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ABSTRACT

In this feasibility study, experimental works with varied water ratio on varied
Microwave Incinerator Rice Husk Ash (MIRHA) content as partial cement
replacement were investigated. Binder sand ratio of 1:3 and 1:4, and replacement of
MIRHA content: 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40% and 45% were studied.
Only two water ratios of 0.5 and 0.55 were used respectively. Several tests were
conducted namely compressive strength at 7, 28, and 60 days, water absorption,
Intial Rate of Suction (IRS). The compressive strength ranged from 10 MPa to 45
MPa from 7 to 60 days. In general, water absorption and IRS were found to be
proportionally inversed with the strength. Highest compressive strength was obtained
from binder sand ratio of 1:3 at water ratio of 0.5 for 15% MIRHA replacement at 60
days. Whilst, lowest compressive strength of 12MPa was obtained from binder sand
ratio of 1:4 at water ratio of 0.55 for 45% MIRHA replacement at 60 days.



ACKNOWLEDGEMENTS

Firstly, I am grateful to the Creator for giving me this opportunity to accomplish my
final year project without much delay. 1 am also thankful to Universiti Teknologi
PETRONAS, especially department of civit in Construction and Structure Engineering, for
providing a platform for me to experience hands on working to handle the project in the
laboratory. I would also wish to extend my appreciation to my supervisor, Mr. Kalaikumar,
for his valuable guidance, assistance and continuous support in making my final prbject is

one of the valuable experiences.

Secondly, 1 want to thank the technician in environmental engineering lab especially
Mr. Johan and Mr. Hafiz for his gnidance and advice during my experimental works. Apart
from that, I would like to thank the technician from geotechnical department especially to
Kak Ema for her guidance in the lab

I wish to thank ail fellow members who directly and indirectly making my final
project here a memorable one and enlightening me in many ways, may it be life experiences,
knowledge or personal thoughts, namely Ms. Najlaa Liyana Binti Abdul Kadi, Mr, Lai Chin
Leong and Mr. Muhd Hafiz Bin Mohamad.

Last but not least, I would like to thank my family members and those who I not

mention directly and indirectly for their encouragement during the project.



Table of Contents

S LE i T OO OSSOSO i
A CKNOWIEAEINEIES. 1. viisisisisciiicsininrn et ss s e ts s st sse b e srede s st et e bkt e st atedsadsas st st asan ii
TADIE OF CONMEMIL. ......eeereccnceir ettt tens et st st et s se s e asse e o snn st sasae et ssanensassanarasenns iii
ASEOT FIGUIC. ... eeritecestre et ses e e emat et pasnes st s s s s st es 4 ea et e b et S b st e s s enasebenaseseassnbnbensoras v
ASEOE TADIE ...ttt sn st ban s ssebed s e b s st et s e b bata s ar e nasebeatabe st tanns vi
"HAPTER 1: INTRODUCGTEON.........cooterieiecrisnsssrstereasrssssas s e ssasssiessssssnassssnsssonessanssasasassessmens 1
d BACKEIOUN.......ooeeceeieeceirs it ser e ieaesesanesessseacessssess s bt s amsnsanas st erassssnsesersas st asenssrensassssan 1
2 Problem Statement......coiviieirriierrerenr vt et a e e raas e sre b e e bR b 2
3 Objectives and Scope 0f WOTK........coocriieiriniec et rese e s e sasssestasassnene 3
"HAPTER 2: LITERATURE REVIEW .. ... rcirirsrscs e e nsssens s csessensssssrasssassssssssassesnsnnne 4
.1 Properties of Hardened MOMar..........c..vciiermecreeininmmmntnescesse et seraesesseiesesssesesenssessesseresonens 4
210 BONuocsciiiccinct et e e r s e e et e e R bRt et 4
2.1.2  Compressive SHENh.......ccoi it en s sesessrsesae e b 4
213 DUTABIILY . cvoeeecreeecict ittt isinss st cns e et stessen et ser e e ens e b s bs s ca s nnen b sens s e bt 5
2.1.4  Flexural SHength.. ...ttt saes ber et s et s b s s et a0 5
215 ADPCATANCES. ... reerurersrsimseraeeseassensasresssssaratsa s s sbabasssesssenstsbassasas st sasesssasse e bean s nreanbesmsss s s srasas 5
.2 Rice Husk Ash (RHA) as Cement Replacement Material in Mortar...........c....ooececcrorvecreenen, 6

.3 Development of Mechanical Properties of Self Compacting Concrete

Contain Rice Husk Ash with Different Water Ratio........c.ccccnveeeeccerniorinsnennccensreeeesressscnenenss 7

.4 MIRHA as Cement Replacement Material..........cc..ooviieeicrmrevenvrneesineinssiessressssserssssessassesssses 8
.5 Effect of Water Absorption on MOTTAT.......covucviemireenierivnsctrssscss st sasnestsssessesssstbeseanens 10
<6 Initial Rate of SUCLION.....coviiiiir ettt et teetsne s e e rar e sesnsrarssnsnns 11
"HAPTER 3: METHODOLOGY .....cooiiiiiritsen s sesiesensesssssssese st e asssssscsssssss st ssssmssensmssnens 12
b PIEPATALIONS. ...cov e iccercecrie e cere et e st e e aeene e vanace e reseasbaenrererasar s e eaeera s neerssrgenne e s neantasnstaeneaan 12
2 MBLRIIALS. ...t ettt eeeem e et e s s ae e e ra e n et sennrenta 12
321 BANM.... e s e AR en e s s eranetas 12
3122 WaLET. et et st e e s ne et s e e e e s e E et 12



F. 2.3 COINIBIL e cerveevrvreerressssssaaarentesesssassases sosassssssesnseserasnbnsnbtsssrsassssbsnsansssses snssssssberannstertesbasaasesneeiss 12

