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Abstract

This research developed the napier grass ash as a natural pozzolan. The study was
focused on the chemical composition, physical properties and engineering properties of the
napier grass ash. The result indicates that napier grass ash shows the summary proportion of
Si0,, Al,Os and Fe,05 of around 95.05%, which can be defined as a natural pozzolan follow
the ASTM C618-03. The water requirement for normal consistency, initial setting time and
final setting time were increased with increasing in ash percentage. Increase of replacement
percentage of ash tended to decrease in compressive strength of mortars. For samples with
28 days curing, the compressive strength of mortars tended to increase with increase of
replacement percentage. However, the samples with replacement percentage higher than

10% replacement percentage caused the compressive strength to decreased.
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5% 2 7 4.9x5x5 | 252.0 46.70 18.66
3 7 4.9x5x5 | 256.0 47.10 18.82
0@ 46.97 18.77
1 7 4.9x5x5 | 249.0 39.50 15.79
10% 2 7 4.9x5x5 | 250.0 40,70 16.28
3 7 4.9x5x5 | 250.5 39.70 15.89
e 39.97 15.99
1 7 4.9x5x5 | 249.0 36.50 14.59
15% 2 7 4.9x5x5 | 249.0 34.80 13.90
3 7 4.9x5x5 | 2455 35,80 14.30
1ndy 35.70 14.27
1 7 4.9x5x5 | 247.0 29.90 11.96
20% 2 7 4.9x5x5 | 2475 28.30 11.32
3 7 1.9x5x5 | 249.0 28.60 11.42
\nde 28.93 11.57
1 7 4.9x5x5 | 247.0 26.10 10.42
25% 2 7 4.9x5x5 | 2450 23,30 9.33
3 7 4.9x5%5 | 244.5 24.70 9.88
waée 24.70 9.88
1 7 4.9x5x5 | 244.0 23.50 9.38
30% 2 7 4.9x5x5 | 2450 22.60 9.03
3 7 4.9x5x5 | 2430 22,30 8.93
\ndy 22.80 9.12




1 [-3 L7 L7 d 1 or
#1979 N.4 AMSISULSBRYRLRIMTNSEBEMSUY 14 Tu

o .| e | engasun | wihde dwin | usedauseds | rdednussde
i Gu | Govdams) | (%) (KN) (vm)
1 14 4.9x5x5 250.5 59.80 23.93
0% 2 14 4.9x5%5 248.0 52.60 21.05
3 14 4.9%5x5 248.0 54,50 21.80
ndy 55.63 22.26
t 14 A.9x5x5 950.5 £0.60 24.23
5% 2 14 4.9x5x5 251.0 56.00 22.39
3 14 4.9x5%5 253.0 61.30 24.53
13y 59.30 23.72
1 14 4.9x5x5 251.5 54.60 21.84
10% 2 14 4.9x5x5 253.0 53.40 21.35
3 14 4.9x5x5 252.0 49.80 19.91
Wi 52.60 21.04
1 14 4.9%5x5 250.0 46.40 18.57
15% 2 14 4.9x5x5 251.0 44.80 17.92
3 14 4.9x5x5 250.5 46.70 18.67
(de a5.97 18.39
1 14 4.9x5%5 247.0 39.40 15.74
20% 2 14 4.9%5x5 249.0 41.20 16.48
3 14 4.9%5%5 248.5 37.40 14.94
\ndie 39.33 1572
1 14 0.9%5x5 247.0 37.60 15.04
25% 2 14 8.9x55 247.0 36,60 14.64
3 14 4.9%5x5 246.0 37.20 14.89
\dy 37.13 14.86
1 14 4.9x5x5 244.5 32,00 12.81
30% 2 14 4.9x5x5 243.0 32.30 12.91
3 14 4.9x5x5 245.5 32.50 13.01
\nae 32.27 12.91




