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ABSTRACT

After aluminium and steel, portland cement is the most energy-intensive product
and efforts are being made 1o find cement replacement material, The use of Rice
husk ash offers one such possibility. Due to growing environmental concerns and
the need to conserve energy and resources, efforts have been made to burn the rice
husk ot n comrolled tempersture and atmosphere, and to utilise the ash so
produced as a supplemeniary cementing material Rice husk ash, being available
a5 o waste product, is very cheap in comparison to cement. It is expected that if
replacement of a certain portion of cement with indigenously produced Rice husk
ash does not adversely change the strength and durability of concrete, it would be
cost effective, In the present study, investigation was carried out using Rice husk
ash as cement replacement of (%%, 5%, [0% and 15% with both brick- and stone-
chips as coarse aggregates. Mix proportions of both 1:1.5:3 and 1:2:4 by volume
were adopted. In some of the samples superplasticizer was used 1o have slightly
higher sirengths and more workability. Strength properties of concrete produced
by using rice husk ash as a supplementy cementing material have been
compared with their plain concrete counterpart, Results from tests on about 300
eylinders al different ages hove shown that unrelined rice husk ash has a moderate
potential of economically producing good quality conerete.
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INTRODUCTION

Rice husk, an agricultural waste, constitules about one-filth of the 300 million
melric tons of rice produced annually in the world. This requires a storage space
ol well over 600 million cubic meters. Because of their poor nutritive and high
silica content, rise husks are not suitable for animal fodder and are considered as
an agricultural waste. Rice husk ash (RHA) having a low bulk density and an
abrasive charaeter, also poses some disposal problems. On the other hand, due 10
high silica content, rice husk ash has been regarded as a cementitious material in
miaking concrete. In developing countries, where rice husk is abundant. the use of
RHA can help in partinlly solving the scarcity of cement, relieve the disposal
problem and at the same time meet the demand for low enst materials,

Many efforts have been made 1o produce good quality ashes. Mehta [1] obtained
patents on his discovery that active RHA could be produced by maintaining the
combustion |L'II'|1.*-L‘1‘.‘]HI|:I! for |".|n1|m|grq| rh;"run_! |_'!||:||_'|1.\.- i IHHE_' und el l'!-‘l:i-l.ljﬂl'lﬂ.
condition or, alternatively. combustion temperature upto about 680°C may be
used provided the hold time 15 short, viz.. less than | min.  Along with the
production of good quality wshes, an efficient grinding process is essential for an
RHA cement industry of any scale. In view of effective utilisation of active RHA,
i1 48 essentinl that it is made on & mass scale and economically. The most simple
and inexpensive way to mass-produce RHA would be to burn rice husks in open
air without using sophisticated equipment or high capital investment.

Swamy [2] contains a detailed account of various studies on cement replacement
materials. The objective of this research (see Sultana [3) for details) is 1o gain
information on the utilisation of RHA as a supplementary cementing materinl,
The effect of the percentage of RHA, as a material replacing part of cement
content, on the strength of concrete was investigated. In the local rice mills of
Bangladesh. rice husk is used as a fuel, The ash that is left has been used in the
present study without treatment. This was done in order to find out the suitability
of indigenously produced RHA as a possible cement replacement materinl,

EXPERIMENTAL PROGRAM

In this study, mix proportien (hy volume) of 1:1.5:3 (Cement:FA:CA) and 1:2:4
were adopted. Apart from using both brick- and stone-chips ns conrse aggregates,
the ameunt of RHA as a cemem replacement material was varied, Mixes with
lower water/binder ratio but incorporating superplasticizer and RHA were also
tried. A test programme of casting about 300 eylinders having 150 mm x 300 mm
size, forming 32 batches of different mixes, were undertaken. The proportions of
vamous ingredients of conerete mixes are summarised in Toble 1. All the mixes
had a waterbinder ratio of 0.45 when superplasticizer is not added.
Superplasticizer was used 1o adjust the flow of paste, slump of concrete and 10
compare the effect ol superplasticizer on plain concrete and RHA concrete
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Table 1: Mix proportions of conerete

Canditinng Fa A Water | 5P [ e ol RHA | Cement | Cylinder
cement number
replnced

11 (LN () | (ml) | by RHA ith.} (LLiN]