3.2.4 Microwave Incinerator Rice Husk Ash (MIRHA)........c.ooovrrirricrns et 13
L3 MICTOWAVE INCINETAION c.eeueueeeeeereene s asssasosconsssessssamsassnsssasssasssssressssensasssamensbosssararssasssersasaans 13
» Mix Desigin PrOPOTtioN.......c.coveiuriicniecmsinmsrstraisssssmsssesssensssrssssssas st sasesnasbosssssssscscssssassons 14
. MIXING PrOCEAUIES........cuieirriiiiciiec e sbsen s s ss s ea s ssn bbb s s 17
LG Casting and CULINZ.....corieersrrci et st e e rng s s st bbbt s s s 17
1.7 Compressive Test fOr MOTAr. ... srsssiss s s snsssassasnsinssns 17
L8 Water ADSOIPHON TESk...oomiiiciecrcccieiniconicsnisesis et ar bbb e s ssase et ss s s eses 17
17 Initial Rate of SUction (IRS) TeSt....eorrercrcerertirncstsnitisssnr s ssssesssssssssasens e snnarssens 18
1.7 Sieve Analysis and Hydrometer Test........oo.cemeenmnreesirmesenetsssssisneses st rsasnnes 18
“HAPTER 4: RESULT AND DISCUSSION.....ccoctimrisiisicrcncnsarnnrensisinsnssssssssssssssesssssassssssssas 19
1 Compression Test Result for 7 days.......couviriiniensiatsssse sy s sen e cnesnene 19
12 Compression Test Result for 28 days.......ccoennier e 20
L3 Compression Test Result for 60 days....... ittt 21
WA DENSIEY RESUM ..ottt ettt s s e e e s 22
15 Water AbSorption RESUIL.........ocvr it sssan s ns e sren s sttt s s s s b aneas 23
L6 IRS (Initial Rate of SUCHON) RESULL........cooiviicieecntessa et a s enases 24
1.7 Sieving Analysis and Hydrometer Test Result........ccomieemviemmier e 25
1.8 Comparison between Compressive Strength and Water Absorption..........vvcrvcicriinncionean 27
L9 Result 0f MOISTUre CORLERL .......ccoericcirieeinirisesssisseninismensste e ssssassssepasnsnss s s ssssssnsanssuesasessans 28
L10 Eonomy BENEfIt......o.coeerecerecccere e nicssesnsesscssiesssssessas sttt s bss e s s sa st sas e e eaes 28
“HAPTER 5: CONCLUSION AND RECOMMENDATION........ccoooiiiirenrcmsenverscnsrensiasnesnen 29
] COMCIUSION. .eereseeeeieecieteteve st esee s cn s e nns e et et s esa st s e sadren s enesbdemn e s sne e B A s e bbb e s s b e b s s e 29
12 RECOMMENAATION. ..veevrcecreseteeiesseeercseeeresenssens s tas s st saessasaseers e sn e ben b s ba b er et san bt s R s st nanbans 29
LEFERENCES. ..o itteicirieseecsscss vt asasesescoessasbetareassssbsbanss e sasssbsnsssssnshsssess e ssansensssesssnassansassbasssasnans 30
APPENDICES.. ...cocvietetrtereeeureesassesetesesesssemsaessar ets e sbsisbasshbs s s seb s s sas s s b s s neab st e b s et s s as e bn s 32



LIST OF FIGURE

Figure 2.1: Compressive strength (water/binder=0.40)

Figure 2.2: Compressive strength (water/binder=0.35)

Figore 2.3: Relationship between residual compressive strength and porosity.
Figure 4.1: Result of compressive strength test (7 days)

Figure 4.2: Result of compressive strength test (28 days)

Figure 4.3: Result of compressive strength test (60 days)

Figure 4.4: Density Result

Figure 4.5: Result of water absorption

Figure 4.6: Result of IRS

Figure 4.7: Result of sieving anatysis

Figure 4.8: Result Comparison between Compressive Strength and water absorption



LIST OF TABLE

Table 2.1: Compressive Strength of Mortar

Table 2.2: Mix design with water ratio of 0.35

Table 2.3: Mix design with water ratio of 0.40

Table 2.4: Mixture Proportion of Concrete,

Table 3.1: Mix proportion for one mortar {cement/aggregate ratio, 1:3)
Table 3.2: Mix proportion for one mortar (cement/aggregate ratio, 1:4)
Table 3.3: Mix proportion for one brick (cement/aggregate ratio, 1.:3)
Table 3.4: Mix proportion for one mortar cement/aggregate ratio, 1:4)
Table 4.1: Hydrometer result for MIRHA |

Table 4.2: Hydrometer result for Cement

Table 4.3: Result of sand moisture content and calculation of moisture content

vi



CHAPTER 1

INTRODUCTION

1.1 Background

The demand for new and better material in the construction world has
increased dramatically and this promote inventers particularly engineer to find
alternative in building and material technology. Mortar is generally used in the
building and pavement which consists of water, sand, and cement. Mortar is typically
low cost, durable, and has high compressive strength to withstand the weight. Mortar
is usually rectangular shape.

Rice milling generates a by product known as husk. This surrounds the paddy
grain, Rice Husk Ash (RHA) produced from the burning process of paddy husk is a
pozzolanic material that contains substantial amount of silica. During milling of
paddy about 78% of weight is received as rice, broken rice and bran. The remaining
22 % of the weight of paddy is received as husk. This husk contains about 75%
organic volatile matter and the balance 25 % of the weight of this husk is converted
into ash during the firing process, is known as rice husk ash (RHA). Latest research
found that by replacing 10% of RHA in cement, it can increase the compressive
strength by 30% (Ou, E., 2007)

Microwave Incinerated Rice Husk Ash (MIRHA) is RHA that is bunt at a
different temperature by using microwave incinerator. in order to produce MIRHA
of good quality with high reactive silica content, controlled combustion of rice husk
at specify temperature are vital. The microwave incinerator used for the burning
process had temperatures set at 800°C, 700°C and 600°C to produce good quality
MIRHA (Kamal N.L.M, 2008).



1.2  Problem Statement

In Malaysia, huge amount of rice husks is being produced annually in
Malaysia almost reaching 2.231 million tons (Nuruddin, 2009). This waste product
from the rice industry when burnt, about 20% of the rice husk would become rice
husk ash (RHA) (Chao LH, 1997). This means 0.1 million tons of Rice Hush is
produced annually in Malaysia. Globally, in 2007, about 650 tons of paddy rice was
produced, a quantity which is without doubt growing in the future due o the increase
population. Hence, it is estimated that about 26 million tons of Rice Husk as
renewable sources of siliceous material can be worldwide available. (Nuruddin,

2009).

