373}.78 3778 37.78

1 38 4,0
! 181 . Flexural Strength 4022 |
B . span B .
15 ) 6.55
Flexural Strength 145 4.1

Flexural Strength

(Nn./m9.94.)

1o 40.22 40 -

39.56 39.56

38.22

T T T T T T T T

123456 7 8 91011121314 1516 17 18 19 20 21 222324252627282930LOT
4.1  Flexural Strength - . 2542

Flexural Strength 40 A
4.1 ,



4.1

40.22

A

1.9257

(Human Error)

(

SD
3
40 + 3(1.45)

Superplasticizer (
C

SD)

1.45

D

D (
44.35

1.9257

Flexural Strength

A

100

100

3.8

62

0.15%)
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(A)
1 1
(B) Fly Ash [
100
Superplasticizer (C) Superplasticizer
100 . Superplasticizer
(Type F) ASTM
C-494 (Water Soluble)
(Sulphonated Polymer) Category A Sulphonated melamine-
formaldehyde condensates
4.1
4.1
I 2 3
A 3 3.6 3.8 4.0
B 0 10 0
C 3 0 0.67
A
3.8
40 | ) 36 ( )
B 100
0@
20 o
20 . 100 3

1 2 0 10 . 100



Fly Ash
(B)

10
20

4.2

64

C Superplasticizer
Superplasticizer
15 100 .
0 ( ) 15
100 . 3
1.5 Superplasticizer 2.25 (
200 )
Superplasticizer 3 2.0
0.67 , 100
1 Y
4.2
3
4.2
(A)
3.6 3.8 4.0
Superplasticizer Superplasticizer Superplasticizer
(C) (C) (C)

0 0.67 15 0 0.67 1.5 0 0.67 15
Y1 Y4 Y7 Y10 Y13 Y16 Y19 Y22 Y25
Y2 Y5 Y8 \al Y14 Y17 Y20 Y23 Y26
Y3 Y6 Y9 Y12 Y15 Y18 Y2l Y24 Y21

Fly Ash Superplasticizer
Bending Strength
4.3



Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Y10

Y11

Y12

Y13

Y14

Y15

Y16

Y17

Y18

Y19

Y20

Y21

Y22

Y23

Y24

Y25

Y26

Y27

6.13

Flexural Strength

3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.6
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
3.8
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

4.3

10

Bending Strength

1080

1080

1080

1080

1080

1080

1080

1080

1080

1140

1140

1140

1140

1140

1140

1140

1140

1140

1200

1200

1200

1200

1200

1200

1200

1200

1200

Fly Ash

100

10

20

10

20

10

20

10

20

10

20

10

20

10

20

10

20

10

20

15

span

(Fly Ash)

Fly Ash

(

30

60

30

60

30

60

30

60

30

60

30

60

30

60

30

60

30

60

)

65

density

12

Superplasticizer

Super-
plasticizer Super-
( plasticizer
100 ) ()
0 0
0 0
0 0
0.67 2
0.67 2
0.67 2
1.5 4.5
1.5 4.5
1.5 4.5
0 0
0 0
0 0
0.67 2
0.67 2
0.67 2
1.5 4.5
1.5 4.5
1.5 4.5
0 0
0 0
0 0
0.67 2
0.67 2
0.67 2
1.5 4.5
1.5 4.5
1.5 4.5



4.3

3
4.4
4.4
Fly Ash 3.6
(B) Superplasticizer
(C)
0 067 15

0 785 795 856
775 785 815
134 764 876
10 134 754 185
652 775 795
683 754 83.6
20 642 662 69.2
652 673  69.3
642 693 683

Flexural Strength

6.4
154
69.3
67.3
61.1
65.2
61.1
63.2
60.1

3.8

Flexural Strength

Superplasticizer

(C)
0.67
75.4
75.4
71.3
12.4
75.4
71.3
63.2
63.2
65.2

1.5
83.6
719.5
85.6
14.4
81.5
719.5
67.3
63.2
69.3

(A)

0
67.3
59.1
65.2
59.1
63.2
66.2
54.0
57.1
57.1

4.0

Superplasticizer

(C)
0.67
63.2
69.3
63.2
63.2
63.2
67.3
64.2
66.2
62.2

1.5
81.5
9.5
154
69.3
65.2
113
69.3
0.3
63.2



4.5
Fly Ash 3.6
(B) Superplasticizer
(C)
0 067 15
0 775 795 836
754 715 836
713 805 856
10 113 744 8Ll5
69.3 734 825
724 723 785
20 66.2 693 754
66.2 683 775
69.3 693 734