ARk = Brick 947 | 142.3 | 260 L 0% m R0 1-9
Mix prop = 1:1.5:3 (5 1.9 5510 =119
WC+RHA) = 0,45 10%% 54 2.1 =29

SPiBinder =0 15% 8.7 4.3 -3

Apy=Stene Hla 12 LS L ) an 5.3 =49

Mix prop = 1:1.5:3 A% L A4 S50
WIC+RMA) = 0,45 l 1014 11 470 -G
SPilinder =i 15% 1.8 [ Tib=T8
Agp=Hrick 848 | 1267 | 174 | 0 [ [} 384 HiBH |
Min prop = 1:20d b (A ] LA Bi-57
WIC+HHA )= 045 1% 39 0 8- 107
S Rinder = 0} 15% L5 AL 107-4 15

Agg = Brick 80.9 [ 12000 16.3 | 671 0% 0.0 49,1 106-124
Mis prop = 111583 5% L8 din 125103
WHC+RHA) = 1L.43 1% 4.9 44 134-142

S Bindor = 0,03 155 T4 1.0 145-151

Agp = Stene 873 | 1816 18.00 ] 0% 0.0 300 152-139

Mix prog = 1:3:4 £ 10 35 [T
WHCHRHA) = D45 5 4.0 350 169177
L SP/minder=i 185 ] AL0 17H- | B4

Agg = Stone B33 | 1743 | 1TE | dan 1% [iXT] SILA 187-195
Mix prop = 11,53 Ry 1.8 483 196- 1004
WHCHRHA) =035 10% 51 457 05-113

S Hinder = 0,03 18% et ] 433 214-222

Agp = Arick L 13004 14.0 isz LS LK) 0.9 123-231

Mix prop = 1124 5% 0 | ATA 132240
WHC+RHA) =035 10 4.4 59 241-240

| SP/Binder = 0,02 15% il 140 180258
Agg = Stane BaE | p472 | 13 | 352 % i) I8N 150.267

Mix prop = 1:2:4 5% 1.9 hLY. ] 168-176
WHCHIHA) = 0,35 10%% 39 349 177-185
S Hinder = 002 15% 5.4 319 1K6-294

Preparation of conerete specimens

For the determination of compressive strength of concrete cylinders were cast in
two layers and compacted by vibeator following ASTM specifications, Al leasi
nine evlinders were cast from each of the mixes. for testing at 7-, 28- and 60-days,
three eylinders for each test date. Mixing of concrete was performed using a
mixing machine. The specimens were lefi in the moulds in the casting room al 20
+ 3°C for 24 hours then demoulded and cured i water continuously until the
compression lests were performed

Testing

Sulphur mortar wos used as capping material. The sulphur mortar was prepared
by heating it to about 130°C and then was poured into lightly ciled steel capping
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plates. The eylinders were set into the sulphur in such a way that the caps ended
up being 6 mm thick and were aligned so that the deviation of each cap from the
perpendicular with the axis of the specimen was less than 0.5°, Both the top and
bottom ends of cach of the cylinders were provided with Sulphur capping. The
whole aperation was conducted in accordance with ASTM guideline, Before
crushing, the diameter of each cylinder was recorded and the test was carried out
in Universal Testing Machine according to relevant ASTM specifications,

Materials

Rice husk ash was collected from a rice mill in Savar near Dhaka city. The rice
husk was burnt by farmers without using any sophisticated, or highly mechanised
instrument and without maintaining a constant burning temperature. The ash
which was found in the field was directly used in this investigation without afny
refinement. Ordinary Portlund cement, Type 1, of unit weight 90.3 Ib/cft and
specific gravity 3.15 was used. Strength of 100 mm x 100 mm x 100 mm cubes
made from cement mortar as per ASTM standard was tested at 3, 7 and 28 days
and the average compressive strength at these days were 28, 37 and 43 MPa,
respectively. Sylhet sand of bulk specific gravity 2.77 (S8D), 2.73 (0D, bulk unit
weight 98.8 pel and fineness modulus of 2.42 was used. Stone chips of unit
weight of 103.3 pef & fineness modulus 6,98 was used. Agaan, brick chips of bulk
specific gravity 1.92 (85D), 1.53 (OD). unit weight 73.8 pef and fineness
moddulus 703 was used. Sikament 280 (M), high range water reducing concrete
admixture, which is a highly effective dual action liquid plasticizer for the
production of free Nlowing concrete or as a substantial water reducing ageni for
promoting high carly and ultimate strengths has been used. This reduces water by
20% and 28 days compressive strength is increased by 30%.

