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APPENDICES 
 

Appendix A: Artificial Neural Network Model: Architecture, Weights and 
Biases.  
 

Compressive Strength (fcu) 

Cement (C)  

Silica Fume (SF) 

Fly Ash (FA) 

Water (W) 

Coarse Aggregate (CA) 

Sand (S) 

Super Plasticizer (SP) 

 

 

  

 

 

 

weight wi1 wi2 wi3 wi4 wi5 wi6 Wi7 VI1 BIAS
w1j -2.490387 -1.251994 2.2633533 -0.4312406 1.55379764 1.3218645 -3.734475 0.3328272 5.74005374
w2j 0.9742005 -0.336713 1.9058815 -0.1296784 -0.7737077 0.5276251 -1.627903 -1.734772 3.56813604
W3j 1.4194863 -2.728547 -4.2247391 -1.0960639 0.61257985 1.8562197 0.9866486 0.4998835 -2.8920368
W4j -2.322465 -0.12236 0.3825415 2.3324921 -4.6968895 0.0115141 1.0920925 3.2945255 7.65444373
W5j -2.99841 -1.400824 1.4892267 -3.9730118 -1.2200427 1.5316088 -4.587274 2.8448677 0.81177753
W6j -0.665216 -2.422694 1.5824882 -5.217652 -2.0618386 3.0981017 -9.097224 -1.636755 -3.531533
W7j -6.30838 2.410404 2.1740722 2.8319378 -0.3393207 -3.031915 6.9547146 -0.255169 8.89920935
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Appendix B: Training Data. 
Square Error = (Prediction Results − Experimen result)2 

Mean Square Error (MSE) = ଵ
௡

 ∑ (Prediction Results − Experimen result)୬
୧ୀ଴

 2 

n = number of data for the two data sets, x and y. 

 Relative Error % =   
୔୰ୣୢ୧ୡ୲୧୭୬ ୖୣୱ୳୪୲ୱି୉୶୮ୣ୰୧୫ୣ୬୲ ୰ୣୱ୳୪୲

୉୶୮ୣ୰୧୫ୣ୬୲ ୰ୣୱ୳୪୲
 * 100 

 

S/N 

Main Components + Additives Compressive Strength MPa Error 

Cement Silica 
Fume Fly aAsh Water Coares 

Aggregate Sand Super 
Plasticizer Experimental 

Results 
Predicted 

Results 

Square 
Error 

Relative 
Error % 

Kg/m3 Kg/m3 Kg/m3 Kg/m3 Kg/m3 Kg/m3 Liter/m3 
  

1 529.01 42.87 0.00 169.28 1171.80 594.58 9.23 67.00 60.77 38.83 (9.30) 

2 514.72 57.16 0.00 169.86 1171.80 589.35 9.75 65.20 59.83 28.81 (8.23) 

3 486.12 28.58 57.16 170.14 1171.80 577.28 16.72 66.00 60.41 31.20 (8.46) 

4 457.53 57.16 57.16 169.29 1171.80 566.82 17.19 64.80 61.96 8.07 (4.38) 

5 450.00 0.00 0.00 220.50 1228.50 616.50 0.00 46.60 44.14 6.04 (5.27) 

6 475.00 0.00 0.00 199.50 1040.25 498.75 0.00 54.50 52.49 4.05 (3.69) 

7 425.00 0.00 0.00 221.00 858.50 607.75 0.00 40.00 40.79 0.63 1.98  

8 450.00 0.00 0.00 220.50 837.00 580.50 0.00 45.30 45.57 0.07 0.59  

9 450.00 0.00 0.00 229.50 891.00 175.50 0.00 42.70 43.01 0.10 0.72  

10 475.00 0.00 0.00 218.50 817.00 560.50 0.00 48.70 49.68 0.97 2.02  

11 475.00 0.00 0.00 228.00 869.25 598.50 0.00 45.50 44.67 0.68 (1.81) 

12 400.00 0.00 0.00 180.00 1080.00 440.00 0.00 47.90 50.13 4.98 4.66  

13 425.00 0.00 0.00 191.25 1139.00 463.25 0.00 50.40 49.71 0.48 (1.38) 

14 450.00 0.00 0.00 189.00 1102.50 441.00 0.00 54.10 54.57 0.22 0.87  

15 400.00 0.00 0.00 200.00 884.00 528.00 0.00 44.00 43.12 0.77 (2.00) 

16 425.00 0.00 0.00 199.75 862.75 505.75 0.00 47.40 46.82 0.33 (1.22) 

