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POSAVEE SRIWATTANAPIYOUNGKUL : DEVELOPMENT OF
IMITATION SANDSTONE USING FLY ASH. THESIS ADVISOR : ASST.

PROF. THEERAWAT SINSIRI, Ph.D., 140 PP

IMITATION SANDSTONE / WHITE PORTLAND CEMENT / COMPRESSIVE

STRENGHT / WATER ABSORPTION / ABRASION RESISTANT

This research aims to develop the basic properties of imitation sandstone to be
equivalent to natural sandstone, study and test to determine the optimal control
composition ratio by using the ratios of white Portland cement to fine sand at 1.2,
1:2.5, 1:3, 1:3.5, and 1:4, the ratios of water to cement by weight (w/c) at 1.00, 1.20,
1.30, and 1.40. The best control composition ratio was selected to use as an mitation
sandstone ratio by mixing with some pozzolans with 5%, 15%, 30%, and 40%
Maemoh fly ash by weight. The water to cement ratios (w/c) were 1.00, 1.20, 1.30,
and 1.40 by weight, similar to the control composition ratio. Standard cubic mortar
test samples were casted at 50 x 50 x 50 mm and were wet cured for 3, 7, 14, 28, 60,
and 90 days under laboratory temperature. The compressive strength, density, water
absorption, and abrasion resistance were tested and the unit price of imitation

sandstone at all composition ratios was analyzed.

The results showed that the best ratio of imitation sandstone was 1:3 (white
Portland cement to fine sand ratio). The optimal water to cement ratio (w/c) was 1.20
with some fly ash at 15% and 30% by weight. The results of the engineering
properties testing of imitation sandstone found that the compressive strength was

between 157.5 and 163.0 ksc, the water absorption ranged from 15.5 to 22.3%, the dry




density was 1,201 to 2,069 kg/m3, the abrasion resistance was found to be between
22.1 to 39.3%, which was the strength that passed the standard after curing for 28
days, and the unit price was between 5,087 and 5,687 baht/m’. Comparing properties
with natural sandstone, imitation sandstone from the research had similar properties to

natural sandstone and can be used practically.
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MINN 2.1 AUANTANNMENNUDIRUNTIBTITUFIA (Maneralzone, 2015)

Physical Description
Color Minor color tonal variations exist but within the tolerance limit.
Hardness 6.5 to 7 on Moh's Scale
Density 23t02.4 Kg/cm3

Compressive Strength 90 to 140 N/mm’

Modulus of Rupture 16-40 N/mm”
Water Absorption 1.0-1.2%
Porosity Low to very low.
Weather Impact Resistant

M15199 2.2 AUAVTANIMENINYDIHUNT188I9a10d Liaga1sd5e (Maneralzone, 2015)

Physical Description
Color Minor color tonal variations exist but within the tolerance limit.
Hardness 6 to 6.5 on Moh's Scale
Density 2.07to0 2.11 Kg/(:m3

Compressive Strength

41 to 63 N/mm’

Modulus of Rupture 7-11 N/mm’
Water Absorption 80-11%
Porosity Comparatively Porous

Weather Impact

Resistant
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M3NN 2.3 AUAVTAMAAN VDI UNTIOTITUBIA (Maneralzone, 2015)

Chemical Composition (wt %)
Si0, 95-97%
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%ﬂﬁﬁﬂizﬂ@’u Type 1 | Type 2 Type 3 Type 4 Type 5
tricalcium  silicate, C3S 45 44 53 28 38
decalcium silicate, C2S 27 31 19 49 43
tricalcium aluminate, C3A 11 5 1 4 4
tetracalciumalumino ferrite ,C4AF 8 13 9 12 9
Free CaO 0.5 0.4 0.7 0.2 0.5
CaSO4 31 28 4.0 3.2 2.7

M3197 2.6 USinarmsdszaeu luudmudnnlesauaud(Nicholad.Coleman eQiu Li, 2013)

Major Oxide
CaO Sio, ALO
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MgO

P,0

SrO

Ca,Si0,

Ca,Si0,

Ca,

ALO,

CaZ(Al/F e)
(e}

3

(%) mass 69.2 25.0 1.76

2.0

0.49

0.43

65
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2(3Ca0.8i0,) + 6H,0 —-> 3Ca0.25i0,.3H,0 + 3Ca(OH), 2.1)
%50 2C,S + 6H,0 > C,S,H, + 3Ca(OH), (2.2)
2(2Ca0.8i0,) + 4H,0 -—-> 3Ca0.28i0,.3H,0 + Ca(OH), (2.3)
130 2C,S + 4H,0 > C,S H, + Ca(OH), (2.4)
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3Ca0.AL,0,+ 6H,0 > 3Ca0.A1,0,.6H,0 (2.5)
130 C,A + 6H,0 > 3C,AH, (2.6)
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3C,AH, + 3(CaS0,.2H,0) + 13H,0 ~= 3Ca0.A1,0,.3CaS0,.31H,0 (Ettringite) (2.7)
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M15199 2.9 FohmuaniamenmvesiagiesTeaiu muATgIL ASTM C 618 (2008)
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M15199 2.10 Foihmuanumenmvesiaglos Taa1u(nuAu)nas§Iu ASTM C618 (2008)
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A1519M 3.1 TYANYNU, ﬂﬂiWﬁ?HNﬁNLLﬁ%%WH’Juﬂ3@81%ﬁ”ﬂ518lﬁﬂﬂﬂ?ﬂﬂu (1:3.00)

WPC-S WPC-S Curing (day) / Quantity (piece)
Symbol w/c Total
(Ratio) (%) 3 7 14 28 60 90
100WPC-200S 1:2.00 100 : 200 6 6 6 6 6 6 36
100WPC-250S 1:2.50 100 : 250 6 6 6 6 6 6 36

100WPC-300S 1:3.00 100 : 300 1.00 6 6 6 6 6 6 36

100WPC-3508 1:3.50 100 : 350 6 6 6 6 6 6 36
100WPC-400S 1:4.00 100 : 400 6 6 6 6 6 6 36
100WPC-200S 1:2.00 100 : 200 6 6 6 6 6 6 36
100WPC-2508 1:2.50 100 : 250 6 6 6 6 6 6 36

100WPC-300S 1:3.00 100 : 300 1.20 6 6 6 6 6 6 36

100WPC-3508 1:3.50 100 : 350 6 6 6 6 6 6 36
100WPC-400S 1:4.00 100 : 400 6 6 6 6 6 6 36
100WPC-200S 1:2.00 100 : 200 6 6 6 6 6 6 36
100WPC-2508 1:2.50 100 : 250 6 6 6 6 6 6 36

100WPC-300S 1:3.00 100 : 300 1.30 6 6 6 6 6 6 36

100WPC-3508 1:3.50 100 : 350 6 6 6 6 6 6 36
100WPC-400S 1:4.00 100 : 400 6 6 6 6 6 6 36
100WPC-200S 1:2.00 100 : 200 6 6 6 6 6 6 36
100WPC-2508 1:2.50 100 : 250 6 6 6 6 6 6 36

100WPC-300S 1:3.00 100 : 300 1.40 6 6 6 6 6 6 36

100WPC-3508 1:3.50 100 : 350 6 6 6 6 6 6 36

100WPC-400S 1:4.00 100 : 400 6 6 6 6 6 6 36
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WPC-S-FA-SFA | WPC-S-FA-SFA Curing (day) / Quantity (piece)
Symbol ) w/c Total
(Ratio) (%) 307 | 14|28[60]90
70WPC-300S-30FA-1SFA 1:3:0.30:0.01 70:300:30:1 6 6 6 6 6 6 36
70WPC-300S-30FA-3SFA 1:3:0.30:0.03 70:300:30:3 1.30 6 6 6 6 6 6 36
70WPC-300S-30FA-5SFA 1:3:0.30:0.05 70:300:30:5 6 6 6 6 6 6 36
Total 18 | 18 | 18 | 18 | 18 | I8 108
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Chemical Composition (%)
(WPC) (FA)
Silicon Dioxide (SiO,) 15.90 36.75
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AINANDNITNDAIATUTIAIVOUNTATINUANDTAS 1UBIID W MNNNINUY TasAIN160n
YosruNTeieunons1dIn 1 Ao 3 unuidroid1aee 40 % (60WPC-300S-FA40) 0gi 5111

