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Appendix A

Table A-1 Experimental data of plasticity of pure clay (PC)

Formula .. FE A
Container # 1 2 3 4 5
No. of Blows 53 43 30 23 13
Container Wt. (g) 443 | 495 4.09 4.38 4.87
Wet Wt + Container (g) | 10.93 | 11.19 | 1060 | 11.25 12.26
Dry Wt + Container (g) 9.66 9.09 8.27 8.69 8.54
Wt of Water (g) 1.27 2.10 2.33 2.56 3.72
Dry Wt of Soil (g) 5.23 4.14 4.18 4.31 3.67
Water Content (%) 2428 | 50.72 55.74 59.40 101.36
120
& 100 |
§ 504 y = -47.961Ln(x) + 219.77
c
8 60 -
3
% 40
s
20 :
10 100

Blows (N)

Table A-2 Experimental data of plasticity of normal formula (NF)

Formula L NE. o
Container # 1 2 3 4 5
No. of Blows 41.00 | 32.00 22.00 16.00 10.00
Container Wt. (9) 4.06 4.44 4.34 4.12 4.91
Wet Wt + Container (g) 11.00 | 11.10 11.26 11.10 11.61
Dry Wt + Container (g) 8.84 8.91 8.88 8.61 9.04
Wt of Water (g) 2.16 2.19 2.38 2.49 2.57
Dry Wt of Soil (g) 4.78 4.47 4.54 4.49 4.13
Water Content (%) 45.19 | 48.99 52.42 55.46 62.23
65
& 60 |
:5: 55 .y = -11.563Ln(x) + 88.346
c
R T R, Wi, "N SN SN S -
@
T 45 -
s
40
10 Blows (N) 100
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Table A-3 Experimental data of plasticity of NS50

Formula e L NS -
Container # 1 2 3 4 5
No. of Blows 42.00 33.00 23.00 14.00 8.00
Container Wt. (g) 6.51 1.66 1.82 1.90 1.53
Wet Wt + Container (Q) 11.99 7.32 6.47 6.11 6.34
Dry Wt + Container (g) 10.17 5.38 4.79 4.50 4.29
Wt of Water (g) 1.82 1.94 1.68 1.61 2.05
Dry Wt of Soil (g) 3.66 3.72 2.97 2.60 2.76
Water Content (%) 49.73 52.15 56.57 61.92 74.28

= 'y =-14.386Ln(x) + 102.34 |

€ 70 1 ' i

(] |

B 99 7 8

8 60 - 5

& 551 |

© 50 - 1

= 45 r 1

1 10 100
Blows (N)
Table A-4 Experimental data of plasticity of NS100
Formula NS100 S
Container # 1 2 3 4 5
No. of Blows 51 41 37 26 13
Container Wt. (g) 494 | 4.9 4.24 4.22 4.38
Wet Wt + Container (g) 11.3 11.59 9.58 10.8 10.68
Dry Wt + Container (g) 9.29 9.44 7.79 8.52 8.33
Wt of Water (g) 2.01 2.15 1.79 2.28 2.35
Dry Wt of Soil (g) 4.35 4.48 3.55 4.3 3.95
Water Content (%) 46.21 47.99 50.42 53.02 59.49
65

g 60 N el ) L. 1 I

= y = -9.6582Ln(x) + 84.419

8 55 1 » -

s

O B0 4

E 45

m -

=

40 . . .
10 Blows (N) 100
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Table A-5 Experimental data of plasticity of 3SRHAS50

Formula -SRHASO i
Container # 1 2 3 4 5
No. of Blows 54 43 35 23 13
Container Wt. (g) 4.94 4.29 2.69 4.42 4.41
Wet Wt + Container (g) 10.68 9.75 8.87 9.01 10.48
Dry Wt + Container (g) 8.94 7.99 6.81 7.39 8.14
Wt of Water (g) 1.74 1.76 2.06 1.62 2.34
Dry Wt of Soil (g) 4.00 3.70 4.12 2.97 3.73
Water Content (%) 43.50 | 47.57 50.00 54.55 62.73
65
B B0 4 NG e
g 55 = -13.047Ln(x) + 96.044
c
8 50 -
£
g 45
40
10 Blows (N) 100
Table A-6 Experimental data of plasticity of 3RHA100
Formula = SRHA100 =
Container # 1 2 3 4 5
No. of Blows 48 38 28 19 1
Container Wt. (9) 1.59 5.16 4.21 4.41 4.96
Wet Wt + Container (g) 6.57 10.09 9.06 8.86 10.15
Dry Wt + Container (g) 5.03 8.5 7.43 7.27 8.16
Wt of Water (g) 1.54 1.59 1.63 1.59 1.99
Dry Wt of Soil (g) 3.44 3.34 3.22 2.86 3.20
Water Content (%) 4477 | 47.60 50.62 55.59 62.19
65
& 60 - , oo
© y = -11.81Ln(x) + 90.38
8 55 : s
c
8 50 |
i)
2 45
40
10

Blows (N)

100
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Table A-7 Experimental data of plasticity of BRHA50

Formula ___BRHA50 e
Container # 1 2 3 4 5
No. of Blows 45 33 24 18 10
Container Wt. (g) 4.46 4.39 1.54 1.73 1.87
Wet Wt + Container (g) 9.40 9.59 6.88 7.30 6.98
Dry Wt + Container (g) 7.84 | 7.92 5.05 5.30 4.94
Wt of Water (g) 1.56 1.67 1.83 2.00 2.04
Dry Wt of Soil (g) 3.38 3.53 3.51 3.57 3.07
Water Content (%) 46.15 | 47.31 52.14 56.02 66.45
70
< 657 e S e
E 60 | ~y =-13.938Ln(x) + 97.308
€ 55
(3]
5 50 - T
S 451 ~®
40
10 Blows (N) 100
Table A-8 Experimental data of plasticity of 6RHA100
Formula ~ 6RHA100 L
Container # 1 2 3 4 5
'No. of Blows 48 31 27 19 12
Container Wt. (g) 2.70 4.45 1.90 4.10 1.65
Wet Wt + Container (g) | 8.69 10.85 8.36 10.17 7.45
Dry Wt + Container (g) 6.84 8.83 6.25 8.08 5.25
Wt of Water (g) 1.85 2.02 2.1 2.09 2.20
Dry Wt of Soil (g) 4.14 4.38 4.35 3.98 3.60
Water Content (%) 4469 | 46.12 48.51 52.51 61.11
65
60| ¢ i -
- y = -12.121Ln(x) + 89.449
8 55
[—
8 50
E 45
o |
s
40
10 Blows (N) 100
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Table A-9 Experimental data of plasticity of 9RHA50

Formula - ORHAS0 =
Container # 1 2 3 4 5
No. of Blows 52 44 34 25 17
Container Wt. (g) 4.35 4.41 4.37 4.92 6.50
Wet Wt + Container (g) 9.08 10.09 9.20 10.67 11.77
Dry Wt + Container (g) 7.63 8.29 7.64 8.74 9.88
Wt of Water (g) 1.45 1.80 1.56 1.93 1.89
Dry Wt of Soil (g) 3.28 3.88 327 3.82 3.38
Water Content (%) 4421 | 46.39 47.71 50.52 55.92

60
S
= %5 y = 9.9628Ln(x) + 83.448
[
§ 50 -
£ 451
s
40
10 Blows (N) 100
Table A-10 Experimental data of plasticity of 9RHA100
Formula T oRMiA®eD @
Container # 1 2 3 4 5
'No. of Blows 41 33 23 14 7
Container Wt. () 4.06 4.95 4.95 4.42 4.27
Wet Wt + Container (g) 9.22 10.45 10.18 10.81 10.07
Dry Wt + Container (g) | 7.62 8.70 8.44 8.55 7.82
Wt of Water (g) 1.60 1.75 1.74 2.26 2.25
Dry Wt of Soil (g) 3.56 3.75 3.49 4.13 3.55
Water Content (%) 44.94 | 46.67 49.86 54.72 63.38
65
;\? y = -10.404Ln(x) + 82.98
= 60 - \\
c
g 55
§ 50 |
2 45
= 40

T

10

Blows (N)

100
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Table B-1 Experimental data of firing shrinkage of fired bodies a

