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ALONGKOT BUNSIRI: DEVELOPMENT OF HIGH EARLY STRENGTH
CONCRETE USING RECYCLED CONCRETE PAVEMENT
AGGREGATE. ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D., P. E.

This research aims to investigate the strength development of high early strength
concrete and high strength concrete using Recycled Concrete Aggregate (RCA) from a
damaged rigid pavement in Nakhon Ratchasima under supervision of Department of
Highways, Thailand. The compressive strengths of RCA concrete and RCA-natural
aggregate (NG) concrete (505:50 ratio) were compared with those of NG concrete. All
tested concretes were prepared at the same initial water/cement ratio of 0.3. Water
reducing admixture (SikaViscoCrete-10) was mixed with tested concretes to control a
slump of 7-10 cm. This research also investigates a role of accelerating admixture
(SikaRapid-1) on the strength development of tested concretes. The results show that
the RCA concrete can be regarded as high early strength and high strength concrete.
The 24 hour- and 28 day-strengths of RCA concrete are greater than those of NA
concrete because the water absorption of RCA is higher than that of NA and hence
lower effective water/cement ratio. The strengths of RCA-NA concrete are lower than
those of NA concrete because the weakness of mortar attached on the RCA particles.
The accelerating admixture insignificantly improves strength of the NC concrete and
RCA concrete but can improve the strength of the RCA-NC concrete. The usage of
RCA in manufacturing high early strength and high strength concretes are useful in
term of engineering, environmental and economical perspectives. The manufacturing

cost reduces up to 10 percent when RCA is used as coarse aggregate.
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3.1.2.1 ¥723WAz1009 (Fine Aggregate) 1¥M3101i1A1WNIATFIU ASTM C
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3.1.2.3 ¥223IUHOIVIINFTTUIIA (Coarse Aggregate) 19910 159 THHU 8100
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1n¥09 T IAUATIIFTLT AANVUALUNTIUDS 4 LazvUIA IngaYs
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1Y anaaagln 3.1

3.1.3 MSIANHaNAN
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Schlumpf, J. Schrabback, C.Spirig, U. Waeber)
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322 ndeasaimiinliihe s 1daziBon 0.01 n3u uanaegii 3.4
323 YANATBUANUE T UNIE taAsRagUi 3.5
3.2.4 fouaruauaangiUiveagil uansiagii 3.6
325 yAnAaeUALAIveInOUNTA LRI 3.7
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33 msmaauﬂmauﬁ’agﬁaav’l’umaﬁaqmaim
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3.3.1 93%71151’]9]@'6‘]]93!?151$ﬁlmu1ﬂﬂﬁﬁiﬂuﬁ$!aﬂﬂ

MINATOUMNNINNIATTIY ASTM C 136-96a Standard Test Method for Sieve
Analysis of Fine and Coarse Aggregates (American Society for Testing and Materials)

Tasdadiuvinanazuazmlugdaniuaziseaveanseild amdulumw
U1INT31U ASTM C 33-01 Standard Specification for Concrete Aggregates (American
Society for Testing and Materials)

3.3.2 FBMmsnasevInnzHvinaNaney

NTNAADUNINIUNINTTIU ASTM C 136-96a Standard Test Method for Sieve
Analysis of Fine and Coarse Aggregates (American Society for Testing and Materials) 1 @ &
daduvanazuaza lugdannuavideavesiiuiudesuazaouninouwn arsdiull
ATUNIATIIU ASTM C 33-01 Standard Specification for Concrete Aggregates (American
Society for Testing and Materials)

333 SEmsnageummeisimzuazmsgadinivennasinazden

AINAABVNININUIATFIU ASTM C 128-97 Standard Test Method for Specific
Gravity and Absorption of Fine Aggregates (American Society for Testing and Materials)

3.34 3‘%msmaaummdaai‘hmwummsgﬂfﬁm%wmmmmﬁﬂm

AMINATOUNININNINTTIU ASTM C 127-88 Standard Test Method for Specific

Gravity and Absorption of Coares Aggregates (American Society for Testing and Materials)

3.3.5 35MINATIUHIAHUITNHINIAZ Y9I 19UBINIATIN
MINATOUMNNINNIATTIU ASTM C 29/C29M-97a Standard Test Method for Unit

Weight and Voids in Aggregates (American Society for Testing and Materials)

3.4 manaaaurlSinamslyasainauiinivnzan
3.4.1 MsuuadSnamslyasaiinaig
A A 1 I~ o [ 1 4 o I 1
Usamsldamsminaunuuyaily 3 sdu daa13199 3.1 o lddludumay
= a I 9 1 a [ =~ d A . . a A
AounIn lasaaluiosazao 100 Alansy Yo uFwua Ao Sika Viscocrete -10 FHARY?

