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ABSTRACT

This research was to study the strength and durability of mortar containing bagasse
ash and fly ash. Strength such as compressive and flexural strength was investigated.
Durability tested was drying shrinkage, sulfate expansion, and weight loss of mortar by acid
attacks. Throughout the experiment, the percentage replacement of cement by bagasse
ash and fly ash was 30% by weight of cementitious material. The ratio of bagasse ash to
fly ash of 50:50 by weight was used in this study. The test results showed that the mortar
containing bagasse ash and fly ash had lower strength at 7 days than the control mortar.
However, at the age of 28 and 60 days, the mortar with bagasse ash and fly ash showed
higher strength than the control mortar. The drying shrinkage of mortar containing bagasse
ash and fly ash was comparable to the control mortar. The sulfate expansion, and weight
loss by acid attacks of mortar containing bagasse ash and fly ash were lower than the
control mortar. The use of bagasse ash and fly ash resulted the quality improvement both

strength and durability of mortar.

Keywords: Mortar, Bagasse ash, Fly ash; Strength, Durability
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Executive Summary

Project Title: Strength and Durability of Mortar Containing Bagasse Ash and Fly Ash

Investigation: Sarote Dumrongsil and Ronnakron Thepwong
Faculty of Engineering and Architecture

Rajamangala University of Technology Rattanakosin

Project Period: 1 year from March 1, 2007, to February 29, 2008

Objectives: To investigate the strength and durability of mortar containing bagasse ash
and fly ash which the percentage replacement of cement by bagasse ash and fly ash was

30% by weight of cementitious material.

Methodology: Testing of strength and durability of mortar containing bagasse ash and fly

ash were investigated in accordance with ASTM standard.

Results: The test results showed that the mortar containing bagasse ash and fly ash had
lower strength at 7 days than the control mortar. However, at the age of 28 and 60 days,
the mortar with bagasse ash and fly ash showed higher strength than the control mortar.
The drying shrinkage of mortar containing bagasse ash and fly ash was comparable to the
control mortar. The sulfate expansion, and weight loss by acid attacks of mortar containing

bagasse ash and fly ash were lower than the control mortar.

Conclusion: The use of bagasse ash and fly ash resulted the quality improvement both

strength and durability of mortar.
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] o @ @ & &d
AN W.1 mada@“uaduaimiwmq 3

tyzian o] Aufiniida LIING RUILILI ALady
vasans (nn.) (nn.jwa.%)
CPC 1 25.43 3,643 143.26
2 25.60 3,554 138.83
3 25.14 3,575 142.20
4 25.90 3,642 140.62 141.23
CBA 1 25.60 2,780 108.59
2 25.87 2,642 102.13
3 25.58 2,605 101.84
4 25.42 2,690 105.82 104.59
CTA 1 25.25 3,125 123.76
2 25.34 3,089 121.90
3 25.41 2,974 117.04
4 25.50 3,065 120.20 120.73

:a' o o o & &
AN W.2 ﬂ’]ﬂﬂ@@]“ﬂ@d“ﬂi@’]iﬂﬂ’]ﬂq 7 3%

szian §aenef] Aufinhdn L3NG RULILI ALade
vasans (nn.) (nn.fwa.%)
CPC 1 25.48 5,240 205.65
2 25.36 5,436 214.35
3 25.65 5,540 215.98
4 25.76 5,190 201.48
5 25.19 5,360 212.78 210.05
CBA 1 25.24 4,265 168.98
2 25.36 3,956 155.99
3 29.02 4,250 168.52
4 25.42 4,185 164.63
5 25.15 4,098 162.94 164.21
CTA 1 25.21 4,855 192.58
2 25.32 5,180 204.58
3 25.38 5,172 203.78
4 25.64 5,090 198.52
5 25.72 5,245 203.93 200.68
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@15197 1.3 ﬁwé’aé’mama%@ﬁﬁmq 28 Th
iyzian oenef] Aufiviida LIING RULILI ALady
vasans (nn.) (nn.Ja3.%)
CPC 1 25.23 7,800 309.16
2 25.14 7,685 305.69
3 25.38 7,920 312.06
4 25.41 7,835 308.34 308.81
CBA 1 25.32 7,415 292.85
2 25.20 7,435 295.04
3 25.26 7,520 297.70
4 25.43 7,485 294 .34 294 .98
CTA 1 25.08 8,425 335.93
2 25.23 8,410 333.33
3 25.17 8,565 340.29
4 25.52 8,450 331.11 335.16
A151971 1.4 ﬁwé’aé“waawa%m%ﬁmq 60 T
szian e Aninda KNG WU ALady
vasans (nn.) (nn.Ja3.%)
CPC 1 25.28 8,140 321.99
2 25147 8,355 331.94
3) 25.05 8,225 328.34
4 25.24 8,095 320.72
5 29592 8,050 320.46 324.69
CBA 1 25.21 8,460 335.58
2 25.05 8,555 341.52
3 25.18 8,325 330.62
4 25.24 8,260 327.26
5 25.02 8,395 335.53 334.10
CTA 1 25.27 8,890 351.80
2 25.31 9,045 357.37
3 25.28 9,120 360.76
4 25.36 8,815 347.59
5 2517 8,740 347.24 352.95