Appendix B

t 900 °C
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Formula | Specimen | Length before firing Length after fired Linear firing shrinkage | Avg. | S.D.
# (cm) (cm) (%) (%)
NC 1 11.11 10.97 1.26
2 11.27 11.14 1.156
3 11.12 11.01 0.99
4 11.28 11.13 1.33
5 11.24 11.10 1.25 1.07 | 0.21
6 11.21 11.08 1.16
7 11.14 11.01 1.17
8 11.14 11.04 0.90
9 11.23 11.15 0.71
10 11.05 10.96 0.81
NF 1 11.17 11.07 0.90
2 11.16 11.09 0.63
3 11.20 11.10 0.89
4 11.13 11.04 0.81
5 11.17 11.05 1.07 0.90 | 0.15
6 11.17 11.05 1.07
7 11.18 11.09 0.81
8 11.14 11.05 0.81
9 11.23 11.13 0.89
10 11.04 10.92 1.09
NS50 1 11.46 11.36 0.87
2 11.41 11.31 0.88
3 11.42 11.33 0.79
4 11.49 11.36 1.13
5 11.48 11.37 0.96 0.98 | 0.11
6 11.32 11.21 0.97
7 11.48 11.36 1.05
8 11.37 11.25 1.06
9 11.26 11.14 1.07
10 11.34 11.22 1.06
NS100 1 11.46 11.35 0.96
2 11.27 11.16 0.98
3 11.40 11.26 1.23
4 11.50 11.39 0.96
5 11.36 11.23 1.14 1.05 | 0.30
6 11.34 11.26 0.71
7 11.52 11.42 0.87
8 11.31 11.17 1.24
9 11.33 11.25 0.71
10 11.09 10.90 1.71
3RHA50 1 11.04 10.94 0.91
2 11.09 10.98 0.99
3 11.13 11.01 1.08
4 11.09 11.00 0.81
5 11.23 11.13 0.89 0.89 | 0.15
6 11.16 11.06 0.90
7 11.16 11.07 0.81
8 11.12 11.06 0.54
9 11.20 11.09 0.98
10 11.21 11.10 0.98
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Formula | Specimen | Length before firing Length after fired Linear firing shrinkage | Avg. | S.D.
# (cm) (cm) (%) (%)
3RHA100 1 11.27 11.18 0.80
2 11.40 11.30 0.88
3 11.38 11.26 1.05
4 11.28 11.15 1.15
5 11.27 11.17 0.89 0.87 | 0.20
6 11.21 11.10 0.98
7 11.22 11.13 0.80
8 11.16 11.11 0.45
9 11.27 11.19 0.71
10 11.35 11.24 0.97
6RHA50 1 11.54 11.43 0.95
2 11.31 11.23 0.71
3 11.45 11.35 0.87
4 11.27 11.17 0.89
5 11.46 11.39 0.61 0.74 | 0.26
6 11.32 11.23 0.80
7 11.47 11.36 0.96
8 11.28 11.18 0.89
9 11.42 11.35 0.61
10 11.36 11.35 0.09
6RHA100 1 11.33 11.21 1.06
2 11.34 11.24 0.88
3 11.26 11.12 1.24
4 11.27 11.18 0.80
5 11.32 11.21 0.97 0.97 | 0.14
6 11.41 11.29 1.05
7 11.52 11.41 0.95
8 11.19 11.10 0.80
9 11.38 11.26 1.05
10 11.44 11.34 0.87
9RHA50 1 11.44 11.36 0.70
2 11.48 11.42 0.52
3 11.31 11.22 0.80
4 11.29 11.21 0.71
5 11.27 11.19 0.71 0.70 | 0.15
6 11.21 11.12 0.80
7 11.42 11.38 0.35
8 11.28 11.19 0.80
9 11.12 11.03 0.81
10 11.25 11.16 0.80
9RHA100 1 11.37 11.28 0.79
2 11.49 11.45 0.35
3 11.40 11.29 0.96
4 11.47 11.41 0.52
5 11.47 11.38 0.78 0.75 | 0.18
6 11.40 11.30 0.88
7 11.48 11.39 0.78
8 11.45 11.36 0.79
9 11.45 11.36 0.79
10 11.24 11.14 0.89
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Table B-2 Experimental data of firing shrinkage of fired bodies at 950 °C

Formula | Specimen | Length before firing Length after fired Linear firing shrinkage | Avg. | S.D.
# (cm) (cm) (%) (%)
NC 1 11.17 10.95 1.97
2 11.15 10.97 1.61
3 11.26 11.00 2.31
4 11.33 11.12 1.85
5 11.20 11.00 1.79 1.89 | 0.23
6 11.19 10.95 2.14
7 11.16 10.97 1.70
8 11.16 10.93 2.06
9 11.25 11.07 1.60
10 11.25 11.04 1.87
NF 1 11.15 10.95 1.79
2 11.07 10.86 1.90
3 11.41 11.30 0.96
4 11.23 11.10 1.16
5 11.15 10.93 1.97 1.78 | 0.48
6 11.41 11.26 1.31
7 11.19 10.93 2.32
8 11.11 10.89 1.98
9 11.13 10.90 2.07
10 11.19 10.93 2.32
NS50 1 11.45 11.22 2.01
2 11.29 11.14 1.33
3 11.39 11.22 1.49
4 11.37 11.20 1.50
5 11.35 11.12 2.03 1.73 | 0.32
6 11.32 11.11 1.86
7 11.47 11.23 2.09
8 11.44 11.30 1.22
9 11.43 11.20 2.01
10 11.37 11.17 1.76
NS100 1 11.42 11.22 1.75
2 11.38 11.14 2.1
3 11.34 11.13 1.85
4 11.30 11.05 2.21
5 11.29 11.04 2.21 1.92 | 0.24
6 11.39 11.22 1.49
7 11.28 11.04 2.13
8 11.42 11.23 1.66
9 11.35 11.14 1.85
10 11.43 11.21 1.92
3RHA50 1 11.20 11.00 1.79
2 11.35 11.10 2.20
3 11.14 10.97 1.53
4 11.14 10.93 1.89
5 11.28 11.12 1.42 1.72 | 0.24
6 11.25 11.04 1.87
7 11.14 10.96 1.62
8 11.31 11.10 1.86
9 11.27 11.10 1.51
10 11.23 11.06 1.51
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Formula | Specimen | Length before firing Length after fired Linear firing shrinkage | Avg. | S.D.
# (cm) (cm) (%) (%)
3RHA100 1 11.20 11.02 1.61
2 11.17 10.99 1.61
3 11.15 10.96 1.70
4 11.31 11.13 1.59
5 11.27 11.07 1.77 1.71 | 0.15
6 11.27 11.09 1.60
7 11.29 11.09 1.77
8 11.23 11.05 1.60
9 11.28 11.08 1.77
10 11.17 10.94 2.06
6RHA50 1 11.36 11.20 1.41
2 11.40 11.23 1.49
3 11.44 11.25 1.66
4 11.43 11.24 1.66
5 11.29 11.10 1.68 1.67 | 0.19
6 11.29 11.08 1.86
7 11.36 11.16 1.76
8 11.29 11.13 1.42
9 11.38 11.15 2.02
10 11.45 11.25 1.75
6RHA100 1 11.41 11.24 1.49
2 11.47 11.31 1.39
3 11.36 11.17 1.67
4 11.33 11.12 1.85
5 11.30 11.11 1.68 1.568 | 0.20
6 11.27 11.13 1.24
7 11.26 11.09 1.51
8 11.38 11.22 1.41
9 11.30 11.11 1.68
10 11.39 11.18 1.84
9RHAS50 1 11.37 11.16 1.85
2 11.51 11.37 1.22
3 11.32 11.15 1.50
4 11.25 11.07 1.60
5 11.37 11.19 1.58 1.42 | 0.23
6 11.46 11.34 1.05
7 11.42 11.27 1.31
8 11.47 11.32 1.31
9 11.31 11.16 1.33
10 11.29 11.12 1.51
9RHA100 1 11.40 11.22 1.58
2 11.26 11.10 1.42
3 11.30 11.14 1.42
4 11.38 11.20 1.58
5 11.48 11.31 1.48 1.55 | 0.13
6 11.43 11.24 1.66
s 11.48 11.30 1.57
8 11.30 11.14 1.42
9 11.31 11.14 1.50
10 11.44 11.23 1.84
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Table B-3 Experimental data of firing shrinkage of fired bodies at 1000 °C

Formula | Specimen | Length before firing | Length after fired Linear firing shrinkage | Avg. | S.D.
# (cm) (cm) (%) (%)
NC 1 11.28 10.76 4.61
2 11.10 10.78 2.88
3 11.29 10.93 3.19
4 11.15 10.70 4.04
5 11.31 10.86 3.98 3.72 | 0.52
6 11.28 10.84 3.90
7 11.03 10.64 3.54
8 11.22 10.76 4.10
9 11.27 10.84 3.82
10 11.30 10.94 3.19
NF 1 11.09 10.65 3.97
2 11.21 10.92 2.59
3 11.17 10.84 2.95
4 11.05 10.64 3.7
5 11.10 10.74 324 3.31 | 0.39
6 11.10 10.72 3.42
7 11.08 10.71 3.34
8 11.12 10.78 3.06
9 11.26 10.86 3.55
10 11.15 10.79 3.23
NS50 1 11.44 11.20 2.10
2 11.40 11.04 3.16
3 11.46 11.12 297
4 11.43 11.05 3.32
5 11.46 11.09 3.23 3.11 | 0.44
6 11.39 11.05 2.99
7 11.34 10.99 3.09
8 11.39 10.96 3.78
9 11.38 10.98 3.51
10 11.36 11.02 2.99
NS100 1 11.47 11.07 3.49
2 11.39 10.99 3.51
3 11.34 11.03 273
4 11.45 11.08 3.23
5 11.30 11.03 2.39 3.16 | 0.42
6 11.35 11.05 2.64
7 11.50 11.10 3.48
8 11.44 11.08 3.15
9 11.43 11.04 3.41
10 11.45 11.04 3.58
3RHAS50 1 11.19 10.80 3.49
2 11.22 10.92 2.67
3 11.22 10.90 2.85
4 11.07 10.67 3.61
5 11.29 10.93 3.19 3.06 | 0.41
6 11.12 10.84 2.52
7 11.09 10.68 3.70
8 11.12 10.80 2.88
9 11.06 10.75 2.80
10 11.10 10.78 2.88
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Formula | Specimen | Length before firing | Length after fired | Linear firing shrinkage | Avg. | S.D.
# (cm) (cm) (%) (%)
3RHA100 1 11.08 10.66 3.79
2 11.06 10.77 2.62
3 11.08 10.74 3.07
4 11.20 10.94 2.32
5 11.26 10.90 3.20 3.07 | 0.45
6 11.33 11.03 2.65
/i 11.36 10.99 3.26
8 11.30 10.97 2.92
9 11.27 10.90 3.28
10 11.18 10.78 3.58
6RHA50 1 11.25 10.95 2,67
2 11.26 10.83 3.82
3 11.34 10.97 3.26
4 11.27 11.00 2.40
5 11.36 11.02 2.99 2.83 | 0.48
6 11.34 11.04 2.65
7 11.50 11.15 3.04
8 11.40 11.16 2.1
9 11.47 11.15 2.79
10 11.33 11.04 2.56
6RHA100 1 11.38 11.05 2.90
2 11.35 11.05 2.64
3 11.30 10.93 3.27
4 11.28 11.00 2.48
5 11.34 11.00 3.00 2.86 | 0.31
6 11.37 10.98 343
7 11.31 11.00 2.74
8 11.29 10.97 2.83
9 11.42 11.14 2.45
10 11.36 11.04 2.82
9RHA50 1 11.42 11.10 2.80
2 11.24 10.95 2.58
3 11.24 10.95 2.58
4 11.30 11.06 212
5 11.30 10.99 2.74 250 | 0.28
6 11.14 10.90 2.15
7 11.32 11.08 212
8 11.29 11.02 2.39
9 11.35 11.03 2.82
10 11.30 11.00 2.65
9RHA100 1 11.64 11.33 2.66
2 11.59 11.29 2.59
3 11.56 11.29 2.34
4 11.60 11.32 2.41
5 11.34 11.08 2.29 246 | 0.33
6 11.40 11.05 3.07
7 11.41 11.16 2.19
8 11.20 10.90 2.68
9 11.57 11.28 2.51
10 11.43 11.22 1.84
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Table B-4 Experimental data of firing shrinkage of fired bodies at 1050 °C

