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## 5276146132 : MAJOR ENDODONTOLOGY
KEYWORDS : ACCELERATED PORTLAND CEMENT / PORTLAND CEMENT
WITHOUT GYPSUM / POYCARBOXYLATE SUPERPLASTICIZER / PHYSICAL
PROPERTY / MINERAL TRIOXIDE AGGREGATE

NORACHAI WONGKORNCHAOWAL | THE PHYSICAL PROPERTIES OF
PORTLAND CEMENT WITHOUT GYPSUM MIXED WITH
POLYCARBOXYLATE SUPERPLASTICIZER FOR USING AS A DIRECT PULP
CAPPING MATERIAL#THESIS ADVISOR ASSOC.PROF.VEERA
LERTCHIRAKARN Ph D 141 pﬁp.

The purpeses of this study were to investigate the effect of polycarboxylate

superplasticizer ongsetting time and flow characteristic of ~ white Portland cement
without gypsum(AWRC), ‘as well as, t“:),. compare the chemical compositions and
physical properties' of AWPC “with ord‘i‘n'é'ry*-'white Portland cement (OWPC) and
ProRoot MTA mixed with distilled water, 4';1-terms of net setting time, compressive
strength, temperature and pH during settig}"ﬁeavy metals contamination, particle
size distribution and chemical composition;._fbe data were statistically analyzed at
0.05 level of ¢onfidence. The results showed that the setting time of AWPC were in
the range of 7,03 t 0.44 minutes which was significantly (p<0.001) lower than MTA
and OWPC groups. The compressive strength of AWPC at 21 days and particle size
distribution were not different from MTA. The pH value of AWPC (10.96) was
significant lower than "MTA. (12.00) at 60 minutes, (p<0.05).. Temperature change
during setting (of lall groups were less than 1 degree Celsius! The major chemical
compasitions and the amounts of heavy metal of AWPC were similar to MTA. The
resultsiindicatelthat AWPC is a poténtial material whichican be developed &s a direct

pulp capping material.
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nax Yan) L/P ratio TUn | el (W)
1 8.83
4 AWPC + distilled | L/P =0.33
2 8.50
3 8.33
8.33
8.50
55
5 AWPC + distilledpie/F
6 AWPC +0¢
7
9.00

amaﬂnimumwmaﬂ
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nax Yan) L/P ratio TUn | el (W)
1 5.83
8 AWPC + 1.2% L/P =0.30
2 6.17
PC
3 6.17
5.83
6.00
5.67

AWPC + 1.29

10

11

7.33

ULk Hﬂ§Wﬂ1ﬂi
MR TUNNINGAY
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AR TUNNINGAY

nax Yan) L/P ratio TUn | el (W)
1 6.50
12 AWPC + 1.8% L/P=0.27
2 6.17
PC
3 6.00
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1.1.2 uansdiayaadAdenssniunaesnaudedialunimaaaunaui 1

71

Std. Maxim
Material L/P Ratio N Mean Deviation | Minimum um
1 OWPC 1
L/P=0.33 5 54.83 25 50.83 57.33
2
L/P=0.30 ) P 44913 1.75357 46.83 51.33
3 \\‘
L/P=0.27 \\ M/ 243926 | 2333 | 2883
2 1
AWPC+distilled L/P=0.3 —-mu-_ 0.20413 8.33 8.83
- ,
L/ 5 5.83
/ﬂ\k&\
3
AWPC+1.2%PC 9 9.5
5.83 6.17
. \ 09 55 5.67
I :
AWPC+1.8%PC i, 25 9.33 10.17
il '\
il ‘ 50565 6.67 7.83
i
L/P=0.27 . 0.20413 6 6.5
5 1 '
AWPC+2.4%PC  L/P=0.33 0.18902 11 115
7.5 8
P=0 22— |— 55— — 6.17 6.5

ﬂuﬁl’ﬂ’lﬂﬂﬁwmﬂ‘i
ammmm UANINYA Y



1.1.3 LL’&ﬂ\iﬂ’Wﬁ‘?]Lﬂﬁ"]%ﬁﬂqﬁ‘ﬂﬁ‘z’ﬂ’]ﬂﬁ’m’ﬂ\ﬁﬂﬂﬂ bIAN

uiasnlunImmaAgaLAaUN 1

Mean

Normal
d vPﬁrametersEl Std.
! Deviation
FI Most ' '
Iu%j gem Ejm 3
q Differences Negative

KoImogorov-S“irnov z

RIANTYIERAN

Material L/P_Ratio Setting
OWPC N 5
Mean 54.83
Normal
Parameters® >t B 25
— 1 "‘-. il
L/P=0.33 Most o ) '|h i
Extrer Nl
L/P=0.30
L/P=0.27
AWPC +
distilled

8.498

0.20413

o

-0.205

1aNYaY




Material L/P_Ratio

Setting

AWPC + N

distilled
Normal
Parameters®

L/P=0.30

AWPC +
1.2% PC

—Naviation.

L/P=0.33 s AR solute

ey

1 =

NormaI

Parameters®

Mean

Std.
Deviation

Absolute

Positi

5
55
0.31137

0.3
0.146

Mean

5
6

0.17

ﬂ%ﬂiﬂ&ﬂﬁﬂﬂﬂﬂi

Differences

egatlve

-0.241

maqﬂy%%ﬁ%.imﬁ}mmaﬂ
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L/P=0.30

Parameters Std.

Deviation

KoImogorov—S?rnov z
Sy Sig.. (2-tailed)

Material L/P_Ratio Setting
N 5
AWPC +
1.2% PC Normal Mean 5.568
a
Parameters Std._ _ 0.09311
Deviation
LIP=0.27  \ost ' ' 0.367
Extreme Positive
Differenc S 'ﬁ"\!‘
. LN
e e
/-Smirnov Z
AWPC +
1.8% PC

0.20413

ﬂﬁﬂ%e%ﬁﬁ‘ii“ﬂ?ﬂ

0.662
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Material L/P_Ratio Setting
AWPC +
2.4% PC N 5
Mean 11.266
Normal Std
Parameters® :
Deviation 0.18902
L/P=0.33 Most Absolute 0.233
Extreme Positive 0.167

Differences = . L

Kolm Orov- ."\E"l [

L/P=0.27 i
e

Kolmogorov=Smirnov Z

1.1.4 ULAAINTUATITIILIALINAIUDY ' # NLl71l9uae9ni

m Subje ffects m
Source Ty?é’lll Sum df Mean Square ' Sig.
of Squares
Correcte 18145.691° 14 ﬂﬂB.lZl 1201.252 0
Mo . : i
B o) V1 51 Y) ot fhkid B o
Mate im 1 .51 08.62 3622.53 ' 0
L/P_Rat 1035.349 2 ‘ 517.675 479.784 0
rial * 1475. 8. 4.478 0.976 ‘ﬂ'
ti / €= L ‘ ' \ ' a
ror 739 a | 07 N -
q Total 33977.439 75
Corrected 18210.429 74
Total

75



Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.
8.185 14 60 .000
ANOVA
Sum of Squares f uare F Sig.
Between Groups 1814 121 1201.252 .000
Within Groups N "
60 .079
Total -
10 =7/
1 \h ~
N Ny
W,
Rol Te Means
tisti J = T s
Brown-Forsythe 1207.252¢ ="
a. Asymptotically F distri '
rYeV.
Al i
. Multiple arison
L . -
Gagdis o)
Tamhane L alla
= el 95% Confidence Interval
FoF A Mear = ' Lower Upper
(1) group (J) group e ‘-g'lffereﬁc" Sig. Bound Bound
1 OWPC + L/P T
0.33 2 OWPC + L/IP O ||,u' ] 0.340 -2.512 13.912
2] R
3 OWPC + P 027 | 288 ep' 37.6092
WPC + L/P 0.33 | 46.332 57.7623
/P 0.30 | 49.33000" | 1.12667 | 0.C 60.5569
il 61.6944
C+1
L/ll? 33 i 4.285 57.043
8'AWPC + 1.2%PC + )
L/P 0.3 48.83000 | 1.12062 | 0.000 37.3508 60.3092
9 AW ﬂ%Pc + /s
1.1188 3747037 60.8203
C+ 1.8% M=
.33 2 33.9251 | | 56.1349
11 AWPC + 1 8%PC .
+ L/P 0.30 ?.76400 1.14067 | 0.000 37.0527 58.4753
12 AWPC +1.8%PC =3
8.66200" 17 100 177y 460109
2.49
+|_ : " [ 11212 0000 © 11 55,0
14 AWPC + 2. 4%PC
+ L/P 0.30 46.96400" | 1.12225 | 0.000 35.5549 58.3731
15 AWPC + 2.4%PC X
+ L/P 0.27 48.43000 1.12 | 0.000 36.9238 59.9362
continue




95% Confidence Interval

Mean Std. Lower Upper

() group (J) group Difference Error Sig. Bound Bound

2 OWPC + L/IP

0.30 1 OWPC + L/P 0.33 -5.7 | 1.36565 | 0.340 -13.912 2.512
3 OWPC + L/P 0.27 23.10000° | 1.3435 | 0.000 15.0866 31.1134
4 AWPC + L/P 0.33 40.63200" | 0.78952 | 0.000 32.7263 48.5377
5 AWPC + L/P 0.30 43.68000 | 0.79649 | 0.000 35.9909 51.2691
6 AWPC + L/P 0.27 44.93000° |'0.80236 | 0.000 37.4916 52.3684
7 AWPC + 1.2%PC + *
L/P 0.33 39.96400 | 0.79424 | 0.000 32.1272 47.8008
8 AWPC + 1.2%PC.+ .
L/P 0.30 43.13000 0.7879 | 0.000 35.1575 51.1025
9 AWREHT . 2%RC + "
L/P0.27 43.56200 | 0.78532 | 0.000 35.4794 51.6446

|

10 AWPC + 18%RC A
+1L/P 0.33 39.33000: | .0.80087 | 0.000 31.8426 46.8174
11 AWPC +4.8%PC i
+8P 0.30 42.06400 /| 0.81617 | 0.000 35.0246 49.1034
12 AWPC + 1:8%RC ¥
+ L/P0.27 4296200 4+0.78952 | 0.000 35.0563 50.8677
13 AWPC + 2.4%PC ] ;
+ L/P 0:33 37.86400° | 0.¥8876 | 0.000 29.9275 45.8005
14 AWPC + 2.4%PC e
+ L/P 0.30 41726400 0.7902§_-“ 0.000 33.387 49.141
15 AWPC + 2.4%PC ¢ el S
+ L/P 0.27 42.73000 | 0/78701" [ "0.000 34.7203 50.7397

3 OWPC + L/IP -

0.27 1 OWPC + L/P-0.33 28.80000" | 1.56205{-0.000 -37.609 -19.9908
2/OWPC + L/P 0.30 23.10000" | 1.3435 | 0.000 -81:413 -15.0866
4 AWPC + L/P 0.33 17.53200° | 1.09468 | 0.008 6.3872 28.6768
5 AWPC + L/P 0.30 20.53000" | 1.09972 | 0.004 9.5927 31.4673
6 AWRC +:l/P 0:27. 21.83000 | 410398 [y 0:003 11,0582 32.6018
7 AWPC + 1.2%PC +
L/P 0.33 16.86400 | 1.09593 | 0.010 5.7716 27.9564
8 AWPC + 1.2%PC +
L/P10.30 20.03000° il 109352, | #0:005 8:835% 8312249
9 AWPC + 1.2%PC +
L/P 0.27 20.46200° | 1.09167 | 0.005 9.1862 31.7378
10 AWPC + 1.8%PC
+L/P 0.33 16.23000° | 1.1029 | 0.010 5.417 27.043

continue
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95% Confidence Interval
Mean Std. Lower Upper
(1) group (J) group Difference Error Sig. Bound Bound
11 AWPC + 1.8%PC + X
L/P 0.30 18.96400 | 1.11406 | 0.004 8.5498 29.3782
12 AWPC + 1.8%PC + X
L/P 0.27 19.86200 /| 1.09468 | 0.005 8.7172 31.0068
13 AWPC + 2.4%PC + |
L/P 0.33 : q..,& 0.017 3.596 25.932
14 AWPC + 2. X
L/P 0.30 18.163 7.0409 29.2871
15 AWP ; .
L/P .63000 0. 8.4076 30.8524
4 AWPC + L/P RS,
0.33 1 O\ + L/ 32 21 57.762 -34.9017
20 L/ .6 5 -48.538 -32.7263
3 OWPC# L/P 0.27 17532 6 -28.677 -6.3872
5 C+ 0 00 0.16 0. 1.972 4.024
- - ‘
6 AWP, L/R10.2 442¢ 26 0 3.0074 5.5886
/ r i ol \ 1
7 AWPC +2%PC +, |47 '
L/P 0.33 & _,_-é 140 -1.4616 0.1256
¥
8 AWPC + 1.2%PC + af 4° 0 0
L/P 0.30 1',-—= ) 1.816 3.18
- A *
S E
9 AWPC + 1.2%P5"v-r: —
L/P 0.27 r‘;ﬁ‘ﬁ;p 2.93000, | 0.000 2.2054 3.6546
- - A B,
S -;‘-'*'
i’ AWPC + 1.8%PC +
L 033 |- -0.0776
-
: 3.2902
l PC + 1.8%PC +
L/P 0.27 2.33000* 0.1291 | 0.000 1.6022 3.0578
3 4% + u
4 C +2.4%PC ; '
m L/P 0.30 0.632 | 0.13338 | 0.144 -0.1216 1.3856
=
3 | O.
2 OWPC + L/P 0.30 43.63000" | 0.79649 -35.9909
continue
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95% Confidence Interval

Mean Std. Lower Upper
() group (J) group Difference Error Sig. Bound Bound
5 AWPC + L/P -
0.30 3 OWPC + L/P 0.27 20.53000" | 1.09972 | 0.004 -31.467 -9.5927
4 AWPC + L/IP 0.33 -2.99800" | 0.16651 | 0.000 -4.024 -1.972
6 AWPC + L/IP 0.27 1.30000" | 0.21948 | 0.042 0.0365 2.5635
7 AWPC + 1.2%PC + !
L/P 0.33 -3.66600 | 0:17449 |.0.000 -4.6914 -2.6406
8 AWPC + 1.2%PC +
L/P 0.30 0:5 | 0.15865%|""0.866 -1.5559 0.5559
9 AWPC + 1.2%PC +
L/P0:27 -0.068 | 0.14534.| 1.000 -1.3074 1.1714
10.AWPC + 1.8%PCi+ \
L/P 0.33 -4.30000 | 0.21396 |. 0.000 -5.5219 -3.0781
1LAWPC +41.8%PC # i
L/P 0.30 -1.566 |0.26557 | 0.073 -3.2437 0.1117
12 AWPC +11.8%PC # =
L/P 0.27 10.6684| 0.16651 | 0.425 -1.694 0.358
13 AWPC + 2.4%PC + dald
L/P0.33 -5.76600++0.1629 [ 0.000 -6.8012 -4.7308
14 AWRC + 2.4%PC + [“1d
L/P 0.30 +2.36600 {:0/16984 | 0.000 -3.3888 -1.3432
15 AWPC + 2.4%P¢ + Py
L/P 0.27 -0.9 1 0.15421 | 0.129 -1.9926 0.1926
6 AWPC + L/P i
0.27 1 OWPC + L/P-0:33- 50.63000 | .1:13083 1 ~0.000 -61.694 -39.5656
2:0WPC + L/P 0.30 44.93000° | 0.80236 | 0.000 -52.368 -37.4916
3 OWPC + L/P 0.27 21.83000° | 1.10398 | 0.008 -32.602 -11.0582
4 AWPC + L/P0.33 -4.29800" | 0.19265 | 0.000 -5.5886 -3.0074
5 AWPC + L/P 0.30 -1.30000 | 0.21948 | 0.042 -2.5635 -0.0365
7 AWPC + 1.29%PC + )
L/P0.33 -4.96600° 1°0,19959 | 0.000 -6:2236 -3.7084
8 AWPC + 1:2%PC + *
L/P 0.30 -1.80000" | 0.1859 | 0.012 -3.1533 -0.4467
9 AWPC.,1.2%PC +
LIP'0.27, ‘1,368 | 0.17468 |" 0.089 2.9426 012066
10 AWPC + 1.8%PC + )
L/P 0.33 -5.60000" | 0.23488 | 0.000 -6.9255 -4.2745
11 AWPC + 1.8%PC + )
L/P 0.30 -2.86600° | 0.28269 | 0.001 -4.5303 -1.2017
continue
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95% Confidence Interval
Mean Std. Lower Upper
(1) group (J) group Difference Error Sig. Bound Bound
11 AWPC + .
1.8%PC + L/P 0.30 -2.86600" | 0.28269 | 0.001 -4.5303 -1.2017
12 AWPC + )
1.8%PC + L/P 0.27 | 0.19265 | 0.005 -3.2586 -0.6774
R
13 AWPC + W .
2.4%PC + L/P 0 33 \ 6 4 1.0.000 -8.3809 -5.7511
14 AWPC T SR o )
2.4%P - 01855490600 -4.9396 -2.3924
15 AWP — :
2.4%) 10.18213.] 0.006 -3.6072 -0.7928
7 AWPC + O
1.2%PC + L/P \ a
0.33 '8 ' -57.043 -34.285
- -32.1272
-5.7716
1.4616
4.6914
6 AWP@* L/P0. 6.2236
8 AWPC +
+ L/P 0.30 2.3935 3.9385
4.4668
.. 10 AWPC +
{ 8%PC + L/P 0.33 0.5643
3.8854
2.99800 3.7916
uzjvq l ﬂ ﬂ l Ii 0 -' o
qll 2.4%PC + L/P 0.30 1.30000" | 0.14322 | 0.002 0.4899 2.1101
15 AWPC + ¢ L/
2 ( 364
] L} L}
10WPC +L/P0.33 | -48.8300" | 1.12062 -37.3508
continue
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95% Confidence Interval

