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Abstract

This research aimed to utilize rice husk-bark ash (RHBA) and palm oil fuel ash (POFA) as a cement
replacement in concrete. RHBA and POFA are by-products from thermal power plants which rice husk
and eucalyptus, and palm oil residues are burnt as fuel. RHBA and POFA were ground to have
different finenesses as high (retained on a sieve No. 325 less than 5% by weight), medium (retained on
a sieve No. 325 of 15-20% by weight), and original (unground RHBA and POFA). Portland cement
type I was partially replaced by RHBA and POFA at the rate of 10, 20, 30, and 40 by weight of binder.
The properties of paste, mortar, and concrete were investigated such as normal consistency, setting
times, compressive strength, strength activity index, expansion of mortar and concrete due to
magnesium sulfate attack, water permeability of concrete mixed with 20 and 40% of RHBA and POFA
by weight of binder. The properties of high strength concrete containing 10, 20, and 30 of RHBA and
POFA by weight of binder were investigated such as compressive strength, heat evolution, and
modulus of elasticity. In addition, concrete blocks mixed with RHBA and POFA were prepared and

investigated.

The results revealed that RHBA and POFA can be classified as class N pozzolan based on the chemical
compositions. The setting times of paste containing original POFA were higher than that of cement

paste and decreased as the increase of POFA fineness.

The compressive strengths of mortars mixed with original POFA were lower than that of Portland
cement type I mortar at all cement replacement levels. However, the mortars mixed with medium and
high fineness POFA at 10 and 20%, respectively gave the compressive strength higher than that of
Portland cement type I mortar at the age of 180 days. The results of strength activity index of RHBA
and POFA showed that the compressive strength due to pozzolanic reaction of RHBA was higher than

that of POFA at same fineness and same cement replacement.

For concretes containing RHBA and POFA, it was found that the use of RHBA and POFA in concretes
caused delay in both initial and final setting times, depending on the fineness and level replacement of
RHBA and POFA. Concretes mixed with original RHBA and POFA had the compressive strength
lower than that of Portland cement Type I concrete and decreased as the increase of RHBA and POFA
replacement. However, concretes mixed with medium fineness of RHBA and POFA at 10% gave the

compressive strength higher than that of Portland cement Type I concrete at 90 days. In addition, the



compressive strengths of concretes mixed with 20% of high fineness RHBA and POFA were higher

than that of Portland cement Type I concrete at 7 days.

For concrete immersed in 5% of magnesium sulfate solution, it was found that the expansions of
concrete bars containing high fineness RHBA and POFA at 364 days were less than that of concrete bar
made from Portland cement Type 1. Moreover, at 40% replacement of high fineness of POFA, the

expansion was less than that of concrete bar made from Portland cement Type V.

The use of 20 and 40% of high fineness RHBA and POFA in concrete produced lower water
permeability than that of Portland cement Type I concrete. The water permeability increased with
increasing in the replacement level. In addition, the results also suggested that POFA concretes had the

water permeability lower than RHBA concretes at same percentage replacement.

For high strength concrete, it was suggested that RHBA and POFA with high fineness had high
potential and can be used as cement replacement up to 30% for making high strength concrete. The
compressive strength at 90 days of concrete containing RHBA and POFA was higher than that of high
strength concrete made from Portland cement Type I and was higher than 900 ksc. In addition, the high
strength concrete containing higher replacement level of RHBA and POFA could reduce the rate and
peak of temperature rise from the heat evolution as comparing with the high strength concrete made
from Portland cement Type I. The use of RHBA and POFA of 10-30% as a cement replacement in high

strength concrete had a slightly effect on the modulus of elasticity of concrete.

For concrete block, it was found that the suitable cement replacement of original RHBA was not more
than 20% and could increase to 35% for high fineness of RHBA. With 50% of high fineness POFA as
cement replacement (w/b of 0.75), the compressive strength of concrete block at 28 days was higher

than 400 ksc.

The overall results suggested that RHBA and POFA are good pozzolanic materials and have high
potential to be used as partial cement replacement in concrete. However, RHBA and POFA must have

high fineness so that they can have high pozzolanic activity.