fouay 0.8 uay Sika Viscocrete -10 + Sika Rapid 1 398fU5088z 0.8+0.4 1Ay 0.8+0.8
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1 v Y
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3.4.3 dyanvavewaN@IUNaNmazlMmaaIunannaunIn

v W J @ 1

dadnuaivesdnsiaIumay
ABC
A
11D
A NUYDI YHAVDINIATINNEL
Y
B neDe a1aniin
] 3 o
C NUYDI ATITINTUUIA)
=2 ~ Y a a
NC NYDIIATIVNEIUN IANHUTTTUIA
=2 A A 9 ~ a o a
50R nednaunsanldulasurenus lesfas0%mauiunIaTIWUUTITUBIA50%
= a A 9 ~ a
100R nedInounsan lsuIasImveIus lsna100%

9
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9
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M350 3.2 Ugmadrunaudmsumsan

Mixed Proportion (kg/ms)

Mix ID Coarse Aggregates Admixtures
Cement | Sand water WI/C

Natural Recycle VC-10 P-1
NC 0.8V 550 847 917 - 161 4.40 - 0.30
50R 0.8V 550 847 458.5 458.5 161 4.40 - 0.30
100R 0.8V 550 847 - 917 161 4.40 - 0.30
NC 0.8V0.4P 550 847 917 - 158 4.40 2.20 | 0.30
50R 0.8V0.4P 550 847 458.5 458.5 158 4.40 2.20 | 0.30
100R 0.8V0.4P 550 847 - 917 158 4.40 2.20 | 0.30
NC 0.8V0.8P 550 847 917 - 156 4.40 4.40 | 0.30
50R 0.8V0.8P 550 847 458.5 458.5 156 4.40 4.40 | 0.30
100R 0.8V0.8P 550 847 - 917 156 4.40 4.40 | 0.30

3.4.4 MINAAUNSNIDEIINOUNIA

MIHANUALINUADUAIBE19ADUNTATIAIUNIATIIU BS 1881:PART 3 Method of
Making and Curing Test Specimens f30819AOUNTATIUNANEIUNTNAL 3 NOU $1UIU 9
FIUNAY PO NCO0.8V, 50R0.8V,100R0.8V, NC0.8V0.4P, 50R0.8V0.4P, 100R0.8V0.4P,
NC0.8V0.8P, S0R0.8V0.8P, 100R0.8V0.8P MIHAANDUAIDE19ADUATALATATNATOUAS
sanounIAINTNaNLaLAUABUAIE19ABUNTAMNNIATTIU BS 1881:PART 3 Method
of Making and Curing Test Specimens (British Standard Institute) HaZHINTNATBUNIA09
mamauﬂ%mmmmgm BS 1881:PART 4 Method of Testing Concrete for Strength
(British Standard Institute) T%ﬁmuﬂmqﬁv‘hmswﬂﬁauﬁ@ 1 uag 28 Ju 31UIUITIVY
Wanua 54 Aeudiedi msundsnnnsnadeudiosiedas 3 Aeu

345 maeuﬁﬁfaé’ﬂﬁmq 24 Falug

NMINAGIUMAIOAVDINOUNTANIAINUINTFIU BS 1881: PART 4 Method of Testing

Concrete for Strength (British Standard Institute)
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3.4.6 nfsaumgummasoaveanounlssnanilsnamsliyasaiinang

Vo v w 9 A AA A Aa ] ~ A o

An1aveAveINoUAUnNIANNsHALaz S IMMT IFasITNauNNA1e 9 921N
nlFeusuioAn¥IBINTNaVDITTHANN UL US U U I THA VN UAD M THAUITIA DA

Y
srazauazilals

3.5 MSANMIMINAIMAWPANITzezAUIazszazilae

Wanmsuazismseenuuulmadiunduasunialdnuisuesauiauasunia
a o o o 4 o w <
P3N U (American Concrete Institute; ACI) a2i1n15U5udgune i lddidsguioniu
1 a . A = J 9 = ]
NTUNITUUAIDININT (Department of Transportation; DOT) Tﬂmwmﬂ,ummummﬂﬂaﬂ”lm
9 'Y a = A I 1 a Y
Yeenndesaz 30 wavaalTuianlasivazdearTonsieas W lunusesas 40 vodwIa
b [ [
FINWMVA WA IaIUNaN NIz aNd S UM 19U
~Aq Yy a ] I 1 A Aq ¥
WasgIunlseeslunisnagey uuseenidu 2 dau Aowiasgiunlslunis
° 1 o v W o w < . .
A1 UAAIRIAI0AUDINOUNTANIAIE T A0 1¥U1AT51U (Strategic Highway Research
Program) (SHRP-C-364) ttaz 11935 1ui 1 lunmsdimuaniiididavesnouniaiiags fe
WIATFIU (ACI 363-1992) (ACI Committee 363) 5180210 8AVDIAIRIAIA1gANAIT Ias 1 1A
waaslumsien 3.3