= A % o w &£ A = I ' o w
45.409297.0 ksc 191¢ 3,7, 14, 28, 60 1az 90 T4 mudMuFuNonToumsunaveAIig
@ [ 1 v W 1 oy 1 s
8AYDIBATITIY 11 3 WAUBIADY 5 %, 15 %, 30% 1A 40 % NUBATIEINNAETIUAN 1.00,

A 7 7 P = A [ =S 1 1
1.20, 1.30 ez 1.40 N84 3, 7, 14, 28, 60 uaz 90 Ju Ad31N 4.18 Dagii 4.22 dawudnin m

o v w o o 1 a kY Aq v v 1 oy 1A o A
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I o 1 o o W % ' 1w S W 1 1

Wudiaendemiiaidadelinadonudumad nsneanazuiedIvoIdIUNAULAZA

0o o w a g’ d' 9 [ 1 d’ d? [ 1 1 o o d’

fradaluszezemSnanimldnanludadiuigaliudinansznuaemiididananas

sasIdIuNaNIMU AU MAI0a ANUTUMa) ANuEsm Idedn 8SWPC-300S-15FA
[ 1 :’ 1 o" 1 1A [ Y

118z 70WPC-300S-30FA 1azdns 1@ aeBuaiinzauaensHanogi w/c iy 1.20

itag 1.30

60WPC-300S-40FA

350 d [Jwe=1.00 [Jwe=120 [ wic=130 [Jj w/c=1.40
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-

=

=
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Compressive Strenght (ksc)
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1

3 7 14 28 60 9
Curing Day (Day)

v @ a

~ ° ~ ) 1 [ ~ JY 9 A
zﬂﬂ 4.23 NONOAVDINUNITIYNINDNTIEIU 1 ¢ 3 lLﬂugu“ﬁlﬂJu@ﬂ?ﬂlﬂ']a@ﬂﬂ 40 %

5) MAIVATIRHNTENNNONTIAIU 1 AD 3 191808 30 Yeastiinweai 1,3 Haz5%

o v w a { o 1 J { 4
NIHANITEUNIVNITIOAVBIRUNIGNINNTAT AU 1 60 3 LNUNYUFIHUA

9 9 A o ' S 1A 4 . a A
V1INWID1ADY 30 % NOATITIUUINDLLUUH(Water cement ratio ; w/c) ANN 1.30 s neg
U d’ o QU QU L l.; { 4 T
FAUANT1E Vi (synthetic foaming agent) nageUMIaIeANAIA ﬁzﬁamumqmmu 3,7, 14, 28,

Y

o [ A o 1 o 1 A 4 A A g v o
60 1ag 90 U ﬂ\‘]?}ﬂ(ﬂ 4.24 AAINOATITIUUIADHKINUALIAL arsnunes i uaIniviua

Y v v
Usuanihmlrnaudinadonasosnann we asiuosInudosaziinldarmddailszds
9y

A A A ~ s 3 A 0o q ¥ a o A
fl]%llﬂ”l‘ﬂq\i TﬂEJm‘W18ﬁWiL‘WllWﬂﬂﬂWﬂNLﬂ@ﬁL‘ﬁfU@]ﬂJﬂﬂﬁTi‘ﬂ@j’ﬂ%%ﬂ?jﬁlﬂﬂﬂiillﬂﬂﬁﬁﬂlﬂﬂLL!’E)

FuuATUNTWIREULIAT AU ANUNTUFI MIHARD ANNAIAD LAz aedn

Uszdeniand tiomeudusasidiulnan 1de 3 tazdasdIuNauuNUNdIed1a08 30

>

woesidudasiunesInu (70WPC-300S-FA30-1SFA) 84521319 18.9 14 63.9 ksc
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(70WPC-300S-FA30-3SFA) 0g#321719 9.5 14 15.7 ksc 182(70WPC-300S-FA30-5SFA) og

v F4 4 [
5eMA4 2.1 4 5.6 kse 71919 3, 7, 14, 28, 60 1Az 90 Tumsnaeunsifidesdetannuilueied
a A < [ [ A a .. a = =2 9
Arunsodunanluany e ANITUINIINITUOI(Vision) WI(Face) d(Coler) D LLd]

v A Y] z I 1 A

ANua1so luniamennaunanifnssy aaiuanuiulydlvesmsldiesiumes
dUn5124 (synthetic foaming agent) ogszndng 1 a9 3 weosiduatinnunilull1dinn my

031U 1 69 3 unuN@red1a8s 30 % (FOWPC-300S-FA30)

200
! e — T T T ?
) I — NN ——
b 150 N .
gl W/C=1.30
-En L
E : + 100WPC-3005 —’— TOWPC-3005-30FA-15FA
5 100 - + TOWPC-3005-30F A-35FA —&— TOWPC-3005-30FA
-+
= i —Ji— TOWPC-3005-30FA-SSFA
3 s - b g = G i i i =1
a s e —
g 2!0 : é I /*_ . -—
R *
- & = —— I
0 [ E —I—""I-tt]—‘l'__l_l'_-lll)\ 1 1 1 1 1 1 I 1 1 1 ;"l;( 1 1 1 1 1 1 1 1 1
0 15 30 60 75 90

45
Curing Day (day)

v @

719 4.24 f1a0ATAIAI 1 Ao 3 i1avouNUR 30 %aTNUNN 1%,3% Haz5%

4.6 ANUKHUY (Density)

4.6.1 ANMHMMULUNHAIVBIRUNS ENENN IV

Lﬁaﬁ%ﬁmwﬂ'm”mmumu'uuﬁ’w'eNﬁummﬁﬂummuﬁﬁﬂmﬁhu 1: 2,
1:251:3,1:35uag 1:4 Sasdnide I BT wic iy 1.00, 1.20, 1.30 1@ 1.40
fio1y 28 Su §a13197 4.4 N Manvrietwe i uneReuauguisulsiu
a5 asasd LI edomI B uRIa AT MG oI Fud (w/c)  A1NY
MWL wie Wiy 1.00 Timedszning 1959 - 2070 kg/m’ , wic 1M1y 1.20 TA1egsEnI1e
1954 — 2015 kg/m’ , w/c 1A 1.30 ABYILHIN 1830 — 1989 ke/m’ 1A wic 1AL 1.40 T

PYITNIN 1810 — 1998 kg/m’ mud1d D tagdanudniiannuruiuiuianasn sy



[ 1 :’ 1 4 4 a Aaan o 1
aas1a NN I HINUA Lﬁ’ﬂ\‘lﬂ'1ﬂﬂTﬁLﬂﬂﬂ{]ﬂﬁﬂWulﬁlﬂi‘Huﬁgﬂ'ﬂﬂﬁTﬁc?ﬂllu

[] ~ d? =K A o Y VoA A
Glumwzﬂznammmm muwaﬂﬂwmmmwmuuuuﬂmaﬂm

M15199 4.4 ANURUILLUE B IR UN S fsuA LN

Y
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Jo o
ANUUULASNINY

Symbol Dry Density (kg/m’)
Curing Day 3 7 14 28 60 90
w/c=1.00
100WPC-200S 1958 2020 2040 1959 1966 1978
100WPC-250S 1907 2024 2054 2025 1985 1909
100WPC-300S 1986 1954 2021 2070 1992 2009
100WPC-350S 1946 1981 2043 2012 1951 1982
100WPC-400S 1976 2014 2052 1968 1955 1959
w/c=1.20
100WPC-200S 1861 1990 2005 1999 1950 1993
100WPC-250S 1930 1988 1971 1984 1981 1912
100WPC-300S 1926 2015 2045 2015 1994 1919
100WPC-350S 1971 1961 2011 1954 1985 1951
100WPC-400S 1969 1991 2021 1988 1930 1968
w/c=1.30
100WPC-200S 1850 1969 1997 1894 1885 1839
100WPC-250S 2140 1946 2009 1854 1987 1909
100WPC-300S 1885 1935 1813 1830 1887 1809
100WPC-350S 1882 2014 2099 1989 1987 1982
100WPC-400S 1989 2050 1981 1980 2021 2022
w/c=1.40
100WPC-200S 1792 1916 2006 1810 1887 1889
100WPC-250S 1842 1925 2008 1957 1901 1823
100WPC-300S 1823 1765 1968 1998 1846 1839
100WPC-350S 1852 1849 1881 1872 1855 1859
100WPC-400S 1995 1992 1981 1952 1966 1973