Formula | Specimen | Length before firing | Length after fired Linear firing shrinkage | Avg. | S.D.
# (cm) (cm) (%)
NC 1 11.25 10.73 4.62
2 11.20 10.58 5.54
3 11.25 10.70 4.89
4 11.16 10.55 5.47
5 11.23 10.62 5.43 5.20 | 0.32
6 11.18 10.60 5.19
7 11.26 10.67 5.24
8 11.20 10.66 4.82
9 11.14 10.53 5.48
10 11.20 10.60 5.36
NF 1 11.20 10.67 473
2 11.20 10.70 4.46
3 11.20 10.65 4.91
4 11.20 10.70 4.46
5 11.15 10.67 4.30 462 | 0.49
6 11.18 10.60 5.19
7 11.12 10.60 4.68
8 11.21 10.76 4.01
9 11.11 10.50 5.49
10 11.18 10.74 3.94
NS50 1 11.39 10.87 4.57
2 11.39 10.90 4.30
3 11.36 10.87 4.31
4 11.27 10.74 4.70
5 11.38 10.87 4.48 441 | 0.20
6 11.34 10.87 414
7 11.44 10.94 4.37
8 11.43 10.96 4.1
9 11.48 10.95 462
10 11.25 10.74 4.53
NS100 1 11.35 10.84 4.49
2 11.29 - N
3 11.35 10.83 4.58
4 11.36 10.86 440
5 11.33 10.86 4.15 4.38 | 0.30
6 11.31 10.78 4.69
7 11.51 10.99 452
8 11.40 10.98 3.68
9 11.30 10.80 4.42
10 11.39 10.88 4.48
3RHA50 1 11.31 10.82 4.33
2 11.20 10.70 4.46
3 11.13 10.67 4.13
4 11.21 10.74 4.19
5 11.30 10.80 4.42 427 | 0.21
6 11.18 10.69 4.38
7 11.21 10.73 4.28
8 11.20 10.78 3.75
9 11.09 10.62 4.24
10 11.23 10.73 4.45
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Formula | Specimen | Length before firing | Length after fired | Linear firing shrinkage | Avg. | S.D.
# (cm) (cm) (%) (%)
3RHA100 1 11.20 10.72 4.29
2 11.15 10.69 413
3 11.32 10.81 4.51
4 11.17 10.66 4.57
5 11.26 10.81 4.00 427 | 0.19
6 11.20 10.70 4.46
[/ 1145 10.70 4.04
8 11.22 10.74 4.28
9 11.34 10.86 423
10 11.20 10.73 4.20
6RHAS50 1 11.35 10.91 3.88
2 11.26 10.82 3.91
3 11.34 10.90 3.88
4 11.25 10.80 4.00
5 11.19 10.73 4.11 3.94 | 0.11
6 11.38 10.91 413
7 11.44 11.00 3.85
8 11.37 10.93 3.87
9 11.30 10.85 3.98
10 11.52 11.08 3.82
6RHA100 1 11.17 10.71 412
2 11.60 10.90 6.03
3 11.27 10.84 3.82
4 11.42 10.96 4.03
5 11.34 10.90 3.88 4.09 | 0.72
6 11.24 10.86 3.38
7 11.39 10.93 4.04
8 11.33 10.90 3.80
9 11.30 10.84 4.07
10 11.31 10.89 3.71
9RHA50 1 11.18 10.76 3.76
2 11.28 10.88 3.55
3 11.44 11.06 3.32
4 11.28 10.95 2.93
5 11.36 10.94 3.70 3.45 | 0.27
6 11.30 10.92 3.36
7 11.32 10.90 3.71
8 11.44 11.08 3.15
9 11.37 10.96 3.61
10 11.33 10.94 3.44
9RHA100 1 11.42 11.01 3.59
2 11.34 10.92 3.70
3 11.34 10.96 3.35
4 11.45 11.08 3.23
5 11.28 10.87 3.63 362 | 0.19
6 11.54 11.11 3.73
7 11.47 11.05 3.66
8 11.36 10.94 3.70
9 11.52 11.10 3.65
10 11.50 11.05 3.91
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Table B-5 Experimental data of firing shrinkage of fired bodies at 1100 °C

Formula Specimen Length before firing Length after fire Linear firing shrinkage Avg. | S.D.
# (cm) (cm) (%) (%)
NC 1 11.31 10.63 6.01
2 11.28 10.62 5.85
3 11.15 10.49 5.92
4 11.30 10.66 5.66
5 11.26 10.59 5.95 5.89 | 0.19
6 11.24 10.55 6.14
7 11.22 10.55 5.97
8 11.24 10.55 6.14
9 11.16 10.53 5.65
10 11.17 10.54 5.64
NF 1 11.08 10.50 5.23
2 11.20 10.59 5.45
3 11.16 10.62 4.84
4 11.20 10.64 5.00
5 11.06 10.47 5.33 525 | 0.20
6 11.17 10.58 5.28
7 11.24 10.62 5.52
8 11.14 10.55 5.30
9 11.20 10.60 5.36
10 11.29 10.70 5.23
NS50 1 11.45 10.89 4.89
2 11.38 10.82 4.92
3 11.42 10.82 5.25
4 11.38 10.82 4.92
5 11.44 10.86 5.07 5.03 | 0.13
6 11.56 10.98 5.02
7 11.34 10.78 4.94
8 11.28 10.69 5.23
9 11.41 10.84 5.00
10 11.48 10.90 5.05
NS100 1 11.42 10.84 5.08
2 11.48 10.90 5.05
3 11.31 10.74 5.04
4 11.30 10.73 5.04
5 11.34 10.80 4.76 499 | 0.22
6 11.44 10.84 5.24
7 11.43 10.87 4.90
8 11.45 10.85 524
9 11.35 10.84 4.49
10 11.39 10.82 5.00
3RHAS50 1 11.14 10.60 4.85
2 11.19 10.66 4.74
3 11215 10.65 4.48
4 11.10 10.56 4.86
5 11.30 10.72 5.13 488 | 0.18
6 11.13 10.58 4.94
7 11.14 10.60 4.85
8 11.20 10.64 5.00
9 11.20 10.65 4.91
10 11.19 10.63 5.00
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1100 °C . . : ,
Formula | Specimen | Length before firing | Length after fired Linear firing shrinkage | Avg. | S.D.
# (cm) (cm) (%) (%)
3RHA100 1 11.24 10.70 4.80
2 11.15 10.63 4.66
3 11.28 10.71 5.05
4 11.20 10.66 482
5 11.32 10.75 5.04 4389 | 0.12
6 11.40 10.85 482
7 11.14 10.60 4.85
8 11.33 10.78 4.85
9 11.13 10.58 4.94
10 11.38 10.81 5.01
6RHAS50 1 11.50 11.00 4.35
2 11.28 10.78 443
3 11.40 10.89 4.47
4 11.31 10.80 4.51
5 11.26 10.77 4.35 441 | 0.26
6 11.42 10.91 4.47
7 11.37 10.89 422
8 11.37 10.80 5.01
9 11.23 10.76 419
10 11.36 10.90 4.05
6RHA100 1 11.39 10.86 4.65
2 11.25 10.72 4.71
3 11.45 10.92 463
4 11.43 10.90 4.64
5 11.31 10.80 4.51 462 | 012
6 11.33 10.80 468
7 11.33 10.81 4.59
8 11.35 10.80 485
9 11.35 10.84 4.49
10 11.32 10.82 442
9RHAS50 1 11.12 10.68 3.96
2 11.30 10.84 4.07
3 11.37 10.93 3.87
4 11.38 10.94 3.87
5 11.45 10.97 419 4.03 | 0.12
6 11.30 10.85 3.98
7 11.25 10.80 4.00
8 11.23 10.76 4.19
9 11.28 10.82 4.08
10 11.22 10.76 4.10
9RHA100 1 11.41 10.94 412
2 11.34 10.92 3.70
3 11.29 10.83 4.07
4 11.51 11.10 3.56
5 11.31 10.84 4.16 4.08 | 0.26
6 11.59 11.10 423
7 11.67 11.19 4.1
8 11.29 10.80 4.34
9 11.32 10.82 442
10 11.51 11.04 4.08
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AppendixC
Table C Experimental data of bulk density and water absorption of fired bodies at 900°C
Formula Sample D S w A.P. W.A. B.D.
# @ | @ | ( (%) (%) (glem’)
1 6.12 3.87 | 6.96 27.18 13.73 1.97
2 5.82 3.68 | 6.66 28.19 14.43 1.95
NC 3 8.20 519 | 9.38 28.16 14.39 1.95
4 6.14 3.88 7.01 27.80 14.17 1.96
5 586 | 3.71 6.68 27.61 13.99 1.97
Avg. 27.79 14.14 1.96
S.D. 0.42 0.29 0.01
1 6.87 | 4.33 7.91 29.05 15.14 1.91
2 6.79 | 427 | 7.85 29.61 15.61 1.89
NF 3 6.43 | 406 | 7.39 28.83 14.93 1.92
4 6.39 | 403 | 7.34 28.70 14.87 1.92
5 6.99 | 4.41 8.04 28.93 15.02 1.92
Avg. 29.02 15.11 1.91
S.D. 0.35 0.30 0.01
1 6.38 | 3.96 | 7.42 30.06 16.30 1.84
2 714 | 4.41 8.28 29.46 156.97 1.84
NS50 3 6.65 | 4.12 7.71 29.53 15.94 1.85
4 5.51 344 | 6.39 29.83 15.97 1.86
5 6.78 | 4.21 7.85 29.40 15.78 1.86
Avg. 29.65 15.99 1.85
S.D. 0.28 0.19 0.01
1 6.44 | 3.97 7.46 29.23 15.84 1.84
2 6.57 | 4.08 | 7.61 29.46 15.83 1.86
NS100 3 6.33 | 3.91 7.31 28.82 15.48 1.86
4 6.19 | 3.87 | 7.22 30.75 16.64 1.84
5 6.66 | 413 | 7.72 29.53 15.92 1.85
Avg. 29.56 15.94 1.85
S.D 0.72 0.43 0.01
1 6.06 | 3.79 | 7.01 29.50 15.68 1.88
2 6.29 | 3.94 7.26 29.22 15.42 1.89
3RHAS50 3 6.69 | 418 | 7.73 29.30 15.55 1.88
4 6.14 3.85 7.1 29.75 15.80 1.88
5 6.92 | 4.31 7.99 29.08 15.46 1.87
Avg. 29.37 15.58 1.88
S.D. 0.27 0.16 0.01
1 6.98 | 436 | 8.09 29.76 15.90 1.87
2 6.89 | 4.31 7.95 29.12 15.38 1.89
3RHA100 3 6.52 | 4.07 | 7.52 28.99 15.34 1.88
4 6.88 | 4.31 7.97 29.78 15.84 1.87
5 6.40 | 4.00 | 7.39 29.20 15.47 1.88
Avg. 1.88
S.D. 0.01