Flexural Strength

68.3
134
124
68.3
66.2
66.2
62.2
64.2
61.1

3.8
Superplasticizer
(C)
067 15
7113 815
713 795
134 795
69.3 734
113 764
113 754
66.2  69.3
68.3 734
632 713

65.2
66.2
65.2
63.2
65.2
62.2
59.1
58.1
61.1

67

2
()
4.0
Superplasticizer
(C)
067 15
69.3 754
69.3 744
69.3 713
652  69.3
652 683
673  69.3
611  66.2
63.2 622
632  66.2



4.6

-1y Ash 3.6
(B) Superplasticizer
(Cc)
0 067 15 0
20 395.5 409.8 433.2 372.0
Y,.k 1269.1 1329.2 1425.1 1201.8
Y. 4023.4
4.7
Source of Sum of Square
Variation
Sand : Cement Ratio (A) 198.57
Fly Ash (B) 235.17
Superplasticizer ( ¢ ) 206.42
AB 3.567
AC 9.07
BC 0.20
ABC 15.49
Error 86.64
Total 755.15
4.2 A

3.8

Superplasticizer

(C)
0.67

438.3
431.2
389.4
1258.9

3824.7

11405.6

1.5

489.3
460.7

413.8

1363.9

Degree of
Freedom

135
161

(A)

0

388.4
379.2

346.6

1114.2

(ANOVA)

92.28
117.59
103.21
0.891
2.267
0.05
193
0.642

(

4.0

68

)

Superplasticizer

(c)H
0.67

403.7
391.4

380.2
1175.3

3557.5

4.7

Mean Square

1.5

457.7
412.8

397.5

1268.1

Fo

143.74
183.14
160.81
1.39
3.53
0.079
3.02



ANNASIN Flexural Strength (nn./AS

AMASIN Flexural Strength (NN./AS.

4100 4 4023
4000 4 3824.7
3900 -
3800 -
3700 - 35575
3600 -
3500 A
3400
3300 r
3.6 3.8 4

4.2 A

B 43
Flexural Strtength

4400 7 4300.7

4300 4 4062.3
4200 -
4100
4000
3800 -
3700 -
3600 -
3500 -
3400 . )

0 10 20

drdanuinaesauiuywiwus(%ineinmin)

43 B

Superplasticizer C
Flexural Strength

69



4.4

ANASIN Flexural Strength (NN./A5.T

3.8

4400 -
4300 -
4200 -+
4100 -
4000 -
3900 -
3800 4
3700 -
3600 -

3500

4312.6

4000.5

3810.9

0.67 1.5
&ndu Superplasticizer (NtUTLYWT W% Int1miin)

44 C

C Superplasticizer

Superplasticizer 0
10 % 20

Superplasticizer C

70

3.8

Superplasticizer

3.8

0.67



15 1t 100 . ( '
Superplasticizer B
0
2
A 4 5
B 6 1 C
1 4.8
4.8
Fly Ash (%) Superplasticizer {%")
1 3.8 0 0
2 3.6 0 0
3 4.0 0 0
4 3.8 10 0
5 3.8 20 0
6 3.8 0 0.67
1 3.8 0 1.50
80
3
1 Flexural Strength
FT. = 3FL (4.1)
2 wh2
() 33 (h) 15
span (L) 33 37
Flexural Strength 1 1
180 . F=(3)(180)(33)/(2)(33)(L.5)2 =40.0
4

4.9

n



12

49
Flexural Strength
FlyAsh  Superplasticizer (1 . )
(L) o () 1 2 :
1 100 380 0 0 400 38.89 42,67  40.52
2 100 360 0 0 4333 4111 440 4281
3 100 400 0 0 37.78  39.56  37.33  38.22
4 100 380 10 0 38.44 400 38.44  38.96
5 100 380 20 0 38.22  37.33  36.67  37.41
6 100 380 0 0.67 4378 4444 46,22 44.81
7 100 380 0 1.5 48.89  49.55  52.44  50.29
Flexural Strength Flexural Strength
Flexural Strength 70.4
Flexural Strength ( 4.9) 41.86
o Density Density
Lab 6.13 1/ 3 Density
285 1 . 3 Flexural Strength
Lab
Flexural Strength
g :;‘42.81
= =N 40.52
E a1
£ 40 4 38.22
5 39 4
& 38 -
® 37 4
2 36 -
L-: 35 T 1
3.6 3.8 4

