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TANGKI NAHRIM Software As A Harvested Rainwater VVolume

Estimation For lukl Compose

!Fatima Nasih Al-Saffar, “Manal Mohsen Abood and Nor Azidawati Haron

ABSTRACT

Water is fundamental to our quality of life, to economic growth and to environment.
Rainwater is one of the primary sources of all usable water in the planet. Rainwater harvesting
(RWH) is an ancient practice of capturing rain runoff from roofs and other surfaces and
storing it for later purposes. A variety of issues, such as: i) Urban growth, ii) Limited water
supplies, iii) Ageing stormwater infrastructure and iv) Environmental sustainability, have
prompted a renewed interest in this practice, which has become common in the developed
countries such as Germany, Japan, and Australia and in developing countries such as India
and Malaysia. In this study, we use Tangki NAHRIM software to calculate the captured
rainwater volume, optimum rainwater tank size; quantify the impact of rainwater demand,
captured rainwater volume, and tanks in managing institutional water demand at UKL
Campus in Selangor — Malaysia. This project achieves several goals such as: i) Promote
environmental awareness through actively participating in storm water management, ii)
Utilizing rainwater collected from building’s roof as a catchment area which deliver relatively
clean water source, iii) Reduce reliance and consequently the pressure on municipal water
resource and iv) Avoiding the use of relatively expensive water source for toilet flushing

within non-potable category application.

Keywords: Rainwater Harvesting, Tangki NAHRIM, Stormwater

INTRODUCTION

Rainwater harvesting (RWH) systems are used for thousands of years, especially in the areas
where water supplies are limited by climate or infrastructure [1]. RWH system is foreseen as a

solution to several problems and is being promoted almost in every country as a sustainable

mean. The real benefits of RWH exceed the domain of the needs of water for domestic or
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agricultural purposes. They also include water management, flood control, and aquifers’

replenishment to name a few.

LITERATURE REVIEW

For thousands of years, RWH was integrated into ancient cultures all over the world, like the
Anti Atlas region in Morocco, the Mayan Civilizations in Central America, and the isolated
Pacific Island of Fiji [2]. Developing an effective stormwater management system is
imperative to help preventing the detrimental results from the increase of flooding. RWH is
shown to unravel these flooding-related stormwater problems as well as provide a resource
for water-stressed regions [3,4]. It is estimated that over 100 million people in the world
currently utilize RWH [5]. One of the notable strategies that is adopted by Malaysia is the
“integrated stormwater management and green buildings: stormwater management and road
tunnels (SMART)” (The United Nations World Water Development Report 2015). The UN
report stresses on the needs and the challenges that require multi-sectorial, inclusive and

comprehensive strategies, like “water-energy-food” planning [6].

Considering the situational facts that rainwater is one of the purest forms of natural water that
nature provides us delivered right on rooftops. Nevertheless, without proper water
management this valuable and pure gift usually is wasted through its run off into storm water
drains. Eventually ends up causing flood and soil erosion on its way to the rivers, aquifers and
sea.

At present, Malaysia is blessed with abundant rainfalls and it primarily depends on rainwater
falling over the country where it is collected into large reservoirs and as ground water [7]. The
countryside areas in South and South-East Asian countries are well known for their practice
of rainwater harvesting and can be dated back to about the ninth or tenth century to the small-
scale collection of rainwater from roofs and simple brush dam constructions. The average

precipitation [8], estimated around 3,000 mm a year.

This paper presents a study about investigate the feasibility of implementing RWH system
within JUKL Campus to promote the awareness and importance of water resources and to
improve the management of sustainable water resources through the utilisation of rainwater in

Malaysia. In this paper, we address the following problems:
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1. IUKL Campus has a lot of buildings with large roof areas and contributes to a lot of
stormwater.

2. Using high-quality water class for potable use and wasted for toilet flushing uses.

3. Paying potable water tariff which is normally high cost relatively for the toilet flushing

purposes.

The objective of this research is to use harvested rainwater properly by calculating the

optimum tank size of water security using TANGKI NAHRIM software.

METHODOLOGY

The methodology that is adopted to determine the potential RWH use for the study site is
indicated in the flow chart in figure 1.

The area under investigation is infrastructure university Kuala Lumpur (IUKL), one study site
is selected among the IUKL camp block 9. A quantitative analysis is conducted to estimate
the potential captured volume of rainwater for selected building using Tanki NAHRIM
software base on precipitation historical data 15 years and total water demand for non potable
uses is calculated using the actual monthly water consumption for building under study based
on the meter reading, comparison of rainwater volume versus water demand to estimate

rainwater storage tank.
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IUKL Campus
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Rainwater Storage Tank Volume
Estimation (Optimum Capacity)

m Tangki NAHRIM

l

Figure 1: conceptual framework for assessing RWH installation at the [IUKL campus site.

Study Area

The area under investigation is the main Infrastructure University Kuala Lumpur IUKL
campus, which is, located in Bangi, within Selangor state, Malaysia. The building block
number 9 is part of the Main IUKL Campus, with roof area 1382 m?,

The implementation of the project started by studying and inspecting all of the available
buildings within the campus site. It is decided to start with one block within IUKL campus

site. This building was Block 9.

Rainwater quantification considers collecting the necessary data, starting from the selected
site, buildings functionality, and particular data pertinent to the addressed research topic.
Alos, previous precipitation daily records, in order to estimate the potentially captured

volume of rainwater; water usage profile for selected building, to estimate water demand; and

4 | Page



comparison of rainwater volume versus water demand, to estimate rainwater storage tank
volume.

The quantity of rainwater volume analysis significantly depends on the quality of the weather
input data. For purposes of this research, data was obtained from the Malaysian
Meteorological Department (MMD) of the Ministry of Science, Technology, and Innovation
(MOSTI). As most suitable for this research, PORM BANGI Weather Station was selected, as
it is a part of the National Weather Station network, which is located 500 meters to the south
of the IUKL Campus border.

For the purpose of this research, daily precipitation data for the period 2000-2014 was used.
The focus of the analysis was on monthly mean values, in order to define annual precipitation
regime, along with maximal daily values, in order to define extreme values.

Records of water usage data were obtained from the Administration Office at IUKL
University. 2014 average water volume pumped from the municipal water station for the
selected building block 9, within the university campus, was 7552 m? per year, of disinfected
potable water per year. With an estimated population of over 800 persons attending the
building during working hours at block 9, the average water consumption equates to 42

liters/person/day.

IUKL University is in many ways like a small town, meaning that there are different types of
buildings with different design codes for water usage. Furthermore, water demand varies with
the type of building, and therefore buildings in the IUKL were sectorally categorizedto
determine the amount of water used for flushing toilets.

Even though water usage data was provided for each building on the IUKL, the percentage of
used water for potable and non-potable sources is not measured separately at UKL
University campus site. Therefore, the proportion of used water for non-potable uses was
estimated to be 45% for institutional building (Block 9) [9], based on previous research [10].

Rainwater Storage Tank Volume Estimation (Rainwater versus Demand)
For the purpose of the research, this analysis considers: water balance determination for

Block 9 building using monthly rainfall data; and harvested rainwater storage sizing using

annual and monthly demand assessment in Tangki NAHRIM software.
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Monthly Water Balance for Block 9 Building

To calculate the RWH potential supply, it is necessary to determine a water balance for
selected block 9. Firstly, the monthly rainwater supply is calculated using the monthly rainfall
data for IUKL university campus, Selangor State-Malaysia. Block 9’s total roof area in square
meters (m?), and the following equation [11]:

RainwaterPotentialSupply = Precipitationx*Kroof *A 1)

Where, Kroof = 0.9 because the first 10% of rainwater typically is lost to initial abstractions
such as transpiration, evaporation, and surface wetting (Malaysian EF). The toilet water usage
demand for the selected building (Block 9) is calculated by assuming that “design building
occupants” would flush a toilet three times a day at 6 liters per flush. By collecting and
utilizing 2737 m® of the rainwater that runs off the (Blocks 9) building, 45% of the potable

water used for flushing toilets could be conserved, for Block 9.

Harvested Rainwater Storage Sizing

There is a standardized approach to define the size of rainwater harvesting storage, which
takes into consideration the estimated precipitation volume that is bearing the timing of water
consumption/demand. In fact, the software has been developed by the National Hydraulic
Research Institute of Malaysia (NAHRIM), and it has been called Tangki NAHRIM. The
approach that is used in this research considers at the beginning an annual assessment and
downscaling in time to a weekly water balance to clarify the precipitation water demand
discrepancies at different temporal storage capacities. Additionally, the multi-temporal
analysis is intended to focus on the need for a weekly water balance approach to analyz and
design RWH systems for use at IUKL campus.

To conduct the technical analyses; precipitation data records for Bangi and the annual water
consumption data for IUKL were obtained. The monthly water consumption data were
summed to the annual level. Then the use of water for non-potable purposes were calculated
based on the function of the building under study. One criteria based on the European
standards was adopted from the literature. Finally, the area of the rooftops for the selected
building was used to develop the daily water balance study.
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The daily precipitation data were summed to the annual level (by calendar year)and
multiplied by the area of each of the selected building for study (1382 m?) to determine the
annual precipitation volume that is associated with this selected building. Annual comparison
of the precipitation volume and annual water use volume (based on the year 2014 meter
records) was performed as an initial assessment of the required amount of water that could be
potentially available and supplied by captured rainwater specific to this building. Building
function estimated the number of occupants, holidays, summer and semester breaks were all
taken into consideration in calculating the water use. This rate is based on the Malaysian

guideline of water resources recommended consumption for sanitation purposes.
Tangki NAHRIM Software Package

The main objective of developing this software, named Tangki NAHRIM, by the National
Hydraulic Research Institute of Malaysia (NAHRIM) was to serve as a guide to estimate the
best size for rainwater tank. However, the development of this software led to additional

favorable features and capabilities.

Based on historical precipitation data, the dimension of the catchment area and the
required/expected water demand for a hypothetical tank size, the software can calculate the
amount of captured rainwater, total rainwater volume delivered reliability of the system,
utilization coefficient of rainwater, storage efficiency, and the status where the tank is empty
as a percentage time. Moreover, the software can provide an estimation of monthly water
availability as a reliability indicator. The domain of application of the software can be
expanded by adding additional station to the code and/or precipitation data to explore the

various areas according to the user interest and availability of data for a certain location.

The basic idea of Tangki NAHRIM is the water balance between potential availability and

probable consumption:
=%
I-0=— (2)

Where S is a volume of rainwater stored in the tank, lis the inflow rate to the storage tank, and
O is the outflow rate from the storage tank. The water balance accounts for inflows to and

outflows from the storage system to compute the daily change in the stored amount of
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harvested rainwater. The inflow volume is based on calculating the amount of precipitation
that can be captured, where the runoff volume in (m?®) based on the daily precipitation amount
in (mm), the runoff coefficient, and the catchment area in (m?). The rooftop runoff coefficient
can range depending on the material of the roof cover and slope. A typically assumed value of

0.9 was used to represent rooftops surface based on the engineering practice.

