
#8 2.36 - - - - - -
pan - 438.36 438.36 470 31.64 6.328 -
Sum 1955.3
Fineness Modulus = 6.45
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Sieve
Line Cumulative
Sieve Sieve and Percent Percent
Sieve Stone Percent
Opening | Weight Fine Retined Passing
No. Retained Retained
(mm.) (g Agg. (%) (%)
(e (%)
(®
3/4” 19.00 785 785 0.000 0.000 100.000
3/8” 9.50 715 1785 1070 53.500 53.500 46.500
#4 4.75 755 1600 845 42.250 95.750 4.250
#8 2.36 685 750 65 3.250 99.000 1.000
pan - 385 405 20 4.000 -
Sum 2000
Fineness Modulus = 6.49

1 Y H Y
A1519N 1.7 WU’JEI‘Ijﬂ/i‘ITﬂl,l,agﬂthﬂ!“]f’EN’JNi%W’JN3J’Jaiﬂhﬁ$!§ﬂﬂﬂ1ﬁ}i}1ﬂﬂi1ﬂlmﬁ1

Materials Identification Sample 1 Sample 2 Average

Weight of Measuring Cylinder (kg) 7.675 7.675
Volume of Measuring Cylinder (m’) 0.0015707 | 0.0015707
Weight of Measuring Cylinder + Sand (kg) 10.255 10.250
Weight of Sand (kg) 2.58 2.575
Unit Weight of Sand , M (kg/m3) 1642.57 1639.39 1640.98
Water Absorption , A (%) 2.67 2.67
Bulkspecific Gravity (Oven-Dry) , s 2.59 2.59
Unit Weight in SSd condition : M[1+(A/100)] ,

, 1686.42 1683.16 1684.79
kg/m
Void Content : 100[(Sx W) -M]/(Sx W), (%) 36.58 36.70 36.64
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Materials Identification Sample 1 Sample 2 Average

Weight of Measuring Cylinder (kg) 9.685 9.685
Volume of Measuring Cylinder (m’) 0.013744 0.013744
Weight of Measuring Cylinder + Sand (kg) 30.875 30.880
Weight of Sand (kg) 21.19 21.195
Unit Weight of Sand , M (kg/m3) 1541.76 1542.12 1541.94
Water Absorption , A (%) 0.85 0.85
Bulkspecific Gravity (Oven-Dry) , s 2.86 2.86
Unit Weight in SSd condition : M[1+(A/100)] ,

R 1554.86 1555.22 1555.04
kg/m
Void Content : 100[(Sx W) -M]/(Sx W), (%) 42.47 42.45 42.46
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v Y v
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Materials Identification Sample 1 Sample 2 Average
Weight of Measuring Cylinder (kg) 9.685 9.685
Volume of Measuring Cylinder (m3) 0.013744 0.013744
Weight of Measuring Cylinder + Sand (kg) 29.325 29.40
Weight of Sand (kg) 19.64 19.715
Unit Weight of Sand , M (kg/m3) 1428.98 1434.44 1431.71
Water Absorption , A (%) 477 477
Bulkspecific Gravity (Oven-Dry) , s 2.39 2.39
Unit Weight in SSd condition : M[1+(A/100)] ,
kg/m3 1497.14 1615.67 1615.48
Void Content : 100[(Sx W) -M]/(SxW), (%) 40.21 39.98 40.09
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Materials Identification Sample 1 Sample 2 Sample 3
Total Weight of Aggregate (g) 5000 5000 5000
Weight of Agg. Retain No.12 (g) 770 705 745
Weight of Agg. passing No.12 (g) 4230 4295 4255
Abraion Loss (%) 15.4 14.1 14.9
Average Abraion Loss (%) 14.8

AN .11 ﬂ’JTJJ@g]j”IuVHHf‘lﬁﬁﬂﬂil@u‘llﬂﬂll’miﬂhﬁﬂWUﬁqﬁQWﬂﬂiﬁé@ﬂlﬂEﬂﬂuﬂéﬁ

Materials Identification Sample 1 Sample 2 Sample 3
Total Weight of Aggregate (g) 5000 5000 5000
Weight of Agg. Retain No.12 (g) 1320 1225 1250
