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Compressive Strength of Concrete with Partial Replacement of Cement and

Sand by Oil-palm Waste Ash and Crushed Dust
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Abstract: The objective of this research is to study the use of oil-palm waste ash and crushed dust as
admixtures in general concrete. The ratios of Portland cement: fine aggregates (coarse sand): coarse
aggregates (lime stone) are 1: 2: 4 parts by weight. Water to cement ratios (w/c) are 0.55 by weight. The
replacement of cement with oil-palm waste ash is equal to 0.0, 0.1, 0.2, and 0.3 parts by weight, and sand
with crushed dust equal to 0.0, 1.4, 1.6, 1.8, and 2.0 parts by weight. The slump and setting time of fresh
concrete were tested before casting the cylinder concretes. Testing the properties of cylinder concretes
follows the ASTM standards. From the results, suitable quantities of oil-palm waste ash and crushed dust can
improve the physical and mechanical properties, especially at 0.1 parts by weight of oil-palm waste ash and

1.8 parts by weight of crushed dust replacement.
Keywords: Concrete, oil-palm waste ash, crushed dust, compressive strength
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Figure 1 The palm oil ash before sieving
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Table 1 Test concrete mixes with oil-palm waste ash and crushed dust replacement by weight *

Ratios Cement Oilpalm waste ash Sand Crushed dust Lime stone Water
P0.0Q0.0* 1 0 2 0 4 0.55
P0.1Q0.0 0.9 0.1 2 0 4 0.55
P02Q0.0 08 0.2 2 0 4 0.55
P03Q0.0 0.7 0.3 2 0 4 0.55
P01Q14 0.9 0.1 06 14 4 0.55
P02Q14 08 0.2 06 14 4 0.55
P03Q14 0.7 0.3 06 14 4 0.55
P01Q16 0.9 0.1 04 1.6 4 0.55
P02Q16 08 0.2 04 1.6 4 0.55
P03Q1.6 0.7 0.3 04 16 4 0.55
P01Q18 0.9 0.1 0.2 18 4 0.55
P02Q18 08 0.2 0.2 18 4 0.55
P03Q1.8 0.7 0.3 02 18 4 0.55
P01Q20 0.9 0.1 0 2 4 0.55
P02Q20 0.8 02 0 2 4 0.55
P03Q20 0.7 0.3 0 2 4 0.55

*Based on a standard mix of 1: 2: 4 of cement: sand: coarse aggregate

** Standard mix
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Figure 2 The slump test of flesh concretemixed with oil-

palm waste ash and crushed dust
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Figure 3 The compressive strength test

ofconcretecylindermixed with oil-palm waste ash and

crushed dust
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Figure 4 Gradation ofcrushed dustandstandardfine aggregate (Cu = 22 andCc = 3.68for crushed dust)
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Table 2 The physical properties of crushed dustandstandardfine aggregate

Properties Crushed dust Standard fine aggregate
Finess modulus 3.68 2.30-3.20
Apparent specific gravity 2.71 250-2.80
Organic impurities No.5 No.5-11
Water absorption(%) 047 0.70
Unit weight(kg/m?) 1,695 1,520-1,840
Moisture(%) 34 4-8
Swelling(%) 33.33 Less than40
Quantity of soil and dust(%) 434 Less than5
Percentage loss by sodium sulfate(%) 513 Less than18
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Table 3 The chemical composition of oil-palm waste ash
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Chemical composition

Oil-palm waste ash(%)

Silicon Dioxide (SiO,)
Aluminium Oxide (ALO,)
Iron Oxide (Fe,0,)
Potassium Oxide (K,0)
Calcium Oxide (CaO)
Magnesium Oxide (MgO)
Sodium Oxide (Na,0)
Sulfur Trioxide (SO.)

Loss on Ignition (LOI)

64.6
35
20
57
6.3
3.1
04
0.5
100
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Table 4 The comparison of properties of pozzolan standard (class N) and oil-palm waste ash

Properties

Pozzolan standard (class N) (%)

Oil-palm waste ash(%)

SiO, + Al,O, + Fe,O,(Minimum limit)
SO, (Maximum limit)
Moisture (Maximum limit)

Loss on Ignition (LOI)(Maximum limit)

700 701
4.0 05
3.0 -
10.0 10.0

Figure 5 The image of oil-palm waste ash fromSEM at 1000 times zoom
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Table 5 The slump and setting time of flesh concretes
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Slump Setting time (hour : minute)
Ratios

