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JEERASAK SUPROMWAN : PHY SICAL PROPERTIES AND SULPHATE
RESISTANCE OF CEMENT MORTAR WHEN SAND IS PARTIALLY
REPLACED BY CALCITE TAILING. THESISADVISOR : ASST. PROF.

THEERAWAT SINSIRI, Ph.D., 127 PP.

MORTAR/CALCITE/COMPRESSIVESTRENGTH/SULPHATE RESISTANCE

This research was conducted to study physical properties and the sulfate
resistance of cement mortar. Calcite was used to replace the sand classified the sizes
according to ASTM C 33 and as-received sand at the O, 10, 20, 30, 40, and 50% by
weight. The water to cement ratio for mixing mortar was 0.59 and the compressive
strength of mortars was determined at the ages of 1, 3, 7, 28, and 60 days. Drying
shrinkage and expansion due to sulfate attack were reported at the 112 days.

The results showed that use of calcite to replace the sand resulted in slightly
decreasing in compressive strength of the classified sand mortar (4-7%) but it
provided highly decreasing in compressive strength of mortar using as-received sand
(3-15%). These results suggested that the compressive strength of mortar decreased
with the increasing of calcite replacement. In addition, the result of the physica
properties of each mortar showed dlightly different in term of drying shrinkage. For
sulfate attack , the surface of mortars had small cracks and weight loss of mortar was
not observed during the experiment. The mortar using Portland cement type | and as-
received sand showed the highest expansion due to sulfate attack after being

immersed in sodium sulfate solution and this expansion result was dlightly higher



than mortar using the classified sand immersed in the same sulfate solution. It should
be noted that, the expansion of mortar due to sulfate attack decreased when the
replacement of calcite was increased. Moreover, the expansion of mortar containing

high volume of calcite was dlightly lower than the mortar using Portland cement type

V.
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AuaNLa Y (Filler) uagannulIuw (Extender) 1uq@ﬁ1ﬁﬂﬁﬁuﬂi$@ﬂ‘ﬂ qwﬁmmau?{

A A

a 1< 1 o A
QAAMNITUNAIEAN WNIT uazgaamnssne1s Isdudiunanluodilu ndniln o1 uag
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23 unalwa (Calcite)[7]
' ¢ A ¢ e A A ~ ¢ da £

usuaa ledniounaahsidugluuunsssumngavewaadounisuouaiinay
a . a o 4 1 Y] 1 % 4
lu s35um@ wanvewwna lealivareytdai 1diseSonuanarady sy Aenysais
4 4 4 . a 4
(Dogtooth spar) bosiauadig (Iceland spar) twagaais (Nailhead spar) uazaauaig

. J 1 o o a a 1 L4
(Satin spar) una lediilu dauilszneuidifguesiulu iusou azyoan

gasai CaCo,
v = A 4
awilszpeumaall  Cao 56.0  1esisua
S 3 4
Co, 440  nlesiFua
A <
AMANTAINEMN ANV 3
AU I UNL 2.72

2.3.1. ﬂmé’nymzmmuimummgm ASTM
(American Society for Testing Materials : ASTM D 1199 (06.02)-91)
@ SR Yo AAA (A = 4 1
1) ﬂﬂlﬁﬂ‘]sJﬂwéll’f]\il!ﬂﬁll‘;]fﬁ“]f\‘]IﬂfﬂWﬁﬂNﬂiN']ﬂ!LLﬂm“ﬁmJﬂWi‘U’E]L‘L!GIq\T LN
I a a a
aamﬂu 2 YUA ﬁf) ¥UA PC iagsua GC
P A ~ o =& A o Y
¥Ua PC ﬂﬂ@%ﬂ@ulmm%ﬂﬂﬂWﬁU’E)L‘Ll@]G]f\‘lmﬁﬂi\liﬂﬂﬂ1615@$a”lﬂ‘l1’i
' ¢ A an @ < .
@ﬂmﬂﬂuamwmuim Wi’fﬂﬂEJ’J‘EﬂWi‘]Ji’)LH%HﬂJBQiJHllﬂZJ (Lime)

¥a GC : AoNAANUNUDILTUA



M15199 2.1 AUANHULVDWINUUINTFIY ASTM

¥Ua PC ¥UA GC

AMANYMUL
a Y Y
I0UaY I0UaY
= J A 2 d” . o
upaFoumsvetwaiie Tufinamiu (CaCO,,moisture-free ) A9 96.5* -
Y
ANMUFULAZEIITLIRA (Moisture and other volatile matter) qaga 0.7 0.2
= J a A J A 1 dy
HaveunaFeumsuoua uuntifeunisveaiie lufinnuiu - 94.0

( Total CaCO,, MgCO, moisture-free) Gloﬁjﬂ

a A J
LUUDNULFIUATTUDIUR (MgCO3 ) qga - -

4 o
sgABuLANTINAIT UBIUALINA)
o 1 =] Yo A o < 1 ]
2) amanvuzvowsuaa leadldhd suemwvuiaveudang 1
I [
paniilu 4 1nsa laua
Yo ax < 1 = . . < 1
inga 1 lsmauvuiaiiausaziden (Fine paint grade) VYUIAVDUNALT 15-20
@ S 3 4
lunsou JFagreruduuazunseviin 325 we @5 luasou) gega 0.05 1osidud
[} 4 a < [l
idurgudnarsimihveadang (Specific Surface Diameter, SSD) g3ga 2.5 lunsou
Yo aA < U . < 1
nsa 2 1¥halivuadansie1y (Coarse Paint Grade) YUIAVDULIALST 5-45
@ S 3 4
lunsou JagueruAeuuazunsavua 325 Wy (45 luasou) gega 0.5 1Wosidud
9 [} 4 a Y < [}
idurgudnanimiveudang (SSD) 49ga 6 lunsou
| o o o 4 U . 3
n3a 3 Miulagmardmsugaiiie linouasd (Filler Grade) Wu1AvDIA
v 1Y < 3 4
us 10-45 luaseu JaguenuAsuuazunsavwIa 325 Wy (45 lunsou) gega 25 nlosidua
9 1 4 a 9 < [l
idurnguinasimiveuiiaug (SSD) gaga 9 luaseu
) @ o W I 1
IN5A 4 INSANIEIMSVEINUITT (Putty Powder Grade) YHIAYDTIALTHA1Y

=) 9 o Y I 3 4
ATIPYAUDY INNHYIUANUUAZUNITIVUIA 200 Y (75 llllﬂi@u) qIAgA 30 1osigua

9 1 4 a 9 < 1
UAFUINANHINUIVDINALLT (SSD) quga 12 "IJJﬂi’E]L!