Rice Husk is considered as raw material in construction and building
technology due to their pozzolanic effect behaviour. This pozzolanic behaviour is
well suited for the use in the Portland cement replacement which leads to the

advantages of this material.

In this research, the production of Microwave Incinerated Rice Husk Ash
(MIRHA) will be the product of the burning of Rice Husk using microwave
incinerater. MIRHA will be burnt at a specify temperature to produce a high quality
MIRHA, contain high silica content. Thus, this study needs to be implement to find
the paramount water ratio of MIRHA and optimum percentage of MIRHA to cement.



1.3  Objective And Scope Of Study
The main objectives of this research are:-

% To determine the most suitable composition of water ratio in moriar.
» To find out the optimum percentage of MIRHA to cement in order to produce
the best quality of mortar.

The scope study of this project consist of water ratio of 0.5 and 0.55 is use,
the proportion of cement to aggregate are varies which is 1:3 and 1:4, inclusion of
MIRHA as cement replacement in mortar at 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40% and 45%, and conducting of compressive test of mortar sample every 7, 28 and
60 days. Other tests such as water absorption, Initial Rate of Suction (IRS) and

hydrometer test are also been conducted.



CHAPTER 2

LITERATURE REVIEW

2.1 Properties of Hardened Mortar

The role of mortar when hardened in the finished structure is to transfer the
compressive, tensile and shear stresses between the units and it must be sufficiently
durable to continue to do so over the life of the structure. The strength and durability
requirements of a mortar depend upon the type of service the masonry is required to
perform. Some of the important properties of hardened mortar are; 1) bond, 2)
compressive strength, 3) durability, 4) flexural strength, 5) appearance.

2.1.1 Bond

The interface of the masonry unit and the mortar is usually the most vulnerable
part of the masonry construction to the ingress of rain. Bond strength is required to
withstand tensile forces due to wind, structural and other applied forces, movement
of the masonry units and temperature changes. It should also be emphasised that
workmanship is a key factor in affecting bond. The time lapse between spread_ing
mortar and placing must be kept to a minimum. Once the masonry unit is in place

and aligned it must not be subsequently moved.

2.1.2 Compressive Strength

Examination of many specifications gives the impression that compressive
strength is the most important property of mortar. Some of the important factors
affecting compressive strength are cement content, sand grading, entrained air
content and water content. The compressive strength of mortar has a relatively minor
influence on the strength of masonry construction when compared to the strength of
the units. Stronger mortars with higher cement contents tend to have higher



shrinkage. This may result in an increased risk of rain penetration due to the greater

potential incidence of fine crack formation.

2.1.3  Durability

Durability of mortar may be defined as its ability to endure aggressive conditions
during its design life. A number of potentially destructive influences may interact
with the mortar: these include water, frost, soluble salts and temperature change.
There is often a requirement to test mortar for durability, but satisfactory tests are
difficult to develop in practice and most suggested regimes are either too lengthy and

complicated or do not relate sufficiently well to site practice.

2.1.4  Flexural Strength

Traditional masonry construction tended to be massive relative to modermn
structures, typically with very thick walls. This meant that the mass or bulk generally
resisted the various forces apptlied to it. The development of modern masonry units
and advances in mortar technology has led to more slender structures which are more
vulnerable to lateral forces ¢.g. wind loads.

2.1.5  Appearances

The colour and shade of the mortar joints greatly affects the overall appearance
of a masonry structure. It should be remembered that some 15- 25 % of the: visual
surface may be comprised of mortar. Careful measurement of mortar materials and
thorough mixing are important to maintain uniformity from batch to batch and from

day to day.



2.2  Rice Husk Ash (RHA) as Cement Replacement in Mortar

Studies of mortar made with Ordinary Portland Cement (OPC) of 10%, 15%,
20%, 25% and 30% of OPC replaced by RHA (Habeeb, 2009). The mechanical
properties investigated were the compressive strength. The obtained results show that
the strength of mortar incorporating RHA is better, up to 20% of cement replacement

level.

At 3 days result it was observed that all the samples containing RHA, shown
lower than the controlled one and for the 7 days result it is also true except 10RHA
sample. Strength at 28 days of mortar, containing 25% and 30% RHA is slightly
lower than that of OPC mortar. The addition of RHA reduce the early strength of
mortar, but the strength at ages of 28 and 90 days of the RHA mortars are slightly
higher than that of the controiled one. This indicates that RHA is pozzolanic
materials and the early pozzolanic reaction rate is slow. The pozzalanic reaction can
be seen at the age of 28 days onwards resulting in the higher strength of moftar
incorporating RHA in comparison to that of OPC.

Table 2.1: Compressive Strength of Mortar. (Rashid M.H, 2010)

\ Compressive strenth (psi) ;

MxID | Symbol 3 days Tdays 28 days 90 days_
1 QRC 3481 -100.00 4006-100.00 5291-100.00 5531-100.00
2 10RHA 3218-92.40 4083-102.60 5511-104 20 5744-103.90.
3 ISRHA 17248110 3964-99.00 5498-103.90 6102-110.30
4 20RHA 3185-91.50 38279550 5408-102.20 5946-10?.5(}5
) I5RHA 3017-86.70 38480-96 40 51739780 5687-102.80
6 JORHA 2368-82.40 3779-94.30 4968-94.20 5638-101.90




2.3 Development of Mechanical Properties of Self Compacting Concrete

Contain Rice Husk Ash With Different Water Ratio

In this research, the characteristic of self compacting concrete that contain RHA
will give different result with varies of water ratio (Ahmadi, M.A., 2007). Two
replacement percentages of cement by RHA, 10% and 20% with mix have no RHA
and two different water/cementicious material ratios (0.4 and 0.35), were used for
both of self compacting and ordinary concrete specimens. The mixture proportions
and result according to water/binder ratio adopted and are reported in Table 2.2 and
2.3 and Figure 2.1 and 2.2.

