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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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ANMUHUILUY (nn/y 3)
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
giing $1nde wagdo 1gsninEna 2,480 2,730
qafing gauAna uazaaz 2,390-2,450 2,710
Etxeberria et al. 2,430 2,670
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Rahal 2,390 2,860
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9 = gl
080N IYATUUT (%)

_o ANV HIATINYUU
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 -
quins 91nd10 Lazdo 119INinyna 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 aqsiindna 4.81 - 0.45 -
Levy and Helene 5.6 10.3 0.8 1.8
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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
guias 91d10 Lazdo 119INinyna 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
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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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Mixing 3 Effective
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, , W/C (mm)
(kg/m) | Sand | Stone Recycle (kg/m’)
aggregate
AC 231.90 9.40 10.00 - 212.50 0.85 80
AR25 241.90 9.40 7.50 12.50 212.50 0.85 100
AR100 272.10 9.40 - 50.20 212.50 0.85 135
SSC 221.90 9.40 - - 212.50 0.85 80
SSR25 221.90 9.40 - - 212.50 0.85 60
SSR100 221.90 9.40 - - 212.50 0.85 80




43

= U Q/

42 MIgUITEMEUAIVOIAOUNIN

U o Q

U 4.1 namsanuduiusszriems gy doaguaivesneuniaiuszeznal nua
@ ] = = = 1 v A I a = o ~ = v
nnarediimsnlasundasmsgademguarnduldlunamadendu Taeimsgadea
v A g A Aqy A ] A g A ~
MIgUAATUAUVBIRBUNIAN 1FUIaT N Tuanzuilueimaisuaunna 15 winlee
AMIGUAATUAUVDIAI0E19 AC, AR25 1Az AR100 TANNINY 80,100 tag 135 Aaauns
o d' 1 [ A 9 = d' 9 .d' L] A v Aa
Mud1dy TuvaznansguausuanyeInounI i Isuiasnreunegluan1izauaiIng
uiaNal 15 A voIAUNTA SSC, SSR25 tiag SSR100 UAUNIAY 80,60 1Az 80 HAAIUAT
o o [V qa/l 1 @ < 4 1 @ [
AUAIAY HAIINTUAINITYUAIVIIADUNIANAAANUTOY ) IUAIYUAIVDIAOUNTATIA
mnugud Taewudineunia AC, AR25 az AR100 ifmsgudaifugudinal 210,135
o w { 1 Y [ % o"
Hag 195 WIN Mua1ay luvagh SSC, SSR25 tag SSR100 HAMITYUANNINUFUINIA
150,180 tag 165 WIN MUAIAL
Y
MINWANINATOUNIFFeAINITgUA IR UNTAT AL Wuaudulunia
= 1 1 v A 9 = A A 9 A 1 Y
FITHANTENUADAINIYUANTUAUVDIABUNTA TasnounIad IduIasunegluaniizun
Tuena (ABUNTA AR100, AR25 1Az AC) diimmsguaisuduganinouniai lduiasiy

d' 1 Q‘ v A Y ng dy d’ g} d’ (% Ay d'
Nogluan1zdudIHIE 1IN I1NMIFAE WU UTA1IZANUFUYDINIATINNDY
9 YA dy A oy = [ a A 1 A @
Tuaanzuidluemealnianusunsorih luwasunesummnulsunaniegluanizoudd

a 9 9 dyd o Y a 31 a U a A A 1 []
Hauvie dramgivai ilsuanihvdass luserinmanauasuniallsuawinniiaiu

= v A 9 A 1 A v Aa Y 1 Y v A 9
nauAeInunlsurasrerunedluaninzaudiminiy awaliainsguansuaues
= d' 9 d’ (] 9 =] 1 = d' 9 d'
ApunIn lsulasueunegluanizunalueimaiaigannaeuniai lsuiasiure1un
' A o a Y Aq Y = o
agluan1zdudIR N lFaIunauReITY
A ' o ' A Aq Y A Y] A
wonawulidungnuiineunianlduiasiuneruiegluanzuislueinall
[ v ad 1 A A 9 ~ 1 A v A 9
M3aAA4YRIAINMIYUAINGINNAOUNTAN IFuIas e UNed Iuan1IzBNdInIuNe Tay
Tugranandszana 1 ¥ Tuausnazinisanadedaunn lagmmizaounianlduiasiuveny
Y

NNMIYDUIABABUNTA NAIINTUMIGYTBAINTYUAINZADY ) anadluanyuz@eINy

Y] =1 d’ 9 d‘ L] Q' v A Y 3 t;‘ d‘ d’ [l
nuAoUNIaN lFNIasMMeIINeg luan1IzdudIHINTY NalipanInuIasINieIUNed u
9 = =3 :, 1 A 9 A Y A :’ 1w
annzuisluomaiimsgadinih ludunaui ldyawe luvaznamie Irsuaninmiiu