(Y] J
2.3.2 ﬂﬂ!ﬁﬂ‘ﬂm%Glli’)\i!ﬁ'!!ﬂﬁ"l“ﬂﬂﬂNJﬂJ”lﬂig11!511?)\16?)@'!9]5!58

(Australian Standard. AS : K 23-1927)



3197 2.2 ﬂillE?fﬂHil!8“1]’8]QLLf@TNNW@iﬂTHﬂJ@Q@@ﬁm5@8

uAFouMTuBIUA ( CaCO, ) A9
@157 liaza1vii1 (Insoluble Matter) gaga
f‘?u%ﬂuﬁuq (Coarse Particles) §4¢(®

msnseiald (Volatile Matter)

Fouaz 97
$ouaz 1.0
30002 0.5

30002 0.5

NATNN 2.2 Lmﬂqﬂmﬁﬂymzmmuf@mmmgmmm@ammﬁmﬁmamﬁwm

Auautavewsnanuazaslsznounalil

2.3.3 AudnyazUewsUAa lTAMNINASEIUDMAY (Indian Standard : IS 918-1958)

~ J ) @ Y o A ) = o a
1) Lmamaumﬁmmmmi’uolﬂmnmmmmmazamﬂummmm

4 o o
2) LLﬂaL"Tfililﬂ"lilli’)ﬂl@]ﬁ?ﬁﬁ’ﬂ@ﬂﬁ1ﬁﬂiillfl”l\i

M3197 2.3 QUANHUZVDILTAINNIATTIUVOIDUIRY

1A509919714

QATINNTT
wazendilu AR
AaANYAUY Mand
Souay Souay
=) 4 A = dgl ’
uaaBenn1s uotuaiie Tilin11u%u (CaCo, on dry basis) 96.0 -
fae
1 2
uuniliFoumsuemaiie lilinudu (MgCO, on dry basis) 3.0 -
fae
a A <} @ A [} A
pzgiifisu-rman+vearesa+asi luazarelunsande 0.6 -
(Al+Fe+P+Matter insoluble in HCI) g4q®
<
IMAN (Fe) gaga 0.1 -
4 a d A 4
p15iwineon lyaniodsnyoon lad (As,0,) gega 4 ppm -
AN (Pb) gagA 10 ppm -
AavIU (Cl) gage 0.04 0.04
unaBenoen laa (Ca0) gaga 0.14 -
AMUFY (Moisture) g 1.0 -




1ATId10N | gAEIHNTTN
=
wazeailu AN
AUANHUE Man
Y Y
SRELE SRELE

=~ J A A J
UARAIFEUATUDIUA+HIUN A BUATUBIUA (CaCO, + MgCO,) - 92.0
fae

4

00 l9A321 (Mixed oxide) g0 - 1.0
N8AI (Cu) IgA - 0.005
UM (Mn) gaga - 0.02

v Y
a3 luazanenii i Fam (Insoluble matter as silica) ggA - 0.6

Y

msgapderiainlunmswn 1l (Loss on ignition) - 43-46

dy A a 14 . .
ANVUFULaTETNILITA A (Moisture and volatile matter) - 1
qaga

v
w w

. .
234 Aol AU VRIUAD |BAYHA Micronised Natural Whiting Axatnanludszna

d‘ Vv S
e l¥ia

uAAFENA1T UBIUA CaCO, Uszual $oraz 96
YAvoaliaLs (Particle size) 1AANI 10 luasou Foeazos
m'i@,ﬂcﬁm‘;wﬁu (Oil absorption) 18 n$inhu/ 100033
AU NI AN 2.63

o d ° (Y]
2.3.5 ﬂmﬁﬂﬂm%ﬂlﬂx‘l!ﬁ'!!ﬂﬁ!“ﬁﬂuﬂ1iﬂﬂ!uﬂﬁ1 HIVYATIHNIITNYN MNNIANIZIU
a o d
NAANUNYATIHINTIN NITNIINYATIHNTIN ﬂi%!‘ﬂﬁul‘nﬂ (W9N.402-2532)
] [ a A
e 2 wia Ao
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M519 2.4 AUSNYULVDITUAAITIUAS DOIUATIHTUGARIHNTTUEN ANNIATTIV

@

nanNuNgAEIMNITTY NTzNINgAanTIN Uszmelng (Wen.402-2532)
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INUNNAINUA
AMANHAUE ﬂ?uﬂmmw Gi?uﬂmmw Gi?uﬂmmw ﬂ?uﬂmmw
f.1 n.2 €.1 .2
A Zogas Tagiimiin iy 0.4 0.4 0.4 0.4
fmﬁﬂﬁlqmutﬁmﬁmmﬂmﬁgm%’aﬂ 43.0-44.5 | 42.0-445 | 43.0-44.5 | 42.0-445
az Tagvhmin
USinafidreaunss ZevasTag
ST O
59 125 luTaswes 0.005 0.005 0.1 0.1
159 45 luTaswns 0.5 0.5 5.0 5.0
anuniluea @il Na,co,) Fou 0.03 0.03 0.03 0.03
az Taovhmiinluifu
a3 liazarelunsalalasnassn 1.5 3.0 1.5 3.0
Zotraz Taovimin laiifn
man aansudenlansy lunu 250 1,000 250 1,000
noAd Haansuden lansy Ty 15 30 15 30
uyamile daansusen lansy lumu 100 400 100 400
uaatFeun1suetuaiosaz lay 98 96 98 96
vimiinlideonn

YT N VAVALIDIANINNIOAYT U
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v 1 ﬁmmuaqmummuam 2

Y ¢ ° [ a
2.3.6 f’lilmﬂHfM%sllf’)\‘1!lﬁ'!lﬂﬁ!“Tiﬂ%»lﬂ1§1lﬂ!‘Ir!ﬂﬂ1ﬁ§ﬂ@ﬂﬁ1‘l"iﬂiﬁ~la’!!ﬂ$wa1ﬁﬂ N AN

o d
mmgmwaﬂnmmwmﬁnssu NITNINYATTHINIIN ﬂi%!‘ﬂﬂnlﬂﬂ (WDN.403-2532)

] I~ a
uiaeenilu 2 ¥ila Ao

a I = 4 Ay ¥ Aaaa =
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2) ¥UALA

a J 1 a 1 <
DITUBIN uﬂm@ﬂumiumummawuﬂ uUseenNy 2 1y ﬁ'ﬂ

IS = s Ay Y ~ s
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(1) LUUAADUA?

@) wuu'lumaeund

1 1 a = < Qs’l
Taguaazuy L!U\?ﬂ']ﬂJﬂ’JHJ‘U'iq‘Vl‘ﬁ@@ﬂl‘l]u 2 FUAUNN ﬁf)
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WNATTIUNDAN AN QATHNTTN NTENT 1A HNTTN Uszmealng (Won.403-2532)
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FUANLNOU FUAUA
. z z z z
AUANYAUL FUAUNN | FUAUMN | FUAUMN | FUANIN
1 2 3 4
dy 9 1a
ANUFY Tooaz lumu 0.4 0.4 0.2 0.2
wminfgydeiionmamnios | 43.0-445 | 420445 | 43.0-445 | 42.0-44.5
az Tagiiniin
USunanaeuuns 45 lulasmes 0.1 0.1 0.01 0.01
9 1A
Fooaz linu
I~ 1 a I 9
ANuIluA1 (Aalu Na,Co,) 509 0.03 0.03 0.03 0.03
az iy
wman Haansusenlansy lunu 200 300 200 300
HAALTENAIS UBIUAS DAz MTIN 1) 98 96 98 96
Y 1
1ognI
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9 1 9 1
$ouaz lurloann
Y Y

msganautiiu nuhiuae
f19813 100 AU Tainu

“MUVIAADUAD 17 14 17 14

v limaourn 80 80 30 30
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, ) o, $ovay
oenlsznaumanll wanyal ”
? Taeimitin
CaO C 60-67
Si0, S 17-25
ALO, A 3-8
Fe,0, F 0.5-0.6
MgO M 0.1-4.0
Na,0 N 0.1-1.8
K,O K 0.1-1.8
SO, S 0.5-3.0
as1lszneudy 9 - 0.5-3.0
m'iqtygﬁaﬁmﬁmﬁmmﬂﬂmm ( Loss on Ignition ) LOI 0.1-30
mnii lsiazatelunsauazas ( nsoluble Residue ) - 0.20-0.75

v

A3y sualsziasy uazds 1gInnEna, 2547).