Table 2.2: Mix design with water ratio of Table 2.3: Mix design with water ratio of
0.35. (Ahmadi, M.A., 2007) 0.40. (Ahmadi, M.A., 2007)

Mix Gl Smd Waer Comew REA % Mix G Sl Wow Coew BHA ¥
SCOUUREAY M M 16 40 0 0N SCC(RHA) TN I 460 0 o4
SCC(0RHA) T 18 44 48 0N SCQRRY T O M M 6 N
COQ0%RHA) o e 160 e 9 0 SCCOMRRG 70 90 14 38 6 0
OCO%RHA) W% 16l 40 0 0 OC{REY, 1 N 1 & 0 0
OC(10%REA) M3 B0 W A4 % 0N OC(LURHA) o8 M I 44 %0
OCOMMRHY) 143 TR 141 & R 03 OCOMRHG 108 M0 18 a8 W 04

— SO C0%RHA) e SCC(10%RHA) ==l SCC(20%RHA)
= OC(0%RHA) cnffponn OC(I0%RHA) ==t OC(23%REA)

Compressive streagth | M)

18 = v Y v ¥ v v
V] 30 60 90 120 150 130 210
Age Daye)

Figure 2.1: Compressive strength (water/binder=0.40). (Ahmadi, M.A., 2007)
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Figure 2.2: Compressive strength (water/binder=0.35) (Ahmadi, M.A., 2007)

From the result, it can be concluded that mix design with the water ratio of 0.35

give a better compressive strength compare to water ratio of 0.40.

2.4 MIRHA (Microwave Incinerated Rice Husk Ash) As Cement

Replacement Material

Study on MIRHA as a cement replacement material is very limited due to its
new inventing material. Few studies had been conducted on it such effect of
microwave incinerated Rice Husk Ash (MIRHA) on the compressive strength of
concrete (Kamal N.L.M., 2008). In this study, experiments were conducted to test the
performance of concrete by compressive test at age 3, 7, and 28 days. Four series of
concretes with water/cement ratios (w/c) of 0.45 were made. The absolute volume
method was used in calculating the mixture proportions. MIRHA was used to replace
5%, 10%, 15% and 20% of cement content in concrete. The control concrete was
designated NC (normal concrete) without any addition of MIRHA as a comparison.

Superplasticizer was used in concrete containing MIRHA to increase its workability.



Table 2.4: Mixture Proportion of Concrete. (Kamal N.L.M., 2008)

Mix Code Percentage of Percentage Cement
_Rha (kg/m*) of Sp (kgm*)

NC 0.00 0 475,00
MTRHAS 23748 0.4 451.2%
MIRHAI1O 47.50 0.8 427.50
MIRF A 1S F1.25 1.5 403.78
MIRHA20 95.00 2.0 380.00

From the experiment, the result obtain found that MIRHA concrete samples
have gained strength faster and 5% additions of MIRHA has the highest level of
compressive strength among MIRHA at 800°C concrete samples. After 28 days, the
5% MIRHA concrete achieved compressive strength performance 33.33% higher
than control concrete, 23.33% higher than 15% MIRHA concrete, and 13.33% higher
than 10% MIRHA concrete. There is no significant different of compressive strength

between 5% and 20% MIRHA concrete at 28 days.



2.5  Effect Of Water Absorption On Mortar

An experimental to study the effect of water absorption on durability of fly
ash based geopolymer mortar specimens in sulphuric acid solution. Low calcium
Class F fly ash was activated by a mixture of NaOH and Na;SiO; containing 5% to
8% Na,O with water to fly ash ratio of 0.33. (Thokchom, 2009)

In conclusion, residual compressive strength of specimens decreases with
increase in water absorption. Variation of residual compressive strength with water
absorption is shown in Figure 2.3. The specimen which recorded a residual strength
of 29.4% corresponds to maximum water absorption (11.79%) among the three
series. In contrast, the other specimen with 6.42% water absorption retained
maximum residual compressive strength of 54.8%.

g \/AriatION Of Residual

=
-
g
» |
.g a 40 7 Comprssive Strength with
3 § ” Apparent Porosity
=)
ch 20 | - = = = Poly. (Variation of
O - Residual Comprssive
5 B Strength with Apparent
2 Porosity)
(4

10 14 18 22

Apparent Porosity,Percent

Figure 2.3: Relationship between residual compressive strength and porosity. (Thokchom,
2009)
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2.6 Initial Rate of Suction (IRS)

Initial rate of suction (IRS) is used to determine the rate of absorption
(sorptivity) of water by hydraulic cement concrete by measuring the increase in the
mass of a specimen resulting from absorption of water as a function of time when
only one surface of the specimen is exposed to water. The exposed surface of the
specimen is immersed in water and water ingress of unsaturated concrete dominated
by capillary suction during initial contact with water.

The absorption, 7, is the change in mass divided by the product of the cross-
sectional area of the test specimen and the density of water. For the purpose of this
test, the temperature dependence of the density of water is neglected and a value of
0.001 g/mm3 is used. The units of I are mm, (ASTM C 1585 — 04)

I= mt/a/d

Where;

I = the absorption,

M, = the change in specimen mass in grams, at the time ¢,
a = the exposed area of the specimen, in mm2, and

d = the density of the water in g/mm3.

11



CHAPTER 3

METHODOLOGY

3.1 Preparations

To make the experiment work in good flow, preparations woi < on the project
need to be planned. Make sure the materiais and the machineries that will be use are
available. The process itself should follow the specification and the procedure that

been implement.

3.2 Materials

The materials that will be used in this research are; cement, sand, water and

M [RHA.

3.2.1 Sand
Sand is use in the mortar mix design as aggregates. It is also known as fine
aggregates. Based on the research that had been done, size of the sand used in this
experiment is 2.36mm. The sand obtained should be dried under the sun. After been
dried up, keep in the container for the brick mixture.

3.2.2 Water
Water use in this experiment will be ordinary water. A tap water will just do it. In
this research, water ratio are varied from 0.5and 0.55. Different watér ratio is to find

the suitable result from the test.

323  Cement

Cement used for this research is Ordinary Portland Cement (OPC) type 1
according to BS EN 197-1 2000. OPC type 1 is preferred because it is frequently
used in construction industry and can be done in normal hydration process

(Kusbiantoro, A., 2008)

12



24 Microwave Incinerator Rice Husk Ash (MIRHA)

In order to obtain the optimum MIRHA, the Rice Husk is burnt at temperature
of 400 °C using UTP Microwave Incinerator in Highway laboratory. Rice Husk burnt
with high temperature to increase it silica content (Kamal N.L.M., 2008) and it has

appearance colour of grey.