' oA T '
UL : ﬂ']ﬂ'ﬂllﬂu']lluu’i/ﬂ%ﬂﬂﬁ@ﬂll]uﬂ']ﬂ'J'lﬂJ“l’iu']l!uuuﬁﬁalua']ﬂ'lﬁ (Air dry density)
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v b4 a = kY
4.6.2 ANUHHWUUUHIVDINUNINANYNNTNID1ADE

HONITUIAIANUHUMUUUTIVDIAUNTWNOUNTAT AU 1 2 3 Tagunuing

v Y
aveN 5%, 15 %, 30 % uaz 40% l¥oas1a1nime a1 sFuuan we M1y 1.00, 1.20, 1.30
d' (% o d' 1 U ] Y A 9 dl a
Hag 1.40 N191g 28 U AR50 4.5 WUNAIANNHIUULFEITuL Tiunaaasaulsuw

Y 1 g’ ' 1 ] { I 4
miw’dmfﬁaammz'ﬂmmaum@mﬁﬁ@muﬁ mﬂ31uwuumuu%ﬁamuﬂuwaLﬁmmﬂ

[

<] 4 Aq ¥ 1 g} g Y [ A ] o
E]‘léﬂ'lﬂsllu'lﬂmﬂ‘ll@\‘llﬂ'laflﬂ%l%ﬂﬁll"]f'lﬂﬁﬂﬂ'lﬂuﬂ msIzautuIgan i NUHUILUUAT

q

Aaaa v = J v g} F2 = o Y
wagwavedlfniertes Taarusgninasdiuuanuiitazioassldiuiiliainy
1 4! d‘ = = L 1 d' 1 Ll % L= d'
HUMUUAAAT FUorTouMouaAInNUHUILUUNAAaIINAIUAIUAND I NFAULANA 1N
uana1eiu Tiun MANUELILLRA w/e AU 1.00 IA108521319 1261 D3 1802 kg/m’ , wic
N 1.20 HA10Y521I19 1829 19 2069 kg/m' , w/c WIAY 1.30 0852HI19 1678 D4 1943

kg/m’ 118z w/c 7l 1.40 083521719 1547 09 1817 kg/m’

v 9
319 4.25 vna nazmieihmInTUNeMeNN NN 1A IUNAY

A ' Y a ~ Y A a o s
AT NN 4.5 mmwmuummwmwumwmfmLmaammumﬁummuﬁﬂammuﬂmn

Symbol Dry Density (kg/ma)
Curing Day 3 7 14 28 60 90
w/c=1.00
100WPC-300S 1986 1954 2021 2070 1992 2009
95WPC-300S-5FA 1939 1972 1913 1958 1968 1911
85WPC-300S-15FA 1999 1922 1955 1907 1912 1918
70WPC-300S-30FA 1926 1877 1797 1761 1770 1763
60WPC-300S-40FA 1829 1950 1693 1802 1816 1776




~ 1 Y a =~ 9 A ~ o 4 1
13190 4.6 mmﬁumummwmwuﬂimmﬂmmaammuﬂﬁ.umuuﬂﬂammumm(@m)
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Symbol Dry Density (kg/m3)
Curing Day 3 7 14 28 60 90
w/c=1.20
100WPC-300S 1926 2015 2045 2015 1994 1919
95WPC-300S-5FA 1986 1953 2021 2069 2019 2009
85WPC-300S-15FA 1926 2016 2044 2014 2026 2027
70WPC-300S-30FA 1884 1934 1812 1829 1885 1809
60WPC-300S-40FA 1823 1764 1968 1997 1995 1905
w/c=1.30
100WPC-300S 1885 1935 1813 1830 1887 1809
95WPC-300S-5FA 1900 1817 2113 1778 1786 1734
85WPC-300S-15FA 1876 1857 2172 1760 1743 1747
70WPC-300S-30FA 1829 1839 1911 1943 1836 1853
60WPC-300S-40FA 1851 1834 1854 1929 1854 1845
w/c =1.40
100WPC-300S 1823 1765 1968 1998 1846 1839
95WPC-300S-5FA 1868 1842 2052 1985 1997 1976
85WPC-300S-15FA 1988 1829 1968 1817 1834 1810
70WPC-300S-30FA 1829 1808 1829 1784 1798 1823
60WPC-300S-40FA 1861 2019 1939 1847 1836 1856
w/c=1.30
100WPC-300S 1885 1935 1813 1830 1887 1809
70WPC-300S-30FA-1SFA 1623 1659 1658 1627 1665 1635
70WPC-300S-30FA-3SFA 1512 1559 1526 1507 1545 1533
70WPC-300S-30FA-5SFA 1163 1215 1190 1185 1197 1246

1 1 { I v 1
wneg - manuuiui ldmadeudumianuvuuiundeluena (Air dry density)
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4.7 ﬂ]i@ﬂ“ﬁﬂﬁ] (Water Absorption)
4.7.1 MIgaFINVIRUN N NBNA IV

1 Y v v
WennsaaAINsgaduihvesd unseionnIuny AIgUN 4.22 NoAT1EIU 1
Y [
2,1:25,1:3,1:3.5u82 1: 499518100 IHUUAN w/c 11111 1.00, 1.20, 1.30 Ha
~ Y] 1 1 < A A a [ ] 09; [ s 9
1.40 M91g 28 Tu WU AMsgaduiananasmulsmnadandrnnivedwuanlsnauas
[ [ = 4 1 =\ [ 1 A A d? Aaaa &
MUBATIAIUVBITINUAY IR NTIBaZBA ludad LAy uazwavelnse lansdu

1 1 = 09; A dgl = 9 9 3’ o Aaaa &
“luizﬂzanmwammig}wwmqwu LW513Mﬂ’;ﬂllG]’ENﬂ151%1!1114ﬂ”lﬁ/]T]_]g]ﬂifJ”I“lﬁLﬂi‘b’u

=1

1IN WWAMMIgasuNgaznetean N u eI luiesneynIALIaTINAZIDYA

U Y

Y 1
o Ao

a8 Amsgaduindgaegh 100WPC-4008 i wic = 1.00 HAUMIAD 12.1 % uagAIN1sg

a U Y
Y
1 1

Fuhnlmgegaegi 100WPC-2508 t1az 100WPC-3008 1 w/c = 1.40 HAWMAY 18.6 %

25
o)
é 20 =
=
2 15
£
)
2 10
<
g
= 5 o
=
0
wic=1.00 wic=1.40
D 100WPC-2008 152, 15.2 185 18.5
1D0WPC-2508 15.8 16.7 169 18.5
@ 100WPC-3008 154 174 182 18.5
m 1D0WPC-3508 14.6 16.5 173 17.8
. 100WPC-4008 12:1 14.1 149 156

517 4.26 nsimsgaFIhvesiuNTIBeNAILNY N w/e = 1.00, 1.20, 1.30 1az 1.40

=< o a I = J v 4
4.7.2 migmmmﬁuemummmﬂwmmq]lummuﬂmﬂ!maaﬂ

d' a 1 = g‘ a = 9 [ d‘ d’w 1
BNATAUIAINITAATUUIVDIH UNIIYNIURNTNLID10DY ﬂﬂgﬂ‘ﬂ 4.23 NOATITIU

[

Y [ [
SanaahAe I HIUAN we 117U 1.00, 1.20, 1.30 1ag 1.40 01g 28 Ju Wy A3
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=3 oydl ~ a [ [ 09; [ A 9 [ 1 F) ~
@,ﬂcﬂmumﬂmaﬂamm1J'53J1mamwmummcﬂmuwhwammmmamm’mmauma@w