900 -C
Formula Sample D S w A.P. WA. B.D.
# @ | @ | (@ (%) (%) (g/cm’)
1 6.97 4.33 8.11 30.16 16.36 1.84
2 6.52 4.05 7.57 29.83 16.10 1.85
6RHAS50 3 6.55 4.07 7.62 30.14 16.34 1.84
4 6.63 4.12 7.69 29.69 15.99 1.85
5 7.64 4.71 8.90 30.07 16.49 1.82
Avg. 29.98 16.26 1.84
S.D. 0.21 0.20 0.01
1 6.62 410 7.69 29.81 16.16 1.84
2 6.42 3.99 7.51 30.97 16.98 1.82
6RHA100 3 6.35 3.95 7.36 29.62 15.91 1.86
4 6.62 411 7.69 29.89 16.16 1.84
5 6.33 3.93 7.39 30.64 16.75 1.82
Avg. 30.18 16.39 1.84
S.D. 0.58 0.45 0.02
1 7.09 4.39 8.30 30.95 17.07 1.81
2 7.19 444 8.42 30.90 17.11 1.80
9RHAS50 3 6.71 4.15 7.85 30.81 16.99 1.81
4 6.92 4.28 8.12 31.25 17.34 1.80
5 6.65 4.11 7.79 30.98 17.14 1.80
Avg. 30.98 17.13 1.80
S.D. 0.16 0.13 0.00
1 6.60 4.07 7.73 30.87 17.12 1.80
2 6.31 3.88 7.39 30.77 17.12 1.79
9RHA100 3 6.83 4.21 7.97 30.32 16.69 1.81
4 6.55 4.08 7.67 31.20 17.10 1.82
5 6.49 4.01 7.58 30.53 16.80 1.81
Avg. 30.74 16.96 1.81
S.D. 0.33 0.21 0.01
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Table C-2 Experimental data of bulk density and water absorption of fired bodies at 950°C

‘ wre v ‘

Formula Sample D S w AP. W.A. B.D.
# (9) (9) (@) (%) (%) (g/em’)

1 6.78 4.28 7.69 26.69 13.42 1.98

2 7.97 5.02 9.00 25.88 12.92 2.00

NC 3 6.32 3.99 7.09 24.84 12.18 2.03
4 6.90 4.36 7.71 24.18 11.74 2.05

5 6.52 413 7.37 26.23 13.04 2.01

Avg. 25.56 12.66 2.01
S.D. 1.03 0.68 0.03
1 6.99 442 7.96 27.40 13.88 1.97

2 7.22 4.55 8.23 27.45 13.99 1.96

NF 3 6.94 4.38 7.93 27.89 14.27 1.95
4 7.63 4.82 8.73 28.13 14.42 1.95

) 6.65 419 7.55 26.79 13.53 1.97

Avg. 27.53 14.02 1.96
S.D. 0.52 0.34 0.01
1 7.06 4.42 8.15 29.22 15.44 1.89

2 6.67 412 7.66 27.97 14.84 1.88

NS50 3 6.84 4.26 7.86 28.33 14.91 1.89
4 6.33 3.93 7.28 28.36 15.01 1.88

5 6.45 4.00 7.39 27.73 14.57 1.90

Avg. 28.32 14.96 1.89
S.D. 0.57 0.32 0.01
1 7.45 4.62 8.54 27.81 14.63 1.89

2 6.72 416 7.65 26.65 13.84 1.92

NS100 3 6.95 4.30 7.98 27.99 14.82 1.88
4 6.81 422 7.79 27.45 14.39 1.90

5 6.48 4.02 7.37 26.57 13.73 1.93

Avg. 27.29 14.28 1.91
S.D. 0.66 0.48 0.02
1 6.50 4.07 7.47 28.53 14.92 1.91

2 7.05 4.42 8.08 28.14 14.61 1.92

3RHA50 3 6.72 4.21 7.66 27.25 13.99 1.94
4 6.75 4.23 7.72 27.79 14.37 1.93

5 6.44 4.03 7.36 27.63 14.29 1.93

Avg. 27.87 14.44 1.92
S.D. 0.49 0.35 0.01
1 7.07 443 8.10 28.07 14.57 1.92

2 6.53 4.08 7:51 28.57 15.01 1.90

3RHA100 3 6.62 4.14 7.57 27.70 14.35 1.92
4 6.62 414 7.59 28.12 14.65 1.91

5 6.57 410 7.49 27.14 14.00 1.93

Avg. 27.92 14.52 1.92
S.D. 0.53 0.37 0.01
1 6.75 419 7.76 28.29 14.96 1.88

2 6.44 4.00 7.41 28.45 15.06 1.88

6RHA50 3 6.38 3.97 7.33 28.27 14.89 1.89
4 5.84 3.63 6.79 30.06 16.27 1.84

5 6.36 3.96 7.38 29.82 16.04 1.85

Avg. 28.98 15.44 1.87
S.D. 0.89 0.65 0.02




Formula Sample D S w AP. W.A. B.D.
# @) () @) (%) (%) (g/cm?)