The volume of outflow is estimated to be the daily water demand. The total water demand is
calculated using the actual water monthly consumption for building under study based on the
meter records for the year 2014. Then the average daily water use amount was calculated by
taking into consideration, the non-potable portion of water use in toilet flushing, the number

of holidays, summer breaks, semester break, and the weekend days.

Moreover, Tangki NAHRIM software is designed to study the impacts of tank size change on
the technical feasibility of RWH in IUKL. The explicit representation of the daily water
demand in Bangi area permits those variables to be modified to represent future conditions
and then to use Tangki NAHRIM to determine the performance (percent of water demand

provided by captured precipitation) based on the modified tank size.

Rainwater harvedting System Performance

From the acquired data of the software, the user can conclude three performance measures
(‘reliability’, 'satisfaction’ and 'efficiency’) associated with each selected tank size. These
measures can be interpreted as per the need of the RWH user and defined as;
1) A high 'reliability’ means that the RWH user will not need to fetch extra water from
another source for most of the year.
2) A high 'satisfaction’ means that most of the RWH's water can come from its RWH
tank.
3) A high ‘efficiency’ means that most of the roof run-off is being used, little is being

wasted by overflowing the tank andwhich imply that the performance is 'roof limited'.

FINDING AND DISCUSSION

All of the figures and graphs that represent the analysis results depict the fact that rainwater

catchment that is used for some type of indoor water use reduces the institutional building’s
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effect directly on water supply and indirectly on the stormwater system.

This research work presents arguments for the use of rainwater catchment as a proactive way
to mitigate numerous impacts of the built environment. The benefits that are related to

rainwater catchment will hopefully outweigh the costs associated with such practices.

The adopted software package ‘Tangki NAHRIM’ shows many interactions related to water
use and storage tank size. The most surprising results of the study was the toilet scenario,
Block 9 with 75m?3storage tank can divert the stormwater being discharged from Block 9 in a
year, considering roof area and population for this block 9.

For this study of Block 9, this equates to diverting 2737 m3of stormwater per year from only
1382 m? of roof areas of Block 9, thereby saving 2737 m? from being withdrawn from the

watershed.

Site Data Calculations

To evaluate the effectiveness of installing rainwater harvesting system, the study must
involve at first, the site precipitation profile, roof characteristics, water demands, and finally
the water demand for the intended purpose or use, as in our case, toilet flushing and general

cleaning. The selected building for this research where chosen to be Block 9.

Site Data and Results for Block 9

Block 9 is an institutional building with 800 occupants approximately, the roof area is 1382
m?, and the material of the roof qualify it for 0.9 as runoff coefficient. Using this basic
information for the site, water demand from the meter reading for the year 2014 and the
precipitation data of the area, with the building function in mind. The Tangki NAHRIM
software was used to calculate the potential rainwater that can be captured annually calculated
on an average bases taking in consideration the precipitation data. From the water demand of
the building during the year 2014 and the function of the building (institutional building), the
toilet flushing percentage was taken to be 45% of the total water used. The tank size was
chosen to provide one week (5 working days) of water supply sourced from rainwater, which
is according to the demand was chosen to be 75 m?®.

Figure 2 shows Block 9 simulation input data for Tangi NAHRIM program
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2 cooseanialaea - O IEBIR  Roof Characterisis ~ CHEM % Daiy Water Usage = = I
Tangki Nahrim 2008 Tangki Nahrim 2008 Tangki Nahrim 2008 ‘
Choose Rainfall Station . Roof Characteristics Daily Water Usage
[A BLK NINE UKL =l Lengh| [ m e
. Cooking/drinkin ;
Rainfall data from 2009 to 2014 width| 21,5937 m mg/drinking 0 lives
Bathin 0l
TSR P EI Avea [1362.00 sq.m . e
i Station SO Washing 0 lires
' 1t flush depth. 1l Toilet Flushing | 14975 lires
Tst flush vol. [ {987 cu.m General cleaning 25 lires
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(Runvoff coeffcient)
" Concrete Tiles 08 Total vol./day |15000.01 Jitres
* Zink 7 Metal 0.9 Avg./person | 1500 |ires
" Others
- «| -
hNext Prev Next

Figure 2: Input data for Tanki NAHRIM software are rooftop dimensions for area calculation, first

flush depth, Type of roof surface, No. of persons as water consumer, Daily required water for toilet

flushing and general cleaning, and tank size (75m?).

Figure 3 shows Block 9 simulation result of Tangi NAHRIM program. While Figure 4

illustrates the monthly reliability and tank status when tank size 75m?3

R

Rainfall Simulation

Day Mth Year

p1 fiz" f2o14

A BLK NINE IUKL data for 6 years period. no. of days simulated = 2192 days.

Simulation Run

Size of tank

7anghks Nahirim 2008

T

75 cu.m.

[ Run Simulation |

ey

R:'l:dw?:.e:;' 2002941 Analysis Results
Reliability Ratio
Total rain vol. 16428 23 Delivered vol. / I 50.01 %
delivered [cu.m) = Demand vol
Coefficient of
Avg. per day I 7.49 Rainwater I 82.02
Utilization [X)
No. of Days Usage 1187 Simulation of water in tank
vol. not meet Storage Effici
No. of Days with no a- flow/inflow)} I Be:34
rain 1317
No. of Days with no % time tank empty 5415 %
rain & tank empty 953
~ & = e
Re-do Report More Results Close
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Figure 3: Tanki NAHRIM output data, reports the total captured rainwater based on the roof
dimension and the precipitation data, total delivered rainwater based on the rainwater data profile and
selected tank size, average daily availability, reliability ratio, rainwater utilization percentage, and
storage efficiency based on selected tank size.

= Rainfall Results - O u‘
Tangki Nahrim 2008
Monthly Results Condition of Water in Tank

Rehability = Delivered
Volume / Demand Volume % Time :

S 1.Tank Full [ 456

Janvary | BB.51 234-Ful | 734
February | 43.25 3172-34 | 44
March | 5836 414-172 [ 1090
Apil [ 7078 5 Empty-174 [ 1451

May | 48.14 6. Tank Empty | 5415
J 28.98 e
i TotaL | 100
July 34.87
August 46 89
September 55.80
October 59.07
November [_8_3-2—9
Decembe: 3 —l
ecember 62.17 Dose

Figure 4: Monthly reliability and tank status when tank size 75m?

Table 1 shows the results of basic parameters of Block 9.

Table 1: Basic parameters of selected building as study site Block 9

No Parameters Block 9

1 Building Type / Function Educational
Water Demand Criteria for Toilet Flush
2 | % of the Total Water Consumption BFP | 45%
BFP = Building Function Percentage

3 | Roof Area (m?) 1382

4 Roof Type Metal — Coated
5 | Runoff Coefficient 0.9

6 Number of Years for Simulation 6

7 Number of Days for Simulation 2192
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Water Consumption/Demand:
(Source: Meter Reading)

8 | Annual Water Consumption (m?) 7552
Av. Monthly Water Consumption (m?®) 594
Av. Daily Water Consumption (m®) 20.7
9 Number of Working Days (NWD) Days | 226
i Effective Daily Water Demand (m®): -
Annual Water Demand (m?)/ NWD
Daily Water Demand/Toilet Flush m3
=EDWD xBFP m?® 15
Estimated Daily Rainwater (m®): 16429

12 Estimated Delivered Rainwater (m®) /| 2192

11

Number of Simulation days

Effective Available Daily Rainwater

365
13 (md): [?.5 x—] = 1211
226
Annual Water Demand (m3)/ NWD
14 Estimated Demand Percentage %81

15 Estimated Annual Saving of Water (m®) | ~ 2737

The outcomes of the research was to proof that technology play a major role to mitigate the
risk of water shortage by applying the RWH system which is alighned with previous study
[12]. The calculation of this work was based on the proportion of used water for non-potable
uses was estimated to be 45% for institutional building (Block 9) [9], based on previous
research [10]. As of the result shows the high percentage can cover the demand for toilet flush
and general cleaning in the selected building; Block 9, by obtaining 81% of the nonpotable
water and sufficient to reduce flooding as confirmed in [13], and will participate in green
technology [14], in addition to prevent enter the drainage system and avoid the blockage [15].

CONCLUSION

Demand on water resources is expected to increase dramatically in the near future due to the

population growth and expansion of urbanization, industrialization and irrigated agriculture.
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Adopting the concept of sustainability and conservation of water resources can help to cope
with the global water shortage.

With these result, it was clearly established that rainwater utilization contributes to the
economic viability of implementing the RWH system. Successful implementation of
rainwater harvesting system at IUKL Campus is a significant contribution to future rainwater
harvesting system development. More important, it will also support the development of a
sustainable approach to any building in Malaysia. Universities, governmental research
entities, and government agencies are playing an important role to promote the practice of

installing RWH system and offering incentives for fees of concerned authorities.
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Mechanical Characterizations Of Doped And Calcined Tio, Based

Varistors Processed With Different Binders

Arman Meshkinnejad, Shahida Begum

ABSTRACT

Binder is one of the crucial processing aids to process electro-ceramic. In this study, TiO-
varistor powder was doped with 0.4 wt% Tantalum Pentoxide (Ta20s), 0.25 wt% Tungsten
Trioxide (WOs3), 0.2 wt% Cobalt Trioxide (C0304), and 0.5 wt% Bismuth oxide (Bi20z). The
doped powder was calcined at 600°C with the holding time of 30 minutes. The calcined
powder was ball milled using three different binders, namely Poly Vinyl Alcohol (PVA), Poly
Ethylene Glycol (PEG) and Latex (B-1022) and calcined again. The prepared varistor samples
were characterized in terms of green and fired density, axial and radial shrinkage, Vickers
hardness, compressive strength and XRD. It was found that both the calcination process and
addition of binders influenced the physical and mechanical properties. The effect of PVA
binder was significant in comparison to the samples which was processed without binder and
not calcined. The fired density of 3896 kg/m®and Vickers hardness of 708.7
were achieved with addition of PVA. Hence, it can be concluded that both the calcination and

binder addition have significant influence on processing electro-ceramic powder.

Keywords: doped TiO> varistor; binder; calcination; mechanical characterization

INTRODUCTION

The varistor is a passive electrical component [1] which is used in electrical circuits to protect
sensitive devices, such as integrated circuits, against unexpected changes in the supplied
voltage. The name varistor stands for variable resistor, which means that its resistance
depends on the applied voltage. The resistance of the varistor has a strong dependence on the
applied voltage. This unusual behaviour of the varistor can be used to protect sensitive
integrated circuits from spikes in their voltage supply [2&3].
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The nonlinear current—voltage characteristic is the main electrical property of a varistor,
which can be expressed by the equation | = KV where o is the nonlinear coefficient, a

fundamental parameter used to scale the nonlinearity [4].