17 425.00 0.00 0.00 208.25 926.50 548.25 0.00 44.70 44.83 0.02 0.30  

18 450.00 0.00 0.00 198.00 837.00 481.50 0.00 50.90 50.62 0.08 (0.55) 

19 450.00 0.00 0.00 211.50 900.00 526.50 0.00 48.10 48.94 0.71 1.75  

20 475.00 0.00 0.00 199.50 798.00 451.25 0.00 54.10 54.05 0.00 (0.09) 

21 475.00 0.00 0.00 209.00 874.00 503.50 0.00 51.30 53.11 3.28 3.53  

22 411.00 102.20 0.00 143.85 1044.00 773.00 5.11 67.33 67.02 0.10 (0.46) 

23 386.00 127.75 0.00 142.82 1044.00 773.00 5.11 63.11 63.99 0.78 1.40  
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24 396.60 16.50 0.00 154.67 722.00 826.00 7.00 75.20 74.74 0.21 (0.61) 

25 380.00 33.00 0.00 144.40 722.00 826.00 7.00 86.10 82.85 10.56 (3.77) 

26 363.50 49.60 0.00 138.13 722.00 826.00 7.00 85.40 88.34 8.64 3.44  

27 316.80 3.20 0.00 158.40 1040.00 840.00 4.75 40.20 47.64 55.38 18.51  

28 388.00 24.00 0.00 186.24 915.00 811.00 2.32 56.50 58.31 3.29 3.21  

29 564.00 0.00 0.00 157.92 1068.00 647.00 0.00 98.25 88.58 93.50 (9.84) 

30 500.00 30.00 0.00 135.00 1100.00 700.00 14.00 93.00 93.13 0.02 0.14  

31 481.28 30.72 0.00 163.64 1037.22 594.40 3.07 89.10 84.73 19.09 (4.90) 

32 476.16 35.84 0.00 161.89 1037.22 594.40 3.58 90.60 86.29 18.54 (4.75) 

33 471.04 40.96 0.00 160.15 1037.22 594.40 4.10 92.00 87.75 18.09 (4.62) 

34 622.00 0.00 0.00 180.38 1235.00 490.00 0.00 72.46 67.62 23.39 (6.68) 

35 560.00 0.00 62.00 184.80 1235.00 474.00 0.00 70.98 71.17 0.04 0.27  

36 498.00 0.00 124.00 184.26 1235.00 446.00 0.00 71.23 68.50 7.48 (3.84) 

37 435.00 0.00 187.00 182.70 1235.00 418.00 0.00 71.30 70.57 0.53 (1.02) 

38 467.00 0.00 0.00 182.13 1235.00 633.00 0.00 60.52 56.88 13.21 (6.01) 

39 420.00 0.00 47.00 184.80 1235.00 612.00 0.00 58.16 56.59 2.46 (2.70) 

40 374.00 0.00 93.00 187.00 1235.00 591.00 0.00 58.74 59.63 0.79 1.52  

41 327.00 0.00 140.00 183.12 1235.00 570.00 0.00 57.46 58.50 1.07 1.80  

42 467.00 11.68 0.00 182.13 1235.00 619.00 0.00 61.13 61.36 0.05 0.37  

43 467.00 23.35 0.00 182.13 1235.00 605.00 0.00 63.62 65.23 2.59 2.53  

44 467.00 35.03 0.00 182.13 1235.00 691.00 0.00 64.32 64.74 0.17 0.65  

45 361.30 0.00 63.70 202.33 968.00 394.00 0.00 41.10 42.35 1.57 3.05  

46 403.80 0.00 71.00 201.90 884.00 424.00 0.00 47.30 46.29 1.02 (2.14) 

47 403.80 0.00 71.00 209.98 993.00 480.50 0.00 43.60 42.67 0.86 (2.13) 

48 361.30 0.00 63.70 191.49 968.00 394.00 0.00 42.00 43.21 1.46 2.87  

49 382.50 0.00 67.50 191.25 937.00 375.00 0.00 47.30 46.82 0.23 (1.01) 

50 382.50 0.00 67.50 198.90 711.50 409.00 0.00 43.20 43.49 0.09 0.68  

51 403.80 0.00 71.00 201.90 678.00 383.60 0.00 47.90 45.40 6.27 (5.23) 

52 403.80 0.00 71.00 218.05 694.50 472.50 0.00 40.30 43.10 7.82 6.94  

53 379.00 0.00 126.00 151.60 1037.00 775.00 2.20 64.00 60.63 11.37 (5.27) 