1 7.09 4.39 8.16 28.38 15.09 1.87

2 6.76 4.20 7.81 29.09 15.53 1.87

6RHA100 3 7.16 4.45 8.23 28.31 14.94 1.89
4 7.18 4.47 8.28 28.87 15.32 1.88

5 7.04 4.37 8.08 28.03 14.77 1.89

Avg. 28.54 15.13 1.88
S.D. 0.43 0.30 0.01
1 6.97 4.31 8.07 29.26 15.78 1.85

2 6.51 4.03 7.57 29.94 16.28 1.83

9RHA50 3 7.23 4.46 8.39 29.52 16.04 1.83
4 6.76 418 7.85 29.70 16.12 1.84

5 7.53 4.67 8.73 29.56 15.94 1.85

Avg. 29.59 16.03 1.84
S.D. 0.25 0.19 0.01
1 6.61 4.08 7.65 29.13 15.73 1.85

2 6.58 4.08 7.67 30.36 16.57 1.83

9RHA100 3 7.33 4.53 8.52 29.82 16.23 1.83
4 6.39 3.95 7.42 29.68 16.12 1.84

5 6.70 4.14 7.78 29.67 16.12 1.83

Avg. 29.73 16.15 1.83
S.D. 0.44 0.30 0.01
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Table C-3 Experimental data of bulk density and water absorption of fired bodies at

1000 °C
; g e 5

Formula Sample D S w A.P. W.A. B.D.
# @ | @ | ( (%) (%) (g/cm?®)

1 6.75 | 425 | 7.48 22.60 10.81 2.08

2 6.39 | 399 | 6.97 19.46 9.08 2.14

NC 3 6.13 | 3.82 | 6.66 18.66 8.65 2.15
4 7.34 | 459 | 8.05 20.52 9.67 2.1

5 6.84 | 426 | 7.42 18.35 8.48 2.16

Avg. 19.92 9.34 2.13
S.D. 1.72 0.95 0.03
1 6.90 | 432 | 7.69 23.44 11.45 2.04

2 660 | 414 | 7.32 22.64 10.91 2.07

NF 3 6.06 | 3.80 | 6.75 23.39 11.39 2.05
4 6.02 | 3.76 | 6.66 22.07 10.63 2.07

5 6.58 | 4.11 7.26 21.59 10.33 2.08

Avg. 22.63 10.94 2.06
S.D. 0.81 0.48 0.02
1 6.16 | 3.80 | 6.89 23.62 11.85 1.99

2 685 | 423 | 7.76 25.78 13.28 1.93

NS50 3 6.69 | 417 | 7.57 25.88 13.15 1.96
4 6.72 | 413 | 7.54 24.05 12.20 1.96

5 6.53 | 403 | 7.29 23.31 11.64 2.00

Avg. 24.53 12.43 1.97
S.D. 1.22 0.75 0.02
1 6.78 | 418 | 7.54 22.62 11.21 2.01

2 6.33 | 393 | 7.06 23.32 11.53 2.02

NS100 3 6.07 | 3.76 | 6.82 24 .51 12.36 1.98
4 585 | 3.64 | 6.64 26.33 13.50 1.94

5 6.12 | 3.77 | 6.81 22.70 11.27 2.01

Avg. 23.90 11.98 1.99
S.D. 1.56 0.97 0.03
1 6.39 | 395 | 7.12 23.03 11.42 2.01

2 746 | 464 | 8.38 24.60 12.33 1.99

3RHA50 3 6.86 | 425 | 7.68 23.91 11.95 1.99
4 762 | 469 | 8.46 22.28 11.02 2.01

5 6.37 | 395 | 7.12 23.66 11.77 2.00

Avg. 23.49 11.70 2.00
S.D. 0.88 0.50 0.01
1 642 | 399 | 7.25 25.46 12.93 1.96

2 552 | 343 | 6.16 23.44 11.59 2.02

3RHA100 3 6.22 | 3.86 | 6.95 23.62 11.74 2.01
4 6.16 | 3.83 | 6.95 25.32 12.82 1.97

5 6.05 | 3.75 | 6.70 22.03 10.74 2.04

Avg. 23.98 11.97 2.00
S.D. 1.43 0.91 0.03
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Formula Sample D S w AP. W.A. B.D.
# @ | @ | (@ (%) (%) (g/em’)

1 6.43 3.98 7.28 25.76 13.22 1.94

2 713 4.39 8.06 25.34 13.04 1.94

6RHA50 3 5.60 3.45 6.31 24 .83 12.68 1.95

4 5.97 3.68 6.73 2492 12.73 1.95

5 5.94 3.67 6.71 25.33 12.96 1.95

Avg. 25.23 12.93 1.95

S.D. 0.37 0.22 0.01

1 6.62 4.06 7.48 25.15 12.99 1.93

2 6.74 4.16 7.59 24.78 12.61 1.96

6RHA100 3 6.79 4.16 7.58 23.10 11.63 1.98

4 6.41 3.95 7.23 25.00 12.79 1.95

5 6.62 4.07 7.43 24.11 12.24 1.96

Avg. 24.43 12.45 1.96

S.D. 0.84 0.54 0.02

1 7.01 4.31 7.99 26.63 13.98 1.90

2 6.76 4.16 7.69 26.35 13.76 1.91

9RHAS50 3 6.91 4.25 7.91 27.32 14.47 1.88

4 6.25 3.83 713 26.67 14.08 1.89

5 6.29 3.88 7.23 28.06 14.94 1.87

Avg. 27.00 14.25 1.89

S.D. 0.69 0.47 0.01

1 6.46 3.96 7.32 25.60 13.31 1.92

2 6.34 3.89 7.21 26.20 13.72 1.90

9RHA100 3 6.78 415 7.69 25.71 13.42 1.91

4 6.32 3.88 7.21 26.73 14.08 1.89

) 5.97 3.67 6.80 26.52 13.90 1.90

Avg. 26.15 13.69 1.90

S.D. 0.49 0.32 0.01
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Table C-4 Experimental data of bulk density and water absorption of fired bodies at

1050 °C
1050-C . -

Formula Sample D S W A.P. W.A. B.D.
# @ | @ | @ (%) (%) (g/em®)

1 7.06 | 434 | 750 | 13.92 6.23 2.23

2 7.04 | 429 | 7.38 | 11.00 483 2.27

NC 3 7.73 4.75 8.19 13.37 5.95 2.24
4 7.07 | 431 | 739 | 10.39 453 2.29

5 8.04 4.89 8.43 11.02 4.85 2.26

Avg. 11.94 5.28 2.26
S.D. 1.59 0.76 0.02
1 749 | 462 | 804 | 16.08 7.34 2.18

2 720 | 442 | 769 | 14.98 6.81 2.19

NF 3 666 | 409 | 7.15 | 16.01 7.36 247
4 6.83 | 425 | 745 | 19.38 9.08 2.13

5 6.62 | 409 | 7.16 | 17.59 8.16 2.15

Avg. 16.81 7.75 2.16
S.D. 1.71 0.89 0.03
1 707 | 429 | 768 | 17.99 8.63 2.08

2 714 | 433 | 7.79 | 18.79 9.10 2.06

NS50 3 692 | 421 | 754 | 1862 8.96 2.07
4 6.64 | 401 | 721 | 17.81 8.58 2.07

5 6.83 | 414 | 7.39 | 17.23 8.20 2.09

Avg. 18.09 8.69 2.07
S.D. 0.63 0.35 0.01
1 7.47 4.44 8.05 16.07 7.76 2.06

2 6.81 418 7.42 18.83 8.96 2.10

NS100 3 6.42 3.93 7.02 19.42 9.35 2.07
4 6.82 4.17 7.43 18.71 8.94 2.09

5 6.24 3.83 6.81 19.13 9.13 2.09

Avg. 18.43 8.83 2.08
S.D. 1.35 0.62 0.01
1 7.35 4.51 8.02 19.09 9.12 2.09

2 6.98 4.27 7.58 18.13 8.60 2.10

3RHA50 3 6.92 4.26 7.59 20.12 9.68 2.07
4 7.04 4.32 7.66 18.56 8.81 2.10

5 7.57 4.64 8.24 18.61 8.85 210

Avg. 18.90 9.01 2.09
S.D. 0.76 0.42 0.01
1 6.76 4.14 7.34 18.13 8.58 2.1

2 6.28 3.85 6.82 18.18 8.60 2.11

3RHA100 3 6.59 4.04 7.21 19.56 9.41 2.07
4 5.98 3.65 6.49 17.96 8.53 2.10

5 7.02 4.31 7.68 19.58 9.40 2.08

Avg. 18.68 8.90 2.09
S.D. 0.82 0.46 0.02
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Formula Sample D S w A.P. W.A. B.D.
# @ | @ | (@ (%) (%) (glem®) |

1 6.82 4.19 7.57 22.19 11.00 2.01

2 6.44 3.96 7.14 22.01 10.87 2.02

6RHA50 3 6.79 4.17 7.54 22.26 11.05 2.01

4 5.87 3.62 6.52 22.41 11.07 2.02

5 6.52 3.99 7.19 20.94 10.28 2.03

Avg. 21.96 10.85 2.02

S.D. 0.59 0.33 0.01

1 6.83 413 751 20.12 9.96 2.01

2 6.39 3.89 7.03 20.38 10.02 2.03

6RHA100 3 6.44 3.94 7.13 21.63 10.71 2.01

4 6.83 418 7.53 20.90 10.25 2.03

5 6.67 4.08 7.37 21.28 10.49 2.02

Avg. 20.86 10.29 2.02

S.D. 0.62 0.32 0.01

1 6.92 4.24 7.81 24.93 12.86 1.93

2 6.99 4.26 7.83 23.53 12.02 1.95

9RHA50 3 6.39 3.91 7.17 23.93 12.21 1.95

4 7.14 4.36 8.05 24.66 12.75 1.93

5 122 4.42 8.10 23.91 12.19 1.96

Avg. 24.19 12.40 1.94

S.D. 0.58 0.37 0.01

1 6.25 3.76 6.92 21.20 10.72 1.97

2 6.88 419 7.69 23.14 11.77 1.96

9RHA100 3 6.82 415 7.64 23.50 12.02 1.95

4 6.07 3.70 6.79 23.30 11.86 1.96

5 7.35 4.48 8.19 22.64 11.43 1.97

Avg. 22.76 11.56 1.96

S.D. 0.92 0.52 0.01
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Table C-5 Experimental data of bulk density and water absorption of fired bodies at

1100 °C
; 1100-C .