A = 7 v o 7 g = s s I
ATTINN 2.6 LAAID ’e‘Nﬂﬂizﬂ@mLazﬁtyaﬂymmmaaﬂ"lcmeumﬂucmuuﬂﬂaﬁmauﬂ

3000 T¥@anan (Major oxides) lauA unaidouoanlas (Ca0) Fan (Si0,) oaiul (ALO,)

Ia J J z d" v vy ' = Jd 1 A
Ll'ﬁ&i"lﬂﬁiﬂﬂﬂﬂll“ﬁﬂ (F6203) ’E]’E'Jﬂll‘ﬁfﬂ N34 U 'i'Jllﬂullﬂi@Elﬁ%ﬂ'J'] 90 GUE)\T]JJ'L!%!?JHGI aIUN

3 s . : 3 ' s o o
maeueen ladses (Minor oxides) 34 1aun uuniidenoon lsd (Me0) oon luavesdanila

@ J 1 s A 1
(Na,0 uaz K,0) uazdamles laseonlya (S0, uazlidiulsznovvesoon ladounauog

Y
e lanuileneenled (Tio,) wagWeaneiamunenlyd (P,0) uenvnids

a A

U

; A& Y ' o O o A
wilandaounazaiudsenevou mﬂmmmagiugﬂsummiqigmaumuﬂmmmﬂﬂmm

.. = ' ! . 4 v dy o
(Loss on Ignition ) waznni liazarslunsanazana ( Insoluble residue ) 200 lramaliiaz i

Ugnsonumazsudiuedluglvesasilsznen asszneundinyiiod 4 odrenoe

~ aa . . . 4 A .
1) Tasunadeusamna (Tricalcium silicate ) 29A15NOUNIUALAD 3Ca0.SiO,

aggan C,S

= an . . iy J A .
2) TaunaFsusame (Dicalcium silicate) panszneuMunlne 2Ca0.Si0,

ag 689 C,S
3)1@1§LLﬂaLG§8N6QﬁLuG} (Tricalcium  aluminate)

3Ca0.ALO, 1Az C,A

4 A
p9Adsznoumuailifneg
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a o 4 4
4) mm3zuﬂmﬁ%mguiuw¢aﬂm (Tetracalcium aluminoferrite) p9n1szney

Muall Ao 4Ca0.ALO, Fe,0, 11az8071 C,AF

d’ wAa [ = J J 4
M1 2.7 aauiavesansilsznounanluudwualesanaua

o a3sznou
AU
C,S C,S CA C,AF
@ o aaa o < Y @ C= < ' =
gnmsinlgnse laasdn 157 (¥3) %1 (3U) uiiinla 159091 (W1N)
< <
L. < . v o (590 (590
MINAUINIAY 157 (A1) % (d1a1) 5 5
(171) (171)
Mavlszde R R M M
Y A aaa
anuseuiiosnn Ugnse le ;
. 1unan M R 1hunang
1ATHU

K4

s Iualszasy vazve gInNnnEna, 2547)

= a A o Y [ A =1 4 d' Y
ﬂﬁﬁﬂmamwammmiﬂﬁzﬂaumﬂwmmsaﬂsmmﬁummmﬂ,wﬁmumwaiw

o Y J 9 1 = 4
L“ri‘iJ1$ﬁiJﬂ‘Uﬂ']iGl“D'\‘l']uﬂﬁzlﬂﬂﬁNc] WATIUNMINATDUNIY ASTM C150 "lﬂumﬂucmuum
s 7 <4 4 wa A o {
dosauauaooniu 5 Usznnamesndsznoumuniuazanduiinoug asdaslunsian

2.8

{ 7 2 % 4
sz 1 wieuFwudilesauaudsssuat (Ordinary Portland Cement) UTHUUA
Y [ 1 saA a
Uszinnfildduuinluanunounia Uszuinldirdesas 90 veajuduuaiingalu
o a IS ~ J dy o @ 9 o = = a o 4

ansgowsnuduudwualszanil dniuldlumsineuniansonaniuvigaamnisuy
lan ludesmsnanmierynisssuat uagldlumsneadenanaly wu @ a1 giusn

< 9 = a'dy Yo o 1 < o Y Y
Y099115 ouu Wudu Yudmudaildmaegaluszeznar lisadunmin vazldanuiou
= L) dy 9 J = 4 9 a A A A =
thunas Yudwudyiailldun Yudmudaiidne asuness asmgunadidier as il lod

= ~ (&= oy a < 9
HAN A1 AT1AUNYY HAZATUDNFLNUATUIUIU Wuau

{ 4 a A 7w < %
Ysziani 2 Yuanuuasiatiduyudmuddanilas (Modified Cement) 1 uanuua

Aq ¥ P 1 o P Aa &2 a0y ' A o s s
ﬂlﬁﬂ?TﬂJi@ulliJQ'QNTﬂUﬂ ﬂ313Jﬁﬂu%tﬂﬂ‘ﬂuuﬂ?u@EJﬂ'JﬁJJHGBLllu@]ﬂiglﬂTlﬂﬂiﬁuauﬂ

Yo w

{ 1 ' IS ¢ ° { o
Uszinnd 1 uaganinjudmudlesanauannuioud Usznnd 4) uazldmadlndifeany

@ J

J 4 J { 9 o o a
Yudmudesanauaszinai 1 mmnzdmsumsldiinounia vionaadungaainnssy

E)
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{ a 1 @ 1 o 4
Tadufanudeunaznumuaemsnansouvesaisazaugamla ldunais Yuduud

4 v
Uszianiitildreuthadoslullszinnlne fied1dun Yunapuinidades

=

{ o s S 2 o I . . IS
Uszani 3 Yusuuatosauauaulsansa (Rapid hardening Portland cement) 11U

a

[

o ° 1 aaa o a
YudmuanIdhasgalugasn Wanuousnilgnsenlamssugansziidsum c,s qq

£

a a s s I A o o Ay Y
uazﬂamazmﬂﬂqmmﬂummuﬂﬂaimmuﬂﬂizmwm 13710 LﬁN1$ﬁ1ﬁ'§’1J\ﬂu°Vlﬂ’E]\‘]ﬂ']§Gl‘]5

U

< ' ' A Ay < ' o =
JIULTD YU QMUBDUUYY NIDINUNADINITDNDALVULIY U LFUVUADUNTA LE‘HUlWﬁW

E2
a =} 9 1

= a o J = o 3 ~ J @
ADUNTA Nﬁ@lﬂﬂ!%ﬂﬂuﬂiﬂﬁ%ﬁﬁ]gﬂ (Precast Concrete) ‘IJ'HGMNUW]SMQM ALLD ATUBDTTIU 131

= a A A o = (L= <)
TUNYT ATINYTUINTLAI GliW]Whlf’JﬁQW LRAZIDNBLNUATLIA HJL!GIL!