96

a { 1 aaa ' J
Tdwanludsuai ldun (5% 09 15%) uaznavesilfnsentles Toause i1 ssmudun

o 9 1 [ =< 3’ A d? A 9 a A A d? =
ﬂ‘ULﬂWﬁ’E]EJﬁQWZWI’E']ﬂﬁﬂﬂG]flluTVI’QNGIIulu@i%ﬂﬁﬂﬁluﬂ‘iNWﬂ!ﬂLWNﬂlu (30% - 40%) NI 1TV

=

9 9 Y
anudeams i lunmsinl§aseaeudiann Jsdwademmagadmiigs mmsgaduii

U

v
o A

Argangn 95SWPC-300S-5FA 1l w/c = 1.00 BAUMIAY 15.5 % tuazmnmsgaduihniiaigegaed

U

2

v [ 1 1 Y
1 60WPC-300S-40FA 1 w/c = 1.40 AWM 22.3 % FuienlSouisuivainisgaduiil
gasraunIugud 100WPC-3008 ldnsdmsladaconanludadiuidrdinanoni

Y 1
msgadmifitesnidasdiuniugu

25
-
= 2 A
e
B
- -
= 15 A
=
=
=
10 A
=
=
z 5
0
2] 1o00wec-3008 154 174 182 18.6
S3WIPC-3005-3FA 155 166 17.0 183
25WPC-3005-15FA 15.6 168 17.9 18.6
Bl T0WPC-3005-30FA 17.5 176 182 19.6
- SOWEC-3005-40FA 192 214 215 223

v 9 v
317 4.27 nsmimsgaginivesiunsieiion il wie=1.00, 1.20, 1.30 18z 1.40

4.7.3 migﬂcﬁu131meq‘?‘m1r|51mﬁﬂmmugwﬁmuﬁﬁ’amé’maﬂ 30% wazarsiiamos
Lﬁaﬁmimwmmiﬂﬂcﬁm‘iwmﬁummﬁsmWﬁmt’haaﬂ Se7107 4.28 Asas1du
123 umutfudnuddiodiaoy 30% SasdnidemsBudai (Water cement ratio ; wic)
Wi 1.30 AuansvlesTnui 1%,3% 1ag 5% ﬁmq 28 14 (70WPC-300S-30FA-SFA1),
(70WPC-300S-30FA-SFA3) 1tag  (70WPC-300S-30FA-SFA5) W1 mms@ﬂc’?m‘fﬁm

28.0,37.2 118246.0% UANNNIUMUUS U@ FINUA 11BINEUTOWPC-300S-30FA
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AN 42.9%,89.8%,134.7% aulTuaa1sinles uaziinadonsadnnseununs1eeun

' 2 '
IMNUY 227%,241% 1a2257% Msonaavesiag uazimvihiunanlsmaarsnuves(SFA)

100
9{} -
s
Z 80 o
s i
5 70 -
£ 60 - £
= H
b 50 - 2
& A
- 40 H
= <
=
30
20
10
1]
[]100WEC-3005 13.6 [] 100WPC-3005 475
TOWPC-3008-30FA 186 [7] TOWPC-3008-20F A 276
TOWPC-3005-30FA-15FA 28.0 [ TOWPC-3005-30FA-15FA £5.0
[ 7T0WPC-3008-30F A-35FA 372 BB TUWPC-300-30F A-35F A 540

B 70WPC-3008-30FA-58F A

46.0

BB TOWPC-3008-30FA-5EF A

~ = = ' a ~ A
ETJV] 4.28 ﬂ'iTV\IﬂWﬁﬂﬂ“]ﬁJ UAZNMIANNIDUHUNTIINGN w/c = 1.30 ﬁ1ﬁlW3J1’\lfJ\3 1%,3%L101E5%

4.8 ANUNUMUABMIANNIOU (Abrasion Durability)

4.8.1 MIANNIDUVIAUNTENBNAIVAN

N9 ITaNAIMITNNTOUYRIRUNIIBHBNAIVAN Aa317 4.29 Hdas1du 1 :

2,1:25,1:3,1:35u0a2 1 : 4905183 N09a13F0UAN w/e 191171 1.00, 1.20, 1.30 1ay

v 4
1.40 191 28 Tu WU AIMsEnnToulmgarumuens1dIuveINnIIvazden ludiuna

Y o
uazwammﬁmwmuﬁmaﬁmuﬁmwammiﬁﬂﬂiau"lmm Iﬂ&lﬂ”lﬂ”liﬁﬂﬂiﬂi!ﬁiﬁ”lﬁﬂﬂ@]ﬂ

i Y
anuunsa Mas uazmsth Tl 140w sasidiuve imsivaziBoangaindsdiwanemsoams

FEUINPUMATIETHIUALazNT 1w M ITiRanstamtioaddinansznuaeainsan

n30U MMITNNTOUMIGABEN 100WPC-250S 7l w/c = 1.00 TAWMIAY 41.0 % wagaAnsdn

N30UGIgADYN 100WPC-4008 11 w/c = 1.40 HAWMAY 73.9 % FuilonlSouiisuduainsdn

1 a d' 1 d' Y rTa ] FZ J = 1
NIDUVDINIATINVYIU () wmmmgmmﬂu‘lﬁ‘lmnu 40 % ‘].N‘]Ji’)ﬂllﬂﬁ”lﬂ”lﬂ”liﬁﬂﬂiﬂu

TudanaiuniuguimnnuunaIgIv
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80
- 60
R
<
s
=z 40
]
=
=]
-
20
0
[ 1howPpC-2008 41.8 424 428 44.8
100WPC-2508 41.0 454 46.0 48.5
B3 100WPC-3008 443 453 47.9 49.0
B 1howpc-3508 51.4 56.5 63.1 66.0
B 100WPC-400S 67.8 71.0 72.0 73.3

317 4.29 N5 WAMIMIANNITOUVOIHUNTIBTHENAIVANT wic = 1.00, 1.20, 1.30 118z 1.40

4.8.2 MIANNIDUVDIHUNTIENNEIN

v

W913AINITNNIOUVOIHUNT T ENAIVAN A131)7 4.30 NBasrdIW 1 3
Y 1 H
Sasrauthae e sFuAn wie AU 1.00, 1.20, 1.30 uag 1.40 #i9g 28 Tu wuamsan
1 - [ 1 9 9 =] 4 1 [

niounanatanaImuondIuveutiaeslFunuuduuduiogsznin 5% - 15% uaz 1

a [ = 1 A A A d? =~ <3 9 1 = 1 d'; 1 1 [
T8 30% - 40% AMIANNI DULANNVUUNBANTBY AINITANNTOUNAIIL TIHAADA

v E4

ANUUNTI A 1azMT 1901 0ATIAINVBUNABINUTUAIHAABNITTAINIZTZHINOYNA
= J o Y o Y a o I aa o Y
VoI s Fuanun e waz ludaesi ldinaduasunaBougana lamsa (C-s-H) il
NANIIAMilEIdIHaAAINITANNTOU AINITANNTOUARIGADEN 9SWPC-300S-5FA 11 w/c =

IS

1.00 AN 22.1 % UazAINIANNIOUFIGADYN 60WPC-300S-40FA 1 w/c = 1.40 T

v
! o

AU 39.3 % minilFeuifieusasidiunlugy 100WPC-300S WU AIMSANNTOUNAIA
L% 1 d‘ = = g 1 = 1 a d’ 1 d'
ANOATITIUAILAY Hazlp)TeuNsuAUAIMIANNIOUNIATIVHIY (1) NANIATFIUN
Y " Aa =S 1A 1 Y 1 = 1 [ [ Av A0
gou 1 1A 40 %uaunsa lunu 50 % vwenldnansdnnseulusasiaiuiselian
g luNUAIATFIU 1AZEATIAIUTOWPC-300S-30FA #i wic = 1.30 B151uN011%,3% ay

5% @937 4.25 WUNMMIANNTOUTINNATY  227%,241% 1182257% IRIHEUNY  70WPC-
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[ Y
3008-30FA ualumsnasanisth Il Idaunufalen 1duiasgiuasuniauiawniius

