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Thesis Title Sulfate Resistance of Mortar Using Fly Ash, Limestone Powder,
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ABSTRACT

This thesis aims to study the effect of binder types on sulfate resistance of mortar using fly
ash, ground granulated blast-furnace slag (GGBS), silica fume, limestone powder and bottom ash,
which are industrial wastes. The results will utilize these industrial wastes in the concrete industry.

In this study, the study sulfate resistance of mortar immersed in sulfate solutions was studied.
The expansion and weight loss of mortars using fly ash, GGBS, silica fume, limestone powder and
bottom ash were studied and compared with ordinary Portland cement (OPC) mortar. While, mortar
using bottom ash replacement in sand were compared with mortar without bottom ash.

The results show that the expansion in sulfate solution of mortar using fly ash, GGBS, silica
fume and limestone powder was less than OPC mortar, however was similar or slightly lower than
Type 5 Portland cement mortar. Except the expansion in sulfate solution of mortar using low quantity
of high CaO fly ash, low quantity of GGBS (both 2 and 3 binders) and using 2 binders of limestone
powder was more than or similarly OPC mortar. Furthermore, the expansion in sulfate solution of
mortar (including OPC mortar and mortar using GGBS, silica fume and limestone powder) using
bottom ash replacement in sand was lesser than that of mortar without bottom as. Except mortar using
high quantity of GGBS, the expansion of mortar without bottom ash. Except mortar using high quantity
of GGBS, the expansion of mortar using bottom ash replacement in sand was higher than that of mortar
without bottom ash. Moreover, the weight loss in magnesium sulfate solution of mortar using fly ash,
GGBS and silica fume was greater than that of OPC mortar. While the weight loss in magnesium
sulfate solution of mortar using limestone powder, both of 2 and 3 binders, was tend to be less than the
OPC mortar. Finally, mortar using the bottom ash replacement in sand had higher weight loss in

magnesium sulfate solution than mortar without bottom ash.

Keywords: fly Ash, sodium sulfate, magnesium sulfate, industrial wastes
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2.1.8.1 nalanisvitareveslesi@eudaia (Mechanisms of Sodium Sulfate
Attacks) [7]na Tan1sviiatsvea Ts@eudamauaaadaaunisn (2.11) 84 (2.14) i3udUID
o o aaa Y J . . R & a
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2 [ [ N aa . .
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1o aan I 4 A a @ A A o aan 1%
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(J 9 = [ = =2
NTVYYNLASUANTIIVDIADUNTA ANTUNITN (2.11) D3 (2.14)

CH + NS +2H —  CSH,+NH (2.11)
C,AH,+3CSH,+ 14H  —» C,ASH,, + CH (2.12)
C,ASH,, + 2CSH, + 16H —»  C,ASH, (2.13)
C,A +3CSH, + 26H — C,ASH,, (2.14)

2.1.82 nalnnisiiarevesnunfiFeugaa (Mechanisms of Magnesium
[ A A o = = =
Sulfate Attacks) [7]ﬂﬁhlﬂﬂ’li‘VI'Iﬁ']fJﬂJ@\i!LiJﬂHL%EJNGHaW\I@%Qllﬁﬂﬂiut"mfﬂi‘l/l (2.15) N (2.17)32
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2~ I ' A ' o & =0 913‘1 . . 1 = dy
Fadinnuduaren bige aaiudei i C-S-H uagEttingite litafosnim uenvnil C-S-H

o S A % Ql d' d' g’J
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Y
CSH, ttag MH azdzanuniu lng CSH, dzgnazauluyedaing(Pores) ¥09AdUNITA 21U MH
o Aaan v aay @ ~ Aana
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AaaumMsn (2.15) 99 (2.17)

CH+MS +2H — CSH,+ MH (2.15)
C,SyH, + xMS+ (3x+0.5y-z)H—  xCSH, + xMH + 0.5yS,H (2.16)
4MH + SH,, — M,SH, .+ (n-4.5)H (2.17)
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0w 2 Yy 1 R o A A A = A as =
ﬁmiﬂ“hiﬂinHﬂﬂﬂﬂﬁﬂﬂﬂ ]ﬁﬂllaglﬂiﬂ\iﬂﬂﬂiﬂiﬂuﬂ'ﬁﬁﬂﬂ'l FYALLDYAITNITANH
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MswmsenaIsazatasama ng’dﬂ’ﬁﬂuNﬁuﬂlﬁlﬂuﬂiﬁﬁwiﬂsﬂuﬂﬁﬁﬂi&lﬂﬂﬂlﬁwﬁzmﬂﬂﬂﬂu

3.1 JaquazinsesiloflFlumsann

]
v [

311 FaailFlunsAnuisedmiuiaaillumsanuiseluadailsznen lude

1) YuBwuddesauaudlsziand 1 asuGumdlesanauddszinni s Faii
AUAVUAMUNIATTIUNAANUNGATIMNTTY NON.IAY 1-2532 HIDWIATTIUBTNT ASTM C150

2) ave (Fly Ash) 19dasea1n 159 Inlihustinng Faniadinhe $1uau 3 vila
A9 FA, FB 1az FC nazid1aos91n 159 1 saniaszeed BLCP 80 1 ¥iia A FD

3) mﬂ%”ummqqmﬁﬂmam%ﬂﬂ (Ground Granulated Blast-furnace Slag)

4) «Tfﬁﬂwju (Silica Fume)

5) WaAUY (Limestone Powder) vi1an1uaziden 8 lulasmas

6) 181Mue (Bottom ash) lidiumainTsalihuinng amtagiiha
31U 3 ¥iia AD BAL, BA2 ag BA3

7) 1918 Jgns1esouruAZINTADS 4 c?'%qﬁwmﬁmﬁauqmﬁuﬁa@hmué”;

8) rrazaredamlai 1 lunsanun s 19asas aenun iidoudaa

(MgSO0,) tazasazan lsaoudama (Na,SO,)

9) il lumsmanlininlszah

~ o = 1 o =1 1Y
M13199 3.1 1aAI09Al TN UNIUAT ANVDNTUNIL HATANNALIDIAYDITAR
H 1 ~ o ] o
Uszaun1Flunsdnu da1ua151990 3.2 1ag 3.3 uandeaaliznoun1unl AINA99 1N
@ < %’ Yy Y o w - ~ ]
wazaNua s lumsnninuiveadINue aua1ay Tuvasngiln 3.1 uaaaninaisveny
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masgevesiganldlumsanyingil
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A ' o 1 J 2 o A =
19190 3.1 mﬂammmuwwuazmﬂﬂizﬂa‘uvmmml@mﬁ@]ﬂizﬁmwﬁl%’ﬁlumiﬁﬂm

