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Abstract

In sector that concrete was not required high performance such as conventional concrete, small to medium pre-
cast elements, currently Ordinary Portland Cement (OPC) has familiarly been used and sometimes Mixed Cement was
selected in some locations. Main problems the users faced is strength of concrete using OPC is too high, in the other hand;
performance of concrete is not suitable enough when using Mixed Cement. Anyhow, primary needs which users
concerned are the cement with suitable performance, fast setting as an OPC and also affordable cost. Therefore, Portland
Limestone Cement (PLC) is one of the options that possibly meet those requirements.

The objective of this research is to study a suitable proportion of raw materials of Portland Limestone Cement by
adjusting quantity of limestone and Blaine fineness in OPC and as well as maintain standard quality of EN 197-1. The
study found that the adequate proportion of PLC can be used effectively compared with OPC is 15-20% of limestone
content with 4,500-5,000 em’/ g of Blaine fineness range. These proportions are suitable for ready mixed concrete mixing
with and without admixture. However, performance of concrete is not satisfied if fly ash was added in. In case that the
PLC was applied in pre-cast concrete, it can meet the performance both strength and setting time as designed. But its
workability is lower than OPC a little bit. In term of durability concern regarding resistance to penetration of sulfate, PLC
showed more performance than OPC does. However, for chloride resistance, PLC showed lower performance than OPC.

In addition, PLC with 20% of limestone content and around 4,500 cmz/g of Blaine fineness is the best one in

term of both performance and cost.
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M3190 1.1 1@nauIasgIu BS EN 197-1 dmsuudmudilesauauduaz Portland Limestone Cement

BS EN 197-1
Cement Clinker Content Additive (%) Additive Type
Cement Notation
Portland Cement CEM I 95-100 - -
Portland CEM II/A-L 80 -94 6-20 Limestone
Limestone Cement CEM II/B-L 65-79 21-35 Limestone

13190 1.2 Strength Class M5 DY uFUdALIATFIM BS EN 197-1

Compressive Strength (N/mm?2)
Early Strength
Class Standard Strength 28 days
2 days 7 days

325N - >16.0 >325 <525
32.5R >10.0 -
425N >10.0

- >42.5 <625
42.5R >20.0
52.5N >20.0

- >525 -
52.5R >30.0

7131 BS EN 197-1 Standard
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1.5.1
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1.4.4

naaeunaauiamuaiinazildnd soulufsanuansalumsdumuarsisznoudania
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2.1 HANMIIHAZNGHY

2.1.1 YJudianazuBiud (Clinker and Cement)

< . 3 Y o { a 1 1 o [
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< 2 : g
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a o v o ~ s A a . .
A1TNN 2.1 Wa‘Vlm’fi‘J‘]JmmElﬂﬂl@ﬂﬁ,uﬁfmuuﬁﬂmmzhluuﬁﬁumﬁwummﬁuﬂ.u (Additive Limestone) (Hooton (1990))

Cement 1 1c 2 2c 3 3c
% CaA 10.4 10.0 91 9.8 8.3 7.3
9% CaCOjy (by TGA) 0.3 4.1 0.8 47 0.3 2.6

Age

2 days 27.0 21.4 22.7 21.2 18.5 21.0
3 days 29.3 241 26.4 24.2 22.4 24.7
7 days 33.4 28.7 31.5 29.3 27.8 29.0
28 days 40.8 36.4 1.3 36.4 35.0 35.3
16 months 511 49.6 45.6 421 43.6 45.4
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Plant B Plant G
Cement content, ka/m3 270 330 270 330
Limestone content of
cement, % by mass 0 20 0 20 0 20 0 20
Shrinkage, pm/m 635 640 680 6590 540 560 615 585
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® ASTM C 22 Standard Specification of Gypsum
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3 11 3.9 X-ray Diffractrogram
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324 MINAGOUNWMENIN
nadouRmaNiRvesiIei T IS suifeusuludmuilesauaudilsziand 1 aw

WIATFIUNBN.15-2547 daft

®  MINTLNVVDIVUIABYNIALUFIUUA (Particle Size Distribution)

® A1M5V818721A87T Autoclave Expansion

® A1 Residue UUAZLUNTIVUIA 36, 45 1% 90 micron

® 3292102179¢ (Initial and Final Setting Time) VOIHUUAINE (Vicat Test) Hazn3nofa

An1lna (False Set)

sY o

o smaomaluneiais
o g ‘”ﬂmama{é’ﬁ‘fﬁmq 13,7 uag 28 5u
3.2.5 MINATOUNIAINNUAINY (Durability)
o anudumusedaa AMUNINTIIU ASTM C 1012 Standard Test Method for Length
Change of Hydraulic-Cement Mortars Exposed to a Sulfate Solution
o anudumusennslsd AU IU ASTM C 1202 Standard Test Method for Electrical