Mean Std. Lower Upper
() group (J) group Difference Error Sig. Bound Bound
2 OWPC + L/P 0.30 -43.1300° | 0.7879 | 0.000 -51.103 -35.1575
8 AWPC +
1.2%PC +
L/P 0.30 3 0WPC + L/P 0.27 -20.0300" | 1.09352 | 0.005 -31.225 -8.8351
4 AWPC + L/P 0.33 -2.4980° | 0.1188 | 0.000 -3.18 -1.816
5 AWPC + L/P 0.30 0.5 | 0.15865 J#0.866 -0.5559 1.5559
6 AWPC + L/P 0.27 1.80000 | 0.1859° 0.012 0.4467 3.1533
7 AWPC + 1.2%PGC + L
L/P 0.33 3.16600" | 0.12975 |0.000 -3.9385 -2.3935
9 AWPC + 1.2%R€+
L/P 0.27 0.432 | 0.08668 | 0.212 -0.1441 1.0081
10 AWPC +88%P G i
L/P 0.33 43.80000 |'0.17936 | 0.000 -5.0804 -2.5196
11 AWPC +4.8%P¢ + i
L/P 0.30 -1.066.{.0.28857 | 0.519 -3.0206 0.8886
12 AWPC + 1.8%P¢ + j
L/P 0.27 0168 | 0.1188 | 1.000 -0.85 0.514
13 AWPC + 2.4%PC + i ) Ad o
L/P 0.33 -5.26600 | 0.11369 | 0.000 -5.9109 -4.6211
14 AWPC + 2.4%PC + ) —
L/P 0.30 -1.86600 | 0.12843 ¥ 0.000 -2.5846 -1.1474
15 AWPC + 2.4%PC + —
L/P 0.27 -0.4 | 0.10085. - 0.364 -0.9744 0.1744
9 AWPC + ][
1.2%PC + -
L/P 0.27 1 QWPC + L/P 0.33 49.26200" | 1.11881 | 0:000 -60.82 -37.7037
2 OWRC + L/P 0.30 43.56200 | 0.78532 | 0.000 -51.645 -35.4794
3 0OWPC + L/P 0.27 20.46200" | 1.09167 | 0.005 -31.738 -9.1862
4 AWPC + L/P 0.33 -2.93000" | 0.10034 | 0.000 -3.6546 -2.2054
5AWPG# L/P 0:30 0.068, |+0.14534 }. 1.000 -1.1744 1.3074
6 AWPC + L/P 027 1.368 | 0.17468 | 0.089 -0.2066 2.9426
7 AWPC + 1.2%PC + .
L/P 0.33 -3.59800" | 0.11309 | 0.000 -4.4668 -2.7292
8 AWPC + 12%PC +
/P 0.30 10,432, 0.08668 | 0.212 -41.0081 0.1441
10 AWPC + 1.8%PC + )
L/P 0.33 -4.23200° | 0.1677 | 0.001 -5.7272 -2.7368

continue
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(J) group Mean Std. Sig. 95% Confidence
Difference Error Interval
Lower Upper
() group Bound Bound
12 AWPC + 1.8%PC + L/P -0.6 | 0.10034 | 0.124 | -1.3246 0.1246
0.27
13 AWPC + 2.4%PC + L/P | -5.69800" | 0.09423 | 0.000 | -6.3552 -5.0408
0.33
14 AWPC + 2.4%PC + L/P | -2.29800" | 0.10578 | 0.000 | -3.0837 -1.5123
0.30
15 AWPC + 2.4%PC + L/P -.88200 /| 0.07826 | 0.002 | -1.3223 -0.3417
0.27
10 AWPC + 1 OWPC + L/P 0.33 | 112977 | 0.000 | -56.135 -33.9251
1.8%PC + L/IP 45.03000"
0.33
2 OWPC + L/P 0:30 .- | 0.80087|"0:000 | -46.817 -31.8426
3983000
3 OWPC + L/P.0.27 - | 11029.| 0010 | -27.043 -5.417
16.23000°
4 AWPC + L/P10.33 1.30200° | 0.18634 |0.036 | 0.0776 2.5264
5 AWPC + LiP 0.30 4.30P00* 0.21396 | 0.000 | 3.0781 5.5219
6 AWPC + L/R10.27 5.60000,|0.23488 | 0.000 [ 4.2745 6.9255
Fe
7 AWPGI* 1.2%PC + L/P 0.634 | 0.19351 | 0.772 | -0.5643 1.8323
0.33 -
8 AWPC + £:2%RC + LR, | [3.80000" |,0.17936 | 0.000 | 2.5196 5.0804
0.30 L
9 AWRC + 1.2%PC # L/P 423200, [ 0.1677 | 0.001 | 2.7368 5.7272
0.27 :
11 AWPC +1.8%PC +L/P: | 2.73400" | 0.27843 | 0.002 | 1.0729 4.3951
0.30 4
12 AWPC + 1.8%PC + L/P 1}~ 3:63200' | 0.18634 | 0.000 | 2.4076 4.8564
0.27 -
13 AWPC + 24%P@ #L/P:" | -1.46600°]:0.18843 | 0.021 | -2.7116 -0.2204
0.33 Y J—
14 AWPC + 2.4%PC + L/P 1.93400° | 0.18933 | 0.003 | 0.7236 3.1444
0.30 A o
15 AWPC + 2.4%PC + L/P~ | ~ 3.40000° | 0.17544 | 0.000 2.069 4.731
0.27
11 AWPC + 1OWPC+L/P 033 | - | 1.14067 | 0000 | -58.475 -37.0527
1.8%PC + L/P 47.76400
0.30 -
2 OWPC + L/P 0.30 - | 0.81617 | 0:000 |~+49.103 -35.0246
42.06400
3 OWPC + L/P 0.27 - | 1.11406 | 0.004 |+29.378 -8.5498
18.96400
4 AWPC + L/P10.33 -1.4321}1 0124386 | 0.164 | -3.2902 0.4262
5/AWPC + L/P 0.30 1566 | 0.26557 | 0.073 | -0.1117 3.2437
6 AWPC + L/IP 0.27 2.86600 | 0.28269 | 0.001 | 1.2017 4.5303
7 AWPC + 1.2%PC + L/P -2.10000" | 0.24938410.022 | -3.8854 -0.3146
0:33
continue
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95% Confidence
Mean Interval
Differen Std. Lower Upper
() group (J) group ce Error Sig. Bound Bound
11 AWPC 8 AWPC + 1.2%PC + L/P 0.30 1.066 0.23857 0.519 -0.8886 3.0206
+ 1.8%PC
+ L/P 0.30
9 AWPC + 1.2%PC + L/P 0.27 1.498 0.22993 0.213 -0.6953 3.6913
10 AWPC + 1.8%PC + L/P 0.33 -2.7340" | 0.27843 0.002 -4.3951 -1.0729
12 AWPC + 1.8%PC + L/P 0.27 0.898 | 10.24386 0.746 -0.9602 2.7562
13 AWPC + 2.4%PC + L/P 0.33 -4.2000" | 40.24042 0.001 -6.0991 -2.3009
14 AWPC + 2.4%PC .+ L/P 0.30 -0.8 0.24615 0.882 -2.625 1.025
15 AWPC + 2.4%PC + LiP:0:27 0.666 0:23564 0.986 -1.3564 2.6884
12 AWPC + 1 OWPC + L/P 0.33 -48.662 2173 0.000 -60.092 | -37.2317
1.8%PC +
L/P 0.27 A
2 OWPC + L/RP0.30 -421962 0.78952 | 0.000 | -50.868 | -35.0563
3 OWPC + L/P 0.27 -19.862 | 1.09468 | 0005 | -31.007 -8.7172
4 AWPC #L/P 0.33 —2.330* 0.1291 0.000 -3.0578 -1.6022
5 AWPC + L/R0.30 0.6(?8 ©,0.16651 | 0.425 -0.358 1.694
6 AWPC + L/P 0.27 1.96800*_ 0.19265 0.005 0.6774 3.2586
7 AWPC + 1.206PC +L/P0.33" -2:9980° 0-.‘13925 0.000 | -3.7916 -2.2044
8 AWPC + 1.2%PC + L/P 0:30 0.16i.3'l ~0.1188 1.000 -0.514 0.85
be a2
9 AWPC + 1.2%PC + LiP-0.27 0.6 0.10034 0.124 -0.1246 1.3246
10 AWPC + 1.8%PC +L/P 0.33 -3.6327(4 ‘0_.18_6‘34 0.000 | -4.8564 -2.4076
11 AWPC + 1.8%PC + L/P 0.30 -0.898 | 0.24386 | 0.746 | [2.7562 0.9602
13 AWPC + 2.4%PC + L/P 0.33 -5.098" | 0.12442 0.000 =5.8017 -4.3943
14 AWRG + 2.4%PC + L/P 0.30 -1.698 | 0.13338 | 0.000f= -2.4516 -0.9444
15 AWRC + 2.4%PC + L/P 0.27 -0.232 0.1128 1.000 -0.9028 0.4388
13 AWPC + 1 OWPC +IL/P 0:33 -43.564 1.12123 0.000 -55.017 -32.111
2.4%PC +
L/P 0.33 ;
2/OWPC + L/P 0.30 37.864".| 0.78876 /| 0.000 | -45/801. -29.9275
3 OWPC + L/P 0.27 -14.764 1.09414 0.017 -25.932 -3.596
4 AWPC .+ L/R.0.33 2.7680 . 0.42442.[" 0.000 2.0643 3.4717
5AWPC+ L/P 0.30 5,7660 0.1629y41 0.000 417308 6.8012
6 AWPC + L/P 0.27 7.0660° | 0.18954 | 0.000 5.7511 8.3809
continue




95% Confidence Interval

Mean Std. Upper
() group (J) group Difference Error Sig. Lower Bound Bound
7 AWPC + 1.2%PC + 2.10000° 0.13491 0.000 1.3198 2.8802
L/P 0.33
8 AWPC + 1.2%PC + 5.26600° | 0.11369 0.000 4.6211 5.9109
L/P 0.30
9 AWPC + 1.2%PC + 5.69800 | 0.09423 0.000 5.0408 6.3552
L/P 0.27
10 AWPC + 1.8%PC + 1.46600 | 1 0.18313 0.021 0.2204 2.7116
L/P 0.33
11 AWPC + 1.8%PC + 4.20000 | 0.24142 0.001 2.3009 6.0991
L/P 0.30
12 AWPC + 1.8%PC + 5.09800° | 0:12442 0.000 4.3943 5.8017
L/P 0.27
14 AWPC +2:4%PC + 3.40000+| 0.12885 0.000 2.6658 4.1342
L/P 0.30
15 AWPEG# 2.4%PC + 486600 | 0.10741 0.000 4.2411 5.4909
L/P 0.27
14 AWPC + 1 OWPC##L/P 0.33 -46.96400 1.12225 0.000 -58.373 | -35.5549
2.4%PC +
L/P 0.30 .
2 OWPG+ L/P 0.30 +41.26400 0.79023 0.000 -49.141 -33.387
s 4
3 OWPC + /P 0.27 -18.16400 = 1.0952 | 0.007 -29.287 | -7.0409
4 AWPC + L/PI0.33 -0.632 T0.13?338 0.144 -1.3856 0.1216
il S
5 AWPC +L/P 0,30 2.36600 'b.16984 0.000 1.3432 3.3888
6 AWPC + L/R0.27 3.66600° 019554 0.000 2.3924 4.9396
7 AWPC +1.2%PC + $30000° | -0,14322 | 0.002 -2.1101 | -0.4899
L/P 0.33 Lol
8 AWPC + 1.2%PC + ;.86600* 0.12343 [*, 0.000 1.1474 2.5846
L/P 0.30 ‘ el
9 AWPC + 1.2%PC + 2.29800 | 0.10578 | 0.000 15123 | 3.0837
L/P 0.27 e 'f“:t‘
10 AWPC + 1.8%PC | “-1:93400 | 0.18933 | 0.003 -3.1444 -0.7236
L/P 0:83
1L AWPC + 1.8%PC + 0.8 | 0.24615 | 0.882 1025 2.625
L/P 0:30
12°AWPC + 1.8%PC + 1.69800° | 0.13338 0.000 0.9444 2.4516
L/P 0.2+4
13 AWPC + 2.4%PC + -3.40000" | 0.12885 0.000 -4.1342 -2.6658
L/P 0.33
15 AWPC + 2.4%PC + 1.46600" 0.11767 0.000 0.7512 2.1808
L/P 0.27
15 AWPG= 1 OWRE +L/P#0:33 -48,43000° 1.12 0.000 <59,936%|+ -36.9238
2.4%PC +
L/P 0.27 A
2 OWPC+ L/P 0.30 -42.73000 0.78701 0.000 -50.74"| -34.7203
3 OWPC + L/P 0.27 -19.63000" | 1.09288 | 0006 -30.852 -814076

continue
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L/P 0.30

95% Confidence Interval
Mean Std. Lower Upper
(1) group (J) group Difference Error Sig. Bound Bound
15 AWPC 4 AWPC + L/P 0.33 -2.09800" 0.1128 | 0.000 -2.7688 -1.4272
+ 2.4%PC
+ L/P 0.27
5 AWPC + L/P 0.30 0.9 | 0.15421 | 0.129 -0.1926 1.9926
6 AWPC + L/P 0.27 0.18213 | 0.006 0.7928 3.6072
7 AWPC + 1.2%PC + 0.000 -3.5438 -1.9882
L/P 0.33 |
8 AWPC + 1.2%PC + -0.1744 0.9744
L/P 0.30 L.
9 AWPC + 1.2%F 0.3417 1.3223
L/P 0.27
10 AWPC + 1.8%PC + -4.731 -2.069
L/P 0.33
11 AWPC + 1.8%P€ -2.6884 1.3564
L/P 0.30 . ;
12 AWPC + 1.8%P( 0.9028
L/P 0.27
13 AWP A4%R -4.2411
L/PO i ‘
14 AWPC + 2.1808 -0.7512