A
DIINITU
80
- 60 b
S
-
£ 40
=
.
=
.
20
0
wic=1.00 wic=1.20 wic=130 wic=1.40
[ 100WEC-3008 443 453 479 49.0
EE] 100WEC-3005-5FA 22.1 255 26.8 38.5
@ 1INOWFRC-3008-15F A 245 254 273 388
Bl 100WEC-3008-30FA 26.0 26.4 27.6 39.1
- 100WEC-300540F A 28.8 289 283 393

317 4.30 s MM dnnsouvesiun ey Al wie = 1.00, 1.20, 1.30 1ag 1.40

4.9 Tn33a3519Megana (Micro Structure)
49.1 anvalnssaameluvesiunnanannIuan

anvazIassasumeluvesiunsefiouniugulugl 431 @) 89 () W
a { @ 4

Tassadumeluiunsioiiouaiuguiely 28 Tu lnanvesfudiuudvianazeyninveansie

= 1A Y KX a a o g = T 1 o 1 Aa 2 a
aziveasnged tnmsnszneanazdaaaaanuiusdnuduvina vy Taeda lumnandndy

I a o 1 =R ' a dgl Il = < d” = v A 1

wnn5elnnludruwannrugy dseenanadu i Tanuiwilomernu Sanuuiu nay

aaa ) an a o @ 1 1
navinlgnsenlamsdursounaifousama lawsa (C-S-H) Suauyysaineny 28 u diwane

' 0o w w d' Y o d? d! ] Q' d‘Q Y a 1 dg’
A1f1a90an lasuuniu FegrgnunisimziAlveteymaveansieldinanisuinuiy

¥93219018 14N
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A &
SEl 15kV WD15mm 5535 x1,000 A0 j——— SEI 1.%,1\{' WotammSsag

SUT 1 5464 LBl 5 &

(a) 100WPC-200S 91¢ 28 U (1000X) (b) 100WPC-250S 918 28 U (1000X)

SEI 15V - WD14mm S535 x1,000 10fim; ;. e— SEl 15kV  WD13mm 5535 x1,500 iy, 5 | r—
SUT 5464 SUT 5484

(c) 100WPC-300S 91¢ 28 71 (1000X) (d) 100WPC-350S 918 28 U (1000X)

(c) 100WPC-400S 81 28 YU (1000X)

Lﬂ' = a = %
31N 4.31 (2) D3 () MW SEM v UNTNINAIVAN 01 28 TU
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4.9.2 anvalassanamaluvesiunaaunaoaos

anvug Iassadumeluvesiunsofounamdiassluziln 432 @) 09
1 Y a =3 9 A [ == = 4 [
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Test No.
Description

1 2 Average
Initial flask reading, ml 0.75 0.75 0.75
Initial kerosene temperature, °C 29.00 29.00 29.00
Initial weight of sample and pan, gm 410.20 410.20 410.20
Final flask reading, ml 21.90 21.00 21.45
Final kerosene temperature, °C 29.00 29.00 29.00
Final weight of sample and pan, gm 368.00 368.20 368.10
Weight of sample used, (Wc¢) gm 64.00 63.85 63.93
Volume displaced, (Vc) ml 21.15 21.05 21.10
Density of water at temperature, ( R) gm/cm3 1.00 1.00 1.00
Specific gravity, SP.GR = W¢/(Vc*R) 3.04 3.05 3.04

@mwﬁ n.2 Llﬁﬂ\‘lﬂaﬂ”li‘i/lﬂﬁf’)ﬂﬂl'lﬂ'l'mﬂliﬂi]o”ILW'lgﬁUﬁNLfgl}1ﬁﬂﬂ!,£3jlll1$
Test No.
Description

1 2 Average
Initial flask reading, ml 0.90 0.40 0.65
Initial kerosene temperature, °C 29.00 29.00 29.00
Initial weight of sample and pan, gm 470.80 470.60 470.70
Final flask reading, ml 21.80 21.10 21.45
Final kerosene temperature, °C 28.80 28.50 28.65
Final weight of sample and pan, gm 422.70 421.70 422.20
Weight of sample used, (Wc) gm 48.10 48.90 48.50
Volume displaced, (Vc) ml 20.90 20.70 20.80
Density of water at temperature, ( R) gm/cm3 1.00 1.00 1.00
Specific gravity, SP.GR = Wc/(Vc*R) 231 2.37 2.34
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A13197 1.3 HNANMINATBUAINITNTZIAIVINT Y (59 111591) TAeID SIEVE ANALYSIS

Sieve Sieve opening Wt. of Soil Cum. Retained | Cum. Retained i
(% Finer)
No. (mm) Retained (gm) (gm) (%)
4 4.76 9.0 9.0 1.8 98.2
8 2.38 16.0 25.0 5.0 95.0
16 1.19 32.0 57.0 11.4 88.6
30 0.60 59.0 116.0 23.2 76.8
50 0.30 174.5 290.5 58.1 41.9
100 0.15 167.5 458.0 91.6 8.4
PAN - 42.0 500.0 100.0 0.0
SUM 500.0 191.1
F.M. = SUM (% Cum. Retained) / 100 =191.1 /100 =1.911
Grain Size Analysis of Fine Aggregate
Sands
Gravel Clay
C M F
100
—@ - Fine Aggregate #1
80 —&®— Lower
—&— Upper
w
<)
60 e
2
=
5
40 s
g
20
O LiLL L1 ) 1 | T | 1 [T - Ll | TR 1
100.000 10.000 1.000 0.100 0.010 0.001

Particle size (mm)
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Q13197 1.4 HANTNATOUAINITNTEIUAIVDING1Y (W1UNTIT0U) 1A8IT SIEVE ANALYSIS

Sieve Sieve opening Wt. of Soil Cum. Retained | Cum. Retained i
(% Finer)
No. (mm) Retained (gm) (gm) (%)
4 4.76 0.0 0.0 0.0 100.0
8 2.38 0.0 0.0 0.0 100.0
16 1.19 6.5 6.5 1.3 98.7
30 0.60 73.5 80.0 16.0 84.0
50 0.30 195.0 275.0 55.0 45.0
100 0.15 175.0 450.0 90.0 10.0
PAN - 50.0 500.0 100.0 0.0
SUM 500.0 162.3
F.M. = SUM (% Cum. Retained) / 100 = 162.3 / 100 = 1.623
Grain Size Analysis of Fine Aggregate
Sands
Gravel Clay
C M F
100
—® - Fine Aggregate #2
—&— Lower
80 F
—@— Upper
w
&
60 F ]
2
=
=
40 5
g
20 F
O LLLL L 1 1 1 TN | 1 uIIIII L > .,» 1 1 ITEN | 1 1
100.000 10.000 1.000 0.100 0.010 0.001

Particle size (mm)
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Determination no. Test No.1 Test No.2 Avg.
wt. sand (sat. surf. dry) (B). gm. 500.00 500.00 500.00
wt. flask + sand (sat.surf.dry) + water (C), gm. 967.00 970.00 968.50
bowl no. 1.00 2.00 1.50
wt. bowl, gm. 388.20 392.60 390.40
wt.bowl + dry sand, gm. 883.00 888.70 885.85
wt. dry sand (A), gm. 494.50 495.50 495.00
wt.flask + water (D), gm 661.50 664.00 662.75
bulk specific gravity, A/(B+ D — C) 2.54 2.55 2.55
bulk specific gravity, (sat. surf. dry), B/(B + D — C) 2.57 2.58 2.57
apparent specific gravity, A/(D + A - C) 2.62 2.61 2.62
percent absorption (%), (B — A)*100) / A 1.11 0.91 1.01