54 424.00 0.00 106.00 148.40 1040.00 767.00 2.00 67.40 70.06 7.10 3.95  

55 397.00 0.00 133.00 150.86 1040.00 767.00 2.00 63.00 63.13 0.02 0.21  

56 470.00 35.00 0.00 150.40 1037.00 775.00 2.00 65.00 65.49 0.24 0.76  

57 454.00 51.00 0.00 149.82 1037.00 775.00 2.00 62.00 63.61 2.60 2.60  

58 404.00 101.00 0.00 149.48 1037.00 775.00 2.00 52.90 57.46 20.77 8.61  

59 477.00 53.00 0.00 147.87 1040.00 767.00 2.20 72.30 68.56 13.99 (5.17) 

60 450.00 80.00 0.00 148.50 1040.00 767.00 2.20 66.10 64.29 3.28 (2.74) 

61 424.00 106.00 0.00 148.40 1040.00 767.00 2.20 64.00 60.48 12.42 (5.51) 
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62 403.00 51.00 51.00 149.11 1037.00 775.00 2.00 62.80 63.16 0.13 0.58  

63 379.00 76.00 51.00 151.60 1037.00 775.00 2.00 68.80 66.19 6.83 (3.80) 

64 353.00 101.00 51.00 151.79 1037.00 775.00 2.00 65.00 67.94 8.62 4.52  

65 394.00 12.00 0.00 181.24 915.00 811.00 1.68 53.80 52.10 2.90 (3.17) 

66 403.80 0.00 71.00 209.98 993.00 480.50 0.00 44.00 42.67 1.76 (3.02) 

67 403.80 0.00 71.00 218.05 1013.50 496.70 0.00 40.70 41.30 0.36 1.47  

68 429.00 0.00 76.00 154.44 1037.00 775.00 2.00 61.40 64.30 8.42 4.73  

69 404.00 0.00 101.00 149.48 1037.00 775.00 2.00 63.00 64.24 1.53 1.97  

70 471.82 42.87 57.16 169.86 1171.80 572.05 17.19 57.33 61.43 16.84 7.16  

71 571.19 0.00 0.00 171.36 1171.80 609.72 6.97 54.67 60.89 38.73 11.38  

72 529.01 42.87 0.00 169.28 1171.80 594.58 9.23 61.33 60.77 0.31 (0.91) 

73 486.12 28.58 57.16 170.14 1171.80 577.28 16.72 58.67 60.41 3.04 2.97  

74 486.12 28.58 57.16 170.14 1171.80 577.28 16.72 56.00 60.41 19.49 7.88  

75 471.82 42.87 57.16 169.86 1171.80 572.05 17.19 64.00 61.43 6.59 (4.01) 

76 400.00 0.00 0.00 200.00 1128.00 572.00 0.00 43.10 44.17 1.15 2.49  

77 425.00 0.00 0.00 199.75 1096.50 544.00 0.00 47.20 46.04 1.34 (2.45) 

78 425.00 0.00 0.00 208.25 1177.25 590.75 0.00 45.10 47.98 8.27 6.38  

79 450.00 0.00 0.00 198.00 1057.50 513.00 0.00 49.60 49.65 0.00 0.10  

80 450.00 0.00 0.00 211.50 1143.00 562.50 0.00 47.40 46.14 1.59 (2.66) 

81 475.00 0.00 0.00 199.50 1040.25 498.75 0.00 54.00 52.49 2.29 (2.80) 

82 475.00 0.00 0.00 209.00 1168.50 565.25 0.00 50.10 50.45 0.12 0.70  

83 400.00 0.00 0.00 200.00 1128.00 572.00 0.00 44.10 44.17 0.01 0.16  

84 425.00 0.00 0.00 199.75 1096.50 544.00 0.00 47.50 46.04 2.12 (3.07) 

85 425.00 0.00 0.00 208.25 1177.25 590.75 0.00 45.30 47.98 7.16 5.91  

86 425.00 0.00 0.00 216.75 1253.75 641.75 0.00 42.50 43.77 1.60 2.98  

87 450.00 0.00 0.00 198.00 1057.50 513.00 0.00 52.00 49.65 5.52 (4.52) 

88 450.00 0.00 0.00 211.50 1143.00 562.50 0.00 48.70 46.14 6.56 (5.26) 

89 580.00 0.00 0.00 162.40 1190.00 680.00 3.01 54.00 56.71 7.37 5.03  

90 622.00 15.55 0.00 180.38 1235.00 471.00 0.00 72.88 70.51 5.63 (3.26) 

91 622.00 31.10 0.00 180.38 1235.00 452.00 0.00 73.35 73.27 0.01 (0.11) 