*. The mean difference is significan
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FTHIN
naudi | dam | UPrato | @ud naud
(HaALNAg)
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SLALNN
nandt | dam | UPrato | @udl Tuau
(HRaRLNAT)

14 | awpc 4 | 0.30 1 9.265
2.4%PC 2 9.150

8 9200

4 8820

5- 37866

15 | AwpC. sl 0.2 1 8.345
2.4%PC 24 |\ 8uss

5 =" N8 830

4 - /£ 8500

5 TF‘_ 8.415

1.2.2 uansdiayaad AITINeT UM e IEN 9N 19 gl

Descriptive _St.a_tigtié_s_
' Std.
Material L/R Ratio N Mean Deviation Minimum Maximum
1 OWPC q9/DP=0.33 "

=y ==t 0.10097 7.42 7.685
EJE—0:20 5) 7.211 0.204432 6.985 7.415
3 LRgo-27 5 6.811 0.139077 6.66 7.035

2 1 /P=0.33
AWPCdistilled e 5 7.818 0.089624 7.71 7.92
A 5 7.427 0.058374 7.365 7.515
18 %2 5 6.948 0.187002 6735 7.23

3 1L/P=0.33
AWPC+1.29%PC = 5 8.713 0.138771 8.625 8.955
e 5 7.934 0.112827 7.79 8.1
3L/P=027 5 7.731 0.099587 7.64 7895

4 1 L/P=0.33
AWDPCT 8%PE P 5 8.997 0.219505 8.655 9.215
' 5 8.694 0.249835 8.32 8.96
3 L/P=0.27 5 8.234 0.159898 8.065 8.48

5 1L/P=0.33
AWPC+2 4%PC — 5 9.692 0.24064 9.42 10.055
e 5 9.072 0.187036 8.855 9.265
3L/p=0.27 5 8.309 | 0.161841 8.13 8.5
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1.2.3 UAANNNTIAINZINTNITAEFARTRd 03 A

7

t Most Extreme

ﬂuﬂgman~

Parame

rences

Material L/P_Ratio Flow
owPC L/P=0.33 N 5
Normal Mean 7.557
Parameters® Std. 0.10097
: Deviation
Most Extreme hsolute 0.167
Difference itive 0.167
\ f. ¢
I |rnovZ
2 tailed)
L/P=0.30 "
Most EX 1_37.*’, .
Differences i
AWPC L/P=0k2

Asymp. Sig. (italled) 0.969
/P=0. , ,
RGN AR
1 aragye . .05
Deviation
Most Extreme Absolute 0.181
Differences Positive 0.181
Negative -0.144

continue
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Absolute

Most Extreme
Differences

Material L/P_Ratio Flow
Kolmogorov-Smirnov Z 0.406
Asymp. Sig. (2-tailed) 0.997
0.27 N 5
Normal Mean
a
Parameters Std.
viation
Most Extreme Absolute
. ] ) )
Diffe . '.,.‘. S \ B
‘ VH-.\K'\" J.I }= ,'= L <
Kolmogorov-Smirnov:
Asymp: Sig. (2-tailed)
AWPC +
1.2%PC

‘o o |
AU I RSN NS

| ' A . Sig. (2-tailed) .815

AWPC + M 0.33 N " 5 i

 1.8%PC = O/
‘ : 4 rmal .99]

AR RINTRUNIAPIAY
q A ‘ Deviation

Most Extreme Absolute 0.222
Differences Positive 0.16
Negative -0.222

continue
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Material L/P_Ratio Flow
Most Extreme Absolute 0.222
Differences Positive 0.16
Negative -0.222
Kolmogorov-Smirnov Z 0.496
Asymp. Sig. (2-tailed) 0.967
0.30 N 5

AWPC +
2.4%PC

Parameters

8.694
0.249835

'0.176

‘i Normal
Parameters

AUt
.

Differences

Normal
Parameters®

e

Positive
Negative

Mean

Std.
Deviation

0.161841

continue
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Material L/P Ratio Flow
Most Extreme Absolute 0.229

Differences Positive 0.229

Negative -0.188

Kolmogorov-Smirnov Z 0.513

Asymp. Sig. (2-tailed) 0.955

1.2.4 WAPINITILATIZUTEEIENng A el f0e 757399 A998 L 91T uaaen g

Dependent Variable:Flow

Testsiof Between-Subjects Effects

93

Typedll Sum of
Source Squares df Mean Square F Sig.
Corrected Model 49.179° 14 8.5d.3 127.000 .000
Intercept 4892.279 1 4892.279 176874.124 .000
Material 36.925 4 9.231 333.740 .000
L/P_Ratio 11.256 2} 5.628 203.469 .000
Material * L/P_Ratio .999 8 125 4.513 .000
Error -
1.660 60 .028
Total
4943.118 75
Corrected Total
50.839 74
a. R Squared = .967 (Adjusted R Squared.= .960)
Test:of Homogeneity of Variances
Flow
Levene Statistic dfl df2 Sig.
1.417 14 60 174
ANOVA
Flow
Sum of Squares df Mean Square F Sig.
Between Groups 49.179 14 3.513 127.000 .000
VIO s 1.660 60 028
|rotal 50.839 74




Multiple Comparisons

94

Bonferroni
95% Confidence Interval
Mean Std. Lower Upper
(1) group (J) group Difference Error Sig. Bound Bound
1 OWPC + 2 OWPC + L/P 0.30 .346000 .105185 77 -.04276 73476
L/P 0.33
3 OWPC + L/P 0.27 746000 .105185 .000 35724 1.13476
4 AWPC + L/P 0.33 -.261000 .105485 | 1.000 -.64976 12776
5 AWPC + L/P 0.30 .130000 .105185 1.000 -.25876 .51876
6 AWPC + /P 0.27 1609000 .105185 .000 .22024 .99776
7 AWPC +1:2%PC + L/P.0:33 -1.156000" | .105185 .000 -1.54476 -. 76724
8 AWPC + 1.2%P€ + L/P 0.30 +.377000 .105185 .071 -.76576 .01176
9 AWPGET . 2%P@% L /P 0,27 -174000 .105185 1.000 -.56276 21476
10 AWPC + 448%PC# L/P 0.33 | -1.440000 | .105185 .000 -1.82876 -1.05124
11 AWRE+ 1.8%PC +1/R°0.80 -1.137000° | .105185 .000 -1.52576 -. 74824
12 AWPC + 1.8%P¢C + /P 0.27 -.6'7’7000* .105185 | .000 -1.06576 -.28824
13 AWPC + 2.4%PC +L/P 0.33 —2.13§000* .105185 .000 -2.52376 -1.74624
14 AWPC + 2.4%PC + L/P 0,30 [ -1.515000 | .105185 .000 -1.90376 -1.12624
15 AWPC #2.4%PRC + /P 0.27 -.75“2000'( .105185 .000 -1.14076 -.36324
20WPC+L/P 10WPC+ L/P0.33 -.346000 .105185 Gy -.73476 .04276
0.30 = P
3 OWPC +L/P 0.27 400000° |".105185 .035 .01124 .78876
4 AWPC + L/P 0.33 -.60709@_‘ .105185 .000 -.99576 -.21824
5 AWPC + L/R0.30 -216000 | .105185 | 1.000 -.60476 17276
6 AWPC + LIP 0.27 263000 | 1105185 | 1.000 | -.12576 65176
7 AWPC + 1.2%PC +L/P0.33 | -1.502000" 105185 .000 -1.89076 -1.11324
8 AWPC + 1.2%P€ +.14/P°0.30 -.723006*‘_' -.105185 .000 -1.11176 -.33424
9 AWPC + 1.2%PC + L/P 0.27 | -.520000" | .105185 .001 -.90876 -.13124
L0-AWPC +1.8%PC + 1 /P -1,786000" | 105185 -000 -2.17476 -1.39724
0.33
1+"AWPC + 1.8%PC + L/P -1.483000" | .105185 .000 -1.87176 -1.09424
0.30
12 AWPC + 1.8%PC + L/P -1.023000" | .105185 .000 -1.41176 -.63424
0.27
13 AWPC.+ 2.4%PC + L/P -2.481000" | .105185 .000 -2.86976 -2.09224
0.33
14 AWPC +2.4%PC *L/P +17861000" ||} 105185 .000 -2124976 -1.47224
0.30
15 AWPRC + 2.4%PC +L/P -1.098000" | .105185 .000 -1.48676 -.70924
0.27
30WPC+L/P 10OWPC+L/P0.33 -.746000 | .105185 .000 -1.13476 -.35724
0.27
2 OWPC +'L/P 0.30 -400000 ‘| 105185 .035 -.78876 -.01124
4 AWPC + L/P 0.33 #1.007000" | .105185 .000 -1.39576 -.61824
5 AWPC + L/P 0.30 -.616000" | .105185 .000 -1.00476 -.22724
6 AWPC + L/P 0.27 -.137000 .105185 1.000 -.52576 .25176
continue
(J) group Mean Std. Sig. 95% Confidence Interval




95

Difference Error Lower Upper
(1) group Bound Bound
7 AWPC + 1.2%PC + L/P 0.33 | -1.902000 | .105185 .000 -2.29076 -1.51324
8 AWPC + 1.2%PC + L/P 0.30 | -1.123000" | .105185 .000 -1.51176 -.73424
9 AWPC + 1.2%PC + L/P 0.27 | -.920000 .105185 .000 -1.30876 -.53124
10 AWPC + 1.8%PC + L/P -2.186000" | .105185 .000 -2.57476 -1.79724
0.33
11 AWPC + 1.8%PC + L/P -1.883000" | .105185 .000 -2.27176 -1.49424
0.30
12 AWPC + 1.8%PC + L/P -1.423000 /| .105185 .000 -1.81176 -1.03424
0.27
13 AWPC + 2.4%PC + L/P -2.8810004| 105185 .000 -3.26976 -2.49224
0.33
14 AWPC +2.4%PC + L/P -2.261000!" .105485 .000 -2.64976 -1.87224
0.30 :
15 AWPC + 2.4%PC + /P -1.498000" {+.105185 .000 -1.88676 -1.10924
0.27
4 AWPC +L/P 1 OWPC + L/P0.33 .261000 .105185 1.000 -.12776 .64976
0.33
2 OWPC + L{P"0.30 .q07000* .105185 .000 .21824 .99576
3 OWRE + L/P 0:27 1:007000 | .105185 :000 .61824 1.39576
5 AWPC + LP 0.30 .3910__00* .105185 .047 .00224 77976
6 AWPC# L/P 0.27 .870000° .105185 .000 48124 1.25876
7 AWPC + 1.2%PC+ LIP 0.33 -.895000* .105185 .000 -1.28376 -.50624
8 AWPC +#1.2%PC +L/P.0.30 -116000; | .105185 1.000 -.50476 27276
']
9 AWPC + 1.2%PC + L/P 0.27 .087000 .105185 1.000 -.30176 47576
10 AWPC + 1.8%PC + L/P -1.179000" :.105185 .000 -1.56776 -.79024
0.33 y r i
11 AWPC + 1.8%PC + L/P —.8760005* .105185 .000 -1.26476 -.48724
0.30 el
12 AWPC + 1.8%PC + LIP -.416000" :105185 .022 -.80476 -.02724
0.27 il 1
13 AWPC + 2.4%PC +L/P -1.874000*;— .105185 .000 -2.26276 -1.48524
0.33 ] :
14 AWPC + 2.4%PC.+1/P -1.254000". 1 -.105185 .000 -1.64276 -.86524
0780
15AWPC + 2.4%PC + L/P -.491000° .105185 .002 -.87976 -.10224
0.2Z
5AWPC + /P 1 QWPC + L/P 0.33 -.130000 .105185 1.000 -.51876 .25876
0.30
2 OWPC + L/P 0.30 .216000 .105185 1.000 -.17276 .60476
3 OWPC + L/P 0.27 .616000* .105185 .060 22724 1.00476
4 AWPC.+ L/P 0.33 -.391000* | .105185 .047 -77976 -.00224
6 AWPC + L/P 0.27 .479000* .105185 .003 .09024 .86776
7 AWRC + 1.2%PC + L/P'0.33 - 105185 .000 -1.67476 -.89724
1.286000*
8 AWPC + 1.2%PC + L/P 0.30 | -.507000* | .105185 .001 -.89576 -.11824
9 AWPC + 1.2%PC + L/P 0.27 -.304000 .105185 .562 -.69276 .08476
10 AWPC #+1.8%RC +:l/P -1:570000" |+105185 000, -1:95876 =1.18124
0.33
11 AWPC + 1.8%PC + L/P 41.267000" | 105185 .000 -1.65576 -.87824
0.30
12 AWPC + 1.8%PC + L/P -.807000° .105185 .000 -1.19576 -.41824
0.27 .
Continue
(J) group Mean Std. Sig. 95% Confidence Interval
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Difference Error Lower Upper
(1) group Bound Bound
13 AWPC + 2.4%PC + L/P -2.265000" | .105185 | .000 -2.65376 -1.87624
0.33
14 AWPC + 2.4%PC + L/P -1.645000" | .105185 | .000 -2.03376 -1.25624
0.30
15 AWPC + 2.4%PC + L/P -.882000° | .105185 | .000 -1.27076 -.49324
0.27
6 AWPC + LIP 1 OWPC + L/P 0.33 -609000° | .105185 | .000 -.99776 -.22024
0.27
2 OWPC + L/P 0.30 -.263000/ | .105185 | 1.000 -.65176 .12576
3 OWPC + L/IP 0.27 .137000 105185 | 1.000 -.25176 52576
4 AWPC + L/P 0.33 -.870000 4| 105185 | .000 -1.25876 -.48124
5 AWPC + /P 0.30 - 479000 ] 105185 | .003 -.86776 -.09024
7 AWPC#12%PC#1/P0.33 | 1 765000™| 1105185 .000 -2.15376 -1.37624
8 AWPC +4:2%PC + L/P'0:30 | -.986000 | .105185+|  .000 -1.37476 -59724
9 AWPC + 1.2%PC +44P 0.27 /| -.783000° | .105185 | .000 -1.17176 -.39424
10 AWPC + 1.8%PC +L/P -2.049000 | .105185 | .000 -2.43776 -1.66024
0.33 |
| ;
11 AWRE + 1.8%PC # L/P -1.746000" | .105185 | .000 -2.13476 -1.35724
0.30
12 AWPC ##1.8%PC +1/P -1.286000° | 105185 | ..000 | -1.67476 -.89724
0.27
13 AWPC + 204%PC + L/P =2:744000° | .105185 | .000 -3.13276 -2.35524
0.33 ‘ A
14 AWPG + 2.4%PC + L/P -2/424000° | 105185 | .000 -2.51276 -1.73524
0.30 il
15 AWPC + 2.4%PC + L/P -1.361000" | .105185 | .000 -1.74976 -.97224
0.27 Ao iy
7 AWPC + 1 OWPC + L/P 0.33 1.156000 | .105185 | 1000 76724 1.54476
1.2%PC + L/P o
0.33 —1- .
2 OWPC + L/P 0.30 . 1.502000" }.105185 | .000 1.11324 1.89076
3 OWPC + L/P 0.27 1902000 | 105185 | [000 1.51324 2.29076
4 AWPC + L/P 0.33 "~ .895000" |- 1105185 | .000 50624 1.28376
5"AWPC + L/P 0.30 1.286000° | .105185 | .000 89724 1.67476
6 AWPC + L/P 0.27 1.765000" | 105185 | 000 1.37624 2.15376
8 AWPC + 1.2%PC + L/P 0.30 .779000° | .105185 | .000 .39024 1.16776
9 AWRC + 1.2%PC + L/P 0.27 .982000° | .105185 | .000 59324 1.37076
10 AWPC + 1.8%PC + L/P -.284000 | 105185 | .945 -.67276 .10476
0.33~
11 AWPC + 1.8%PC + L/P .019000 .105185 | 1.000 -.36976 40776
0.30
12 AWPC +1%8%PC #iL/P 479000 #h 1105185 §| #7003 .09024 86776
027
13 AWPC + 2/4%PC + L/P -.979000" | .105185.| .000 -1.86776 -.59024
0.33
14 AWPC + 2.4%PC + L/P -359000 | .105185 | .121 -74776 .02976
0.30
15 AWPG'+ 2,4%PC #L/P 202000 | 1105185 (1 1031 101524 79276
0.27
s MPE + 1 OWPC * L/P 0.33 .377000 105185 | .071 -.01176 776576
1.2%PC + /P continue
0.30
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95% Confidence