Several kinds of ceramics exist in the field of varistor materials. Sintered SiC compacts at
first, afterward ZnO-based varistors were developed [5]. Other materials such as WO3, SnO.,
SrTiOz and TiO> are also considered for varistor fabrication [6-9]. TiO> powder is one of the
base materials for low voltage applications due to its intrinsic electrical performance.
However, this material is doped with different dopants to enhance the performance
characteristics [10].

In the varistor processing route, addition of binder, calcination of varistor powder and
sintering temperature play an important role. These processing routes are identified to affect
the green and fired density and strength, grain growth, porosity and other characteristics of the
varistor [4, 11&12].

In this study, the TiO2 varistor samples were prepared with addition of Ta;Os, WO3, C0304,
and Bi20O3 as dopants. The results of mechanical characterizations of TiO> varistor samples
when processed with PVA, PEG and Latex binders are compared with the calcined and non-

calcined samples without addition of any binders.

Experimental

Five different samples were created with and without calcination taking nanosized TiO: as
base powder. The sample identification for experimentation is given in Table 1. Each sample
powder was ball milled for one hour taking 1 kg zirconia ball as milling media and 200 ml
deionized water as solvent. The prepared slurry was dried in an oven overnight at a
temperature of 60°C. The powder was grinded and calcined at 600°C in a low temperature
furnace. The calcined powder was ball milled again using 1.3% of three different binders.
Solution of PVA and PEG were made in a magnetic stirrer using deionized water before

adding for ball milling. Thence, the prepared powder was dried overnight and calcined again.
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Table 1: Identification of varistor samples

Sample Powder Composition Calcination Binder
1 No calcination No Binder
2 98.65% TiO2 + 0.4% Taz20s Calcined No Binder
3 +0.25% WOs3 + 0.2% C0304 Calcined PVA
4 + 0.5% Bi»03 Calcined PEG
5 Calcined B-1022

Pellets of 20 mm diameter were made from the prepared powder in a laboratory scale
hydraulic press with pressure of 40 kg/cm? to prepare the green body of cylindrical shape. The
pellets were sintered in a high temperature furnace at 1400°C with 2 hours holding time. The
heating and cooling rate of the samples were maintained at 10°C/min. The sintered pellets

were grinded and polished to level and remove the impurities from the surface of the samples.

For the mechanical and physical characterization of the samples, the green and sintered
densities and shrinkage rates of the samples were measured. Moreover, Vickers Hardness of
the samples were evaluated by Vickers hardness machine of model Wolpert Wilson
Instrument 401MVD.

The XRD pattern of the samples was evaluated by Shimadzu 600 apparatus to identify the
crystalline material structure and phases. The X-Ray Diffraction was operated with Cu-Ka
radiation source (A=0.1548 nm) at voltage of 35 kV and 30 mA. The scan range of 26 from
20° to 60°, scan speed of 2 degree/min and the scan step of 0.02° were applied.

In this study, 5 samples were prepared for each experimental condition, and the average

values were considered.
RESULTS AND DISCUSSION
The results are based on green and fired density, shrinkage, micro hardness, compressive

strength and XRD. It has been found that the properties were influenced by calcination and

addition of various binders.
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Green Density

The variation of green density with and without calcination and addition of different binders
is shown in Figure 1. The green density of the samples shows reduction with the calcination
process. However, the green density of the calcined samples was increased by addition of
PEG and Latex binders. But the addition of PVA binder decreased green density of varistor
discs.

Calcination process resulted in fine and low-agglomerated ceramic powder [13]. Furthermore,
the binders bridge the particles of the mixed ceramic powder together by adsorbing on their
surfaces [14]. Moreover, binders help the grains rearrangement to dispel the intra-granular
porosity and making the packing configuration denser by acting as a wet agent [11&15].
Sample 1 prepared without calcination and addition of any binder obtained the highest green
density which is 1555 kg/m?.
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Figure 1. Variation of green density with calcination and different binders.

Fired Density

The effects of calcination and addition of different binders on fired density are presented in
Figure 2. As the results indicate, the calcination process remarkably increased the sintered
density. Moreover, the addition of PVA binder increased the sintered density too. Though, the
fired density shows reduction with the presence of PEG and Latex binders. However, the
maximum fired density of 3896.07 kg/m® was gained by sample 3 which prepared with
calcination and addition of PVA binder. The binders are burnt out during the sintering process

which is dependent on the melting point of binder. Hence, the heating rate is crucial. The used
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heating rate might have caused rapid vaporization and created pores in case of PVA, PEG and
latex binders as the melting points are 230°C, 250°C and 100°C respectively.

In the sintering process, pores are eliminated by the grains rearrangement which increases the
density of ceramic sample [11]. Meanwhile, addition of binder higher than 0.5 wt% in the
composition can lead poor fired density despite high green density. The reduction of fired
density is a result of left pores and some remainders after the binder vaporization which

prevents densification while sintering [14].
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Figure 2. Variation of fired density with calcination and different binders.

Shrinkage

The variations of radial and axial shrinkage with calcination and addition of different binders
are indicated in Figure 3. The lowest radial and axial shrinkage were achieved by sample 1
without calcination and addition of binder. In the other words the calcination process

increased the shrinkage rate in both radial and axial directions.
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Figure 3. Radial and axial shrinkage with calcination and different binders.
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The radial shrinkage of the samples shows reduction with addition of binder. Furthermore,
presence of PEG and Latex binders reduced the axial shrinkage likewise. Though, the
addition of PVA binder increased the axial shrinkage, which was gained 29.1%. The highest
amount of radial shrinkage 27.95% was obtained with sample 2 which was processed with
calcination and no presence of binder. Higher shrinkage rate indicates more increase in

densification which associates with fewer voids and more compact ceramic sample.
Mechanical Properties

The effect of calcination and addition of different binders on the Vickers hardness is shown in
Figure 4. Base on the results, calcination process increased the Hardness and compressive
strength. Moreover, addition of different binders increased the mechanical properties
regardless of fired density, which can be considered as better intra-granular connections or
different average grain size. The highest amount of Vickers hardness was achieved by sample
3 with addition of PVA binder.
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Figure 4. Vickers hardness variation with calcination and different binders.
X-ray Diffraction (XRD)
XRD analysis was performed to provide the crystal structure and phases information of the

ceramic samples. The XRD patterns of ceramic samples are indicated in Figure 5. The results
show seven outstanding diffraction peaks at 27°, 36°, 39°, 41°, 44°, 54° and 57° which are
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consistent with reference [11]. Furthermore, crystal planes assigned at (110), (101), (200),
(111), (210), (211) and (220) affirming pure TiO2 composition.

The XRD patterns exhibited the highest peak at (110) and 26 = 27°. Base on the results, the
amount of peak intensity counts was dramatically increased by calcination process. Moreover,
the peak intensity of calcined samples was reduced with addition of PVA and PEG binders.
Sample 5 with addition of Latex binder shows the highest intensity counts of 2539 at 27°. The
higher intensity can be considered as higher crystallinity and a greater atomic number which

results in higher scattering factor of TiOa.
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Figure 5. XRD pattern of TiO; discs prepared with various binders.

CONCLUSIONS

The physical, mechanical properties and phase evaluation of nanosized TiO2 doped with
various dopants and calcined with different binders were evaluated. It was found that fired
density and strength were significantly improved when the varistor powder is processed with
PVA binder and calcined. The enhancement in strength of the nanosized TiO: signifies the
reduction of porosity and enhancement of density of TiO> based ceramic varistor. XRD
revealed the presence of TiO2 as main phase and higher intensity was obtained with latex
binder. Physical, mechanical and XRD results show the evidence of the influence of the

binder and calcination temperature on the processing of TiO2 powder. It can be envisaged
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from higher fired density and hardness that the grain size and porosity were effected which
would facilitate the performance of varistor.
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Effects of Bed Roughness on Discharge

Bashir Muhtar’, Dr. Manal M. A. Albayati?

ABSTRACT

In recent years, water recourses works and other hydraulic engineering projects have been
developing. The knowledge of open channel hydraulic is essential for every engineer when it
comes to hydraulic structure work. In this paper, the two main coefficients, namely
Manning’s and Chezy’s coefficients which are used in finding the flow resistance in an open
channel and different bed conditions were focused on reviewing previous works.
Consequently, it was found that any factor that increases flow resistance increase the
roughness coefficient, and the factors that decrease flow resistance decrease the roughness
coefficient. Roughness varies with the change in stages of discharge and like the seasonal
changes in vegetation. However if the size and shape of the cross-section of the stream of
fluid is constant the flow is considered uniform. The value of n expected is lower when the
bed material is smooth, and also when it’s not affected by changes in the depth of flow. The
gravel beds values of n are usually bigger and vary significantly with the depth of flow. In
conclusion, roughness coefficient and flow rate were influenced by slope and the bed
roughness. Although the Chezy’s was formulated long before any other methods, the Chezy’s

constant still remains without any set of value hence somewhat of a mystery.

Keywords: Open channel flow, Coefficients of resistance, Manning’s, Chezy’s coefficient,
Roughness and Uniform flow

INTRODUCTION

An open channel is a duct in which the liquid flows with a free surface exposed to atmospheric

pressure. The flow channel is one of the most important tools available for the teaching of

hydraulic principles. The flow channel has been designed to allow students a wide range of

experiments on water flow in open channel under different flow conditions and analyze the

effects of test models of various shapes on water flow. It also allows the verification of the
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Chezy equation and manning’s friction factor. Flow resistance on rough and inclined beds has

been a challenge in hydraulics [1].

Resistance to flow in open channels is due to viscosity propulsion or pressure force created on
wet surfaces. The various types of obstacles and roughness present on the bed and sides of rivers
increase roughness in the flow path, cause loss of water energy, slows the flow, raises the river

water surface, and generates flow in flat plains [2].

Further, determination of flow resistance for calculating discharge, velocity and sediment
transport is essential. Calculation of water velocity near inclined surfaces, like the inclined
spillways and drops, is needed to determine the hydraulic and geometric characteristics of

downstream structures.

Also, the coefficient of flow resistance is considered as a main factor in the simulation models of

natural waterways. The coefficient is a function of velocity, depth, and type of bed roughness

[1].

Resistance Coefficients Of Open Channel

Chezy (1775) and Manning (1890) are relationships used frequently, The method of calculating
coefficients reflecting the resistance derived from the roughness of flow profile is the most
important issue in using these relationships; these coefficients are respectively recognized as the
Chezy roughness coefficient (c) and the Manning roughness coefficient (n), and thew
determining these coefficients has been a subject of considerable interest for hydraulic

engineers.