Indication of Concrete’s Ability to Resist Chloride Ion Penetration

Eﬂﬁ 3.11 Rapid Chloride Permeability Apparatus
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3% NaCl solution
in acrylic reservoir

Chloride —

penetration

Brass mesh

60V applied potential
and current readings

Pas
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—

electrode at each
end of cylinder

A A o A A o < s
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msnaaeir lnaailunsunia

0.3N NaOH solution
in acrylic reservoir

L—— 3.75in. (95 mm) diameter X

2 in. (51 mm) long saturated
concrete cylinder with
epoXy-coated exposed surface
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1. M311929614 Portland Limestone Cement idAd UK UBZANUAZIBoAA199 lilnEn

A15199 3.3 A 3.4

A o Hq Y a g = <
AT 1N 3.3 uﬁﬂaﬁﬂmuwaw%wamﬂuﬂauﬂwwaumﬁ

a

1314)

g luauesa) ae

. w 5 . e s tnudunaunia
I fasan (anfasau) Fl'il:t‘lu'l-luﬂ'l Avumanlu 1 gaunddwes (ATanTua) fec) wiC SIA it
WRIATEUDA | WTSGAUIEA duue | wmw ETECH TR 1h Type D & G
1 180 210 T54-25 273 0 [TH 1123 190 - .69 0.43
2 210 240 T34-23 300 1] 240 1110 190 - 0.563 0.43 indursand
3 240 280 T54-25 323 0 230 10835 190 - 0.58 0.43 gy
4 233 300 7.a4-2.3 340 1] fird1] 1080 190 - 0.36 0.43
3 180 210 T54-25 273 0 [TH 1123 173 1375 0.64 0.43
[ 210 240 7T94-23 300 0 240 1110 173 1300 .38 0.43 \ -
7 740 W |[Ta+-25] 355 0 [ 1095 175 1625 152 | 08 lndumay
8 233 300 T34-25 340 0 A20 1080 173 1700 .51 0.43
k] 180 210 T34-25 220 53 83 1043 163 1100 0.60 0.48
10 210 240 T54-25 240 1] [ 10435 163 1200 0.53 0.43 - .
1 240 280 |75+-25] 280 BS 330 1055 185 1300 051 144 Waaau 20 %
12 233 300 T54-25 270 70 823 1050 163 1330 0.49 .44
13 180 210 7425 200 70 03 1070 163 1000 0.50 .45
14 210 240 T54-25 210 73 [EH 1070 163 1050 0.57 .45 T
13 240 280 7.a4-2.3 225 T3 B63 1083 163 1123 0.54 0.44
1B 233 300 T34-25 233 73 850 1083 163 1173 0.33 0.44
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Andadenang M4 St
iandunzunted s
2 280 ‘ 320 ‘ 5.0-100 | 400 | 800 ] | 1,180 ‘ 133 4,000 0.34 041 sndidatiznn 24 $aiua
MERAUAEAZRLS
dveduvaruialdunTe
3 320 380 1] 400 783 373 700 120 0.30 042  |Audnans 30, 40, 50,
B0 =,
dredunanunaLEuE IS
4 330 400 1] 425 773 630 k] - 0.3 042 |Audnans 50, 100,120,
130 150 du.
AauAsALAan
[ 5 ] 20kscat3days [ o [ s0 [ o [ 70 [ 0 [ 15 ] - 0.30 [t fiuru

v
2. NAADUAMANTAVDINDUNTAN NI TIUNON. 15-2547 Al

®  AIANNYLUAIAZAINMIYAYLTEANNYUAD (Slumpitag Slump Loss)

® 5:9z1AINOAIVBIAOUNTA (Concrete Setting Time)

® MAI0AUDIAI0619ABUNTA (Compressive Strength) N101g 1, 3, 7 LAz 28 I
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dosauaudlsziani 1 (m131991 4.2) Ml lumsnageudiiuamunasiuasguiiiivua Taginaa

A o Yo Y 1 4 Ay o Y v A
3J’lﬂ§§’lu‘ﬂu’]ll’]bl°]fﬁﬂﬁ\lﬁ Vlﬂl,l,ﬂ N5 Uon. 15 1oy 1-2547 G]Nmmﬂmuﬂ“hmmﬁ\m 4.1