M15190 3.3 W13 1uN 1% 1un1581999 (Strategic Highway Research Program, Zia et al.,

1993) (ACI Committee 363, 1992)

Category of High Performance Min. Compressive Strength
Standard
Concrete Cylinder Cube

SHRP-C-364 High Early Strength (HES) 35 Mpa 40 Mpa
(in 24 hours) [350 ksc] [400 ksc]
High Strength (HS) 41 Mpa 48 Mpa

ACI 363R-92
(in 28 days) [410 ksc] [480 ksc]

314 3.3 naas i uhiarsfnyasWannaeuniafididequiag 24 42 Tued
194998 350 ksc Cylinder %30 400 ksc Cube ‘%? TN High Early Strength Concrete
(HES) w?aﬂ@uﬂ%ﬁwﬁaqqﬁa lae SHRP-C-363 (Strategic Highway Research Program).)
waziiong 28 Su 1dmdssaliifosndn 410 kse Cylinder 130 480 ksc Cube 36031 High

Strength Concrete (HS) N30 ﬂ@uﬂ?mﬁﬁﬂ@ﬂﬂﬂ ACI (ACI Committee 363)
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Mixed Proportion (kg/m3) Average
Coarse Strength
Mix ID Cemen | San Admixtures | W/
Aggregates water 24 hrs.
t d C K
Natural | Recycle VC-10 | P-1 (ksc.)
NC 0.8V 550 847 917 = 161 4.40 - 0.30 454
50R 0.8V 550 847 458.5 458.5 161 4.40 - 0.30 321
100R 0.8V 550 847 - 917 161 4.40 - 0.30 464
NC 0.8V0.4P 550 847 917 - 158 4.40 2.20 | 0.30 450

50R 0.8V0.4P 550 847 | 458.5 458.5 158 440 | 2.20 | 0.30 385

100R 0.8V0.4P 550 847 - 917 158 440 | 2.20 | 0.30 451

NC 0.8V0.8P 550 847 917 - 156 4.40 | 4.40 | 0.30 465

50R 0.8V0.8P 550 847 | 458.5 458.5 156 440 | 4.40 | 0.30 428

100R 0.8V0.8P 550 847 - 917 156 440 | 4.40 | 0.30 464
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High Early Strength (HES)(in 24 hrs.)
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7107 4.4 inugiiuaasiidesavesnouniaiiong 24 52Tug
M99 4.3 Mdsdavenounsa ‘ﬁmq 28 U
Mixed Proportion (kg/ms) Average
Coarse Strength
Mix ID Admixtures
Cement | Sand|  Aggregates water wic | 28day
Natural| Recycle VC-10 | P-1 (ksc.)
NC 0.8V 550 847 917 - 161 4.40 - 0.30 756
50R 0.8V 550 847 | 458.5 458.5 161 4.40 - 0.30 621
100R 0.8V 550 847 - 917 161 4.40 - 0.30 811
NC 0.8V0.4P 550 847 917 - 158 440 | 2.20 | 0.30 779
50R 0.8V0.4P 550 847 | 458.5 458.5 158 4.40 | 2.20 | 0.30 681
100R 0.8V0.4P 550 847 - 917 158 440 | 2.20 | 0.30 829
NC 0.8V0.8P 550 847 917 - 156 440 | 4.40 | 0.30 793
50R 0.8V0.8P 550 847 | 458.5 458.5 156 440 | 4.40 | 0.30 721
100R 0.8V0.8P 550 847 - 917 156 440 | 4.40 | 0.30 838
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Absorption Water (kg/ms)

'E
= = =
-ita s Coarse < < = En = En 5
(5] N’ ~ . .
55 5 =| E| 2 g £ &
Mix ID = E Aggregates s 2z = © Z| 2 ¢
o E — g g & E| & =
E = | Sand o > = < ] T
E < 2 & 7 5 S| 5 =
= s = > > o
Natural | Recycle 2 < <