Y ' v v Y

nulsinanhlumaswianzdudimmids Taemmzod1seinsgaduihvesnias el

[l : [ { 1 3
ﬁ]"lﬂﬂ']'if]'(’)fllﬁyﬂﬂi‘lﬂéﬁ “?\1ﬁ"llﬂ'iﬂﬁ\iLﬂ@]‘]lf?]}ﬂ1ﬂlﬁjuﬂi"l1/‘lﬁaﬂa\1f’)81\1§3ﬂlij INTITUINTIY

HONWNINMGoLIAEADUNTANAINTgATUgIN UL UteY



44

160 ; : :
i | -2+ AR100
1 : : : : : : : | - AC

1204..------ ....... ........ ........ ........ ........ ........ -.—SSH"[H]
- : : : : : : : : | -l SSR25

D T | |
0 20 40 &0

T T
80 100 120 140 160 180 200 220 240

Elapse Time (minutes)

{ v o J 1 1 @ @
gﬂﬁ 4.1 ﬂ’NﬂJﬁll‘Wu‘ﬁi$W’31\‘1ﬂ'liﬁj"ilullﬁﬂﬂ1@U@3m@iﬂ®uﬂ§@ﬂﬂ5$8$wﬁ1

43 MAWDAVBINOUNIA
oYV W = d' Y d' b4
43.1 wamawavesnaunsaNlTMIasMeUiegluanzuRlueIma
HANSNATOURIAIDAVOIADUNS ALTAIAIN1T 19N 4.3 azAsgii 4.2 ieNa15awa

[

o [ A A 9 A i Y [ A A Iya
MaseavesnounIaN uasIneuned luanzuielueinie W‘]J’J”Iﬂ@uﬂﬁ@‘ﬂﬂlslfﬁuﬂju

U

o

doofiog luanzuialueInia (AC) Itdeoniieny 1, 3, 7, 14 uag 28 Tu iy 34, 82, 113,
138 1Az 159 nn./au.” mud1ay e lduiaswmeunnmsdeaayasuniaiodluaniizums
Aa 1 A ] Y o 9 oy Y
Tuermaununiuyudesnegluaniizuislueinmalusassesay 25 Tasiimiin (AR25)
WUNRAWBALA NN 67, 120, 143, 176 waz 189 nn/wu.” Nog 1, 3, 7, 14 uag 28 U
o (% tﬂ' d‘ a 1 9 1 =\ d‘ 1 9
MUEIAY NN UNHUIYUdpeAIsNIaTININMITIoBIAYABUNIANBY TUan1Izua Ty
A v
PINANIHNA WUNMEIGANAUMAY 57, 104, 134, 151 uag 177 nn/an.’ N0y 1, 3, 7, 14

1AL 28 U ANAIN



45

A1 4.3 NAI9AVDIADUNTA

Compressive Strength ( ksc)
Sample
1 day 3 days 7 days 14 days 28 days
AC 34 82 117 138 159
AR25 67 120 143 176 189
AR100 57 104 134 151 177
SSC 64 124 165 190 205
SSR25 87 142 195 215 246
SSR100 57 150 184 214 235

[ E4
MNNANINATOUTIAUNUNMADAVRIREUNTA AR2S Agengalunguil (wia
9 9
sameegluannzudalueinia) 59aeuiAonounia ARI00 uag AC AWEIAY Nl

A Aav 3 dy Y 1a gJ A o Y ~ = ] I
Lummmwm%mm%ﬂammumwﬂwmuﬂm AR100 mwmss;umﬂszmm 10 . 19U

e

a A 9 [ 2,’ a g} A 9 =) ]
mmqm“lumswamauﬂsmu € A8 muuﬂimmumiﬂumswﬁm@uﬂmnﬂmuwﬁu

A A

a d' 1 9 [ 1 3’ A 4 T W d‘ = =
ﬂﬁuwmﬂﬂaumaqa ADUDATIAIUUINDFINUA (W/C) 1NNU 1 NITNABUNTH AR25 U

2D =
fd)}

N

e

[

d' d’ a g‘ d‘ 1] a 1 A 1 =)
1 qaﬂqamqﬂmmummmﬂﬂﬁmmum”lmmmumu"hJ na1fe ludIUNENUDY AR2S 3

Do

Y Y

ll’mi?mmﬂﬂ”liﬂ@ﬂlﬁiﬂﬂ@uﬂ%ﬁ%}@ﬂag 25 Tagiwiin ﬁﬂuﬂﬁWﬁiJ‘]JNﬁ’JuQﬂiJ’Jaﬁ’J‘JJ‘ViEJTU