1 0 U o) a I'A 1 s
A9 N5 AIMATULT AT mesASAsBENSUN 28 U

o | hedw | ongmsun | wihda | dwiin | wsedadsede | ddadaused
SR 7 (Tu) (wudamg) | (nsw) (KN) (N/m’)
1 28 4.9x5x5 | 248.5 67.50 27.56
0% 2 28 4.9x5x5 | 2495 66.50 27.16
3 28 4.9x5%x5 | 2510 64.40 26.29
\ndy 66.13 27.01
1 28 4.9x5x5 | 252.5 65.10 26.55
5% 2 28 4.9x5x5 | 2525 69.50 28.37
3 28 4.9x5x5 | 2515 67.70 27.61
\nat 67.43 27.51
1 28 4.9x5x5 | 2535 68.90 28.12
10% 2 28 4.9x5x5 | 254.0 68.70 28.04
3 28 4.9x5x5 | 254.0 64.80 26.43
iy 67.47 27.53
1 28 4.9x5x5 | 2510 56.70 23.15
15% 2 28 4.9x5x5 | 2520 57.20 23,35
3 28 4.9x5x5 | 249.0 57.10 23.33
\nde 57.00 23.29
1 28 4.9x5%x5 | 2485 50.20 20.47
20% 2 28 4.9x5x5 | 2495 52.80 21,53
3 28 4.9x5x5 | 2510 54.10 22.09
\ndy 5237 21.37
1 28 4.9x5x5 | 247.0 46.80 19.10
25% 2 28 4.9x5x5 | 247.0 46.10 18.79
3 28 4.9x5x5 | 2480 46.80 19.10
wét 46.57 19.00
1 28 4.9x5x5 | 2430 39.50 16.11
30% 2 28 4.9x5x5 | 2420 41.10 16.77
3 28 4.9x5x5 | 2425 41.10 16.77
\nde 40.57 16.55




i 9 4 os g L3 A i aF
A9 N.6 ArndsfuusnvamasmsisEaEnTUY 50 U

e | rpgin quiu'u wﬁiﬁ’m ﬁwtﬁn ussdnuTeae | Mas ”ﬂﬂ:sé’s
(Tu) (\umsmT) (n3u) (KN) (N/m”)
1 50 5X5x5 248.5 63.30 25.32
0% 2 50 5X55 249.0 66.70 27.21
3 50 5X5x5 253.5 69.60 27.85
\naY 66.53 26.80
1 50 5X5x5 250.5 68.20 27.21
5% 2 50 0.9x5x5 251.0 68.00 27.76
3 50 5x5x5 245.0 69.80 27.90
\née 68.67 27.63
1 50 5X5x5 252.5 67.70 27.06
109 2 50 5X55 245.0 73.00 29.79
3 50 5X5x5 252.5 74.20 29.30
\de 71.63 28.72
1 50 4,955 251.0 66.80 27.36
15% 2 50 4.9x5x5 252.2 64.60 26.34
3 50 4.9x5%5 2535 61.90 25.28
\nde 64.43 26.33
1 50 4.9x5x5 250.0 57.70 23,55
20% 2 50 8.9x55 250.0 58.50 23.38
3 50 8.9%5%5 250.0 58.60 2391
inde 58.27 23.62
1 50 4.955%5 246.5 53.30 21.73
25% 2 50 4.9x5x5 245.0 52.80 21.48
3 50 4.9x5x5 245.0 52,10 21.28
\nde 52.73 21.50
1 50 8.9x5x5 245.0 48.00 19.61
30% 2 50 4.9%5%5 244.5 47.20 19.25
3 50 4.9x5x5 245.5 46.70 19.05
\afe 47.30 19.31