A o @ o & &d o
MN139N W.5 mam@“uaduaimi'ﬂmgj 28 1%
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szian o] Aufinida LIING RULILI ALade
vasans (nn.) (nn.jwa.%)
CPC 1 4.65x4.04 218 59.41
2 4.02x4.10 226 60.70
3 4.03x4.15 214 55.96
4 4.02x4.11 221 59.06 58.78
CBA 1 4.10x4.10 219 57.19
2 4.02x4.08 215 57.80
3 4.06x4.17 223 56.85
4 4.05x4.10 225 59.48 57.83
CTA 1 4.04x4.15 264 68.86
2 4.05x4.18 256 65.66
3 4.04x4.20 267 67.99
4 4.03x4.19 250 64.13 66.66
@151971 1.6 ﬁwﬁaé’wmaawa%&w%ﬁawq 60 T4
szian o] Anfintida LIING WU ALade
vasans (n.) (an./w3.%)
CPC 1 4.05x4.18 267 67.91
2 4.06x4.15 245 63.06
g 4.07x4.17 242 61.54
4 4.05x4.17 252 64.40
5 4.06x4.18 236 59.88 63.36
CBA 1 4.04x4.14 251 65.24
2 4.06x4.18 268 68.00
3 4.05x4.18 271 68.93
4 4.07x4.12 258 67.22
5 4.05x4.10 262 69.27 67.73
CTA 1 4.02x4.10 282 75.11
2 4.05x4.15 277 71.48
3 4.07x4.16 312 79.73
4 4.03x4.12 287 75.51
5 4.05x4.15 300 77.41 75.85
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A o ) I &
AN H.7 HANITNARDUNITRANILRIVDINDIANT CPC

Specimen No. 1 2 3 4
Length of specimen: 3 days (mm.) 303.895 304.886 305.292 304.274
Length of specimen: 7 days (mm.) 303.824 304.799 305.218 304.232
Drying shrinkage; x10° mm./mm. -233 -285 -242 -138
Length of specimen: 14 days (mm.) 303.797 304.765 305.198 304.224
Drying shrinkage; x10° mm./mm. -322 -396 -307 -164
Length of specimen: 21 days (mm.) 303.754 304.702 305.146 304.185
Drying shrinkage; x10° mm./mm. -463 -603 -478 -292
Length of specimen: 28 days (mm.) 303.682 304.681 305.104 304.118
Drying shrinkage; x10° mm./mm. -700 -672 -615 -512
Length of specimen: 45 days (mm.) 303.589 304.602 305.098 304.104
Drying shrinkage; x10° mm./mm. -1006 -931 -635 -558
Length of specimen: 60 days (mm.) 303.542 304.593 305.058 304.068
Drying shrinkage; x10° mm./mm. -1161 -961 -766 -677