In an open channel, if the depth of flow is constant, then it is treated as “uniform depth”.

In some cases, the uniform depth flow can be accomplished by adjusting the bottom slope so that
it precisely equals to the slope of the energy line. Physically, the loss of potential energy of the
fluid as it flows downhill is exactly balanced by the dissipation of energy through viscous

effects.

Considering the flow in an open channel, the cross-sectional area is constant in shape and size. If

the cross-sectional area is A and the “wetted perimeter” (i.e. length of perimeter of the cross
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section in contact with fluid) is P, then a new parameter may be defined as “hydraulic radius”

Chezy Resistance Factor

The fundamental relations used to determine the uniform flow rate in open channel are semi-
empirical and are governed by Chezy and Manning equations.

A French hydrologist, Antoine Chezy in 1769 after reviewing the general, developed the
Chezy’s formula laws. The approximate character of Chezy’s equation for uniform flow in an
open channel is widely acknowledged which can be seen from the numerous formulae for the
Chezy’s coefficient quoted in the literature of (Leliavsky 1959; Chow, 1959). The Chezy’s
formula is expressed in terms of velocity as follows:

V= CvVBS v (2)

This equation (2) known as “Chezy equation” in which C is termed Chezy coefficient
Where V = mean velocity (m/s)

R= hydraulic mean depth (m)

S =slope of energy line

Manning’s Roughness Coefficient

In open channel, the manning formula has been widely used to determine roughness coefficient.
It also is most frequently used in the computation of open channel flows. Manning’s formula is
an empirical parameter that applies to uniform flow in open channels and is a function of
velocity, cross sectional area and slope of channel. The variations of roughness coefficient
occurs due to the various contributing factors which affects the flow and discharge coefficient
such as surface roughness, vegetation, irregularity of channel, conduit alignment,

silting/scouring, obstruction and discharge of water/fluid (Chow, 1973).

As an alternative to other resistance coefficients, Manning’s formula was established in 1885 by
an Irish Engineer Robert Manning and later published in (Manning, 1891) It has been developed
and modified over time, which consequently becomes preferable to engineers in the carrying out
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frictional constant calculations and practical applications. The formula mathematically written

as;

V=—R- }.'5;... PR = )

e With V = mean velocity
e R =Hydraulic radius
e S =slope of energy line

e n=Manning’s constant.

Random roughness is used to characterize surface micro-relief. Height measurements were
employed in a procedure developed by Allmaras et aL (1967) for calculating random roughness.
To reduce the variation among measurements, the effects of slope and oriented tillage tool marks
were mathematically removed. Manning formula is used to estimate flow in open channel
situations where it is not practical to construct a weir or flume to measure flow with greater
accuracy. The friction coefficients across weirs and orifices are less subjective than n along a
natural (earthen, stone or vegetated) channel reach. Cross sectional area, as well as n', will likely
vary along a natural channel. Accordingly, more error is expected in predicting flow by

assuming a Manning's n, than by measuring flow across a constructed weir, flumes or orifices

[5].
LITERATURE REVIEW
Literature related to Manning’s n

M. Greco, et.al., (2013) studied on Manning’s roughness through the entropy parameter for
steady open channel lows in low submergence. The objective of the work, therefore, is to
investigate the direct dependence of Manning’s roughness on the entropy parameter in the case
of low depth and submergence. The experimental tests were carried out on a free surface flume
of 9 m length and with a cross section of 0.5 x 0.5 m. The distance of 4 m was chosen. The

experiments were performed in steady flow conditions for different values of discharge (0.007 -

0.076 m3/s) and slope (0.05 - 1 %). The result of the analysis shows how the dependence of

yo/ymax on D/d and i improves the assessment of Manning’s roughness, considering ymax equal

to 3/4 of the water depth, D. Such result further enforces the relationship between the entropy

parameter and the hydraulic and geometric characteristics of the flow. Basing on experimental
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data collected in a flume on a steady flow in low submergence. Manning formula, as we know it
today, as well as to the acceptance that the Manning's coefficient C should be the reciprocal of
Kutter's n. In the United States, n is referred to as Manning's friction factor, or Manning's
constant. In Europe, the Strickler K is the same as Manning's C, i.e., the reciprocal of n.

Others theoretically investigated the development of bed shear velocity and shear stress based on
specific assumptions on flow type (still/ turbulent, water depth), size of bed particles, flow
distribution, and channel roughness (Kim et al. 2000). Historically, Manning’s roughness
coefficient can be selected from simple lists of channel descriptions (Chow, 1959).

The Manning equation was developed for uniform flow in which the water-surface profile and
energy gradient are parallel to the streambed, and the area, hydraulic radius, and depth remain
constant throughout the reach. It is assumed that the equation also is valid for the non-uniform

reaches usually found in flood.

Literature related to vegetated channel

Rhee, D.S. et.al., (2007) used three Korean natural vegetations Zoysia matrella (Korean zoysia),
Pennisetum alopecuroides (L.) Spreng. (Korean native vegetation) and Phragmites communis
Trin. (Korean reed) in flume tests to see the effect of vegetation in the channel on flow
resistance. It was observed that the resistance coefficients are higher when plants are green
rather than when they are dormant. The Manning’s “n” values for green state tend to a constant

value of about 0.012, whereas for dormant state it was observed to be about 0.001.

Hassan, (2010), studied an approach for estimating the equivalent Manning coefficient, total
flow conveyance, depth average velocity distribution and bed shear stress of trapezoidal channel
cross-section with different roughness of flexible vegetation along the wetted perimeter was
developed based on a 2D velocity distribution in experimental flume for both submerged and
emergent conditions. However, the flow conveyance model was validated in the field and it was
found that the model overestimates the discharge especially for vegetation on bed and side banks
(Hassan, 2010). This overestimation may be simply because of using synthetic material to

represent vegetation roughness during his experiments.

There is a direct relationship between vegetative effective roughness and local plant deformation
(deflected plant height). In that sense, the dimensionless function based on Kouwen’s

investigations is confirmed. Density, stiffness, and geometric moment of the vegetative model,
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combined with flow conditions, causes resistance to flow. The use of the average interplant
length scale a, and its use in the presented modified Kouwen parameter seems a better predictive
indicator. (David Velasco. 2003)

Literature related to Sand-Bed Channels

An understanding of the basic factors that affect roughness coefficients in channels and
overbanks are needed for the selection of Manning's n. In general, the roughness coefficient is a
measure of the effect that bed material, channel geometry, vegetation type and density, and other

factors have on flow resistance.

The variation with stage and discharge is particularly important in higher-gradient mountain
streams. The general approach to evaluate roughness outlined in this section consists of
evaluating the channel roughness (base n value), modifying the base value by adjustment factors,
and evaluating the roughness of the overbanks. The discussion is further divided into natural,

agricultural, and urban conditions.

Resistance to flow in sand-bed (movable) streams varies greatly, depending on the velocity of
flow, grain size, shear, and other variables, because the moving bed material takes on different
bed forms. The flows that producethe bed forms are classified as lower, transition, and upper
regime (Simons and Richardson, 1966). Bed forms of lower regime flows consist of plane bed,
ripples, and dunes. Bed forms of upper regime flows consist of moving plane bed, standing

waves, and antidunes.

The roughness coefficients for the lower and transition regimes depend on grain size and bed-
form roughness at a particular time and are very difficult to assess. Generally, as the flow
increases dune formation greatly increases, and the roughness is much greater than the upper-
regime flow roughness. The n values in sand channels increase directly with particle size. To
determine the roughness of a sandbed stream, an initial n value based on the median particle size

is selected.

Achanta R. Rao conducted an experiment on the design of plane sand bed channels affected by
seepage his objective was to ascertain the effect of seepage on the hydrodynamics of the
channel. Hence experiments are conducted on a higher scale tilted flume of an effective length

25 meters (length of seepage zone is 20 meters) and width 1.8 meters in the Hydraulics
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laboratory of Indian Institute of Science, Bangalore. Initially, the sand-bed is made plane for all
the experiments with a required bed slope So. Then inflow discharge Q is allowed. A tailgate at
the downstream end of the channel is used to adjust the flow depth. After reaching stable
conditions, slow seepage flow gs (suction or injection) is allowed to set the condition to pseudo
incipient motion. Before and after the application of seepage, the water surface elevations are
measured with an accuracy of £0.015 mm of water head at regular intervals along the channel by
using a digital micro manometer in order to determine the water surface slope Sw. it has been
observed that suction reduces the stability of the bed particles and initiates their mobility

whereas injection increases the stability of the bed particles and reduces their mobility.

In 2006 Ismail, Z and Shiono, K. (2010), derived some equations which was carried out by using
only laboratory data with plane beds made of sand and gravel, with both uniform and graded
sediments. Omid M. H. (2010) et al conducted an experiment on effects of bed-load movement

on flow resistance over bed forms. In 2010, Ji-Sung KIM etal estimated

Literature related to Gravel Bed Channel

Zarina Md Ali and Nor Ashikin Saib (2011), conducted an experiment on the Influence of bed
roughness in open channel. The purpose of this study is to determine the influence of gravel bed
channel on flow rate and roughness coefficient in open channel. The experiments were
conducted in a rectangular flume with glass sides with a flat bed. The size of flume is 10m long,
0.30m wide and 0.46m deep. The experiments were carried out by using fixed flow rate;
0.020m?/s, 0.025m?/s, 0.030m?/s and 0.035m?%/s by adjusting the water pump level. The depth of
flow was measured at all sections by measurement apparatus. At each section, four points of
depths were to be taken with three points of velocity. Fowrate and roughness coefficient were
influenced by bed roughness. Besides, influence of bed roughness has more effect at steeper
slope, although the study was done in small-scale. The roughness coefficient n obtained by
flume gravel bed surface is bigger than flume with smooth bed surface. The differences of

flowrate, Qtheory and Qexperiment ranged of 17 to 25%.

Wen C. WANG, and David R. DAWDY (2014), worked on the flow resistance for gravel bed
channel. The purpose of this work was to develop a reliable resistance formula in terms of the
Darcy-Weisbach friction factor f. The data was screened and used to establish the formula.
Existing resistance formulas produce a wide range of friction-factor estimates for gravel bed

streams. The existing formulas have considered thatfis a function of relative
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roughness Dga/R only, where R is the hydraulic radius and Dss is the particle size referred to the
intermediate diameter that equals or exceeds that of 84 percent of bed sediments. In this
paper, fis considered as a function of Froude number in addition to the relative
roughness. f for Dgs/R>1 displays a different trend than that for Dgs/R<1 perhaps due to the
invalid assumption of a logarithmic velocity distribution for Dgs/R>1. An fformula for Dgs/R<1

has been established.