Interval
Mean Std. Lower Upper
(1) group (J) group Difference Error Sig. Bound Bound
2 OWPC + L/P 0.30 .723000* | .105185 | .000 .33424 1.11176
3 OWPC + L/P 0.27 1.123000* | .105185 | .000 73424 151176
4 AWPC + L/P 0.33 .116000 | .105185 | 1.000 -.27276 50476
5 AWPC + L/P 0.30 .507000* | .105185 | .001 .11824 .89576
6 AWPC + L/IP 0.27 986000% | .105185 | .000 59724 1.37476
7 AWPC + 1.2%PC +L/P 0.33 - 779000 4| .105185 | .000 -1.16776 | -.39024
9 AWPC + 1.2%PC +L/P 0.27 1203000 4| 105185 | 1.000 -.18576 59176
10 AWPC + 1.8%PC +L/P 0.33 | -1.063000#| 105185 | .000 -1.45176 | -.67424
11 AWPC +.1.8%PC + L/P 0.30 o -.760000.|..105185.f+ .000 -1.14876 | -.37124
12 AWPC + 1.8%RPC+ 1 /P.0.27 -.300000 405185 |. .625 -.68876 .08876
13 AWPC + 2.4%R€™+ 1P 0.33, |l -1.758000" | 105185 | .000 -2.14676 | -1.36924
14 AWPG#'2 4%p€ + 14P.0.830 [1-1.138000" | .105185+| .000 -1.52676 | -.74924
15 AWPC +29P g P 027 | 1-.375000 | .105185.| .076 - 76376 .01376
9 AWPC + 1 OWRE + L/P.0.33 1174000 | .105185 | 1.000 -21476 56276
1.2%PC + L/P
0.27 Sl
2 OWRE + L/P{0.30 .520000", | 105185 | 1001 13124 .90876
3 QWPC + /P 0.27 920000 | .105185 | .000 53124 1.30876
4 AWPC # L/P 0.33 -.b87ooo .105185 | 1.000 -47576 .30176
5 AWRC + L/R0.30 .804000 | .105185 | .562 -.08476 .69276
6 AWPC + LUP 0.27 .783',(_)_00’.-; 105185 | .000 .39424 1.17176
7 AWPC +1.2%PC + L/P 0.38 -.982900* 105185 | .000 -1.37076 | -.59324
8 AWPC + 1.2%PC + L/R 0.30 208000 | .105185 | 1.000 -59176 .18576
10 AWPC + 1.8%PC #1/P,0.33, | -1.266000" |,.105185 | .000 -1.65476 | -.87724
11 AWPC + 1.8%PC % L/P0.30 | -963000° | .105185 | .000 | -1.35176 | -.57424
12 AWPC + 1.8%PC +L/P,0.27 -.503QE(_)*~ 105185 | .001 -.89176 11424
13 AWPC +2/4%PC% L/P0.33 |/-1.962000 | .105185.| .000. | -2.34976 | -1.57224
14 AWPC + 2.4%PC + L/P 0.30 | -1.341000" | .105185 | .000 -1.72976 | -.95224
15 AWPC + 2.4%PC + L/P 0.27 | -.578000 | .105185 | .000 -.96676 -.18924
10 AWPC + TOWPC + L/P 0.33 1.440000 | .105185 | .000 1.05124 1.82876
1.8%PC + L/P
0.33 2 OWPC + L/P 0.30 1.786000° | .105185 | .000 1.39724 2.17476
3 OWPC + L/P 0.27 2.186000° | .105185 | 1000 1.79724 2.57476
4 AWPC+ L/P'0.33 1.179000° | .105185 | .000 79024 1.56776
5 AWPRC + /P '0.30 1.570000. || 105185 /| 000 118124 1.95876
6 AWPC + L/P0.27 2.049000° | 105185 | .000 166024 2.43776
7 AWPC + 1.2%PC + L/P 0.33 .284000 | .105185 | .945 -.10476 67276
8 AWPC + 1.2%PC + L/P 0.80 1.063000° | .105185 | .000 67424 1.45176
9 AWPC +1:2%PGC+ L4/P,0.27 1.2660007 .105185% [#4.000 87724 1.65476
11 AWPGC + 1.8%PC +L/P 0.30 .308000 | .105185 | |.577 -08576 69176
12 AWPC + 1.8%PC + L/P 0.27 .763000° [ .105185 | ".000 37424 1.15176
13 AWPC + 2.4%PC + L/P 0.33 | -.695000 | .105185 | .000 -1.08376 | -.30624
14 AWPC + 2.4%PC + L/P 0.30 075000 | .105185 | 1.000 -.46376 .31376
15 AWPC + 2.4%PC + L/P 0.27 .688000° | .105185 | .000 .29924 1.07676
continue
Mean Std. 95% Confidence
(J) group Difference Error Sig. Interval
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Lower Upper
(1) group Bound Bound
11 AWPC + 1 OWPC + L/P 0.33 1.137000* | .105185 | .000 74824 1.52576
1.8%PC + L/P
0.30
2 OWPC + L/P 0.30 1.483000* | .105185 | .000 1.09424 1.87176
3 OWPC + L/P 0.27 1.883000* | .105185 | .000 1.49424 2.27176
4 AWPC + L/P 0.33 .876000* | .105185 | .000 48724 1.26476
5 AWPC + L/P 0.30 1.267000* | .105185 | .000 .87824 1.65576
6 AWPC + L/P 0.27 1.746000* | .105185 | .000 1.35724 2.13476
7 AWPC + 1.2%PC + L/P 0.33 -019000 |#4105185 | 1.000 -40776 .36976
8 AWPC + 1.2%PC + L/P 0.30 .760000° 4105185 | .000 37124 1.14876
9 AWPC + 1.2%PC#1/P.0.27 |5 963000105185 | .000 57424 1.35176
10 AWPC + 1.8%PC +L/P0.33 | -303000. | .105185 | .577 -.69176 .08576
12 AWPCH# 1.8%PC#1/R10.27 .460000" | 105185 .005 07124 .84876
13 AWPC +2/49%PG# /P 0.33 || -.998000° | .105185 | .000 -1.38676 | -.60924
14 AWPC + 2.4%PC#+1/P 0.30 | -378000 | .105185 | 069 -.76676 .01076
15 AWPG#'2.4%PC #L/P 027 _| 1385000 | 105185 | 056 -.00376 77376
12 AWPC + 1 OWPC + L/P 0.33 .67]_000* .105185 | 1000 .28824 1.06576
1.8%PC + L/P L
0.27 |
2 OWPC + LIP 0.30 1.023000 | .105185 | 1000 .63424 1.41176
3 OWPC #L/P 027 1.423660* 105185 | .000 1.03424 1.81176
4 AWPE + L/PJ0.33 .4'1L§000* .105185 | .022 02724 .80476
5 AWPC + LIP 0.30 807000 .| .105185 | .000 41824 1.19576
6 AWPC +L/P 0.27 1.2%}6600*" 105185 | .000 89724 1.67476
7 AWPC# 1.2%PC + L/P 0.33 479000 | .105185 | .003 -86776 | -.09024
8 AWPC + 1.2%PC +1/P.0.30 .300000 |, .105185 | .625 -.08876 .68876
9 AWPC + 1.2%PC + /P 0.27 503000° | 105185 | .001 11424 89176
10 AWPC + 1.8%PC + L./P-0.33 -.76301)’0;; L .105185 | .000 -1.15176 | -.37424
11 AWPC + 1.8%PC+1/P 0.30 | -460000" | 105185 | .005 -.84876 -.07124
13 AWPC + 2.4%PC + L/P 0.33 | -1.458000" | .105185 | .000 -1.84676 | -1.06924
44 AWPC +2 29%PC +1/P 030 - 838000 1105185 1000 -1.22676 | -.44924
15 AWPC + 2.4%PC + L/P 0.27 -075000 | .105185 | 1.000 -.46376 .31376
13 AWPC + 1 OWPC + L/P 0.33 2.135000 | .105185 | 7000 1.74624 2.52376
2.4%PC + L/IP
0.33 - )
2 OWPC + L/P 0.30 2.481000° | .105185 | .000 2.09224 2.86976
3 OWPC + I/P0.27 2.881000° | .105185 | 1000 2.49224 | 3.26976
4 AWPC + /P 0.33 1.874000" | .105185 ‘| 1000 1:48524 2.26276
5 AWPC + L/P'0.30 2.265000 | 1105185 | .000 187624 2.65376
6 AWPC + L/P 0.27 2.744000" | .105185 | .000 2.35524 | 3.13276
7 AWPC + 1.2%PC + L/P 0.83 .979000" | .105185 | .000 .59024 1.36776
8 AWPC #1:2%PC* L/P;0.30 1.7580007"), 1051857 |"}.000 1,3692%4, [12.14676
9 AWPC + 1.2%PC + LIP 0.27 1.961000° | .105185 | |.000 157224 2.84976
10 AWPC + 1.8%PC + L/P 0.33 .695000° | .105185 | .000 .30624 1.08376
continue
Mean Std. 95% Confidence
(J) group Difference Error Sig. Interval
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Lower Upper
(1) group Bound Bound
11 AWPC + 1.8%PC + L/P 0.30 .998000° | .105185 | .000 .60924 1.38676
12 AWPC + 1.8%PC + L/P 0.27 | 1.458000 | .105185 | .000 1.06924 1.84676
14 AWPC + 2.4%PC + L/P 0.30 .620000° | .105185 | .000 23124 1.00876
15 AWPC + 2.4%PC + L/P 0.27 | 1.383000 | .105185 | .000 .99424 1.77176
14 AWPC + 1 OWPC + L/P 0.33 1.515000° | .105185 | .000 1.12624 1.90376
2.4%PC + L/P
0.30 '
2 OWPC + L/P 0.30 1.861000° | .105185 | .000 1.47224 2.24976
3 OWPC + L/P 0.27 2.261000° | 4105185 | .000 1.87224 2.64976
4 AWPC + L/P 0.33 1.254000" | 105185 | .000 .86524 1.64276
5 AWPC + L/P 0.30 ,1.645000-|#4105185 | .000 1.25624 2.03376
6 AWPC + L/P 0.27 " 2.124000° | 105185 | .000 1.73524 2.51276
7 AWRG#1:2%PC +14/P 0:33 .359000 | .105185% | .121 -.02976 74776
8 AWPC + 1.29%PC +1L/P.0.30 1.138000" | .105185 | .000 74924 1.52676
9 AWPC + 1.2%PC +1/P.0.27 1.341000° | .105185 | 000 .95224 1.72976
10 AWPC#1.8%PC +1/P0.33 | 1.075000 | .105185 | 1.000 -.31376 46376
11 AWPC + 1.8%PC + L/P,0.30 378000 | .105185 | .069 -.01076 .76676
12 AWPC# 1.8%PC + L/P 0.27 .838000° | .105185 | .000 44924 1.22676
13 AWPC + 2.4%P¢ + WP 0.33_ | -.620000" | .105185 | .000 -1.00876 | -.23124
15AWPC +2.4%PC +L/P,0.27 .763000° | .105185 | .000 37424 1.15176
15 AWPC + 1 OWPG+ L/P 0.33 752000 .105185 | .000 .36324 1.14076
2.4%PC + L/P dd
0.27 FLAd g
2 OWPC +L/P 0,30 1.098000" | .105185 | .000 70924 1.48676
3 OWPC + L/P 0.27 1.4égdjo_g* .105185 | 000 1.10924 1.88676
4 AWPC + L/P 0.33 491000 |, .105185 | .002 10224 .87976
5 AWPC + L/P 0.30 .882000" ; 1105185 | .000 49324 1.27076
6 AWPC + L/IP 0.27 1.361000 | .105185 | .000 97224 1.74976
7 AWPC + 1.2%R€ +14P:0.83 -.4049"09'*-]. 105185 | .031 -.79276 -.01524
8 AWPC + 1.2%PC + L/P 0.30 .375000 | .105185 | .076 -.01376 .76376
9 AWPC +1.20%PC + /P 0.27 578000~ | 105185000 .| .18924 .96676
10 AWPC + 1.8%PC + L/P 0.33 | -.688000° | .105185 | .000 -1.07676 | -.29924
11 AWPC + 1.8%PC + L/P 0.30 -.385000 | .105185 | -056 - 77376 .00376
12 AWPC + 1.8%PC + L/P 0.27 075000 | .105185 | 1.000 -.31376 46376
13 AWPC + 2.4%PC + L/P 0.33 | -1.383000" | .105185 | .000 -1.77176 | -.99424
14 AWPE'+ 2.4%PC + L/P 0.30 | -.763000° | .105185 | .000 -1.15176 | -.37424

*. The mean difference is significant at the 0.05 level.

= s =
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2.1 MSANHIIATLTIA

2.1.2 dayARULARYIAINTUTIFN

LIRTLTIAD

[ =
240) Tun

MTA + distilled

water

OWPC + distilleg

water
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LIRLTIF

A0 Fud (U19)
1 6.83
AWPC + 1.8% PC 2 6.67

Material

1 MTA

2 OWPC-+distilled water

3 AWPC+1.8%PC T"

7

I}
ﬂ‘uEJ’J‘VIEWIﬁWEJ’Iﬂi
ammﬂmumaﬂmaﬂ
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Maximum

85.330]

52.330

7.830



2.1.3 LaAIN13TATITINNINTEANE AT diaya

One-Sample Kolmogorov-Smirnov Test

102

Material Setting_time
1 MTA N 5
Normal Parameters® Mean 81.53000
Std. Deviation 3.346640
Most Extreme Differences Absolute .199
Rositive .145
Negative -.199
Kolmogorov-Smirnov Z 444
Asymp: Sig. (2-tailed) .989
2 OWPC+distilled water N 10
Normal'Parameters® Mean 49.28000
Std. Deviation 2.060879
Most Extreme Differences Absolute .186
Positive .186
Negative -.140
Kolmogorov-Smirnev-Z .590
Asymp: Sig. (2-tailed) .878
3 AWPC+1.8%PC N 10
Normal Parameters® Mean 7.03400
Std. Deviation 441895
Most Extreme’ Differences Absolute .278
Positive .278
Negative -.205
Koelmogorev-Smirnov Z .879
Asymp. Sig. (2-tailed) 423
2.1.4 WA AN T A A DA B SIS DA T AT b E1 )
Test of HomMogeneity of Variances
Setting_time
Levene Statistic dfl df2 Sig.
11.668 2 22 .000}
ANOVA
Setting_time
Sum of Squares df Mean Squaie F Sig.
Between Groups 20318,331 2 10159.166 2636.178 .000
Within Groups 84.782 22 3:854
Total 20403.114 24




Setting_time

Robust Tests of Equality of Means

Statistic®

dfl

df2 Sig.

Brown-Forsythe

1747.739

2 6.500 000}

a. Asymptotically F distributed.