Formula Sample D S w AP. W.A. B.D.
# @ | @ | ( (%) (%) (glem’)

1 6.49 | 3.91 6.67 6.52 2.77 2.34

2 6.32 | 3.81 6.53 7.72 3.32 2.32

NC 3 6.28 | 3.79 | 6.50 8.12 3.50 2.31

4 6.29 | 3.81 6.56 9.82 4.29 2.28

5 7.24 4.36 7.44 6.49 2.76 2.34

Avg. 7.73 3.33 2.32

S.D. 1.37 0.63 0.03

1 733 | 446 | 7.73 12.23 5.46 2.23

2 6.92 | 419 | 7.27 11.36 5.06 224

NF 3 6.73 | 409 | 7.12 12.87 5.79 2.21

4 6.73 | 412 | 7.13 13.29 5.94 2.23

5 6.13 | 3.76 | 6.52 14.13 6.36 2.21

Avg. 12.78 5.72 2.23

S.D. 1.056 0.49 0.01

1 6.56 | 3.96 | 7.06 16.13 7.62 2.11

2 7.31 438 | 7.80 14.33 6.70 213

NS50 3 7.20 | 4.31 7.74 15.74 7.50 2.09

4 6.55 3.95 7.02 15.31 718 213

5 6.71 4.04 7.19 15.24 7.15 2.12

Avg. 15.35 7.23 2.12

S.D. 0.67 0.36 0.02

1 6.34 | 378 | 6.74 13.51 6.31 214

2 6.89 | 413 | 7.36 14.55 6.82 2.13

NS100 3 7.41 444 | 789 13.91 6.48 2.14

4 788 | 473 | 8.43 14.86 6.98 212

5 6.52 | 3.89 | 6.95 14.05 6.60 2.12

Avg. 14.18 6.64 2.13

S.D. 0.53 0.27 0.01

1 6.88 | 417 | 7.36 15.05 6.98 2.15

2 6.74 | 407 | 7.19 14.42 6.68 2.15

3RHA50 3 7.99 | 484 | 8.53 14.63 6.76 2.16

4 7.47 4.54 8.01 15.56 7.23 215

5 6.27 | 382 | 6.75 16.38 7.66 2.13

Avg. 15.21 7.06 2.15

S.D. 0.79 0.40 0.01

1 768 | 467 | 8.28 16.62 7.81 212

2 6.91 4.18 7.36 14.15 6.51 217

3RHA100 3 732 | 444 | 7.81 14.54 6.69 217

4 692 | 419 | 7.39 14.69 6.79 2.16

5 689 | 415 | 7.32 13.56 6.24 2.17

Avg. 14.71 6.81 2.15

S.D. 1.15 0.60 0.02
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L A100C .

Formula Sample D S w A.P. W.A. B.D.
# @ | @ | @ | (% (%) (g/em’®)

1 6.37 | 381 | 6.89 | 16.88 8.16 2.06

2 6.30 | 379 | 6.88 | 18.77 9.21 2.03

6RHA50 3 6.67 | 401 | 725 | 17.90 8.70 2.05
4 6.12 | 366 | 664 | 17.45 8.50 2.05

5 6.86 | 413 | 749 | 18.75 9.18 2.04

Avg. 17.95 8.75 2.05
S.D. 0.82 0.45 0.01

1 7.43 4.49 8.05 17.42 8.34 2.08

2 6.45 | 390 | 698 | 17.21 8.22 2.09

6RHA100 3 698 | 422 | 756 | 17.37 8.31 2.08
4 6.34 | 384 | 690 | 18.30 8.83 2.07

5 6.38 | 387 | 6.94 | 18.24 8.78 2.07

Avg. 17.71 8.50 2.08
S.D. 0.52 0.29 0.01

1 6.48 | 391 | 715 | 2068 | 10.34 1.99

2 6.88 418 7.61 21.28 10.61 2.00

9RHA50 3 6.27 | 381 | 695 | 2166 | 1085 1.99
4 6.69 4.06 7.41 21.49 10.76 1.99

5 6.64 | 403 | 735 | 2139 | 10.69 1.99

Avg. 21.30 | 10.65 1.99
S.D. 0.37 0.19 0.00

1 651 | 396 | 719 | 21.05 | 1045 2.01

2 6.70 | 407 | 741 | 2126 | 10.60 2.00

9RHA100 3 6.73 | 408 | 747 | 2183 | 11.00 1.98
4 719 | 437 | 801 | 2253 | 11.40 1.97

5 6.95 | 419 | 765 | 2023 | 10.07 2.00

Avg. 21.38 10.70 1.99
S.D. 0.86 0.51 0.02
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Appendix D
Table D Experimental data of modulus of rupture of green bodies
Formula No. D P M.O.R. Avg. S.D.
(mm) (N) (MPa) (MPa)
NC 1 9.05 28.04 7.71
2 9.05 16.98 467
3 9.05 19.84 5.46
4 9.00 13.35 3.73
5 9.05 28.23 7.76 5.57 1.53
6 9.05 17.93 4.93
7 9.05 12.40 3.41
8 9.05 24.99 6.87
9 9.05 18.12 4.98
10 9.05 22.51 6.19
NF 1 9.05 16.21 4.46
2 9.05 14.31 3.93
3 9.10 13.54 3.66
4 9.10 14.69 3.97
5 9.05 : . 4.46 1.06
6 9.10 18.88 5.11
7 9.05 24.41 6.71
8 9.05 19.07 5.24
9 9.05 12.78 3.51
10 9.05 12.78 3.51
NS50 1 9.10 24.22 6.55
2 9.05 15.26 4.20
3 9.05 15.83 435
4 9.05 22.51 6.19
5 9.05 20.98 5.77 5.84 1.25
6 9.10 16.40 4.44
7 9.10 20.79 5.62
8 9.10 28.42 7.69
9 9.05 22.13 6.09
10 9.05 27.47 7.55
NS100 1 9.05 16.98 467
2 9.05 24.99 6.87
3 9.10 15.07 4.08
4 9.10 16.59 4.49
5 9.10 15.07 4.08 5.42 1.13
6 9.10 23.65 6.40
7 9.10 24.80 6.71
8 9.10 23.84 6.45
9 9.10 17.17 464
10 9.05 21.17 5.82
3RHA50 1 9.10 18.50 5.00
2 9.15 16.02 4.26
3 9.15 - -
4 9.15 23.84 6.34
5 9.15 20.79 5.53 5.03 0.85
6 9.15 20.22 5.38
7 9.15 14.88 3.96
8 9.15 20.60 5.48
9 9.15 14.31
10 9.15 20.79
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Formula No. D P M.O.R. Avg. S.D.
(mm) (N) (MPa) (MPa)
3RHA100 1 9.15 24.41 6.49
2 9.15 13.92 3.70
3 9.15 17.17 4.57
4 9.15 13.54 3.60
5 9.10 18.50 5.00 4.29 1.03
6 9.10 14.31 3.87
/i 9.15 12.21 3.25
8 9.15 17.17 4.57
9 9.15 11.25 2.99
10 9.15 18.12 4.82
6RHA50 1 9.10 18.88 5.11
2 9.15 23.08 6.14
3 9.15 15.64 4.16
4 9.15 16.02 426
5 9.15 17.17 4.57 5.25 0.82
6 9.15 23.27 6.19
7 9.15 20.03 5.33
8 9.15 19.07 5.07
9 9.10 24.22 6.55
10 9.10 19.07 5.16
6RHA100 1 9.15 20.41 543
2 9.15 21.36 5.68
3 9.15 22.32 5.94
4 9.15 17.93 4.77
5 9.15 23.08 6.14 527 1.29
6 9.15 14.11 3.75
7/ 9.15 11.63 3.09
8 9.15 24.99 6.65
9 9.10 26.13 7.07
10 9.15 15.64 4.16
9RHA50 1 9.15 20.41 5.43
2 9.15 19.84 5.28
3 9.15 22.51 5.99
4 9.20 13.16 3.44
5 9.20 24.60 6.44 4.84 1.12
6 9.20 20.60 5.39
7 9.20 20.22 5.29
8 9.20 15.83 4.14
9 9.20 15.26 3.99
10 9.20 11.63 3.04
9RHA100 1 9.20 20.98 5.49
2 9.20 19.65 5.14
3 9.20 20.98 5.49
4 9.25 18.69 4.81
5 9.20 18.88 4.94 4.53 0.77
6 9.20 15.26 3.99
7 9.20 16.59 4.34
8 9.20 14.31 3.75
9 9.20 12.21 3.20
10 9.20 15.83 4.14