P o o g &
139N W.8 NANITNARDUNITVANILNIVDINDINT1T CBA

Specimen No. 1 2 3 4
Length of specimen: 3 days (mm.) 303.488 305.072 304.253 304.854
Length of specimen: 7 days (mm.) 303.392 304.915 304.126 304.734
Drying shrinkage; x10° mm./mm; -316 -514 -417 -393
Length of specimen: 14 days (mm.) 303.294 304.865 303.996 304.690
Drying shrinkage; x10° mm./mm. -639 -678 -844 -537
Length of specimen:"21 days (mm.) 303.248 304.830 303.948 304.640
Drying shrinkage; x10°" mm./mm. -790 -793 -1002 -701
Length of specimen: 28 days (mm.) 303.223 304.806 303.915 304.602
Drying shrinkage; x10° ‘mm./mm. -873 -871 -1,110 -826
Length of specimen: 45 days (mm.) 303.192 304764 303.907 304.575
Drying shrinkage; x10° “mm./mm. -975 -1,009 -1,137 -915
Length of specimen: 60 days (mm.) 303.112 304.706 303.894 304.525
Drying shrinkage; x10° mm./mm. -1,238 -1,199 -1,179 -1,079
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Specimen No. 1 2 3 4
Length of specimen: 3 days (mm.) 304.056 303.834 303.308 303.287
Length of specimen: 7 days (mm.) 303.940 303.775 303.228 303.182
Drying shrinkage; x10° mm./mm. -381 -194 -263 -346
Length of specimen: 14 days (mm.) 303.902 303.714 303.187 303.128
Drying shrinkage; x10° mm./mm. -506 -394 -398 -524
Length of specimen: 21 days (mm.) 303.856 303.655 303.130 303.102
Drying shrinkage; x10° mm./mm. -657 -589 -586 -609
Length of specimen: 28 days (mm.) 303.817 303.604 303.078 303.089
Drying shrinkage; x10° mm./mm. -786 -756 -758 -652
Length of specimen: 45 days (mm.) 303.785 303.596 303.034 303.022
Drying shrinkage; x10° mm./mm. -891 -783 -903 -873
Length of specimen: 60 days (mm.) 303.724 303.567 303.012 302.981
Drying shrinkage; x10° mm./mm. -1091 -878 -975 -1,008

A15199 K.10 NANINARELMN VLA IVBINDTANS CPC

Specimen No. 1 2 3 4
Length of specimen: 3 days (mm.) 304.777 304.634 303.714 304.534
Length of specimen: 7 days (mm.) 304.824 304.693 303.761 304.602
Expansion; x10° mm./mm. 154 193 154 223
Length of specimen: 14 days (mm.) 304.892 304.750 303.779 304.618
Expansion; x10° mm./mm. 377 380 214 275
Length of specimen:"21 days (mm.) 304.914 304.785 303.821 304.658
Expansion; x10° “mm./mm. 449 495 352 407
Length of specimen: 28 days (mm.) 304.998 304.809 303.886 304.692
Expansion; x10° mm./mm. 725 574 566 518
Length of specimen: 45 days (mm.) 305.032 304.874 303.921 304.712
Expansion; x10° mm./mm. 836 787 681 584
Length of specimen: 60 days (mm.) 305.084 304.926 304.097 304.792
Expansion; x10° mm./mm. 1,007 958 1,261 847
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Specimen No. 1 2 3 4
Length of specimen: 3 days (mm.) 303.682 304.001 304.668 304.773
Length of specimen: 7 days (mm.) 303.705 304.058 304.686 304.794
Expansion; x10° mm./mm. 75 187 59 68
Length of specimen: 14 days (mm.) 303.714 304.080 304.692 304.805
Expansion; x10° mm./mm. 105 259 78 104
Length of specimen: 21 days (mm.) 303.764 304.091 304.705 304.822
Expansion; x10° mm./mm. 270 296 121 160
Length of specimen: 28 days (mm.) 303.812 304.110 304.724 304.851
Expansion; x10° mm./mm. 428 358 183 255
Length of specimen: 45 days (mm.) 303.874 304.181 304.758 304.883
Expansion; x10° mm./mm. 632 592 295 360
Length of specimen: 60 days (mm.) 303.925 304.209 304.788 304.917
Expansion; x10° mm./mm. 800 684 393 472