Multiple Comparisons

Tamhane
(I) Material (J) Material | Diff
1 MTA 2 OWPC-+distilleds. |

water
3 AWP

2 OWPC+distilled
water

1 MTA»
3 AWPC

3 AWPC+1.8%PC

2 OWPRE
wa

2.2 NNSANEIAINS

MTA + distilled

water

F;JJ‘L! ‘ 7

-

23
A‘Ff.:it
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-".'1 ', -

bbo\

WneUania)

95% Confidence Interval
Lower Upper
Sig. Bound Bound
.000 26.75776 37.74224
.000 68.63159 80.36041
-37.74224| -26.75776
40.33308 44.15892
-80.36041| -68.63159
-44.15892 -40.33308|

-

W]

5

188
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Y8 Hudi AMNNULTIEATUN 1 (MPa)
OWPC + distilled 1 42.450
water 2 43.327
3 61.293
4

AWPC + 1.8%
PC

’35 115

Q‘Wﬂﬁﬁﬂ‘immﬂ’l?‘ﬂm \ ¢
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Tuil 21
AR Fud ANMNNULTIBAIUT 21 (MPa)
MTA + distilled 1 93.346
water 2 92.912
3
4

W "7' P

5 - : 3, | =
e < M r\x
distilled water W ‘ ‘\ > K“ ‘

o o ML 2NN
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2.2.2 uaAsdioy aali ATANITIUANNNULIIBATUN 1 uazdun 21

Descriptive Statistics

Material N Mean Desit:t'ion Minimum | Maximum
1 MTA Compressive_1day 5| 49.214040| 4.9353456| 457619  57.8050
gompreSS“’e—zmay 5| 95.770820 3.7159529| 92.9122| 101.2587
2 OWPC+distilled Compressive_lday 10|52.142390| 7.8347189| 42.4500|  62.8661
et gompre““’e—zm""y 10| 77748510 40899213 72.5867|  82.7037
3AWPC+1.8%PC  Compressive dday 10| 58.494700)5.7966522| 50.4672|  65.2248

Compressive_21day

s 10| 87.519160§.8.7483591| 77.3323 104.4760

2.2.3 WAAIN1TILASACIN 18N SN EFR YIRS

One-Sample Keimogerov-Smirnov Test

Compressive_ Compressive_
Material lday 21days
1 MTA N b 5 5
Normal Parameters® Mean' . 49.214040 95.770820
Std. Deviation 4.9353456 3.7159529
Most Extreme Diffefences Abéb‘luté .328 .343
Positive: - | J .328 .343
Negative , -.242 -.221
Kolmogorov-Smirnov.Z : i .733 767
Asymp. Sig. (2-tailed) - 1655 .599
2 OWPC+distilled N 10 10
water Normal Parameters® Mean 52.142390 77.748510
Std. Deviation 7.8847189 4.0899213
Most Extreme Differences Absolute .196 .235
Positive .196 .213
Negative -.175 -.235
Kolmogorov-Smirnov Z .619 742
Asymp. Sig. (2-tailed) 1838 .641
3 AWPC+1.8%PC N 10 10
Normal Parameters® Mean 58.494700 87.519160
Std. Deviation 5.7966522 8.7483591
Most Extreme, Differences Absolute .220 .208
Pasitive .155 .208
Negative =220 =122
Kolmogorov-Smirnov Z .695 .659
Asymp. Sig. (2-tailed) .720 779




2.2.4 udmn13atATzinanudesafaeRaaiaszianuLd sUsaunnanen

Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.
Compressive_lday 2.663 2 22 .092
Compressive_21days 4.524 2 22 .023)
ANOVA
Mean
Sum of Squares | “di Square F Sig.

Compressive_1lday Between Groups 350.819 2 175.410 4.052 .032

Within Groups 952.287 22 43.286

Total 1303.106 24
Compressive_2lday Between.Groups 1167.650 2 583.825| 14.358 .000
S Within Groups 894.584 22 40.663

Total 2062.234 24

Robust Tests of Equ*aliiy of Means
Statistic® dfl df2 Sig.

Compressive_1lday Brown-Forsythe 4587 2 20.112 .023]
Compressive_21days Brown-Forsythe 417.427 2 16.266 .000

a. Asymptotically F distributed.

Compressive_1lday
Scheffe

k

Multiple Comparisons
4,

Mean 95% Confidence Interval
Difference e ol
(I) Material (J) Material (1) Std. Error Sig. Loweg'Bound |Upper Bound
1 MTA 2:0WPC+distilled -
ater 56983500 3.6035712 w/22=12.385039 6.528339
3 AWPC+1.8%PC =
9.2806600 3.6035712 .055| -i8.737349 .176029]
2 OWPC+distilled LMTA 2.9283500] 3.6035712 722 -6.528339| 12.385039
water
3 AWPC+1.8%PC -
6.3523100 2.9423035 .121] -14.073664 1.369044
3 AWPC+178%PC 1 MTA 9128066001 3.6035712 .055 =1176029] 18.737349
\fv aot‘é\:PchdiSti"ed 6.3523100| 2.9423035 121| -1.369044f" 14.073664
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Compressive_21days

Multiple Comparisons

Tamhane

Mean 95% Confidence Interval

Difference
(I) Material (3) Material (I-3) Std. Error Sig.  |Lower Bound|Upper Bound
1 MTA @;‘é\fudmi"ed 18.0223100°| 2.1058031|  1000| 11.847124| 24.197496
3 AWPC+1.8%PC 8.2516600] 3.2272341|  .070|  -592239| 17.095559

2 OWPC+distiled 1 MTA ]
2 ow (80003100 21058031 000| -24.197496| -11.847124
3 AWPC+1.8%PC | -0.7706500°| 3.0535704] _§021| -18.152457| -1.388843
3 AWPC+1.8%PC 1 MTA 8.2516600| 3.22/2341] __.070| -17.095559]  .592239
ag\gpcmsuued 9.7706500"| 3.0538704|"""10% 1.388843| 18.152457

*. The mean difference is significant at.the 0:050 level.

<9 a [ a aa
2.3 NMsANE RN NuMsLAsEn (QuUARTINA - QUUYNAIWINADN)

2.3.1 fiayauansniailas Wit a8 g aan: LINee

2.3.1.1 dayany

4

nmsilasunilasgaiuniaagenlyssniaiiie nauiinay (@emgaideq)

EEEET R gfﬁ;‘l_gﬁ
(W) 1 2 A 5 ;,,'J
2| 13| 15| 05 o9} 04
4| oi] o8l ot oe| 05

6 g - 0.8 G5 0.3 0.3

8 0.6 04 0.3 0.2 0.2

10 0.1 0.4 0.4 0.5 0.2

12 0.2 0.3 0.6 0.2 0.3

14 0.3 0.3 0.8 0.2 0.3

16 04 0.5 04 0.3 04

18 0.1 0.3 0.5 0.2 0.4
20 04 0.3 05 0.5 0.3
continue
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mMsilanuulasguuniuaanesnLauATINUASITNANRNUINAYN (BeAdaLTas)

IR 1o s |2 s |a |2a |2a |2a |2 |24 |24 Fuil

~ | TUV 1| TUN 2| TUN 3 [TUN 4| TN 5| TUN 6|TUN 7|TUN 8|TUN 9

(W) 10
2| 10| 06| 10| 12| 09 11| 11| 08| 09 10
4| 08| 04| 04| O 10 10| 08/ 08 06| 05
6| 09| 06| 02 ¢ 12| 07| 07| 04| 06
8| 09| 05| | 04| 08| 04| 05
10| 09| o 0.5 0. 6| 03| 04 05
12| 06 7l 03fs, O 04| 03| 02
Kl -‘\;
14| 08| _ N 02| 06| 02
16| 04 A 0 02| 09| 07
18| 00| 0 0.4 07| 07| 04| 01| 02
20| -0.1| #°0.1 . 091701 )" 01| 05| 04
22| 07 of " oniv¥03 01| 02| 06
24| 01| o4l Moy adol s 00| -03] 03] 05
J el
26| 0.1 0.8 ool 14 0. 1] 02| 03] 03
28| 05| 03 oflc08 - 20 02| 03| 02 06
30| 05/ 08 0475030 8/ 01| 00| 03] 06
A E= "
32| oo -04| 01| 03 3¢~ 02| 02/ 03
l{h 4
34| ofbEe 106/ 03] 03
03 06| 02| 04
1

05| 08 01| -01] 00
03| 01| 00
02| -02
01| -03

h
(. I -0.2
02
continue
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IR | o s |2 a | s (2 |2 |&a [2a | |2a
o |TUN 1| TUN 2| TUN 3|TUN 4 |TUN 5| TUN 6|TUN 7 |TUN 8|TuN 9

(1¥N) 10
50 0.0 -0.8 -0.3 0.0 -0.1 -0.2 0.2 0.5 -0.1 -0.2
52 -0.1 -0.7 0.2 -0.3 -0.6 0.1 -0.3 0.3 -0.3 -0.2

lgigas (agAL

m: Fudt 1 Fud 9 T
(W) 10

2 0.8 0.2 0.2

4 0.6 0.3 0.5

6 0.8 0.4 0.6

8 0.4 0.1 0.4

10 0.3 0.2 0.2

0.0

0.4

0.2

0.4

-0.2

-0.6

-0.2

-0.3

—1 2 -0.3 -0.8 -0.4 -0.5 -0.2 -0.4 0.2

30 0.4 -0.2 -0.8 -0.3 -0.4 -0.5 -0.4 -0.4 -0.4 -0.9

continue
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N St 1|Fud 2|Fud 3| Tt 4| Tt 5|3uil 6|Fudi 7|Fu 8 Fusie] T
(W) 10
32| 00| -06/ -08/ -07| -06| -05 -06| -01| -08 04
34| 07| 06 08/ -06/ -05 -04| -04| -07| 06| -06
36| 05| -10/ 03| -07l. 08/ -03| -05| -06| -04| -05
sg| 01| 05 -0 0.8 -08| -03| 03] 00
40| -04| -02| g 08| 0.1 -01] -04
42| 05| - _ 074 0. 4| 06| 05 02
44| 06 72 | BN 03| 03| -07
46| -05 02| -06| -05
48| 0.2 0.6] 0% 04| 05| 03
50| 05| - b5 205 4| 01| 06| -08
52| -0.3|470. 5ff., 031 50. . 03| 06| -04
sa| 05 @ fob| 04 os 01| 03 -06
56| 0.5 -0 ' @j - 04| 04 03] 06 04
58| -03| - 0.6 ‘?ﬁé’fﬁ" 0. 3| -02| -04| -03
60| -04| -03| 0804l - 20 02| -02| -08| -04
(DT T
2.3.1.2 ALRALAT nean :
n /s
ChiM Vitlakld
q 10 [0.32+016  |0.5+0.16 0.21+0.16
12 [032£016  |0.41+0.15  |0.20+0.25
continue




YW

o

2y X

4

wii | MTACC) | owpc(°c) | awpc (°c)

14 | 038024 | 044+027 | 026+0.22

16 0.4 +0.07 0.35+0.26 | -0.02+0.38

18 0.3+0.16 0374029 | -0.08+0.38

20 | 042040 || foBako3s | -0.29:0.30

22 -0.35 + 0.23

24 21 ) 04 0.33 £ 0.34

0 z: “0.44 + 0.33

0.3 +0.39

8 0. 9 +0.35°

3 T 1 15 3 +0.40

34 Bi2sl/ 0.59 +0.13

026+ 0. -0.56 £ 0.22

38 ' £03 0.43 +0.26

40 37| -0.45+0.27

42 6 | -0.50+0.17

4 49 +0.22

. 4021

. iﬂﬁ¢045

50 0.1+0.24 0.1+0.33 | -0.43+0.21
€ = LV

f

AR
036 +0.35

60

-0.10 + 0.23°

0.4+ 021°

-0.40 £ 0.19°

Wad1ALY (p<0.05)
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2.3.2 uaasdinyaalAmanssnmnnisulasuiasnesgingiane udesn

Descriptive Statistics

Material Mean Std. Deviation Minimum Maximum
1MTA  min2 5 0.92 0.48166378 0.4 1.5
min4 5 0.56 0.32093613 0.1 1
min6 5 0.64 0.42190046 0.3 1.3
min8 5 0.34 0.16733201 0.2 0.6
min10 5 0.32 0416431677 0.1 0.5
min12 5 0.32 0.16431677 0.2 0.6
min14 5 0.38 0.28874673 0.2 0.8
min16 5 0.4 0.07071.068 0.3 0.5
min18 5 0.3 0.15811388 0.1 0.5
min20 5 0.4 0.1 0.3 0.5
min22 5 0.18 0.19235384 0.1 0.4
min24 5 0.06 0.20736441 -0.1 0.4
min26 5 0.1 0.2236068 0.2 0.4
min28 5 0.12 0.30331502 -0.4 0.4
min30 5 0.06 0.18165902 0.2 0.3
min32 5 +0.08 40.16431677 ] 0.1
min34 5 0:04 |== 0.25099801 0.2 0.4
min36 5 “0:26 -t 0.18165902 0.5 0
min38 5 -0f14 0.20736441 0.3 0.2
min40 5 -0:04 |# 0 0.15165751 -0.2 0.1
min42 5 -0.02 0.13038405 0.2 0.1
min44 5 0:04 0:19493589 0.3 0.2
min46 5 -0.04 0.08944272 0.1 0.1
min4s 5 0.02 1 0/17888544 0.1 0.3
min50 5 0.1 0.24494897 -0.3 0.3
min52 5 -0.02 0.21679483 0.2 0.3
min54 5 0 #0.1 -0.1 0.1
min56 5 0.1 0.27386128 -0.5 0.2
min58 5 -0.14 0.18165902 -0.3 0.1
min60 5 -0.1 0.23452079 -0,8 0.2
20WPC  min2 10 0.96 0.17126977 0.6 1.2
min4 10 0.67 0.2406011 0i4 1
min6 10 0.65 0.28382311 0.2 1.2
ming 10 0.58 0.17511901 0.4 0.9
min10 10 0.5 0.16329932 0.3 0.9
min12 10 0.41 0.15238839 0.2 0.7
min14 10 0.44 0.2674987 0.2 0.9
minl6 10 0.35 0.26352314 0 0.9
minls 10 087 0:29078438 0 0.8
min20 10 0.33 0.3465705 0.1 0.9
min22 10 0.41 0.24244129 0.1 0.7
min24 10 0.41 0.4121758 0.3 1
min26 10 0.33 0.28693786 0.1 0/9
min28 10 0:39 0729280882 052 0.8
min30 10 0.47 0.30568684 0 0.9
min3d2 10 049 0.15238839 0. 0.4
min34 10 0.31 0.20248457 0 0.6
min36 10 0.28 0.3190263 -0.3 0.6
min38 10 0.28 0.30840089 0.1 0.9
min40 10 -0.11 0.36953424 -0.6 0.4
min4?2 10 -0.22 0.36453928 -0.6 0.7
mind4 10 -0.22 0.31552426 -0.6 0.5
min46 10 -0.14 0.23190036 -0.6 0.2

continue
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Material Mean Std. Deviation Minimum Maximum
min48 10 -0.18 0.35213634 -0.8 0.5
min50 10 -0.1 0.33665016 -0.8 0.5
min52 10 -0.19 0.3247221 -0.7 0.3
min54 10 -0.32 0.32930904 -1 0.1
min56 10 3 ~ 0.29981476 -1 -0.1
min58 10 .37357135 -1.1 0
min60 10 g 1804 -0.7 -0.1