S

=
NC 0.8V 165 5.93 5.59 - | 15348 | 0.28 6.5 454.60 756.73
50R 0.8V 165 5.93 2.79 25.67 | 130.61 0.24 7.5 321.89 621.74
100R 0.8V 165 5.93 - 51.35 | 107.72 | 0.20 7.5 464.51 811.05
NC 0.8V0.4P 165 5.93 5.59 -] 153.48 | 0.28 10 450.78 779.50
50R 0.8V0.4P 165 5.93 2.79 25.67 | 130.61 0.24 7 385.67 681.96
100R 0.8V0.4P 165 5.93 F 51.35 | 107.72 | 0.20 8 451.03 829.57
NC 0.8V0.8P 165 5.93 5.59 - | 153.48 | 0.28 7 465.11 793.67
50R 0.8V0.8P 165 5.93 2.79 25.67 | 130.61 0.24 6.5 428.92 721.70
100R 0.8V0.8P 165 5.93 - 51.35 | 107.72 | 0.20 7 464.87 838.12
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High Strength (HSC)(in 28 days)
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15199 4.5 1WSeuneusinneunIa (100R0.8V)
1 = a a2 A
Py | 1nne AoUNIARY | AOUNINHU
1M , - ,
(kg/m3) | HWWULIM) | BHITUBIA UMM
Cement 550.00 2.40 1,320.00 1,320.00
Sand 847.00 0.19 157.53 157.53
Coarse Aggregates 917.00 0.36 331.06 -
Recycle Coarse Aggregates 917.00 0.18 - 168.98
Sika ViscoCrete-10 4.40 200.00 880.00 880.00
ERIR IR 2,688.59 2,526.51
AIUANTIAN 162.08
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VN (M519910 1,613 kg/m’) NI1051A10 Tan5uag 0.19 VN WIATIWNGIUFITNNAGNLIAN
IMATAL 550 VN (HUSTTUHIAKUN 1,523.45 kg/m’) HUTTIUFIATIAN lanTuag 0.36 LN
asamneni ledannauuiamdosiunamiiuiea 3 das (ﬁywﬁuﬁwaﬂm 30 LN
fedns AuseTum 199 1e0un Uszua 150 LINABYNUIARINAT HAZIIATINNEIVINAUY
INHHN 1,302.4 kg/m’) HUAINOUUNITIAN Jansuag 0.18 LN nazaTIAdNaUHANTIAN
Uszanadnsaz 200 v azwiuldimslfunaswmeuanasuniaouum Tdunulums
HAATRAIN 162.08 UM naa B ui1n13 19u2a390M e INABUNIADULIAT A1W1TD

