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Abstract: The sand cement blocks have been used in manyrisunt the world including Sri Lanka over a
long period and it plays a major role in the builgliand construction industry. However, in ordemiake the
indoor environment of the building as thermally dortable as well as for achieving high structural
performances, it is useful to use an alternativeerniad to make blocks and bricks.

Rice Husk Ash (RHA) is a by-product obtained frohe tcombustion of rice husk which consists of non-
crystalline silicon dioxide RHA having pozzolanicoperties would reduce the demand of Portland cémen
whose cost has risen in Sri Lanka. The paper fcos the study of structural characterisaind thermal
performance of Rice Husk Ash (RHA) based sand o¢nidocks through an experimental investigation

Strength characteristics of the blocks were ingaséid by conducting laboratory experiments. Thetmelhvior

of the block was investigated by comparing the ataon of indoor temperatures in two model houses
constructed with the sand cement blocks and Risk Agh (RHA) based sand cement blocks. It was fabatl
the optimum compressive strength of RHA based césemd block is achieved at 5% replacement leved T
RHA based sand cement block make indoor environmeare thermally comfortable than the sand cement
block.

1. INTRODUCTION

Different types of bricks and blocks are used ifiding construction in Sri Lanka and also in other
countries. They are generally used for load bearmgl non load bearing walls. Structural
performances and thermal comfortable are mainlysicened when masonry units are used for
constructing walls. Blocks should absorb the heahé day time and slowly releasing it in the night
time, to ensure internal temperatures are considteing the day time and the night time.

Block units absorb water due to their porous natlire volume of water absorbed is an indication of
the pore volume which depends on the interstitrehragement of the particles of the constituent
material at micro level. In using blocks for exw@rmvall in humid climate, the density and water
resistant ability of the blocks must be considaredrder to minimize penetration of moisture omrai
water into the interior of the building. Similarlwhen block work is to be constructed as canals for
drainage, blocks to be used must have a very lduevaf water absorption coefficient and hence,
highly impermeable. Damp penetration weakens thelsl and block work can collapse. [1]

Sri Lanka is a tropical country where warm humitinelte conditions prevail and the occurrence of
hot discomfort is felt within the built environmedhtiring the day time [2]. Many building designars i
this region have ignored the climate in their walhstruction probably because they adopt same old
traditional methods in their house constructione Hifference in indoor thermal comfort levels can
significantly affect the running cost of the buildi The use of fans and air conditioners, whicll lea
to higher electrical consumption, can be reduceth Wwigher indoor thermal comfort rice husk ash
blocks comprise of natural sand, water and binder.

This research study has concentrated only the samant blocks production. Sand cement blocks
containing mixture of sand, cement and water asal wextensively in many countries of the world
especially in Sri Lanka. As the cost of cemenhi@éasing significantly in these days, this rege#sc
carried out to replace the cement with Rice Husk f/8HA) by getting a satisfactory strength level
and thermally comfortable for sand cement blocliscé&the Sri Lanka is a developing country, the
block which is made with RHA is better to use iwloost building construction. Also the open air
burning of RHA makes pollution to the environmeht.is easy to get RHA for rice producing
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countries. Therefore replacing cement with RHA dolé economically counterproductive for local
sand cement block manufactures at the same tireayrtth cost of making block can be reduced. Well
graded fine materials of RHA will fill the voids a@rhigh compressive strength can be expected than
currently using sand cement block as well as wighlow water absorption properties.

In practice, the type of ash varies considerabbosting to the burning technique. The silica in the
ash undergoes structural transformations dependinghe conditions (time, temperature etc) of
combustion. At 550°C — 800°C amorphous ash is fdrraed at temperatures greater than this,
crystalline ash is formed. These types of silicaehdifferent properties and it is important to prod
ash of the correct specification for the particead use [3].

Open burning and oven burning can be used for ginduhe rice husk ash (RHA) and it cannot be
suitable temperature for producing rice husk asimimpen burning, also lot of unburnt carbon aan b
exist in the rice husk ash. Even though, tempesatan be controlled in oven burning less amount of
rice husk ash can be produced with long time coirsginidence it also not economical for producing
the rice husks ash. Local brick burning place wdsteof amount of rice husk ash than above
methods. Temperature can’'t be controlled and lamg fburning is occurred. It may be economical
and advantage if they use for manufacturing sameeoé block with suitable compressive strength.
Therefore this study investigates effect of pdstiaéplacing cement with the RHA mainly on the
structural and thermal performances in the manufaatf masonry blocks.