3AWPC min2 -0.4 0.34
min4 -0.2 0.37
min6 0.2 0.54
min8 0 0.33
minl10 -0.2 0.21
minl2 -0.1 0.2
minl4 -0.2 0.26
minl6 0.7 -0.02
minl8 -0.9 -0.08
min20 -1 -0.29
min22 -0.7 -0.35
min24 - -0.9 -0.33
min26 el 3 -0.44
min28 -T2 -0.46
min30 - -0.9 -0.39
min32 -0.8 -0.43
min34 -0.8 -0.59
min36 -1 -0.56
min38 -0.8 -0.43
min40 -0.8 -0.45
min42 -0.8 -0.5
min44 -0.8 -0.49
min46 10 -0.8 -0.45
min48 -0.7 -0.44
Min50 -016 0.1
min52 | - 0.6 -0.2
min54 10}  -036 |  0.254732 0.6 0.2
min56 L \‘ -0.3
min58 ==0.8 0.2
min60 l .ﬁﬁ -0.2

AUEINENINYINS
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2.3.3 LAAIN1IATITINNINTEANE AT iaya

One-Sample Kolmogorov-Smirnov Test

116

Material min 2 min 30 min 60
1 MTA + N 5 5 5
\c,jviz:glred Normal Parametersa Mean 0.92 0.06 -0.1
0.48166378 0.18165902 0.23452079
Most Extreme Differences . 0.20838968 0.21286052 0.26509232
0.20838968 0.21286052 0.26509232
-0.1849241 -0.1871395 -0.2031157
0.47597059 0.59276445
Asymp. Si 0.97727545 0.87371595
20WPC+ [ N 10 10
s\::g‘red Normal 0.47 0.4
0.30568684 0.20548047
0.15982561 0.13480498
~ 0.11093719 0.12785397
-0.1598256 -0.134805
0.50541296 0.42629076
96037706 0.99337765
3 AWPC + 10 10
1.8% PC -0.39 0.4
0.35103023 0.19436506
Most Extreme Di 0.21136336 0.2
0.21136336 0.15174183
0.1844665 -0.1886366 -0.2
Kolmogorov-Smirnovm U I 58333419 0.66838964 0.63245553
Asymp. Sig. flEd) == o=t et |- 086 0.7630038 0.81862117

AUEINENINYINS
QRININIUNRINYIAE



2.3.4 uaasnisulasnulasaasguuniansudafanananiziaaaulstsmuniann

117

*, The mean difference is signifi

() (@) Mean Std. Error Sig. 95% Confidence Interval
Material ~ Material Difference
(-)
Lower Upper
Bound Bound
min2 1 MTA 2 OWPC -0.04 0.21006493 | 0.98204863 | -0.5912639 0.5112639
3 AWPC 0.58 0.03790225 | 0.0287361 1.1312639
20WPC 1MTA ).98204863 | -0.5112639 0.5912639
3 AWPC 0.00592651 | 0.16989491 | 1.07010509
3AWPC 1MTA -1.1312639 -0.0287361
2 OWPC -1.0701051 -0.1698949
min30 1 MTA 2 OWPC -0.8521765 0.0321765
3 AWPC 0.0078235 0.8921765
20WPC 1MTA . -0.0321765 0.8521765
WPC 0.4989644 1.2210356
3AWPC 1M | -0.8921765 -0.0078235
OWPC - 2210356 -0.4989644
min60 1 MTA 20 0.00288866 | 0.59711134
3 AWPC | 0.00288866 | 0.59711134
2 OWPC ATA 5971113 -0.0028887
3 AWE | -0.2425904 0.24259039
3AWPC 1 )812 | -0.5971113 -0.0028887
OWPC | | -0.2425904 0.24259039

AU INENTNGINS

ARIANTN NI INAE
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2.4 ﬂ']%‘ﬁﬂ‘]:l"]ﬂ'ﬂ&lLﬂuﬂ%‘ﬂ-ﬁhd(ﬁ’]ﬁtﬂ‘ﬁ) ‘lII’IAZLL‘ﬁQgIJ’J

2.4.1 fiayauanannuiilunsa-ane(Aied) anszudesn
2.4.1.1 dayany

[ 1 1 [ o a & o
AMNLTUNTA-ANe (ANLeT) Tauzudafaradlanldsgmaniive nantinau

A | aud
(W) | 1
2
4
6
8 : 4 W
2] 169] o 'Iﬂ!& | -.a\\
14 : 4 13 v - ﬁr '
16 s sl
18 | 1093 : -
20 : : g ':-;:
22 | 11, V
24 _____
26 11.
1158 165 11.43

42 | 11.62 | 11.42 | 11.71| 1212 | 12.09

continue




<

o

R A RED Tud | duh
(W19) 1 2 3 4 5
44 | 11.45| 11.43| 11.65| 11.99 | 12.30
46| 1136 | 11.20 | 11.89 | 12.15: 12.37
48| 11.39 | 11.08 | 12,04
50 | 11.42 | 11.75 . .05
52 | 11.55| 1 1247
54 | 11.40 12.21 4
56 | 11.59 42.09
58 | 11.78
60 | 11.68 | 1

119

anaElunsa-ane(Aiisa) g _: 2ana s 1% WA SITNAHANYNNAY
W —s
N |51 S 2 B o 50 4 Fult 5 S 6 Bud 7| Fud o|Fudto| T
(uN) ’ L CAE 10
2 10.44| 10.33
4 10.63| 10.99
6 11.25] 11.09
8 11.78] 11.65
10 11.99| 11.88
12 12.04| 12.13
1 1. 12.19| 12.16
16 m1.35 10.69| 10.69 1(&62 11.11] 10.94| 1110 11.14 1&3 12.28
q@ \f0.86]) 16 0 %59 1246
0 1.7 Né1 10. .0 i .4Jl'J12.63
22| 11.18| 10.66| 10.92| 11.05| 11.27| 11.20| 11.29| 11.39| 12.64| 12.54
24| 11.02| 10.60| 11.32| 11.09| 11.38| 11.32| 11.35| 11.54| 12.47| 12.47
continue
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IR

(W)

Fud 1

Fuf 2

Fuf 3

Fuf 4

3uh 5

Fuf 6

Fuf 7

Fuf 8

Fuf 9

26

11.14

10.70

11.26

11.03

11.57

11.63

11.47

11.65

12.49

12.40

28

10.88

10.52

10.80

10.91

11.42

11.50

11.31

11.70

12.37

12.44

30

10.92

10.55

11.91

11.01

11.34

11.38

11.40

11.59

12.41

12.48

32

10.78

10.29

10.48

10.49

g

11.05

11.2

11.22

12.28

12.37

34

10.77

10.29

el 32

10.45

Tag

T Lo

11.23

11.38

12.12

12.45

36

10.83

10.34

“MAmexe!

10.61

111.01

sl tlae)

14.13

11.29

12.33

12.01

38

10.90

10.45

10 il

10.11

1 1l

fnlO.]

10.89

11.44

12.22

12.23

40

10.87

1047

10740

10.42

11,70

1 WS

TGS

11.21

12.04

12.17

42

10.65

10488

10.33

10.43

%1.72

11.86

10.84

11.36

11.99

12.05

44

10.72

10.64

102 ¢

10:24

1179

1,

11.03

11.66

11.95

11.98

46

10.83

10.75

10821

10.23

1185,

i 1460

11.16

11.44

12.07

11.73

48

10.97

10465

10.20

10:16

i jf.ps

1R6S

11.01

11.48

12.01

12.01

50

11.01

10.89

1082 3

10%10

i T-:"-EQ

=l 1.9%

11.14

11.52

11.93

11.96

52

10.67

10.73

9.96

10:24

1130

L 11.11

11.00

11.62

11.98

11.84

54

10.66

10.64

1047

g

11449

11.22

11.03

11.55

11.73

11.66

56

10.50

10.79

1045

10.07

11.44)

.:1j;33

11.13

11.49

11.89

11.72

58

10.61

10465

10.01

9.98

11.48

11.14

11935 |f

11.53

11.91

11.77

60

10.42

~10.53

10.04

9.66

INESZ

11.53

11.21

1144

11.72

11.59

[ 1 1 al © e a o &t a (o
ANMNLUBNTA-ANI(AINL DT ) UL UUIFAIUVRINDTALAURT L N BATUs AR n gl

naxnlwapsuandiangiilaswanan Lo aas

ma: Bt | Tuit 2| Tuit 31 8ui 4| 3uil 5 | 3ui-6) 3ud 7/ 8ui-e | Fud o ol
(WIn) 10

2| 9.66| 9.65| 9.20f 991| 10.33| 9.83| 11.00| 9.93| 10.05| 11.35

4| 94| 10.08| 9.55| 11.03| 10.46| 10.31| 11.23| 10.82| 10.33| 11.63

6| 9.66| 10.41| 9.96| 11.54| 11.48| 11.04| 11.08| 10.99| 10.64| 11.58

continue
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IR

(W)

2D
=
=D>-
o

8

9.77

10.67

10.60

11.12

11.03

11.13

11.00

11.62

10.70

11.52

10

10.40

10.69

10.50

12.03

11.27

11.85

11.02

12.01

11.01

11.49

12

10.97

11.32

11.04

12.38

14.50

11.93

10.98

12.02

11.53

11.44

14

11.05

11.07

11.32

12.04

11461

12.01

11.11

11.77

11.55

11.63

16

10.94

11.11

.92

BSOS

11.45

T Ll

11.16

12.03

11.66

11.79

18

11.11

1148

11.04

11.86

111.34

ehenleleih

1415

12.09

11.38

11.59

20

11.15

11=0®

e

42.13

11.85

12.38

T2

12.23

11.59

11.78

22

11.65

14O

14705

12.56

12,44

12.46

T

12.24

11.86

11.89

24

11.25

1.0

Wr23

12.43

].'12.31

12.14

11.08

11.25

11.81

11.69

26

11.32

11.42

1429

1246

1220

1, %61

Tl 1

12.06

11.82

11.70

28

10.62

11.03

11819

12.23

—
12.15,

12.03

11.21

11.99

11.65

11.71

30

10.5

11400

. 1P

12:13

1%08

12.08

11.18

11.85

11.49

11.66

32

10.57

10.93

100944

12484

i T-:"‘7‘_9

=l 1.99

11.09

11.82

11.38

11.53

34

10.58

10.98

11.05

A8

" b

L 11.81

11.06

11.66

11.33

11.58

36

10.66

10.34

10.88

-41:53

1120

1167

11.15

11.58

11.02

11.64

38

10.52

10.04

10.62

1:4.81

11.01]

.’1.-1_'74

11.04

11.63

10.96

11.60

40

10.44

410:46

10.43

11.51

11.34

11.51

10:97

11.47

10.95

11.40

42

10.50

~10.26

10.22

11.50

iz

11.55

10.91]

11 .44

10.88

11.39

44

10.58

10.41

10.39

11.54

11.35

1758

10.92

11.30

10.97

11.38

46

10.56

10.32

10.21

11.48

11.38

11.49

10.65

11.32

10.91

11.45

48

10,59

10.32

10.45

11.52

11.27

11.47

10.83

11.32

10.94

11.47

50

10.49

10.66

10.44

11.65

11.32

11.52

10.88

11.28

10.90

11.53

52

10.46

10.39

10.32

11.51

11.20

11.44

10.84

11.33

10.89

11.44

54

10436

10.42

10.50

11.46

11313

1148

10°96

11427

10.85

11.43

56

10.32

10.49

1031

11.52

11911

14.40

10.83

11.39

10.76

11.49

58

10.3

10.51

10.55

11.58

11.14

11.43

10.76

11.20

10.82

11.42

60

10.35

10.49

10.43

11.43

11.13

11.47

10.84

11.25

10.88

11.37




2.4.1.2 WAAALR A8 ANNLTIUNIA-AIN (AN TLe) 19974nusAaTTHA (Mmean + SD.)

e_o),

L 42 11.79i0.30" 11.15+0.73 440,99 + 0.51
& W Gl b Tk 58 )
46 11.79 £ 0.50 11.20 £ 0.67 10.98 £ 0.51
48 11.81 £0.54 11.18 £ 0.69 11.02 £ 0.45

il | \
LA @M g
a5 W

fof fo (% s b

26

W | MTA (pH) OWPC (pH) | AWPC (pH)
2 11.32 +0.08" | 10.02+0.40° | 10.09 * 0.65"
4 | 11.482+0.03 | 10.62+0.35 | 10.48 +0.71
6 11.64 +0. 1,’ 0.37 | 10.84 +0.66
\ "-.
8 x“ "f’!f 0.92 + 0.53
"\ ;
+0.61

- 0.59 \\k ",

4+ 0.51

28

A7 £047

11.568 + 0.54

j+ QF @
-r
51
J.
1.36 “!.

11.11 £ 0.64

11.16 + 0.45

d

1:20£0.68

F

b

.05%

continue
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]

z) 3

W7 | MTA(pH) | OWPC (pH) | AWPC (pH)
50 | 11.85+0.38 | 11.18+0.64 | 11.06+0.43
52 | 11.94+0.28 | 11.05+0.67 | 10.98 +0.46
54 | 12.00+£0.38 | 11.03+0.58 | 10.99 + 0.44
56 | 11.97+0.26 | 11.05%064 | 10.96+0.48
58 | 12.06+0.35 | 11.02'#0.69 |410.97 £ 0.44
60 | 1201£027° | 10095 + 073 L 10.96 + 0.43"

WeIAATY (p<0.05)

T

J

2.4.2 uansdieynal AN g LA AN TIINTA-A(ANNET) BezUTaE

Descriptive Statistics

123

1987 2 1171 30 YIAMAL 60 LTl EPNHT a AS b NANABUAANDNAIINILANFINTLREIN

Material N Mean Std. Deviation Minimum Maximum

1 MTA min2 5 11.32 0.084557673 11.22 11.45
min4 5 174482+ | 40.031144823 11.45 11.52
min6 5 11.64 01154434452 11.38 11.79
min8 5 £11:612 0:159749804 11.43 11.77
min10 51 11,392 04(),29562843 10.91 11.81
min12 5 11.658 0.175982954 11.46 11.93
minl4 B 11.566 0.37647045 11.1 11.99
minl6 5 11.534 0.265763052 11.17 11.84
minl8 5 11.548 0.521603298 10,93 12.05
min20 5 11.548 0.533122875 10.75 12.07
min22 5 11.576 0.394499683 14.18 12.14
min24 5 11.562 0.331843337 11.19 11.97
min26 5 11.752 0.290206823 11.36 12.13
min28 5 11.756 0.290826409 11.43 12.11
min30 5 11.65 0.393954312 11.14 12.14
min32 5 11.764 0.21.9954541 11.45 12.03
min34 5 11,74 0.340147027 11439 12.17
min36 5 11.712 0.434016129 11.27 12.26
min38 5 11.72 0.827414111 11.35 12.13
min40 5 11.71 0.415932687 11.29 12.22
min42 5 11.792 0.30458168 11.42 12.12
min44 5 11.764 0874673191 11.43 12.3
min46 5 11.794 0.502225049 11.2 12.37
min48 5 11.81 0.544793539 11.08 12.3
min50 5 11.846 0.375539612 11.42 12.38
min52 5 11.94 0.282931087 11.55 12.26
min54 5 12.004 0.381418405 11.4 12.41
min56 5 11.97 0.258166613 11.59 12.2
min58 5 12.058 0.347807418 11.67 12.49
min60 5 12.008 0.267712532 11.68 12.28
continue
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Material Mean Std. Deviation Minimum Maximum