i 1FlmRedse Temilumadmnssutazasygmans
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MINA 1.1 ANUDNIUNIZVOINIATINAZIDYA
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PR TIANL] 1 2 3 1y
A UULUDINTIONAINNO VLT (NTN) 496.60 | 49690 | 496.60
Y a a s Aq 1o
B uwasdvaunnnluiwes flai
.. ) 701.90 | 701.90 | 701.90
MDVaNtMUA (NTY)
Y a a s A 1
C : ULL.UIVAUNINN TUTIeT Nlanie
P ) 1008.40 | 1011.50 | 1011.60
HAZHUIIUNVANNIUUA (NTN)
S UUVDINTIBNANILDUF T (M5Y) | 500.00 | 50020 | 50030
ANUDIBUNIZ T 2.57 2.61 261 2.59
AMUD I UNIZTIN-DUAIA I 2.58 2.62 2.62 2.61
ANV UNI13I0Y 2.61 2.65 2.66 2.64
$oo0eMInATUIIN0INT1Y 0.68 0.66 0.75 0.70
MINN 1.2 MINATZHIUIAUDINIATINAZDA 1A8ITIOURNIUAZLATI ASIN 1
4
U, y y Souaz
Lo U, ) ) Souazma '
AzUNIY | vosla AZUNII+ | UM | Sewaz WU
AZUNT
UUNTY azau azan
L”]J’e)'§’4 4.75 576.9 615.3 38.4 3.835 3.835 96.165
L”]J’EJ'BE’S 2.36 684.1 723 38.9 3.885 7.720 92.280
L‘lJ’é){ 16 1.18 632.4 684 51.6 5.153 12.873 87.127
Lua§3o 0.6 453.5 617.4 163.9 16.369 29.242 70.758
!,‘U’é)g 50 0.3 532.9 1049.1 516.2 51.553 80.795 19.205
!,‘]J’é)g 100 0.15 518.6 683.2 164.6 16.439 97.234 2.766
DIATOI 496 523.7 27.7 2.766 100.000 0.000
mrdnIas Az = 1001.3 231.699
Tugdannuaziven = 232
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MINN N3 MINATIEHVUIAUINIATINAZDoA 1ABITTOUNIUAZLNTI ATIN 2
%
U, Souaz
% %
Do U, y y SeazA1g '
Az | veua AZUNTI+ | WA | Sesay NI
AZINI
UUNTY avau azvan
L‘]_I®§4 4.75 576.9 613.7 36.8 3.673 3.673 96.327
L‘]J?Jg 8 2.36 684.1 719.3 35.2 3.513 7.186 92.814
L“]_IE)?.‘i{ 16 1.18 632.4 685.7 53.3 5.320 12.506 87.494
L“]_Iﬁ)g 30 0.6 453.5 609.5 156 15.570 28.077 71.923
L‘]JE)')E’ 50 0.3 532.9 997.2 464.3 46.342 74.419 25.581
L‘]JE)')E’ 100 0.15 518.6 741.1 222.5 22.208 96.626 3.374
D1ATOI 496 529.8 33.8 3.374 100.000 0.000
WnihNIaTINazRn = 1001.9 222.487
Tugdannuaziden £ 222
MINN 1.4 MIUATIZHIUIAUINIATINAZIDA 1ABITI O UMIUAZLATI ASIN 3
YV
uU. Seaaz
% Y
oo . \I¥ SeazAa '
AzuN3e | Yol AZUNSI+ | WA | Seuay WU
AZINT I
UUNTY azan azvay
UJ’O')E’4 4.75 576.9 603.4 26.5 2.644 2.644 97.356
L”]J’O')E’ 8 2.36 684.1 714.2 30.1 3.003 5.648 94.352
L”]J’O')E’ 16 1.18 632.4 682.1 49.7 4.959 10.607 89.393
L']J’t’)id’ 30 0.6 453.5 622.6 169.1 | 16.873 27.480 72.520
!,‘U’E')g 50 0.3 532.9 1047.1 514.2 | 51.307 78.787 21.213
!,‘]J’é)g 100 0.15 518.6 702.1 183.5 | 18.310 97.096 2.904
DINTDI 496 525.1 29.1 2.904 100.000 0.000
WninIaINazREn = 1002.2 222.261
Tugdannuaziden = 2.22
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A15190 0.5 ANUHUWUNYIINYVDINIAALIDYA (mwmjﬁyw)
Test No. 1
‘LiIWifl’ﬂ mold ; (g) 5321.6
YW 1910 + mold : () 7507.3
Mold Volume ; (cm’) 1354.99
Bulk Density ; (kg/m’) 1613.075
ANVANTUNZ510g 2.640
% Air void ; (%) 38.899
A5 1.6 AMB IS UNIZUDINIAT NG (TUTTTUIR)
reehail 1 2 3 A
A uuvesfiundsnneuniis Faluene (n§1) 2983.50 | 2982.00 | 2981.80
B . vosiuluamududaionds ¥aluema (03 | 3000.20 | 300020 | 3001.10
C anvesiuluanmaudints Faluiih (N5W) 1898.80 | 1896.90 | 1899.10
AMND NI UL 2.71 2.70 2.71 2.71
ANIBISUNIZSI-BUFIAIT 2.72 2.72 2.72 2.72
ANUDNIUNI1/3Ing 275 275 275|275
mmmﬂéﬁuﬁw 056| 061 065| 0.61

{ a 4 a a am 1 3 A
GﬂiNﬁ n.7 ﬂﬁ’)mﬁgﬂ“u‘L!W]‘Llf]\ill’Jﬁi’Jll’HEﬂ‘]J(Wu‘ﬁiiiJG]ﬂG])IﬂU’J‘ﬁiE]‘L!Wﬂm%uﬂi\i AIIN 1

HU. v v Y '
DA o Y Y Josazma | Jewazriu
azunse | vouila azunse+ | uume | 3owaz
AZUNT _
TR azau azam
1117 25.4 724 724 0 0.000 0.000 100.000
3/4110 19 467 647.9 180.9 | 9272 9.272 90.728
1217 12.7 764.6 | 18219 | 1057.3 | 54.193 63.465 36.535
3/8 117 9.5 754.1 1170 4159 | 21317 84.782 15218
wos 4 475 577.2 874.1 296.9 | 15218 | 100.000 0.000
719504 398.9 398.9 0 0.000 - -
nnimNaINazPen = 1951 257.519
Tugdannuaziden = 7.58




! a 4 a a ad ]
A1519% N.8 NI AATIZHUUIAUDINIATINHEIY (ﬂu‘ﬁﬁﬁﬂ%’W@])Iﬂﬂﬁ%i@uW']u@lgl!ﬂi\‘i fl
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9 v
v A