2. OBJECTIVES

This research was carried out with the followingmabjectives;

» To investigate the utilization of locally producRice Husk Ash (RHA)

» To investigate an optimum proportion of the RiceskllAsh (RHA) with satisfactory level of
compressive strength.

» To find the Water absorption properties of the Rbi¥sed cement-sand block.

» To find the thermal performances of the block.

3. METHODOLOGY

3.1 Materials

For the purpose of this research Rice Husk Ash (RWas selected from the Kiln and sieve analysis
was carried out so as to determine the particke digtribution. Particle size of 150um RHA retained

(Sample 1), 75um RHA retained (Sample 2) and 75assipg (Sample 3) were selected for the study
(Figures 3.1 and 3.2).

3.2 Manufacturing of Blocks

First, the RHA was mixed with the cement and thenrhortar was prepared as usual. Solid masonry
block having the size of 360mmx100mmx170mm were wéth the mix proportion of 1:6 cement-
sand by using local block manufacturing machine iMater-cement ratio was controlled to 0.64.

Characteristics of RHA based sand cement blockmaix different RHA contents (5%, 10%, 15%,

20%, 25% and 30%) have been examined so as totigaes RHA used as partial replacement of
cement. The RHA based sand cement block was mantgdowith Samples 1, 2 and 3 to investigate
the compressive strength of blocks (Figure 3.3Z4)
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3.3 Compressive Strength

The compressive strength was investigated witHaberatory experiment by using crushing machine
as shown in Figure 3.5. Three samples were tefsteegach replacement level at 28 days and
averaged. The strength characteristics of RHA baaed cement blocks were compared with the 0%
of RHA content cement sand bock (Control block)helock with replacement level which gives
optimum compressive strength was selected for tigagfon of thermal performance.

3.4 Water Absorption

Water absorption test was carried out to identifig apecify the water absorption properties of

developed RHA based sand cement block (Figure B .blocks manufactured with Samples land 2

only used to test the water absorption.

Three samples of both sand cement blocks and dme@&lRHA based sand cement blocks were used
for water absorption test. First, the blocks weeptkin an oven at a temperature of 100-105 °C, for
the time period of 24 hours and the dry weightshef blocks were measured. Then the same blocks
were immersed in water for the time period of 24iflscand the wet weights were measured. Water
absorption of individual sample blocks was detegdiand the average values were computed.

3.5 Thermal Performances

To ensure the thermal property of RHA, two modealides were constructed, one from sand cement
blocks and the other from the blocks manufacturétl the Rice Husk Ash (RHA) (Figures 3.7(a)
and (b)). All four walls of model houses were comsted with those blocks to explore the thermal
properties. The size of the both model houses isx1Im x 1m. For both model houses, cement-
corrugated sheets were used for roofing and therslavere cemented. Identical conditions (i.e.
Building sizes, roof and floor materials, Buildilngientation and size and orientation of openings)
were provided for both model houses except the wallerial. The mortar mix having 1.5 cement:
sand was used to construct the walls of the moolesds. Opening size is 500 mm x 900mm and the
plywood sheets were used for doors.

Temperatures were measured throughout a day (24sHouJune to monitor the thermal behavior of
both sand cement block and RHA based sand cemeck.bThe weather condition on this particular
day was sunny day. Outdoor air temperature, Indaiortemperature, outdoor block surface
temperature and Indoor block surface temperaturee weeasured for 15 minutes interval. Air
temperature was measured by using a hygrometethantslock surface temperature was measured by
using a digital thermometer

4. RESULTS

4.1 Chemical Composition of RHA

The Figure 4.1 shows the chemical compositioriad husk ash which collected from the kiln. The
total percentage composition of iron oxide B&1.56%), Silicon dioxide (Si&91.75%) and
Aluminium Oxide (ALOs=2.07%) was found to be 95.38%.

4.2 Compressive Strength
The average 28 days compressive strength of bloeksufactured with different RHA (Sample 2)
replacement level is shown in Table 4.1

The variation of average 28 days compressive dinen§ blocks with RHA content for blocks
manufactured with Sample 2 is shown in Figure %tz optimum compressive strength was obtained
at 5% RHA replacement level and it complies witle tminimum standard value of 2.8 N/fhm
according to BS 6073: Part 2: 1981 [4]. And alse Wariation of compressive strength with % of
RHA for Sample 1, Sample 2 and Sample 3 at 28 dagisown in Figure 4.3.
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4.3 Water Absorption
The average water absorption of blocks manufacturigld different RHA (Sample 2) replacement
level is shown in Table 4.2