After the burning process, MIRHA was then ground in the Los Angeles to
increase its fineness. MIRHA need ground for 3000 times to obtain the optimum
fineness particles and it takes roughly about 1 hour and 30 minutes. Then, the
obtained MIRHA put inside the container and close the lid tightly to avoid any others
particles contaminated the MIRHA.

3.3 Microwave Incinerator

The UTP Microwave Incinerator (UTPMI) used in the research adopted the Air
Cooled Magnetron system with an overall dimension of 2.3(H) x4.0 (W) x4.0 (L)
with a chamber capacity of 1 m®, Ceramic filter is used in the emission and ash
control system with PLC (Programmable Logic Controller) mode of operation. Flue
Gas Filter equipped with the microwave incinerator provides significant positive
effect to the environment. It distils all the dust and ashes that are resulted from rice
husk incineration, hence the air pollution from burning process can be reduced. The
temperature range is up to 1600°C with operating temperature of 800°C. Rice husks
were dried under direct sunlight to reduce their moisture content that result in large

amount of smoke.

13



3.4 Mix Design Proportion

Overall, there are total of 40 different mixes that will be prepared throughout
this research. The mixes are prepared with different quantity of cement-sand ratio,
different water ratio, and different amount of percentage MIRHA. Control brick will
be used as the control samples. The cement-sand ratio used is 1:3 and 1:4. Percentage
of MIRHA used in this study are 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40% and
45% of the cement quantity. Water ratio used in this experiment is 0.5 and 0.55. In
the end of the experiment, the best of the combination of the mixture will be

monitored in the compressive strength test.

14



Table below show the mix proportion for one mortar sample with water ratio of 0.5

Table 3.1: Mix proportion for one mortar (cement/aggregate ratio, 1:3)

‘Water (kg) |

0.067

0.200

0.033

0.063

0.200

0.033

0.060

0.200

0.033

0.057

0.200

0.033

0.053

0.200

0.033

0.050

0.200

0.033

0.047

0.200

0.033

0.043

0.200

0.033

0.040

0.200

0.033

0.037

0.200

0.033

Table 3.2: Mix proportion for one mortar (cement/aggregate ratio, 1:4)

fot BRI D

-‘?\fate:f- {ke)

| Mass (ke)

0

0.218

0.028

0.3

0.003

0.218

0.028

0.3

0.005

0.218

0.028

0.3

0.008

0.218

0.028

0.3

0.011

0.218

0.028

0.3

0.014

0.218

0.028

0.3

0.016

0.218

0.028

0.3

0.019

0.218

0.028

0.3

0.022

0.218

0.028

0.3

0.025

0.218

0.028

0.3
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Table below show the mix proportion for one mortar sample with water ratio of

0.55

Table 3.3: Mix proportion for one mortar (cement/aggregate ratio, 1:3)

1ok |

0 0.066 0.198 0.036 0.3
0.003 0.063 0.198 0.036 0.3
0.007 0.060 0.198 0.036 0.3
0.010 0.057 0.198 0.036 0.3
0.013 0.053 0.198 0.036 0.3
0.017 0.050 0.198 0.036 0.3
0.020 0.047 0.198 0.036 0.3
0.023 0.043 0.198 0.036 0.3
0.027 0.040 0.198 0.036 0.3
0.030 0.037 0.198 0.036 0.3

Table 3.4: Mix proportion for one mortar (cement/aggregate ratio, 1:4)

M!RHA Cement Lo TotaIMass
MR g | g |l Weerle) g

o | o 0.054 0.216 0.030 0.3
5.1 o003 0.051 0.216 0.030 0.3
Soe | 0.008 0.049 0.216 0.030 03
15 | 0008 0.046 0.216 0.030 0.3
20 | oon 0.043 0.216 0.030 0.3
25 | oo01a 0.041 0.216 0.030 0.3
30| 0016 0.038 0.216 0.030 0.3
35| 0018 0.035 0.216 00306 | 03
a0 | ooz 0.032 0.216 0.030 0.3
a5 | o002 0.030 0.216 0.030 0.3
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3.5 Mixing Procedures

The mixing process of this experiment is done by using the mortar mixer.
First of all, material is prepared first before mixing. The power supply is switch on.
Put sand and cement into the mixer. Water then is poured inside. Adjust the speed of
the mixer to the suitable level. Turn on the power supply and mix it follow to the

design proportion. Lastly, do the hand mixing to ensure the homogeneity.

3.6 Casting and Curing

The fresh mixture of brick then is cast into the steel mould, 50mm x 50mm x
50mm in size which are prepared earlier. The mould need to coat with gris before the
fresh mixture is cast inside it. After finish casting, left the mould in the room
temperate for 24 hours covered with sacks. The mould is open after 24 hours and is
cured in the water at 25 °C. This curing process is to avoid shrinkage cracking due to

temperature fluctuation and enable the brick samples to gain its maximum strength.

3.7 Compressive Test For Mortar

After the brick had been set into mould, the compressive test will be applied
upon it. Compressive test are performed to measure the compressive strength of the
brick at every 7, 28 and 60 days. The equipment used to do the test is Digital
Compressive Testing Machine.

3.8 Water Absorption Test

The determination of water absorption in mortar is following the standard set
by ASTM C67-90a. The testing needed the wet mass and the dry mass in order to
find the water absorption of the sample. The testing method been used in this
experiment ate using the imme) sion test where the sample will be put in thé water

bath for 24h and then is put insid¢ the oven for another 24h.
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3.9 Initial Rate of Suction (IRS) Test

The determination of IRS is following the standard of ASTM C1585. The
mortar is dried in the oven as in absorption test. The dry weight is recorded. The dry
mortar is immersed in water at a depth of 3 & 1mm for the time that been set by the
standard and recorded the weight for each time. After all the recorded been done,
graph of time (sec *) will be plotted against 1 (mm) and the slope is the IRS of the

sample.

3.10 Sieve Analysis and Hydrometer Test

Hydrometer test is petformed to determine the percentage of different grain
sizes of the sample. Sieve analysis is performed to determine the distribution of the
courser, larger-sized particle, and hydrometer method is used to determine the
distribution of the finer particles. The test procedure follows the standard of ASTM
D-422.
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Compression Test Result for 7 days

Result of the 7 days of compressive strength was obtained after the date the

sample been cast. For each of the mixes, average results were calculated to gain the

best possible result. The resuits and discussion are as below.