[ G A @ 9 (] A v A Y o Y a oy A A
mﬂﬂ”l'iﬂ@ﬂ!ﬂi&lﬂﬂuﬂﬁﬂﬂﬂm@ﬂﬁUﬁfﬂwclﬂﬂQiuﬁﬂi’wﬂﬂﬁﬁﬂﬁllﬁﬂ mnsuaimezivae
) aaa v o ~ 4 § @ A 1 1 o v w
1/]1‘]J§]ﬂiilflﬁmi%uﬂﬂﬂ,u%muﬁﬁﬂaﬁ G?\?ﬁf]ﬂﬂé}@ﬁﬂﬂﬂ{]ﬂl@\‘i Abram N1NA1371N130AVD

A g § o ' g' 1 J dy A 1
ﬂaufﬁ?mgrw3Jﬁugﬁ@@mmauuma%mumaﬂm u@ﬂ%1ﬂuﬂ1‘i°ﬂGl%ﬂJ’Jﬁi’JiJWfﬂ‘lmeﬂﬂ1iﬂf]ﬂ
= a = 9 £ 1A -4 = . .

Lﬁ]&lﬂ@uﬂiﬁﬁluﬂiNWNLWﬂﬂiﬂﬂa 25 G]N"l,mmumnaﬂag 30 A1UN Limbachiya HDEAMUY

1 @ [ 1 0o v w 8 qs;l < y [] 1
(2000) Wmmu"lnmwaﬂig‘ﬂm’e‘)mmaﬂqqqmmﬂauﬂ% Fanaaeallsziauiionnsigaina

1 o v o

9
Triaounia AR25 fimhaewagalunguil

v v v a

HBNNTAUINEIDAVDIAOUNTA AR100 NUAIGIOATOIAINT UARIAIOAN IILANAI

J [

AUAINIAIDAUBIADUANTA AR25 UIANN NISNNIAI0AVDIADUNTA ARI00 A1NIIABUNTA

9 ]
o = a A

d' Y a 1 a d’ = 1 9
AR25 UU f]'li]l,qu1]']ﬁ]'lﬂﬂ15°l/lﬁl,°]5ﬁu‘]4u8@Elslllﬂiiﬂﬂ!ﬂq\‘i mamaiwmummmm
1 1 (] a A = sY JaA 1
DOULDNIT INITITUIATINNYIIVIINNITYDULAYADUNTANINTAVIDUDIAITNUAIINDOULD

AU usISNNaRaueglulTIaIAN I

v
' o

! o Y o ) d‘d d' 1 dy d‘! a 2’ d‘
TIUNNDAABUNTA AC mmquﬂmquu mmﬁnﬂﬂimmuﬂummﬁuwqq
=

v o 1

d 4
(W/C =0.89) Dadawaliiidedavosnounia AC anasuas liansamudulduinaudiaigs



46

=K A

F Y

NADUNTA AR25 1ag AR100 14 sisfimsizaimsgaduihidivesiuiudes saudaniuu
= = oy = o S A <Y SR A dy v Aa 1aA

umm‘n‘umqqmwmumwmmamsmimumquuiumammuu‘wﬂﬂagmmsumma

~ kY 1 = o Y A 3’ A Y 1 9 ' 1

i’JiJ‘H‘t’JTU‘VIllﬂﬂWﬂﬂ']ﬁﬂﬂﬂlﬂyﬂﬂuﬂﬁﬁﬂﬂﬁ“]JﬁiJ'Ii?l‘luWI‘Fﬂl“ﬁﬂgﬂ@mﬂﬂqu’JQiﬂJ%Wﬂ’ﬂ wIND

¥ A =y A 3 o d =\ A = 2’ A 1 dy = 4 S A AaA 1

GlﬁLJJ’f)ﬂle!ﬂi@]LﬁJL!‘lN@]’Jﬂ%mJTWi\iLL!’eN%1ﬂuu1ﬂﬂlﬁaﬂﬂ§1u!u®cﬁmumwﬁ@WiE)‘VILiEJﬂQW

capillary pores J1/5uanunnnaeunian l¥uiasIure1uNAMIdoeAABUNI AU

250 -
: ———— ’::::::: _____ %))
: ___:,E‘.r:_‘:_‘: _______
g 1 3=~ :::— ---------------------- 1
& : gl ]
: - D
] | \
S 150 1
b -
w - -{=F- SSR25
Q -
.Z - --®--SSR100
g 100 s
J : --A--SSC
g i e
© 5 4
n —6— AR100
: —A—AC
0 1 1 L 1 : 1 1 1 1 : 1 1 1 | : | - I I
’ ¢ 14 . y