Appendix E
Table E-1 Experimental data of modulus of rupture of fired bodies at 900 °C
Formula No. D P M.O.R. Avg. S.D.
(mm) (N) (MPa) (MPa)
NC 1 8.85 59.89 17.61
2 8.80 70.57 21.11
3 8.85 64.09 18.85
4 8.85 - -
5 8.85 73.62 21.65 18.8 2.61
6 8.85 69.05 20.30
7 8.85 46.92 13.80
8 8.90 55.12 15.94
9 8.85 70.00 20.58
10 8.90 68.09 19.69
NF 1 8.95 84.30 23.97
2 8.95 59.13 16.81
3 8.95 79.15 22.50
4 8.95 81.63 23.21
5 8.90 77.25 22.33 205 3.32
6 8.95 49.40 14.04
7 8.95 84.30 23.97
8 8.95 65.23 18.55
9 8.95 69.05 19.63
10 8.95 70.00 19.90
NS50 1 8.95 70.38 20.01
2 8.95 81.83 23.26
3 8.95 70.19 19.96
4 8.95 80.87 22.99
5 9.00 90.41 25.28 21.9 2.35
6 8.95 61.42 17.46
7 9.00 73.43 20.53
8 8.95 82.59 23.48
9 8.95 76.48 21.74
10 9.00 85.45 23.89
NS100 1 8.90 60.84 17.59
2 8.95 85.83 24.40
3 8.95 76.87 21.85
4 8.90 55.69 16.10
5 8.95 69.62 19.79 20.8 2.60
6 9.00 79.35 22.19
7 8.95 84.69 24.08
8 8.95 70.76 20.12
9 8.90 73.24 21.18
10 9.00 73.05 20.42
3RHAS50 1 9.05 70.00 19.25
2 9.00 65.61 18.34
3 9.05 83.35 22.92
4 9.05 67.90 18.67
5 9.05 84.88 23.34 21.0 2.95
6 9.05 61.61 16.94
7 9.05 88.12 24.23
8 9.00 88.12 24.64
9 9.05 84.88 23.34
10 9.05 65.99 18.15
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900 °C , .
Formula No. D P M.O.R. Avg. S.D.
(mm) (N) (MPa) (MPa)
3RHA100 1 9.00 64.85 18.13
2 9.05 67.33 18.51
3 9.00 64.47 18.03
4 9.05 65.61 18.04
5 9.00 60.65 16.96 18.8 1.80
6 9.05 76.29 20.98
7 9.05 73.24 20.14
8 9.05 75.53 20.77
9 9.05 57.60 15.84
10 9.05 76.48 21.03
6RHA50 1 9.00 59.13 16.53
2 9.00 75.91 21.22
3 9.00 66.57 18.61
4 9.00 54.36 15.20
5 9.00 61.61 17.23 18.7 2.59
6 9.05 71.91 19.77
7 9.00 73.43 20.53
8 9.05 65.61 18.04
9 9.05 85.45 23.50
10 9.05 58.36 16.05
6RHA100 1 9.00 78.58 21.97
2 9.05 67.52 18.57
3 9.05 59.89 16.47
4 9.00 65.42 18.29
5 9.05 61.61 16.94 19.3 2.56
6 9.05 77.82 21.40
74 9.05 80.49 22.13
8 9.05 55.31 15.21
9 9.00 75.72 21.17
10 9.05 77.44 21.29
9RHAS50 1 9.10 48.64 13.16
2 9.10 72.10 19.50
3 9.10 64.47 17.44
4 9.15 70.38 18.73
5 9.15 68.86 18.32 17.4 2.26
6 9.15 71.91 19.13
7 9.15 58.75 15.63
8 9.15 71.33 18.98
9 9.15 69.62 18.52
10 9.10 52.07 14.08
9RHA100 1 9.15 77.63 20.65
2 9.15 64.09 17.05
3 9.15 57.79 15.38
4 9.20 62.56 16.38
5 9.20 67.14 17.57 16.8 2.24
6 9.15 53.98 14.36
7 9.15 65.80 17.51
8 9.15 75.53 20.10
9 9.15 55.69 14.82
10 9.15 53.79 14.31
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Table E-2 Experimental data of modulus of rupture of fired bodies at 950 °C

Formula No D P M.O.R. Avg. S.D.
(mm) (N) (MPa) (MPa)
NC 1 8.80 98.04 29.32
2 8.80 104.90 31.37
3 8.75 59.51 18.11
4 8.75 93.27 28.38
5 8.80 65.80 19.68 25.1 7.55
6 8.80 74.77 22.36
7 8.80 65.99 19.74
8 8.80 43.11 12.89
9 8.80 112.20 33.56
10 8.85 121.10 35.61
NF 1 8.90 94.60 27.35
2 8.95 84.88 24.13
3 8.95 84.30 23.97
4 8.95 72.86 20.71
5 8.90 76.87 22.22 236 3.34
6 9.00 82.21 22.99
A 8.95 57.22 16.27
8 8.90 85.07 24.60
9 8.90 90.98 26.30
10 8.90 94.22 27.24
NS50 1 8.95 98.23 27.93
2 8.95 73.62 20.93
3 8.90 79.92 23.11
4 8.95 81.25 23.10
5 8.90 80.30 23.22 23.7 2.93
6 8.90 69.62 20.13
7 8.90 95.37 27.57
8 8.90 93.27 26.97
9 8.90 69.81 20.18
10 8.90 80.87 23.38
NS100 1 8.85 95.75 28.16
2 8.90 81.83 23.66
3 8.90 101.70 29.40
4 8.90 78.39 22.66
5 8.85 97.66 28.72 24.2 417
6 8.90 66.76 19.30
7 8.90 97.66 28.24
8 8.90 74.39 21.51
9 8.90 61.61 17.81
10 8.90 78.01 22.55
3RHAS50 1 8.95 72.86 20.71
2 8.95 89.07 25.32
3 9.00 91.55 25.60
4 8.95 71.72 20.39
5 9.00 89.26 24.96 232 2.38
6 8.95 87.55 24.89
7 8.95 90.60 25.76
8 9.00 79.54 22.24
9 8.95 77.06 21.91
10 9.00 70.76 19.78




L 1950°C . . ;
Formula No. D P M.O.R. Avg. S.D.
(mm) (N) (MPa) (MPa)
3RHA100 1 9.00 93.08 26.02
2 9.00 82.02 22.93
3 9.05 85.83 23.60
4 9.00 90.98 25.44
5 9.00 90.60 25.33 241 1.40
6 9.05 86.40 23.76
7 9.00 76.87 21.49
8 9.00 83.16 23.25
9 9.00 90.22 2522
10 9.00 85.07 23.78
6RHA50 1 9.00 76.10 21.28
2 9.00 79.15 22.13
3 9.00 78.58 21.97
4 9.05 61.61 16.94
5 9.00 68.86 19.25 20.2 2.50
6 9.05 71.53 19.67
7 9.00 61.04 17.07
8 9.05 71.33 19.61
9 9.00 90.22 25.22
10 9.00 68.28 19.09
6RHA100 1 9.00 80.30 22.45
2 9.00 53.79 15.04
3 8.95 65.61 18.65
4 9.00 83.54 23.36
5 8.95 68.09 19.36 19.8 2.82
6 9.00 63.51 17.76
7 9.00 86.78 24.26
8 8.95 68.09 19.36
9 8.95 67.71 19.25
10 9.00 64.28 17.97
9RHAS50 1 9.05 56.08 15.42
2 9.05 59.89 16.47
3 9.05 66.95 18.41
4 9.05 62.75 17.26
5 9.10 57.03 15.43 17.0 1.88
6 9.10 67.52 18.26
7 9.10 53.79 14.55
8 9.10 77.82 21.05
9 9.10 63.13 17.08
10 9.10 60.46 16.35
9RHA100 1 9.05 68.28 18.78
2 9.10 65.04 17.59
3 9.10 67.90 18.37
4 9.10 74.58 20.17
5 9.10 70.95 19.19 18.1 1.65
6 9.10 66.57 18.01
7 9.05 51.88 14.27
8 9.10 64.28 17.39
9 9.10 73.43 19.86
10 9.05 64.85 17.83
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Table E-3 Experimental data of modulus of rupture of fired bodies at 1000 °C

: qe00%c . - .
Formula No. D P M.O.R. Avg. S.D.
(mm) (N) (MPa) (MPa)
NC 1 8.60 98.42 31.54
2 8.65 130.70 41.16
3 8.60 112.70 36.11
4 8.60 82.21 26.34
5 8.60 125.50 40.22 31.8 6.18
6 8.65 84.69 26.67
7 8.60 81.25 26.04
8 8.60 84.30 27.01
9 8.60 82.02 26.28
10 8.60 114.40 36.66
NF 1 8.75 74.77 22.75
2 8.75 74.39 22.63
3 8.75 88.50 26.93
4 8.70 73.62 22.79
5 8.70 77.06 23.85 22.8 3.38
6 8.70 88.69 27.45
7 8.70 54.36 16.83
8 8.70 82.02 25.39
9 8.75 61.04 18.57
10 8.70 68.28 21.13
NS50 1 8.75 78.20 23.79
2 8.70 61.23 18.95
3 8.75 93.27 28.38
4 8.70 100.10 30.98
5 8.75 84.88 25.82 248 3.88
6 8.70 81.25 25.15
) 8.70 70.76 21.90
8 8.70 77.25 23.91
9 8.70 64.47 19.95
10 8.75 94.41 28.72
NS100 1 8.70 45.97 14.23
2 8.70 85.83 26.57
3 8.75 88.88 27.04
4 8.70 69.81 21.61
5 8.75 73.62 22.40 237 5.03
6 8.75 106.00 32.25
7 8.70 76.10 23.55
8 8.70 90.22 27.93
9 8.70 64.85 20.07
10 8.70 67.33 20.84
3RHA50 1 8.85 64.47 18.96
2 8.85 71.53 21.03
3 8.80 79.73 23.85
4 8.80 81.06 2424
5 8.85 73.81 21.70 23.1 3.13
6 8.85 66.95 19.69
7 8.80 90.03 26.93
8 8.85 93.27 27.43
9 8.80 68.86 20.60
10 8.85 90.03 26.47
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Formula No. D P M.O.R. Avg. S.D.
(mm) (N) (MPa) (MPa)
3RHA100 1 8.75 79.15 24.08
2 8.80 96.89 28.98
3 8.80 73.24 21.91
4 8.85 77.82 22.88
5 8.80 70.76 21.16 22.6 2.79
6 8.85 64.66 19.01
7 8.80 69.81 20.88
8 8.80 76.87 22.99
9 8.80 79.35 23.73
10 8.80 66.57 19.91
6RHA50 1 8.85 57.41 16.88
2 8.85 67.33 19.80
3 8.85 65.80 19.35
4 8.85 84.11 24.73
5 8.85 71.72 21.09 19.9 224
6 8.85 71.72 21.09
7 8.85 67.90 19.97
8 8.85 69.05 20.30
9 8.85 63.32 18.62
10 8.85 58.17 17.10
6RHA100 1 8.90 83.35 24.10
2 8.85 70.76 20.81
3 8.85 57.41 16.88
4 8.85 79.35 23.33
5 8.85 66.38 19.52 22.0 2.75
6 8.85 72.10 21.20
7 8.85 69.81 20.53
8 8.85 80.30 23.61
9 8.85 82.02 24.12
10 8.80 87.74 26.24
9RHA50 1 9.00 73.09 20.44
2 9.00 82.40 23.04
3 9.00 67.14 18.77
4 9.00 67.33 18.82
5 9.00 71.14 19.89 19.0 1.78
6 9.00 62.94 17.60
7 8.95 62.56 17.79
8 9.00 60.65 16.96
9 9.00 64.28 17.97
10 9.00 65.42 18.29
9RHA100 1 8.95 61.42 17.46
2 8.95 73.43 20.88
3 9.00 63.90 17.87
4 9.00 75.53 21.12
5 9.00 75.53 21.12 18.9 1.91
6 9.00 69.62 19.47
7 8.95 54.55 15.51
8 9.00 63.51 17.76
9 9.00 72.29 20.21
10 9.00 63.90 17.87
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Table E-4 Experimental data of modulus of rupture of fired mixed bodies at 1050 °C