35

0% 5% 10% 15% 20% 25% 30% 35% 40%

Percentage (%) MIRHA vs Compressive Strength 7 days (Mpa)

45%

m0.55, 1:3
m0.5,1:3
m 0.55,1:4
=05, 14

Figure 4.1: Result of compressive strength test (7 days)

From the figure 4.1, the compressive strength of 7 days testing was obtained.

Strength of the mortar seems to decrease as the content of MIRHA increases. Water

ratio of 0.55 have a higher strength compare to the 0.5 water ratio. Cement to
aggregate with ratio of 1:3 also has higher strength compare to 1:4. Control mortar at
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0% seems to have achieved early high strength. 5% of MIRHA at water ratio of 0.55
and 1:4 have higher value than 0% of MIRHA. Other than that, there is no significant
difference between MIRHA percentage and the control mortar. The detail of the

result can be seen at appendices Al.

4.2 Compression Test Result for 28 days

Result of the 28 days of compressive strength was obtained. Basically the
strength of the mortar will increase compare to the previous date of 7 days testing.

Results and discussion are as below.

m 0.55,1:3
m05,1:3
m 0.55, 1:4
=05, 14

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Figure 4.2: Result of compressive strength test (28 days)

From the figure 4.2, the compressive strength of 28 days testing was obtained.
The strength of MIRHA mortar keeps increase until 5 to 15%. At water ratio of 0.5
and 1:3, it is obtained that the strength of MIRHA mortar peak at 35.71 MPa, 15% of
MIRHA. Water ratio of 0.55 consistently have a higher strength compare to the 0.5
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water ratio. Cement to aggregate with ratio of 1:3 also has higher strength compare to
1:4. The detail of the result is attached in Appendix Al.

43 Compression Test Result for 60 days

Result of the 60 days of compressive strength was obtained. The result
obtained should not have lower strength value than the previous days. Results and

discussion are as below.

m 0.55,1:3
m05,1:3
= 055,14
m0.5, 1:4

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Figure 4.3: Result of compressive strength test (60 days)

From the figure 4.3, the compressive strength of 60 days testing was obtained.
The strength of MIRHA mortar increases up to 15% of MIRHA. At water ratio of 0.5
and 1:3, it is obtained that the strength of MIRHA mortar peak at 41.45 MPa at a
15% of MIRHA. Cement to aggregate with ratio of 1:3 also has higher strength
compare to 1:4. The detail of the result can be refer at appendices Al.
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4.4 Density Result

The density results of the mortar are based on the 28 days age. The density was
obtained by the weight of the sample and divided the volume of it. Results and

discussion of density are as below.

‘ 24000 ———— I
2300.0 :
2200.0
£
B 2100.0 = 0.55,1:3
z =05, 13
2000.0
= 0.55,1:4
1900.0 m0.5,1:4
1800.0
1700.0 *“
051015202530354045
- Percentage (%) MIRHA

Figure 4.4: Result of compressive strength test (28 days)

The figure 4.4 shows the density of the mortar obtained at 28 days. The density
also has the same characteristic with mortar in terms of the strength where as the
percentage of MIRHA increase, the density decreases. The density also may play a
part in relation to the strength of the mortar because both results show the declination
with respect to the increases of MIRHA content in the mortar. The detail of the result

can be refer at appendices A2.
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4.5

Water Absorption Result

Water absorption test were carried out to find out the ability of the MIRHA

sample to absorb water. Below are the results and discussion of the test.

Water Absorption (%)

m0.5,1:3
m0.55, 1:3
=05, 1:4
m0.55,1:4

0 5 10 15 20 25 30 35 40 45
Percentage (%) MIRHA

Figure 4.5: Result of water absorption

The figure 4.5 shows the result obtained from the water absorption test. Water

absorption increases as the content of MIRHA increases. It may due to MIRHA

ability to absorb water more compare to cement. Ranges of water absorption that
achieve are varies from 8% to 21%. Water are absorb even higher in 0.55 ratio
compare to 0.5 maybe because of the high amount of water content inside of the

sample. This result shows that residual compressive strength of specimens decreases

with the increase in water absorption which akin to the result from the study

(Thokchom, 2009). The detail of the result can be refer at appendices A3.
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4.6 IRS (Initial Rate of Suction) Result

Initial Rate of Suction Test or also known as IRS, is the test of the sample
mortar to absorb water after been dry with respect to time. It is to find the rate how
much the sample mortar can absorb water with differ MIRHA content.

1200 — — —
1.000
i~ 0.800
a' m0.5,1:3
E o | w05, 1:4
55, 1:3
2 a0 | o
‘ m0.55,1:4
0.200 |
0.000
0 5 10 15 20 25 30 35 40 45
% MIRHA

Figure 4.6: Result of IRS

The figure 4.6 shows the result obtained from the IRS test. Percentage of
MIRHA affects the IRS rate because the higher amount of MIRHA, the higher the
value of IRS. It may be one of the characteristic of MIRHA to absorb water faster in
early minutes. The characteristic of MIRHA to absorb water at high rate after been
put in the water may be the cause of the decreasing strength of mortar. IRS of water
ratio of 0.5 and 1:3 at 15% increase suddenly may contribute to the strength that it

achieves.
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4.7 Sieving Analysis Test Result

Sieving analysis test were carried out to find the size of the particle of sand,
cement and MIRHA. Results and discussion of test are as below.

100.0 |

90.0

800 |

= 70.0

¥ 600
50.0

E 40.0
300 = / = '

200

100 / ‘ -

0.0 / #

Sieve size (mm)

~4—MIRHA

g Cement

e Sand

Figure 4.7: Result of sieving analysis

Figure 4.7 above shows the result obtained from the sieving testing with sample
form sand, cement and MIRHA. Sand has a larger particle compare to MIRHA and
cement while cement has the smallest particle size. The sizes of pan been uses are
ranges from 1.18mm, 0.6mm, 0.425mm, 0.3mm, 0.212mm, 0.12mm, 0.063 and lastly
a close pan. At the bottom of each pan, the weight retained for MIRHA after passing
the 0.063mm is 29 g, weight retained for cement 49.4 g, and sand has no particle that
pass through the 0.063mm. The large sizes of the sand contribute to the factor of it

not passing through.
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For the fine particle of cement and MIRHA, hydrometer test can be conducted
because they pass the 0.063mm pan. From the table 4.1 and table 4.2 below, it is
foundthatcementandNﬂRHAhasasamediameteraﬂcrﬂaeﬁnalminutesoftesﬁng

which is 0.0027mm. Detail result can be seen at appendices AS.