92 622.00 46.65 0.00 180.38 1235.00 434.00 0.00 73.87 75.82 3.78 2.63  

93 622.00 62.20 0.00 180.38 1235.00 415.00 0.00 75.13 78.33 10.21 4.25  

94 382.50 0.00 67.50 210.38 971.50 478.00 0.00 40.30 40.60 0.09 0.74  

95 403.80 0.00 71.00 201.90 884.00 424.00 0.00 48.40 46.29 4.46 (4.36) 

96 571.19 0.00 0.00 171.36 1171.80 609.72 6.97 54.67 60.89 38.73 11.38  

97 317.00 0.00 0.00 133.00 1145.00 749.00 9.00 72.00 73.43 2.03 1.98  

98 471.00 41.00 0.00 162.00 1037.00 594.00 4.00 74.00 86.36 152.71 16.70  

99 385.00 165.00 83.00 194.00 1069.00 386.00 17.00 74.00 71.23 7.65 (3.74) 
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100 385.00 165.00 55.00 175.00 1133.00 409.00 17.00 75.00 75.95 0.90 1.26  

101 466.00 46.00 0.00 161.00 1037.00 594.00 5.00 77.00 86.85 97.03 12.79  

102 385.00 165.00 28.00 153.00 1198.00 433.00 17.00 77.00 77.95 0.90 1.23  

103 560.00 0.00 0.00 153.00 981.00 764.00 8.00 78.00 76.84 1.33 (1.48) 

104 360.00 0.00 150.00 148.00 1157.00 603.00 4.00 80.00 81.34 1.80 1.67  

105 532.00 28.00 0.00 152.00 975.00 760.00 10.00 80.00 78.15 3.41 (2.31) 

106 449.00 39.00 0.00 130.00 1149.00 758.00 14.00 82.00 81.72 0.08 (0.35) 

107 315.00 36.00 0.00 145.00 1130.00 745.00 7.00 82.00 76.60 29.20 (6.59) 

108 385.00 165.00 0.00 135.00 1256.00 454.00 17.00 83.00 81.58 2.01 (1.71) 

109 560.00 70.00 70.00 154.00 1014.00 522.00 14.00 100.00 102.56 6.55 2.56  

110 517.00 58.00 0.00 126.00 1126.00 641.00 31.00 107.00 106.29 0.50 (0.66) 

111 550.00 60.00 0.00 122.00 1120.00 620.00 16.00 125.00 123.59 2.00 (1.13) 

112 550.00 60.00 0.00 122.00 1120.00 620.00 12.00 127.00 124.93 4.27 (1.63) 

113 400.00 0.00 0.00 160.00 1204.00 678.00 10.00 51.00 53.09 4.38 4.11  

114 360.00 40.00 0.00 160.00 1212.00 666.00 10.00 63.00 63.58 0.34 0.93  

115 405.00 0.00 0.00 175.00 1120.00 695.00 0.00 52.00 50.84 1.34 (2.23) 

116 247.00 0.00 125.00 143.00 1087.00 801.00 12.00 53.00 51.71 1.67 (2.44) 

117 385.00 0.00 136.00 158.00 903.00 768.00 20.00 56.00 58.76 7.62 4.93  

118 525.00 0.00 0.00 189.00 1125.00 613.00 0.00 56.00 63.45 55.46 13.30  

119 528.00 0.00 0.00 185.00 920.00 720.00 7.00 57.00 57.32 0.10 0.56  

120 285.00 0.00 133.00 159.00 1054.00 744.00 2.00 50.00 49.51 0.24 (0.98) 

121 478.00 0.00 60.00 142.00 980.00 650.00 6.00 100.00 101.81 3.27 1.81  

122 637.00 0.00 0.00 150.00 936.00 711.00 23.00 97.00 99.64 6.98 2.72  

123 475.00 0.00 158.00 150.00 924.00 681.00 23.00 106.00 101.61 19.27 (4.14) 

124 488.00 0.00 0.00 205.00 1160.00 497.00 5.00 43.00 43.86 0.74 1.99  

125 459.00 26.00 0.00 204.00 1118.00 736.00 10.00 44.00 47.23 10.45 7.35  

126 421.00 59.00 0.00 198.00 1118.00 736.00 10.00 47.00 50.21 10.29 6.82  

127 433.00 51.00 0.00 204.00 1118.00 736.00 10.00 48.00 47.84 0.03 (0.34) 

128 470.00 49.00 0.00 198.00 1118.00 736.00 5.00 48.00 48.66 0.44 1.38  

129 488.00 39.00 0.00 205.00 1160.00 497.00 5.00 49.00 51.16 4.66 4.41  

130 510.00 74.00 0.00 204.00 1118.00 736.00 10.00 49.00 45.40 12.93 (7.34) 