For a short reach of gravel-bed stream, in a glaciated catchment with a characteristic diurnal
discharge hydrograph, a strong positive relationship was found between the volume of water
passing through the reach and the volume of erosion in the reach, for points early on the rising
limb of the hydrograph. This relationship broke down later in the Manning’s roughness
coefficient for a gravel-bed river reach using field measurements of water level and discharge,
and the applicability of various methods used for estimation of the roughness coefficient was
evaluate. Alil Md Z. and Saib N. A. (2011) did the laboratory experiment to determine the

affects of gravel bed to roughness characteristics in channel.

Thus, early in the hydrograph, this relationship provides an indication of the capacity of this
reach to move sediment, either locally eroded material or sediment supplied from upstream, and
this paper applies this relationship to a six week discharge hydrograph to predict the potential
transport volumes. From these predictions, it calculates the minimum volume of bed material
that must have been supplied to the reach from upstream, per hour, to maintain its observed
elevation, Stuart N. Lane (2000).

CONCLUSION

This report compares several methods of determining the effect of roughness coefficients. The
roughness of beds depends on so many factors, which includes the surface roughness of the bed
material, cross-section geometry, vegetation, obstruction to flow, type and channel variations. In
general, all factors which cause the turbulence and retardance of flow, and hence energy losses
increase the roughness coefficient while those that cause smoother flow conditions tend to
decrease the roughness coefficient. The vegetative roughness coefficient tends to remain

constant or rise as the submergence starts to occur.
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The Performance Of Concrete Using Pre-Treated Crumb Rubber With
Partial Replacement Of Fine Aggregate

Mwaya Temina Sendwa

ABSTRACT

There is lack of proper disposal of tire rubbers in many countries around the world and this has
greatly affected the environment. Many tires are thrown in damp sites and left to pile up causing
landfills. The tires are usually burnt and this causes them to release a lot of gases like carbon
monoxide leading to air pollution. Apart from that the damp sites cause a breeding site for
mosquitoes and rats that can spread diseases to the people in the community. One of the ways in
which the tires can be disposed off without destroying the environment can be using them in the
partial replacement of aggregate in concrete. Previous researchers have shown that rubber tire
aggregate can be added to concrete for structural constructions mainly for rigid pavements. Other
uses among others include partition walls, concrete blocks for architectural applications, culverts,
sidewalks, driveways and some road construction applications. This paper studies different
volumes of crumb rubber (0%,5%,10%,15% and 20%) being partially replaced as fine aggregate.
It investigates how using crumb rubber that is pre-treated with sodium hydroxide (NAOH) in
concrete will be able to minimize the loss of flexural, compressive, split tensile strength and
slump tests as well as improve the bond between crumb rubbers and cement paste. Different
experiments will be carried out to examine both hardened and fresh concrete properties of

rubberized concrete.

Keywords: rubberized concrete, compressive, flexural, crumb rubber, split tensile

INTRODUCTION
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Most countries in the world today are focusing on finding solutions in which they can eradicate
global warming. They are focusing on ideas of sustainability and many technologies that can
minimize the damage of nature. Research has shown that the construction industry has
contributed to some of the damage of the environment due to the high volume of garbage it
produces. Recycling of waste is a possible alternative way of preserving nature. Despite the
negative way the construction industry has affected nature in the past, it is a promising sector that

can make use of recycled waste materials.

Large portion of solid waste around the world constitute of tire rubber. With the increased
number of cars, the disposal of tires seems to have tripled over the years. Tires are non-
biodegradable; hence they are burned and in certain countries are used as fuels which pose as a
great threat to the health of people in different communities unless carefully considered. In order
to reduce the environmental problems being caused by wrong disposal of tires, they can be used

in concrete.

Most researchers have shown great interest in the use of tire rubber in concrete production. In the
previous studies, it was observed that the size, surface texture and volume of the rubber particles
have a great effect in the mechanical properties of the reformed concrete. Researchers have
shown a significant decrease in unit weight, compressive strength and flexural strength of
concrete as the percentage of rubber particles is increased. The low compressive strength are due
to the weak bonding between the cement paste with the rubber particles as well as the low
strength of the rubber particles used in replacing the high strength coarse or fine aggregates. The
reduction of the properties mentioned above is greatly influenced by the percentage of rubber
particles in the concrete. According to (Deshphade, Kulkari, & Gunde) it was stated that when
rubber particles are added in cement paste (rubber particle had a size with maximum 500um),
NAOH solution was used in order to decrease hydrophobic nature of rubber surface. At first, the
surface of rubber particles were modified by saturated NAOH solution for a few minutes. The
rubber particles that were treated by NAOH show an improved bond with cement paste,

indicating that there was also an improvement in flexural strength by this procedure.
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FACTS NUMBERS
1 Number of tires generated 273 million
2 Approximate weight of scrap tires 3.6 million tons
3 Number of scrap tires in stock piles 300 million
4 Number of tires processing facilities 498
5 Scrap tires used in civil Engineering 30 million
applications
6 Scrap tires processed into crumb rubber 18 million
7 Scrap tires processed use for fuel 125 million
8 Number of states with scrap tires legislation 48
regulations
9 Number of states that ban whole tires from 33
landfills
10 Number of tires processing facilities 12
11 Number of states with no landfill restrictions 5

Figure 1: facts about scrap tires

Materials And Experimental Procedure

In order to prepare the recycled crumb rubber concrete specimens, fine aggregates were placed in
a solution of saturated NAOH for an hour at room temperature. Then the fine aggregate were
replaced by waste materials of crumb rubber in different percentages of (0%, 5%, 10%, 15%, and
20%) in separate concrete mixes. All inorganic impurities in the sand used should be gotten rid of
and passed through 2.36 mm sieve and retained on 150micron. For each mix, cubes of 150 X 150
X150 mm, cylinders of 150 mm diameter by 300 mm height, and small beams of 100X 100 X
500 mm were prepared. All specimens will be fabricated and then cured in water for 7 and 28
days in accordance with British Standard. For each concrete mix, slump tests will be performed
and recorded at the casting time of the specimens. After 24 hours of casting cubes, beams and
cylinders will be taken out from the mould and then submerged in water tank for curing. The mix
design was 1 part of cement, 1.5 parts of fine aggregate and 3 parts of coarse aggregate (1:1.5:3).
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Slum and split tensile tests were carried according to BS EN 12350-2, Compressive strength test

was according to BS EN 12390 and the flexural test was according to BS 1881-118.

LITERATURE REVIEW

A. Detailed examination figure shown below shows that increasing the crumb rubber upto
10% exhibited a linear relationship between the increase of crumb rubber and the
compressive strength, showing a loss of about 24% of the compressive strength at 10%
rubber content. Therefore, this result limits the use of the modified concrete when strength
is the prime requirement. However according to (Haolin Su, 2015) when the crumb rubber

is pre-treated with saturated NAOH, there is little improvement in the compressive strength.

variation of compressive strength between 7 and
28days
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Figure 2: variation of compressive strength at 7 and 28days
A primary concern in designing concrete for use in highway applications is the flexural strength
of concrete. Its information is useful in the design of pavement slabs and airfield runway as
flexural tension is critical in these cases. The flexural strength or the modulus of rupture of
concrete is an indirect measure of the tensile strength. The value of modulus of rupture depends

upon the dimensions of the beam and above all on the arrangement of the loading. It is observed
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that with the increase in the crumb rubber, the flexural strength decreases. However, it is noticed
that at the later age rate of strength reduction, due to increase in percentage of crumb rubber was
steeper than that of the compressive strength .1t can be concluded that, with the large percentage

replacement of fine aggregates, flexural strength decreases drastically.

(Khatib and Bayomy 1999) reported that increasing of the crumb rubber content in the mix
resulted in a decrease in both the slump and the unit weight of the mixtures. Despite the decrease
in measured slump, observation during mixing and casting showed that increasing the crumb
content in the mix still produced a workable mix in comparison with the control mix. Despite the
decrease in the unit weight of the mix (due to the lower unit weight of the rubber), the unit weight
remained within the acceptable range for the total aggregate volume when up to 20% crumb

rubber content was used.

Studies have shown that there is an improved bond between cement paste and crumb rubber if the
rubber particles have rougher surface or are pretreated. A better and improved bonding may
develop with the surrounding matrix, and that may increase compressive strength. Pretreatments
differ. Some include washing rubber particles with water to acid etching, plasma pretreatment,
and various coupling agents. In acid pretreatment, rubber particles are soaked in an acid solution
for a period of 5 minutes, and then rinsed with water. This improves the strength of concrete
containing rubber particles through a microscopic increase in the surface texture of the rubber
particles. (Eldin & Senouci ) soaked and thoroughly washed rubber aggregates with water to
remove contaminants, while (Rostami, et al.) used water, water and carbon tetrachloride solvent,
and water and a latex admixture cleaner. The outcome was 16% higher compressive strength
compared to the control sample.

Amongst the surface treatments tested to improve the hydrophilicity of the rubber surface, a
sodium hydroxide (NaOH) solution gave the best outcome. The particles which were surface-
treated with NaOH saturated aqueous solutions for 20 minutes, and later on, scanning electron
microscopy(SEM), water absorption, density, flexural strength, compressive strength, abrasion
resistance, modulus of elasticity and fracture energy measurements were performed using test
specimens (w/c= 0.36) containing 10% of as-received or 10% of NaOH-treated rubber. The test

results showed that the NaOH treatment improves the bond of tire rubber particles to cement
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paste, and mechanical properties such as flexural strength and fracture energy were improved
with the use of tire rubber particles as addition instead of aggregate. The decrease in the

compressive strength was significantly lower than that have been reported in the earlier literature.

CONCLUSION

The tests performed on hardened concrete show that the use of rubber aggregate in concrete
mixes produces a significant reduction in concrete compressive strength when the rubber
aggregate content is increased. However, if the amount of rubber in the concrete is restricted, a
normal strength concrete can still be produced. The use of NAOH to coat the crumb rubber
contributes to a slight higher compressive strength which can be thought about for possible use in
structural applications .However the use of crumb rubber in concrete is not advisable and thus

can be used only for minor jobs.

Flexural strength of concrete with percentage replacement inclines to increase with decrease in
the percentage replacement of crumb rubber. Nevertheless, a greater advantage is observed when
crumb rubber is treated with saturated Sodium hydroxide. This can be a reassuring study which

can lead to use of crumb rubber for higher structural applications.