= Y o g ~ ~ s s 4 ~
AT 1NN 4.1 !Lﬁﬂ\1"’1]@ﬂ'lﬁuﬂ’f)ﬁﬂﬂizﬂ@ﬂ‘ﬂ1\1Lﬂ3JLLﬁ$‘1/'I']\1ﬂ'IEJﬂ1W6U’fJ\3°1J‘u"]5LIJH@]‘]Jf]§ﬁllauﬂ ﬂimﬂ‘ﬂ‘ﬂ 1 ATUUINTTIU

on. 15 1@y 1-2547

asnilsznoumanil YoNHUA HoN. 15-2547

A A 4 . . 9 1ra
uunili@enoanlyd (Magnesium oxide, MgO) Souvas laiu 6.0

Famos lnsoonlwa (Sulfur trioxide, SO3) §o8ay

A A = A 9 Ay ' ' a
- ilelilasunaiFenozgiiiua Soeaz 8 N30 Hoon Tuhu 3.0

d' =\ = a a 9 [N
- el lasunaiFenozgiiua NuSosay 8 Tutu 3.5

oy v A =S A . .. 9 [N
infgaydeiiiod1nn 13w (Loss on ignition) 5088 Tapu 3.0
mni luazarelunsauazaa (Insoluble residue) 3080y Tadu 0.75
A (Na20 + 0.658K20) 3oeay TP 0.6

d Y o
aansznaumamenn Yonrua

A
ANMNAZIDEA, NUAITUMIZ(AT1UATABN lan5y, m2/ke)

aas

J J. 1
- NAABUAILAULDS IO U TAA (Blaine air permeability) 98191108 280

M3sve1eal Iaed5oe lanan (Autoclave expansion) lsithu 0.8

52ULIAN0AT : ﬂqﬁﬂﬂﬁﬂﬂllﬂﬂqjllﬂﬁ (Vicat Test)
1w Y ~ U 9
- NINBAITTISAU: UIN DYNUDY 45

! v = 1A
- mInemszezdaty: W ”lmﬂu 375

smaomaluvesms JovazlasSuas Taithu 12




N3NOAINALNG (False set)

28191108 50

15909 (0 1aNTULTIADAITNIFUANAT, kg/om2)
919 3 U (3 Days)
919 7 U (7 Days)

919 28 U (28 Days)

28191108 120
28191108 190

28191108 280

A g = ~ 4 s 7 A Ao 9
AT 1NN 4.2 uammﬂﬂizﬂmmNmmmﬂ”ummuwﬂaimmuﬂ ﬂiglﬂ‘ﬂ‘ﬂ 1 wumﬂﬂumimﬁau

pantszneumanil U3 (%)
Si0, 21.01
ALO, 481
Fe,0, 3.8
CaO 64.51
MgO 1.74
K,0 0.43
Na,O 0.12
SO, 2.54
LOI 1.29
C,S 58.70
C,S 15.96
C,A 7.20
C,AF 9.97
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AT NN 4.3 lLﬁﬂQﬁﬁJ‘U@lcﬂWQﬂWﬂﬂ”IW%EN‘]JL!"HLMH@HJE’)?@LLZ’IH@ 1]'53!,5]1/]1’] 1 wumflﬁumﬁnﬂﬁa‘u

p9AlsznoUMINMEMN 31ne

ANNATIDYA, ﬁ:}uﬁ’;ﬁ‘inwwz(minmuﬁmmﬁiaﬂ%“u,
cm2/g) 3550
- NAABVAILAUUDTINOS VDL TIAR (Blaine air
permeability)
M3ueeil 1ae7500 lanan (Autoclave expansion) -0.012
52821921067 : MINAaeULUD 1A (Vicat Test)