Weight of Agg. passing No.12 (g) 3680 3775 3750
Abraion Loss (%) 26.40 24.50 25.00
Average Abraion Loss (%) 253
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Mix No. 1 AC Slump 80 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
Vi (days)] No. | (em.) | (em.) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 51.08 | 1515 15.19 | 820 | 697.15 73.20 9.62
2 15.06 | 1540 | 1537 | 820 |2,298.95 7290 | 32.10
1 3 1526 | 15.13 | 15.09 | 8.16 |2,340.68]2,017.77] 69.20 | 30.63 | 28.76
4 15.09 | 15.06| 15.09 | 822 |2,397.00 83.80 | 37.51
5 15.08 | 1523 | 15.04 | 8.14 |2,355.10 75.50 | 33.93
1 15.13 1 15.08 | 15.12 | 8.17 |2,366.81 194.40 | 86.62 3916
2 15.13 ] 15.18| 15.10 | 8.17 |2,354.34 191.60 | 85.49 3,788
3 3 15.18 | 15.18 | 15.11 | 820 |2,355.08]2,356.91| 172.40| 76.62 | 82.04 | 3,780 |[3,863.20
4 15121 15.15| 15.05 | 8.10 |2,349.55 182.30 | 81.66 3916
5 15.11 ] 15.04| 15.12 | 8.11 |2,358.79 17890 | 79.82 3916
1 1511 ] 15.11| 15.14 | 8.11 |2,346.21 253.10 | 112.78 4,167
2 15.11 ] 15.03 | 15.16 | 8.11 |2,354.13 4,155
% 7 3 15.14 1 15.13 | 15.16 | 8.18 |2,354.09]2,346.44| 249.10 | 110.63 | 116.69| 4,135 |4,137.33
4 15.14 | 15.13| 15.12 | 8.10 |2,337.22 28440 | 126.64 4,110
5 15231 15.19| 15.19 | 823 |2,340.56 4,110
1 15.11 ] 15.10| 15.14 | 8.07 |2,336.18 318.60 | 141.97 4,100
2 15.15 ] 15.10| 1527 | 8.17 |2,337.37 309.70 | 136.46 4,155
14 3 15.06 | 15.15] 1524 | 8.11 |2,332.37]2,341.14] 295.80 | 131.38 | 138.06| 4,155 |4,146.60
4 15.02 ] 15.11| 15.16 | 8.05 |2,338.26 319.20 | 142.90 4,098
5 1513 ] 15.11| 15.17 | 8.19 |2,361.54 309.80 | 137.59 4,225
1 15.00 | 15.00 | 15.00 | 8.16 |2,416.30 353.60 | 160.20 4,210
2 15.07 1 15.00 | 1497 | 8.16 |2,411.37 367.30 | 165.97 4,213
28 3 15.07 | 15.00 | 15.00 | 8.16 |2,405.07]2,405.50] 349.00 | 157.38 | 159.38| 4,237 [4,241.60
4 15.07 ] 15.00 | 1490 | 8.05 |2,390.04 342.10 | 155.30 4,274
5 15.10 | 15.00 | 15.00 | 8.17 |2,404.71 351.20 | 158.06 4,274
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Mix No. 2 AR25 Slump 100 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
M (days)] No. | (ecm) | (em) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 15.08 | 1521 | 15.06 | 8.01 |2,318.87 154.80 | 69.48
2 15.07 | 1524 1522 | 8.14 |2,328.69 148.00 | 65.78
1 3 15.13 ] 14.82| 15.05 | 8.08 |2,394.35]12,329.59] 147.00 | 65.81 | 66.63
4 1538 ] 15.16| 15.19 | 8.03 |2,267.26 155.00 | 67.63
5 15.14 ] 15.14| 15.10 | 8.10 |2,338.77 144.60 | 64.48
1 15.13 ] 15.00| 15.12 | 8.13 |2,369.24 250.50 | 111.62 3,866
2 15.08 | 1544 | 15.09 | 8.17 |2,325.33 266.10 | 119.20 3,886
3 3 15.02 1 15.08| 15.13 | 8.10 |2,362.15]2,364.32] 268.60 | 120.48 | 119.54| 3,836 |[3,878.00
4 1513 ] 15.05] 15.16 | 8.12 |2,350.79 298.50 | 132.66 3,906
5 15.15 ] 15.05| 15.17 | 835 |2,414.08 256.40 | 113.72 3,896
1 15.10 | 15.15] 15.14 | 8.04 |2,319.91 325.00 | 14491 4,261