pafilsznou L. L. y AszNiu
. Yuaud  Yusud IR -
many ot ¢ ot , M1099 ¥am K9
afauaud  Yoiauaua L -
(Govaz Tag . . g BLCP 1man fu Aufu
v . sz 1 szianin 5 .
UIMUN) FA FB FC FD UARIOYA
SiO, 18.93 20.97 35.71 26.61 25.22 61.46 34.06 92.00 0.45
AL O, 5.51 3.49 20.44 13.60 13.88 20.27 16.27 0.70 0.05
Fe,0, 3.31 4.34 15.54 1834 17.39 5.56 1.7 1.20 0.03
CaO 65.53 63.86 16.52 2497 26.25 1.73 36.05 0.20 55.2
MgO 1.24 333 2.00 233 2.38 0.96 7.38 0.20 0.34
Na,0 0.15 2.12 115 175 140 073 2.16 - <0.01
K,0 031 0.12 241 177 192 136 0.21 - <0.01
SO, 2.88 0.47 426 853 944 038 1.09 1.50 0.0l
LOI - 1.44 049 053 056 538 1.4 - 43.12
Free lime 1.00 1.01 1.71 3.93 3.06 0.03 - - -
Ry
V. 3.12 3.18 253 235 2.61 2.22 2.96 2.32 2.69
DNTUNE
ANAZIBEA
Tas siau, 3100 2727 2867 2820 2722 2723 4600 - 5210
3.7/,
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a J a Yy 9
M15199 3.2 99U NI UMUANVOUDINULAT

paf1lszneumainil
) . BAl BA2 BA3

(Gowaz Iasi1vin)
Si0o, 35.29 30.81 20.76
ALO, 18.93 12.95 10.38
Fe,0, 15.53 16.94 18.32
CaO 17.44 23.32 31.93
MgO 1.97 2.07 2.32
Na,0 2.02 4.44 7.71
K,0 0.66 0.81 1.79
SO, 2.07 1.53 1.35
LOI 4.45 5.43 4.90
Free lime 0.17 1.33 1.50

1 "o o o 3 v
ﬂ]‘iN‘ﬁ 3.3 AUDINIUNIY uazmmmmsniumﬁﬂﬂmuuwmgﬁﬁﬂmm

o g 3
mmmmsn“lumsmmum

%iin ANWANTUNIE )
(Fovaz)
BAl 1.76 27
BA2 2.13 21
BA3 1.94 32
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n) Yududilesauaudisziani 1 ¥) ihavean1sa liihutnng (FA)

20,0k 10 Amm %800 BSECPMP <%

@ @ @ <3
a) 11808910 159 Ilihdsiasze (FD) ) AZATUININQUNANAAZIDYA

) waruifu 8 lulaswas) ) Famlu
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¥) 181011 (BA1)

31t 3.1 mwveeidagavesiudmudleiauaudilsznnd 1 1idaes aznfumogundn
WAL Y tazaany

[

3.12 w5ediioRlFlumsAnm dmfuniesieginssiididy Al¥lumsinulu

g

¥ Aao &
AINU UAIU

1) n3eNauNeims (317 3.2)

4

31 3.2 1A eewanoiMS
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v £ o ' sy & g A
2) !Lll‘]_l‘ﬂa’ﬂﬂfu@']f]ﬂ']ﬂﬂ’ﬂiﬁ'Iﬁ@‘ﬂﬂ'lﬁﬂ"’llu']ﬂ 5x5x5 U, (:.j‘]J‘VI 3.3)

Y Y s
3 3.3 HUUVERTUAIRE 1B AT QNINARYLIA 5 x 5 x 5 .

1 Qs’ @ 1 s Y o 1 J d‘
3) UUUNADFUAIDYNUDIATTUNIVITVUIN 2.5 x 2.5 x 28.5 KU, (gﬂ‘ﬂ 3.4)

e, |

ﬂﬁ 34 LL‘]J°]_I‘Viaﬂ%u@nﬂEJN%J’E)?@H?LWN‘UWGUMWQ 2.5x2.5x28.5 .

4) 1AT997AANE) (Length Comparator) (gﬂﬁ 3.5)

gﬂﬁ 35 Lﬂ%ﬁ]ﬂ’i’ﬂﬂlmﬂn (Length Comparator)
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A v aa = o A
5) IATONWIAINDA ANALIDYA 0.01 NTU (gﬂ‘ﬂ 3.6)

a A v aa 2 o
ﬁﬂ‘ﬂ 3.6 LATDIWIAIADA ANNATIDYA 0.01 NTY

Y

o o [ lay % [} g Y o d'
6) NANNITUUFBUAIDYINUDIAT (gﬂ‘n 3.7)

= ad =2
3.2 19aRYAITMIANY
o [ =) ax = Y o va Y 9 @
dsusieazidenveddsnisanerlaiinsnadeuguanAs uNITAIUN UG
4 s A @ { 1 a o [ a o
mavesueiasdiel¥iaqlszmunanriany Tagimslsziivanudumugamalu 2
% ' o ¥ o .
anbaz®e IaLn M5¥e1eaa (Expansion) 1Az Mygayderiiniin (Weight Loss)
@ 4 J
3.2.1 MINATOUMIVOIAIVOINDTANS
a o o o (J ' J J 4
TumsdsziuanudmmugamaTagianisversdrvesdiodaunauesais
g’z = glz dy [ 2 g’/ @ ] 1 J Y P [] =
Uu TumsAnyIATIl 933AN13¥18A2909NId20819uNINB I NUY luaisazate TsRey
[ d’ 1 A A [ Y o 1 ] d Y o
Falavaznurluasazarsuuniimeudanla Taglddrog1aunanesasuuin 2.5x2.5x28.5

1 o ] 1 a i o 3 @ 1
%3’ AN ADAIULUUAI0Y (Mold) uﬁ'aﬁ'uﬁ"muwuwamﬁmﬁaﬂumizmﬂaeﬂmﬂmamq
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o [ { o o 1 ¥ 44 o . I
dred19azaeauuuieny 1 Ju uani lurlurhnoudaaae1uv1n (Saturated lime water) 13]u

U v gl} o w 1 1 = % S A %
139128 U ‘Viﬁ\‘]ﬁl'lﬂuuu'lﬁ’)’ﬂfl'lﬂulﬂlﬁfcluﬁ'ﬁa%ﬂ'IEJI“BMfJ‘JJ“]fﬁL‘V\I@] asazaguunUTeuame
] 9 ~ ¥ A o @ @ 1 1 Y A J ) @
m"lmwﬂmsw"b INDNINITNATIUNITVIIYAIUDIAIDYWUNIUDTAIND YA 1N TU
msazaredamla alimalasuiiongnn 9 2 HoUYDINTUTAI0E1

U a 1% @ @ 1 Y I ' o o
Gluﬁﬂu'J%ﬂ’]f!"Jﬂﬂ’lﬁ“llﬂ']flﬁ'ﬂlﬂ\?ﬁ')ﬂﬂ1\‘]ll@3ﬁ']51?]!;&%1”@115?13@16“]5@“"]9] N3ITM

2 v 9

AIWIIATFIU ASTM C 1012 Tasndentnusaaegialuiiioudidae1uv1(Saturated lime
water) 1511781 28 F1 1015790108115 UAUVEIRIE19881AT B TANIINE1) (Iength
comparator) AMWIATFIU ASTM C 490 donntfnieduslumsazaredanla u§inig
Jannuenveasaedaiieny 2, 3, 4, 8, 13 uaz 16 dUawd waz n 9 019 2 Weuvesnisusly
4

@ ) @ @ @ ] I { @ [ Y 1 4
gsazarvsaa ﬁ']ﬁﬁuﬂ'ﬁellfJ’]fJﬂ'Jell@Qﬂ'J@ﬂ'l\HﬂUﬂ'ﬁlﬂaﬂfnimfnﬂ@l'l 4 LWNGI?JE]EJNMBWQIJW

ANTVIIIAIVDINIDINAIUIY AIaNNITN (3.1)
MIVNIA (%) =[(L,—L)/L]x100 (3.1

A A 1 A A Y @ ] [ 1 %’ aA v 9 v
Tﬂﬂ‘ﬂ L no ﬂ']l,ﬂaﬂﬂ'ﬂllEJTJL??J@]uEUi’)\1@'Ji’)fJ'N‘Vif‘]Qﬁ]TﬂLL%iuu’WiﬂNﬁfJﬂfJﬂﬂluﬂﬂ’J 28 U (W)

LAo AURAIAINEIVEIAI0ENHAIINLY IUaITazatedala (i)

Qy (2 ]

11 3.8 FUAIDHIVUIA 2.5 x 2.5 x 28.5 .