- MINeAITTEYAY: WA 109

- msneaszezdaty: wn 205
Ysunaemealunesas fevazlaslFunas 8.4
MmsneaInalnd (False set) 85
15909 (0 1aNTULTIADAITNIFUALNAT, kg/om2)
919 3 U (3 Days) 263
018 7 M7 Days) 326
919 28 U (28 Days) 427

wa = =~ d J d
4.2 mﬁﬂﬂa’emﬂmauwmmmmmzmzm1wsumﬂ“ummuﬂﬂaimmuﬂﬂauﬂmu

o o 1 @ 1 [~} a a o {
mmuﬂ:re')mmazswazL%ﬂﬂﬁﬂmuwﬁmmﬂ“mm Nmuﬂ“u waz gUasu taasluaisian 4.4
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~ A o ' o < a a (o o ' = s 7 M o
AT NN 4.4 Llﬁﬂﬂsﬁﬂﬁ'flﬂEJNLm%ﬁﬂﬁ'JuWﬁiJaUﬂﬂ‘]J‘ulilﬂ NQWHI‘J‘H Llﬁgﬁlﬂqﬁl SUENW'Jﬁ]Eﬂ\iﬂvuqﬂlluﬁﬂﬂiﬂlmuﬂhlﬁllﬁiﬂu

Proportion (%) Targeted Blain
No Sample Code
Clinker ADL Gypsum fineness (cm2/g)
1 C96D00B4000 96 0 4 4,000
2 C81D15B4000 81 15 4 4,000
3 C76D20B4000 76 20 4 4,000
4 C71D25B4000 71 25 4 4,000
5 C96D00B4500 96 0 4 4,500




6 C81D15B4500 81 15 4 4,500
7 C76D20B4500 76 20 4 4,500
8 C71D25B4500 71 25 4 4,500
9 C96D00B5000 96 0 4 5,000
10 C81D15B5000 81 15 4 5,000
11 C76D20B5000 76 20 4 5,000
12 C71D25B5000 71 25 4 5,000

LY d d d
4.2.1 paaniamaniitazmemmvesudnudlesanaud laalay

s ~ a 7 7 e o A
i’)\iﬂ‘]_lﬁxﬂ@‘ll‘ﬂNLﬂ3JLLagﬂ"IfJﬂ']Wﬁllﬂﬂ‘lqjluclfmu@]ﬂﬂiﬁlmuﬂhlallﬁiﬁullﬁﬂﬂolu@'ﬁ"lﬂﬂ 4.5

~ = o ' ~ s s s A Y
AT NN 4.5 WE’WW]ﬁ'ﬁ]’lﬂ/ﬂ\uﬂllLlﬁZﬂWElﬂTW"’lIENG]'JE]E]N?J}!“BLNNW]J@?ﬂllauﬂﬂlﬁuﬁiﬁuﬂﬂﬂqﬂ

Blaine Setting Time | False Air
LOI Compressive Strength (ksc)

Sample Code Fineness A (min) Set | Content

(cm2/g) ( Initial | Final | (%) (%) 1 day |3 days |7 days [28 days

OPC 3550 1.15 109 205 85 8.4 145.0 | 263.2 | 326.1 | 427.9

C96L00B4000 4013 1.29 86 170 33 9.0 155.5 | 280.9 | 327.5 | 427.0
C81L15B4000 3961 7.29 105 192 36 7.2 93.5 | 2135 | 269.9 | 351.8
C76L20B4000 3901 9.63 108 200 42 7.4 74.2 172.3 | 206.9 | 287.4 1
C71L25B4000 3988 11.99 109 202 55 5.4 54.5 129.7 | 1994 | 253.2
C96L00B4500 4547 1.27 69 156 29 9.7 156.9 | 306.0 | 374.3 | 448.9
C81L15B4500 4145 6.66 92 185 28 7.2 119.7 | 249.3 | 288.6 | 369.5
C76L.20B4500 4340 9.38 96 202 29 54 87.3 190.3 | 219.9 | 304.5
C71L25B4500 4488 11.44 88 200 53 51 75.8 144.2 | 218.7 | 2741
C96L00B5000 4908 1.08 54 152 30 8.4 197.2 | 302.6 | 388.4 | 429.9
C81L15B5000 4885 7.23 97 181 17 6.8 122.5 | 254.8 | 271.2 | 380.1
C76L20B5000 4922 9.73 I 198 24 5.6 90.6 198.5 | 237.1 | 317.7
C71L25B5000 4827 11.49 95 205 22 4.3 68.7 159.2 | 2014 | 288.4
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1. C81L15B4000  #U1Ju 15 % uag A1nNuaziden 4,000 cm’/g

