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ABSTRACT

The aggregate of concrete is a natural material that is limited. When it is used continuously,
it is these decreased over time. Dust stone, which is an inert material, is by-product of the milling
process. It is possible to use it to replace the aggregate of concrete.

This thesis aimed to study the properties of concrete using dust stone to replace partially
sand, dust stone having gradation according to ASTM C33 (SD) and dust stone from the source
passing a no.4 sieve (OD). The slump, setting time, compressive strength, and splitting tensile strength
of concrete were considered. Autogenous and total shrinkages of mortar, carbonation and chloride
penetration resistance of concrete and the expansion in sodium sulfate solution of mortar were
investigated.

The result showed that the slump of concrete when using dust stone, both SD and OD, was
less than that of concrete with plain sand. The value of slump of SD concrete was greater than that of
OD concrete. Moreover, the setting time of SD concrete was not significantly different, while the
setting time of OD concrete tends to be longer when compared to that of concrete with plain sand.
For compressive strength and splitting tensile strength of concrete when using dust stone instead of
sand, there were had higher values of concrete with plain sand. The compressive strength and splitting
tensile strength of SD concrete were more likely that of the OD concrete. In addition, the autogenous
of dust stone mortar was less likely than that of mortar with plain sand, and the autogenous of SD
mortar and OD mortar was not significantly different. For the mortar/concrete using dust stone replaced
with sand, the total shrinkage of mortar, the expansion in sodium sulfate solution of mortar and the
carbonation depth of concrete were not different from that of mortar/concrete with plain sand. Finally, it
was found that the chloride penetration resistance of SD concrete was lower, while its OD concrete was

more valuable when compared to that of plain sand concrete.

Keywords: dust stone, sand, basic properties of concrete, durability of concrete
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AlLO, Aluminium oxide

CaCoO, Calcium Carbonate

Ca(OH), Calcium hydroxide

CaO Calcium Oxide

CaSO, Calcium sulfate

C,S Dicalcium Silicate

CA Tricalcium Aluminate

C,S Tricalcium Silicate

C,AF Tetracalcium Alumino Ferrite
Fe,O, Ferric Oxide

H,0 Water

H,SO, Sulfuric Acid

MgO Magnesium Oxide

MgCO, Magnesium Carbonate
MgSO, Magnesium Sulfate

NaCl Sodium Chloride

NaOH Sodium Hydroxide

Na,O Sodium Oxide

NaSO, Sodium Sulfate

Si0o, Silicon Dioxide

ACI American Concrete Institute
ASTM American Society for Testing and Materials
B.S. British Standards

CAH Calcium Aluminate Hydrates
C-A-H Calcium Aluminate Hydrates
CH Calcium hydroxide

CSH Calcium Silicate Hydrate
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C-S-H Calcium Silicate Hydrate
MH Magnesium Hydroxide
M-S-H Magnesium Silicate Hydrate
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M1519N 4.5 Madea1lszasuodnounIa

fredn Masoalseds (MPa)

r Yanyl

n 17 7 U 14 1 28 U 56
1 C 11.88 23.27 27.27 30.02 31.23
2 C-SD15 13.88 24.92 28.49 31.16 32.16
3 C-SD30 14.00 25.45 29.41 31.21 32.37
4 C-SD50 14.05 25.78 29.56 31.41 33.46
5 C-SD75 15.11 25.81 30.52 32.94 34.73
6 C-SD100 15.90 26.48 32.53 33.51 35.21
7 C-0OD15 12.20 24.00 28.13 30.33 31.68
8 C-0OD30 12.66 24.55 28.26 30.89 31.23
9 C-0OD50 12.61 25.50 28.54 30.71 32.99
10 C-0OD75 13.90 25.11 29.77 31.23 33.48
11 C-0D100 14.11 24.10 30.50 31.68 34.33
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v Y
M9 0.1 NMINATDUANNDNIUWIZHASNITAAUIVDING Y AINNIATIIU ASTM C128

3193 N3y
A: dhwiinveansondanneuni (M) 495.57
B: thminvesnandialSinasilathauiadaiismue () 652.12
c: thminvesuaudaiadiines ildnseuazihnuddafismmue () 980.55
s: thminvesnseiannz i (M. 500.00
AMUDNINNZIIN (Bulk specific gravity)=A/(B+S-C) 2.89
ANUBITUMNZITIN-DUAIAINS (Bulk specific gravity, SSD)=S/(B+S-C) 2.91
f"l’ﬂllﬂ"Nﬁ”lLW”l%‘]Jﬁﬂg (Apparent specific gravity)=A/(B+A-C) 2.96
%’aﬂazmi@,ﬂﬁwmmw (Absorption)=[(S-A)/A]x100(%) 0.89

$ 1 o g}‘ a \
M990 0.2 ﬂ”li‘i/]ﬂﬁ@‘]JﬂTJ”l?Jﬂ’N"l]”ILWW%LLE]%ﬂﬁﬂﬂUW“’UE’NWHP!H (SD) M9 331U ASTM C128

3183 WU (SD)
A: ﬁmﬁﬂmmﬁuﬂuwﬁamﬂamﬁ’a (P3) 495.65
B: thiminveswiaudialSinasilamhausatafismue (NFW) 650.12
C: thminvesnaudinilimas ﬁ“ldﬁuﬁ!uuazﬁwuﬁﬁﬂﬁﬁmuﬂ G0 964.60
S: ﬁmii'ﬂeumﬁuﬂuﬁﬁmazﬁnﬁaﬁmﬁ’q (ASN) 500.00
AUDIIUNIEIIN (Bulk specific gravity)=A/(B+S-C) 2.67
mmﬁaﬁuwwim-ﬁw‘i’aﬁawﬁq (Bulk specific gravity, SSD)=S/(B+S-C) 2.70
ﬂ’JUJﬂ'N’ﬁHWR“IJﬂﬂ{] (Apparent specific gravity)=A/(B+A-C) 2.74
%’aﬂazmiﬂﬂﬁwmﬁuﬂu (Absorption)=[(S-A)/Alx100(%) 0.88
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H U o %’ a J
Mmaai 0.3 ﬂﬁ‘l’]ﬂﬁ@ﬂﬂ’)'luﬂ’Nﬁ]1LW1$LLﬁ$ﬂ1iﬂﬂu1ﬂl@\1ﬂuﬂu (OD) MUUINTTIH ASTM C128

518M3 11 (OD)
Az hmiinvesitudunaanineuuia (nu) 492.88
B: thmiinvesviaudiialSuasnlaisudddanmmvua (nSu) 649.94
c:hminvesnaudrindsnes dlaiudurazihaude@aimmua (nSu) 965.15
s: imtinvesiudunanzoudAie (nFu) 500.00
AMUDNTUNIZ T (Bulk specific gravity)=A/(B+S-C) 2.67
ANMUDNTUNILTIN-DUAIRNING (Bulk specific gravity, SSD)=S/(B+S-C) 2.71
ﬂ’JHJﬂ"Nﬁ”ILW”I%‘]JﬁﬂQ (Apparent specific gravity)=A/(B+A-C) 2.77
Fovazmagativeariufu (Absorption)=[(S-A)/Alx100(%) 1.4
M3199 N.4 MINATOVMIHUINIMINVDINIATIN
n3Y Uy SD Uy OD
FRITIRF]
1 2 3 4 5 6
WIMUANTZUDNA (AN.) 3.8 3.804 3.8 3.804 3.8 3.804
UIMUANTZUDNA+UT (AN.) 6.7 6.704 6.7 6.704 6.7 6.704
QUNYI (PIFIHALTYA) 28 28 28 28 28 29
vhwinveshidudh I lunszuenans
() 2.900 | 2.900 | 2.900 | 2.900 | 2.900 | 2.900
1511959040352 UONAT (GAT) 2.889 | 2.889 | 2.889 | 2.889 | 2.889 | 2.889
WIMUNVBINTLUDNAIHNIATIY
(nn.) 9.160 9.200 9.140 9.300 9.000 9.180
iinveanlasunduan lu
ATSUDNNM (NN.) 5.360 5.396 5.340 5.496 5.200 5.376
o ELE
wujaﬁ1ﬁﬁ'ﬂqj@qy’gajjy , 1,855.31 | 1,867.77 | 1,848.39 | 1,902.39 1,799.93 1,860.85
3 0814
(NN./.) .
nay 1,861.54 1,875.39 1,830.39
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M3191 1.5 MINTLIYIUIANAZVDINGIY ASTM C33