H s ¢ 3 s

Uszinni 4 Yudwudiosanauan1useudi (Low heat Portland cement) Judiinail
Tranwfeunnlgnsenlamsdundmnmziidsmmues ¢S é1 Ao Taomasiinlszum
¥ = T A A ] A = = ~ S A A
Jouaz 25 D9 30 uAIEl C,S NABUYIIgIRD lasmasilszuia 50 89 60 YuFmuariaiag
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Date of Test 20-June-2013

Temperature of Tested in Laboratory Lab 31° C

SPECIFIC GRAVITY OF CALCITE TAILING
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Determination Nol No2 No3
Weight of Glass Graduate, (g) 443.38 441.4 443.38
Weight of Glass Graduate + Water, B (g) 1383.5 1376 1383.5
Weight of Saturated Surface-Dry Calcite , D (g) 500.83 505.42 502
Weight of Water + Calcite + Graduate, C g) 1694.54 1674.26 1696.3
Weight of Oven-Dry Calcite, A (g) 498.67 502.5 499.97
Bulk Specific Gravity (Oven-Dry) 2.63 2.43 2.64
Bulk Specific Gravity (SSD) 2.64 2.44 2.65
Apparent Specific Gravity 2.66 2.46 2.67
Absorbtion (%) 0.43 0.58 0.41
Average Bulk Specific Gravity (Oven-Dry) 2.57

Average Bulk Specific Gravity (SSD) 2.58

Average Apparent Specific Gravity 2.60

Average Absorption (%) 0.47
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Date of Test 20-June-2013

Temperature of Tested in Laboratory Lab _31°
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Determination Nol No2 No3
Weight of Glass Graduate, (g) 443.38 441.4 443.38
Weight of Glass Graduate + Water, B (g) 1383.5 1377.9 1383.5
Weight of Saturated Surface-Dry Sand, D (g) 500.32 500.88 500.52
Weight of Water + Sand + Graduate, C (g) 1683.29 1688.51 1683.29
Weight of Oven-Dry Sand, A (g) 498.5 499 498.8
Bulk Specific Gravity (Oven-Dry) 2.49 2.62 2.48
Bulk Specific Gravity (SSD) 2.49 2.63 2.49
Apparent Specific Gravity 2.51 2.65 2.51
Absorbtion (%) 0.37 0.38 0.34
Average Bulk Specific Gravity (Oven-Dry) 2.53

Average Bulk Specific Gravity (SSD) 2.54

Average Apparent Specific Gravity 2.55

Average Absorption (%) 0.36
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Date of Test 20-June-2013

Temperature of Tested in Laboratory Lab 31° C
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Determination Nol No2 No3
Weight of Glass Graduate, (g) 443.38 441.4 443.38
Weight of Glass Graduate + Water, B (g) 1383.5 1377.9 1383.5
Weight of Saturated Surface-Dry Sand, D (g) 500.2 501.2 500.5
Weight of Water + Sand + Graduate, C (g) 1689.71 1672.1 1690.21
Weight of Oven-Dry Sand, A (g) 499.26 499.75 499.3
Bulk Specific Gravity (Oven-Dry) 2.57 2.41 2.58
Bulk Specific Gravity (SSD) 2.58 2.42 2.58
Apparent Specific Gravity 2.59 2.43 2.59
Absorbtion (%) 0.19 0.29 0.24
Average Bulk Specific Gravity (Oven-Dry) 2.52

Average Bulk Specific Gravity (SSD) 2.53

Average Apparent Specific Gravity 2.54

Average Absorption (%) 0.24
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Calcite Sample 1 Calcite
Dry Weight Of Original Sample 1500 g.
Seive Seive WT. WT.Seive | WT.Sample | Percent | Cumulative | Percent
No. Opening Seive + Sample | Retained | Retained Percent Finer Or
(mm.) (gm.) (gm.) (gm.) Retained Passing
1# 25.40 - - - - - -
3/4 # 19.05 - - - - - -
172 # 12.70 - -
3/8 # 9.52 100.00
4 4.76 744.02 744.04 0.02 0.00 0.00 100.00
8 2.38 685.06 723.69 38.63 2.58 2.58 97.42
16 1.19 499.00 525.99 26.99 1.80 4.38 95.62
30 0.595 303.81 453.80 149.99 10.00 14.38 85.62
50 0.297 276.93 1179.59 902.66 60.18 74.56 25.44
100 0.149 259.08 546.45 287.37 19.16 93.71 6.29
PAN 0.000 382.83 476.76 93.93 6.26 0.00
SUM. 1499.59 99.98 189.60
Error (Original WT.-Total WT.Retained) 0.41 gm.
Percent Error 0.03 %

Fineness Modulus

1.89
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Fine Aggregates ( Natural Sand) Sample 1
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Dry Weight Of Original Sample 1500 g.
Seive Seive WT. | WT.Seive | WT.Sample | Percent | Cumulative | Percent
No. Opening Seive | + Sample | Retained | Retained Percent Finer Or
(mm.) (gm.) (gm.) (gm.) Retained | Passing
1# 25.40 - - - - - -
3/4 # 19.05 - - - - - -
172 # 12.70 - - 100.00
3/8 # 9.52 755.04 759.27 4.23 0.28 0.28 99.72
4 4.76 744.05 815.00 70.95 4.73 5.01 94.99
8 2.38 559.60 648.64 89.04 5.94 10.95 89.05
16 1.19 634.59 768.60 134.01 8.93 19.88 80.12
30 0.595 304.06 565.90 261.84 17.46 37.34 62.66
50 0.297 279.50 931.00 651.50 43.43 80.77 19.23
100 0.149 260.00 502.00 242.00 16.13 96.91 3.09
PAN 490.45 535.86 45.41 3.03 0.00
SUM. 1498.98 99.94 251.15
Error (Original WT.-Total WT.Retained) 1.02 gm.
Percent Error 0.07 %

Fineness Modulus

2.51
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Fine Aggregates (Gradation of Sang) Sample 1

100

Dry Weight Of Original Sample 1500 g.
Seive Seive WT. WT.Seive | WT.Sample | Percent | Cumulative | Percent
No. Opening Seive + Sample Retained | Retained Percent Finer Or
(mm.) (gm.) (gm.) (gm.) Retained Passing
1# 25.40 - - - - - -
3/4 # 19.05 - - - - - -
172 # 12.70 - - - - - -
3/8 # 9.52 - 100.00
4 4.76 744.05 813.75 69.70 4.65 4.65 95.35
8 2.38 559.60 679.50 119.90 7.99 12.64 87.36
16 1.19 634.59 974.49 339.90 22.66 35.30 64.70
30 0.595 303.70 725.56 421.86 28.12 63.43 36.57
50 0.297 278.14 569.28 291.14 19.41 82.84 17.16
100 0.149 260.27 492.44 232.17 15.48 98.31 1.69
PAN 0.000 490.45 515.73 25.28 1.69 100.00 0.00
SUM. 1499.95 100.00 297.17
Error (Original WT.-Total WT.Retained) 0.05 gm.
Percent Error 0.00 %