2.C8ILI5B4500  Hu1fu 15 % uag ANNNazoen 4,500 cm’/g

3.C76L20B4500  THUIU 20 % 1Az AINNUAZIDEA 4,500 cm’/g



4.C81L15B5000 T#HUU 15 % 1az AN1INAZIDEA 5,000 cm’/g
5.C76L20B5000 N#U1[U 20 % 1Az AIAUAZIDEA 5,000 cm’/g
Y 9
nminidesans 5 lineasswauilunsuniauaznagouanuaamulumdmsdumusesamauay
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M3NA 4.6 dadunauaounIad T UADUNTANAUES ISR 210 NA/AT.BN.(NTIGMNAR) A 28 Tu il
ifaes uaziiren (RMXO01)
Masvan 28 u L. daunenlu 1 gnuinfiuas (Tanfu) N8N
AU
(NN/a13.55%)
1 () =~ [ =» = 7 —
NWNIEVON | NIIYNUIAN FIUUA 101998 NIy U 3/4 U1 Tiinamdn
75 anyLae
180 210 as 275 0 845 1125 190 ¥
M5 4.7 ANMINATOUAINNINTUNAI 5282 INOM LAz 1aiwareInounIaludadIunay RMX01
Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 6.0 1:26 2:21 3:19 157.2 186.5 237.0 278.9
C81L15B4000 6.5 2:26 3:42 5:01 91.9 141.2 167.3 201.5
C81L15B4500 6.0 1:41 2:48 3:58 112.8 172.0 235.4 265.5
RMX01
C76L20B4500 6.5 1:45 2:39 3:30 140.4 167.2 233.1 255.0
C81L15B5000 6.5 1:45 2:12 2:31 166.4 192.3 240.1 292.5
C76L20B5000 6.0 1:50 2:31 2:40 135.6 160.5 237.6 260.8




350

300

N il

150 +— l_

100 |+ —

aAEvaansIaNLNdA (nA./65.2100.)

50 1 -

OPC C81L15B4000 C81L15B4500 C76L20B4500 C81L15B5000 C76L20B5000

Ghatny PLC

O 1day m3days O7 days O28 days

v @ 1

717 4.3 MAWAVDIAOUNTATNDIYA1IV0RIDEI PLC 1Az OPC NdAdIUMETY RMX01

{ o 1 o ) 3 o v w s A o i 19 1
M5 4.8 FadIURTUADUNIATIHTIADUNI ARAUIAS VIMAI0R 240 NN./AT.u.(M3egnuan) 7 28 Tu 'lald

Y
idasenaziiie (RMX02)
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Masoan 28 Tu dunenlu 1 gnuiasuas (Alansu) NUB1YR
(NN/AT.BY) AGUAD
s o Y a :’ ]
N34 (1) FyUA 1o ERE, WU 3/4 i Taimary
NIINTEVON ) )
A TRGD LAGERE!
v
75 TEAYRER)
210 240 300 0 840 1110 190
+/-2.5

A9 4.9 HAMINATOUAANUTUINAD TLELIANDAI LAz aveInunsa ludaaumay RMX02

Mixed Sample Slump Setting time (min) Compressive Strength (ksc)

Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days

RMX02 OPC 7.0 1:16 2:16 3:19 164.2 202.5 236.7 291.4
C81L15B4000 8.0 2:03 3:16 4:33 117.2 175.3 192.4 268.7
C81L15B4500 6.0 1:24 2:11 3:01 137.9 202.3 2516 303.2
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C76L20B4500 7.0 1:30 2:19 3:12 175.3 2121 234.3 299.5

C81L15B5000 6.5 1:41 2:28 3:30 177.3 208.0 240.1 310.2

C76L20B5000 6.0 1:45 2:33 3:55 140.6 2141 230.5 275.4
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OPC CB1L15B4000 C81L15B4500 C76L20B4500 C81L15B5000 C76L20B5000
finatine PLC
o1 day m3days O7 days 028 days
717 4.4 MAWAVDIAOUNTATNDIYA1IV0IAIDEI PLC 1Az OPC Ndad UMy RMX02

{ o 1 ° o 2 o o o S A o ) 19 1
M50 4.10 dadrundauAoUN AT IHTDABUN ARAUIAS VMAIOR 280 NN./AT. . (M3egnuan) 7 28 Tu 71 luld

a2
ifaveaziingl (RMX03)

]
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Masdadn 28 u L. dauwenlu 1 gnuinsiuas @Tansu) RTREIT
AMYVA?
(NA/AT.53)
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NWNIZUDN | NIIGAVIAN HFUUA 10190y N3y Nu 3/4 U1 Tainaand
75 aeuLaz
240 280 s 325 830 1095 190 S

A15199 4.11 FAMINATUAINNNTUIKAD TLezAIND) taziaiaueineuns o ludaduman RMX03

Mixed Sample Slump Setting time (min) Compressive Strength (ksc)

Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days

RMX03 OPC 7.0 1:21 2:11 3:03 186.7 240.9 289.0 311.4
C81L15B4000 9.0 2:21 3:32 4:48 119.0 179.1 217.4 281.3




C81L15B4500 6.0 1:31 2:22 317 164.4 211.3 243.0 295.7
C76L20B4500 6.5 1:37 2:12 3:20 176.5 230.2 267.8 294 1
C81L15B5000 7.5 1:48 2:30 3:47 190.2 255.0 292.4 320.5
C76L20B5000 7.0 1:57 2:41 3:52 120.7 188.1 222.4 296.5
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A9 4.13 NAMINATBUAIANNTUIMAD TLELNANBAI taziaauneuns g ludaauman RMX04

Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 55 1:48 2:29 3:12 217.8 280.3 318.9 345.7
C81L15B4000 10.0 2:11 3:12 4:17 152.5 2354 285.6 336.0
C81L15B4500 6.0 1:27 2:18 3:13 172.7 247.0 288.5 315.2
RMX04
C76L20B4500 7.5 1:33 2:00 2:44 210.5 274.6 311.9 342.8
C81L15B5000 8.0 1:45 2:12 2:31 2221 279.7 320.5 350.0
C76L20B5000 8.5 1:58 2:35 2:54 143.2 230.1 281.6 338.5
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)

Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days

RMX05 OPC 7.5 4:10 5:05 6:20 127.2 196.7 244.3 265.6
C81L15B4000 6.5 4:09 5:08 6:11 134.7 211.6 242.3 267.4
C81L15B4500 9.5 3:50 4:35 5:55 114.0 185.7 213.4 240.8
C76L20B4500 8.5 3:55 4:43 6:02 96.7 156.1 181.5 224.3
C81L15B5000 7.5 3:53 4:40 5:59 121.4 199.6 230.5 255.9
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 7.5 3:24 4:16 5:15 200.5 250.1 298.0 3124
C81L15B4000 7.0 3:21 4:13 5:09 188.4 239.5 287.3 305.6
C81L15B4500 8.0 3:11 3:59 5:02 213.8 268.2 306.7 333.1
RMX06
C76L20B4500 7.5 3:15 4:03 5:10 204.6 248.2 289.9 310.6
C81L15B5000 8.0 3:12 3:55 5:03 230.6 277.4 312.5 338.9
C76L20B5000 7.5 3:20 4:08 5:12 180.3 245.6 293.5 3101
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 6.0 2:45 3:18 4:00 255.7 299.0 357.6 380.1
C81L15B4000 5.5 2:55 3:30 4:07 2341 281.8 338.0 365.5
C81L15B4500 7.5 2:38 3:05 3:50 257.3 305.9 362.8 393.3
RMX07
C76L20B4500 7.0 2:37 3:10 3:52 244.6 288.7 346.3 3721
C81L15B5000 7.0 2:50 3:25 4:09 268.9 312.2 375.0 404.3
C76L20B5000 8.0 2:46 3:20 4:00 230.2 275.5 3301 354.9
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A9 4.21 HAMINATDUAINNNTUIKAT T28ZIAIND6H) taziaasausaneuns g ludaaumal RMX08

Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 7.0 3:10 3:50 4:26 259.9 305.5 341.1 372.8
C81L15B4000 7.0 3:06 3:41 4:18 238.2 283.5 348.1 362.4
C81L15B4500 9.0 2:55 3:29 4:10 262.4 311.0 353.8 388.9
RMX08
C76L20B4500 7.5 2:58 3:23 4:07 245.4 290.9 355.7 373.2
C81L15B5000 8.0 2:50 3:27 4:11 260.3 3194 350.9 385.7
C76L20B5000 8.0 3:01 3:33 4:17 2251 276.4 333.0 350.3
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 6.0 2:55 3:50 5:02 157.3 202.6 215.8 249.4
C81L15B4000 6.0 2:46 3:48 4:53 136.6 175.3 1871 206.4
C81L15B4500 7.0 2:30 3:33 4:45 169.0 212.8 234.5 258.9
RMX09
C76L20B4500 7.5 2:35 3:36 4:44 155.2 194.5 211.2 229.7
C81L15B5000 8.0 2:22 3:25 4:38 175.7 225.5 244 1 267.0
C76L20B5000 8.0 2:36 3:29 4:35 144.3 182.9 201.1 222.5
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 7.0 2:43 3:45 4:56 175.4 2201 247.9 286.0
C81L15B4000 7.5 2:33 3:32 4:44 140.5 186.4 199.2 235.1
C81L15B4500 8.0 2:20 3:18 4:28 177.8 222.3 246.2 262.0
RMX10
C76L20B4500 9.0 2:21 3:19 4:25 162.1 2001 209.5 235.4
C81L15B5000 8.5 2:09 3:11 4:27 188.0 235.2 255.8 271.3
C76L20B5000 7.0 2:18 317 4:23 149.5 160.2 221.3 247.8
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 7.0 2:32 3:40 4:34 188.2 235.7 258.0 317.4
C81L15B4000 8.0 2:22 3:21 4:25 151.2 190.5 229.5 266.4
C81L15B4500 8.5 2:18 3:11 4:20 190.2 245.7 266.1 292.9
RMX11
C76L20B4500 7.5 2:09 3:09 4:14 177.3 212.8 225.4 270.3
C81L15B5000 9.5 1:58 3:00 4:15 201.3 246.8 267.2 304.0
C76L20B5000 8.5 1:55 309 4:12 187.2 209.5 238.9 269.7
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 8.5 2:58 3:49 4:44 199.5 255.3 292.3 332.4
C81L15B4000 9.5 3:01 3:57 4:56 178.4 2371 268.5 297.3
C81L15B4500 9.5 2:50 3:33 4:47 195.1 259.5 300.7 328.5
RMX12
C76L20B4500 8.0 2:57 3:40 5:06 190.9 248.6 280.2 309.1
C81L15B5000 8.5 2:55 3:48 4:49 207.5 246.8 288.1 322.0
C76L20B5000 9.0 3:04 3:57 5:05 184.2 2455 2771 305.5
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 55 2:56 3:35 4:29 152.5 181.1 220.6 249.5

C81L15B4000 55 2:44 3:40 4:39 124.3 158.0 184.5 214.5
C81L15B4500 6.5 2:39 3:35 4:18 160.0 188.9 237.7 256.3

RMX13
C76L20B4500 7.0 2:44 3:40 4:24 140.5 177.3 212.2 224.4 49
C81L15B5000 8.5 2:51 3:49 4:55 1711 199.0 247.5 263.3
C76L20B5000 8.0 2:44 3:43 4:42 130.2 165.5 200.3 216.8
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 7.5 2:44 3:22 4:20 163.1 187.3 226.9 271.7
C81L15B4000 7.5 2:32 3:31 4:25 133.3 165.2 196.8 2201
C81L15B4500 8.0 2:25 3:24 4:09 170.3 1921 245.5 267.7
RMX14
C76L20B4500 9.0 2:31 3:29 4:21 153.3 189.9 234.0 257.9
C81L15B5000 9.5 2:43 3:43 4:50 180.0 202.5 239.8 275.1
C76L20B5000 9.0 2:45 3:40 4:38 139.9 172.3 215.6 237.8
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A9 4.35 HANINATOVAIANNUTUINAY T2E21IA1RBA Hazididaveenunsaludaadumaly RMXI15

Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 8.5 2:30 3:15 4:12 182.2 219.3 265.8 305.5
C81L15B4000 7.5 2:22 3:25 4:18 145.3 177.8 205.5 235.7
C81L15B4500 9.0 2:12 3:04 3:52 188.1 204.0 259.9 293.8
RMX15
C76L20B4500 8.5 2:21 3:12 4:02 165.1 199.0 242 1 2771
C81L15B5000 9.0 2:22 3:28 4:35 193.4 218.3 249.0 295.3
C76L20B5000 8.5 2:25 3:27 4:31 148.1 190.4 226.9 257.2
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) | stiffening | Initial Final 24hrs | 3days | 7days | 28days
OPC 7.5 3:25 4:30 5:31 188.1 235.3 278.0 325.5
C81L15B4000 8.5 3:23 4:27 5:36 157.6 202.3 235.4 288.4
C81L15B4500 6.5 3:12 4:10 5:23 185.2 224.8 270.1 304.9
RMX16
C76L20B4500 8.5 3:21 4:05 5:28 172.5 220.6 257.9 304.8
C81L15B5000 8.0 3:15 4:09 5:23 192.2 2291 277.0 312.6
C76L20B5000 8.0 3:19 4:17 5:25 163.2 212.4 244.5 296.7
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189997 24 %2 134 daunanlu 1 gnuiafiuas (Rlansu)
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280 320 3.0-7.0 380 820 1135 135 3.8 (Sm)