Age (days)

v o 1

JUN 42 ANuduiuFIEnINMaIdAaIgUINBUNTA

o W w = d' % d' Q' U A 4

432 wWamMawavesnaunInilvuIasINeUNegluanN1IZBNRIR RS
~ A 1 A A ya ] ~ L] A v Aa 9
INN13190 4.3 naz3iln 4.2 wunasunianlsiuiudesnoed luan1izdudirIg
(SSC) WG daNeny 1, 3, 7, 14 wag 28 U WU 64, 124, 165, 190 1Az 205 nn./wu.”

o o A 9 1 = A a L] [ [ 9

aud1dy elsuiasiuainmsdesauasuniaununiuiudesludasidiusesas 25
(SSR25) WUINAIBANAMNIND 87, 142, 195, 215 LAY 246 NA/HY.” IUEIAY LA DINY
1 1 d 1
{080z NITUNUNYDINIATINNEIVIINATEBIAYABUNIAY UTDBAL 100 (SSR100) WL

[

MAOANAUNINY 57, 150, 184, 214 uag 235 NN/, U191



47

[

NNANIAIOAVBIABUNTA SSC, SSR25 1AL SSR100 WUIABUNTA SSR25 UN194909
Y Y 1
= v A A =

gaiga Netliiliesninmsldurasaureunnmsdosayaounialulsmaniieiosas 25 ¥

q

liunindesas 30 a1uN Limbachiya tazame (2000) Wy lidinansenuneniddn

ﬁ'\‘]ﬁﬂﬂlﬂﬂﬂ@uﬂiﬂ AIUNAI0AVDIADUNTA SSR100 WA WﬂjWﬂﬂuﬂgﬂ SSR25 IW31Y

= v @

Wﬁﬂi%“l/l“]J%Wﬂﬂ"liclﬁﬁJﬂai’JﬁJﬁfJ']“]J%Wﬂﬂ"lifJfJ‘c’JLﬁ‘]&lﬂfJuﬂiﬂ q\‘l %Qdﬂﬂﬁﬂi%ﬂﬂiﬁﬁWﬁﬂ@ﬂﬁﬂ

[ 1

i 4
sdinaalunay

1 o v w

A189n91¥83 SSR25 AIURIAIEAVBINOUNTA SSC m&ffﬁuﬂ”udaﬂuuum

a a
v Y 1
IS

Y
Heannmsnau3seildusinani luadwraynludsnaias sadulsinariildanms

U

[ Y 4 Y { E) 1 1 v
dsuudnuneldineunianldurasuneruanmsdosayaounsalninisguainlse s 10

o & 2 o q YA a J " Ay Yy a 119 =2 Vo o
HU. @Quuﬁ]ﬂ‘ﬂ’liﬁllﬂﬁll'lmu’lll']ﬂﬂ?'lﬂ@]ﬂ\iﬂ'lii“]ﬁ]iﬂ@Qﬂ@u"]ﬂ\‘lll'lﬂ i]\?ﬁ\?WﬁGlViﬂ'lﬁ\i"U@Q
= 4 4 1 Y = @ o v w A Aq Y
FIHUAUNTAADAIDYIINN ﬂ'JEJLWCﬂWalﬂﬂ'ﬂﬂllWa51]ENﬂ'lﬁ\?@ﬂell’t’]Qﬂﬁ]uﬂﬁ@]ﬂi“}fﬂﬂﬁﬁﬂuﬁﬂWU

1 A A Y
flnﬂﬂ'lifJE]ﬂ!ﬁi&lﬂ@uﬂﬁﬁﬂ@Qiuﬁﬂ’n‘éﬁllﬁ\‘liu@'lﬂ']ﬁ
= o vV w = d' Y d' t4
4.3.3 m'mﬁtmmsmmm’e)ﬂmmﬂauﬂ‘m‘vﬂ‘vmaiauﬂeg‘luﬁm’stmﬂummmmz
a v A £
ANNITONAININHIN
A 1 v o d J 1 o o w A Aqy ~ 1
g‘]J‘VI 4.3 AN NUTUNUTIEUINAINIAN ﬂﬂl@\?ﬂi’]Uﬂi@ﬂiﬂﬂJﬁﬁi’JMWfﬂﬂ‘Vl't’]glﬁlu

Azt lueimaieuiumMad aueInauns antaunauaeInun ldutasuneuneg

U

v o

1 v v v
a v Aa Y =) v o ~ a % 9y o v w
lugamgzdudmmisnegaeny Taswamasdandoninnnsanlunsiuldwaiideda