Fineness Modulus

2.97
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s:mnﬁma@muﬁmﬁu 0.59

Ca:S Percentage of Flow
CSCa NSCa
0 119 110
10 115 114
20 114 113
30 109 107
40 105 103
50 103 101
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ASTM C 33
Unit Weight (kg/mS)
Sample Age of Sample (days) Remark
1 3 7 28 60
CSCa00 2210 2205 2218 2195 2165
CSCal0 2235 2223 2244 2185 2153
CSCa20 2223 2168 2202 2217 2139
CSCa30 2205 2195 2231 2191 2159
CSCa40 2214 2196 2237 2169 2221
CSCa50 2204 2221 2227 2200 2176

{ ' J o Y oA ' ' a
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Unit Weight (kg/m3)

Sample Age of Sample (days) Remark
1 3 7 28 60
NSCa00 2217 2231 2259 2261 2363
NSCal0 2213 2211 2240 2259 2206
NSCa20 2241 2222 2262 2234 2135
NSCa30 2227 2226 2235 2239 2237
NSCa40 2176 2198 2222 2205 2218
NSCa50 2168 2167 2181 2189 2176
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Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units
B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Days. kg./m3
1 5.14 | 5.11 | 5.11 291.68 26.27 4810.00 183.13 1.00 | 2175.34
2 512 | 5.11 | 5.09 | 295.20 26.05 4750.00 182.34 1.00 | 2218.45
3 5.10 | 5.09 | 5.11 | 297.00 26.06 4870.00 186.91 1.00 | 2237.64
4 499 | 5.01 | 5.02 | 27831 25.04 8280.00 330.67 3.00 |2217.62
5 5.03 | 499 | 5.00 | 276.93 25.14 8630.00 343.28 3.00 | 2207.08
6 5.00 | 5.01 | 5.08 | 278.32 25.39 8700.00 342.65 3.00 |2190.17
7 5.01 | 5.02 | 5.03 | 28145 25.19 10640.00 422.39 7.00 | 2225.25
8 5.00 | 5.01 | 5.06 | 282.45 25.30 10900.00 430.83 7.00 | 2230.57
9 5.05 | 5.04 | 5.03 | 281.14 25.37 10850.00 427.73 7.00 | 2198.62
10 517 | 5.12 | 5.18 | 298.50 26.79 12940.00 483.09 28.00 | 2176.56
11 517 | 5.11 | 5.20 | 299.00 26.86 13440.00 500.41 28.00 | 2179.87
12 5.09 | 5.08 | 5.09 | 294.00 25.94 12850.00 495.40 28.00 | 2229.87
13 5.08 | 5.07 | 5.13 | 289.88 26.05 13680.00 525.24 60.00 | 2195.25
14 513 | 5.13 | 5.10 | 289.09 26.17 13630.00 520.86 60.00 | 2154.32
15 5.08 | 5.16 | 5.19 | 291.04 26.31 13610.00 517.22 60.00 | 2145.14
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ASTM C33 N3oeaz 10

Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units
B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Days. kg./m3
1 495 | 5.02 | 510 | 287.88 25.25 4450.00 176.24 1.00 | 2270.73
2 5.06 | 5.06 | 5.08 | 291.44 25.68 4480.00 174.46 1.00 | 2243.36
3 5.09 | 5.14 | 5.10 | 292.30 25.96 4580.00 176.40 1.00 | 2189.82
4 5.02 | 5.15 | 5.05 | 296.20 25.33 8090.00 319.44 3.00 |2271.87
5 498 | 5.02 | 5.01 | 275.59 24.95 7810.00 313.03 3.00 | 2202.54
6 5.05 | 5.02 | 5.00 | 278.50 25.25 7940.00 314.49 3.00 | 2196.05
7 5.09 | 5.07 | 5.07 | 287.50 25.83 9550.00 369.66 7.00 | 2196.30
8 5.05 | 5.01 | 5.07 | 292.00 25.56 8220.00 321.56 7.00 | 2280.90
9 498 | 5.07 | 5.09 | 290.10 25.37 8630.00 340.16 7.00 | 2254.21
10 5.06 | 5.11 | 5.13 | 290.50 2591 11760.00 453.85 28.00 | 2193.94
11 516 | 5.19 | 495 | 291.00 25.54 12110.00 47411 28.00 | 2194.71
12 513 | 5.19 | 5.18 | 298.80 26.56 12430.00 468.03 28.00 | 2166.13
13 503 | 5.16 | 5.10 | 287.66 25.64 12500.00 487.56 60.00 | 2173.61
14 5.03 | 5.19 | 5.10 | 285.93 25.65 13470.00 525.09 60.00 | 2149.27
15 517 | 5.06 | 5.12 | 285.77 26.45 13700.00 517.86 60.00 | 2134.82
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ASTM C33 N¥oeaz 20

Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units
B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Days. kg./m3
1 5.03 | 5.10 | 5.03 | 287.56 25.29 4930.00 194.97 1.00 | 2228.57
2 507 | 5.14 | 5.02 | 290.24 25.48 4870.00 191.12 1.00 | 2215.99
3 5.04 | 5.18 | 5.05 | 293.17 25.47 4940.00 193.92 1.00 | 2223.41
4 5.05 | 5.05 | 5.18 | 285.30 26.12 8070.00 308.92 3.00 | 2163.05
5 511 | 5.02 | 5.07 | 284.20 25.90 8120.00 313.48 3.00 | 2186.50
6 509 | 5.13 | 5.13 | 288.27 26.11 8440.00 323.23 3.00 | 2153.29
7 5.09 | 5.11 | 5.12 | 287.11 26.08 9420.00 361.25 7.00 | 2155.54
8 511 | 5.05 | 5.05 | 288.60 25.78 9500.00 368.57 7.00 | 2215.88
9 511 | 5.10 | 5.07 | 295.20 2591 9700.00 374.33 7.00 | 2235.48
10 5.08 | 5.09 | 5.03 | 289.70 25.53 12300.00 481.84 28.00 | 2229.60
11 5.09 | 5.09 | 5.06 | 290.00 25.76 12400.00 481.36 28.00 | 2212.13
12 5.02 | 5.01 | 5.01 | 278.00 25.15 12400.00 493.14 28.00 | 2208.07
13 5.08 | 5.07 | 5.04 | 281.12 25.62 13070.00 510.18 60.00 | 2165.66
14 5.16 | 5.11 | 5.08 | 286.94 26.21 13240.00 505.09 60.00 | 2143.85
15 518 | 5.11 | 5.14 | 286.48 26.61 13400.00 503.48 60.00 | 2107.67
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ASTM C33 N¥oeaz 30

Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units
B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Days. kg./m3
1 498 | 5.11 | 5.11 | 294.07 25.42 4770.00 187.63 1.00 | 2263.46
2 517 | 5.14 | 5.15 | 291.06 26.60 4600.00 172.92 1.00 | 2127.60
3 5.02 | 5.00 | 5.01 | 279.30 25.15 4730.00 188.07 1.00 | 2223.28
4 5.08 | 5.04 | 5.03 | 284.64 25.54 8950.00 350.47 3.00 |2213.29
5 5.08 | 5.08 | 5.04 | 284.71 25.61 8700.00 339.67 3.00 | 2189.85
6 5.09 | 5.08 | 5.04 | 284.43 25.67 8500.00 331.08 3.00 | 2180.40
7 5.07 | 5.09 | 5.05 | 291.00 25.57 10460.00 409.07 7.00 | 2234.97
8 5.05 | 5.09 | 5.17 | 295.50 26.07 10090.00 386.99 7.00 | 2226.21
9 496 | 5.09 | 513 | 289.20 25.44 10210.00 401.41 7.00 | 2232.93
10 495 | 5.21 | 5.14 | 290.00 25.44 12560.00 493.65 28.00 | 2187.72
11 522 | 5.11 | 5.02 | 292.50 26.18 10600.00 404.82 28.00 | 2185.20
12 5.07 | 520 | 5.10 | 296.00 25.84 11680.00 451.98 28.00 | 2201.06
13 512 | 5.03 | 5.15 | 283.74 26.32 13500.00 512.88 60.00 | 2145.21
14 5.09 | 5.00 | 5.14 | 284.07 26.18 13100.00 500.32 60.00 | 2168.57
15 5.06 | 5.08 | 5.08 | 282.44 25.68 13150.00 511.98 60.00 | 2163.81
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ASTM C33 N3oeaz 40

Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units
B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Days. kg./m3
1 5.01 | 520 | 5.20 | 302.23 26.05 4730.00 181.56 1.00 | 2233.10
2 505 | 5.10 | 5.13 | 295.48 25.92 4840.00 186.72 1.00 | 2234.00
3 5.09 | 5.08 | 5.17 | 291.52 26.36 4830.00 183.24 1.00 | 2176.23
4 513 | 5.09 | 5.15 | 29191 26.43 8430.00 318.96 3.00 | 2169.46
5 510 | 5.04 | 5.15 | 291.67 26.25 8080.00 307.84 3.00 | 2203.54
6 5.09 | 5.00 | 5.04 | 283.68 25.65 8620.00 336.05 3.00 | 2213.63
7 5.09 | 520 | 5.07 | 302.60 25.80 10640.00 412.47 7.00 | 2256.30
8 510 | 5.12 | 5.16 | 300.04 26.32 10900.00 414.08 7.00 | 2226.41
9 513 | 521 | 5.06 | 301.42 25.94 10850.00 418.32 7.00 | 2229.04
10 522 | 520 | 5.07 | 299.50 26.45 12340.00 466.54 28.00 | 2175.86
11 522 | 5.05 | 5.19 | 299.50 27.09 11920.00 440.07 28.00 | 2189.10
12 523 | 5.05 | 521 | 294.80 27.25 12150.00 445.81 28.00 | 2142.82
13 5.07 | 5.20 | 5.02 | 298.88 25.46 12800.00 502.82 60.00 | 2256.56
14 511 | 520 | 5.04 | 292.87 25.73 13200.00 512.93 60.00 | 2188.14
15 5.00 | 5.16 | 5.21 | 298.01 26.06 12900.00 495.09 60.00 | 2218.69
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ASTM C33 N3oeaz 50

Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units
B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Days. kg./m3
1 5.04 | 5.00 | 5.00 | 278.05 25.20 4750.00 188.53 1.00 | 2205.63
2 5.02 | 5.04 | 498 | 27691 25.02 4850.00 193.81 1.00 | 2197.50
3 5.07 | 498 | 5.02 | 280.19 25.45 4880.00 191.78 1.00 | 2209.05
4 511 | 5.04 | 5.04 | 287.81 25.77 8240.00 319.69 3.00 |2214.24
5 5.09 | 5.05 | 5.03 | 284.50 25.63 8230.00 321.13 3.00 | 2196.93
6 496 | 5.10 | 5.03 | 286.76 24.95 8030.00 321.86 3.00 | 2253.05
7 5.06 | 5.15 | 5.11 | 294.63 25.86 10170.00 393.25 7.00 | 2211.30
8 512 | 5.05 | 5.09 | 291.96 26.05 10170.00 390.47 7.00 | 2217.98
9 5.10 | 5.06 | 5.05 | 294.16 25.78 10080.00 390.96 7.00 | 2253.20
10 515 | 5.08 | 5.18 | 299.00 26.70 10670.00 399.66 28.00 | 2206.36
11 514 | 5.06 | 5.11 | 292.50 26.24 12500.00 476.37 28.00 | 2201.69
12 5.16 | 5.10 | 5.10 | 294.20 26.32 12480.00 474.24 28.00 | 2191.22
13 514 | 5.13 | 5.04 | 291.19 25.86 12980.00 501.84 60.00 | 2196.28
14 5.14 | 5.07 | 5.09 | 286.34 26.14 12620.00 482.75 60.00 | 2161.68
15 5.15 | 5.09 | 5.06 | 287.76 26.07 12700.00 487.07 60.00 | 2169.06
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Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units
B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Days kg./m3
1 5.05 | 5.08 | 5.06 | 288.00 25.53 5270.00 206.44 1.00 | 2223.02
2 5.04 | 5.10 | 5.06 | 287.50 25.45 5220.00 205.09 1.00 | 2213.34
3 5.16 | 5.04 | 5.00 | 287.50 25.78 5340.00 207.18 1.00 | 2213.14
4 524 | 5.05 | 5.09 | 291.24 26.62 8370.00 314.43 3.00 | 2166.47
5 520 | 5.05 | 5.03 | 291.50 26.13 8410.00 321.85 3.00 | 2209.06
6 497 | 493 | 494 | 280.25 24.53 8160.00 332.69 3.00 | 2317.67
7 496 | 494 | 492 | 270.20 24.38 10530.00 431.94 7.00 | 2243.64
8 496 | 497 | 491 274.58 24.35 10020.00 411.44 7.00 | 2270.84
9 499 | 495 | 493 | 275.40 24.58 9940.00 404.46 7.00 | 2263.87
10 5.02 | 5.03 | 492 | 278.60 24.70 12260.00 496.39 28.00 | 2244.79
11 491 | 5.00 | 5.00 | 275.20 24.53 12090.00 492.96 28.00 | 2246.45
12 493 | 5.01 | 494 | 279.50 24.33 12230.00 502.68 28.00 | 2293.04
13 497 | 5.00 | 5.00 | 294.90 24.85 12240.00 492.56 60.00 | 2373.44
14 4.87 | 4.89 | 485 | 270.24 23.62 12400.00 524.99 60.00 | 2342.15
15 4.83 | 4.87 | 488 | 271.82 23.55 13000.00 552.10 60.00 | 2372.89
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Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units

B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Day kg./m3
1 498 | 498 | 5.05 | 276.50 25.15 4800.00 190.86 1.00 | 2207.73
2 497 | 5.02 | 5.06 | 281.56 25.15 5300.00 210.75 1.00 | 2230.28
3 5.00 | 497 | 5.00 | 273.20 24.99 5090.00 203.68 1.00 | 2199.67
4 513 | 5.04 | 5.00 | 284.97 25.65 8050.00 313.84 3.00 | 2204.35
5 5.09 | 5.04 | 5.01 | 283.86 25.50 8360.00 327.83 3.00 | 2208.61
6 5.05 | 495 | 5.02 | 278.50 25.35 8580.00 338.45 3.00 |2219.35
7 490 | 497 | 496 | 270.46 24.30 9080.00 373.60 7.00 | 2239.53
8 496 | 494 | 495 | 273.07 24.55 10710.00 436.22 7.00 | 2251.44
9 498 | 494 | 495 | 271.30 24.65 10240.00 415.40 7.00 | 2227.86
10 5.00 | 5.05 | 5.00 | 288.60 25.00 12300.00 492.00 28.00 | 2285.94
11 5.09 | 5.07 | 5.06 | 291.20 25.76 11610.00 450.78 28.00 | 2230.05
12 5.00 | 5.08 | 5.06 | 290.60 25.30 12990.00 513.44 28.00 | 2261.06
13 5.07 | 5.07 | 5.06 | 281.98 25.65 12890.00 502.45 60.00 | 2168.39
14 5.10 | 5.01 | 5.06 | 287.82 25.81 13400.00 519.26 60.00 | 2226.19
15 5.07 | 5.09 | 5.02 | 287.94 25.45 13220.00 519.42 60.00 | 2222.66
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Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units