Due to low specific gravity of crumb rubber it can be added to flowable fill to produce a
lightweight material. Bulk density decreases as the amount of crumb rubber increases. Flowable
fills mixed with crumb rubber produce bulk densities that are 60% to 80% ofthe typical bulk
density of standard flowable fills mixed with sand. A lightweight flowable fill produced with
crumb rubber provides the construction industry with a material that imparts less stress on the soil
beneath it, thus moderating the potential for soil settlement, mainly when constructing on soft and
compressible soils. Reduction of bulk density from using crumb rubber does not negatively
impact the strength of flowable fill. This lightweight material is strong enough to meet minimum
strength requirements. However, it is not so strong that it cannot be excavated in the future. The

range of measured strengths compares well to those typically achieved with standard flowable
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fill. Other benefits of crumb rubber when used in flowable fill include improved ductility and

higher thermal insulation
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Family Interaction Space in Malaysian Terrace House Design

‘Adil Farizal Md Rashid

ABSTRACT

Family interaction in considering spaces for residential has been neglected since the needs of the
quantity of housing is seen more important as Malaysia is developing. This paper highlights the
findings of a research done entitled “Design of Living Room as Malaysian Family Interaction
Centre”. A sample of 189 respondents from houses in housing estates of Bandar Baru Bangi has
been taken and Statistical Package for Social Science (SPSS) software used to analyse the
findings. Family interaction in considering spaces for residential has been neglected since the
needs of the quantity of housing increases as Malaysia is developing. The current trend of
developers, architects, designers make home as much to fulfil only the necessary needs of the

occupant as shelter solely. This has much affected the house design to consider spaces for family
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interaction as part of a happy family. Spaces of interaction considerately the living room has
much becoming too small even for the whole family to do simple things such as watching
television and relaxing. Therefore, most of the family members spent time much more outside
such as shopping mall, recreation centre and others while most of the time use after back from
work is where family spent time together in a house. As the house space did not allow a good
solution for everybody at home, the teenagers find solution by spending time with friends outside
the house more and this will result demise of morals. It is hope by these findings will improve the
realization of the industry player not to neglect the need of family interaction space to be
adequate in order to make sure the quality of life of the occupant. There is relation between house
satisfactory and the design of the house especially the main living space that has seen decrease
since 1980’s to 2000. There are tremendous of housing projects held by developers and supported
by government but still the quality of the house built is never been taken so seriously. Most

of design failures start with concept — therefore concept of focusing on ‘maximizing quantity’ has
been used by neglecting ‘maximizing quality’ has made Malaysian scheme of terrace housing as
a bad template to be repeated throughout the vision of Malaysia for 2020. In short, the
development of a true family centred housing design is still far from reach in the Malaysian

housing estate context and has to be taken consideration to ensure the quality of housing built.

Keywords: Family, house, interaction, built environment.

Terrace Housing Dilemma

In the early 1990’s Malaysia is demanding for more houses to be built. This is due to the rapid
development growth of soft and hard infrastructure. As more and more developers appear in the
picture to bring housing development to its need, the neglecting of the quality has grown from
bad to worst. Developer does not focus on making sure the housing units that were built to cater
the social and physical needs of the family occupying them anymore, but more towards profit
oriented. Borrowing from the western design and development of housing, terrace house scheme
is seen as the best alternatives to cater the needs of housing quantity due to its land use
economical and faster construction method. The urgency needs for more housing has made

developers racing to get their best bid in residential development especially the middle-house

42| Page



level. There are many reasons why the house scheme is used and approved by the authority. First,
terrace houses are built next to each other so that the land use can be maximized in a set plot of
land granted by the authority to the developers for housing development. Secondly, the design of
the terrace house itself made the authority easier to conduct management of approvals and
birocracy procedures undertaken to ensure the housing are built up to the required specifications.
Since then, in 2010 residents realized the terrace house they lived in does have its own limitation
and contra. Lacking of space for family interaction, low quality of the terrace house built, thermal
comfort problem and others has raised a lot of questions whether terrace house scheme is suitable
for Malaysian family and its climate. A lot of research has been conducted to find the source of
the problem to this dilemma and provide solutions to it but, there has been no dedicated action
taken to solve it. The social aspect is one of the most neglected and therefore, in this paper will
reveal the current situation of the actual terrace house scheme and the probability design solution
to it. It is a study of social to the house design and its impact to the community. Alias with the
Malaysian 10" Plan (Rancangan Malaysia ke-10) this study will provide necessary information
and perhaps more solution for the current terrace house situation throughout the country. It is a

research that is supposed to bring better living quality to all peoples and the environment.

RESEARCH OBJECTIVES

The objectives of this paper it to find out what is the family interaction happen in the existing
house. These findings will give the overall understanding which is the family interactions do
happen in the current design of a modern house and how people rate it according to the
availability and Nurizan Yahya (1998).

Sampling Method

The research methodology used in the study is described in this chapter. A study on the

geographical area is where the study to be conducted, the study design and the population and
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sample are described. The instrument used to collect data, including methods implemented to

maintain validity and reliability of the instrument are described.

There are external variable influences that need to be avoided during data collection. During the
haze from middle of September 2015 till end of November 2015, the researcher need to hold the
data collection because one of the question in the questionnaire will most be affected because the
usage of the interior of the house is influenced by the uncomfortable situation disaster at the
external of the house. Any influence during the data collection will definitely influence the
variation and this will result anomaly in the final result of the data collection. As researcher is
doing the data collection alone and with own limited budget, the data collection is taken
gradually from middle of September 2015 till middle of February 2016. This mean that the data
collection alone taken most of two and half month (September 2015, December 2016, January
2016 and February 2016). This is not included with the month of November 2015 till December
2015).
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2. Determine goals and objectives

To study the ideal living room 9

design for family interaction To analyse the advantages &

center. disadvantages of a
Traditional Malay House, British
Colonial House & Modern House
design in Malaysia.

3. Locate Other Surveys for
Examples & Data

v

4. Plan the Survey Design & a 5. Design the Instrument for Data

Sampling Methods Collection

The survey is designed *

according to Nurdalila binti Saji

(2014). | 6. Conduct a Pretest or Pilot Study |

Multi-stage sampling is used to *

cover more population as itis

time effective. | 7. Conduct a Pretest or Pilot Study |
| 9. Obtain the response rate |6| 8. Collect Data |

v

10. Conduct Follow-up to *l 11. Analyse the data |9 12. Apply results in this

Increase Response

Figure 1: Research questionnaire flow

Sampling from Small Populations

Below are the formula that is used in findings the sample size formulated by Evan Morris (2000):

Minimum Sample Sizes

Where
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[J nis the required sample size

[1 N is the population size

(1 p and q are the population proportions. (If you don't know what these, are set them each to 0.5.

1 zis the value that specifies the level of confidence you want in your confidence interval when

you analyse your data. Typical levels of confidence for surveys are 95%, in which case z is set to

1.96.

(1 E sets the accuracy of your sample proportions. If you want to know what proportion of

individuals are in favour of some policy, with an accuracy of plus or minus 3%, then E is set to

0.03.

Terrace house = medium cost house

* Each point must have where the reference — other research statement

1)

2)

3)

A study on the geographical area where the study to be conducted, the study design and
the population and sample are described. The instrument used to collect data, including
methods implemented to maintain validity and reliability of the instrument are described.
The research consists of housing studies regarding social and cultural background and
interactions with and effects on individuals, families, and communities in medium cost
housing area. Medium cost housing consist of terrace house range within RM 250,000 to
RM 450,000 in Selangor state (2015).

The houses selected are single and double storey medium cost houses. The research
involves a study of the family interaction need in the way to design an ideal housing
scheme for Malaysians. This involves observation, surveys and note taking of the
previous design by Traditional Malay House, Colonial House and Modern House to relate
to the current family interaction needs in a house. The survey is randomly conducted at

different hours of the day among different age-group users.

Characteristic of Research

The research consists of housing studies regarding social and cultural background and

interactions with and effects on individuals, families, and communities in medium cost housing
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area. Medium cost housing consist of terrace house range within RM 250,000 to RM 450,000 in
Selangor state (2011). There are not so many urban studies related to family interaction in house
design, therefore this study gives is essential to address the problems in the rapid changes happen

the modern society to the typical medium cost housing in Bandar Baru Bangi, Malaysia.

The houses selected are single and double storey medium cost houses. The research involves a
study of the family interaction need in the way to design an ideal housing scheme for Malaysians.
This involves observation, surveys and note taking of the previous design by Traditional Malay
House, Colonial House and Modern House to relate to the current family interaction needs in a
house. The survey is randomly conducted at different hours of the day among different age-group
users. Random study areas are selected within the district of Bandar Baru Bangi is chosen
because it has one of the highest concentrations of population and housing areas, most of the
areas are under the jurisdiction of Majlis Perbandaran Sepang (MPS). Therefore, the rules and
regulations of the house design are strictly according to MPS authorities. The following shows
the statistics of medium cost house residential units in Bandar Baru Bangi.

Incoming supply data 4010

Total add'l
Mean hsehold Population Population Population housing units
By state Incoming units By type size [persons) 2010 2011 2012 needed
KL 37,194 Low cost 4335 4 1,682,000 1,766,100 1,854 405 42,626
Terraced 667
Semi-D 476
Detached 1,106
Condo / SOHO 30,611
Selangor 123,636 Low cost 27,380 5,287,000 5561,350 5,828,918 130,846
Terraced 43,166
Semi-D 9.485
Detached 8,168
Condo / SOHO 35437

Table 1: Supply of Residential Units in Sepangdistrict as at 4Q10 2012
*Note: Incoming Supply of Residential: Under construction + Start
Source: Nomura, news reports, Valuation and Property Services Department, Ministry of
Statistics Malaysia, 2012.

47| Page



Start

4

Literature

Review &
l : RIgn 0122393215 il .(
i A . ==
Data callection iSecondary Data) B [T
Survey on Malay Survey on Colonial . Survey on Modern
Traditional House in House in Malaysia House in Malaysia

Malaysia

\\, Advaniages &

Disadvantages of
the interior spaces

l

Proposal design ("X)

l Conclusion

& Gudeline

I Testing of design ("X} & Result (Primary Data) I Farmulation
_--""'_'-H__'

-
publication
Chart 1: Research Methodology Flow
Data Sampling

1) A study on the geographical area where the study to be conducted, the study design and the
population and sample are described. The instrument used to collect data, including methods
implemented to maintain validity and reliability of the instrument are described.

2) The research consists of housing studies regarding social and cultural background and
interactions with and effects on individuals, families, and communities in medium cost
housing area. Medium cost housing consist of terrace house range within RM 250,000 to RM
450,000 in Selangor state (2015).