Table 4.1: Hydrometer result for MIRHA Table 4.2: Hydrometer result for Cement

26



4.8 Comparison between Compressive Strength and Water Absorption

Relation between the compressive strength and water absorption are somehow
related to each other. The compressive strength is based on the 28 days. As for that,

comparison between these two tests is done below.

Percentage (%) MIRHA vs Compressive Strength 28 days (MPa)/ Water
absorption

s 0.55, 1:3
s 0.5, 1:3
s 0.55, 1:4
= 0.5, 1:4
—=0.55, 1:3
-a—0.5,1:3
i (,55, 1:4

—0.5, 1:4

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Figure 4.8: Result Comparison between Compressive Strength and Water Absorption

From the figure 4.8, the result between the compressive strength and water
absorption is compared. The column shape is the compressive strength while the line
is the water absorption indicator. Based from the figure, it is found that with the
increases of MIRHA content, the strength of mortar decreases but the water
absorption increase. It may be due to the MIRHA ability to absorb more water that
affected the strength of MIRHA mortar.
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4.9 Result of Sand Moisture Content

Table 4.3: Result of sand moisture content and calculation of moisture content

1 Weight of Empty Container, W (g) 20.68

2 Weight of Container + Wet Soil, W> (g) 59.80

3 Weight of Container + Dry Soil, W3 (g) 59.60
CALCULATION

1 Weight of Water (g) = W2 - W3 0.20

2 Mofmy Soil (g) = W3 - W, 38.92

3 | Water content, w = (W2 - W3)/(W3 - W1) * 100% 0.51

Sand of Sample 1 was kept in the laboratory at approximately 27° C for five days.
The sample are put inside the container that been provided inside the concrete lab.

4.10 Economical Benefit

In Malaysia, huge amount of rice husks is being produced every year and
almost reaching to 2.231 million tons (Nuruddin, 2009). This shows that Malaysia
has huge amount of rice husks available due to it is one of this country producing.
Rather than let this rice husks been wasted, why not we use it. Using this
RHA/MIRHA material, it can reduce the need for new construction material because
RHA/MIRHA is a waste material. With this new invented MIRHA, it will reduce the
need of cement which is expensive in the current prices and may increase in the
future due to high demand. This reduction for new construction resource will also

save the environment in a long term.
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5.1

CHAPTER 5

CONCLUSION AND RECOMMENDATION

Conclusion

This project presented the result of the compressive strength of MIRHA

mortar, Based from the result:-

5.2

»

Cement to aggregate ratio of 1:3 consistently has higher strength than the
ratio of 1:4.At water ratio of 0.5 and cement to aggregate of 1:3, the optimum
strength was achieved at 15% of MIRHA.

At 7 days, the strength of mortar has no significant difference with increases
of the MIRHA content. At 28 days of testing, the strength of mortar keeps on
increases up to 5%, 10%, and 15% then decline with respect to MIRHA
percentage. At 60 days, water ratio of 0.5 and 1:3, it is obtained that the
strength of MIRHA mortar peak at 41.45 MPa at a 15% of MIRHA.

For the cement to aggregate of 1:3, the strength of mortar with water ratio of
0.55 has higher strength compare to 0.5 while for the cement to aggregate of
1:4, it is vice verse.

MIRHA mortar has lower strength when the percentages of MIRHA increase.
This may be due to the MIHA ability to absorb water more than cement.

Recommendation

Higher water ratio than 0.55 should be use in determining the strength but at
certain degree because too many water will affect the mortar strength.

In order for this research can obtain the accurate results, all the material that
use in experiment must be ensuring in excellent condition. Also, to improve
the progress of experiment, the materials must be ready earlier to avoid any
delay.

29



REFERENCES

Ahmadi, M.A., Alidoust, O., Sadrinejad, I, Nayeri, M. (2007) Development of
Mechanical Properties of Self Compacting Concrete Contain Rice Husk Ash.

Chao LH, C.S. (1997), The use riche husk in concrete, in Waste materials used in

concrete manufacturing.

Habeeb, G.A, Fayyadh, M.M., (2009) Rice Husk Ash Concrete: The Effect of RHA
Average Size on Mechanical Properties and Drying Shrinkage.

Kamal N.L.M., Nuruddin M.F, Shafiq, N. (2008). The Influence of Burning
Temperatures and Burning Inclusion of Microwave Incinerated Rice Husk Ash

(MIRHA) On Normal Strength Concrete.

Kusbiantoro, A. (2008). The Effect of Microwave Incinerated Rice Husk Ash
(MIRHA) on concrete properties. Perak: Universiti Teknologi PETRONAS.,

Nuruddina, M.F., Bayuaji (2009) NON-EVAPORABLE WATER ANAL YSIS ON
MIRHA FOAMED CONCRETE

Ou, E., Xi, Y., and Corotis, R., ASCE, M., The Effect Of Rice Husk Ash On
Mechanical Properties Of Concrete Under High Temperatures, 18th Engineering
Mechanics Division Conference (EMD2007).

Rashid M.H, Molla, MK.A., Ahmed, T.U. (2010) Mortar Incorporating Rice Husk
Ash: Strength and Porosity.

Stephanie, A. K (2003) Architecture Built to Last: The Timelessness of Brick.