winfiaveguuy , }
VUIAASLN T FRENR PRSI A BN
AZINT . 1.
ll”lﬁﬁﬁ”ﬂ! NANUUASLNII NANUUASLUNIN
(2)
4
1es 4 0 0 0
wes 8 100 10 10
o3 16 225 225 325
w93 30 250 25 575
w93 50 225 225 80
193 100 150 15 95
219 50 5 100
591 1000 100

3197 0.6 ﬂﬁﬂ‘i%ﬂWﬂﬂJHWﬂﬂﬁ%ﬂl@\‘iﬁuF‘Ju OD-15 Muu1A3531U ASTM C136

winfinseguu ), ,
VUIAANSLN T 30y PRSI A BN
AZINTY d 1y
mmgm NANUUASLNII NANUUASLUNIN
(2)
s 4 0.01 0.00 0.00
1193 8 134.81 13.48 13.48
93 16 233.61 23.36 36.84
1193 30 215.96 21.60 58.44
w93 50 196.85 19.68 78.12
w93 100 142.24 14.22 92.35
219 76.33 7.63 99.98
591 999.80 99.98




M3 1.7 NINTLIBVUIAAAZVOIRUAU OD-30 ASTM C136

ihminhdseguu , ,
VUIAASLN T FRENR PRSI A BN
AZLNT 1y 1.
NT@]iﬁ”l‘Ll NANUUASLNII NANUUASLUNIN
(2)
wes 4 0.01 0.00 0.00
wes 8 171.75 17.18 17.18
93 16 244.82 24.48 41.66
w93 30 200.87 20.09 61.74
93 50 175.63 17.56 7931
o3 100 130.46 13.05 92.35
219 76.13 761 99.97
591 999.66 99.97
ﬂ1§1ﬂﬁ n.8 ﬂTiﬂigﬂWﬂﬂJHWQﬂagﬂl@ﬂﬁuﬁgu OD-50 @’]"Illll'l@]iiTl! ASTM C136
minnneeguy ) ,
VUIANSLN TN PIRlis b PREG A3 AN
AZUNT ~ 1
NW@IﬁﬁTL! NANUUASLLNII NANUUASLUNIN
(g)
1193 4 0.02 0.00 0.00
1193 8 221.01 22.10 22.10
w93 16 259.76 25.98 48.08
w93 30 180.74 18.07 66.15
193 50 147.35 14.74 80.89
w93 100 114.75 11.47 92.36
219 75.87 7.59 99.95
372 999.49 99.95
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M319N 1.9 NMINTLNPVUIAAAZVINUAU OD-75

ihminhdseguu , ,
VUIAASLN T FRENR PRSI A BN
AZLNTS 1y 1y
NT@liﬁ”I‘Ll NANUUASLNII NANUUASLUNIN
(2)
wes 4 0.03 0.00 0.00
wes 8 282.59 28.26 28.26
o3 16 278.44 27.84 56.11
w93 30 155.57 15.56 71.66
93 50 112.00 11.20 82.86
o3 100 95.11 9.51 92.37
219 75.53 7.55 99.93
59 999.26 99.93
M131391 1.10 N3NTLIPVUIAAAZVBIH UK OD-100
minnneeguy ) ,
VUIANSLN TN PRk b PRE A A PN
AZUNT ~ 1
NW@I'ﬁﬁTL! NANUUASLLNII NANUUASLUNIN
(g)
s 4 0.04 0.00 0.00
o3 8 344.16 34.42 34.42
w93 16 297.12 29.71 64.13
w93 30 130.41 13.04 77.17
193 50 76.64 7.66 84.84
w93 100 75.47 7.55 92.38
219 75.20 7.52 99.90
59 999.04 99.90
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Ms1ai n.11 ﬂTiﬂigfﬂTﬂﬂluWﬂﬂﬁ%ﬂl@Qﬁu@u SD-15 muu1a33 U ASTM C136

ihminhdseguu , ,
VUIAASLN T FRENR PRSI A BN
AZLNTS 1y 1y
3J"I@]3§”I‘Ll NANUUASLNII NANUUASLUNIN
(2)
wes 4 0.00 0.00 0.00
wes 8 96.69 9.67 9.67
93 16 221.74 22.17 31.84
1193 30 231.46 23.15 54.99
1193 50 22036 22.04 77.02
193 100 155.52 15.55 92.58
219 73.83 738 99.96
59 999.60 99.96
ﬂ131ﬂﬁ n.12 ﬂTiﬂigﬂWﬂﬂlu1ﬂﬂﬂ$ﬂl@Qﬁu@u SD-30 mmnmgm ASTM C136
minnneeguy ) ,
VUIANSLN TN PIRlis b PREG A3 AN
AZUNT ~ 1
NW@I'ﬁﬁTL! NANUUASLLNII NANUUASLUNIN
(g)
1193 4 0.00 0.00 0.00
1193 8 95.52 9.55 9.55
w93 16 221.08 22.11 31.66
w93 30 231.86 23.19 54.85
193 50 222.66 2227 77.11
w93 100 157.03 15.70 92.81
219 71.13 7.11 99.93
372 999.27 99.93
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M9 .13 msnszmammmazmmﬁuﬂu SD-50 Muu1a33 U ASTM C136

ihminhdseguu , ,
VUIAASLN T FRENR PRSI A BN
AZLNT 1y 1.
NT@]iﬁ”l‘Ll NANUUASLNII NANUUASLUNIN
(2)
wes 4 0.00 0.00 0.00
wes 8 93.97 9.40 9.40
w93 16 220.20 22.02 31.42
1193 30 232.39 23.24 54.66
1193 50 22573 22.57 77.23
o3 100 159.03 15.90 93.13
219 67.53 6.75 99.88
591 998.83 99.88

M99 N.14 ﬂ1§ﬂi$%18ﬂlu1ﬂﬂﬂ$ﬂlﬂﬂﬁu@u SD-75 #uu19331U ASTM C136

]
v A

imiinhAseguy \ ,
VUIAASLN T FRE b PRSI A BN
AZLNT & 1.
NT@]iﬁTL! NANUUASLNTI NANUUASLUNIN
(2
s 4 0.00 0.00 0.00
o3 8 92.02 9.20 9.20
s 16 219.09 21.91 31.11
o3 30 233.06 2331 54.42
w93 50 229.56 22.96 77.37
w93 100 161.54 16.15 93.53
219 63.03 6.30 99.83
591 998.29 99.83
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M519h n.15 ﬂTiﬂ’i%ﬂ']El*ULﬂﬂﬂagﬁUf)\‘iﬁu@u SD-100 1141195314 ASTM C136

ihminhdseguu , ,
VUIAASLN T FRENR PRSI A BN
AZLNTS 1y 1y
ll"l@]iﬁ”l‘l! NANUUASLNII NANUUASLUNIN
(2)
wes 4 0.00 0.00 0.00
wes 8 90.07 9.01 9.01
93 16 217.99 21.80 30.81
1193 30 233.72 23.37 54.18
93 50 233.39 23.34 77.52
193 100 164.04 16.40 93.92
219 58.53 5.85 99.77
59 997.74 99.77
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M3 .1 MIYUAIVOINDUNIA