1 4 Y H H
YOIADUNTANDIY 7 D9 28 Tu MetliloInAresaz NdaieuoanuTimaoud i



48

120

[ Compressive strength of concretes at 28 days of SSD state concretes

(1 s e ulppinpii il St Ayt

T T 1T

80

D
4_=ﬂ

—A— 7 days, Air-Dried State

T
[ED

60

—B— 14 days, Air-Dried State

—E6— 28 days, Air-Dried State

20 -~ === 28 days, SSD State

TT T T[T T T T [ TTTT 1T

Compressive Strength / SSD-Compressive
Strength at 28 days (%)

0 25 50 75 100
Replacement of Recycled Aggregate (%)

A v o T 0o v o A A 9 A 1
JUN 43 anuduiuiszrinimddavesneuniai lsurasiuverunedlu
Y = v o v w A Aq Y
annzuislueimaneunumdidavesnounIan lsuiasIune
nogluannzoudimiazdosazmsunuveiniasumely
NMIIDUAYADUNTA

v @

A a VA 9 A 1 o A A 9 A L]
Lll’ﬂWfl]ﬁm”lﬂ1‘1/Illﬂiﬂﬂzﬂ‘1/I 4.3 wmmmq@mrraqﬂauﬂmm%masmmmmgiu

0o v w

A1 o v v a o 1 =
tmnzuﬁ’ﬂummﬁummmaﬂﬂmﬂuﬂ‘izmm%’@ﬂaz 71 ﬁ\‘l 78 VDIAINIANDAUVDIADUNTA
A 9 ~ L] A v Aa Y 1 A A [l 9
1/]1‘]511’)61'5'33\11’181Uﬂ@g1uﬁﬂ13$ﬂhﬁ’lwﬂuﬁﬁ IﬂEJWTJ’NﬂWiLWIu“WHH‘]J“uEJ?]EI@’JEJ?J’J’GTHJ‘HEJTU

NNNTIRUANADUNIATINANTENUADOAT 1IN T Asuuilasvesmasdatiseni1ns 19uaa
Y Y

d' d' 1 1Y 1 d‘ Av aA Y 1Aa o d' 1 9 d' d'
FIAIUNTANNICNLUANAINNU umummﬂﬂm%aunmﬂ%ﬂammuﬂumiwanmaumnquwa‘ﬂ

o Y A Aqu ' = qaj Y
%3ﬂWiﬁﬂ@uﬂiﬁﬂi%N’)ﬁi’ZliJ“Vi81ﬂﬂ1ﬂﬂ1iﬂ€)ﬂlﬁyﬂﬁ)uﬂi@‘ﬂQﬁh@ﬁ1lﬂiﬂﬂﬁllulﬂﬂ1

o v w

o Y = 1 Y A Aqy A 1
ﬂ')'lm’f'lll'liﬂsluﬂTiﬂN'luvlﬂ ﬂ\‘i’fﬂ%ﬁ\?Naiﬂﬂ’lﬂWQQ@ﬂﬂJ@\iﬂ@uﬂiﬁﬂi%N?ﬁi'}NW@gsluﬁﬂ'l'w

14
% 1

dy A J v A1 @ 1 Y @ Pl Y
AU UNUANA NN UUATIA NN UADUUINUIN ﬂ\‘]uuﬁ'llﬂiﬂﬂa131@8ﬁ§ﬂ1@31ﬂ151%%3@5’3h
9 v
NOUNININTITUNA (MU ug0Y) Lmzmﬂmiﬂamﬁyﬂauﬂ?ﬁﬁagiuaﬂnzuﬁ’ﬂummﬁ%
! Yo o ) A Ay A a 09} A @
danaliniasvesnounInanad esnnmsnaeunulsunatiniedsuanzvesniasiv

Tregluannzouadafmiaiuies



49

=

4.4 ANNTUNUBIZTHINNAVDIMNAIDANAZINTIANNSINaUdanI TNV INOUNIA

A v o J 1 o v w < A o 9 A o JdAAa
sUn 4.4 llf’fﬂ\iﬂfﬂuﬁuwu‘ﬁig'i/i]%iﬂwa\i@ﬂllagﬂjwiuﬁaﬂau@a@511%1«!?’17‘51?77]3\1N']u

Y

o I = v o Jd9Y1 o v o ' < A o 9 a o Jda
AIDYNADUNTA GLuﬂiW\lﬂ'J111?13J‘W‘1l‘ﬁi‘]fﬂ1ﬂ'lﬁQ@ﬂuagf’ﬂﬂ’ﬂuLi?ﬂﬁuﬁla@511“111&?’11/\]61%71/]@18