Keywords : Rice Husk-Bark Ash/Palm Oil Fuel Ash / Mortar / Concrete / High Strength Concrete /
Concrete Block / Pozzolan / Setting Times / Compressive Strength / Water Permeability /

Expansion / Heat Evolution / Modulus of Elasticity
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R P Aggregate R P
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OR30 | OP30 210 90 282 | 261 832 982 0.94 | 0.87 8.5 8.0
OR40 | OP40 180 120 | 327 | 285 796 939 1.09 | 095 7.5 | 8.0
GIRI10 | GIP10| 270 30 222 | 216 902 1065 074 | 072 | 8.0 | 8.0
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GI1R30 | G1P30 210 90 225 | 219 888 1049 0.75 | 0.73 6.0 7.0
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G2R40 | G2P40 180 120 218 | 216 891 1052 0.72 | 0.72 6.0 6.0
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Mix Proportion (kg/m’)
Sample W/B Ratio
OPC Rice Husk-Bark Ash Sand Crushed Agg.
60GR50 0.60 192 192 1,150 1,150
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70GR50 0.70 192 192 1,150 1,150
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Sample W/B Ratio
OPC Palm Oil Fuel Ash Sand Crushed Agg.
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Cement Cement POFA | RHBA | FM [36]
Chemical Composition (%)

Type I Type V. | (G2P) | (G2R) | (C2F)
Silicon Dioxide (SiO,) 20.90 22.15 65.30 74.84 40.51
Aluminium Trioxide (ALO,) 4.76 3.51 2.56 0.23 21.60
Iron Oxide (Fe,0,) 3.41 5.57 1.98 0.81 12.27
Calcium Oxide (CaO) 65.41 62.43 6.42 5.91 14.80
Magnesium Oxide (MgO) 1.25 0.99 3.08 0.57 3.02
Sodium Oxide (Na,O) 0.24 0.06 0.36 0.17 0.94
Potassium Oxide (K,0) 0.35 0.17 5.72 2.00 2.99
Sulfur Trioxide (SO,) 2.71 1.07 0.47 0.47 1.75
Loss On Ignition (LOI) 0.99 1.69 10.05 11.21 1.24
Tricalcium Silicates (C,S) 62.86 51.22 - - -
Dicalcium Silicates (C,S) 12.50 24.87 - - -
Tricalcium Aluminate (C,A) 6.84 0.00 - - -
Tetracalcium Aluminoferrite (C,AF) 10.38 16.95 - - -
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Type of Normal Consistency Initial Setting Time Final Setting Time
Paste (%) (minute) (minute)
CT1 25.9 114 180
CT5 27.1 120 210
OP10 29.9 128 210
OP20 32.1 132 225
OP30 34.5 139 225
OP40 39.8 147 240

G1P10 27.3 124 195

G1P20 28.7 127 195

G1P30 30.1 131 210

G1P40 31.9 137 225

G2P10 26.6 120 180

G2P20 28.1 124 195

G2P30 29.2 130 210

G2P40 30.9 133 210
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Water-Binder Ratio — Water Requirement (%)

Samples Mortars Percent Replacement by Weight of Binder

0 10 20 30 40

Cement Type | CT1 0.67-100 - - - -

Cement Type V CTS 0.67-100 - - - -

OR 0.67-100 0.77-115 0.88-131 1.00-149 1.12-167

RHBA GIR 0.67-100 0.67-100 0.70-105 0.74-110 0.76-113

G2R 0.67-100 0.66-99 0.67-100 0.67-100 0.69-103

(0) 0.67-100 0.68-101 0.70-104 0.72-107 0.73-109

POFA G1P 0.67-100 0.66-99 0.67-100 0.68-101 0.69-103

G2P 0.67-100 0.66-99 0.67-100 0.67-100 0.68-101
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Compressive Strength (ksc) — Normalized Compressive Strength (%)

Mixes
7 days 28 days 60 days 90 days 180 days | 270 days | 360 days
CT1 333-100 | 436-100 | 499-100 | 538-100 | 534-100 | 539-100 | 545-100
CT5 286-86 441-101 | 504-101 | 542-101 | 554-104 | 558-104 | 571-105