SaN
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3.3 mawseanmsazmedavia
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v Y
dmsvarsazaresamlanlglumsdnwias il 1d1d 2 arsazaresama laun

asazae lsAausama vazaisazalenuneusamlea
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A A [ 9 A A @ (Y [
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1 a5 e l¥Suavesdesudama (SO,”) 1M1y 33,800 ppm
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v ¥ Ay A A v ¥ o
3.4.9 19199809 4 UNUNToaz 30 LazunuNMIuYuTosay 10 Tagtimiin Tu
s g {
Yuswualosanaualsziani 1
o < A Sy A a Y
3.4.10 AZNTUNINQUNANVAAZIDIN UNUNIBBAZ 25 HAazUNUNWIT WY UTosas 5
Tastimiin Tuyuduwuddesauauilsznnii 1
o < 2 Ay A a Y
3.4.11 azniumnguranuaazden unuNiosas 20 tazununkIiuuiosas 10
Tabmin Tuyuduuddesauausiszinnii 1
o < = 9 a4 a ¥
3.4.12 ANFUMINQURANUADZIDIA UNUNIBBAZ 45 HazununmIiuYuiosas 5
LI R4 s 1
Tagrmiin Tulusmualesauanailszmani |
@ < = Ay A a Y
3.4.13 aznfuIMINQUUANUAAZIDEn UNUNT0aY 40 tazunuNmAuuiesas 10
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ana QY dl a Y % v
3.4.14 a1y unuNosay 5 uasunuNMUYuiesas 5 Taatmin
ana d'al d' a 9 % [
3.4.15 anmyfy ununiesay 5 uasunuNrIAENYuiosas 10 Taatimin
Y H (% 1 9 =Y {
3.4.16 wnuununlunselusaaiuioesas 10 uaz 30 Tasdsuias luvaen
o o o s {
aguszenuldfudmudtesanauaiszinni 1 dau
k) ~ @ 1 a H
3.4.17 wnwsnunlunselusasiaiudssas 10 uaz 30 Taslsuias luvaen
o ] A ~ s s s A & A o ' 9
Jagilszaulsassununluyuswudiesatauailszinni 1 Faumunlusasiaiusoesas 40
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3.4.18 wnweumnunlunselusasdiudssas 10 uaz 30 Tastsuas luvausn
o A { o P P { . { o '
Yaguszenuldmaiuguummunlugfudmudlosauauaiszioni 1 Fununlusadiuiooas
Y
10 Tagniin
Y { o U a Y
3.4.19 wmwsmmunlunselusasiaiudseas 10 uaz 30 Taslsuias Tuvasn
o P} o 3 A ~ o s o A X A
JagiszaulgaznSwmaguranunuinluyudmuaesanauddsziani 1 Faumunluy
1 g (-7
da31aIusegaz 50 Tagrimiin
1 %’ 1 (v} 1 %]
3.4.20 amwmuummaﬂﬂizmu (W/B) (101 0.55
1 1 (%] I} % 90’ %3
3.421 oandiunensdanlszauming 2.75 Tagtmiin
[ 1 4 P {
TagsreaziBenuoadaaIunauvoINasa1s nlslunsanuinaas Iaga15199 3.4
o 1 SY & ~ s P s A A Y P
uaaada@IuraNveINe I usmualosauaudlszionn 1 uazlsznni 5 a9 vazues
9y J 9 [ < =) Aaa a ~ ~
Mkauiaos aznsunguranuaaziden san vy tazsariuiu Tuvaziaisan 3.5 uaag

o 1 JY o Yy 9
AATIUNTUVDIUDIATNTHTULDINULAN

d’ [ JY o % o o Aq Y =2
M3199 3.4 TATIUHTUVOINDITAT LABUINIIN (NIY) nlylumsdnm

YuFua azasuen W
4 g o v < yam o
il doyansol Jsoinm  tssny 01908 0Quman N Auiu I,
N s uaazden (8p)
1 C1 1.00 - - - - - 0.55 2.75
2 C5 i 1.00 - - S - 0.55 2.75
3 CI1-20FA 0.80 X 0.20 - q - 0.55 2.75
4 C1-40FA 0.60 - 0.40 - - - 0.55 2.75
5 C1-30SL 0.70 - - 0.30 - - 0.55 2.75
6 C1-50SL 0.50 - - 0.50 - - 0.55 2.75
7 C1-5LP 0.95 - - - - 005 055 275
8 C1-10LP 0.90 - - - - 010 055 275
9 C1-15FA-5LP 0.80 - 0.15 - - 005 055 275
10 C1-10FA-10LP 0.80 - 0.10 - - 0.10 0.55 2.75
11 C1-35FA-5LP 0.60 - 0.35 - - 0.05 0.55 2.75
12 CI-30FA-10LP  0.60 - 0.30 - - 010 055 275
13 C1-25SL-5LP 0.70 - - 0.25 - 005 055 275
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M15199 3.4 (719)

o
P azniue N
4 e e ) ¥am  _ ,
il wanyal Jssinm sy 1008 DQUMAN ) iy 9 nse
i i s Uaazden (8p)

14 C1-20SL-10LP  0.70 - - 0.20 - 0.10 055 275
15 CI1-45SL-5LP 0.50 - - 0.45 - 005 055 275
16 C1-40SL-10LP  0.50 - - 0.40 - 0.10 055 275
17 C1-5SF 0.95 - - - 0.05 - 055 275
18 CI1-10SF 0.90 - 4 - 0.10 - 0.55 275
19 CI-5SF-5LP 0.90 - - - 005 005 055 275
20 C1-10SF-5LP 0.85 - 3 - 0.10 0.10 0.55 275
21 C1-20FB 0.80 - 0.20 - - - 0.55 275
22 C1-20FC 0.80 N 0.20 - - - 0.55 275
23 C1-20FD 0.80 - 0.20 - - - 0.55 275
24 C1-40FB 0.60 - 0.40 - - - 055 275
25 C1-40FC 0.60 - 0.40 S - - 0.55 275
26 C1-40FD 0.60 - 0.40 - - - 055 275
27 CI-15FB-5LP  0.80 - 0.15 - - 005 055 275
28 CI-1SFC-5LP  0.80 - 0.15 - - 005 055 275
29 CI-15FD-5LP  0.80 - 0.1 - - 005 055 275
30  CI-30FB-10LP 0.60 - 0.30 7 F 0.10 0.55 275
31 CI-30FC-10LP  0.60 - 0.30 - - 0.10 055 275
32 C1-30FD-10LP 0.60 - 0.30 < - 0.10 0.55 275
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H 1 U 90’ v U {
M519N 3.5 dadrunauvesiagiszaulasimin (n5) nazdiduaumunluwlasw
H 1 90' [
aziven (TaelSuas) NFlumsdne Taeldoasiaruthae Taquszaiu (wh)
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5  CI-30BAl 1.00 - - - 30%
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8  C1-40FA 0.60 0.40 - - -
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Table shows the expansion of mortar bar (25 x 25 x 285 mm) which immerses in sulfate solution at each variable ages.