1 Y
A157199 1.6 wamﬁmﬁaummmmqﬁuw13mmmwuaz%’aaaxmiﬂﬂcﬁum(mumisau)

Determination no. Test No.1 Test No.2 Avg.
wt. sand (sat. surf. dry) (B). gm. 500.50 500.10 500.30
wt. flask + sand (sat.surf.dry) + water (C), gm. 966.50 970.50 968.50
bowl no. 1.00 2.00 1.50
wt. bowl, gm. 389.30 394.20 391.75
wt.bowl + dry sand, gm. 883.00 888.70 885.85
wt. dry sand (A), gm. 493.70 494.50 494.10
wt.flask + water (D), gm 661.50 664.00 662.75
bulk specific gravity, A/(B+ D - C) 2.53 2.55 2.54
bulk specific gravity, (sat. surf. dry), B/(B + D — C) 2.56 2.58 2.57
apparent specific gravity, A/(D + A — C) 2.62 2.63 2.62
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percent absorption (%), (B — A)*100) / A 1.38 ’ 1.13 ‘ 1.25 ’
M3 0.7 uamwamﬁnﬂaauﬁmﬁ'gmfmﬁ’ﬂmmaaljuéfﬂuuﬁﬂ@{mmuﬁmn
Test No.
Description

1 2 Average
Weight of Measuring Cylinder, T (kg) 2.97 2.98 2.97
Weight of Cylinder and Water (kg) 5.92 5.94 5.93
Weight of Water (kg) 2.96 2.96 2.96
Volume of Measuring Cylinder, V (m3) 0.003 0.003 0.003
Weight of Cylinder + Sample, G (kg) 7.12 7.11 7.12
Weight of Sample alone (kg) 4.15 4.13 4.14
Unit Weight of Sample, P = (G-T)/V (kg/m3) 1404.94 1397.09 1401.02

@]’li']\iﬁ .8 L!ﬁﬂ\'jWaﬂTTV]ﬂﬁ@‘Uﬂl'lﬁu"J815’1ﬂﬁﬂsllﬂﬂl€l}'laﬂﬂllijm'15
Test No.
Description

1 2 Average
Weight of Measuring Cylinder, T (kg) 2.97 2.98 2.97
Weight of Cylinder and Water (kg) 5.92 5.94 5.93
Weight of Water (kg) 2.96 2.96 2.96
Volume of Measuring Cylinder, V (mz) 0.003 0.003 0.003
Weight of Cylinder + Sample, G (kg) 6.79 6.84 6.82
Weight of Sample alone (kg) 3.82 3.86 3.84
Unit Weight of Sample, P = (G-T)/V (kg/m3) 1293.64 1305.51 1299.57
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MINN N.9 LAAINANINATOUAN UM NVDINT1WAZIDYA (maimam?)ﬂﬂ)

Test No.
Description

1 2 Average
Weight of Measuring Cylinder, T (kg) 2.97 2.98 2.97
Weight of Cylinder and Water (kg) 5.92 5.94 5.93
Weight of Water (kg) 2.96 2.96 2.96
Volume of Measuring Cylinder, V (m3) 0.003 0.003 0.003
Weight of Cylinder + Sample, G (kg) 7.66 7.65 7.66
Weight of Sample alone (kg) 4.69 4.67 4.68
Unit Weight of Sample, P = (G-T)/V (kg/m’) 1587.62 1579.59 1583.60
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Penetration in 30 seconds (mm)

weight of cement Water Penetration in 30 seconds
No.
(gm) % cc. (mm)
1 500 25 125 2
2 500 26 130 3
3 500 27 135 9.8
4 500 28 140 11.3
5 500 29 145 19.5
Normal Consistency of White Portland Cement
150
s | _ B
= -
g -~
= 140 | - ) -
= 135.95ce —
5 135 E === e I NV
E = |
S 130 | @ “T
=g - !
I v =1.0765x +125.18
125 | @ ,
| R*=0.9323
120 1 1 ]
0 5 10 15 20
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Mixing Time Time at Testing Total Time After Mixing | Penetration in 30 seconds
(Min) (Min) (Min) (mm)
2.45 30 33.15 40
45 48.15 35
60 63.15 30
75 78.15 20
90 90.15 10
105 105.15 5
120 120.15 0

Setting Time of White Portland Cement

140
y=-1.9759x + 11638
120
m -~ R*=10.9802
100 | B ~
—
3 ® ~
- 80 I3 S—
=) Initial Pen. 25 mm = 66.98 Min @
2 TSR A R | S | S—| e
£ 60 : - ~ 8
= - Final Pen.0 mm = 116.38 Min I —~— —
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40 F -~
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20 P I
|
0 1 1 1 1 | 1 1
0 5 10 15 20 25 30 35 40

Penetrationin 30 seconds (mm)
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M13190 .1 MAIDAVOIAIUNANAIVANN w/c = 1.00 DIYNITLY 3, 7, 14, 28, 60 1A 90 I

Compressive Strength (ksc.) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 126.6 136.8 172.3 | 206.7 | 217.1 230.2
2 100WPC-250S 83.0 123.2 167.2 196.1 203.8 | 214.2
3 100WPC-300S 70.2 107.9 157.0 178.4 192.4 193.4
4 100WPC-350S 61.8 98.7 135.8 164.5 180.5 184.8
5 100WPC-400S 49.0 78.5 128.8 136.6 138.6 147.0

MINN V.2 AAIDAVITIUNTUAIVANT w/e = 1.20 1gNITUN 3, 7, 14, 28, 60 1Az 90 Tu

Compressive Strength (ksc.) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 94.7 112.6 130.1 196.2 | 2142 | 222.6
2 100WPC-250S 85.0 107.9 124.8 178.1 184.6 195.0
3 100WPC-300S 69.2 91.2 122.3 138.6 159.7 164.4
4 100WPC-350S 67.8 73.7 103.5 138.2 144.0 156.2
5 100WPC-400S 443 67.8 97.5 110.8 137.9 138.6

M13190 ¥.3 MAIDAVOITIUNANAIVANN w/e = 1.30 81YNITUY 3, 7, 14, 28, 60 1A 90 I

Compressive Strength (ksc.) / Curing day
No. Symbol
3 7 14 28 60 90
1 100WPC-200S 91.0 101.5 121.4 176.3 205.0 210.1
2 100WPC-250S 73.6 87.6 117.0 170.6 184.6 184.8
3 100WPC-300S 67.4 82.5 113.9 157.4 164.1 171.1
4 100WPC-350S 583 75.3 97.8 144.6 145.8 158.7
5 100WPC-400S 40.2 523 78.8 90.2 95.7 110.2
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M13190 U.4 MAIDAVOIAIUNANAIVANN w/c = 1.40 DIYNITLY 3, 7, 14, 28, 60 1A 90 I

Compressive Strength (ksc.) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 67.9 99.7 116.5 174.2 182.5 192.1
2 100WPC-250S 57.3 89.3 108.2 165.3 167.9 170.2
3 100WPC-300S 50.8 78.9 93.3 155.6 160.0 160.8
4 100WPC-350S 50.6 68.7 93.0 123.5 140.3 149.6
5 100WPC-400S 40.0 52.1 58.5 98.9 100.9 104.8

MINN V.5 1A0AV0IDATITIU 1 : 3 7 w/c = 1.00 DI1gMIUN 3, 7, 14, 28, 60 Az 90 Tu

Compressive Strength (ksc.) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 70.2 107.9 157 178.4 192.4 193.4
2 95WPC-300S-5FA 67.7 124.7 158.3 182.5 | 2143 | 228.4
3 85SWPC-300S-15FA 76.7 138.1 162.8 | 220.7 | 261.8 | 271.8
4 70WPC-300S-30FA 96.2 143.3 168.8 | 260.0 | 289.5 | 294.8
5 60WPC-300S-40FA 125.0 144.0 179.9 | 2747 | 295.8 | 297.0

M13190 .6 MAIDAVOITATIAIU 1 -3 N w/c = 1.20 01gMIUV 3, 7, 14, 28, 60 1AL 90 T

Compressive Strength (ksc.) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 69.2 91.2 122.3 138.6 159.7 164.4
2 95WPC-300S-5FA 459 83.2 112.4 128.9 151.6 161.3
3 85WPC-300S-15FA 52.0 85.7 113.2 158.8 192.7 | 209.4
4 70WPC-300S-30FA 55.5 87.3 117.7 163.0 | 205.7 | 218.0
5 60WPC-300S-40FA 59.1 923 122.7 164.5 | 2123 | 224.6
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M13190 4.7 MA0AV0IGAIIAI 1 : 3 1w/ = 1.30 01gMIUY 3, 7, 14, 28, 60 1AL 90 T