OP10 276-83 381-87 455-91 494-92 507-95 513-95 514-94

OP20 248-74 319-73 372-75 406-76 415-78 416-77 420-77

OP30 179-54 289-66 331-66 342-64 36268 363—-67 37368

OP40 13340 193—44 250-50 264—49 26349 268-50 269—49

G1P10 318-96 411-94 486-97 535-100 | 543-102 | 552-102 | 568-104

G1P20 298-90 389-89 473-95 510-95 527-99 535-99 544-100

G1P30 249-75 352-81 443-89 473-88 487-91 494-92 501-92

G1P40 217-65 309-71 366-73 392-73 398-74 407-76 411-75

G2P10 325-98 402-92 510-102 | 546-102 | 563-105 | 577-107 | 598-110

G2P20 301-90 414-95 484-97 532-99 540-101 | 554-103 | 557-102

G2P30 283-85 394-90 456-91 501-93 516-97 527-98 531-97

G2P40 260-78 344-79 409-82 437-81 453-85 457-85 459-84
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Swveawesdsiiannyfasenles Tea
Compressive Strength (ksc) - Strength Activity Index due to Pozzolanic Reaction (%)

symbol 3 days 7 days 28 days 90 days

FRHB 40-11 57-13 105-20 144-25

MRHB 11-3 20-5 58-11 95-16

LRHB (-6)-(-2) (-5)-(-2) 12-2 44-7

FPOF 19-5 34-8 94-18 132-23

MPOF 8-2 13-3 29-5 66-11

LPOF (-2)-(-2) (-6)-(-2) (-18)-(-2) 7-1

Heme - daufiusned waﬂiwui]1ﬂé’ﬁ'i1fhuﬁywia57?(@ﬂ'izﬁm‘ﬁ'gmﬂ@inﬁuszﬁinmﬁfﬁﬁgmuﬁ

~ ¢ Yy A ) v ¢ o @ w sy oA A s oy
l]qu“]fllluﬁﬂ’]ﬂﬁ'JUﬂ'JfJLﬂ'lllﬂﬂU'LﬂﬂﬂﬂllﬂJlLaglﬂTlJTﬁllunJuﬂllllﬂﬁ@ni‘ﬂlﬁ/ﬂﬁ’lﬂuu“]fLJJUQTJWQﬁ’Ju@’JfJW§1UUﬂ

@

£ 1 o a 1< = A a aaa
VYUY Gﬁﬂummwmmuﬂumwum mmﬂmﬂﬂgmmﬂmimmu

A~ v Ao w sY JA a aan o Y aaa
MNINN 4.8 ﬂ"]fuﬂ'lﬁxiell’ﬂ\ul@iGﬂi‘ﬂlﬂﬂmﬂ‘ﬂg ﬂiﬂﬂamwu, NIDARNIVNDYNIA uazﬂgﬂimﬂaﬂcﬁam

Strength Activity Index (%) Hydration Packing Pozzolanic Reaction (%)
symbel 3-d 7-d | 28-d | 90-d | Reaction (%) | Effect (%) | 3-d 7-d | 28-d | 90-d
FRHB 93 95 102 107 80 2 11 13 20 25
MRHB 83 85 91 96 80 0 3 5 11 16
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MW 4.9 NaMIAAIvBIReUNIANHad waau-Jaen 1l (R) tazdnhaminiu )

Setting Time (hr:min)

Mixes W/B Slump (cm)
Initial Final
R P R P R P R P R P
CT1 0.70 6.5 4:10 6:30
CT5 0.70 6.5 6:00 8:45
OR10 | OPI10 0.75 0.72 6.0 6.5 4:35 4:40 7:30 7:30
OR20 | OP20 0.81 0.77 8.0 6.0 4:40 5:00 8:50 8:30
OR30 | OP30 0.94 0.87 8.5 8.0 5:25 5:50 11:30 10:30
OR40 | OP40 1.09 0.95 7.5 8.0 6:30 6:50 13:50 12:20
GIR10 | GIP10 0.74 0.72 8.0 8.0 4:20 4:35 6:35 6:40
GI1R20 | G1P20 0.74 0.73 7.0 7.5 4:25 4:40 6:40 7:05
G1R30 | G1P30 0.75 0.73 6.0 7.0 4:30 4:55 6:55 7:25
G1R40 | G1P40 0.77 0.74 5.5 7.0 4:40 5:10 7:20 7:45
G2R10 | G2P10 0.69 0.68 5.5 5.5 4:10 4:25 6:30 6:35
G2R20 | G2P20 0.71 0.70 5.5 6.0 4:15 4:35 6:35 7:00
G2R30 | G2P30 0.71 0.71 5.5 6.0 4:25 4:50 6:50 7:25
G2R40 | G2P40 0.72 0.72 6.0 6.0 4:35 5:10 7:00 7:40