Expansion of Paste Bars Specimens, %

Sulfate
N sample Solution | o week | 2 weeks | 3 weeks | 4 weeks | 8 weeks | 13 weeks | 16 weeks | 25 weeks | 33 weeks | 41 weeks | 51 week | 61 week | 69 week | 77 week
Mg 0.000 | 0.0045 | 0.0006 | 0.0082 | 0.0066 0.0165 0.0220 0.0450 0.0822 0.1755 0.3225 | 0.4212 | 0.4676 | 0.5218
b Na 0.000 | 0.0001 | 0.0001 | 0.0043 | 0.0037 | 0.0087 0.0153 0.0305 0.0566 0.0970 | 0.1791 | 0.2831 | 0.3715 | 0.4521
Mg 0.000 | 0.0006 | -0.0001 | 0.0085 | 0.0087 | 0.0218 0.0282 0.0375 0.0744 0.1218 | 0.2587 | 0.5393 | 0.7565 | 1.0733
o Na 0.000 | 0.0024 | 0.0004 | 0.0040 | 0.0073 | 0.0096 0.0123 0.0189 0.0312 0.0446 | 0.0550 | 0.0625 | 0.0667 | 0.0759
Mg 0.000 | 0.0044 | 0.0080 | 0.0096 | 0.0119 0.0200 0.0240 0.0288 0.0389 0.0845 0.1706 | 0.2038 | 0.2412 | 0.2776
i i Na 0.000 | -0.0026 | -0.0046 | -0.0010 | -0.0012 | 0.0035 0.0040 0.0054 0.0138 0.0398 0.0659 | 0.0814 | 0.1074 | 0.1204
Mg 0.000 | 0.0068 | 0.0054 | 0.0078 | 0.0071 0.0085 0.0065 0.0104 0.0233 0.0317 0.0378 | 0.0439 | 0.0552 | 0.0621
B s Na 0.000 | 0.0023 | -0.0004 | 0.0014 | 0.0017 | 0.0016 0.0008 0.0020 0.0168 0.0218 | 0.0446 | 0.0425 | 0.0405 | 0.0432
Mg 0.000 | 0.0031 | 0.0040 | 0.0060 | 0.0094 | 0.0239 0.0396 0.0806 0.1451 0.2592 | 0.4976 | 0.6460 | 0.7965 | 1.2432
i Na 0.000 | 0.0009 | 0.0016 | 0.0033 | 0.0013 | 0.0137 0.0150 0.0230 0.0480 0.0862 | 0.1899 | 0.3611 | 0.5706 | 0.9763
Mg 0.000 | 0.0075 | 0.0118 | 0.0130 | 0.0167 0.0206 0.0210 0.0319 0.0561 0.1057 0.2516 | 0.3421 | 0.4518 | 0.7060
i R Na 0.000 | 0.0018 | -0.0021 | 0.0010 | -0.0008 | -0.0010 0.0030 0.0046 0.0216 0.0286 0.0586 | 0.0632 | 0.0710 | 0.0865
Mg 0.000 | 0.0046 | -0.0002 | 0.0005 | 0.0018 0.0210 0.0319 0.0387 0.0697 0.1242 0.2007 | 0.2515 | 0.3216 | 0.4518
e Na 0.000 | 0.0032 | 0.0058 | 0.0110 | 0.0250 | 0.0306 0.0440 0.0600 0.1060 0.1696 | 0.2704 | 0.3711 | 0.4382 | 0.5177
Mg 0.000 | 0.0074 | 0.0053 | 0.0080 | 0.0132 | 0.0322 0.0427 0.0537 0.0737 0.1037 | 0.1596 | 0.1887 | 0.2211 | 0.2854
i Na 0.000 | 0.0042 | 0.0068 | 0.0115 | 0.0240 | 0.0276 0.0400 0.0460 0.0752 0.1244 | 0.1859 | 0.2705 | 0.3316 | 0.3839
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Table shows the expansion of mortar bar (25 x 25 x 285 mm) which immerses in sulfate solution at each variable ages.

Sulfate Expansion of Paste Bars Specimens, %
No. Sample
Solution | 0 week | 2 weeks | 3 weeks | 4 weeks | 8 weeks | 13 weeks | 16 weeks | 25 weeks | 33 weeks | 41 weeks | 51 week | 61 week | 69 week | 77 week
Mg 0.000 0.0071 0.0046 0.0106 0.0097 0.0149 0.0153 0.0401 0.0994 0.1704 0.3151 0.3848 0.4606 0.6458
9 C1-15FA-5LP
Na 0.000 0.0048 0.0018 0.0083 0.0046 0.0118 0.0191 0.0400 0.0882 0.1498 0.2970 0.4012 0.4706 0.5702
Mg 0.000 0.0050 0.0066 0.0100 0.0150 0.0275 0.0421 0.0769 0.1237 0.2155 0.3380 0.3950 0.4525 0.5469
10 | C1-10FA-10LP
Na 0.000 0.0011 0.0024 0.0053 0.0140 0.0223 0.0345 0.0551 0.1162 0.2028 0.3425 0.4626 0.5359 0.6519
Mg 0.000 0.0051 0.0078 0.0099 0.0097 0.0110 0.0101 0.0136 0.0276 0.0408 0.0553 0.0733 0.0967 0.2318
11 | C1-35FA-5LP
Na 0.000 0.0036 -0.0009 0.0024 -0.0001 0.0030 0.0039 0.0039 0.0168 0.0283 0.0465 0.0469 0.0492 0.0763
Mg 0.000 0.0030 0.0052 0.0070 0.0110 0.0160 0.0180 0.0200 0.0284 0.0471 0.0832 0.0847 0.1069 0.1569
12 | C1-30FA-10LP
Na 0.000 -0.0007 | -0.0016 | -0.0026 | -0.0010 0.0058 0.0078 0.0094 0.0128 0.0250 0.0374 0.0430 0.0457 0.0526
Mg 0.000 0.0150 0.0120 0.0162 0.0173 0.0241 0.0257 0.0287 0.0582 0.1238 0.2056 0.3612 0.4509 0.6391
13 | C1-25SL-5LP
Na 0.000 0.0098 0.0046 0.0023 0.0004 0.0043 0.0065 0.0076 0.0213 0.0387 0.0543 0.0476 0.0476 0.0539
Mg 0.000 0.0099 0.0118 0.0147 0.0190 0.0481 0.1016 0.2390 0.3857 0.6385 1.0160 1.1944 1.3602 1.7192
14 | C1-20SL-10LP
Na 0.000 0.0059 0.0054 0.0064 0.0100 0.0225 0.0360 0.0524 0.1270 0.2654 0.6011 0.8312 - -
Mg 0.000 0.0125 0.0097 0.0173 0.0185 0.0296 0.0343 0.0447 0.0678 0.1147 0.2246 0.2960 0.3792 0.5624
15 | C1-45SL-5LP
Na 0.000 0.0064 0.0075 0.0102 0.0111 0.0167 0.0170 0.0187 0.0279 0.0494 0.0607 0.0567 0.0688 0.0686
Mg 0.000 0.0080 0.0112 0.0127 0.0146 0.0182 0.0200 0.0357 0.0768 0.1378 0.2950 0.3716 0.4516 0.6951
16 | C1-40SL-10LP
Na 0.000 0.0051 0.0078 0.0092 0.0087 0.0127 0.0125 0.0150 0.0268 0.0371 0.0626 0.0592 0.0630 0.0698
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Table shows the expansion of mortar bar (25 x 25 x 285 mm) which immerses in sulfate solution at each variable ages.