59 2
o
Y Y Y |l
oo U, .| Jowazm | Jowazwiu
azun3s | voula azunsH+ | A | Joway
AZUNT _
A azau azaw
117 25.4 724 724 0 0.000 0.000 100.000
3/410 19 467 616.7 149.7 7.482 7.482 92.518
1/2 17 127 7646 | 19088 | 11442 | 57.187 64.669 35.331
3/8 117 95| 7541 | 11782 | 4241 21.197 85.866 14.134
1wes 4 475 | 5772 860 | 2828 | 14.134|  100.000 0.000
01A504 3989 | 3989 0| 0.000 - -
nninNaINazPen = 2000.8 258.017
Tugdannuaziden = 7.58

! a o a a ad ]
A1519%0 N.9 NS AATIZHUUIAUDINIATINHE1Y (14u‘ﬁiiﬂJﬂﬂ@)Iﬂﬂ’J%i@uFﬂu@]gl!ﬂifi f

k4 v
v A

599 3
U,
Y Y Y '
Lo U, | I~ Jowazma | Jowazwu
azunse | vouila AZUNTH+ | WAN | Feway
AN .
A azau azam
TH) 25.4 724 724 0| 0.000 0.000 100.000
3/4110 19 467 659 1921 9618 9.618 90.382
1/2 17 127 | 7646 | 19207 | 1156.1 | 57915 67.533 32.467
3/8 117 95| 7541 | 11743 | 4202 21.050 88.583 11.417
s 4 475 | 5772 805.1| 2279 | 11.417|  100.000 0.000
219509 398.9 398.9 0| 0.000 - -
rinNaINazPen = 1996.2 265.735
Tugdannuaziden = 7.66




MINA N.10 ANUHUWUUTINGVOINIATINN (HUTITUFIA)

Test No. 1
‘L{Tl/iﬂ’ﬂ mold ; (g) 9670
¥wiin 1910 + mold : () 31455
Mold Volume ; (cm’) 14299.74
Bulk Density ; (kg/m’) 1523.454
ANUNTUNITIng 2.750
% Air void ; (%) 44.602

41

A1519% .11 miéfmmumﬁﬁﬂﬂﬁ'aummmasmmm (ﬁu‘ﬁsswmﬁ) TaanToanago

CRLARNEGE
Sieve Size Accumulative
Passing Retained Mass of Sample
mm inch mm inch (2
75.0 3 63.0 2172 -
63.0 21/2 50.0 2 -
50.0 2 37.5 11/2 -
37.5 11/2 25.0 1 -
25.0 1 19.0 3/4 -
19.0 3/4 12.5 12 2500
12.5 12 9.50 3/8 2500
9.50 3/8 6.30 1/4 -
6.30 1/4 4.75 No.4 -
4.75 No.4 2.36 No.8 -
Grading B B B
Number of Charge 11 11 11
Mass of Charge 4583 4583 4583 (2)
Original Mass of Sample 5000 5000 5000 ()
Final Mass of Sample 3962.4 3959.2 39954  (g)
Percent of Wear 20.75 20.82 20.09 (%)
Everage 20.55 (%)
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MINN 112 ANUDNIUNIZVOINIATINNIY (ﬂauﬂ?mumﬁw)

PR ANL] 1 2 3 e

A U UDIRUNGINND LR Fluo 1 (RS) 2841.00 | 2840.60 | 2843.30

B :uuaadruluanwoudininia ¥alueima (nsu) | 3000.50 | 3001.80 | 3000.20

C ansveaiiuluanmaudiiuts Faluii (N5) 1778.50 | 1778.50 | 1780.50
ANUDWINNIZTIY 2.32 2.32 2.33 2.33
ANBSUIZSI-BUF IR 2.46 2.45 2.46 2.46
R NERTRERIER Y 2.67 2.67 2.68 2.67
mmi@ﬂcﬁm‘;w 5.61 567| 552| 5.0

{ a 4 = J ad ]
Gﬂi'l\?ﬁ .13 NTUATIZHIVUIAUDINIATIUNIIU (ADUNTADUULINT) Iﬂﬂ?%ﬁﬁ]uWWH@%!LﬂﬁQ