3) The houses selected are single and double storey medium cost houses. The research involves
a study of the family interaction need in the way to design an ideal housing scheme for
Malaysians. This involves observation, surveys and note taking of the previous design by
Traditional Malay House, Colonial House and Modern House to relate to the current family
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interaction needs in a house. The survey is randomly conducted at different hours of the day

among different age-group users.
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Figure 2: Satelite View of Bandar BaruBangi Housing Estates
Source: Google Map

Table 2: List of housing areas

Number of Number of
No. Housing Area Respondents Population
(Houses surveyed (Houses)
that has family)
1 | Taman DesaSurada 85 282
2 | Taman RamalSuria 29 96
3 | Taman Desa Dahlia 20 65
4 | Taman Ramal Desa 31 103
5 | D’8 Seksyen 8 Bangi 24 80
Total 189 626

“Bandar BaruBangi (literally translated from Malay to English as New Bangi Town) is a

township - recently crowned as "Knowledge City" - situated in the district of Hulu Langat, in
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Selangor, Malaysia, named after the small town of Bangi situated further south. It is located
between Kajang and Putrajaya (formerly Prang Besar) and is about 25 km away from the capital
city, Kuala Lumpur.” — Source: https://en.wikipedia.org/wiki/Bandar_Baru_Bangi.

FINDINGS

Software package for statistical analysis (SPSS) is used after all the data entry is done to get the
result of the research. SPSS is used to analyse the data keyed in from the questionnaire done. In
this topic more detailed information and findings are discovered from the house design created

and the background sample reaction to the design.
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Pie Chart of Space Preferable for Family Interaction Space
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Legend (Likert Scale format):

Scale 1 2 3 4 5
Description Not at All Very Little Uncertain / Moderately Mainly
Not
Applicable

Chart 1: Pie chart existing room / space as best family interaction centre.

Best Interaction Space in Existing House

The above charts explains that the highest respondent mainly use space for family interaction
(where family spends time together the most) is the living room 171 / 189 (90.48%). This is
because among all the current houses design have living room and it is the most common space
used by all family members for activities together such as watching television, studying and
others. The ranking is seconded by family area 167 / 189 (88.4%) and followed by kitchen 166 /
189 (87.8%). Family area is mostly a secondary space either already pre-designed in the first
place by the housing developers or renovated by house owner to accommodate large family.
Kitchen is the third because it is a space for cooking activities by family member or combined by

the dining area for family interaction during eating.

Worst Space for Family Interaction
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The most space not use at all for family interaction is car porch, bathroom and store each is 186 /
189 (98.4%). Bathroom, car porch and store is not used by family members to gather for family
interaction because it is not suitable and more to infrastructure of a house than a living space.
This is seconded by house terrace at 168 / 189 (88.9%). This is because house terrace does not
have the adequate amount of space size to cater all family members at the same time. This is a

common practice in all houses design.

Household Size and Size of Living Room

House size is a very important factor in determining the size of house for a better comfort ability
of the occupant. As mentioned by the UN (1996), one person is supposed to be dedicated 14metre
square each. As for this research do question the respondent on how they perceive their house
space (in this case living room for family interaction), the size of a family do affect the required
living room space for family interaction to happen. It is a very important data to be analysing if
any of architect or developer want to make a better quality house in term of social aspects.

A house design in tropical country such as Malaysia also need to be designed to have internal
courtyard for better thermal comfort and ability of the house occupants to have more leisure in
their private garden. By introducing an internal courtyard will benefit the living space to be more

conducive and human feel connection with environment and its surroundings.

Table 3: Cross tabulation between total number of household and existing living room

Please state the total number of your household * Existing living room size is enough for the purpose of family

gathering Crosstabulation
Count
Existing living room size is enough for the purpose of family
gathering
2.00 3.00 4.00 5.00 Total

Please state the total 3.00 ] 3 13 0 16
number of your 4.00 3 12 74 1 90
household

5.00 0 11 28 3 42

6.00 0 4 25 1 30

7.00 0 2 1 0 3

5.00 1 1 6 0 8
Total 4 33 147 5 189
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The above table clearly shown that the more the number of occupant, the more the size of space
needed for family gathering. There are 74 respondents from a family size of 4 that do agree that
their existing home living room space is adequate for their family gathering. Most of their house
living room space is 4meter width x 5 meter length and 3 meter height. This is however
contradicting with the UN Habitat (1996) that mentioned ratio one occupant is to 14 meter
square. This clearly shown that the Malaysian people began to adapting the natural condition of
their home as more and more houses built by developers are getting smaller than what had been
built 30 year ago. However, as Malaysian try to adapt the current design of the housing scheme,
mismatch between house design and the user’s values and lifestyles will lead to dissatisfaction
(Ozaki 2002). This is also the gap that mentioned by Tipple (2000) that considered as “housing
stress”. Bell et al. (2001) do mentioned that when a certain attributes become inadequate, a
coping response is used by the occupant.

However, the rate of satisfactory of the current house physical condition is very poor. As shown
in table 4.0, total amount of 133 / 189 respondents do not satisfy with their existing physical
condition of their house. This is due to many complains about the house is too small for their
family and most of them are spending more time outside whenever there is spare time. For them,
their house is enough for them to having a rest after hard day job. This is what has been
mentioned by E. Os, E. Endut, M. Saruwono (2010) that the current trend of modern Malaysian
family does not use their homes for family interaction but most are for relaxation and

rejuvenation.

Table 4: Cross tabulation between total number of household and satisfaction to the physical

condition of the existing house

Please state the total number of your household * I'm satisfied with the physical condition of the house that I'm living
now Crosstabulation

Count
I'm satisfied with the physical condition of the house that I'm living now
1.00 2.00 3.00 4.00 5.00 Total

Flease state the total 3.00 10 2 3 0 1 16
number of your 4.00 72 14 0 3 1 90
household

5.00 21 18 1 ] 1 42

6.00 23 ] 1 1 ] a0

7.00 1 1 1 ] ] 3

5.00 A 0 0 2 0 B
Total 133 4 3] 3] 3 189




Likert Scale Space Best for Family Interaction
200 g ————
150 — _ -
100 —
50 —
0 -:"___________ i
E v o o — . = _
8 g E g g g g o ﬂJ_________ — - :
s0E8s 5 S e g T o
- =T T~ " s 8 ¢ » © £ £ ¢
@9 Eg T >5 2 3 8 =Z o = E
- c S EEEZT R 2 &5 & & &
o & 8 2 ¢ E o T = z 3 =
i g 2 & © T~ = e <
1] oo £ x L] [:H] k4 c ]
= c ¥ » = 5 5 2 =
0 = £ © = v
&84 =
3
B Not At All  m Very Little Uncertain / Not Applicable Moderately Mainly

Chart 2: Bar graph showing the Likert scale space best for family interaction

Table 4: Likert Scale Breakdown of Existing house space or room best for family interaction

SCORE
SPACE TOTAL
Master 3 o | 1 | 21| 164 | 189
Bedroom
Bedrooms 3 0 1 19 166 189
Kitchen 0 0 | 2 | 21 | 166 189
Living 0 o | 3| 15| 1711 189
Room / area
Living 1 o | 2 | 21| 165 | 189
Room / area
Dining 1 o | 2 | 21| 165 | 189
Room / area
Dining 1 0o | 2 | 21| 165 189
Room / area
Family area 3 0 1 18 167 189
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Terrace 168 2 14 2 3 189
Balcony 17 3 19 80 70 189
Bathrooms/ | ja5 | o | 1 | 1 1 189

Toilets

Car Porch 186 2 1 0 0 189

Store /

Utility 186 2 1 0 0 189
Guest Room 144 21 17 6 1 189
Front Lawn 19 20 36 51 63 189

Backyard 125 29 17 13 5 189
Scale 1 2 3 4 5

Description | Not | Very | Uncertain | Moderately | Mainly
at All | Little / Not
Applicable

Existing Space for Family Interaction

The above charts and tables do explain that the distribution of the space or room mainly used for
family activities are the most common space dedicated for it — Living Room and Family room.
However, Kkitchen is interestingly becoming the third choice of becoming the family interaction
space because of the activity in it. Kitchen is also is so called the ‘heart of the house’ Alive V.
James and Loukas Kalisperis (1999) because it does show how many the women of the house is
the main character of this space of the house. One of the first renovation of the house begins here
where the owner sees an important needs for a bigger kitchen to accommodate the current
lifestyle of Malaysian that do cook a lot for their family and visitors. The current size of kitchen
designed by architects is too small for this. To top up that, most Malaysians are also need bigger
kitchen to accommodate the needs of occasion such as feast and gathering dinner.

CONCLUSIONS
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House is always a very important need for any human as for their shelter and place to call a
home. Therefore, a house design supposed to adequate for family to grow and develop. However,
the current trend of housing estates began to cut off the entire most important element in a house
that is a space to socialize between house members for a better living. Social element has been
neglecting from the category in designing of houses because of cost, birocracy and profit based
industry player. House design are becoming smaller and on that sense, more members of the
house rather spending their time outside of the house for recreation and relaxation. This is

contradicting to the fact that a home (house) supposed to be the place to find them.

These findings, rather interesting and new, it is shown that there is something to do with the
housing scheme in Malaysia that people began to realize that house are built for them are now
‘building them’ in all aspects of psychology, sociology and how they live in everyday live. We
are currently noticing there are a pattern of degradation of nation productivity that is indirectly
actually reacts to the dissatisfaction of their house in whole.

To become a develop country; Malaysia has to change the housing scheme in order to ensure for
the better good of the peoples. Social aspects are seemed to be neglected severely and when the

bad social impact happens, everyone is blaming everyone.

A better approach of house design in Malaysia has to be taken seriously in order to ensure the
stability of the house quality — no matter what level it is. From low-cost housing to high-cost
housing, efforts on how to make it better for social needs of a house is required. In this case, the

size of the living room does matter to make it happen.
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ABSTRACT

Alum Sludge (AS) also known as aluminium hydroxide-containing sludge is a by-product of
chemical coagulation process of hydrated aluminium sulphate addition to water. It was noted that
more than 2.0 million tons of water treatment sludge are generated yearly by the water operations
plants all through Malaysia. To avoid the matter of potential contaminant build-up, it had decided
that to employ alum sludge and reuse it in Soil Erosion Protection Blocks making by Self-
Compacting Alum Sludge Concrete. The objectives of this paper are to estimate and select the
role of significant infrastructure investments to reuse AS in soil erosion protection blocks and to
give the manufacturers an alternative choice for selecting raw material (cement or alum sludge)
and choose the additional optimum materials properties and ratios, and to contribute efforts
towards green technology that can have direct positive impacts towards the environment,
manufacturer as well as the consumer. In this study, treated alum sludge (TAS) by furnace at
750°C is used as a partial replacement of cement in the making soil erosion protection blocks and
matched it with physical requirements of articulated concrete block. This work investigates the
opportunity of using TAS as a partial replacement of cement for a new type of concrete
which is SCC. TAS was partially replaced at 15% and 20 and tested for its compressive,
maximum water absorption and minimum density up to 28 days of age and was evaluated
according to standard requirements. The results achieved, it is revealed that alum sludge can be
used as cement replacement material up to 20% replacement of cement.

Keyword: Blocks of soil erosion, aluminium hydroxide, SCC, treated alum sludge.