RESULTS AND DISCUSSION
The findings of evlinder test results al 7-, 28- and 60-days are os follows;

At mix proportion of 1:1.5:3 compressive strength of brick aggregate concrete al
% RHA has been found to be higher than that of the stone aggrepate concrete al
7 duys, 28 doys and 2 months, The strengths elther remnined similor or increased
slightly for RHA up to 5%. It showed a sudden decrense bevond 5% for brick
Aggregate concrete, as shown in Figs. 1, 2 and 3. This is due to the fact that wic
ratio remaining constant, concrete with 10%:-15% RHA becomes quite dry and
that the workability and consistency of the concrele were adversely affected,

In the case of stone aggregate concrete, at mix proportion of 1:1.5:3, strength
mercased ot all ages for up to 10% RHA. but bevond that a decline in strength, as
shown in Figs. 1, 2 and 3, has been observed, As stone ahsorbs less water than
Brick, it makes concrete less dry {more workable) than brick appregate concrete
and shows increase in strength up to 10% of RHA, whereas such increases in
brick aggregate concrete can be seen for RHA up 10 5%, Water-binder ratio,
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WHC+RHA), was |-Cl.’j1r constant with the main purpose aof comparing t.l:'u,-|',-n'1|',-.
between plain concrete and concrete incorporating RHA
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Fig. I: Compressive strength (7 davs) vs, % RHA at mix proportion of
1:11.5:3 and wiie+RHA) = 0.45
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Fig. 2: Compressive strength (28 davs) vs, %% RILA at mix proportion of
1153 and w/ic+RHA) = 0L,45
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Fig. 3: Compressive strength (2 months) vs, % RHA at mix proportion of
1153 and w/{e+RHA) = .45
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At mix proportion of 1:2:4 strength gain at 7 days, 28 days & 2 months has been
found to be higher for stone apgregate concrete than that for brick aggregate
conerete with no RHA as shown in Flgs. 4, 5 and 6. Although strength increases
with 5% RHA. bevond that there is a sudden decrease in strength, in the case of
stone apgprepate concrete. However, for brick aggregate concrete, strength
incrensed upto 0% of RHA and the e of decrense in swrength bevond 10%
RHA was less than its brick aggregate counferpart. At mix proportion of 1:2:4
concrete becomes comparatively much drier than the mix of 1;1.5:3,
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Fig. 4: Compressive strength (7 days) vs, % RHA at mix propertion of 1:2:4

and wi{cFRHA) = 0,45
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Fig. 5: Compressive strength (28 days) vs. % RHA at mix proportion of
1224 and wijetRHA) = (.45

AL mix proportion ol 1:2:4 strength increases due to addition of RHA up to 10%,
bt bevond that strength decrenses rapidly in both the cases of brick- and stone-
agpregaie concrete having super plasticizer (SP). For brick aggregate concrete,
strength incrensed by 32% at 7 days, 61% at 28 days and 95% at 2 months when
cement wits replaced from 0% to 10% by RHA as shown in Figs. 7, 8 and 9. For
slone agprepnle strength decreased by 4.8% at 7 days, increased by 5.4% at 28
clays aned deerensed 2.2% ot 2 months as cement was replaced by 0% to 10% by
RHA (see Figs. 7. § and 9),
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Fig. 6: Compressive strength (2 months) vs, % RHA at mix proporiion of
1:2:4 and wiic+RHA) = 0,45
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Fig. 7: Compressive strength (7 days) vs, %% RHA at mix proportion of 1:2:4
SPibinder = 0L02 and w/{c+RHA) = 0,35
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Fig. 8: Compressive strenpth (28 days) vs. % RHA at mix propurtion of
1:2:4, SP/binder = 0,02 and wi(e+RHA) = 0.35
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Fig, % Compressive strength (2 months) vs, % RHA at mix proportion of
1:2:4, SP/binder = (.02 and w/ictRRHA) = 0,35