Compressive Strength (ksc.) / Curing day
No. Symbol
3 7 14 28 60 90
1 100WPC-300S 67.4 82.5 113.9 157.4 164.1 171.1
2 95WPC-300S-5FA 33.6 61.3 87.6 109.7 147.5 159.8
3 85WPC-300S-15FA 41.1 66.4 120.8 157.5 167.8 182.8
4 70WPC-300S-30FA 48.5 79.0 129.7 1614 181.2 189.8
5 60WPC-300S-40FA 57.9 91.6 132.6 162.5 1884 203.5

M3 1.8 RAIBAVOIDATITIU 1 : 3 7 w/c = 1.40 DIYMIUN 3, 7, 14, 28, 60 g 90 Ju

Compressive Strength (ksc.) / Curing day
No. Symbol
3 7 14 28 60 90
1 100WPC-300S 50.8 78.9 93.3 155.6 160 160.8
2 95WPC-300S-5FA 38.6 70.0 87.2 110.8 1245 126.7
3 85WPC-300S-15FA 39.8 72.0 91.7 1154 126.4 128.1
4 70WPC-300S-30FA 43.0 78.2 99.4 121.6 1357 1432
5 60WPC-300S-40FA 45.4 78.2 99.7 127.2 138.9 1445

A o v w o ! P ~ 7 v v A
ATT NN V.9 NAIDAVOIDNTIAIU 1 : 3 Lmuﬂﬂ,ucﬁmumnmmma@ﬂ 30%MN w/c = 1.30 Lla

arsuealny 1%,3%,5% 019131y 3, 7, 14, 28, 60 1Az 90 U

Compressive Strength (ksc.) / Curing day
No. Symbol

3 7 14 28 60 90
1 100WPC-300S 67.4 82.5 113.9 157.4 164.1 171.1
2 70WPC-300S-30FA 48.5 79.0 129.7 161.4 181.2 189.8
3 70WPC-300S-30FA-1SFA 18.9 32.0 45.0 57.5 68.6 68.3
4 70WPC-300S-30FA-3SFA 9.5 10.2 15.7 19.3 20.6 19.7
5 70WPC-300S-30FA-5SFA 2.1 23 2.7 4.5 53 5.6
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v k2 v
M5 A.1 ANUHUUUFUVOITIUNAUAILANT w/c = 1.00 01¢ 3, 7, 14, 28, 60 1Az 90 Tu

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 1958 1920 1940 1959 1966 1978
2 100WPC-250S 1907 1924 1954 1925 1985 1909
3 100WPC-300S 1986 1954 1921 1970 1992 1989
4 100WPC-350S 1946 1981 1943 1912 1951 1982
5 100WPC-400S 1976 1914 1952 1968 1955 1959

v k2 v
M5 7.2 ANUHUUUFUVDITIUHAUAIVANT w/e = 1.20 01¢ 3, 7, 14, 28, 60 1Az 90 Ju

Density (kg / m’)/ Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 1961 1990 1955 1999 1950 1993
2 100WPC-250S 1930 1988 1971 1984 1981 1912
3 100WPC-300S 1926 1915 1945 1915 1994 1919
4 100WPC-350S 1971 1961 1941 1954 1985 1951
5 100WPC-400S 1969 1991 1921 1988 1930 1968

v k2 v
M5 1.3 ANUHUUUFUVDITIUHAUAIVANT w/c = 1.30 01¢ 3, 7, 14, 28, 60 1A 90 Tu

Density (kg / m’)/ Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 1850 1969 1997 1894 1895 1839
2 100WPC-250S 1840 1946 1909 1854 1887 1909
3 100WPC-300S 1885 1935 1813 1830 1894 1918
4 100WPC-350S 1882 1941 1899 1989 1987 1982
5 100WPC-400S 1989 1950 1981 1980 1921 1922
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v k2 v
A5 7.4 ANUHUUUFUVDITIUHAUAIVANT w/c = 1.40 ©1¢ 3, 7, 14, 28, 60 1A 90 Ju

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 1892 1916 1906 1910 1887 1889
2 100WPC-250S 1842 1925 1908 1957 1901 1823
3 100WPC-300S 1823 1865 1968 1998 1846 1839
4 100WPC-350S 1852 1849 1881 1872 1858 1859
5 100WPC-400S 1995 1992 1981 1952 1966 1973

MINN 7.5 ANUHUUUFUUDIDATIAI 1 : 3 11 w/e = 1.00 919 3, 7, 14, 28, 60 LAz 90 Tu

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1958 1920 1940 1959 1966 1978
2 95WPC-300S-5FA 1940 1973 1914 1858 1868 1812
3 85SWPC-300S-15FA 1999 1923 1955 1807 1823 1818
4 70WPC-300S-30FA 1926 1977 1997 1861 1871 1863
5 60WPC-300S-40FA 1930 1950 1993 1802 1817 1876

v 2 v
M5 7.6 ANUHUUUTUVOIDATIAIU 1:3 7 wie = 1.20 019 3, 7, 14, 28, 60 1Az 90 Ju

Density (kg / m’)/ Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1961 1990 1955 1969 1950 1993
2 95WPC-300S-5FA 1986 1954 1921 1930 1919 1910
3 85WPC-300S-15FA 1926 1916 1945 1915 1926 1927
4 70WPC-300S-30FA 1885 1935 1913 1930 1985 1909
5 60WPC-300S-40FA 1823 1865 1968 1958 1996 1905
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v k2 v
M5 1.7 ANUHUMUUFUVDIOATIAIU 1:3 7 w/c = 1.30 ©1¢ 3, 7, 14, 28, 60 1Az 90 Ju

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1850 1969 1997 1894 1885 1839
2 95WPC-300S-5FA 1900 1817 1814 1878 1886 1835
3 85WPC-300S-15FA 1877 1858 1872 1861 1843 1848
4 70WPC-300S-30FA 1830 1840 1912 1844 1836 1853
5 60WPC-300S-40FA 1852 1835 1855 1830 1855 1845

MINN 7.8 ANUHUIUUFUUDIDATIAIU 1 :3 11 w/e = 1.40 919 3, 7, 14, 28, 60 1Az 90 Tu

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1892 1916 1906 1810 1887 1889
2 95WPC-300S-5FA 1868 1842 1852 1885 1898 1876
3 8SWPC-300S-15FA 1889 1829 1869 1817 1835 1811
4 70WPC-300S-30FA 1829 1809 1829 1882 1799 1823
5 60WPC-300S-40FA 1861 1820 1839 1847 1836 1856

P [} 49’ Y 1 A ~ J JY 9
ATNN 1.9 ANUHUILUUFUUDIBATITIN 1 : 3 UfVI’L!“VIﬂuu%Lill.!ﬁﬂﬂ?ﬂ@ﬂllﬁﬂﬂ')ﬁllﬂ']ﬁ@ﬁl 30%

N wic = 1.30 tazanaiuned 1%,3% ,5% 81g 3, 7, 14, 28, 60 1ag 90 U

Density (kg / m’)/ Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1850 1969 1997 1894 1885 1839
2 70WPC-300S-30FA 1830 1840 1912 1844 1836 1853
3 70WPC-300S-30FA-1SFA 1902 1895 1929 1890 1862 1878
4 70WPC-300S-30FA-3SFA 1945 1959 1900 1893 1926 1915
5 70WPC-300S-30FA-5SFA 1249 1270 1333 1280 1236 1225
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M50 7,10 ANUHUILUULEIVEIAIUAILAVN w/c = 1.00 D1g 3, 7, 14, 28, 60 1AL 90 U

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 1683 1748 1797 1723 1757 1770
2 100WPC-250S 1638 1752 1809 1781 1785 1720
3 100WPC-300S 1707 1710 1780 1720 1762 1732
4 100WPC-350S 1672 1714 1787 1769 1775 1740
5 100WPC-400S 1698 1743 1807 1731 1758 1763