Sulfate Expansion of Paste Bars Specimens, %
No. Sample
Solution | 0 week 2 weeks | 3 weeks | 4 weeks | 8 weeks | 13 weeks | 16 weeks | 25 weeks | 33 weeks | 41 weeks | 51 week | 61 week | 69 week 77 week
Mg 0.000 0.0020 0.0034 0.0058 0.0054 0.0093 0.0096 0.0175 0.0356 0.0558 0.0782 0.0865 0.1278 0.1935
17 | C1-5SF
Na 0.000 0.0032 0.0054 0.0066 0.0090 0.0111 0.0120 0.0140 0.0212 0.0304 0.0346 0.0363 0.0356 0.0467
Mg 0.000 0.0050 0.0083 0.0090 0.0128 0.0184 0.0230 0.0270 0.0361 0.0563 0.0921 0.1028 0.1196 0.1867
18 | C1-10SF
Na 0.000 0.0037 0.0021 0.0035 0.0045 0.0067 0.0089 0.0099 0.0130 0.0218 0.0226 0.0246 0.0298 0.0356
Mg 0.000 0.0080 0.0100 0.0150 0.0190 0.0234 0.0240 0.0245 0.0292 0.0501 0.0509 0.0526 0.0567 0.0459
19 | C1-5SF-5LP
Na 0.000 0.0008 0.0013 0.0060 0.0072 0.0091 0.0095 0.0105 0.0172 0.0297 0.0481 0.0316 0.0315 0.0399
Mg 0.000 0.0047 0.0068 0.0144 0.0142 0.0184 0.0186 0.0193 0.0220 0.0331 0.0591 0.0401 0.0454 0.0511
20 | C1-10SF-5LP
Na 0.000 0.0012 0.0038 0.0050 0.0078 0.0093 0.0098 0.0110 0.0175 0.0277 0.0311 0.0325 0.0362 0.0327
Mg 0.000 -0.0020 0.0012 0.0016 0.0023 0.0014 0.0027 0.0254 0.1160 0.1713 0.2666 0.4775
21 | CI1-20FB
Na 0.000 0.0012 0.0023 -0.0001 | -0.0004 0.0042 0.0065 0.0214 0.0489 0.0658 0.0775 0.1067
Mg 0.000 -0.0012 0.0025 0.0016 0.0025 0.0037 0.0091 0.0304 0.1207 0.1522 0.2142 0.4157
22 | CI-20FC
Na 0.000 -0.0020 0.0012 | -0.0039 | -0.0030 0.0014 0.0044 0.0208 0.0443 0.0725 0.0914 0.1240
Mg 0.000 0.0012 0.0036 0.0005 -0.0015 0.0025 0.0026 0.0156 0.0405 0.0411 0.0446 0.0960
23 | C1-20FD
Na 0.000 -0.0062 | -0.0040 | -0.0026 | -0.0022 0.0030 0.0035 0.0244 0.0316 0.0256 0.0308 0.0311
Mg 0.000 -0.0023 | -0.0019 | -0.0026 | -0.0001 0.0013 0.0064 0.0170 0.0441 0.0510 0.0634 0.1180
24 | C1-40FB
Na 0.000 -0.0009 | -0.0011 | -0.0002 0.0005 0.0026 0.0087 0.0168 0.0310 0.0375 0.0392 0.0414
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Table shows the expansion of mortar bar (25 x 25 x 285 mm) which immerses in sulfate solution at each variable ages.

Sulfate Expansion of Paste Bars Specimens, %
No. Sample
Solution | 0 week 2 weeks 3 weeks | 4weeks | 8 weeks | 13 weeks | 16 weeks | 25 weeks | 33 weeks | 41 weeks | 51 week | 61 week | 69 week | 77 week
Mg 0.000 -0.0010 -0.0018 -0.0030 -0.0040 -0.0003 0.0043 0.0379 0.1343 0.1947 0.2590 0.3925
25 C1-40FC
Na 0.000 0.0016 0.0047 -0.0009 0.0032 0.0064 0.0119 0.0312 0.0657 0.0952 0.1060 0.1142
Mg 0.000 -0.0023 -0.0032 -0.0046 -0.0032 -0.0027 -0.0018 0.0101 0.0481 0.0373 0.0544 0.1065
26 C1-40FD

Na 0.000 -0.0063 -0.0055 -0.0043 -0.0012 0.0003 -0.0005 0.0139 0.0268 0.0239 0.0257 0.0257

Mg 0.000 -0.0051 -0.0043 -0.0040 | -0.0037 -0.0019 0.0037 0.0416 0.1893 0.2661 0.4472 0.6794
27 CI1-15FB-5LP
Na 0.000 -0.0024 0.0023 0.0026 0.0031 0.0040 0.0056 0.0202 0.0311 0.0464 0.0568 0.0816

Mg 0.000 -0.0035 0.0009 0.0011 -0.0008 0.0038 0.0138 0.0239 0.1468 0.2164 0.3011 0.5080
28 CI-15FC-5LP
Na 0.000 -0.0020 -0.0011 -0.0001 -0.0004 0.0023 0.0102 0.0258 0.0265 0.0196 0.0219 0.0342

Mg 0.000 -0.0055 -0.0048 | -0.0033 | -0.0022 0.0002 0.0090 0.0120 0.0723 0.1037 0.1489 0.2453
29 C1-15FD-5LP
Na 0.000 -0.0065 -0.0055 | -0.0021 -0.0002 0.0008 0.0080 0.0098 0.0129 0.0211 0.0209 0.0232

Mg 0.000 -0.0035 -0.0028 | -0.0017 | -0.0003 0.0057 0.0144 0.0185 0.1077 0.1557 0.2089 0.3242
30 | C1-30FB-10LP
Na 0.000 -0.0045 -0.0014 0.0012 0.0021 0.0042 0.0111 0.0171 0.0219 0.0218 0.0218 0.0307

Mg 0.000 -0.0024 0.0027 0.0030 0.0032 0.0090 0.0289 0.0474 0.1861 0.2386 0.3089 0.4517
31 C1-30FC-10LP
Na 0.000 -0.0028 0.0014 0.0030 0.0064 0.0070 0.0144 0.0169 0.0384 0.0425 0.0598 0.0767

Mg 0.000 -0.0010 0.0025 0.0033 0.0054 0.0079 0.0184 0.0214 0.0534 0.0585 0.0960 0.2022
32 | CI-30FD-10LP
Na 0.000 -0.0016 0.0019 0.0050 0.0072 0.0101 0.0159 0.0249 0.0267 0.0305 0.0360 0.0415
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Table shows the expansion of mortar bar (25 x 25 x 285 mm) which immerses in sulfate solution at each variable ages.