30



Thokchom, S, Ghosh, P and Ghosh, S (2009) Effect of Water Absorption, Porasity
and Sorptivity on Durability of Geopolymer Mortars

31



Table Al-1:
Result of Compressive Strength at water ratio of 0.55 and aggregate of 1:3

| 7deys | 28days | 60days
%MIRHA | strength | strength | strength
© {"(mpa) | (MPa) | (MPa)
0% | 3257 | 3621 | 3941
5% | 3122 | 408 43.76
10% | 2679 | 3521 | 4151
15% | 2551 | 3147 | 39.68
20% 2486 | 2645 | 36.12
25% 17.9 20.11 | 2856
30% 127 | 1586 | 20.56
35% 1155 | 12.75 | 17.47
40% 9 1031 | 16.46
45% | 1111 | 1264 | 1497

Table Al-2:
Result of Compressive Strength at water ratio of 0.5 and aggregate of 1:3

[ 7days | 280ays | Godays
%MIRHA | strength | strength | strength
1 (mPa) | {mPa) | (MPa)
0% | 2724 | 2966 | 3254
5% | 2773 | 27.59 | 32.96
10%. | 2365 | 29.29 | 3657
 45%. | 1975 | 3571 | 41.745
20% | 1468 | 2553 | 3468
25% | 1191 | 1978 | 27.78
30% | 874 | 1335 | 20.68
35%. | 6.43 13.49 | 17.54
- 40% 5.7 1149 | 1353
45% 43 9.41 13.54
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Table A2-3:
Result of Density at water ratio of 0.55 and aggregate of 1:4

%MIRHA | Density (kg/m*)
0 22493
5 2219.0
10 - 2193.7
15 2130.2
20 2180.7
25 2126.1
30 2070.5
35 2010.7
40 1997.0
a5 19744

Table A2-4:

Result of Density at water ratio of 0.5 and aggregate of 1:4
%MIRHA | - Density (kg/m’)
0 2199.3
5 2214.0
10 2169.3
15 2149.1
20 2141.0
25 2108.5
30 2082.9
35 2055.8
40 1956.7
45 1940.1
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Table Al-3:

Result of Compressive Strength at water ratio of 0.55 and aggregate of 1:4

7days ZSdavs 60days
.%M!RHA strensth strerhgth ‘strength
|7 (mpa) | (MPa) | (MPa) -
0% | 1714 20.39 23.1
5% | 253 | 3126 | 3534
10% 2247 | 27.86 | 3321
15% - | 1674 | 23.71 | 2854
20% 1724 | 2249 | 2746
. 25% | 15.29 19.4 22.9
30% | 1106 | 14.44 | 19.24
35% | 7.73 12.67 | 16.57
CA40% | 6.62 10.26 | 15.68
45% | 5.44 9,24 12.79
Table Al-4:

Result of Compressive Strength at water ratio of 0.5 and aggregate of 1:4

[ 7days | 28days | 60days’
%MIRHA | strength | strength | strength
| {mpa) | (MPa) | (MPa)
0% | 2056 | 2442 | 2615
5% .| 2067 | 2698 | 29.57
10% | 1841 | 2568 | 3157
“15% | 19.16 | 24.85 319
20% | 19.12 | 23.06 | 2857
25% | 1566 | 1973 | 2546
30% | 1148 | 1487 | 20.09
. 35%. .| 1066 | 16.13 | 23.56
40% | 5.12 12.36 | 19.55
45% 4.16 11.96 | 15.45
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Table A2-1:
Result of Density at water ratio of 0,55 and aggregate of 1:3

%MIRHA De"’“"‘wma)

0 2296.0
5 2213.2
10 2171.0
15 2144.0
20 21315
25 2093.0
30 2082.1
35 2095.7
a0 2051.0
A5 1999.0

Table A2-2:
Result of Density at water ratio of 0.5 and aggregate of 1:3

%MIRHA | Density (kg/m’) -
0 2260.0
L5 2247.4
10 - 2176.3
A5 2173.3
2174.7
2064.0
2011.3
2021.2
1986.0
1953.4

37



A3

Results of the Water Absorption of the Mortar
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Table A3-1:

Result of Water Absorption at water ratio of 0.5 and aggregate of 1:3

| Wetmass(g) | Drymassf{g) | Water absorption (%) -

281 258 9.1

276 246 2.2
272 242 12.4
273 245 114
268 241 11.2
269 232 159
261 223 17.0
257 217 18.4
252 211 is.4
246 207 18.8

Table A3-2:

Result of Water Absorption at water ratio of 0.55 and aggregate of 1 3

“MIRHA (%) | . Wetmass(g) | Drymass(g) | Waterabsorption (%)

287 263 9.3
281 260 8.1
277 254 9.1
271 241 12.4
265 235 12.8
266 228 16.7
260 220 18.2
257 216 19.0
256 213 20.2
252 208 21.2
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Table A3-3:

Result of Water Absorption at water ratio of 0.5 and aggregate of 1:4

_ Drymass(g) | Waterabsorption (%)

_MIRHA (%)

298

271

10.4

286

264

83

284

261

8.8

281

256

9.8

275

247

11.3

268

235

14.0

264

229

15.3

263

226

16.4

246

212

16.0

254

216

17.6

Table A3-4:

Result of Water Absorption at water ratio of 0.55 and aggregate of 1:4

 Wetmass (g)

 Drymass(g) | Waterabsorption (%) _

wgmz:g%):_ g

282

256

10.5

277

253

9.5

278

251

10.8

276

250

104

272

247

10.1

269

241

11.6

267

233

14.6

262

225

16.4

260

219

18.7

255

215

18.6
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Ad
Results of the Initial Rate of Suction (IRS) of the Mortar
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Table A4-1:;

Table A4-2:

Result of Water Absorption at water ratio of 0.5 and aggregate of 1:4

ime, t{min)

1200

273.31

265.38

263.38

261.96

255.65

244,37

243.56

245.24

227.46

235.58
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Table A4-3: _
Result of Water Absorption at water ratio of 0.55 and aggregate of 1:3

236.67 | 237.54 | 23758 | 238.51 | 23895
230.51 | 233.57 | 235.12 | 237.58 | 238.63
22557 | 227.51 | 230.59 | 233.51 | 234.57
219.57 | 22241 | 22467 | 227.12 | 229.57
216.39 | 219,59 | 222.12 | 224.05 | 226.45
21341 | 216.68 | 219.56 | 221.02 | 223.23

Table A4-4:

Result of Water Absorption at water ratio of 0.55 and aggregate of 1:4




AS
Results of the Sieving Analysis
And Hydrometer Test of the Mortar
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Table A5-1:
Sieve result of the MIRHA

Table A5-2:

Sieve result of the Cement

100.0
99.97
99.44
99.03
58.68
98.12
33.16
0.00
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Table A5-3:

Sieve result of the Sand

Table A5-4:
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Table AS5-5:
Hydrometer Result for Cement
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Gant Chart for FYP 1

Table A6-1: FYP 1 Progress
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