2 1515 15.11] 15.16 | 8.04 |2,31531 330.20 | 146.55 4,155
w
% 7 3 15.11 ] 15.06| 15.08 | 8.04 |2,341.51]2,325.34| 33730 | 15090 | 143.21| 4,261 [4,239.80
4 1523 | 15.17| 15.06 | 8.10 |2,327.95 282.20 | 125.42 4,261
5 15.09 | 15.04| 15.19 | 8.01 |2,322.02 333.40 | 148.27 4,261
1 15.06 | 15.09| 15.14 | 798 |2,319.33 399.50 | 178.61 4,399
2 1515 ] 15.14] 1505 | 798 |2,311.68 413.70 | 184.96 4,335
14 3 15.18 | 15.13 | 15.15 | 8.01 |2,300.58]2,317.62| 393.90 | 174.60 | 176.28| 4,274 [4,334.80
4 1520 ] 15.14] 1529 | 8.15 |2,314.80 394.60 | 173.08 4,267
5 15.04 1 15.05| 15.14 | 8.03 |2,341.72 380.10 | 170.16 4,399
1 15.00 | 15.00| 15.00 | 8.16 |2,416.30 429.10 | 194.40 4,386
2 15241 15.10| 15.00 | 8.16 |2,363.94 406.40 | 181.22 4,323
28 3 1493 1 15.00 | 15.00 | 8.16 |2,427.63]|2,405.97| 42490 | 193.40 | 188.83| 4,386 [4,354.50
4 1490 | 15.00| 15.00 | 8.05 |2,401.19 411.70 | 187.77 4,323
5 15.00 | 15.07 | 1493 | 8.17 |2,420.79 411.60 | 187.35
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Mix No. 3 AR100 Slump 135 (mm)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
Vi (days)] No. | (em.) | (em.) | (em.) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 15.18 ] 15.00 | 15.12 | 7.88 |2,288.82 127.50 | 56.63
2 15.17 ] 1544 15.09 | 7.76 |2,194.12 134.60 | 59.94
1 3 15291 15.08 | 15.13 | 7.75 |2,221.54]2,243.57] 125.60 | 5534 | 57.23
4 15.17 ] 15.05| 15.16 | 7.75 |2,239.14 123.80 | 54.87
5 15.08 | 15.05| 15.17 | 7.83 |2,274.25 133.20 | 59.35
1 15.02 ] 15.09| 1505 7.74 |2,269.06 235.90 | 106.38 4,043
2 15.04 | 15.04| 15.09 | 7.71 |2,257.29 21770 | 97.78 4,089
3 3 15.09 | 15.08| 15.05 | 7.71 |2,249.81]2,259.26] 230.30 | 103.37 | 103.74| 4,000 [4,037.20
4 15.00 | 15.11) 1521 | 7.82 |2,268.41 237.90 | 106.29 4,000
5 15.09 | 15.16| 1521 | 7.84 |2,251.76 236.10 | 104.86 4,054
1 1496 | 1525 15.06 | 7.69 |2,238.21 289.90 | 131.17 4,043
- 2 15.07 | 15.17 | 15.15 | 7.78 |2,246.30 301.00 | 134.39 4,043
E 7 3 15.01 | 15.16 | 15.09 | 7.72 |2,246.81]2,244.78| 296.90 | 133.62 | 134.40| 4,110 [4,054.00
- 4 15.03 ] 15.02| 15.09 | 7.66 |2,247.12 300.80 | 135.19 4,098
5 15.05 ] 15.11| 1505 | 7.69 |2,245.47 305.80 | 137.62 4,032
1 15.02 ] 15.05| 1520 | 7.66 |2,229.35 351.30 | 156.85 4,110
2 15.16 | 15.09| 15.06 | 7.75 |2,249.51 366.20 | 163.50 4,121
14 3 15.10 | 15.15] 15.02 | 7.67 |2,230.76]2,244.77| 356.20 | 160.10 | 150.51| 4,110 [4,121.20
4 15.03 | 15.13 | 15.08 | 7.72 |2,251.22 346.20 | 155.70 4,110
5 15.08 | 15.12| 1501 | 7.75 |2,263.02 258.50 | 116.42 4,155
1 15.02 ] 15.00| 1520 | 7.65 |2,233.86 390.40 | 17431 4,110
2 1493 1 1490 | 15.00 | 7.71 |2,310.56 375.10 | 170.74 4,221
28 3 1497 1 1523 15.00 | 798 |2,331.94]2,29491| 394.70 | 179.18 | 177.06| 4,254 [4,224.20
4 15.00 | 15.07 | 15.00 | 7.79 |2,295.95 410.60 | 186.02 4,213
5 15.00 | 15.00 | 15.00 | 7.77 |2,302.22 386.40 | 175.06 4,323