: 7 1050°C L
Formula No. D P Avg. S.D.
(mm) (N) (MPa) (MPa)
NC 1 8.45 73.24 24.74
2 8.40 95.75 32.93
3 8.40 51.12 17.58
4 8.40 113.70 39.10
5 8.45 120.70 40.77 31.0 7.77
6 8.45 60.46 20.42
7 8.40 99.95 34.37
8 8.45 105.30 35.57
9 8.40 85.83 29.52
10 8.35 98.61 34.52
NF 1 8.60 62.37 19.99
2 8.60 71.14 22.80
3 8.55 80.87 26.37
4 8.60 62.18 19.93
5 8.60 63.32 20.29 22,5 2.67
6 8.60 71.91 23.04
7 8.65 81.25 25.59
8 8.60 64.85 20.78
9 8.55 79.92 26.06
10 8.65 63.90 20.12
NS50 1 8.55 96.70 31.53
2 8.55 101.10 32.97
3 8.60 102.40 32.81
4 8.60 78.96 25.30
5 8.60 84.88 27.20 30.1 3.67
6 8.60 101.70 32.59
7 8.60 91.17 29.22
8 8.60 111.60 35.76
9 8.60 92.12 29.52
10 8.60 76.10 24.39
NS100 1 8.60 76.29 24.45
2 B - 5
3 8.60 104.00 33.33
4 8.65 100.10 31.52
5 8.60 89.65 28.73 28.4 4.84
6 8.60 75.91 24.33
7 8.60 101.30 32.46
8 8.60 60.27 19.31
9 8.60 87.17 27.93
10 8.60 103.20 33.07
3RHA50 1 8.75 93.08 28.32
2 8.75 85.26 25.94
3 8.75 60.46 18.39
4 8.70 58.36 18.06
5 8.70 91.74 28.40 22.4 4.63
6 8.70 57.60 17.83
7 8.75 69.24 21.07
8 8.75 70.00 21.30
9 8.70 87.93 27.22
10 8.75 56.46 17.18




_1050°C

M.O.R.

Formula No. P ;
(mm) (N) (MPa) (MPa)
3RHA100 1 8.70 57.79 17.89
2 8.70 79.92 2474
3 8.60 56.65 18.15
4 8.70 84.30 26.09
5 8.70 90.98 28.16 236 3.83
6 8.70 84.11 26.03
7 8.70 92.12 28.51
8 8.70 66.95 20.72
9 8.70 70.41 21.79
10 8.70 75.72 23.44
6RHA50 1 8.75 76.29 23.21
2 8.75 57.98 17.64
3 8.70 51.31 15.88
4 8.75 74.20 22.58
5 8.75 76.87 23.39 225 3.66
6 8.75 84.69 25.77
7 8.70 83.92 25.98
8 8.75 64.47 19.61
9 8.75 80.68 2455
10 8.80 88.88 26.58
6RHA100 1 8.75 59.70 18.16
2 8.75 75.91 23.10
3 8.80 76.29 22.82
4 8.75 60.65 18.45
5 8.70 70.57 21.84 217 2.23
6 8.75 63.71 19.38
7 8.75 78.20 23.79
8 8.80 77.63 2322
9 8.75 74.39 2263
10 8.75 78.96 24.02
9RHAS50 1 8.85 58.17 17.10
2 8.90 65.80 19.02
3 8.90 57.79 16.71
4 8.90 67.52 19.52
5 8.90 56.65 16.38 17.5 1.47
6 8.85 62.94 18.51
7 8.85 49.21 14.47
8 8.85 58.56 17.22
9 8.85 62.37 18.34
10 8.85 60.46 17.78
9RHA100 1 8.90 72.67 21.01
2 8.85 61.23 18.00
3 8.85 75.91 22.32
4 8.85 56.08 16.49
5 8.85 49.40 14.53 19.4 3.50
6 8.80 88.88 26.58
7 8.85 68.09 20.02
8 8.85 69.43 20.42
9 8.85 54.17 15.93
10 8.85 65.04 19.12
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Table E-5 Experimental data of modulus of rupture of fired mixed bodies at 1100 °C

1100°C . .
Formula No. D P Avg. S.D.
(mm) (N) (MPa) (MPa)
NC 1 8.35 144.60 50.62
2 8.40 125.50 43.16
3 8.35 43.11 15.09
4 8.35 120.20 42.08
5 8.30 112.70 40.17 36.1 12.31
6 8.35 73.43 25.71
7 8.35 123.40 43.20
8 8.40 49.21 16.92
9 8.35 107.20 37.53
10 8.35 128.90 45.13
NF 1 8.50 87.36 28.99
2 8.50 94.03 31.21
3 8.50 46.16 15.32
4 8.50 75.15 24.94
5 8.50 70.00 23.23 21 5.71
6 8.55 75.91 24.75
7 8.50 93.84 31.14
8 8.55 75.53 24.63
9 8.50 94.03 31.21
10 8.50 106.80 35.45
NS50 1 8.50 113.30 37.60
2 8.45 100.30 33.88
3 8.55 123.00 40.11
4 8.50 83.16 27.60
5 8.45 115.80 39.12 347 4.57
6 8.45 103.80 35.07
7 8.45 108.30 36.59
8 8.50 104.00 34.52
9 8.50 78.96 26.21
10 8.50 110.40 36.64
NS100 1 8.45 116.30 39.29
2 8.45 85.45 28.87
3 8.50 113.70 37.74
4 8.50 80.49 26.71
5 8.45 87.36 29.51 323 6.05
6 8.45 88.69 29.96
7 8.50 81.44 27.03
8 8.45 97.66 32.99
9 8.50 81.83 27.16
10 8.45 130.70 44.15
3RHA50 1 8.65 84.30 26.55
2 8.65 80.11 25.23
3 8.65 97.27 30.63
4 8.65 69.05 21.75
5 8.65 92.89 29.25 26.4 2.72
6 8.70 80.87 25.03
7 8.65 81.83 25.77
8 8.65 90.60 28.53
9 8.65 87.17 27.45
10 8.65 74.01 23.31




_1100°C . , .
Formula No. D P M.O.R. Avg. S.D.
(mm) (N) (MPa) (MPa)
3RHA100 1 8.60 104.10 33.36
2 8.60 109.50 35.09
3 8.60 92.12 29.52
4 8.60 75.53 24.20
5 8.65 68.28 21.50 29.2 5.06
6 8.60 101.10 32.40
7 8.60 95.56 30.62
8 8.60 70.19 22.49
9 8.65 111.60 35.15
10 8.60 87.17 27.93
6RHA50 1 8.70 82.40 25.50
2 8.70 87.93 27.22
3 8.70 87.55 27.10
4 8.70 69.43 21.49
5 8.70 66.18 20.48 235 2.69
6 8.60 71.33 22.86
7 8.70 63.32 19.60
8 8.70 71.91 22.26
9 8.70 75.15 23.26
10 8.70 82.21 25.45
6RHA100 1 8.65 75.34 23.73
2 8.70 67.14 20.78
3 8.70 68.47 21.19
4 8.70 90.41 27.98
5 8.70 90.03 27.87 245 2.95
6 8.70 84.88 26.27
7 8.65 86.02 27.09
8 8.65 79.73 25.11
9 8.70 79.54 24.62
10 8.70 65.04 20.13
9RHA50 1 8.80 74.96 22.42
2 8.80 71.14 21.28
4 8.85 76.87 22.60
4 8.80 63.32 18.94
5 8.80 86.98 26.01 22.3 2.85
6 8.80 70.19 20.99
y- 8.80 91.74 27.44
8 8.80 79.54 23.79
9 8.80 69.81 20.88
10 8.80 61.80 18.48
9RHA100 1 8.75 78.01 23.73
2 8.80 74.20 22.19
3 8.80 79.73 23.85
4 8.80 59.89 17.91
5 8.80 93.84 28.07 225 3.57
6 8.80 60.65 18.14
7 8.80 86.40 25.84
8 8.80 81.63 24.41
9 8.75 77.25 23.50
10 8.80 58.75 17.57
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