45



41 4 40.52

0] 38.96
39
37.41
38 A
37 4
36
35 T N
0 10 20
ﬁma’amﬁm@ﬂLﬁauﬁUQu‘imuﬁ(%Tmaﬁwﬂn)
4.6
% 1481 50.29
0 805 N, SRR '
-
2-
10-
067 15
Superplasticizer (% i )
4.7 Superplasticizer
4.5,4.6 4.7
Regression
3
Z = Flexural Strength ( ./ . )
A §
B = FlyAsh (% )
C = Superplasticizer (% )



74

VA = 84.111 - 11.475A - 0.155B +6.506C (4.2)

R-Square 0.998

R-Square Adjusted

Flexural Strength

B
” B
Flexural Strength

4.5

4.2 4.4
Strength

4
4.10

Superplasticizer

Flexural Strength

(A
A
Flexural Strength
Superplasticizer

Flexural

Flexural Strength

4.10

1900
110
400

15



programming)

M IN y = 1.9Xj + 0.11x2+ 0.4x3 + 15x4
y 1
X, 1
X2 1
x3 1
Xl Superplasticizer

(constraint)

1.
Flexural Strength
84.111 - 11.475A - 0.155B + 6.506C > 44.35
A =
B ,
= x3 XlOO I x|
C Superplasticizer
= x4X 100 / x|
39.761x1 - 11.475xz - 15.5x3 + 650.6x4 > 0
2. Superplasticizer
1.5 100

0 <C < 1.5

0 < WXJ XlOO <15

75

(linear

(4.3)

44.35 N

Y]



x4>0 (4.4)
1.5x, - 100x4>0 (4.5)
1
4.0
X+x2+X3 >4.0 (4.6)
X

39.761X, - 11.475x2- 15.5x3+650.6x4 > 0
x4>0

15X - 100x4>0

X +x2+x3>4.0

X, x2, x>0
[

X = 0.752

X2 = 3.248

X3 = 0.000

<4 = 0.0112

y = 1.9563

Flexural Strength 44,35
. 1 0.752 . 3.248
Superplasticizer 0.0112

1.9563
0.0306



7

Flexural Strength 40 N . . 56 N
252
4.11
4.11
Flexural
Strength Superplasticizer

oo () W e

40 1.8554 0.702 3.298 4.69 0 0.0105
42 1.9000 0.724 3.276 4.52 0 0.0108
44 1.9477 0.748 3.252 4.35 0 0.0112
46 1.9985 0.773 3.227 4.17 0 0.0116
48 2.0528 0.800 3.200 4.0 0 0.0120
50 2.1111 0.829 S e 3.82 0 0.0124
52 2.1738 0.860 3.140 3.65 0 0.0129
54 2.2413 0.894 3.106 3.47 0 0.0134
56 2.3140 0.930 3.070 3.30 0 0.0139
4.11 Flexural Strength 40 N

Superplasticizer

Flexural Strength 40 N



A1 Flexural Strength (NN./A%.93.)

40

42

44

46

48

50

52

54

56

56 4

54

52 4

50

48 -

46 4

44 4

42 4

78

4.12 ( Superplasticizer)

Superplasticizer

(y) 00 (x2 (x3 (x4

( ) ( ) ( ) ( ) ( )
1.9181 0.826 3.174 3.84 0 0
1.9732 0.856 3.144 3.67 0 0
2.0327 0.889 3.111 3.49 0 0
2.0969 0.925 3.075 3.32 0 0
2.1665 0.964 3.036 3.15 0 0
2.2423 1.007 2.993 22951 0 0
2.3250 1.053 2.947 2.79 0 0
2.4156 1.104 2.896 2.62 0 0
2.5150 1.159 2.841 2.45 0 0
4.11 4.12 Flexural Strength 40 N

Superplasticizer

56

nyoblaild Superplasticizer

Superplasticizer

56

Nstild Superplasticizer

40

4G

T T T T T —— T

245 262 279 297 315 3.32 3.49 3.67 3.84 4.00 4.17 435 4.52 4.69



Superplasticizer

Flexural Strength

40

42

44

46

48

50

52

54

56

.13

Superplasticizer

1.8554

1.9000

1.9477

1.9985

2.0528

2.1111

2.1738

2.2413

2.3140

Superplasticizer

Superplasticizer

1.9181

1.9732

2.0327

2.0969

2.1665

2.2423

2.3250

2.4156

2.5150

4.

13

Superplasticizer

i)

.26

.71

.18

.69

.25

.85

.50

.21

.99

79
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