63

4.8 MAIDAVDINDUNIN

o YV W = d' = = J y FY A t4
4.8.1 mmaﬂﬁumﬂauﬂmﬂamu‘nﬂumauummmmunau-aﬂaan‘lu

U

nanmsnadoumaeavesnounianndukan Iduaas 13 luarsei 4.10 Tastimsaiuquainis

LY YA ] 1 =3 d' = a 9 oy 1 =)
qmﬂmmagszmw 509 10 . iiefAny1UTuaaNuasIm s luaunguvosnounsa

d' o v w = d' 9 A 9
f1319N 4.10 ﬂ?ﬁ\iﬁ]ﬂﬂl@\‘lﬂ@ﬂﬂiﬁ'ﬂWﬁmﬂ%&ﬂﬁﬂ-kﬂﬁﬂﬂulll

Compressive Strength (ksc) — Normalized Compressive Strength (%)

Samples
7 days 14 days 28 days 60 days 90 days 180 days
CT1 235-100 280100 319-100 362 - 100 371 -100 385-100
CT5 18077 252 -90 316 - 99 673 -103 394 - 106 415-108
OR10 176 - 75 224 - 80 257-81 301-83 321-87 333-86
OR20 146 — 62 173 - 62 211 - 66 257-71 271-73 27270
OR30 101 -43 135-48 161 -50 170 — 47 177 - 48 177 — 46
OR40 62—27 81-29 104 -33 121-34 133 -36 133 -35
GI1R10 23098 275 - 98 315-99 360 — 99 383 -103 417 -108
G1R20 217-92 259 -93 284 -89 322-89 333-90 334-87
G1R30 165—-70 200-71 228 - 71 26172 26772 268 — 70
G1R40 141 - 60 176 — 63 209 — 66 229 - 63 235-63 236 - 61
G2R10 254 - 108 301108 345108 409 — 113 451122 468 — 122
G2R20 259-110 307 — 109 348 — 109 390 — 108 403 — 109 425-110
G2R30 22094 262 — 94 296 — 93 339-94 348 - 94 350 - 91
G2R40 191 - 81 233 -83 274 - 86 303 -84 315-85 320-83
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A o v w Y o v w o A Y J :l Y
MINN4.11 MaeoauazssgazmMaseaveInaunsanNaun1hauiguy

Sarmol Stump Compressive Strength (ksc)-Normalized Compressive Strength (%)
ples W/B
(cm.) 7 days 14 days | 28 days | 60days | 90days | 180 days
CT1 0.70 6.5 |[235-1001280-100|319—-100(362—100(371—100|385—-100
CT5 0.70 6.5 183—-78 | 252—-90 | 316 —99 (373 - 103|394 —106|415— 108
OPI10 0.72 6.5 175-74 | 214-76 | 24577 | 281 —78 | 292—-79 | 308 — 80
OP20 0.77 6.0 150—64 | 185-66 | 212—66 | 247 —68 | 255—69 | 266 — 69
OP30 0.87 8.0 108 —46 | 127—-45 | 150—-47 | 174—48 | 18851 | 193-50
OP40 0.95 8.0 54-23 | 76—-27 | 99-31 | 108—30 | 115—-31 | 118—-31
G1P10 0.72 8.0 224-95 | 264—-94 | 301 -94 | 35097 [376 — 101 | 390 — 101
G1P20 0.73 7.5 191 -81 | 22681 | 26984 | 316—87 | 334—90 | 347—90
G1P30 0.73 7.0 17273 1 209—-74 | 238—75 | 285—-79 [ 295-80 | 302-78
G1P40 0.74 7.0 155-66 | 18767 | 22671 | 26774 | 27073 | 27772
G2P10 0.68 55 |239-102(285-102(319-100(374—103|390—105|400— 104
G2P20 0.70 6.0 230-98 | 275-98 | 31699 [370— 102|386 — 104 | 395 — 103
G2P30 0.71 6.0 209 -89 | 248 - 88 | 301 —94 | 35698 | 368—99 | 376 —98
G2P40 0.72 6.0 182—-77 | 237-85 | 275-86 | 31788 | 322-87 | 330- 86
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