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Mix No. 4 SSC Slump 60 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
M (days)] No. | (ecm) | (em) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 1512 ] 15.11| 15.08 | 8.07 |2,342.37 15120 | 67.60
2 15261 1530 1524 | 8.14 |2,286.27 14270 | 62.55
1 3 1511 ] 15.13 | 15.05 | 831 |2,413.79]2,331.41] 14590 | 65.40 | 64.46
4 15.17 1 1530 15.10 | 8.06 |2,299.75 144.40 | 64.26
5 1520 ] 15.18| 1524 | 8.14 |2,314.86 142.00 | 62.49
1 15251 15.10| 1520 | 8.04 |2,295.60 278.50 | 122.47 4,261
2 15.16 | 15.14] 15.12 | 8.06 |2,321.07 279.50 | 124.30 4,121
3 3 15.14 1 15.05| 15.15 | 835 |2,418.86]2,337.87| 282.50 | 125.55]124.03| 3,989 [4,178.60
4 1511 ] 15.11 ] 1528 | 8.10 |2,321.84 279.50 | 123.40 4,261
5 15.07 ] 15.09| 15.18 | 8.05 |2,331.96 279.20 | 12441 4,261
1 15251 15.10| 1520 | 8.17 |2,334.17 386.30 | 169.88 4,386
2 15.16 | 15.14] 1520 | 8.10 |2,320.32 37330 | 165.14 4,323
§ 7 3 15.14 1 15.05| 15.15 | 8.02 |2,321.82]2,326.01| 363.90 | 161.72 | 165.10| 4,360 [4,353.00
4 1511 ] 15.11 | 1528 | 8.12 |2,327.58 373.60 | 164.95 4,373
5 15.07 ] 15.09| 15.18 | 8.03 |2,326.17 367.60 | 163.80 4,323
1 15251 15.10| 1520 | 8.11 |2,316.45 415.10 | 182.55 4,464
2 15.16 | 15.14] 15.12 | 8.04 |2,316.75 426.20 | 189.54 4,386
14 3 15.14 1 15.05| 15.15 | 8.12 |2,350.79]2,332.73] 440.80 | 19590 | 189.52| 4,438 [4,412.00
4 1511 | 15.11 ) 1528 | 8.17 |2,341.91 426.10 | 188.13 4,386
5 15.07 | 15.09| 15.18 | 8.07 |2,337.76 429.70 | 191.47 4,386
1 1530 ] 15.04| 15.19 | 821 |2,348.80 445.10 | 195.23 4,399
2 15.00 | 15.11| 15.15 | 8.02 |2,334.18 461.20 | 206.88 4,399
28 3 15.06 | 15.17| 15.09 | 8.08 |2,343.75]2,343.57| 462.10 | 207.28 | 204.78 | 4,464 [4,435.40
4 15.04 | 15.14| 1521 | 8.12 |2,344.52 462.10 | 205.92 4,464
5 15.17 ] 15.19| 15.10 | 8.17 |2,346.58 468.70 | 208.58 4,451
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Mix No. 5 SSR25 Slump 80 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
M (days)] No. | (ecm) | (em) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 15.14 1 15.08| 15.17 | 8.16 |2,356.01 200.20 | 88.86
2 15.13 ] 15.09| 15.09 | 8.12 |2,356.89 203.70 | 90.95
1 3 1513 ] 15.11| 15.07 | 855 |2,481.7012,418.46] 203.70 | 91.07 | 87.10
4 15.16 | 15.15| 15.17 | 820 |2,353.51 18520 | 82.09
5 15.13 ] 15.04| 1520 | 8.80 |2,544.21 186.20 | 82.53
1 15.09 | 15.07 | 15.11 | 8.05 |2,342.77 336.30 | 150.35 4,167
2 15.13 ] 15.08| 15.04 | 8.01 |2,334.23 330.70 | 148.14 4,155
3 3 15.09 | 15.13 | 1528 | 5.05 | 1,447.57]2,161.18| 330.70 | 146.20 | 142.27| 4,190 [4,144.00
4 15.14 | 15.10| 15.08 | 8.10 |2,349.53 29940 | 133.68 4,110
5 15.06 | 15.10| 1520 | 8.06 |2,331.79 298.60 | 132.97 4,098
1 15.02 1 15.09| 15.03 | 8.07 |2,368.95 421.70 | 190.42 4,451
- 2 1499 | 15.08 | 15.01 8.02 |2,363.69 442.80 | 200.61 4,438