FIUNANADUNIA (kg/m?)
o v A [ [ 4 = 4 a 1 a %} ﬂl ] QU@T,J
aaun | daanyel | Yudmud | nae | dudu | A 1
w/c (mm)
(kg) (kg) (kg) (kg) | (kg)
1 C 400 747 - 1003 | 240 | 0.60 150
2 C-SD15 400 635 | 15%v | 1003 | 240 | 0.60 145
3 C-SD30 400 523 30%v 1003 240 0.60 100
4 C-SD50 400 374 50%v 1003 240 0.60 &0
5 C-SD75 400 187 75%v 1003 240 0.60 55
6 C-SD100 400 - 100%v | 1003 240 0.60 45
7 C-0ODI15 400 635 | 15%v | 1003 | 240 | 0.60 100
8 C-0D30 400 532 | 30%v | 1003 | 240 | 0.60 90
9 C-0D50 400 374 | 50%v | 1003 | 240 | 0.60 60
10 C-0D75 400 187 | 100%v | 1003 | 240 | 0.60 50
11 C-0OD100 400 - 100%v | 1003 240 0.60 40
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M50 V.2 MSNATOUNITNBAIVDIABUNTA (FIUNAY C)

HANINATOUNTNOAIVOIAOUNTA TIUNTIC
Suiinaden 24-5.0.-60
quvigiiinadoy 30°C
naihdu ferfuifu 14.20 .
L A |, u3adumu(Uoud) TS CIIER AN (ﬂauﬁ/ﬁy’s)
nantunn L | N
(1) No.1 No.2 No.3 No.1 No.2 No.3 | Average
14.20
17.05 165 12 86 88 84 172 176 168 172
17.35 195 12 198 200 190 396 400 380 392
17.40 200 1/4 90 108 100 360 432 400 397
17.50 210 1/4 196 174 192 784 696 768 749
17.55 215 1/20 64 66 60 1280 1320 1200 1267
18.20 235 1/20 146 136 140 2920 2720 2800 2813
18.50 265 1/40 140 156 160 5600 6240 6400 6080
1945 320 1/50 196 198 198 9800 9900 9900 9867
Initial setting time at penetration resistance 500 psi (min) 187 188 181 185
Final setting time at penetration resistance 4000 psi (min) 257 253 248 253
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M519N V.3 MSNATOUNTNBAIVBIABUNTA (FIUNAY C-SD15)

HANINATOUNMTNOAIVOINOUNTA TIUNTIC-SDI15
Suiinaden 24-5.0.-60
auvigiiinadoy 28°C
naihdu ferfuifu 14.50 .
L A |, u3adumu(Uoud) TS CIIER AN (ﬂauﬁ/ﬁy’s)
nantunn L | N
(1) No.1 No.2 No.3 No.1 No.2 No.3 | Average
14.50
17.40 170 12 90 68 62 180 136 124 147
17.55 185 12 130 120 130 260 240 260 253
18.15 205 1/4 122 106 116 488 424 464 459
18.30 220 1/20 82 80 82 1640 1600 1640 1627
19.00 250 1/40 198 176 178 3960 3520 3560 3680
19.05 255 1/40 120 116 118 4800 4640 4720 4720
1945 295 1/50 122 120 120 6100 6000 6000 6033
20.00 310 1/50 140 138 164 7000 6900 8200 7367
Initial setting time at penetration resistance 500 psi (min) 206 183 183 191
Final setting time at penetration resistance 4000 psi (min) 263 242 235 247
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M15199 V.4 NTNATBUNITNOAIVDIADUNTA (FIUNAN C-SD30)

NANINATDUNITADAIVBIAOUNTA AIUNFIC-SD30

Suiinaden 24-5.0.-90
auvigiiinadoy 29°C
naihdu ferfuifu 15.10 .
L A |, u3adumu(Uoud) TS CIIER AN (ﬂauﬁ/ﬁy’s)
nantunn L | W
(1) No.1 No.2 No.3 No.1 No.2 No.3 | Average
15.10
18.20 190 12 136 136 136 272 272 272 272
18.40 210 1/4 152 144 150 608 576 600 595
19.05 235 1/20 130 138 136 2600 2760 2720 2693
19.20 250 1/40 104 86 100 4160 3440 4000 3867
20.00 290 1/50 106 112 126 5300 5600 6300 5733
20.30 320 1/50 150 158 160 7500 7900 8000 7800
21.00 350 1/50 176 174 161 8800 8700 8050 8517
21.20 370 1/50 180 177 170 9000 8850 8500 8783
Initial setting time at penetration resistance 500 psi (min) 193 191 188 191
Final setting time at penetration resistance 4000 psi (min) 251 254 243 249
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M15199 V.5 NINATBUNITNOAIVDIADUNTA (FIUNAN C-SD50)

HANINATOUNTNOAIVOINOUNTA TIUNTIC-SD50
Suiinaden 24-5.0.-90
auvigiiinadoy 29°C
naihdu ferfuifu 15.50 W.
L A |, u3adumu(Uoud) TS CIIER AN (ﬂauﬁ/ﬁy’s)
nantunn L | N
(1) No.1 No.2 No.3 No.1 No.2 No.3 | Average
15.50
18.25 155 12 62 70 66 124 140 132 132
18.45 175 12 138 122 130 276 244 260 260
19.05 195 1/4 118 122 118 472 488 472 477
19.20 210 1/20 82 88 82 1640 1760 1640 1680
20.00 230 1/20 200 200 200 4000 4000 4000 4000
20.20 250 1/40 190 150 186 7600 6000 7440 7013
20.25 300 1/50 154 142 168 7700 7100 8400 7733
20.45 320 1/50 184 192 178 9200 9600 8900 9233
Initial setting time at penetration resistance 500 psi (min) 172 175 174 174
Final setting time at penetration resistance 4000 psi (min) 247 227 228 234
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M15199 V.6 NINATBUNITNOAIVDIADUNTA (FIUNAN C-SD75)

HANMINATOUNTNOAIVOINOUNIA TIUNTIC-SDT5
Suiinaden 24-5.9.-90
uvgiiinadey 28°C
naihdu ferfuifu 17.00 W.
. PN | u3adumu(oud) MUBLUTIATY (ﬂauﬁ/f’;)
nANTuUNN L | Nuhdm
(1) No.1 No.2 No.3 No.1 No.2 No.3 | Average
17.00
19.10 130 1/2 46 46 46 92 92 92 92
19.30 150 12 120 112 118 240 224 236 233
19.50 170 1/4 112 106 118 448 424 472 448
20.20 200 1/20 106 110 122 | 2120 | 2200 | 2440 | 2253
20.35 215 1/40 80 78 82 3200 3120 3280 3200
20.55 235 1/40 130 146 148 5200 5840 5920 5653
21.15 255 1/50 122 126 124 6100 6300 6200 6200
21.40 280 1/50 150 164 160 7500 8200 8000 7900
Initial setting time at penetration resistance 500 psi (min) 163 162 159 161
Final setting time at penetration resistance 4000 psi (min) 228 215 223 222
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M1519N 1.7 NINATBUNITNOAIVIABUNTA (FIUNAN C-SD100)