Sulfate Expansion of Paste Bars Specimens, %
Mix No. Sample
Solution 0 week 2 weeks 3 weeks 4 weeks 16 weeks 24 weeks 32 weeks 40 weeks 50 weeks

Mg 0.0000 0.0063 0.0030 0.0014 0.0170 0.0906 0.2408 0.4647 0.6181
1 C1-10BA1

Na 0.0000 0.0071 0.0034 0.0014 0.0182 0.0752 0.2344 0.3641 0.6491

Mg 0.0000 0.0032 0.0037 0.0023 0.0151 0.0775 0.1979 0.3510 0.4553
2 C1-30BAl1

Na 0.0000 0.0030 0.0037 0.0000 0.0140 0.0663 0.1654 0.3304 0.5270

Mg 0.0000 0.0001 0.0071 -0.0033 0.0149 0.0196 0.0315 0.0684 0.0781
3 C1-40FA-10BAL1

Na 0.0000 -0.0030 -0.0004 -0.0050 0.0053 0.0187 0.0208 0.0392 0.0404

Mg 0.0000 0.0004 0.0060 -0.0046 0.0115 0.0201 0.0330 0.0523 0.0458
4 C1-40FA-30BAL1

Na 0.0000 0.0036 0.0049 0.0094 0.0142 0.0199 0.0298 0.0515 0.0485

Mg 0.0000 -0.0063 -0.0102 -0.0112 0.0002 0.0147 0.0830 0.3879 0.7449
5 C1-50SL-10BA1

Na 0.0000 -0.0054 -0.0098 -0.0042 0.0084 0.0165 0.0388 0.0767 0.1182

Mg 0.0000 -0.0139 -0.0232 -0.0158 -0.0026 0.0349 0.0979 0.2914 0.4688
6 C1-50SL-30BA1

Na 0.0000 -0.0068 -0.0140 -0.0072 0.0054 0.0230 0.0549 0.1054 0.1316

Mg 0.0000 0.0018 -0.0026 0.0012 0.0145 0.0968 0.2219 0.3360 0.4598
7 C1-10LP-10BA1

Na 0.0000 0.0760 0.0730 0.0740 0.1212 0.1832 0.2742 0.4273 0.7646

Mg 0.0000 0.0032 0.0071 0.0020 0.0070 0.0984 0.2173 0.3669 0.4871
8 C1-10LP-30BA1

Na 0.0000 0.0351 0.0468 0.0709 0.1035 0.1565 0.1884 0.2730 0.6002
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Table shows the expansion of mortar bar (25 x 25 x 285 mm) which immerses in sulfate solution at each variable ages.

Sulfate Expansion of Paste Bars Specimens, %
Mix No. Sample
Solution 0 week 2 weeks 3 weeks 4 weeks 16 weeks 24 weeks 32 weeks 40 weeks 50 weeks
Mg 0.0000 -0.0367 -0.0395 -0.0305 -0.0253 0.0538 0.2670 0.4919 0.6311
9 C1-10BA2
Na 0.0000 -0.0302 -0.0312 -0.0263 -0.0163 0.0570 0.1604 0.2975 0.4325
Mg 0.0000 -0.0292 -0.0214 -0.0178 -0.0119 0.0588 0.1573 0.2822 0.3784
10 C1-30BA2
Na 0.0000 -0.0118 -0.0211 -0.0198 -0.0067 0.0361 0.1272 0.2272 0.3396
Mg 0.0000 -0.0305 -0.0263 -0.0218 -0.0267 -0.0025 0.0163 0.0554 0.0905
11 C1-40FA-10BA2
Na 0.0000 -0.0256 -0.0282 -0.0275 -0.0244 -0.0125 -0.0102 -0.0047 0.0026
Mg 0.0000 -0.0310 -0.0274 -0.0207 -0.0283 -0.0021 0.0186 0.0278 0.0326
12 C1-40FA-30BA2
Na 0.0000 -0.0159 -0.0216 -0.0186 -0.0158 -0.0083 0.0018 0.0090 0.0153
Mg 0.0000 0.0195 0.0133 0.0205 0.0166 0.0551 0.1258 0.4049 0.7062
13 C1-50SL-10BA2
Na 0.0000 0.0081 -0.0004 0.0051 0.0061 0.0138 0.0304 0.0616 0.0747
Mg 0.0000 -0.0072 -0.0039 0.0051 -0.0047 0.0284 0.0628 0.1433 0.2414
14 C1-50SL-30BA2
Na 0.0000 0.0037 -0.0058 -0.0021 0.0026 0.0072 0.0235 0.0326 0.0395
Mg 0.0000 0.0026 0.0076 0.0115 0.0154 0.1456 0.3335 0.5481 0.6735
15 C1-10LP-10BA2
Na 0.0000 0.0042 0.0021 0.0055 0.0204 0.1475 0.2836 0.3516 0.4847
Mg 0.0000 -0.0042 0.0022 0.0000 0.0032 0.0738 0.1673 0.2751 0.3488
16 C1-10LP-30BA2
Na 0.0000 0.0056 0.0041 0.0071 -0.0046 0.0575 0.1208 0.1987 0.2808
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Table shows the expansion of mortar bar (25 x 25 x 285 mm) which immerses in sulfate solution at each variable ages.

Sulfate Expansion of Paste Bars Specimens, %
Mix No. Sample
Solution 0 week 2 weeks 3 weeks 4 weeks 16 weeks 24 weeks 32 weeks 40 weeks 50 weeks

Mg 0.0000 0.0019 -0.0042 0.0014 0.0101 0.0664 0.2255 0.4093 0.5316
17 C1-10BA3

Na 0.0000 0.0053 -0.0006 0.0040 0.0109 0.0354 0.2033 0.3849 0.5084

Mg 0.0000 0.0033 -0.0011 0.0028 0.0130 0.0526 0.1575 0.2737 0.3575
18 C1-30BA3

Na 0.0000 0.0042 0.0000 0.0008 0.0132 0.0352 0.0821 0.1774 0.2663

Mg 0.0000 0.0044 0.0005 0.0065 0.0068 0.0214 0.0351 0.0598 0.0651
19 C1-40FA-10BA3

Na 0.0000 0.0039 0.0011 0.0006 0.0070 0.0002 0.0194 0.0276 0.0351

Mg 0.0000 -0.0025 -0.0050 0.0006 0.0042 0.0160 0.0261 0.0347 0.0412
20 C1-40FA-30BA3

Na 0.0000 0.0104 0.0034 0.0037 0.0082 -0.0001 0.0251 0.0309 0.0370

Mg 0.0000 -0.0032 0.0049 0.0172 0.0335 0.0991 0.1833 0.3833 0.6472
21 C1-50SL-10BA3

Na 0.0000 0.0009 -0.0060 -0.0044 0.0018 -0.0028 0.0261 0.0432 0.0714

Mg 0.0000 -0.0008 -0.0023 0.0083 0.0076 0.0327 0.0611 0.1249 0.1927
22 C1-50SL-30BA3

Na 0.0000 0.0088 0.0007 0.0063 0.0090 0.0094 0.0288 0.0379 0.0465

Mg 0.0000 0.0053 -0.0008 0.0053 0.0095 0.0658 0.2055 0.3850 0.5116
23 C1-10LP-10BA3

Na 0.0000 0.0077 0.0025 0.0077 0.0161 0.0525 0.1661 0.3289 0.4333

Mg 0.0000 0.0030 -0.0007 0.0042 0.0075 0.0693 0.1833 0.3240 0.4225
24 C1-10LP-30BA3

Na 0.0000 0.0104 0.0070 0.0121 0.0242 0.0623 0.1919 0.3561 0.4821
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Table shows the expansion of mortar bar (25 x 25 x 285 mm) which immerses in sulfate solution at each variable ages.