2 min2 10 10.019 0.399651237 9.06 10.44

OWPC mind 10 10.619 0.351866452 10.02 11.2
min6é 10 10.889 0.366892355 10 11.25
min8 10 10.993 0.431587509 10.55 11.78
minl0 10 11.019 0.536707038 10.5 11.99
minl2 10 11.071 0.587659198 10.3 12.13
minl4 10 11.1@1! 0.597205529 10.48 12.19
minl6 10 1%.285 0.646997338 10.52 12.43
minl8 10 11.394 0.687045263 10.7 12.58
min20 10 11.386 0.630544214 10.81 12.63
min22 10 11.414 0.6543223881 10.66 12.64
min24 10 11.456 0.593879898 10.6 12.47
min26 10 11.534 0.564883469 10.7 12.49
min28 10 11.385 0.647529493 10.52 12.44
min30 10 11.499 0.623047171 10.55 12.48
min32 10 iF F v 0.710243307 10.29 12.37
min34 10 11.139 0.728399311 10.29 12.45
min36 10 11.107 0.64425754 10.37 12.33
min38 10 11.158 0.756641703 10.11 12.23
min40 10 14..1799 0:682811996 10.4 12.17
min42 10 11 6= 0L728151388 10.23 12.05
min44 10 13456 4++0.659733953 10.24 11.98
min46 10 11.196 0.668317955 10.21 12.07
min48 10 1148507 '0.686845446 10.16 12.01
min50 10 45 0.63807436 10.1 11.96
min52 10 11.047 0'.665316132 9.96 11.98
min54 10 11.032 0.574916419 10.17 11.73
min56 10 11405 1: 0.643384281 10.07 11.89
min58 10 11:.023 0.688332123 9.98 11.91
min60 10 10.946 0.725169712 9.66 11.72

3AWPC min2 10 10.091 0.647309818 9.2 11.35
min4 10 10.484 0.71071482 9.4 11.63
min6 10 10.838 0.6'63231849 9.66 11.58
min8 10 10.916 0.525805203 9.77 11.62
minl0 10 11.227 0.606246191 10.4 12.03
minl2 10 11.506 0.464714966 10.97 12.33
minl14 10 11.516 0.368998645 11.05 12.04
minl6 10 11.454 0.405111782 10.92 12.03
minl8 10 11.478 0.392167765 11.04 12.09
min20 10 11.634 0.519041852 11 12.38
min22 10 11.839 0.591315858 11.01 12.56
min24 10 11.64 0.508461732 11.08 12.43
min26 10 11.768 0.474266685 1112 12.46
min28 10 11.581 0.542923158 10.62 12.23
min30 10 11.512 0.546845499 10.5 12.13
min32 10 11.408 0.507757597 10.57 12.04
min34 10 11.358 0.425670713 10.58 11.87
min36 10 11.162 0.454161009 10.34 11.67
min38 10 11.097 || 10:593128242 10.04 11.81
min40 10 11.048 0.462740628 10.43 11.51
min4?2 10 10.987 0.513529183 10.22 11.55
min44 10 11.037 0.449643068 10.39 11.54
min46 10 10.977 0.508287976 10.21 11.49
min48 10 11.018 0.453352941 10.32 11.52
min50 10 11.057 0.436629769 10.44 11.55
min52 10 10.982 0.466280793 10.32 11.51

continue
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Material Mean Std. Deviation Minimum Maximum
3AWPC min54 10 10.993 0.443547567 10.36 11.48
min56 10 10.962 0.483661957 10.31 11.52
min58 10 10.971 0.443657776 10.3 11.58
min60 10 10.964 0.429035093 10.35 11.47
a e o 4
243 LL'.Nm\m’]mLﬁ?ﬁtﬁﬂﬂi‘ﬂﬁ‘:ﬂ’]ﬁlmqm@wﬂy’ﬂ
One-Sample Kolmogorov-Smirnov Test
Material Mike2 min 30 min 60
1 MTA + N 5 5 5
d'sz'"ed Normal Parametersa Mean 11.32 11.65 12.008
water Std. 0.0 45576 0.3939543 0.2677125
Deviation
Most-Extreme Absolute 0.2065126 0.1453650 0.2027985
Dif erences
Positive 0.2065126 0.120330 0.2027985
Negative, ; -0.161374 -0.1453650 -0.1965178
Kolmogorov-Smirnoy Z . 0.4617763 0.3250461 0.4534712
Asymp. Sig. (2-tailed) 0.9833269 0.9999345 0.9862905
2 OWPC N 10 10 10
+distilled | Normal Parametersa Mean 10.019 11.499 10.946
water Std: 0.3996512 0.623047171 0.7251697
Deviation x
Most Extreme Absolute 0.2092652 0.163124781 0.2420906
Differences vl ol L
Positive 0.1460746 0.163124781 0.1429099
Negative -092092652 -0.128152491 -0.2420906
Kolmogorov-Smirnov Z 0.6617547 0.515845852 0.7655579
Asymp. Sig. (2-tailed) 0.7785854 | 0.952895959 | 0.6010497
3 AWPC N 10 10 10
*1' SHPC Normal Parametersa Mean 10.091 11502 10.964
e Std. 0.6473098 0.5468454 0.4290350
Deviation
Most Extreme Absolute 0.2252517 0:1505242 0.1653778
Differences
Positive 0.2252517 0:4292132 0.1653778
Negative -0.1478467 -0.1505242 -0.1505903
Kolmogorov-Smirnov.Z 0.7123085 0.4759995 0.5229708
Asymp..Sig. (2-tailed) 0.6906594 | | 0.9772617 0.9473266
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() (@) Mean Std. Error Sig. 95% Confidence Interval
Material Material Differen
ce (I-J)
Lower Upper
Bound Bound
min2 1 MTA 20WPC 1.301 | 0.26728789 | 0.00032174 | 0.59969966 2.0023003
3 AWPC 1.229 | 0.26728789 | 0.00060516 | 0.52769966 1.9303003
20WPC 1MTA -1.301 | 0.26723789 | .0.00032174 | -2.0023003 | -0.5996996
3 AWPC -0.072 | 0.21819882'| 0194714106 | -0.6446093 0.5006093
3AWPC 1MTA -1.229 | 0.26723789 | +0:00060516 | -1.9303003 | -0.5276996
20WPC 0.072 | 0.21819882 | 0.94714106 | -0.5006093 0.6446093
min30 1 MTA 20wWpC 0151 | 0.30464243 | 0.88500671 | -0.6484595 0.9504595
3AWPC 0.138 | 0.30464248 | 0.90291719 | -0.6614595 0.9374595
20WPC 1MTA £0.151.| 0.30464248 | 0.88500671 | -0.9504595 0.6484595
3AWPC 40.0423/ [ 1 0.24873955 | 0.99863528 | -0.6657559 0.6397559
3AWPC 1MIA 00138 | 030464248 | 090291719 | -0.9374595 0.6614595
20WPC 0.013' | 0,24873955 | 0.99863528 | -0.6397559 | 0.6657559
min60 1 MTA 2 OWPRC 1.062 | 0.25869115 | 0.00403063 0.3497374 1.7742625
3 AWPC 1.044 | _0.18094505 | 10.00026281 0.5430098 1.5449901
20WPC A MTA -1062 | 0.25869115/| 0.00403068 | -1.7742625 | -0.3497374
3 AWRC -0.018 | 0.26644741 4 0.99985158 | -0.7358222 0.6998222
3AWPC 1 MTA -1.044 | '0.18094505 | 0.00026281 | -1.5449901 | -0.5430098
2:0WPC 0.018, [ 0.26644741 | .0.99985158 | -0.6998222 0.7358222
*. The mean difference is significant-at the 0.05 level.
4
Y
F. 7 11‘:;
= e N .’l -
2.5 nsAnEUSnNaulansiiin f
’ OWPC AWPRC
q19 MTA e — — — 5— — Control
a = I ) = a < = I
FUN 1 | TUN 2 | FUN 3 | DUN 1 | TUA 2 | TuUN 3
As 0.5 2.75 2.75 3.5 0.75 0.75 0.5 <0.25
Pb <i0.26 4.25 $.25 3 <0.25 || £0.25%|=20.25 | <0.25
Cd <0.025 0.3 0.425 01375 0.05 0.05 0.05 < 0.025

tranalavenin wiaadauluauday’ (ppm.: part per million)



2.6 ﬂ']‘é‘ﬁﬂ‘]:l’]‘lluﬁﬂ’ﬂ'iéﬂﬂﬂ

2.6.1 JayanLEEAzATNNINIZANLAITBID LN TALLNATNLWIA

127

$REATNITNTEANUAIVDIBYMALLNAINTUIA (MUIE %)

AUA MTA OWPC AWPC
Wm) | Tuit 1| Fud 2 | Fudi 3 | Fui 1] Fud 2 | Fuii 3 | Fui 1 | il 2 | Fud 3
0.05 0 0 0 0 0 0
0.06 0 Opici 0 0 0 0
0.07 0 0 0 0 0
0.08 0 1o 0 0 0
0.09 0 O ANEEDN 0 0 0
0.11 0 T 0 N 0 0 0
0.13 0 ,:LQ 0 0 0
0.15 0 { 0 0 0 0 0
0.17 0 0" .r: 0 0 0
0.2 0 D4 (20 0 0 0 0
0.23 0 oS 0 o 0 0 0
0.27 0 'ff;E? o=t 0 0 0 0
0.31 0 0 f:%ﬁjﬁ : 0 0 0 0
0.36 o 0 0 0 0 0 0
0.42 0% & 4 | 034 | 035
049 | 1.03 Ii'fm‘ 1 1085 | 085 | 0.90
058 | 154 |«154| 153| 149 | 149 | 149 14126 | 126 | 1.32
067 | 189| {8 188 | 1.84 | @84 | 184 | 155 | 155 | 1.60
078 191208 =208 | 208k 1. 9 srm 172 | 175
091 |4l231 23| 23] 197 | 197 | 197 | 192 | 192 | 1.04

. 256 | 2 ¢ 4 % 16

m |£§"aza 140 | @213 | EL 255
ﬂ1.44 329 | 329| 329| 235 | 234 | 233 | 304 | 3.04 | 3.04
168 | 366| 3.66| 366| 262 | 260 | 258 | 358 | 359 | 3.55
continue
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$REATNITNTEANUAIIDIBYMALENAINTUIA (MUIE %)

AUA MTA OWPC AWPC
(um) | Fudt 1| Tud 2 | Fuit 3 | Fuit 1 | Fudi 2 | Fud 3 | w1 | Fud 2 | Fud 3
1.95 389 | 389| 389 289| 287| 285| 398| 398| 395
228 | 4.03| 4.03| 4.03 321 | 3.18| 433| 433| 427
265 | 401| 401| 402 351 | 4.45| 445| 4.41
3.09 3.94| 395 8 86| 4.48| 447| 444
3.6 3.89 428 442 | 442 4.4
419 | 3.92 /489 | e 438 | 437| 436
488 | 4.06 4, 5.01 L 439| 437| 437
5.60 4.3 B R 446 | 4.45| 445
6.63 | 461 a7 459 | 458| 458
772 | 493 449 8. 30475 474| 474
9 5.22 A Kk EX .'-ia.';,.:-' 6.2 3 491 491| 491
1048 | 549 | 548" [5.444:4.6.35 86189 [\ 6. 507 | 507| 508
1221 | 5.32 29 5.2§;£§é§g{~_- 00 496 | 4.96| 4.97
1422 | 488 | 480| Afel 435 438 | 466| 466| 467
16.57 | 4.24 | 423 _’4_—';‘5, J_g.;s;qj_.‘ . 448 | 419| 419 420
19.31 3.@@ 361 361| 365 3 £:61 362 | 3.62
2249 | 296" w304 | 304 3.04
262 | 233 |7235( 236 TT4T 246 | 247 | 246
3053 | 169 |“172| 174| 112 105| os7| 189 19| 188
35.56 131] 132 129
41.43 0734 075| 0.71
48.27 0 0 0
&S

5 1k Q | O
ﬂ65' D 0 b J 0
76.32 0 0 0
continue
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$REATNITNTEANUAIIDIBYMALENAINTUIA (MUIE %)

AUIRA

(um)

MTA OWPC

AWPC

Fud 3 | Tud 1| Fud 2

&p!
=
=
=D
=
=D

4

P
FUN

=) 9
=
=D

Fud 2

88.91

0 0

0

103.58

120.67

140.58

2
0
0 0l 0
0
0

163.77

190.8

O]l O | O] O|Ww

222.28

258.95

301.68

351.46

409.45

477.01

5565.71

647.41

754.23

O ol ojlojlo|lo|l ol ool o|lo|]o| o] o] oo

3

o  o|lojlo| ol ol o|lo|]o|lo|lo|]o| o] o] oo

oOojlo|lo|lojlo|lo|lojlo|lo|]o|lo| o] o| oo

oOojlo|lo|loj]o|lojlojlolo|]ojl]o|lo|]o|o| o|w

AU INENTNGINS
QRININIUNRINYIAE
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%‘ﬂﬂazmenssmaco’l'wawmﬂagmﬂu.ﬂmw"ﬁqq"ﬁgu

AUIRA MTA OWPC AWPC
(um) Fud 1Fud 2/Fud 3| Tudt 1 | Tud 2 | Fud 3 | Tudt 1 | Tud 2 | Fui 3
<1 pum 10.79110.77 | 10.77 | 9.754 9.74 9.73 8.95 8.95 9.16
1.01-10

61.37 | 61.32 63.35 62.56 62.50 62.34
pMm
10.01-20

20.50 19.69 19.70 19.75
pMm
20.01-30

6.12 6.55 6.52
pMm
>30 uym 1.26 2.30 2.23
Mean

8.65 9.12 9.08
(Hm)
Median y

5.82 5.82 5.81
(Hm) |

Kruskal-Wallis s

Variables:

Groups =

Tota|cﬁrﬁnﬂq "‘(l Ejﬂjw Ejf]ﬂ‘j

POO

M L'?ﬁ'_:

3E

9 WIARINTUURIINN AL

T 5.694915

P =0.058
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Variables: MTA .01-10 micron, OWPC.01-10 micron, AWPC.01-10 micron
Kruskal-Wallis: all pairwise comparisons (Dwass-Steel-Chritchlow-Fligner)
Critical g (range) = 3.314493

MTA .01-10 micron vs. OWPC.01-10 micron not significant

(]2.818009| > 3.314493)

MTA .01-10 micron vs. AWP

Variables: MTA 10,0420 ifcran; QWPC! 10.01-20 micron, AWPC 10.01-20 micron
Kruskal-Wallis: inWise €0 parisc ss-Steel-Chri hlow-Fligner)

MTA 10.01-20 micron vs OWPC10,01-2¢ . not significant
MTA 10.01-20 microp'vs. AV 01-20 fficron N ificant

OWPC 10.01-20 micron vs. AWPE on not significant

(-2.77746| > 3,31449

,- i |
ol
LY

Variables: MTA“20.C \WPC 20.01-30 micron
, -
Kruskal-Wallis: amairwise comp Dwass-Steel-Chrit Lj} w-Fligner)

Critical g (range) li-314493

AN TN

MTA 20.01-30 micron vs. AWPC 20:01-30 micron Mot significant

ARARIN TURAINENA Y

QOWPC 20.01-30 micron vs. AWPC 20.01-30 micron not significant
(|12.77746| > 3.314493) P=0.1212



0

Kruskal-Wallis: all pairwise comparisons (Dwass-Steel-Chritchlow-Fligner)

Critical g (range) = 3.314493

Variables: MTA > 30 micron, OWPC > 30 micron, AWPC > 30 micron

MTA > 30 micron vs. OWPC > 30 mi not significant
(-2.77746| > 3.314493) Bi-

MTA > 30 micron vs. AWPC =

OWPC > 30 micro

Kruskal-Wallis: a

Critical g (range)

Mean
Kruskal-Wallis test
Variables: MTA avefag :' '
Groups = 3 .
df =2 _
Total observal ; u“
T=72

P =0.0273

Eiﬁiikﬂjlﬂ"’iiﬂmﬂ e

W?ﬁﬁﬂﬁﬂﬂ%ﬂ?ﬂﬂﬂﬂﬂ

(| 2.77746| > 3.314493
MTA average vs. AWPC average not significant
(|12.77746| > 3.314493) P=0.1212