HANSNATOUNTNOAIVOINOUNIA TIUNTIC-SD100
Suiinaden 24-5.9.-90
uvgiiinadey 29°C
naihdu ferfuifu 17.30 .
. PN | u3adumu(oud) MUBLUTIATY (ﬂauﬁ/f’;)
nANTuUNN L | Nuhdm
(1) No.1 No.2 No.3 No.1 No.2 No.3 | Average
17.30
19.55 145 1/2 70 74 74 140 148 148 145
20.20 160 12 152 138 162 304 276 324 301
20.40 180 1/4 124 148 150 496 592 600 563
21.10 210 1/20 134 146 144 | 2680 | 2920 | 2880 | 2827
21.30 230 1/40 90 114 92 3600 4560 3680 3947
21.50 250 1/40 136 158 158 5440 6320 6320 6027
22.30 290 1/50 122 146 150 6100 7300 7500 6967
23.20 340 1/50 166 160 168 8300 8000 8400 8233
Initial setting time at penetration resistance 500 psi (min) 164 175 168 169
Final setting time at penetration resistance 4000 psi (min) 238 222 226 229
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M15199 V.8 NINATBLUNITNOAIVDIADUNTA (FIUNEN C-OD15)

HANMINATOUNMITNOAIVOINOUNTA TIUNFIC-ODIS
Sufinaaou 23-5.9.-60
auvigiiinadoy 25°C
naihdu ferfuifu 17.20 .
. U | usadumu@oud) TS IIER AN (ﬂauﬁ/ﬁa)
nantunn L | i
(vm) No.l | No2 | No3 | Nol | No2 | No3 | Average
17.20
20.00 160 1/2 32 34 30 64 68 60 64
20.50 210 1/2 144 136 150 288 272 300 287
21.20 240 1/4 152 162 166 608 648 664 640
2145 265 1/20 110 150 112 2200 3000 2240 2480
22.30 310 1/40 116 160 128 4640 6400 5120 5387
23.20 360 1/50 144 158 140 7200 7900 7000 7367
23.50 390 1/50 166 168 168 8300 8400 8400 8367
Initial setting time at penetration resistance 500 psi (min) 220 221 215 205
Final setting time at penetration resistance 4000 psi (min) 303 279 299 279
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M15199 V.9 NINATBUNITNOAIVDIADUNTA (FIUNEN C-OD30)

HANINATOUNITNOAIVOIADUNTA TIUNTIC-OD30
Sufinaaou 23-5.9.-60
uvigiiinadoy 25°C
nmﬁﬁyﬁuﬁaﬁ’uﬂ,u 18.00 1.
. N |, usadumuouq) wieusad loudiig
namiunn L |
() No.l | No2 | No3 | Nol | No2 | No3 | Average
18.00
21.00 180 1/2 54 54 44 108 108 88 101
21.30 210 1/2 166 112 100 332 224 200 252
21.50 230 1/4 136 112 104 544 448 416 469
22.30 270 1/20 152 106 126 3040 2120 2520 2560
22.55 295 1/40 140 132 120 5600 5280 4800 5227
23.30 330 1/50 118 114 114 5900 5700 5700 5767
23.50 350 1/50 129 140 144 6450 7000 7200 6883
Initial setting time at penetration resistance 500 psi (min) 211 199 205 215
Final setting time at penetration resistance 4000 psi (min) 290 272 268 277
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15199 V.10 MINAADUNTADAIVDIADUAIN (AIUNFY C-OD50)

NANINATOUNITADAIVBIAOUNTA AIUNFIC-ODS0

Suiinaaeu 23-5.0.-60
auvigiiinadoy 24.5°C
naihdu ferfuifu 18.35U.
i |2 .. usadumuloud) mieus s (eud/i)
AMNUUNN NAIA(UY WUNY
No.1 No.2 No.3 No.1 No.2 No.3 Average
18.35
21.55 200 1/2 90 50 54 180 100 108 129
22.20 225 1/2 124 110 116 248 220 232 233
22.35 240 1/4 126 84 80 504 336 320 387
22.50 255 1/4 168 118 136 672 472 544 563
23.25 290 1/20 146 116 130 2920 2320 2600 2613
24.00 325 1/40 126 106 138 5040 4240 5520 4933
24.20 345 1/50 104 100 140 5200 5000 7000 5733
24.50 375 1/50 168 150 164 8400 7500 8200 8033
Initial setting time at penetration resistance 500 psi (min) 220 231 229 227
Final setting time at penetration resistance 4000 psi (min) 296 301 293 282
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15199 V.11 MINAADUNTADAIVDIADUANIN (AIUNFY C-OD75)

NANINATDLUNITADAIVBIADOUNTA AIUNTIC-ODTS

Tuiinadol 23-5.0.-60
uvigiiinadoy 24°C
nmﬁﬁyﬁuﬁaﬁ’uﬂ,u 19.15 .
L | usadmumn(Jous) wieus s (Weusii)
AMNUUND NI WUNY
No.1 No.2 No.3 No.1 No.2 No.3 | Average
19.15
23.00 225 12 74 86 80 148 172 160 160
23.25 250 12 162 146 162 324 292 324 313
23.55 280 1/4 132 138 176 528 552 704 595
24.25 310 1/20 108 126 164 2160 2520 3280 2653
24.50 335 1/40 108 108 126 4320 4320 5040 4560
1.30 375 1/50 110 104 120 5500 5200 6000 5567
2.00 405 1/50 144 165 166 7200 8250 8300 7917
Initial setting time at penetration resistance 500 psi (min) 220 225 230 226
Final setting time at penetration resistance 4000 psi (min) 290 285 294 290
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M15199 V.12 MINAADVMITNDAIVDIADUNIA (AIUNFY C-OD100)

HANINATOUNTNOAIVOINOUNTA TIUNTIC-OD100
Sufinaaou 23-5.9.-60
uvigiiinadoy 24°C
nmﬁﬁyﬁuﬁaﬁ’uﬂ,u 19.50 .
. TR | usadumuouq) wieusad loudiig
namiunn L |
() No.l | No2 | No3 | Nol | No2 | No3 | Average
19.50
23.30 220 1/2 146 172 122 292 344 244 293
23.50 240 1/4 134 148 134 536 592 536 555
24.25 265 1/20 122 114 110 2440 2280 2200 2307
24.50 290 1/40 102 140 100 4080 5600 4000 4560
1.50 350 1/50 108 120 110 5400 6000 5500 5633
2.20 380 1/50 158 164 146 7900 8200 7300 7800
2.50 410 1/50 188 184 178 9400 9200 8900 9167
Initial setting time at penetration resistance 500 psi (min) 210 210 214 233
Final setting time at penetration resistance 4000 psi (min) 285 271 292 298
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M3197 .13 wananadoumaioalszavuenouniniey 1 Ju