M15199 .11 ANUHILHULEUeIdUAILANT wie = 1.20 918 3, 7, 14, 28, 60 1ag 90 Tu

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 1699 1722 1766 1758 1742 1694
2 100WPC-250S 1687 1721 1736 1745 1762 1774
3 100WPC-300S 1695 1745 1736 1772 1783 1786
4 100WPC-350S 1708 1697 1771 1718 1734 1742
5 100WPC-400S 1691 1723 1780 1748 1725 1761

MINN 712 ANUHUILUULEIVBIEIUAIUANN w/e=1.30 979 3, 7, 14, 28, 60 1A 90 U

Density (kg / m’)/ Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 1690 1741 1759 1766 1738 1720
2 100WPC-250S 1722 1774 1770 1731 1761 1722
3 100WPC-300S 1719 1764 1697 1709 1748 1752
4 100WPC-350S 1717 1743 1748 1749 1735 1728
5 100WPC-400S 1709 1774 1745 1742 1737 1710
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M5NN 713 ANUHUILUULEIV0IEIUAILANN w/c = 1.40 D19 3, 7, 14, 28, 60 1AL 90 U

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-200S 1640 1658 1665 1592 1685 1670
2 100WPC-250S 1682 1666 1669 1701 1672 1624
3 100WPC-300S 1567 1627 1633 1657 1658 1638
4 100WPC-350S 1591 1600 1656 1646 1626 1663
5 100WPC-400S 1614 1623 1645 1617 1657 1670

A1519% .14 ﬂ’J"IiJ‘ViU"ILL‘L!'MLL‘PQI{QGIJ@Q%QTI@!’JU l:

3 wie=1.00 01¢ 3, 7, 14, 28, 60 1Az 90 Tu

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1707 1710 1780 1720 1762 1732
2 95WPC-300S-5FA 1667 1617 1685 1582 1612 1564
3 85SWPC-300S-15FA 1618 1664 1622 1549 1582 1569
4 70WPC-300S-30FA 1655 1625 1683 1509 1536 1520
5 60WPC-300S-40FA 1623 1688 1592 1585 1604 1590

MINN A.15 ﬂ’ﬂiJﬂuH!ljullﬁjﬁéllfNﬁlﬁ‘ﬂﬁhu l:

3Tl wie=1.20 01g 3, 7, 14, 28, 60 LAz 90 Fu

Density (kg / m’)/ Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1695 1745 1736 1772 1783 1786
2 95WPC-300S-5FA 1520 1609 1525 1591 1518 1581
3 85WPC-300S-15FA 1587 1581 1597 1590 1520 1515
4 70WPC-300S-30FA 1549 1593 1577 1554 1590 1568
5 60WPC-300S-40FA 1596 1524 1538 1587 1546 1579
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M50 A.16 ANUHUILUUUEIVBIOATIEIU 113 7| wic = 1.30 01g 3, 7, 14, 28, 60 1Az 90 Tu

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1719 1764 1697 1709 1748 1752
2 95WPC-300S-5FA 1633 1572 1562 1576 1507 1553
3 85WPC-300S-15FA 1612 1607 1513 1549 1555 1564
4 70WPC-300S-30FA 1572 1591 1584 1510 1550 1564
5 60WPC-300S-40FA 1591 1588 1633 1697 1657 1652

A1519% A.17 ﬂ’J"IiJ‘ViU"ILL‘L!'MLL‘PQI{QGIJ@Q%QTI@!’JU l:

39 wic =1.40 01g 3, 7, 14, 28, 60 1Az 90 Tu

Density (kg / m’) / Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1567 1627 1633 1657 1658 1638
2 95WPC-300S-5FA 1605 1507 1607 1594 1528 1511
3 85SWPC-300S-15FA 1609 1582 1635 1598 1540 1531
4 70WPC-300S-30FA 1572 1564 1611 1570 1608 1532
5 60WPC-300S-40FA 1599 1549 1608 1561 1573 1593

~ ' v o ' ~ = s Y Y
ATT NN A.18 ANUU U UULVIIUDIDATIFIU 1 : 3 Lmu*mJ"umuumnﬂammﬂmmmaa&1

30% N w/c = 1.30 tazastiuned 1%,3% ,5% 81¢ 3, 7, 14, 28, 60 1ag 90 U

Density (kg / m’)/ Curing day

No. Symbol
3 7 14 28 60 90
1 100WPC-300S 1719 1764 1697 1709 1748 1752
2 70WPC-300S-30FA 1655 1625 1683 1509 1536 1520
3 70WPC-300S-30FA-1SFA 1790 1815 1835 1800 1817 1795
4 70WPC-300S-30FA-3SFA 1885 1875 1890 1855 1905 1890
5 70WPC-300S-30FA-5SFA 1255 1223 1251 1220 1265 1229
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v v v v
M350 7,19 MMsgaFuhvesiunefeuaIuny 1 wie = 1.00, 1.20, 1.30 11az1.40 9

91¢ 28 U
Water Absorption (%) / (w/c)
No. Symbol
w/c=1.00 | wc=120 | wic=130 | wc=1.40
1 100WPC-200S 15.2 15.2 18.5 18.5
2 100WPC-250S 15.8 16.7 16.9 18.6
3 100WPC-300S 154 17.4 18.2 18.6
4 100WPC-350S 14.6 16.5 17.3 17.8
5 100WPC-400S 12.1 14.1 14.9 15.6

v Y v v
M15199 .20 AMIgATINIvEIREUNTIBeuRaNA1a0e 7| wic = 1.00, 1.20, 1.30 1Az 1.40 #

91¢ 28 T
Water Absorption (%) / (w/c)
No. Symbol
w/c=1.00 | wc=120 | wc=130 | wc=1.40
1 100WPC-300S 154 174 18.2 18.6
2 95WPC-300S-5FA 15.5 16.6 17.0 18.3
3 85WPC-300S-15FA 15.6 16.8 17.9 18.6
4 70WPC-300S-30FA 17.5 17.6 18.2 19.6
5 60WPC-300S-40FA 19.2 214 21.5 22.3

1 Y v v 4
M13190 A.21 Mmsgaduhvesiuns wifionunuiiaiediaes 30% 0 wic = 1.30 wag a5

W03 1%,3% ,5% N0y 28 U

Abrasion (%) / (w/c)
No. Symbol
w/c=1.30
1 100WPC-300S 18.6
2 70WPC-300S-30FA 19.6
3 70WPC-300S-30FA-1SFA 28.0
4 70WPC-300S-30FA-3SFA 37.2
5 70WPC-300S-30FA-5SFA 46.0
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M5 199 7,22 MMIANNTOUVDIRUNTINONAILAY w/c = 1.00, 1.20,1.30 1z 1.40 91g 283

Abrasion (%) / (w/c)
No. Symbol
w/c =1.00 w/c=1.20 w/ic=130 | w/c=1.40
1 100WPC-200S 41.8 42.4 42.8 44.8
2 100WPC-250S 41.0 45.4 46.0 48.6
3 100WPC-300S 443 453 47.9 49.0
4 100WPC-350S 514 56.5 63.1 66.0
5 100WPC-400S 67.8 71.0 72.0 73.9

A15190 7.23 MMMTANNIBUVBIRUNT IR ENINUNAI8E 1808 71 w/c = 1.00, 1.20, 1.30 Uy

1.40 191y 28 Tu

Abrasion (%) / (w/c)
No. Symbol
w/c =1.00 w/c =1.20 w/c=1.30 | w/c=1.40
1 100WPC-300S 443 453 47.9 49.0
2 95WPC-300S-5FA 22.1 25.5 26.8 38.5
3 85WPC-300S-15FA 24.5 25.4 27.3 38.8
4 70WPC-300S-30FA 26.0 26.4 27.6 39.1
5 60WPC-300S-40FA 28.8 28.9 28.3 39.3

A13197 7.24 AMNTANNIOUVBIRUNTIBAIUUNUNA 1208 30% N w/c = 1.30 LA a TN

Wod 1%,3% ,5% Nog 28 Tu

Abrasion (%) / (w/c)
No. Symbol
wle = 1.30
1 100WPC-300S 479
2 70WPC-300S-30FA 27.6
3 70WPC-300S-30FA-1SFA 89.0
4 70WPC-300S-30FA-3SFA 94.0
5 70WPC-300S-30FA-5SFA 98.5
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