1 & W oW !'A 1 a
w1919 N7 AfndeuusafsveweIminisrasmMIuN 3 Ju

sosrtms |ty mqfl*usu'u 111:1@ wssFaUssde

(W) (tousiung) (kpf}

1 3 2.5%2.5 146.05

0% 2 3 2.5%2.5 202.48
3 3 2.5%2.5 174.93

WA 174.49

1 3 2.5%2.5 143.83

5% 2 3 2.5%2.5 144.36
3 3 2.5%2.5 170.05

e 152.74

1 3 2525 122.58

10% 2 3 2.5%2.5 00.75
3 3 2.5%2.5 86.59

nfe 99.96

1 3 2.5x2.5 103.87

15% 2 3 25x2.5 115.65
3 3 2.5%2.5 12132

1y 113.59

1 3 2.5%2.5 87.16

20% 9 3 2.5%x2.5 97,05
3 3 25x2.5 72.38

ey 85.52

1 3 2.5x2.5 125.20

25% 2 3 2.5%2.5 113.31
3 3 2.5x2.5 128.14

wét 122.21

1 3 2.5%2.5 80.71

309% 2 3 2.5%2.5 131.01
3 3 2.5x2.5 120.08

\nde 110.60




1 o W oar =t & f& 1 ol
A19149 A8 ATNAITULTINYDIUBIAIVISZUSANTUN 7 U

o o 21YNTUN UM w3eheUsede
PRTIAN | PTee () (wuRunsg) (kpf)
1 7 2.5%2.5 174.69
0% 2 7 2.5%2.5 171.83
3 7 2.5x2.5 162.95
iy 169.82
1 7 2.5x2.5 117.93
5% 2 7 2.5x2.5 145.00
3 7 2.5x2.5 108.29
\ade 123.74
1 7 2.5x2.5 137.76
10% 7 7 2.5%2.5 134.53
3 7 2.5%2.5 129.84
1nde 134,046
1 7 2.5x2.5 139.76
15% 2 7 2.5x2.5 107.27
3 7 2.5%2.5 95.46
1y 114.18
1 7 2.5%2.5 79.12
20% 2 7 2.5x2.5 93.84
3 7 2.5%2.5 121.72
\ndy 98.28
1 7 2.5%2.5 133.36
25% 2 7 2.5x2.5 126.88
3 7 2.5%2.5 125.76
infe 128.66
1 7 2.5x2.5 -
30% 2 7 2.5x2.5 106.08
3 7 2.5x2.5 83.24
\ade 94.66




1 o woe & ‘d 1 L2
A1519 1,9 ANFIRISULIIPHTIWBIAINTEEENITUN 14 W

soendons | dhating mqrz'ﬁﬂu TR wIIRIUsEe
() (wudilums) (kpf)

1 14 2.5x2.5 129.30

0% 2 14 2.5x2.5 129.92
3 14 2.5x2.5 132.42

\nde 130.55

1 14 2.5%2.5 15.54

5% 2 14 2.5%2.5 152.56
3 14 2.5%2.5 164.75

\nhe 110.95

1 14 2.5x2.5 168.10

10% 2 14 2.5x2.5 167.02
3 14 2.5x2.5 163.91

e 166.30

1 14 2.5x2.5 160.89

15% 2 14 2.5x2.5 168.74
3 14 2.5x2.5 171,14

1 166.92

1 14 2.5%2.5 153.14

20% 2 14 2.5x2.5 160.09
3 14 2.5%2.5 162.25

\ae 160.16

1 14 2.5x2.5 136.72

25% 2 14 2.5%2.5 134.05
3 14 2.5x2.5 133.00

Wiy 134.59

1 14 25x2.5 122,06

30% 2 14 2.5x2.5 119.93
3 14 2.5x2.5 127.49

Wit 123.16




LAY ot IS ¢ | @
A1914 N.10 AINIATULIINDINDINTNTLEZNITUN 28 W

A E}'}ngl’liﬂll m:m W3 sede
() (Wusing) (kpf)

1 28 2.5%2.5 171.90

0% 2 28 2.5x2.5 183.58
3 28 2.5x2.5 168.78

\nde 174.75

1 28 2.5%2.5 210.57

5% 2 28 2.5x2.5 218.59
3 28 2.5x2.5 214.29

\nfie 214.08

1 28 2.5x2.5 200.37

10% 2 28 2.5x2.5 203.77
3 28 2.5x2.5 212.93

\ade 205.69

1 28 2.5x2.5 140.89

15% 2 28 2.5%2.5 141.82
3 28 2.5%2.5 149.64

1Ay 144,12

1 28 2.5x2.5 115.29

20% 2 28 2.5x2.5 115.55
3 28 2.5%2.5 138.40

wé 123.08

1 28 2.5%2.5 113.22

25% 2 28 25x2.5 115.80
3 28 2.5%2.5 112.59

(0fe 113.87

1 28 2.5%2.5 152.97

30% 2 28 2.5%2.5 154.55
3 28 2.5x2.5 142.52

1Ay 150.01




L 8 wow = ¢ < 1 o
#1919 1,11 ANTAITULTIRIVBINDINISHTLEENTIUN 50 U

PN mqfl'ﬁﬂu YA ussReUseee
(3u) (Wwuiums) (kpf)

1 50 2.5x2.5 150.00

0% 2 50 2.5%2.5 140.46
3 50 2.5x2.5 10.071

1ode 100.17

1 50 2.5%x2.5 165.49

5% 2 50 2.5%2.5 218.66
3 50 2.5x2.5 175.71

w0y 186.62

1 50 2.5x2.5 201.02

10% 2 50 2.5%2.5 161.79
3 50 2.5%2.5 181.11

1ndly 181.31

1 50 2.5x2.5 158.00

15% 2 50 2.5x2.5 138,98
3 50 2.5%2.5 182.80

1t 159.93

1 50 2.5%2.5 162.16

20% 2 50 2.5x2.5 135.92
3 50 2.5%2.5 134.08

\ndg 144.06

1 50 2.5%2.5 158.76

25% 2 50 2.5%2.5 173.60
3 50 2.5%2.5 140.43

1t 157.60

1 50 2.5x2.5 171.75

30% 2 50 2.5%2.5 127.22
3 50 2.5x2.5 166.06

indy 155,01
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