=

1 % lagnsluasazangyuun

HansNATUNAWw ALz aBveINOUNINA

dauney | 4 it | 4 fui | dhwin | fdesadszde| MEWA | dusdemdisa

v o | TufHAY f081aN

yanyal naaol (em?) (kg) (kN) (MPa) (MPa)
1 100 2.34 119.1 11.91

C 9/12/60 | 10/12/60 2 100 2.34 117.8 11.78 11.88

3 100 234 119.5 11.95
1 100 2.32 137.8 13.78

C-SD15 |14/12/60 | 15/12/60 2 100 2.36 138.7 13.87 13.88
3 100 2.34 139.9 13.99
1 100 2.34 116.6 11.66

C-SD30 |14/12/60 | 15/12/60 2 100 2.38 140.0 14.00 14.0
3 100 2.34 1445 14.45
1 100 2.34 116.5 11.65

C-SD50 |14/12/60 | 15/12/60 2 100 2.32 119.8 11.98 14.05
3 100 232 122.4 12.24
1 100 2.32 140.5 14.05

C-SD75 | 2/12/60 | 3/12/60 2 100 2.36 127.7 12.77 15.11
3 100 2.36 102.6 10.26
1 100 2.34 170.6 17.06

C-SD100 | 3/12/60 | 4/12/60 2 100 2.38 151.1 15.11 15.90
3 100 2.36 166.9 16.69
1 100 2.34 98.9 9.89

C-OD15 | 4/12/60 | 5/12/60 2 100 2.32 94.1 9.41 12.20
3 100 2.36 68.5 6.85
1 100 2.34 140.1 14.01

C-0D30 | 5/12/60 | 6/12/60 2 100 2.34 122.00 12.2 12.66
3 100 2.34 131.1 13.11
1 100 0.00 119.8 11.98

C-OD50 | 6/12/60 | 7/12/60 2 100 2.34 119.7 11.97 12.61
3 100 2.32 1324 13.24
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M3197 .13 wansnadoumaioalszdsussnouniaiony 1 U (Av)

=

i 15 Tasurlunsazaneifuam

wamsnageumadalszasvesnounin
damen | i | fui | dhmin | Adesadszd| mdda | Aumdeiidasa
v o | MuNNEY CPLIANT
yanyu nagou (cm?) (kg) (kN) (MPa) (MPa)
1 100 2.34 145.5 14.55
C-0D75 | 7/12/60 | 8/12/60 2 100 2.34 141.1 14.11 13.90
3 100 2.32 139.00 13.9
1 100 2.34 108.8 10.88
C-OD100 | 8/12/60 | 9/12/60 2 100 2.34 119.00 119 14.11
3 100 2.34 113.6 11.36
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M3197 .14 aMInadoumaioalszavuesnouninieiy 7 Ju

wamsnageuiasonlszagvesneunsai 7 3u lasuslumsazarwyuvnn

£l

v

daumen | fuit | | Al | dwin | Mddmlszde| Sideda | Aundedidda

] NG A70819%

ganyu nAToU (cm?) (kg) (kN) (MPa) (MPa)
1 100 234 286.2 28.62

C 9/12/60 | 16/12/60 | 2 100 238 2282 22.82 2327

3 100 236 237.1 2371
1 100 238 3173 31.73

C-SDI5 |14/12/60 | 21/12/60 | 2 100 240 263.3 26.33 24.92
3 100 240 3222 32.22
1 100 238 2412 24.12

C-SD30 |14/12/60 | 21/12/60 | 2 100 232 259.8 25.98 2545
3 100 234 2492 24.92
1 100 234 241.0 24.10

C-SD50 |14/12/60|21/12/60 | 2 100 2.36 2516 25.16 25.78
3 100 234 25738 25.78
1 100 238 214.5 2145

C-SD75 | 2/12/60 | 9/12/60 | 2 100 238 258.1 25.81 25.81
3 100 242 237.0 237
1 100 242 240.6 24.06

C-SD100 | 3/12/60 | 10/12/60 | 2 100 236 288.9 28.89 26.48
3 100 238 320.7 32.07
1 100 234 2658 26.58

C-ODI5 | 4/12/60 | 11/12/60 | 2 100 232 264.1 26.41 24.00
3 100 2.36 263.5 2635
1 100 234 2684 26.84

C-0D30 | 5/12/60 | 12/12/60 | 2 100 238 2782 27.82 24.55
3 100 246 189.9 18.99
1 100 234 286.7 28.67

C-0D50 | 6/12/60 | 13/12/60 | 2 100 238 273.8 27.38 25.50
3 100 238 2716 27.16
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M3197 .14 Hansnadoumaioalszasussnouniniely 71U (Av)

wamsnageuiasonlszasvesnounsai 7 3u lasuslumsazareuvnn

=

damen | i | fuit | dhmin | Adesadszde| MAR | dusdeidasa
o o | TuiHEY A70619%
yanyl nagoy (em?) (kg) (kN) (MPa) (MPa)
1 100 236 2878 28.78
C-OD75 | 7/12/60 | 14/12/60 | 2 100 246 199.8 19.98 25.51
3 100 236 265.6 26.56
1 100 236 2817 28.17
C-OD100 | 8/12/60 | 15/12/60 | 2 100 244 162.1 1621 24.10
3 100 236 200.2 20.02
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M3197 .15 Nananadoumassalszdvuesnouniniiony 14 Ju

wamsnageumasdailszasvesneuniai 14 Ju laguylumsazarefuvd

y

Y

dwmay | fuit |, 4| Wit | donin | Sidesmlszde| midese | Aundemidase

Lo | ke CRLIANT

yanyal nagey (cm?) (kg) (kN) (MPa) (MPa)
1 100 236 2727 27.27

C 9/12/60 | 23/12/60 2 100 234 315 315 27.27

3 100 242 273.9 27.39
1 100 238 276.3 27.63

C-SD15 [14/12/60| 28/12/60 2 100 24 330.1 33.01 28.49
3 100 238 355.1 3551
1 100 236 263.5 26.35

C-SD30 |14/12/60| 28/12/60 2 100 24 266.9 26.69 29.41
3 100 232 276.1 27.61
1 100 236 253.7 2537

C-SD50 |14/12/60| 28/12/60 2 100 24 161.2 16.12 29.56
3 100 238 277.1 27.71
1 100 238 305.2 30.52

C-SD75 | 2/12/60 | 16/12/60 2 100 24 261.6 26.16 30.52
3 100 2.4 247.7 24.77
1 100 2.38 3509 35.09

C-SD100 | 3/12/60 | 17/12/60 2 100 236 325.0 325 32.53
3 100 2.38 325.5 32.55
1 100 2.36 310.1 31.01

C-OD15 | 4/12/60 | 18/12/60 2 100 236 281.3 28.13 28.13
3 100 234 298.6 29.86
1 100 24 259.5 25.95

C-0D30 | 5/12/60 | 19/12/60 | 2 100 2.4 296.8 29.68 2826
3 100 236 2593 25.93
1 100 238 2854 28.54

C-OD50 | 6/12/60 |20/12/60 2 100 236 313 313 28.54
3 100 2.46 198 19.8
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M3197 .15 KaMInadoumaioalizavueinouniniely 14 u (#v)

wamsnageumasoalszasvesnounini 14 3u laanylumsazaayuvd

e | i | fuit | dhmin | Adesadszde| MAR | dusdeidasa
o o o|TuiiHEY A70619%
yanyl nagoy (em?) (kg) (kN) (MPa) (MPa)
1 100 236 284.5 28.45
C-OD75 | 7/12/60 | 21/12/60 | 2 100 24 3252 32.52 29.77
3 100 238 3108 31.08
1 100 236 307 30.7
C-OD100 | 8/12/60 | 22/12/60 | 2 100 234 303 30.3 30.50
3 100 236 257.1 25.71
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M3197 .16 KaMINadoumMaIvalszdvuesnouniniiony 28 Ju