Q

@ <] A IS Il A [ o v o 1 9 A
nagol 7, 14 1ag 28 IU YINaoe Lu@\jﬁnﬂlﬂuﬂfg\jE]']EJTHJﬂ1§W@Ju1ﬂ1aQ@ﬂﬂ@uﬂnQﬂ\ﬁﬂ Iﬂﬂ

A 3 o a v 1
HanINAdaUABUNIANLIIAIANMTI0anT Iatiaaduosnounsanndunauiinul Iy

v
=Wl a

a s v = d? d‘ o Y w ) A d?
"lﬂiummammm ABDUAUNNUVHLUDNTAIDAVDIADUNTALNUUU
d' a 1 = d‘ 1 9 1 = 9
mawmimmqmauﬂmiugﬂ‘ﬂ 4.5 ‘W“LI'J1LL'LJ’)I‘L!1Imﬂﬂﬂqnﬂﬂuﬂﬁ@ﬁ1u1iﬂllﬂﬂ]‘1ﬂ
IS 1 1 Y ~ = ~ =
L‘]J‘L! 2 NN Iﬂﬂﬂqulliﬂhlﬂuﬂ ABUNTA SSR25, ADUNTA SSC, ABUNTA AR2S5 LIag ABUNTA
1 J Y = = 1 I 1w 1
AC muﬁﬂﬂqu"lmm ADUNTH SSR100 UasAdUNTH ARI00 Iﬂﬂﬂﬁqﬂuiﬂlﬂuﬂq%ﬁﬁﬂﬂ%ﬂ

A Aq Y A g a 1 1 a9
ﬂ@uﬂﬁﬂ‘ﬂﬂlﬂﬂl'Jaﬁ’lllﬁﬂ’]llﬂlﬂu‘ﬁu‘ﬂuﬂﬂﬂ UAZUIATINHIIUINNTUDYAHADUNIATDYAS

U

E4 v
= IS % 1

25 udnneunialunquusniifiaifiasdafiareiy uaiienasu lagsaunaunyInm

<3 A

v o  IA 1 A o [l Y v Y I o A d? =2 Y o <
ﬁuwuﬁummmmmﬂuamqmu”lﬂsm !,Wﬂﬂlﬂmummmmuﬂwu %Qulﬂﬂ1ﬂ1§wa@@ﬂ§1w
v W 4 1 <3 A o 9 a v 0o v w ~ dgl o ~

ﬂ'JTJJﬁllWu°ﬁ33W'J'Nﬂ'JTJJLﬁ'Jﬂaui’)ﬁ9]5']T“]ﬂ!ﬂwﬁﬁlla3ﬂWaQﬂﬂﬂlﬂQﬂﬂUﬂﬁﬂﬂluu']@Nzﬂﬂ 4.8
= ' v o dan Y ¥ Y A ' a VoA
°1Nmﬂgﬂwuamamﬁmwu‘ﬁm”lﬁmmﬁuuuﬂuuuﬂ1qaﬂ31ﬂauﬂmﬂquwﬁﬂmazmm
A A 9 " v Y 1 = VoA £ g Vo Aqy
HUFDDDUDIVIYANINUIDYAL 92 ﬁauﬂauﬂiﬂiuﬂquﬂﬁawqL‘}Juﬂqu‘ﬂ%maimwm‘u

[l = o = A A £y Y Ay v 9y 'Vov 9
mﬂﬂ”l'ifJ@ﬂ!ﬁi&lﬂﬂuﬂﬁﬁﬂﬁﬁuﬂmﬂﬂ"m1!1!511"8)@@‘1]@\1Lﬁulluﬁiuﬂﬂ]lﬂmﬂsllﬂiJ“mVITﬂiJiﬂfJﬁZ 82

6000
| M SSR25,R”"2=0.94

= | ® SSC,R"2=0.99
i 5500 T| A SSR100,R"2=0.52
3 [| O AR25,R"2=0.70
= N
i 5000 | © AC,R*2=0.83
5 | A AR100, R*2=0.85
m -
2
= B ./-/-
2 4500 —+
[ =
= B [1.@===—--
= _ s Ul Y
= B O———‘Q_'_ _____ A

4000 1 1 1 1 I 1 1 |A 1 I 1 1 1 1 I 1 1 1 1

50 100 150 200 250

Compressive Strength (ksc)

v o 1 < { o a o o v w
4.4 ﬂimﬁuwuf§$w31ﬂﬂ31uti’aﬂﬁu@am%}ﬂc]mﬂwaf‘fu%ﬂ”lm’e)mlmﬂ@uﬂ%ﬁ

=).