It has been found that conecrete with 15% RHA, at mix proportion of 1:1.5:3, and
5P to binder ratio of 0.02, compressive strength either increases or remains
virlually similar, Such curves for stone aggregate concrete are shown in Fig. 10,
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Fig. 10{a): Compressive strength (7 days) vs. % of RHA at mix proportion
of T:1.5:3, SF/hinder = 0,02, w/ictRILA) = 0,35 and stone aggregote
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Fig. 10{h): Compressive strength (28 davs) ve. %% of RHA st mix proportion
of 1:1.5:3, 5P/'hinder = 0002, wiictRHA) = 0L.35 and stone aggrezate
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From the plot of compressive strength against age, it is evident that at mix
proportion of 1:1.5:3, both brick- and Slone-aggregate concrete, with up to 10%
RHA, show higher strength at 7 days, 28 days and 2 months, in comparison to
plain conerete without RHA as shown in Figs. 11 and 12,
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Fig. 11: Compressive strength vs, ARE at mix proportion of 1:1.5:3,
wile+RHA) = 0,45, SP/binder = 0 and brick aggregale
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Fig. 12: Compressive strength vs, ape ot mix proportion of 1:1.5:3,
wile+RHA) = 0.45, SP/binder = 0 and stone aggregate

At mix proportion of 1:2:4, brick aggregate concrete shows higher strength ar 59
to 10% RHA, but for stone agprepate concrete it is true for RHA of 5% only.
Again, strength at 15% RHA is much lower than that of plain concrete as concrete
almost looses its workability (see Fig. 13 and [4).

Due to the addition of super plasticizer at mix proportion of 1:1,5:3, bath brick-
and stone-aggregate concrete with 15% RHA show higher sirength with age than
that of plain concrete, However, for concrote up o 100 RHA but with the same
superplasticizer to binder ratio, concrete had very high slumps and also vielded
lower strengths, as can be seen in Figs. 15 and 16,
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Fig. 13: Compressive strength vs, age at mix proportion of 1:2:4, wie+RHA)
=145 SP/hinder = 0 and brick aggregate
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Fig. 14 Compressive strength v, age af mix proportion of 1:2:4, w/e+RHA)
= 0.45 SP/binder = 0 and stone aggregate
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Fig. 15: Compressive strength vs. age at mix proportion of 1:1.5:3,
wiet RIHA) = 035, SPfhinder = 0,03 and brick aggregate
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Fig. 16: Compressive strength vs, age at mix proportion of 1:1.5:3,
wiie+RHA) = 0,35 SP/binder = 0,02 and stone aggregate

At mix proportion of 1:2:4 with super plasticizer both for brick and stone
aggregate, rate of increase in strength with age is higher for 10% RHA concrete
than for plain conerete. Brick nggregate conerete of 5% and 15% RHA showed
slight increase in strength with age than for plain concrete but stone aggregate
concrete shows lower strength at 5% and 15% RHA concrete (see Figs. 17 and
18).
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Fig. 17: Compressive strength vs. age at mix proportion of 1:2:4,
wie+RHA) = 0,35 SP/binder = 0.02 and brick aggregate

CONCLUSION

The extensive labaratory test data indicate that the indigenously produced RHA,
the production process of which does not involve any treatment, grinding and
temperature control, may be suitably used as a cement replacement material in the
production of conerete. The optimum amount lies in the range of 5 10 10 percent
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of the wtal cementitious content within the limitations that constant water-hinder
rilio is to be maintained for all percentages of cement replacement by RHA.
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Fig, 18: Compressive strength v, age at mix proportion of 1:2:4,
wiie+RHA) = 0.35 SP/binder = 0,02 and stone aggregate

The limited study reported here shows that such a replacement of cement, which
is quite expensive in developing countries like Bangladesh, by RHA, which is
abundantly available ol no cost, may lead 1o cost reduction of structural concrete
members using both stone chips and (light weight) brick chips as coarse
aggregates. Addition of super plasticizer allowed the use of lower water-binder
ratio and increase in the compressive strengih. It is apparent that in the majority of
the cases studied, 15% of cement could be replaced by RHA, for both stone- and
brick-aggrepate concrete, and vet satisfactory strength values could be obtained
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FPS TO 851 CONVERSION FACTORS

To convert To Multiply by
Pound (1b.) kg 04536

c F 1.8

Inch em 2.54

Founds per cubic feet (pef) MNewton per cubic meter 156,84
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