wamsnaaeumasdnlszduvesneunsni 28 Tu laauyluaisazaneyuun

y

Y

dwmay | fuit |, 4| Wit | donin | Sidesmlszde| midese | Aundemidase

Lo | ke CRLIANT

yanyal nagey (cm?) (kg) (kN) (MPa) (MPa)
1 100 238 341.7 34.17

C 9/12/60 | 6/1/61 2 100 238 356.6 35.66 30.02

3 100 236 310.2 31.02
1 100 236 273.2 27.32

C-SD15 [14/12/60| 11/1/61 2 100 236 284.9 28.49 31.16
3 100 238 311.6 31.16
1 100 238 250.5 25.05

C-SD30 |[14/12/60| 11/1/61 2 100 238 260.9 26.09 31.21
3 100 238 3121 3121
1 100 234 232.6 2326

C-SD50 | 14/1/60 | 11/1/61 2 100 236 314.1 3141 3141
3 100 234 2184 21.84
1 100 236 302.1 30.21

C-SD75 | 2/12/60 | 30/12/60 2 100 24 3294 32.94 3294
3 100 238 305.5 30.55
1 100 242 2894 28.94

C-SD100 | 3/12/60 | 31/12/60 2 100 24 335.1 3351 33.51
3 100 24 237.9 23.79
1 100 2.36 3255 32.55

C-OD15 | 4/12/60 | 1/1/61 2 100 24 281.1 28.11 30.33
3 100 238 282.6 28.26
1 100 2.38 359.5 35.95

C-0D30 | 5/12/60 | 2/1/61 2 100 2.4 308.9 30.89 30.89
3 100 238 352.1 3521
1 100 238 2913 29.13

C-OD50 | 6/12/60 | 3/1/61 2 100 236 348.6 34.86 30.71
3 100 2.46 281.5 28.15
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M3197 U.16 NaMINadouMaIoalizavueinounIney 28 U (7o)

wamsnaaeumadalszduvesneunsaii 28 Tu lagurluasazagyuun

druna r Tl L fui | dhwin | fdesadszd| mdda | Aumdeidisa
v o o|UNREN RGLANT
yanyu nagou (cm?) (kg) (kN) (MPa) (MPa)
1 100 2.36 315.1 31.51
C-OD75 | 7/12/60 | 4/1/61 2 100 24 301.1 30.11 31.23
3 100 238 279 27.9
1 100 236 306.5 30.65
C-OD100 | 8/12/60 | 5/1/61 2 100 234 316.8 31.68 31.68
3 100 2.36 297.6 29.76
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M3197 .17 Kamanadoumaioalszdvuenouniniiony 56 Ju

wamsnaaeumasdnlszduvesneunini 56 T lagurluaisazaneyuun

y

Y

daumen | fuit |, 4| Wit | donin | Sidesmlszde| midese | Aundemidase

] kMY RLERRT

wanyul NAToU (em®) (kg) (kN) (MPa) (MPa)
1 100 236 3563 35.63

C 9/12/60 | 3/2/61 2 100 238 361 36.1 31.23

3 100 238 3123 31.23
1 100 238 32522 32.52

C-SDI5 | 14/12/60 | 8/2/61 2 100 238 321.6 32.16 32.16
3 100 236 383 38.3
1 100 24 3237 32.37

C-SD30 |14/12/60| 8/2/61 2 100 24 318 318 33.37
3 100 236 287.7 28.77
1 100 234 3443 3443

C-SD50 |14/12/60| 8/2/61 2 100 24 3133 3133 33.46
3 100 234 3463 34.63
1 100 24 324 324

C-SD75 | 2/12/60 | 27/1/61 2 100 236 3473 34.73 34.73
3 100 236 3254 32.54
1 100 24 348.4 34.84

C-SD100 | 3/12/61 | 28/1/61 2 100 246 3424 34.24 3521
3 100 24 352.1 3521
1 100 236 308.5 30.85

C-ODI5 | 4/12/60 | 29/1/61 2 100 238 325 325 31.68
3 100 238 282 282
1 100 2.36 352.6 35.26

C-0D30 | 5/12/60 | 30/1/61 2 100 252 333.7 33.37 31.23
3 100 236 336.1 33.61
1 100 236 351.7 35.17

C-0D50 | 6/12/60 | 31/1/61 2 100 238 3123 31.23 32,99
3 100 242 3256 32.56
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M3197 .17 KaMsnadoumaioalizasueinouniniey 56 1u (Av)

wamsnageuMasdalszasvesnouninii 56 3u laanylumsazaayuvd

damen | i | fui | dhmin | Adesadszd| mdda | Aumdeiidasa
v o o|TuNHAY RLIANT
yanyu nagou (cm?) (kg) (kN) (MPa) (MPa)
1 100 24 3342 3342
C-0D75 | 7/12/60 | 1/2/61 2 100 24 3433 34.33 33.42
3 100 242 3673 36.73
1 100 2.38 3433 34.33
C-OD100 | 8/12/60 | 2/2/61 2 100 242 354 354 34.33
3 100 242 273.5 27.35
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M5197 .18 HANIINAADUAAIANFAVIADUNTAN 28 1

o_w =K T a G d' v
NANIINATIUNIAIAINIBNUDIADUNIAN 28 IU Tﬂmw"lmmnzmmumn

EELLELY I Tuit S s W | i fasns MaA | dupdamidana

v o o[ Yufiman fMegai

agyanyal nagou (cm?) (kg) (kN) (MPa) (MPa)
1 176715 | 12.64 2033 11.50

C 9/12/60 | 6/1/61 2 176715 | 12.70 2252 12.74 11.50

3 176.715 12.68 207.2 11.73
1 176.715 12.68 170 9.62

C-SDI5 | 14/12/60 | 11/1/61 2 176.715 | 12.58 201.4 11.40 11.79
3 176715 | 12.64 208 11.77
1 176.715 12.74 208.7 11.81

C-SD30 | 14/12/60 | 11/1/61 2 176715 | 12.86 180.1 10.19 11.81
3 176.715 12.56 184.4 1043
1 176.715 12.70 198.4 11.23

C-SD50 | 14/12/60| 11/1/61 2 176.715 12.76 2393 13.54 12.38
3 176715 | 12.58 1543 8.73
1 176.715 12.72 229.1 12.96

C-SD75 | 2/12/60 | 30/12/60 2 176715 | 12.72 2124 12.02 12.49
3 176.715 13.02 150.7 8.53
1 176715 | 12.84 2131 12.06

C-SD100 | 3/12/60 | 31/12/60 Q 176.715 12.80 2259 12.78 12.95
3 176.715 12.68 180.8 10.23
1 176.715 12.72 195.3 11.05

C-OD15 | 4/12/60 | 1/1/61 2 176.715 12.86 183.2 10.37 11.56
3 176715 | 12.72 2344 13.26
1 176715 | 12.84 138.1 7.81

C-0OD30 | 5/12/60 | 2/1/61 2 176.715 12.72 199 11.26 11.85
3 176.715 12.58 219.7 1243
1 176.715 12.70 2442 13.82

C-OD50 | 6/12/60 | 3/1/61 2 176.715 12.62 194.6 11.01 12.30
3 176715 | 12.62 190.6 10.79
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d‘ o w =K L= G d' [ 1
AITNN V.18 HANITNATDUNIAIANHNIENUDIADUNTIAN 28 U (§1D)

o_w K A = d' U
NANINATDUNAIAINIBAVIIADIUNIAN 28 TN Iﬂﬂ!!‘lﬂ‘i«!ﬁ1iﬁ$ﬁ1ﬂﬂ1«!%1?

dounan | Wi WuRt | i | Sdsdalszde | MEWA | dypdeidas

o o | Fudinan feenadl

agyanyal nagou (cm?) (kg) (kN) (MPa) (MPa)
1 176.715 | 12.70 244.2 13.82

C-0D50 | 6/12/60 | 3/1/61 2 176.715 | 12.62 194.6 11.01 12.30
3 176715 | 12,62 190.6 10.79
1 176.715 | 13.04 191.6 10.84

C-0D75 | 7/12/60 | 4/1/60 2 176.715 | 12.68 2253 12.75 12.32
3 176.715 | 12.80 210 11.88
1 176715 | 1276 229 12.96

C-0D100| 8/12/60 | 5/1/61 2 176715 | 12.72 2276 12.88 12.88
3 176.715 | 12.86 228.1 12,91
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M3197 .19 #AN1INAADUMAIAENFAVIADUNTAN 56 11