OWPC average vs. AWPC average not significant

132
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(12.77746| > 3.314493) P=0.1212

Median

Kruskal-Wallis test

Variables: MTA median, OWPC median, AWPC median
Groups = 3 | i '

df =2
Total observations =.0 = . ‘
T=56 ’
P =0.0608

N

Kruskal-Wallis: a pé' Somp ich hlow-Fligner)

,

MTA median vs.
(13.162278| > 3.314493)
MTA median vs. AWPC,
(-1.414214] > 3.314493)
OWPC medianys. AWPG

(-3 > 3_314 57,.:_; '

<y

1l

o ¥

AUEINENINYINS
ARAINTUNM NN
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2.7 msiaszndautlsznaumauniidalSanauazidinunw

2.7.1 snnnusng ludournesdiiug Gouay)

lanldsgnianiiie

4

Fun | C 0 Al

Ca Cu Bi Zn Na

Si oy K-
1| 2922|3246 | 0.69 ‘"i 1 0.85 | 17.67 | 0 0

2 24.22 | 34.12 ':\" wﬁ- 0.81 | 16.63 | 0.74 0

3 23.59 | 35.29 hm_ﬂ“ 0.76 | 12.77 0 0.27

NASALAUATLNUAGSFHE

N \
Wil o | l '/’ll %\\‘&; s

1 12.87

2 | 16.64 i E 9\1\M :

3 | 2145 ’l ; _: ‘A‘E\\
F i = \ "

o [ 4 o al
NATALRUATLNUAN

4
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NASALAUATLNUAGTTNATNANUINAU

wasmmum%’mumwﬂs

—""'

Fui | c
1 20.87 | 57.6
2 29.49
3 22.34

“—‘.ﬂ'ﬁ

Fuii | ¢ | o | A | si | cal| s
1 | 29.84 | 5375 | 1.04 | 422 | 17.63 | 0.51
> | 2143|5083 | 1.06 | 453 | 21.62| 053
3 | 2173|5345

a,-'_‘

angiliadwanaslairas
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Basic Research—Technology

Setting Time and Flowability

of Accelerated Portland Cement

Mixed with Polycarboxylate Superplasticizer

Norachai Wongkornchaowalit, DDS, and Veera Lertchirakarn, DDS, MDSc, PhD

Abstract

Introduction: Important limitations of mineral trioxide
aggregate for use in clinical procedures are extended
setting time and difficult handling characteristics. The
removal of gypsum at the end stage of the Portland
cement manufacturing process and polycarboxylate
superplasticizer admixture may solve these limitations.
Methods: Different concentrations of polycarboxylate
superplasticizer (0%, 1.2%, 1.8%, and 2.4% by volume)
and liquid-to-powder ratios (0.27, 0.30, and 0.33 by
weight) were mixed with white Portland cement without
gypsum (AWPC-experimental material). Type 1 ordinary
white Portland cement mixed with distilled waterat the
same ratios as the experimental material was used as
controls. All samples were tested for setting time‘fand
flowability according to the International Organization
for Standardization 6876:2001 guideline. The data
were analyzed by two-way analysis of variance. Then,
one-way analysis of variance and multiple comparison
tests were used to analyze the significance among
groups. Results: The data are presented in mean £
standard deviation values. In all experimental groups,
the setting times were in the range of 4.2 4+ 0.4 to
11.3 &+ 0.2 minutes, which were significantly (p <
0.05) lower than the control groups (26.0 + 2.4 to
54.8 + 2.5 minutes). The mean flows of AWPC plus
1.8% and 2.4% polycarboxylate superplasticizer groups
were significantly increased (p < 0.001)-at all liquid-to-
powder ratios compared with control groups=Conclusions:
Polycarboxylate superplasticizer at concentrations of 1.8%
and 2.4% and the experimental liquid-to-pewder ratios
reduced setting time and increased flowability of cement,
which would be beneficial for clinical use: (J Endod
2011;37:387-389)
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ineral trioxide aggregate (MTA) was originally introduced as a root end filling and

lateral toot perforation repairing material in endodontic surgery (1, 2). MTA
cained worldwide use after its approval by the Federal and Drug Administration in
1998, and it thas shown excellent performance in both laboratory and clinical
studies' (1-8). Currently, MTA is also used for direct pulp capping (3, 6, 9),
pulpotomy (10, 11), apexogenesis (12), one-visit apexification (13), and as a root
canal filling material (14).

MTA s mainly composed of type 1 Portland cement plus bismuth oxide in a 4:1
rafio. Therefore;Portland cement has been investigated to evaluate whether it can be
used as an alternative material. Previous studies have been reported that Portland
cenent has  similar “physical properties and behaviors (15, 16), chemical
composition (17,18), and biological responses (19, 20) to MTA. Although MTA has
been recognized as a bioactive material and fulfilled many requirements of an ideal
véirograde filling ‘material, many disadvantages exist in both MTA and Portland
cementy such as-a‘delayed setting time ranging from 40 minutes to 72 hours (15,
21), difficulty of handling, and the high cost of MTA. Thus, many researchers are
tiying o develop a new cement by altering the composition of Portland cement to
improve the material“(22,.23).

One limitation of wsing MTA or Portland cement in clinical procedures is the
extended setting time because of adding gypsum at the final stage of the manufacturing
process (24). The gypsuim-is added. to retard the setting time and improve cement’s
plasticity. The removal of gypsum allows rapid‘hardening and loss of plasticity known
as flash set, which can be controlled by superplasticizing admixtures (25-27).
Superplasticizer also can be added to manipulate viscosity and reduce the liquid-to-
powder ratio while still maintaining workabilitysin order to obtain high strength and
durability (28).

Camilleri (25) found the setting time of Portland cement could be reduced by
removing the gypsum from the manufacturing process without affecting its other prop-
erties. Superplasticizer was used to obtain a homogeneous flowable mix and control
setting time ranging'ftom 5 to 12 minutes. Although this material can be applied for
dental usage, ‘there-are no/studies to date concerning the effect of superplasticizer
concentrations and liquid-to-powder ratios on properties of the cement. The purpose
of thissstudywas to determine whether polycatboxylate superplasticizer could be used
with white Portland cement without gypsum to improve the long duration of setting time
and flowability of the material.

Different concentrations (0%, 1.2%, 1.8%, and 2.4% by volume) of polycarbox-
ylate superplasticizer (Sika [Thailand] Limited, Cholburi, Thailand), and liquid-to-
powder ratios (0.27, 0.30, and 0.33 by weight) were tested with white Portland cement
without gypsum (AWPC; Siam White Cement, Bangkok, Thailand). Type 1 ordinary
white Portland cement (OWPC, Siam White Cement) plus distilled water at the same
ratios of the experimental materials were used as the control groups. Protocols for
both setting time and flowability tests were followed per ISO 6876:2001 (29).
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Setting Time

The cylindrical dental plaster molds (1.0-mm height with a 10.0-
mm diameter) were prepared, covered with moistened gauze, and kept
in an incubator (37°C, 95% relative humidity) for 24 hours before
testing. The experimental and control materials were mixed with
different concentrations of polycarboxylate superplasticizer and liquid-
to-powder ratios for 40 seconds at room temperature (23°C + 1°C).
Then, the samples were placed in the prepared cylindrical plaster molds.

A 2.0-mm diameter flat-end indenter was used with a 100-g load
and carefully lowered vertically to the surface of the tested material.
Then, the indenter tip was cleaned and repeated every 30 seconds until
no indentation could be seen, determining the setting time.

All the setting times of the tested materials were determined in
a temperature- and humidity-controlled chamber«(37°C £ 1°C and
95% relative humidity) (Medical & Environmental Equipment Research
Laboratory, Bangkok, Thailand). Five samples of material in.each eroup
were tested.

Flowability

After mixing the tested materials, a 0.05-ml sample was placed at
the center of a glass slab (40 x 40 x.5'mm, 20%¢ weight). Then,
another glass slab was placed on top of the material with an‘approxi-
mate 100-g load within 120 seconds. Ten minutes after the commence-
ment of mixing, the load was removed, and.the diameter was measured
using a digital venier caliper. The maximum and‘minimum diameters
were measured in case the sample was not complete cizeularformations
The means of the maximum and minimum diameters were recorded-as
the result. Five samples of material in each group were tested,

Statistical Analysis w44
The data were analyzed using SPSS (Statistical Package for-the
Social Sciences; SPSS Inc, Chicago, IL) with two-way analysisof vatiance
to examine the effects of polycarboxylate superplasticizer concentration
and liquid-to-powder ratio. Then, one-way analysis of variance () <
0.05 and p < 0.001) was used to evaluate significant differences among
experimental and control groups. Post hoe multiple comparisons tests

L/P Ratio
LP=033

E]uP=0.30
Nupe=027

10.004

@
8
i

6.00-

4.00

Mean flow distance (mm)

Materials

Figure 1. Flowability of the experimental and control groups. *p < 0.001.

 Flowability

\ The results from the flowability testing are shown in Figure 1. The
lmean flows of AWPC plus 1.8% and 2.4% polycarboxylate superplasti-
clzer groups were significantly increased (p < 0.001) at all liquid-to-
powder ratios when compared with control groups. Significant differ-
ences between AWPC plus 1.2% polycarboxylate superplasticizer group
a'n'& the control groups were observed only in a 0.33 liquid-to-powder

rduo @ < 0.001).

= Discussion

Portfand cement consists of four mineral phases: C3S, tricalcium
sﬂl_gratg (Ca3Si0s); C28, dicalcium silicate (Ca,Si04); C3A, tricalcium
aluminate (CasAl,04); and C4AF, tetracalcium aluminoferrite (CajAl,.
Fe,040). A small amount of a high-purity grade of gypsum usually is
ground up.ai)ﬂ added at the end of manufacturing process. By retarding
the hydration of C3A, the gypsum controls the seiting time and hard-
enlng rate of the cement when mixed with water (24, 27). Without
the gypsum-'tﬁe process of C3A hydration would cause the cement to
set almost immediately with thie evolution of considerable heat. This
is known asflash—sel,—which “¢an be controlled by the use of

were performed to determine differences-belween.geoups

Results
Setting Time
The mean and standard deviation of the setting time of all samples
are shown in Table 1. In all experimental groups, the:setting times were
in the range of 4.2 to 11.3 minutesgwhich ate significantly. (p.< 0.05)
lower than those obtained fromithe control groups (26.0-54.8 minutes).

TABLE 1. Seiting Time of Experimental and Control Groups

Setting time (min)

Materials L/IP = 0.33 L/P = 0.30 L/P = 0.27
OWPC + distilled 54.8 + 2.5 49.14+1.8 26024
(control)
AWPC + distilled 8.5 + 0.2* 5.5+ 0.3* 4.2 + 0.4*
AWPC + 1.2% PC 9.2 £ 0.2* 6.0 & 0.2* 5.6 £ 0.1*
AWPC + 1.8% PC 9.8 4+ 0.4* 7.1+ 0.5*% 6.2 +0.2*
AWPC + 2.4% PC 11.3 + 0.2* 7.9 + 0.2* 6.4 + 0.2*

AWPC, white Portland cement without gypsum; L/P, liquid-to-powder ratio; OWPC, ordinary white
Portland cement; PC, polycarboxylate superplasticizer (% by volume).
) < 0.05.

388 Wongkornchaowalit and Lertchirakarn

superplasticizer admixtures (25-27).

Superplasticizers are high=molecular-weight anionic surfactants
with a long hydrocarbon €hain containing a high number of polar
groups. When this material is absorbed by cement particles, the surfac-
tant creates negatively charged particles that repulse each other. This
action helps to disperse the cement particles and reduce clumping, lower
the sutface tension of the surrounding water considerably, and greatly
enhance the fluidity of the cemént (27). Furthermore, superplasticizers
are preferred for théir ability to improve cement physical properties (27,
30, 31), such as increasing the consistency and making cements more
flowable and easier to place, achieving higher compressive strengths
because of the dower L/P ratios, reducing sexothermic heat during
hydration.and decreasing,shrinkage asawell aspermeability.

The latest generation of superplasticizersisia combsshaped polycar-
boxylate-based polymer consisting of one méin linear chain with lateral
carboxylate and ether groups. These comb-shaped molecules disperse
cement particles in concrete mixes through more effective chemical
mechanisms than earlier generations. Moreover, polycarboxylate-
based superplasticizers do not affect the hydration of compositions (32).

In dentistry, polycarboxylate has been used in the form of polycar-
boxylate cement. Some studies reported successfully using polycarbox-
ylate cement as a cavity liner in deep cavities (33) or direct pulp capping
agent (34). Moreover, Camilleri et al (26) evaluated the

JOE — Volume 37, Number 3, March 2011
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biocompatibility of MTA and accelerated Portland cement by examining
cell metabolic function and proliferation and found that polycarboxylate
superplasticizer did not compromise the biocompatibility of the Port-
land cements. Thus, the polycarboxylate superplasticizer may be used
to improve some physical properties of MTA or Portland cement.

The results from this study showed a reduction of setting time in all
the experimental groups, which might be beneficial for clinical
approaches, such as direct pulp capping and vital pulp therapy proce-
dures. Dental plaster molds were used in this study by the recommenda-
tion of the I1SO 6876:2001 and ANSI/ADA Spec No. 57. The use of
untreated plaster molds might be one of the factors reducing setting
time because of water absorption from material. Thus, all molds in
this study were covered with moist gauze and kept in 37°C and 95% rela-
tive humidity chambers for 24 hours before testing to establish a satu-
rated state. Setting time tests were also operated in a temperature- and
humidity-controlled chamber (37°C 4 1°C and 95% relative humidity).
However, using a different method may affect the setting time reported. It
should be noted that ISO 6876:2001 and ANSI/ADA.Spec No.57 list
different methods for setting time testing. For 1S0:6876:2001, the sefting
time is recorded between the end of mixing and the time‘when the
indenter needle fails to make any indentations o the surface of the mate-
rial. With ANSI/ADA Spec No.57, the setting time is recorded between the
start of mixing and the time when the indenter aeedle failsito make
a complete indentation on the surface. Thus, the reported sefting times
from ANSI/ADA Spec No.57 are much lower thaa those from IS
6876:2001. In our study, we found that the setting'times of the experi-
mental groups varied from 4.2 to 11.3 minutes and 2.6'to 4.7 niinutes
according to IS0 6876:2001 and ANSI/ADA SpeeNo.57, respectively (2.6
minutes is the ANSI/ADA Spec No.57 setting time of AWPC + distilled
water at a liquid-to-powder ratio [L/P] = 0.27 group and 4.7 minutes
is the ANSI/ADA Spec No.57 setting time of AWPC+2.4% polycarboxylate
superplasticizer at L/P = 0.33 group; data are not shown in the resultfor
the ANSI/ADA Spec No.57 test).

Mixing polycarboxylate superplasticizer and/or increasing liquid-
to powder ratios also improved flowability of the cement. High liquid-to-
powder ratios might be beneficial for releasing calcium hydroxide (35).
However, the amount of water to use in mixing is limited becatise exeés-
sive water will cause an inappropriate consistency (35). The assessment
of suitable polycarboxylate superplasticizer concentration and liquid-
to-powder ratios is necessary for further"development of this material.

Reducing the setting time and increasing flowability of the Portland
cement would be beneficial for many aspects of clinical approaches,
especially vital pulp therapy procedures. Direct pulp capping or partial
pulpotomy with permanent restorations canbe performed in one visit,
reducing provisional restoration leakage and without requiring
a second visit for the complete restoration. Furthér-research into the
study of other physical properties of the accelerated'Portland cément
including the temperature during setting, pH, compressive strength,
and biocompatibility are crucial before‘the clinical usages.

The authorsithank Dr Kevin Tompkins for-bis belpiniheprep-
aration of this article.
The authors deny any conflicts of interest related'io this study.
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