31



50

5000

B AR25, AC, SSR25,SSC : R*2=0.92

4800 -~
® ARI100, SSR100: R"2 =0.88

4600 -~

4400 -

4200 -~

Ultrasonic Pulse Velocity (m/s)

4000 ] ] ] ] I ]

100 150 200 250
Compressive Strength (ksc)

(94
(e

A v o ¢ ' d A o v A o o o v w =
g‘]J‘I/] 4.5 ﬂ’J'lll’L’fiJWH‘ﬁi%W’JNﬂ’HSJLi’JﬂﬂUE]ﬁ@51IcﬁuﬂWﬁﬁlmgﬂ1ﬁ\1@ﬂﬂl'ﬂ\3ﬂ@uﬂi@]

l
[

=~ | 1
Naauenilu 2 ngu

A A o ~ 1 A A Y a 1 ~ 9
Weunszinaluzlin 4.5 wuhaeunianleruudestaznlsutasiuneruainms

U

g A =q 9

1 = 1 J @ a v J 1 =
ﬂﬂﬂlﬁﬂﬂ@uﬂiﬁ%@ﬂﬁg 25 Glumuwﬁu flﬂ1ﬂ’311|£i’3ﬂau’f)’ﬁG]%HI%H?]W&ET@:Qﬂ’Nﬂ@uﬂiGWI Y

1o v A

IATIHIUINNMTIDUABADUNIAT DAL 100 TUaIUHAY NUAMAIDAUNITY 11199910

o

@

m3lsulasiureunmMIdgoaasnounIa lnunIseaz 30 Tasiimiin ludinaneiigs

[

= o =2 o v o A o @ Y a Y v A l
DAUVDNADUNTA uu?ﬂﬂ“ﬁilWEJE]\‘]ﬂﬁTUJu@]'JUWﬂQHﬁinﬂm@ﬁﬁi1IGIiUﬂU],ﬂﬂW@”] ﬂ‘]J’ViL!’]J“uEIf]EJ

% 1 A 1 I 1
HULBN Llﬁlﬁi’ﬂ%u’miluﬁﬂ"mﬁ]"lﬂﬂﬁﬂi’)ﬂlﬁ}lﬂBUﬂ§@]Lﬂu3fmi'MJ1’ifﬂ‘Uiuﬁﬁuﬂﬁﬂﬂﬂuﬂdiﬁ

v 9 o

3 1 < 4 a 1 qg// Y A [}
N9 W‘]_l')"I‘ﬂ')"Ill!53ﬂ§uﬂa@]31TWUﬂWﬁﬁﬁﬂ1aﬂaﬂ ‘VIQﬁ!ﬁi’)\iﬂTﬂﬁJ?ﬁﬁ?NﬁﬂTUﬂWﬂﬂTiﬂ@ﬂ

D.

4 1A A

Lﬂi&lﬂi’]ﬂﬂ?@]ﬁl‘wﬁﬁﬁ?i’)ﬂ@gﬁg]]?ilﬂ”lzﬂEJ‘VIW’JGUﬂﬁﬂﬂﬁiﬁu%ﬁﬁﬁﬁuﬁﬁizﬂ’jN NIATIVANND

G

Jd A SY Jd a = Y ] 9 [ 1 S A ] [
INETANTONDTATIAND1VNTY51I91INNTSUIUNITEDY AT 1IAINE1INADF0 931911

~ A I L) Y A [ 9 a A Yy Y A A A 1w 9
ADUNTA VIL‘]J‘L!GYJTIﬂW‘ﬂau@a@]511“]511?13\1?”1![1@%16\1LN@’NWWH?Z837]1\1‘1/]!1/]1?71!1@81%!3@11

'
v A

4 3 Adqu 2, a g y &
HIHUVU HUﬂ@ﬂ'J"I?J!T)TI‘IGBGLUﬂ15']\3WTUﬂ@uﬂi@]ﬂaﬂaﬂ@nll"lﬂﬂ:]fJHUL@Q

D-

9 Y
v o A o Y

Y 1 1 1 3 Aa o
ﬂQHHWﬁﬂiSﬁ‘ﬂU%Tﬂﬂ’NN%uiu@’J’EJEJNﬂ@Hﬂ?@lﬁ@ﬂTﬂiTNLS]ﬂauﬂﬁ@]iTIcﬁuﬂwaﬁ{

Y
v KX v 1 o v w

[ 4 ' < 4 [ a
"lu%m’ﬂu Lﬁi’]\ﬁ]"lﬂﬂ”lﬂ?ﬁJLﬁ’Jﬂﬁu@aﬁ%}"ﬂcﬁuﬂwaﬁﬂ']ﬂWaﬂTiVIﬂﬁﬂUmuﬂUﬂWﬂTaﬂﬂﬂﬂ]@ﬂ