A9 4.39 HANINATDVAIANNUTUINAY T2821IA1AA LAz avednaunsaludaduman CPMO1

Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) Stiffening Initial Final 24 hrs 3 days 7 days 28 days
OPC 6.0 1:44 2:45 3:50 3224 420.2 452.2 490.9
C81L15B4000 6.5 1.37 2:37 3:40 270.4 351.5 450.3 470.1
C81L15B4500 6.0 1:21 2:05 2:52 307.5 419.2 464.9 522.3
CPMO01
C76L20B4500 7.0 1:46 2:32 3:22 272.8 354.1 491.2 505.5
C81L15B5000 5.0 1.25 2:06 2:49 331.3 449.4 494.6 525.1
C76L20B5000 5.0 1:12 1.57 2:45 243.3 393.5 404.0 475.2
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Mixed Sample Slump Setting time (min) Compressive Strength (ksc)
Design (cm) Stiffening Initial Final 24 hrs 3 days 7 days | 28 days
OPC 7.0 1:32 2:23 3:41 335.5 4371 4751 510.3
C81L15B4000 6.5 1:22 2:25 3:31 282.6 374.8 460.2 4945
C81L15B4500 7.5 1:13 1:95 2:44 332.4 438.5 480.1 535.6
CPMO02
C76L20B4500 7.0 1:33 2:24 3:09 321.8 363.2 512.6 513.4
C81L15B5000 6.5 1:11 1:.92 2:28 347.5 460.8 521.7 539.3
C76L20B5000 6.0 1:02 1:44 2:35 270.0 382.2 409.3 490.8
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Mixed Design Sample Compressive Strength (ksc)
24 hrs 7 days 28 days
OPC 409.1 465.2 512.0
C81L15B4000 377.9 442 1 474.8
C81L15B4500 410.0 473.3 504.9
CPMO03
C76L20B4500 404.6 442 1 4955
C81L15B5000 412.6 471.7 500.7
C76L20B5000 378.0 412.2 448.8
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350 400 0 425 775 690 370 130
A1519% 4.45 NaNINAFUAINIAIOAYBINBUNTA IUFATIUNEY CPMO4
Mixed Design Sample Compressive Strength (ksc)
24 hrs 7 days 28 days
OPC 424.3 488.5 524.0
C81L15B4000 406.5 456.6 497.2
C81L15B4500 432.0 4955 526.7
CPM04
C76L20B4500 418.7 469.9 513.9
C81L15B5000 4355 492.2 518.5
C76L20B5000 395.2 444 1 4754

56



600

500

400 -

f (An./a5.214.)

300 -

ANUE

S

200 -

&

ANAAYEANTY

OPC

C81L15B4000

C81L15B4500

C76L20B4500

sinatine PLC

O 1day O7days O28 days

C81L15B5000

C76L20B5000

317 4.22 Maeda

v o

YBINDUNIATIDIYA1I) VDIAIDEN PLC 1az OPC fdn

TIUNTN CPMO04

y o ] ) [ < o v w J. { o
M137197 4.46 dAAIUNANABUNIATINSUADUNTAVADNNIAIDA 25 NN./AT.HN.(NTIGRUIAN) N 3 T (CPMOS)

57

@

0w <
N1a30AN 3

@

1 o a [
U druwanlu 1 gnnanmes (Alansy)
(PR/AT. ) myLA?
(G]ﬁ\l) =) o a 1 09;
55 FUUA N30 AU D
Y I
(nagev lagnafouvaon) 0 <0 0 200 15
A15197 4.47 HNANINATOUAINIIDAVDINDUNTA TUTAT IUNAN CPMOS
Mixed Sample Compressive Strength (ksc)
Design 24 hrs 3 days 7 days 28 days
OPC - 34.5 448 55.2
C81L15B4000 - 25.6 35.6 42.3
C81L15B4500 - 48.2 57.0 62.0
CPMO05
C76L20B4500 - 36.1 45.0 53.9
C81L15B5000 - 40.5 491 56.8
C76L20B5000 - 23.7 33.2 38.5
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7 32 56 53 113 64 144
14 68 88 92 148 107 165
21 124 195 199 289 222 293
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56 245 598 655 756 659 777
91 502 1045 1085 1260 1105 1289
105 729 1390 1458 1691 1477 1703
134 1080 1877 1990 2462 2003 2488
180 1566 2234 2460 3154 2512 3299
270 1843 3658 3724 4367 3743 4510
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