E4

ASIN 1
Y
o Jowaz |
. U, \ ) ) Foraznu
AzuN3e | Yeaila AzUNI+ | wume | Sewaz | AN
AZINT 4
A azamn azam
117 254 724 724 0 0.000 0.000 100.000
3/410 19 467 549.5 82.5 4.128 4.128 95.872
1/2 17 12.7 764.6 2096.4 1331.8 66.633 70.761 29.239
3/8 12 9.5 754.1 1056.2 302.1 15.115 85.876 14.124
o3 4 4.75 577.2 856.1 278.9 13.954 99.830 0.170
DIATON 398.9 402.3 34 0.170 - -
MmvdnnaINazeen = 1998.7 260.594
Tugdanuazioen = 7.61
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! a L4 1 ad ]
AN N.14 MTAATIEHUUIAUBINIATIN N (ﬂﬂuﬂ?ﬂﬂu‘hﬁﬂ’]) Tae2T3UNIUAZLNT
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ATaN 2
Y
W, Jowaz |
oo U, y y JosazHIU
azun3e | ¥oaila AZUNIH | MUY | Fowaz AN
AZUNT R
nYReY azan azau
117 25.4 724 724 0 0.000 0.000 100.000
3/4110 19 467 507.6 40.6 2.069 2.069 97.931
1/2 17 12.7 764.6 1909.3 1144.7 58.338 60.407 39.593
3/8 U2 9.5 754.1 1151.7 397.6 20.263 80.670 19.330
o3 4 4.75 5717.2 954.1 376.9 19.208 99.878 0.122
D199 398.9 401.3 2.4 0.122 - -
nminaIvazeen = 1962.2 243.023
Tugdannuazioen = 7.43

{ a 4 = 1 ad ]
an.mﬁ .15 NFAATIEHUYUIAUDINIATINHYIU (ADUNTADUULN) Iﬂﬂ?%ifluﬂ'lu@guﬂ‘i\?

A5IN 3
Y
n Jewaz |
Lo . . . y Fosazi1y
azunse | voula AzUNIS+ | MU | Fewaz AN
AZUNI -
ITReY azau azau
112 25.4 724 724 0 0.000| 0.000 100.000
3/4117 19 467 514.3 473 | 2396 | 239 97.604
1217 127 | 7646 | 2030.1 | 12655| 64.115| 66511 33.489
3/8 117 95| 7541| 11246| 370.5| 18771 | 85.282 14.718
wes 4 475 5772 865.9 | 2887 | 14.627 | 99.909 0.091
GRIEELR 398.9 400.7 1.8 0.091 - -
ndnuiasvazden = 1973.8 254.099
Tugdannuazioen = 7.54
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Test No. 1
‘L{Tl/iﬂ’ﬂ mold ; (g) 9670
‘Emﬂ’ﬂ 319 + mold ; (g) 28295
Mold Volume ; (cm’) 14299.74
Bulk Density ; (kg/m’) 1302.471
ANV NTUNITIng 2.670
% Air void ; (%) 51.218
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nAdoUADAIOIIA
Sieve Size Accumulative
Passing Retained Mass of Sample

mm inch mm inch (€]

75.0 3 63.0 2172 -

63.0 2172 50.0 2 -

50.0 2 37.5 11/2 -

37.5 112 25.0 1 -

25.0 1 19.0 3/4 -

19.0 3/4 12.5 1/2 2500

12.5 12 9.50 3/8 2500

9.50 3/8 6.30 1/4 -

6.30 1/4 4.75 No.4 -

4.75 No.4 2.36 No.8 -
Grading B B B
Number of Charge 11 11 11
Mass of Charge 4583 4583 4583 (2)
Original Mass of Sample 5000 5000 5000 (2)
Final Mass of Sample 3702.2 3728.5 3732.2 (2)
Percent of Wear 25.96 25.43 25.36 (%)
Everage 25.58
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High Early Strength (HES)( in 24 hours )