Sulfate Expansion of Paste Bars Specimens, %
Mix No. Sample
Solution 0 week 2 weeks 3 weeks 4 weeks 16 weeks 24 weeks 32 weeks 40 weeks 50 weeks
Mg 0.0000 -0.0030 -0.0137 -0.0104 -0.0032 0.0347 0.0826 0.2591 0.3947
25 C1-40FA
Na 0.0000 0.0094 0.0013 0.0034 0.0061 0.0265 0.0450 0.0551 0.0788
Mg 0.0000 0.0054 -0.0090 -0.0013 0.0068 0.0971 0.4046 1.2554 1.9951
26 C1-50SL
Na 0.0000 -0.0044 -0.0104 -0.0054 0.0019 0.0196 0.0689 0.1389 0.3189
Mg 0.0000 0.0012 -0.0069 -0.0009 0.0117 0.1298 0.3083 0.5437 0.9132
27 C1-10LP
Na 0.0000 0.0082 0.0261 0.0510 0.1608 0.2420 0.4012 0.6146 0.9165
Mg 0.0000 -0.0048 -0.0189 -0.0113 0.0106 0.0912 0.2869 0.6209 1.0986
28 Cl1
Na 0.0000 0.0413 0.0771 0.1030 0.2089 0.3248 0.5158 0.6772 0.7439
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Table shows the weight of mortar Loss cube (5 x 5 x 5 mm) which immerses in sulfate solution at each variable ages.

Weight loss of cube Specimens, %
No. Sample
Oweek | 2weeks | 3weeks | 4weeks | 8weeks | 13weeks | 16 weeks | 25weeks | 33 weeks | 41weeks | 51 weeks | 61 weeks
1 |C1 0 0.58 0.95 0.78 0.96 1.66 2.01 1.62 1.74 217 1.78 1.90
2 | C5 0 -0.21 0.45 0.38 0.57 1.61 2.13 1.86 2.17 2.88 2.73 2.89
3 | C1-20FA(L) 0 0.50 1.06 1.13 1.50 141 1.78 157 1.89 2.10 2.07 2.19
4 | C1-40FA(L) 0 -0.19 0.43 0.57 0.99 1.48 2.05 1.73 2.20 2.61 3.10 3.26
5 | C1-30SL 0 0.08 0.67 0.55 0.95 1.02 1.39 0.91 1.30 1.57 1.57 1.83
6 | C1-50SL 0 0.07 0.63 -0.10 1.02 1.34 1.42 0.71 1.35 1.57 1.30 1.34
7 | C1-5LP 0 0.14 0.80 0.73 1.08 1.55 1.75 1.22 1.62 1.98 1.57 1.60
8 | C1-10LP 0 0.04 0.60 0.53 0.93 0.89 1.49 1.12 151 1.72 1.38 1.54
9 | C1-15FA(1)-5LP 0 0.02 0.56 0.48 0.81 124 1.85 1.49 1.90 2.14 2.54 2.73
10 | C1-10FA(1)-10LP 0 0.08 0.72 0.51 0.95 1.17 1.59 1.09 1.54 1.79 1.73 1.93
11 | C1-35FA(1)-5LP 0 0.09 0.80 0.78 1.18 1.43 1.90 1.58 2.13 2.02 2.34 2.45
12 | C1-30FA(1)-10LP 0 -0.03 0.41 0.46 0.86 0.90 1.36 1.01 1.50 1.50 1.48 161
13 | C1-25SL-5LP 0 0.16 0.60 0.56 0.98 181 2.22 2.09 2.32 2.57 2.63 2.76
14 | C1-20SL-10LP 0 0.25 0.82 0.77 1.15 1.82 2.18 1.81 2.13 2.26 221 2.36
15 | C1-45SL-5LP 0 0.06 0.64 0.71 1.13 161 2.39 2.16 2.59 2.80 3.81 3.53
16 | C1-40SL-10LP 0 0.00 0.73 0.67 1.05 1.35 1.93 1.60 211 251 2.72 2.89
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Table shows the weight of mortar Loss cube (5 x 5 x 5 mm) which immerses in sulfate solution at each variable ages.

Weight loss of cube Specimens, %
No. Sample
Oweek | 2weeks | 3weeks | 4weeks | 8weeks | 13weeks | 16 weeks | 25weeks | 33 weeks | 41weeks | 51 weeks | 61 weeks

17 | C1-5SF 0 0.37 1.07 1.10 1.42 1.64 1.74 1.32 1.52 2.14 2.08 2.15
18 | C1-10SF 0.38 0.94 0.90 1.29 1.50 153 1.31 1.54 1.94 1.80 1.95
19 | C1-5SF-5LP 0 -0.24 -0.07 -0.37 0.27 0.40 0.75 0.51 0.62 1.13 1.13 1.19
20 | C1-10SF-5LP 0 -0.21 -0.06 -0.15 0.28 0.07 0.25 -0.04 0.33 0.57 0.28 0.50
21 | C1-20FA(2) 0 0.55 0.62 1.26 1.33 1.31 1.42 1.80 244 2.10 1.76 2.79
22 | C1-20FA(3) 0 0.62 0.48 1.23 1.32 1.28 1.38 1.59 1.07 1.15 1.23 2.71
23 | C1-20FA(4) 0 0.56 0.42 1.02 1.07 1.07 1.19 1.29 0.92 1.20 1.47 2.94
24 | C1-40FA(2) 0 0.26 0.27 0.97 1.12 1.09 1.38 1.54 1.35 1.52 1.68 3.09
25 | C1-40FA(3) 0 0.64 0.43 0.79 0.54 1.06 1.26 1.39 0.94 1.09 1.25 3.02
26 | C1-40FA(4) 0 0.55 0.40 0.62 0.96 0.99 1.08 1.29 0.79 0.83 0.86 3.16
27 | C1-15FA-5LP(2) 0 0.53 0.78 1.10 121 1.23 1.25 1.36 1.07 0.65 0.23 2.25
28 | C1-15FA-5LP(3) 0 -0.14 0.07 0.19 0.11 0.47 0.21 0.16 -0.17 0.09 0.34 1.81
29 | C1-15FA-5LP(4) 0 -0.28 -0.03 0.05 0.02 0.37 0.11 0.28 0.14 0.42 0.70 2.29
30 | C1-30FA-10LP(2) 0 -0.22 -0.03 0.07 0.00 0.40 0.12 0.34 -0.09 0.03 0.15 1.19
31 | C1-30FA-10LP(3) 0 -0.37 -0.21 -0.08 -0.24 0.15 -0.13 -0.23 -0.92 -0.74 -0.56 0.51
32 | C1-30FA-10LP(4) 0 -0.32 -0.07 0.05 0.00 0.27 -0.04 0.07 -0.33 -0.24 -0.15 1.11
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Weight loss of cube Specimens, %