A o

= A o v 3 P A o oA P}
ADUNIA TﬂEJNZ‘]ﬂﬁg‘ﬂ'ﬂ‘ﬂ"]fﬂ!fl]uﬁﬂﬂ1ﬂ313JL5’Jﬂauﬂa@]iTIWHﬂWﬂﬁﬂﬂﬂTﬁi"ﬁm’Ja5']111’1EJ"ITJ



51

l I 1 09/’ % 1 1
1NMsgoAEAaUNIAd ULl N TUEIURNTUADUNTANIHUA @Qﬂzﬁﬁwaiﬁ)ﬂ'lﬂ'nu

<3 A o 9 a Y4 (] [
Lﬁ?ﬂﬁuﬂﬁ@]ﬁ'ﬂ“ﬁuﬂwaﬁaﬂﬁﬂ@ﬂ’m“ﬁﬂﬁ]u

v A | =

45 ugaasanguvaINOUNIA
= = ' o A ' a A o o o

AN 4.4 Faaaa lugaasanguuednouniniey 28 Tu wudiallugad

IANGUVDIADUNTA AC, AR25 HAZARI00 LAWMAY 219186, 256540 ag 231185 nn./4u.”
o w A =~ ~ @ ' o A oAy Y Vo v o AnY

awday WeonlSeuieunum lugaddanguin laninmsumumimhdsoan laninmsnageu
lugumsves ACI 318 FaliAuviny 15100 \/fc’ wuna lugdadanguussneuniailduia
sameuluannzuialueinia AC, AR25 1ag AR100 HA1A1991ANTAIUIUATUNITVDA
ACI 318 tiudeoaz 15.1, 23.6 1ag 15.1 awdiay diua lugaddanguuesnounsa SSC,
SSR25 1ag SSR100 N01giAe N ualiA Ny 247160, 265978 1ag 264512 nn./au’ FaliA1a1g

NMIMUIUAIBAUMITVDI ACI 318 (A UTeEAL 14.3, 12.3 uay 14.3 ANdIe

A v A ' o A (-2
MINN 4.4 Tu@aﬁaﬂwqummﬂauﬂmwmq 28 U

Modulus of Elasticity at 28 days
Sample £’ (kg /em?) Compared with ACI
(ksc) 318 (%)
This Research ACI 318
AC 159 219186 190403 15.1
AR25 189 256540 207590 23.6
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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 =< 09’ a a
ATNN N2 MANUINIUWIZUAZNTHAFNUIVNNUTITUEIN
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 - 343.96 45433 110.37 11.036 100.000 88.964
Sum 1000.13 201.96
Fineness Modulus = 2.019
MINN .5 MINTZNYHIVDINIATINN TANNTHUTITHINA
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 ‘Vi‘Ll’JElﬁﬁ’iﬁﬂ!Lagﬂih1m“]5ﬁ)\‘l’31ﬁi$ﬂ’31\1Mﬂai’JiJﬁ&%ﬂﬂﬂiﬁﬂ1ﬂﬂ§1mmﬁ1

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”IuVHufﬂiﬁﬂﬂil’f)u‘UENJJ’ZIaiﬁiJWﬂiﬂﬁklﬁﬂWﬂﬂ'}ﬁé@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 Stlump 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 ] 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 15.12°] 15.15| 15.05 | 8.10 |2,349.55 182.30 | 81.66 3916
5 15.11 ] 15.04 | 15.12 | 811 |2,358.79 17890 | 79.82 3916
1 1511 ] 15.11 ) 15.14 | 811 |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 1508 | 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 |2,31991 325.00 | 14491 4,261
2 1515 15.11| 15.16 | 8.04 231531 330.20 | 146.55 4,155
wn
% 7 3 15.11 ] 15.06 | 15.08 | 8.04 |2,341.51]2,325.34| 337.30 | 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 1509 | 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| 15.05 | 7.74 |2,269.06 235.90 | 106.38 4,043
2 15.04 | 15.04| 15.09 | 7.71 |2,257.29 217.70 | 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 15.12 ] 15.11| 15.08 | 8.07 |2,342.37 15120 | 67.60
2 1526 |1 1530 1524 | 8.14 |2,286.27 14270 | 62.55
1 3 1511 ] 15.13 | 15.05 | 831 |2,413.79]12,331.41] 14590 | 65.40 | 64.46
4 15.17 | 1530 15.10 | 8.06 |2,299.75 14440 | 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 ] 1511 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 ] 15.05| 15.15 | 8.02 |2,321.82]12,326.01| 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 |1 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 |2,353.51 185.20 | 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 15.05] 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 1524 1 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 1521 ] 15.13 | 1526 | 792 |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| 1508 | 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 42220 | 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 | 7.92 |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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