. E Weig | Strengt | Strengt | Average
Detail of ) Dimantion (cm.)
Mix ID No. = ht h h
Admixtures 5
7 Strengt
A B H (Kg.) (kN.) (ksc.)
h (ksc.)
1 10.05 10.15 | 10.15 2.430 | 441.10 440.79
VC-10
NC 0.8V 2 6.5 | 10.05 10.00 | 10.00 2425 | 457.00 463.53 454.60
0.8%
3 10.05 10.00 | 10.00 2.420 | 453.00 459.48
1 10.05 10.05 | 10.15 2.380 | 315.00 31791
VC-10
50R 0.8V 2 7.5 | 10.00 10.00 | 10.00 2.330 | 309.80 315.80 321.89
0.8%
3 10.05 10.05 | 10.00 2.325 328.90 331.94
1 10.15 10.05 | 10.15 2.445 | 454.40 454.09
100R VC-10
2 7.5 | 10.05 10.05 | 10.00 2420 | 475.20 479.60 464.51
0.8V 0.8%
3 10.00 10.00 | 10.05 2.455 | 451.10 459.84
VC-10 1 10.15 10.05 | 10.05 2.445 450.80 450.49
NC
0.8%+ P-1 2 10 | 10.05 10.05 | 10.00 2.420 446.60 450.73 450.78
0.8V0.4P
0.4% 3 10.05 10.05 | 10.05 2.455 447.00 451.13
VC-10 1 10.05 10.00 | 10.05 2.310 | 384.00 389.49
50R
0.8%+ P-1 2 7 | 10.00 10.05 | 10.00 2.300 | 379.20 384.62 385.67
0.8v0.4P
0.4% 3 10.05 10.05 | 10.00 2.305 | 379.40 38291
VC-10 1 10.05 10.00 | 10.00 2.305 | 438.00 444.26
100R
0.8%+ P-1 2 8 | 10.00 10.05 | 10.00 2.310 | 450.60 457.04 451.03
0.8V0.4P
0.4% 3 10.15 10.05 | 10.05 2.300 | 452.10 451.79
VC-10 1 10.00 10.05 | 10.00 2415 | 456.00 462.52
NC
0.8%+ P-1 2 7 9.95 10.05 | 10.05 2395 | 454.70 463.52 465.11
0.8V0.8P
0.8% 3 10.05 10.05 | 10.00 2.435 | 465.00 469.30
VC-10 1 10.05 10.15 | 10.00 2.320 | 425.00 42471
S0R
0.8%+ P-1 2 6.5 | 10.05 10.00 | 10.00 2.355 | 435.40 441.62 428.92
0.8V0.8P
0.8% 3 10.05 10.00 | 10.00 2.350 | 414.50 420.43
VC-10 1 10.00 10.05 | 10.00 2415 | 456.00 462.52
100R
0.8%+ P-1 2 7 | 10.00 10.00 | 10.05 2.395 | 454.00 462.79 464.87
0.8V0.8P

0.8% 3 10.05 10.05 | 10.00 2435 | 465.00 469.30
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High Strength (HES)( in 28 day )

. g
) Detail of e Strengt | Strengt Average
Mix ID No. 2 Dimantion ( cm. ) Weight
Admixtures E h h Strength
7
A B H (kg.) (kN.) (ksc.) (ksc.)
4 10.05 | 10.05 | 10.05 2.465 744.70 751.59
NC 0.8V | VC-100.8% 5 6.5 | 10.05 | 10.00 | 10.10 2.455 734.70 745.20 756.73
6 10.05 | 10.00 | 10.05 2.465 762.50 773.40
4 10.05 | 10.10 | 10.05 2.400 612.00 614.60
S50R 0.8V | VC-100.8% 5 7.5 | 10.00 | 10.05 | 10.10 2.375 643.00 652.19 621.74
6 10.00 | 10.05 | 10.05 2.375 590.00 598.43
4 10.10 | 10.10 | 10.00 2.365 821.80 821.21
100R
VC-100.8% 5 7.5 | 10.05 | 10.05 | 10.10 2.360 809.00 816.48 811.05
0.8V
6 10.05 | 10.10 | 10.10 2.370 792.10 795.47
VC-10 4 10.10 | 10.10 | 10.10 2.460 762.30 761.75
NC
0.8%+P-1 5 10 | 10.05 | 10.10 | 10.10 2.465 793.67 797.05 779.50
0.8v0.4P
0.4% 6 10.05 | 10.10 | 10.05 2.470 776.40 779.70
VC-10 4 10.10 | 10.00 | 10.10 2.320 687.90 694.28
50R
0.8%+P-1 5 7 10.10 | 10.05 | 10.05 2.365 679.10 681.99 681.96
0.8v0.4P
0.4% 6 10.00 | 10.00 | 10.10 2.325 656.90 669.62
VC-10 4 10.05 | 10.05 | 10.10 2.345 812.60 820.12
100R
0.8%+P-1 5 8 10.05 | 10.10 | 10.05 2.365 823.40 826.90 829.57
0.8v0.4P
0.4% 6 10.05 | 10.10 | 10.10 2.365 838.12 841.69
VC-10 4 10.10 | 10.00 | 10.10 2.460 784.50 791.78
NC
0.8%+P-1 5 7 10.10 | 10.05 | 10.05 2.450 768.20 771.47 793.67
0.8V0.8P
0.8% 6 10.10 | 10.05 | 10.10 2.460 814.30 817.76
VC-10 4 10.05 | 10.05 | 10.10 2.365 711.50 718.08
50R
0.8%+P-1 5 6.5 | 10.10 | 10.05 | 10.05 2.375 702.00 704.99 721.70
0.8V0.8P
0.8% 6 10.10 | 10.05 10.10 2.370 738.90 742.04
VC-10 4 10.10 | 10.05 | 10.10 2.370 847.20 850.80
100R
0.8% + 5 7 10.10 | 10.10 | 10.05 2.370 826.10 825.51 838.12
0.8V0.8P
P-1 0.8% 6 10.10 | 10.05 | 10.00 2.355 834.50 838.05
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