(mm) Initial Final
P0.0Q0.0 65 4:05 6:30
P0.1Q0.0 60 4:25 6:35
P02Q0.0 60 4:35 7:00
P0.3Q0.0 55 4:50 7.25
P01Q14 65 4:25 6:35
P02Q14 60 4:35 7:00
P03Q14 60 4:45 7:25
P0.1Q16 60 4:25 6:30
P02Q16 55 4:30 7:00
P03Q16 55 4:45 7:20
P0.1Q18 55 4:25 6:25
P02Q18 55 4:30 6:55
P03Q18 50 4:40 7:15
P0.1Q20 55 4:15 6:25
P02Q20 50 4:25 6:50
P03Q20 50 4:35 7:10
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Density (kg/m°)
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Figure 6 The density of concretes at 28days

Figure 7 The image of concrete (P 0.1 Q 1.8) from SEM at  Figure 8 The surface colors of cylinder concretes mixed

1000 times zoom with different ratios of oil-palm waste ash

Water absorption (%)
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Figure 9 The water absorption of concretes at 28days
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a9 >
l AALAUBLLUS

AN n sl il ndunaziiuguilu
) A o = °

dounanlupsuninia 1l Tneinniseenwuy
dounanpaunsen HiFunudind duuaziug ulu
ARINEIF ) HATNNTNNINAGBLAINALINNULND A
FNNKIRIIU ASTM anssadgt1fidn Wi duuay
a 1 o a = v a
Hulu arnsaWm A ANt R 1e9AeunIn 15 5
TenanznanaTtnuas AN ILLNER usile
A hduuasiudulu Bunnnnndull azin
WiamTmsanasanasld weFunndUidun
INNZANNG AR WMEFLW BN AN N ULIE ATD
Aauiae Aa Bnadliinu 0.2 Tneninmin dauBunn
Hudui i 1.8 lnadnadau il dnsndou

= % '3 a 1 dlddl A o 1
PaunTAliNANNaNTu uNANgR Aa dRadau
P0.1Q1.8 HANNATUNULNE A WiNAY 415 A landy

\ a = ! A o -

FORIIINTUR AT T9gand1naunsana hlvie
FR3149% PO.0Q0.0 N ANNFTUNIULIB ALNEN 355

AlanTuFanNIITUR AT

469

naa R ARansarn ilsze na 14 luanu

a Ay v e o o PP
ARURTAN NdUNaNTad AN Las T T v U

wnmanelld Ineazifli les Temmiaginaannlunuin i
. . N ¥ dda .

UMRSIBINIENBAF LAz L iF N Wn Al uuma

N T@amAT 0 [y ST ALaLM AR eeN

wazNNA M s
naRngsNUsEnA

Tasen9adu 1A Funuaiuayuaind1inau

BUNNNTIRLNFNERAT (B9A NTNMNTUNLLTZNN 0

39 (3e9 thdaminaiu dszant] 2557

LANAITA9DY

v
o o

F2 ApIRNna UALASING AAsrvg. 2555. 914
dszlamiannidinuazdan waanainisaeu
4o o o a oo X
gramnssnieludan lwnuneuiTn, fuwae

71 2. AnuAAanssuenans snanenasmaulag

% a
W?z'W@NLﬂ@qﬁul‘l?, ﬂg\ﬁ 94,



MNFANTMINAUNTNTULAEAUNINT IR 4(3): 461 — 470

dseau Awen Aadnad g3ls dona Tuae uay
sann Aslann. 2558, n1ald imdiugannly
HARSDUIT ADLNTALIAN, IANINNIN BTN

WATATUNNTR R 3(1): 115-122.

L4

ey aunnUlsnids § uavdeann sisinetna. 2555.

)

e Uealaani uazaaunsn ANWATIN 7.
ANANABUNT AN sz A INe NPIMN:381
k2
w.
WA DRSS A3 uaztlszaa A, 2548. M3
T upanARUNTAUMWNG L. ENN1E AR
ANY TN AUEAAINIINAIART NN E

winlulatlmaAaETYLF, thnani. 133 uil.

WRarineanna AsmMARANR AL winAn uaz

q

al a
N9TR
e anp) TN Q. 2546, danLetinaTiialus
AN UNANENTUINTANTI AT BN HAE.

26 (4):459 - 474.

American Society for Testing and Materials (ASTM).
2012. Annual Book of ASTM Standards. ASTM,
Philadelphia.

Hussin, MW. and AS.M.A. Awal. 1996. Palm oil fuel
ash — A potential pozzolanic material in concrete
construction. In: Proceedings of the International
Conference on Urban Engineering in Asian Cities
in the 21st Century, Bangkok. pp. D361-D366.

Tay, J.H. 1990. Ash from oil-palm waste as concrete
material. Journal of Material in Civil Engineering
2(2):94-105.

Tangchirapat, W., T. Saeting, C. Jaturapitakkul, K.
Kiattikomol and A. Siripanichgom. 2007. Use of
waste ash from palm oil industry in concrete.

Waste Management 27(1):81-88.

470