B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Day kg./m3
1 498 | 5.00 | 5.07 | 286.20 25.25 4550.00 180.21 1.00 | 2267.06
2 5.09 | 5.01 | 5.00 | 282.02 25.43 4410.00 173.45 1.00 | 2214.02
3 5.00 | 5.03 | 499 | 281.20 24.95 4850.00 194.39 1.00 | 2240.66
4 5.06 | 5.06 | 5.07 | 285.95 25.68 7780.00 302.99 3.00 | 2203.05
5 5.02 | 5.03 | 5.07 | 286.30 25.46 7550.00 296.53 3.00 | 2235.48
6 5.03 | 5.04 | 5.06 | 285.74 25.45 7240.00 284.49 3.00 | 2227.08
7 4.80 | 5.03 | 497 | 273.56 23.83 9920.00 416.25 7.00 | 2284.32
8 499 | 5.18 | 5.15 | 296.75 25.69 9750.00 379.47 7.00 | 2228.36
9 513 | 493 | 5.09 | 292.30 26.08 9910.00 379.97 7.00 | 2274.23
10 5.03 | 5.06 | 5.06 | 288.90 25.47 12200.00 478.96 28.00 | 2239.71
11 5.05 | 5.03 | 5.10 | 287.30 25.75 11700.00 454.28 28.00 | 2219.05
12 5.04 | 5.06 | 5.03 | 287.70 25.35 12300.00 485.18 28.00 | 2244.13
13 5.09 | 5.04 | 5.08 | 282.18 25.81 13260.00 513.83 60.00 | 2169.55
14 511 | 5.13 | 5.13 | 280.51 26.19 12960.00 494.87 60.00 | 2087.93
15 502 | 5.14 | 5.19 | 287.11 26.05 13600.00 522.00 60.00 | 2146.03
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Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units
B L H | of sample | of sample Strength Sample | Weight
cm cm cm gm. cm’ kg. ksc Day kg./m3
1 5.07 | 5.05 | 5.13 | 294.75 25.98 5590.00 215.14 1.00 | 2246.29
2 5.14 | 5.16 | 5.08 | 295.33 26.09 5590.00 214.29 1.00 | 2196.21
3 5.03 | 5.10 | 5.10 | 292.96 25.65 5410.00 210.89 1.00 | 2239.24
4 496 | 5.02 | 497 | 275.04 24.63 8650.00 351.25 3.00 | 2224.81
5 499 | 499 | 497 | 274.11 24.78 8500.00 343.08 3.00 |2217.19
6 495 | 498 | 498 | 274.50 24.65 8400.00 340.76 3.00 | 2236.03
7 499 | 499 | 497 | 27553 24.80 10070.00 406.04 7.00 | 2226.44
8 5.05 | 496 | 497 | 275.86 25.10 10070.00 401.22 7.00 | 2215.95
9 5.03 | 5.06 | 5.02 | 289.06 25.25 10230.00 405.14 7.00 | 2262.38
10 5.09 | 5.08 | 5.08 | 294.50 25.83 12420.00 480.80 28.00 | 2246.44
11 5.07 | 5.04 | 5.07 | 287.50 25.68 12180.00 47431 28.00 | 2221.36
12 5.07 | 5.07 | 5.05 | 291.50 25.58 11480.00 448.82 28.00 | 2247.81
13 510 | 5.13 | 5.05 | 292.57 25.76 12910.00 501.26 60.00 | 2216.53
14 5.05 | 5.12 | 5.04 | 294.05 25.45 12700.00 498.98 60.00 | 2256.47
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Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units

B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Day kg./m3
1 503 | 5.18 | 5.15 | 287.50 25.85 4930.00 190.69 1.00 | 2146.78
2 5.02 | 5.03 | 497 | 275.60 24.92 5120.00 205.42 1.00 | 2200.49
3 5.02 | 5.07 | 5.04 | 279.80 25.30 5030.00 198.81 1.00 | 2181.25
4 5.08 | 5.08 | 499 | 277.32 25.35 7880.00 310.86 3.00 | 2155.66
5 5.03 | 497 | 5.00 | 276.02 25.15 8010.00 318.49 3.00 | 2210.46
6 5.02 | 5.01 | 496 | 277.75 24.87 7910.00 318.00 3.00 | 2228.76
7 5.08 | 5.02 | 5.06 | 288.03 25.65 9200.00 358.62 7.00 | 2236.54
8 5.07 | 5.05 | 5.12 | 293.03 25.96 8800.00 339.00 7.00 | 2235.34
9 518 | 5.00 | 5.17 | 293.57 26.75 8820.00 329.66 7.00 | 2194.53
10 5.02 | 5.03 | 499 | 276.80 25.05 11390.00 454.69 28.00 | 2199.00
11 5.10 | 5.02 | 5.06 | 285.70 25.79 10780.00 418.06 28.00 | 2209.34
12 513 | 5.05 | 5.05 | 288.54 25.91 10830.00 418.04 28.00 | 2205.49
13 5.10 | 5.10 | 5.09 | 287.95 25.96 11500.00 443.01 60.00 | 2175.00
14 5.08 | 5.08 | 5.05 | 288.41 25.60 11600.00 453.07 60.00 | 2217.43
15 5.13 | 5.09 | 5.00 | 295.15 25.65 11530.00 449.51 60.00 | 2262.90
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Sample | Shape of Specimens | Weight Area Load Compressive | Age of | Units

B L H | of sample | of sample Strength Sample | Weight

cm cm cm gm. cm’ kg. ksc Day kg./m3
1 5.10 | 5.03 | 5.12 | 286.73 26.13 5150.00 197.11 1.00 | 2183.95
2 511 | 5.17 | 5.14 | 288.92 26.25 5100.00 194.29 1.00 | 2128.92
3 5.08 | 5.17 | 520 | 299.83 26.44 5160.00 195.18 1.00 | 2192.00
4 5.08 | 5.13 | 5.10 | 290.99 25.87 9240.00 357.14 3.00 | 2191.57
5 503 | 530 | 5.26 | 302.69 26.46 8430.00 318.56 3.00 | 2159.82
6 5.08 | 5.18 | 5.16 | 292.27 26.22 8730.00 332.98 3.00 | 2150.43
7 5.07 | 5.01 | 5.03 | 278.26 25.50 8940.00 350.56 7.00 | 2178.77
8 5.09 | 5.13 | 5.08 | 290.56 25.85 8950.00 346.27 7.00 | 2193.47
9 514 | 5.14 | 5.11 | 29297 26.28 8540.00 325.02 7.00 | 2169.65
10 517 | 5.17 | 5.18 | 302.00 26.80 10650.00 397.45 28.00 | 2181.21
11 518 | 5.17 | 5.01 | 295.50 25.93 11180.00 431.14 28.00 | 2205.43
12 518 | 5.14 | 5.13 | 297.70 26.55 11010.00 414.65 28.00 | 2181.26
13 514 | 5.17 | 5.15 | 295.54 26.49 11200.00 422.86 60.00 | 2158.25
14 5.02 | 499 | 5.03 | 274.09 25.24 11900.00 471.46 60.00 | 2177.92
15 5.11 | 5.12 | 5.00 | 286.80 25.56 11360.00 444.44 60.00 | 2191.96
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11939314 ASTM C33

Percent of Drying shrinkage

Age of Specimen (days.)