No. Sample
0 week 2 weeks 3 weeks 4 weeks 16 weeks 24 weeks 32 weeks 40 weeks 50 weeks
1 C1-10BA1 0.00 -0.27 -0.40 -0.69 -1.16 -0.97 -0.58 1.03 1.31
2 C1-30BA1 0.00 -0.13 -0.26 -0.39 -0.86 -0.66 -0.33 0.54 1.42
3 C1-40FA-10BA1 0.00 -0.14 -0.32 -0.50 -0.95 -0.76 -0.42 1.49 1.83
4 C1-40FA-30BA1 0.00 -0.17 -0.39 -0.41 -0.90 -0.67 -0.23 1.08 211
5 C1-50SL-10BA1 0.00 -0.05 -0.27 -0.37 -0.79 -0.57 -0.16 -1.01 1.31
6 C1-50SL-30BA1 0.00 -0.18 -0.29 -0.42 -0.90 -0.76 -0.45 0.73 1.61
7 C1-10LP-10BA1 0.00 -0.12 -0.39 -0.36 -0.77 -0.62 -0.25 0.82 1.31
8 C1-10LP-30BA1 0.00 -0.24 -0.39 -0.54 -1.06 -0.90 -0.37 0.93 1.29
9 C1-10BA2 0.00 -0.19 -0.40 -0.44 -0.80 -0.64 -0.25 0.64 1.29
10 C1-30BA2 0.00 -0.12 -0.20 -0.33 -0.81 -0.53 -0.05 1.09 1.71
11 C1-40FA-10BA2 0.00 -0.16 -0.43 -0.36 -0.84 -0.66 -0.18 1.29 1.78
12 C1-40FA-30BA2 0.00 -0.05 -0.18 -0.20 -0.65 -0.48 -0.08 1.51 2.36
13 C1-50SL-10BA2 0.00 -0.19 -0.32 -0.40 -0.79 -0.55 -0.22 -1.89 1.35
14 C1-50SL-30BA2 0.00 -0.17 -0.38 -0.46 -0.97 -0.76 -0.32 -1.19 1.63
15 C1-10LP-10BA2 0.00 -0.21 -0.39 -0.49 -0.86 -0.71 -0.33 0.03 1.36
16 C1-10LP-30BA2 0.00 -0.19 -0.43 -0.45 -0.90 -0.72 -0.23 0.48 1.44
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Table shows the weight of mortar Loss cube (5 x 5 x 5 mm) which immerses in sulfate solution at each variable ages.

Weight loss of cube Specimens, %
No. Sample
0 week 2 weeks 3 weeks 4 weeks 16 weeks 24 weeks 32 weeks 40 weeks 50 weeks

17 C1-10BA3 0.00 -0.24 -0.37 -0.52 -0.95 -0.83 -0.42 1.03 1.36
18 C1-30BA3 0.00 -0.14 -0.40 -0.38 -0.84 -0.68 -0.19 1.37 1.49
19 C1-40FA-10BA3 0.00 -0.16 -0.31 -0.49 -0.98 -0.90 -0.43 151 1.88
20 C1-40FA-30BA3 0.00 -0.12 -0.23 -0.28 -0.65 -0.62 -0.29 2.18 2.36
21 C1-50SL-10BA3 0.00 -0.19 -0.29 -0.42 -0.75 -0.59 -0.25 -1.17 131
22 C1-50SL-30BA3 0.00 -0.09 -0.23 -0.47 -0.90 -0.67 -0.19 1.06 1.73
23 C1-10LP-10BA3 0.00 -0.22 -0.48 -0.45 -0.85 -0.64 -0.19 1.27 1.29
24 C1-10LP-30BA3 0.00 -0.26 -0.50 -0.54 -0.89 -0.66 -0.17 1.70 1.39
25 C1-40FA 0.00 -0.28 -0.55 -0.52 -0.89 -0.69 -0.38 1.33 1.73
26 C1-50SL 0.00 -0.09 -0.25 -0.34 -0.71 -0.51 -0.14 -0.75 121
27 C1-10LP 0.00 -0.20 -0.25 -0.52 -0.84 -0.73 -0.35 0.72 1.17
28 C1 0.00 -0.28 -0.49 -0.44 -0.87 -0.69 -0.29 0.77 1.19
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Tempapra : MAT-5 15.00 - 16.45 u.
Uszsunia : f.as. 8 ms}ﬁ'ﬂﬁ'ﬂ‘@qa

009-MAT PAVING BLOCK MIXED WITH RECYCLED FOAM FOOD CONTAINERS
wiustwnl ygnes, a3y Loigeunang uas Ayl naah

045-MAT CONCRETE BLOCK MIXED WITH PALM SHELL FOR THERMAL INSULATION
g0 WiuRIR, a1 eang wes weusenl gl

89-MAT THE EFFECT OF CONCRETE MIXED WITH FLY ASH ON SURFACE OF CONCRETE
w3 loned way pady andd

213-MAT USE OF CALCIUM CARBIDE RESIDUE MIXED WITH FLY ASH AND BAGASSE ASH AS BINDER TO PRODUCE CONCRETE
BRICK
slgnaf U3y, AU adnwekseiy, 2303 dewsy uas Ugna wiyegn

225-MAT STUDY PRODUCTION OF UNFIRED BUILDING BRICKS
aghaf Sumdoies

483-MAT A DEVELOPMENT OF ADOBE BRICK MADE FROM LOES
Ussys navanes uas Snaiug 298w

566-MAT MECHANICAL PROPERTIES OF STANDARD INTERLOCKING BLOCK IN THAILAND AND HYDRAFORM INTERLOCKING
BLOCK
HUTTUL MATIY

Flavio : MAT-6 16.55 - 18.10 wu.

UsEEUNA 1 TA.AT. TUTY dEay

010-MAT AN OPTIMIZATION MODEL FOR A PREDICTION MIX PROPORTION OF CELLULAR LIGHTWEIGHT CONCRETE
algyl wiioam, @lnn Gseseg was ¥am anu
365-MAT MARGINAL PAVEMENT MATERIALS STABILIZED WITH PORTLAND CEMENT AND CHEMICAL POLYMER SOLUTION
Sirichai Chareonwutirap, Kittichai Chareonwutirap, Danai Singhasanee, Chanyuth Kongkerd and Itthikorn Phummiphan
401-MAT PREDICTION OF FREE CHLORIDE AND TOTAL CHLORIDE PENETRATION PROFILES IN CONCRETE CONTAINING FLY
ASH
Syt feamuun, alduimi $uay v drsgniin
437-MAT PREDICTION OF THE VOID OF AGGREGATES BY N-D QUADRATIC FUNCTIONS
swarl asuna uay il pwwasuaty
534-MAT BASIC INFORMATION FOR ADOBE HOUSE CONSTRUCTION
FINaY AT
547-MAT FINDING THE APPROPRIATE CEMENT RATIO TO MAKE INTERLOCKING BLOCK-BY USING UNIFIED SOIL PROPERTIES

a . a ¢ a ia a A £ e - A w -
BVIDNIA NUDUNE, UW I.I.'dﬂl.ﬁl.lu, aunT Tﬁ';iﬁ)l, IR WINFIUUN LAY Lﬂ%‘ﬂdﬁﬂlﬂ LN
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Abstract

This research aims to study the effect of binder types (fly
ash, eround granulated glast-furnace slag, silica fume and
limestone powder) on expansion of mortar in sodium sulfate
solution. The study found that expansion of mortar portland

cement type 5 was lower than that of portland cement typa 1
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(OPC) specimens. While expansion of mortar with fly ash,
ground granulated blast-furnace slag, silica fume and limestone
powder was less than that of OPC specimens. Except mortar
with Umestone powder only and with fly ash having high CaO
content or ground granulated blast-furnace slag In small
amounts whether replace only both limestone powder was
slightly more than OPC specimens. Finally the expansion of
mortar with and/or had more expansion than mortar with low

(a0 content.
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