131 390.00 0.00 0.00 179.00 1102.00 798.00 3.00 50.00 48.00 3.98 (3.99) 

132 450.00 25.00 0.00 198.00 1118.00 736.00 10.00 50.00 48.00 4.02 (4.01) 

133 474.00 0.00 0.00 180.00 1419.00 342.00 0.00 51.00 51.70 0.49 1.37  

134 436.00 45.00 0.00 198.00 1118.00 736.00 10.00 52.00 49.15 8.14 (5.49) 

135 467.00 0.00 0.00 160.00 1067.00 667.00 0.00 54.00 66.35 152.52 22.87  

136 232.00 0.00 105.00 162.00 1035.00 696.00 11.00 56.00 56.02 0.00 0.03  

137 419.00 0.00 47.00 163.00 1119.00 746.00 4.00 60.00 54.95 25.49 (8.41) 
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138 505.00 51.00 0.00 151.00 1037.00 775.00 18.00 61.00 64.09 9.58 5.07  

139 386.00 128.00 0.00 143.00 1044.00 773.00 5.00 63.00 63.43 0.19 0.68  

140 495.00 77.00 0.00 171.00 1033.00 689.00 10.00 64.00 66.52 6.34 3.94  

141 550.00 0.00 0.00 181.00 1120.00 620.00 4.00 64.00 58.05 35.45 (9.30) 

142 505.00 101.00 0.00 151.00 1037.00 775.00 18.00 64.00 65.37 1.88 2.14  

143 505.00 0.00 51.00 151.00 1037.00 775.00 18.00 65.00 63.84 1.34 (1.78) 

144 505.00 101.00 51.00 151.00 1037.00 775.00 19.00 65.00 65.27 0.07 0.41  

145 500.00 0.00 60.00 178.00 1068.00 608.00 0.00 65.00 67.80 7.83 4.30  

146 390.00 0.00 100.00 161.00 1141.00 575.00 0.00 65.00 65.00 0.00 (0.00) 

147 436.00 59.00 0.00 183.00 1033.00 689.00 10.00 62.00 60.10 3.63 (3.07) 

148 505.00 0.00 76.00 151.00 1037.00 775.00 18.00 62.00 63.66 2.76 2.68  

149 505.00 51.00 51.00 151.00 1037.00 775.00 18.00 63.00 65.51 6.30 3.99  

150 505.00 0.00 126.00 151.00 1037.00 775.00 18.00 63.00 63.18 0.03 0.28  

151 505.00 76.00 0.00 151.00 1037.00 775.00 18.00 63.00 64.61 2.58 2.55  

152 530.00 0.00 0.00 150.00 1040.00 767.00 19.00 70.00 69.40 0.36 (0.86) 

153 485.00 0.00 0.00 130.00 1143.00 762.00 4.00 70.00 69.60 0.16 (0.58) 

154 486.00 54.00 0.00 173.00 1089.00 667.00 7.00 70.00 68.44 2.44 (2.23) 

155 530.00 53.00 0.00 150.00 1040.00 767.00 19.00 71.00 66.56 19.69 (6.25) 

156 530.00 80.00 53.00 150.00 1040.00 767.00 19.00 71.00 70.01 0.98 (1.39) 

157 436.00 77.00 0.00 143.00 1044.00 773.00 5.00 71.00 69.60 1.97 (1.98) 

158 505.00 0.00 60.00 195.00 1030.00 630.00 0.00 64.00 64.27 0.07 0.42  

159 540.00 0.00 0.00 173.00 1125.00 613.00 0.00 67.00 71.66 21.69 6.95  

160 500.00 0.00 0.00 140.00 966.00 853.00 4.00 68.00 72.46 19.87 6.55  

161 522.00 0.00 0.00 146.00 896.00 896.00 0.00 75.00 72.37 6.94 (3.51) 

162 540.00 0.00 0.00 162.00 1040.00 676.00 3.00 80.00 78.41 2.52 (1.98) 

163 500.00 30.00 0.00 143.00 1100.00 700.00 0.00 81.00 81.22 0.05 0.27  

164 416.00 0.00 0.00 153.00 1030.00 737.00 3.00 82.00 67.11 221.80 (18.16) 

 

 
 

Sum Mean Square Error 10.67 Max Error% 22.87 
Max Square Error 221.8 Min Error% -18.16 
Min Square Error 0.00     

Arith.Mean 10.66     
St.Dev. 26.89     
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Appendix C: Solver Parameters & Options 
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