CRITe r it Y s W | i fasns MaA | dupdamdana

v o o] Tuiiman foEaN

ayanyal nagey (emd) (kg) (kN) (MPa) (MPa)
1 176.715 12.74 211.6 11.97

C 9/12/60 | 3/2/61 2 176.715 12.80 223.7 12.66 11.97

3 176.715 12.64 237.7 13.45
1 176.715 12.70 2232 12.63

C-SDI5 |14/12/60 | 8/2/61 2 176.715 | 12.78 209.4 11.85 12.63
3 176.715 | 12.84 211.1 11.95
1 176.715 12.70 2219 12.56

C-SD30 | 14/12/60| 8/2/61 2 176.715 12.60 2329 13.18 12.87
3 176.715 12.88 247.7 14.02
1 176.715 12.88 230.4 13.04

C-SD50 | 14/12/60| 8/2/61 2 176.715 | 12.92 221.1 12.51 13.04
3 176.715 | 12.68 2448 13.85
1 176.715 12.64 200 11.32

C-SD75 | 2/12/60 | 27/1/60 2 176715 | 12.84 172 9.73 13.28
3 176.715 12.74 228 12.90
1 176715 | 1274 237 13.41

C-SD100 | 3/12/60 | 28/1/61 2 176715 | 13.10 225 12.73 1341
3 176.715 12.82 224 12.68
1 176.715 12.78 217.8 12.32

C-ODI15 | 4/12/60 | 29/1/61 2 176715 | 12.68 2497 14.13 12.32
3 176.715 12.70 218.2 12.35
1 176715 | 12.76 177.4 10.04

C-0OD30 | 5/12/60 | 30/1/61 2 176.715 12.58 240.2 13.59 12.65
3 176.715 12.58 223.6 12.65
1 176.715 12.80 241.3 13.65

C-OD50 | 6/12/60 | 31/1/61 2 176.715 12.56 2272 12.86 12.86
3 176.715 12.96 236 13.35
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d‘ o w =K L= G d' [ v
AITNN V.19 HANITNATDUNIAIANHNIENUDIADUNTAN 56 U (§1D)

o_w K A = d' U
NANINATDUNAIAINIBAVIIADIUNIAN 56 IU Tﬂmw“lumiazamﬂumn

dounan | Wil WuRt | i | drdd Mishe | dundemisie
N e feenadl
aeyanyal nagou (cm?) (kg) (kN) (MPa) (MPa)
1 176.715 | 12.74 213 12.05
C-0D75 | 7/12/60 | 1/2/61 2 176.715 | 1276 246.5 13.95 13.00
3 176.715 | 1278 256.5 14.51
1 176.715 | 12.82 239.6 13.56
C-0D100 | 8/12/60 | 2/2/61 2 176.715 | 13.10 232.1 13.13 13.13
3 176.715 | 1276 2512 1421
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MANHIN A
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M13191 A.1 MIradvee Iadidueanes

Yy
A3

Y] a2 v dyY d Y
n]ﬁﬂﬂa’ﬂ‘].lﬂ15ﬂﬂﬂ3!!1|‘u@@1ﬂ@uﬁmﬂ@uf’)iﬂ]i (308101%)

4 o Y . 218(3M)
Maun yanyol
1 3 7 14 28 56 80
1 M 0.000 | 0.001 | 0.003 | 0.012 | 0.026 | 0.033 | 0.049
2 M-SD15 0.000 | 0.003 | 0.006 | 0.014 | 0.020 | 0.029 | 0.044
3 M-SD30 0.000 | 0.004 | 0.009 | 0.010 | 0.022 | 0.025 | 0.044
4 M-SD50 0.000 | 0.005 | 0.010 | 0.012 | 0.021 | 0.024 | 0.045
5 M-SD75 0.000 | 0.000 | 0.003 | 0.006 | 0.018 | 0.025 | 0.036
6 M-SD100 | 0.000 | 0.001 | 0.002 | 0.008 | 0.021 | 0.025 | 0.040
7 M-OD15 | 0.000 | 0.002 | 0.006 | 0.008 | 0.012 | 0.031 | 0.043
8 M-OD30 | 0.000 | 0.001 | 0.006 | 0.010 | 0.018 | 0.026 | 0.037
9 M-OD50 | 0.000 | 0.002 | 0.007 | 0.011 | 0.016 | 0.024 | 0.037
10 M-OD75 | 0.000 | 0.003 | 0.003 | 0.007 | 0.014 | 0.022 | 0.040
11 M-OD100 0.000 | 0.001 | 0.002 | 0.005 | 0.015 | 0.021 | 0.034
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tﬁ’ (J Y d Y o
AN A.2 NITHARNILVUUNIVOINDTAT

o Jd Y J Y
ﬂ]ﬁﬂﬂﬁf’)ﬂﬂ15°ﬂﬂﬂ’ﬂﬂﬂ§3Nsllf’)ﬂilﬂﬁ?nﬁ (30812)

o o o . 218(3Y)
aaun Yyanuol
1 3 7 14 28 56 80
1 M 0.000 | 0.002 | 0.018 | 0.037 | 0.048 | 0.059 | 0.077
2 M-SD15 0.000 | 0.014 | 0.021 | 0.033 | 0.041 | 0.050 | 0.082
3 M-SD30 0.000 | 0.016 | 0.028 | 0.035 | 0.051 | 0.057 | 0.089
4 M-SD50 0.000 | 0.019 | 0.027 | 0.034 | 0.036 | 0.055 | 0.089
5 M-SD75 0.000 | 0.012 | 0.019 | 0.038 | 0.037 | 0.054 | 0.081
6 M-SD100 0.000 | 0.013 | 0.015 | 0.030 | 0.042 | 0.050 | 0.082
7 M-OD15 0.000 | 0.007 | 0.019 | 0.030 | 0.035 | 0.053 | 0.080
8 M-0D30 0.000 | 0.008 | 0.025 | 0.037 | 0.044 | 0.053 | 0.090
9 M-0D50 0.000 | 0.004 | 0.016 | 0.032 | 0.039 | 0.053 | 0.075
10 M-OD75 0.000 | 0.013 | 0.018 | 0.031 | 0.041 | 0.058 | 0.091
11 M-OD100 0.000 0.012 0.019 0.032 0.038 0.054 0.085
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13197 1.3 MINAAS UBIUFUUDIADUNTAN 28 T

msnageumsihamivedulasmsergmsurludoumsuendn 28 Tu ()

o § o o a ¢ o
oL Aumdaimmsiaanuanmsiamsuaty .3
yanwal Aunde
1 2 3 4 5 6 7 8 9 10 11 12

Do
=
(=
=D.