Sample
1 4 7 14 28 56 90 112

Ccscao0 | 0000 | 0.0023 | 0.0490 | 0.0719 | 0.0851 | 0.0922 | 0.0960 | 0.0986
CSCa10 | 0000 | 0.0003 | 0.0522 | 0.0687 | 0.0816 | 0.0935 | 0.0965 | 0.0996
cscazo | 0000 | 0.0038 | 0.0556 | 0.0752 | 0.0892 | 0.0960 | 0.1006 | 0.1041
csca3o | 0000 | 0.0091 | 0.0623 | 0.0786 | 0.0952 0.1013 0.1060 | 0.1104
CSCado | 0000 | 0.0014 | 0.0549 | 0.0596 | 0.0830 | 0.0948 | 0.0999 | 0.1033
cscaso | 0000 | 0.0020 | 0.0515 | 0.0613 | 0.0833 0.0969 0.0996 | 0.1002
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Percent of Drying shrinkage

Sample Age of Specimen (days.)

1 4 I 14 28 56 90 112
NScaoo | 0-000 | 0.0027 | 0.0461 | 0.0677 | 0.0826 0.0881 0.0918 | 0.0945
NSCa10 | 0000 | 0.0027 | 0.0457 | 0.0694 | 0.0823 | 0.0874 | 0.0921 | 0.0948
NSCa20 | 0000 | -0.0010 | 0.0471 | 0.0708 | 0.0833 | 0.0881 | 0.0925 | 0.0952
NSCa3o | 0-000 | -0.0005 | 0.0452 | 0.0671 | 0.0808 | 0.0856 | 0.0909 | 0.0953
NSCa40 | 0000 | 0.0030 | 0.0498 | 0.0681 | 0.0853 | 0.0884 | 0.0945 | 0.0996
NSCas0 | 0-000 | 0.0010 | 0.0528 | 0.0737 | 0.0848 | 0.0935 | 0.0975 | 0.1003
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Percent of Expansion (%)
Specimens Period of immersion, (days)
0 7 14 21 28 56 90 112
cscaoo | 0000 | 0004 | 0005 | 0041 | 0072 | 0113 | 0129 | 0139
CSCal0 0.000 0.002 0.008 0.042 0.060 0.090 0.111 0.121
CSCa20 0.000 0.005 0.007 0.015 0.041 0.055 0.072 0.108
cscazo | 0000 | 0004 | 0011 | 0028 | 0038 | 0.045 | 0059 | 0081
CSCad0 0.000 0.001 0.011 0.021 0.038 0.049 0.055 0.066
CSCas0 0.000 0.001 0.017 0.024 0.025 0.026 0.034 0.042
CSCCe 0.000 0.006 0.018 0.028 0.032 0.036 0.041 0.049
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Percent of Expansion (%)
Specimens Period of immersion, (days)
0 7 14 21 28 56 90 112
NSCa00 0.000 0.002 0.009 0.036 0.069 0.119 0.156 0.176
NSCalo | 0000 | 0002 | 0008 | 0019 | 0041 | 0054 | 0.066 | 0.082
NSCa20 0.000 0.004 0.009 0.012 0.035 0.050 0.062 0.072
NSCa30 0.000 0.004 0.009 0.009 0.030 0.043 0.062 0.072
NSCa40 0.000 0.004 0.009 0.010 0.028 0.049 0.055 0.060
NSCas0 0.000 0.006 0.008 0.011 0.019 0.024 0.038 0.053
NSCCe 0.000 0.001 0.003 0.013 0.017 0.022 0.031 0.040
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Percent of Expansion (%)

Specimens Period of immersion, (days)

0 7 14 21 28 56 90 112

csca00 | 0000 | 0005 | 0006 | 0046 | 0.059 | 008l | 0097 | 0.112

CSCal0 0.000 0.005 | 0.006 0.039 0.050 0.067 0.085 0.094

CSCa20 0.000 | 0.004 | 0.020 | 0.036 | 0.041 | 0.056 | 0.073 0.088

cscago | 0000 | 0007 | 0025 | 0038 | 0041 | 0057 | 0071 | 0.85

CSCaqo | 0000 | 0002 | 0027 | 0035 | 0039 | 0052 | 0.061 | 0.066

CSCa0 0.000 0.004 0.021 0.027 0.031 0.040 0.048 0.054

CSCCe 0.000 | 0.002 | 0.004 | 0.007 | 0017 | 0.025 | 0.030 0.040
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Percent of Expansion (%)

Specimens Period of immersion, (days)

0 7 14 21 28 56 90 112

NSCs00 | 0000 | 0004 | 0009 | 0017 | 0060 | 0102 | 0.114 | 0.124

NSCalo | 0000 | 0.006 | 0.009 | 0010 | 0043 | 0070 | 0101 | 0.112

NSCa20 0.000 | 0.004 | 0.004 | 0.012 | 0.042 | 0.065 | 0.082 | 0.091

NSCa30 0.000 | 0.001 | 0005 | 0.021 | 0.031 | 0.052 | 0.062 | 0.073

NSCa40 0.000 | 0.002 | 0.007 | 0.013 | 0.030 | 0.038 | 0.042 | 0.053

NSCa50 0.000 | 0.006 | 0.007 | 0.009 | 0.014 | 0.024 | 0.035 | 0.041

NSCCe 0.000 | 0.002 | 0014 | 0.017 | 0.029 | 0.040 | 0.051 | 0.066
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Compressive Strength of Mortar Containing Calcite as a Replacement of Sand
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ABSTRACT : This research studied on compressive strength of mortar using caleite as a replacement of sand . Two
gradations of sand, as received and as specified by ASTM C33, were used in the mortar mixtures. Mortar cubes were
cast by using the water to cement ratio of 0.539. Caleite was used to replace sand at 0, 10, 20, 30, 40, and 50 % by
weight. The compressive strength of mortar was determined at the ages of 1, 3, 7, and 28 days. The results showed that
use of calcite to partially replace sand slightly affected the compressive strength of mortar using a sand prepared the
gradation as specified by ASTM €33 (decrease 4-7 %). Use of calcite to partially replace as-received sand resulted in
highly decreasing the compressive strength of mortar (decrease 2-17 %). Moreover, the compressive strength of mortar

decreased with increasing in calcite content.

KEYWORDS : Mortar, Calcite, Natural Sand, Control Sand, Compressive Strength
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Mortar WiC Percent of Flow
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NSCa20 0.59 112
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CSCald 0.59 107
C8Ca20 0.59 110
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