Table 4.1:Compressive strength of blocks Table 4.2:The Water absorption of
manufactured with Sample Blocks
Block Type Average Compressive Type of Blocks Average Water
(Percentage of RHA) Strength (N/mmf) (Percentage of RHA)|  Absorption (%)
0% RHA 2.486 0% RHA 14.255
5% RHA 2.928 5% RHA 16.583
10% RHA 1.776 10% RHA 17.499
15% RHA 1.933 15% RHA 21.788
20% RHA 1.979
25% RHA 1.491
30% RHA 1.323

The results show that the water absorption inceasth the percentage of RHA content for blocks
developed with Sample 2. But the acceptable vaue% for masonry blocks according to BS 5628:
Part 1: 2005 [5]. And the value obtained is gre#itan the acceptable value. Also the variation of
water absorption with % of RHA for Sample land sknZpis shown in Figure 4.4.

4.4 Thermal Performances

The variation of indoor air temperature with tinee both model houses is shown in Figure 4.5. The
results clearly show that, the indoor temperaturemodel house which was constructed with

manufactured RHA (at 5% replacement level) based s@ment block is lower than that model

house which was constructed with sand cement Hiarcthe time period of 9 a.m. to 12 a.m. and in

the night time from 1 a.m. to 8 a.m. For the rdsthe period of the day, the indoor temperature of
model house which was constructed with manufactirEd (at 5% replacement level) based sand
cement block is almost same as the model houséhwds constructed with sand cement block.

The difference in outdoor surface temperature addar surface temperature for both model houses
were compared in Figure 4.6. The results showhbateen 10.30 am to 2.00 pm the (outside- inside)
surface temperature is greater for RHA based sangtot block than the sand cement block. And for
the remaining time period of the day the fluctuasioeduce for both model houses and almost the
same temperature was observed.

5. DISCUSSION

5.1 Structural Performances

Compressive strength of RHA based sand cement biarkase at 5% RHA (Table 4.1). It is the
17% development of the compressive strength comgdi®o RHA. This may be due to pozzolanic
reaction of RHA. Hydration of cement increasesPhealue of the water. Under high' Ralue SiQ

in the mix dissolves. The hydrous silica reactshv@&" and produce insoluble compounds (CSH)
called secondary cementitous products. With thengunsoluble compounds produce harden for the
mixture. This may contribute to increase the comsgike strength of the RHA based sand cement
block at 5% RHA content. Further addition of RHAIsas decrease in compressive strength.

The chemical reaction involves fixing of Ca(QH liquid phase from the hydrating cement with the
silica in the pozzolana. For lower percentage ptgent in such as 5% the silica from the pozzolana
is in required amount. This aids the hydration psscproducing with high compressive strength. For
higher replacement level such as 10%, 15%, 20%, &&88@0%, the amount of Rice Husk Ash in the
mix is higher than required to combine with theefited calcium hydroxide in the course of the
hydration. The excess silica substitute part ofdbmentitious materials and consequently causing a
reduction in strength.
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However the water absorption results show the denable water absorbent behavior has to the rice
husk ash and also it is expected that the porasityases with addition of RHA. Also as the RHA
collected from the Brick Kiln, it may consist ofetburnt clay particle and it would also absorb some
amount of water.

5.2 Thermal Performances

The temperature variation shows (Figure 4.5) that RHA based sand cement blocks have a
significant thermal performance than the sand cémieack. This shows that for a high thermal mass
material, it should have the ability to absorb lieat at day time and release the absorbed heigfrait n
time. Also the results showed that the maximum @ndemperature difference between two model
houses is 2 °C and it was experienced at 1.00pm.

At the beginning of the late night, it is seemstttiee RHA based sand cement blocks started to
release the heat, which was stored at day timeyiagsthe high thermal mass performance. This
behaviour causes to maintain an approximately eobgemperature, around the optimum, in the
indoor environment, while sand cement block mamtaslightly lower temperature at night time and

higher temperature in day time compared to thenopt.

6. CONCLUSIONS

The rice husk ash wasted from brick burning placpdzzolonic and therefore is suitable for use in
manufacturing masonry blocks. Also the RHA baseddsaement blocks can make indoor
environments more thermally comfortable than thedseement blocks with the satisfactory level of
strength and the RHA based sand cement block is sndable for internal wall as it has considerable
water absorbent behavior.
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Figure 3.1 Brick Kiln Figure 3.2 Collected RHA Samp Figure 3.3 RHA based cement-sand blocks

Figure 3.4 Local block manufactur Figure 3.5 Compressive Strength  Figure 3.6 Weighing Balance
machine Testinc

Figure 3.7(a) Model House Figure 3.7(b) Model House
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Figure 4.1: The Chemical Composition of RHA
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