A15199 K.12 NANINARELMNTVINLAIVBINDTANS CTA

Specimen No. 1 2 3 4
Length of specimen: 3 days (mm.) 303.624 304.523 304.480 304.841
Length of specimen: 7 days (mm.) 303.684 304.546 304.508 304.883
Expansion; x10° mm./mm. 197 75 91 137
Length of specimen: 14 days (mm.) 303.706 304.560 304.532 304.917
Expansion; x10° mm./mm. 270 121 170 249
Length of specimen:"21 days (mm.) 303.726 304.583 304.573 304.935
Expansion; x10° “mm./mm. 335 197 305 308
Length of specimen: 28 days (mm.) 303.782 304.617 304.594 304.968
Expansion; x10° mm./mm. 520 308 374 416
Length of specimen: 45 days (mm.) 303.801 304.659 304.632 304.996
Expansion; x10° mm./mm. 582 446 499 508
Length of specimen: 60 days (mm.) 303.856 304.734 304.705 305.072
Expansion; x10° mm./mm. 764 692 738 757
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Specimen No. 1 2 3 4 5 6
Weight of specimen: 276.2 278.2 276.3 273.6 275.4 269.7
Weight of specimen: 7 days (g) 270.8 269.7 268.6 265.6 269.1 2621
Weight loss (%) 1.95 3.05 2.78 2.92 2.28 2.81
Weight of specimen: 14 days (g) 269.4 266.4 265.5 262.3 265.0 2591
Weight loss (%) 2.46 4.24 3.90 4.13 3.77 3.93
Weight of specimen: 21 days (g) 257.3 254.7 256.6 251.9 253.7 248.4
Weight loss (%) 6.84 8.44 7.12 7.93 7.87 7.89
Weight of specimen: 28 days (g) 253.4 249.7 252.0 246.3 2501 2455
Weight loss (%) 8.25 10.24 8.79 9.97 9.18 8.97
Weight of specimen: 45 days (g) 242.4 238.1 241.6 235.1 238.4 234.7
Weight loss (%) 12.23 14.41 12.55 14.07 13.43 12.97
Weight of specimen: 60 days (g) 2291 224.5 227.5 221.2 225.4 219.5
Weight loss (%) 17.05 19.30 17.66 19.15 18.15 18.61
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Specimen No. 1 2 3 4 5 6
Weight of specimen: 262.8 269.4 264.3 272.8 270.5 266.7
Weight of specimen: 7 days (g) 260.6 267.3 261.2 268.5 266.6 261.5
Weight loss (%) 0.83 0.77 1.17 | V4 1.44 1.94
Weight of specimen: 14 days (g) 259.5 266.1 260.3 267.6 265.2 260.6
Weight loss (%) 1.25 1.22 1.51 1.90 1.95 2.28
Weight of specimen:"21 days (g) 255.2 260.9 254.7 264.6 259.5 256.3
Weight loss (%) 2.89 3.15 3.63 3.00 4.06 3.89
Weight of specimen: 28 days (g) 253.9 258.8 252.4 261.8 257.6 253.0
Weight loss (%) 3.38 3.93 4.50 4.02 4.76 512
Weight of specimen: 45 days (g) 248.0 2513 247.6 2541 252.8 247.6
Weight loss (%) 5.63 6.71 6.31 6.85 6.54 7.16
Weight of specimen: 60 days (g) 242.5 246.9 243.4 250.5 248.6 2445
Weight loss (%) 7.72 8.35 7.90 8.17 8.09 8.32
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Specimen No. 1 2 3 4 5 6
Weight of specimen: 274.4 268.4 271.8 273.5 269.7 271.2
Weight of specimen: 7 days (g) 269.1 262.8 267.5 270.1 264.6 266.7
Weight loss (%) 1.93 2.08 1.58 1.24 1.89 1.65
Weight of specimen: 14 days (g) 268.7 261.5 266.1 268.0 261.5 263.0
Weight loss (%) 2.07 2.57 2.09 2.01 3.04 3.02
Weight of specimen: 21 days (g) 263.7 2554 260.7 261.6 257.3 257.2
Weight loss (%) 3.89 4.84 4.08 4.35 4.59 5.16
Weight of specimen: 28 days (g) 260.3 251.6 256.5 258.7 252.6 251.9
Weight loss (%) 5.13 6.25 5.62 5.41 6.34 7.11
Weight of specimen: 45 days (g) 2523 244.9 246.0 250.8 242.9 245.0
Weight loss (%) 8.05 8.75 9.49 8.29 9.93 9.66
Weight of specimen: 60 days (g) 245.4 23D 242.7 245.8 237.3 239.9
Weight loss (%) 10.56 11.36 10.70 10.12 12.01 11.54
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