% 7 3 15.05 ] 15.10| 15.07 | 8.08 |2,357.85]2,355.04| 443.40 | 199.29 | 195.36| 4,518 [4,499.60
’ 4 1505 ] 15.13 | 1528 | 8.06 |2,315.08 44550 | 197.48 4518
5 15.10 | 15.08| 15.03 | 8.11 |2,369.65 420.80 | 189.00 4,573
1 15.09 | 15.07 | 15.11 | 8.16 |2,373.32 487.60 | 217.99 4,451
2 15.13 ] 15.08 | 15.04 | 8.07 |2,350.26 428.30 | 191.86 4,601
14 3 15.09 | 15.13 | 1528 | 8.12 |2,326.15]2,348.50] 500.70 | 221.36 | 215.05| 4,505 |4,522.25
4 15.14 | 15.10| 1528 | 8.12 |2,323.36 502.00 | 221.20
5 15.05 ] 15.10| 15.08 | 8.12 |2,369.42 496.10 | 222.82 4,532
1 15.05 ] 15.12 | 15.14 | 821 |2,381.58 544.60 | 243.64 4,573
2 15.05 ] 15.12| 15.07 | 8.15 |2,376.60 564.90 | 253.89 4,673
28 3 15.02 | 15.14| 15.07 | 8.12 |2,369.45]2,373.23] 557.70 | 251.16 | 246.44| 4,587 [4,633.20
4 15.07 | 15.12| 15.06 | 8.10 |2,358.99 519.60 | 233.38 4,601
5 15.07 | 15.11| 15.06 | 8.16 |2,379.51 556.90 | 250.13 4,732
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Mix No. 6 SSR100 Slump 80 (mm.)
Age | Sample| Width | Height| Length | Weight Density Load | Comp.Strength UPV
M (days)] No. | (ecm) | (em) | (em) | (kg.) (kg/m3) (kN) (ksc.) (m/s)
1 15.10 | 15.06| 15.10 | 7.88 |2,294.81 127.50 | 57.00
2 15241 15.13 | 15.11 | 7.76 |2,225.84 134.60 | 59.58
1 3 15.09 | 15.11| 15.19 | 7.75 |2,237.64]2,245.41] 125.60 | 55.86 | 57.24
4 15.09 | 15.17| 15.16 | 7.75 |2,233.20 123.80 | 55.16
5 1518 | 15.11| 1527 | 7.83 |2,235.56 133.20 | 58.58
1 15.10 | 15.11| 15.08 | 7.82 |2,271.36 343.40 | 153.73 4,144
2 15.06 | 15.06| 15.08 | 7.84 |2,292.26 330.30 | 148.26 4,155
3 3 15211 15.13 | 1526 | 7.92 |2,253.87]2,264.95| 328.40 | 144.23 | 149.50| 4,098 [4,090.20
4 1519 | 15.11| 1526 | 7.83 |2,234.13 346.50 | 152.38 4,054
5 15.11 ] 15.04| 15.08 | 7.79 |2,273.13 332.90 | 148.93 4,000
1 15.09 | 15.07 | 15.11 | 7.83 |2,277.29 42030 | 187.90 4,202
- 2 1513 ] 15.08 | 15.04 | 7.79 |2,270.12 42720 | 191.37 4274
; 7 3 15.09 | 15.13 | 1528 | 790 |2,263.08]2,270.17| 391.20 | 172.95| 184.29| 4,202 [4,204.80
g 4 15.14 | 15.10| 1528 | 791 |2,264.39 422.20 | 186.04 4,144
5 15.06 | 15.10| 15.08 | 7.81 |2,275.99 408.10 | 183.18 4,202
1 15.09 | 15.07| 15.11 | 7.88 |2,291.84 477.00 | 213.25 4,021
2 1513 | 15.08 | 15.04 | 792 |2,308.01 465.00 | 208.30 4,202
14 3 15.09 | 15.13 | 1528 | 7.87 |2,254.48]2,280.10] 465.10 | 205.62 | 214.40| 4,323 [4,252.40
4 15.14 | 15.10| 1528 | 7.92 |2,265.82 493.00 | 217.23 4,561
5 15.06 | 15.10| 15.08 | 7.82 |2,280.36 507.10 | 227.61 4,155
1 1521 ] 15.15| 15.14 | 791 |2,267.30 524.10 | 232.00 4,132
2 15.10 | 15.13 | 15.09 | 7.85 |2,277.01 52470 | 234.73 4,286
28 3 15.03 | 15.08| 1497 | 7.69 |2,264.97]2,271.70] 518.30 | 234.82 | 234.68| 4,213 [4,235.60
4 15.03 ] 15.02| 15.02 | 7.71 |2,272.34 534.50 | 241.35 4,286
5 15.09 | 15.16| 15.09 | 7.86 |2,276.90 514.90 | 230.50 4,261
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