1 M 9 8 12 10 11 8 9 10 13 11 10 14 10417

2 M-SD15 12 7 8 9 7 11 14 9 10 13 6 8 9.500

3 M-SD30 14 13 8 9 12 6 9 10 7 9 7 12 9.667

4 M-SD50 10 8 8 10 15 13 10 10 11 13 7 11 10.500

5 M-SD75 13 9 10 8 8 14 8 16 9 12 8 14 10.750

6 M-SD100 8 10 9 10 8 12 11 14 9 10 9 9 9917

7 M-OD15 11 8 7 10 7 7 11 11 8 8 10 12 9.167

8 M-OD30 12 9 8 12 10 11 9 10 14 10 11 14 10.833

9 M-0OD50 10 9 9 13 12 14 11 9 13 9 9 8 10.500

10 M-OD75 11 11 11 12 10 13 9 8 11 8 13 8 10.417

11 | M-OD100 | 11 9 12 11 13 14 13 12 10 11 14 8 11.500
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19197 A.4 MIDAMSVDIUTUUDIADUNTAT 70 T

msmﬁaumizﬁﬂﬂﬁm)m%"uiﬂﬂmie1qn1ssw“lué'auﬂ1‘§umwf;’u 70 W (W)
R fumsdsiimnsTanaa@nmsdamivendu —
MAUN| deyanwal NBEL
1 2 | 3 4 | s 6 | 7| 8| 9 |10 11|12
1 M 19 18 20 19 20 19 18 18 20 19 20 20 19.17
2 | M-SDIS | 19 | 20 | 18 | 18 [ 18 | 18 | 19 | 18 [ 21 | 18 | 18 | 19 | 1867
3 M-SD30 18 18 19 17 17 19 20 19 18 19 19 20 18.58
4 | M-SD50 | 19 | 18 | 18 [ 19 [ 18 [ 19 | 21 | 18 | 19 | 19 | 17 | 17 | 1850
5 | M-SD75 | 20 | 20 | 18 [ 21 | 20 | 20 | 23 | 21 [ 19 | 20 | 18 | 19 | 1992
6 M-SD100 | 18 19 19 18 17 19 18 17 18 18 17 17 17.92
7 | M-ODIS | 19 | 18 [ 19 [ 19 | 17 | 17 | 18 | 18 [ 20 | 18 | 16 | 16 | 1792
8 | M-OD30 [ 19 [ 20 [ 19 | 22 | 21 | 20 [ 18 | 19 | 20 | 20 | 18 | 17 | 1942
9 | M-OD50 | 21 | 19 | 20 | 20 | 18 | 19 | 20 [ 18 [ 20 [ 19 | 19 | 18 | 1925
10 M-OD75 19 17 17 20 18 19 19 18 18 18 18 19 18.33
11 |M-0D100| 21 | 18 | 20 [ 19 | 19 | 19 | 20 | 19 [ 21 | 21 | 20 | 19 | 19.67

116




~ v = P
MINN A5 f"l']nJ@nTﬁ/nuﬂTilLV]ﬁﬂqﬁuﬂﬁﬂ]’lﬁﬂ

ﬂ'li‘ﬂﬂ’ST@‘IJﬂ’J1Nﬁ1uﬂ1uﬂ1i!!ﬂiﬂ‘§uﬂﬂ®‘1§ﬁ

Uszglflundeundu (asuni)

S Faydnyol . . .

il A2 nae
1 C 16151 13649 14900
2 C-SD15 16729 14372 15550
3 C-SD30 16724 14378 15551
4 C-SD50 19032 13069 16051
5 C-SD75 19032 15076 17054
6 C-SD100 20824 14077 17450
7 C-OD15 13409 12919 13164
8 C-0D30 14278 12817 13547
9 C-0D50 15076 11546 13311
10 C-OD75 13649 13649 13649
11 C-0D100 13069 14378 13724
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(W31.)
o4 oY . 218(3)
S1aun Yyanual
1 3 7 14 28 56
1 M 0.000 | 0.018 | 0.019 | 0027 | 0.029 | 0.030
2 M-SD15 0.000 | 0.015 | 0.023 | 0.028 | 0.031 | 0.033
3 M-SD30 0.000 | 0.022 | 0.024 | 0034 | 0038 | 0.040
4 M-SD50 0.000 | 0.018 | 0.022 | 0.029 | 0.032 | 0.035
5 M-SD75 0.000 | 0.021 | 0.025 | 0030 | 0.033 | 0.037
6 M-SD100 0.000 0.018 0.021 0.028 0.029 0.031
7 M-OD15 0.000 0.012 0.016 0.018 0.019 0.024
8 M-0D30 0.000 0.019 0.022 0.025 0.026 0.031
9 M-0D50 0.000 0.019 0.021 0.024 0.026 0.033
10 M-0OD75 0.000 0.017 0.020 0.023 0.027 0.037
11 M-0OD100 0.000 0.011 0.018 0.020 0.023 0.030
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Title: Mechanical Properties of Lightweight Mortar Using Rice Husk Ash to Replace
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Authors: Chadchol Kamnerdpan Rattapon Somna Chalermkiat Ittidetphong

Kiatsuda Somna Jeerasak Supromwan and Saksit Pantawee
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Title: Effect of Exposed Temperatures and Durations on Strengths of Concrete
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|
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Khomobklang Proramet Petla and Tharin Deesawat

Session 4
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Authors: Suwan Omcheb Pitisan Krammart and Nirachorn Nokkaew
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CEMENTITIOUS PROPERTIES OF CONCRETE AND AUTOGENOUS AND DRYING
SHRINKAGES OF MORTAR USING DUST STONE INSTEAD OF SAND

Suwan Orncheb, Pitisan Krammart* and Nirachorn Nokkaew

Department of Civil Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanyaburi
*Corresponding author; E-mail address: pitisan. k@en.rmutt.ac.th

Abstract

This paper aimed to study the slump, setting time, compressive strength and splitting tensile
strength of concrete and autogenous and drying shrinkages of mortar when using dust stone (DS)
instead of sand. The DS at 0, 15, 30, 50, 75 and 100 percent replacement by volume was applied.
Two types of DS were used including DS from site through sieve No. 4 (OD) and another one having
gradation according to ASTM C33 (SD). The results showed that the slump of DS concrete had less
than that of concrete with plain sand. The slump of OD concrete was much more likely than that of
SD concrete. Additional, the setting time of DS concrete was no difference when compared with
that of concrete with plain sand. While the setting time of OD concrete had longer than that of
concrete with plain sand. Besides, the compressive and splitting tensile strengths of DS concrete
had more than those of concrete with plain sand. The compressive and splitting tensile strengths of
SD concrete were much more likely than those of OD concrete. Moreover, the autogenous of DS
mortar had more than that of mortar with plain sand. The autogenous of SD mortar was no
difference with of SO mortar. Finally, the drying shrinkage of DS mortar was no difference when
compared with that of concrete with plain sand.

Keywords : Dust stone, cementitious properties, autogenous shrinkage, drying shrinkage
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Abstract

This paper aimed lo study the slump, setting time, compressive strength and splitting tensile strength of concrete and
autogenous and drying shrinkages of mortar when using dust stone (DS) instead of sand. The DS at 0, 15, 30, 50, 75 and 100 percent
replacement by volume was applied. Two types of DS were used including DS from site through sieve No. 4 (OD) and another one
having gradation according to ASTM C33 (SD). The results showed that the slump of DS concrete had less than that of concrete with
plain sand. The slump of OD concrete was much more likely than that of SD concrete. Additional, the setting time of DS concrete was
no difference when compared with thal of concrete with plain sand. While the setting time of OD concrete had longer than that of
concrete with plain sand. Besides, the compressive and splitting tensile strengths of DS concrete had more than those of concrete with
plain sand, The compressive and splitting tensile strengths of SD concrete were much more likely than those of OD concrete.
Morecver, the autogenous of DS mortar had more than that of mortar with plain sand. The autogenous of SD mortar was no difference
with of SO mortar. Finally, the drying shrinkage of DS mortar was no differance when compared with that of concrete with plain sand.

Keywords: Dust stone, cementitious properties, autogenous shrinkage, drying shrinkage
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