INTRODUCTION

The attention by researchers in using the waste materials in construction sector is growing due to

the focus on sustainable construction; the raw alum sludge(RAS) produced from drinking water
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plants is disposed in landfill. RAS should be treated before to disposal. As well as, it is heavy
metals that raw alum sludge (RAS) may contain (Sotero-Santos, et al., 2007). RAS is a
pozzolanic material which could be reused after treated by thermal curing up to 750°C. In
addition, using TAS in producing SCC in articulated concrete block is required to grind it for
achievement specified fineness. The replacement of cement by alum sludge leads to perverse of
natural resources as well as reduce the impact of alum sludge in our environment. Efforts have
been made in using waste as the  replacement of cement. Hydrated alumina oxides and iron
oxides in water treatment sludge result from using mostly aluminium sulfate made it in form of
alumina sludge (Evuti & Lawal, 2011). The alum sludge was completely at a solid stage after 24
h drying in an oven at 10545 °C (Sales, De Souza, & Almeida, 2011) and then ground in until the
grains achieved a common size by using the suitable mill to produce required size materials that

be suitable for using as construction materials (Sales & de Souza, 2009).

A Report by (Babatunde & Zhao, 2007) described some physical properties of AS. They found
that samples of AS after 24 hours of drying in an oven with 10545 °C, it has moisture content
equal to75%, while bulk density was found to be 1.3g/cm®. On the other hand (Awab,
Paramalinggam, Rahim, & Yusoff, 2012) also conducted study on alum sludge. Their results
were 28.1- 29.3% and 2.66 g/cm? for moisture content and bulk density respectively. In order to
determine the qualitative description of AS, SEM was used for this purpose and from SEM
micrographs shown in figure 2.12 and 2.13, AS is not homogeneous material results from the
unregularly shape of AS particles which varies between 2 to5um and SEM provided an idea that
AS is amorphous in the environment (Awab et al., 2012;Yang et al. 2006). (Awab et al.,
2012)conducted a characterization of alum sludge for reuse and disposal. ((Yen, Tseng, & Lin,
2011)studied the replacement of clay, lime stone, sand and iron slag by sludge generated from
drinking water treatment plant.(Goncalves et al., 2004) conducted systematic study on the
utilization of the sludge generated during the process of producing potable water. He used sludge
after thermal treatment at 105°C, 450°C, 700°C and 850°C. Also, he determined the minimum
temperature that sludge can be used at least 450°C.( Zamora et al. 2008) conducted an
experimental work to produce mortar and concrete by incorporating of sludge generating from
water plant.(Rodriguez et al., 2010) investigated the reuse of drinking water treatment plant

sludge as an addition for the cement manufacturing.(Sahu & Dave, 2013)investigated the
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feasibility of using drinking water treatment plant residue with fly ash to produce mortar. (Reis &
Cordeiro, 2013) proposed a solution for sludge generated by chemical, physical and biological
steps to treat water for public supply. A solution for this sludge is used after removing its water,
recycling the water removed and using the dried sludge in other activities. Possible uses as a raw
material in the construction sector are studied. They could be developing a natural system of
dewatering. With this technology the sludge is stored in large unit which are shaped as a big bag.
It is made of geotextile woven high strength polypropylene. By filling this unit and decreasing
the percentage of liquid of the sludge it is considered as a natural thermal drying which may be

open. This suggests possibilities for novel investigative studies with natural thermal drying.

Finally, the dewatering sludge can be used.(Blanco et al. 2013) studied the utilization of several
industrial wastes to be reused in different stages of cement making. Articulating Concrete block
construction has gained importance and has become a valid alternative to other types of
concrete block. The essential ingredients of concrete are cement, aggregate (sand, gravel) and
water. Articulating Concrete blocks are made in a different shapes and sizes. Hollow blocks are
the most common type of articulating concrete blocks. The total void area can amount to 50% of

the gross cross-sectional area.

Alum sludge can be used as pozzolanic material to produce soil erosion protection blocks by
using SCC. There are many advantages to this technique, For example; replaced cement by alum
sludge will be reducing the total expenses. Furthermore, it will also preserve our environment by

reducing the huge amount of alum sludge which is mostly disposed in landfills.

Materials And Investigational Technique

Cement

The cement used in all concrete mixes is an ordinary Portland cement type | (OPC) which
conforms to ASTM C-150 and the chemical composition of this cement is stated in table

Aggregate
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The grading, particle shapes, and the amount of fine and coarse aggregate are important factors in
the production of SCC. Local sources in Malaysia are used. The result of the grading of the fine
and coarse aggregates is shown in figure 1.

—fi— coarse aggregate —+—Fine aggregate
100 *—%——.
80

60 /

40 /

20 /
et

0.1 1 (Size mm) 10 100

(Passing %)

Figure 1: Grading curves of Aggregates

Alum Sludge

Alum sludge (AS) is a waste material generated in massive quantities from plants that use
aluminum salt as coagulant. It considered as a pozzolanic material by calcining it using furnace at
temperature of 750 OC for 2 hours. The treated alum sludge (TAS) is left until cool. Then it is
grounded using the Cross Beater (Rotor Mill SK 100) with14 different apertures sizes ranging
from 80 um to 10mm (see APENDIX A). Also a Los Angele abrasion test machine (LAAT) is
used to grind the substance into required fineness. The chemical analysis and physical properties
of RAS and TAS are tabulated in table 1.
Table 1: Chemical Composition of OPC, RAS and TAS.

Pozzolanic Chemical composition (% by mass) Physical properties
materials —
) Specific )
SiO2 AlOs Fe203 MgO CaO NaxO K20 SOs ) fineness
gravity
OPC 2009 560 344 153 6512 0.09 039 296 3.1 330
RAS 4329 3219 552 033 017 013 208 0.22 2.36 702
TAS 4882 3942 530 044 091 0.08 217 0.09 2.57 1100
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Water

Ordinary drinking water is used without any additives

Superplasticizer (SP)
SP which supplied by BASF Sdn Bhd with a commercial name Glenium Ace 388.is an aqueous
solution of a copolymer - based superplasticizer designed for the production of SCC was used

with typical properties of light brown in color and pH of 6.6.

Physical Requirement for Articulating Concrete Block

The physical requirement of the articulating Concrete block is shown in the table 2 below.

Table 2: physical requirement of the articulating Concrete block

Minimum compressive Maximum water Minimum density
strength(MPa) absorption (kg/m3) (kg/m3)
Avg. of 3 Individual Avg. of 3 Individual |Avg. of 3 Individual unit
units unit units unit units
28 24 146 187 2082 2002

The percentages of 5%, 10%, 15%, 20% and 25% were selected to replace cement by alum
sludge. The details of mixtures are given in table 3 which explains that SCCOPC100 mix was
represented the casting with totally of OPC as a binder, while SCCAS mixtures were represented
the casting with partially replacement of the above percentages as a binder. Binder content and
water to binder ratio were fixed at 500 kg/m3, 0.4, respectively, for both SCCOPC and SCCAS
with four levels partially replaced. Mixing procedure is important to obtain the required
workability and homogeneity of the SCC mix. It is an important to preserve drum laboratory
moist, clean and no contain free water. In this study the procedure of working tracks the
laboratory working process described by (M. Emborg, 2000), which is briefly stated in the
following points: Adding the fine aggregate to the mixer with 1/3water, and mixing for
Iminute.Adding the powder (cement + filler) with 1/3 mixing water, and mixing for 1 minute.
After that, the coarse aggregate is added to the last 1/3mixing water and 1/3 of superplasticizer,

and mixing for 1 ¥ minute, then the mixture is left for 11/ 2 minute for rest. Then, the remaining
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2/3 of the SP is added and mixed for 1% minutes. The mixture is then discharged, cast and tested.
The total time of mixing is 5 minutes. A detail of mold was used in casting the articulating

concrete block for erosion by SCC are shown in appendix A.

Table 3: The details of mixtures

Mix Cement AS Sand Gravel Water SP content per SP wib
details Kg/m® Kg/m® Kg/m® Kg/m? L/m3 100kg of cement  L/m?

SCCOPC100 500 - 894.6 745 200 1.1 45 04
SCC95AS5 475 25 8946 745 200 1.1 75 04
SCC90AS10 450 50 894.6 745 200 1.1 825 0.4
SCC85AS15 425 75 894.6 745 200 1.1 875 0.4
SCCB80AS20 400 100 894.6 745 200 1.1 115 04
SCC75AS25 375 125 894.6 745 200 1.1 120 04

The mixtures were tested to satisfy the requirement of SCC by many tests according to
(EFNARC, 2005). The tests of fresh SCC were achieved by filling ability with Slump-flow by
Abrams cone, filling ability by T50 cm slump flow, also filling ability by V-funnel, Segregation

resistance by V-funnel at TSminutes and Passing ability by L-box test.

Water absorption

The test procedure includes preparing three of 100x100x100mm cubes from each mixture after
28 days of tap water curing. Specimens were taken out and dried at 105 °C until weight become
constant (A) and then immersing it in water for 72 hours, and weighing it again. The increasing in
weight as a percentage of the original weight is expressed as its absorption.(ASTM C642, 1997)
is used to determine the total amount of water absorption, in this method there is no shape
limitation for testing concrete specimens but each sample must not less than 800g. Two different
values of the concrete samples capability of water absorption will be calculated as follows:

B4 100

Water absorption % =

Fot

Where: A: is a mass of oven-dried sample (g), B: is a mass of surface-dry sample in air after

immersion (g).

RESULTS AND DISCUSSION
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Fresh SCC

The fresh characteristics of SCC mixtures are given in table 4. From visual inspection, there was
no bleeding or segregation of SCCOPC and SCCAS with four levels partially replacement. The
results were satisfied the criteria of filling ability and passing ability excepting the mix namely
SCCOPC75TAS25 and SCC75AS25. Slump flow was in range of 701mm to 843mm which gave
a good indicator of the horizontal free flow of SCC mixture without of obstructions. T50cm was
in the range of 3.84 to 5.23 sec. The funnel test result was in the range of 6 to 8.5 sec. while the
tendency to segregation was evaluated by funnel with refilling with concrete and left for 5
minutes to settle which was in the range of 6.76 to 11.8. Also passing ability was determined by
the L-box test which was in the range of 0.82 to 0.92 The estimation of the results was conducted

according to (EFNARC, 2005).
Table 4: Fresh SCC results

Mix. ID Slump flow (mm) Tso(sec) V-funnel TV smin(sec) L-Box (%)
SCCOPC100 843 3.84 6 6.76 0.82
SCCOPC95TAS5 832 3.91 7.13 9.8 0.91
SCCOPC90TAS10 781 4.00 7.32 10 0.90
SCCOPC85TAS15 701 5.23 8.5 11.8 0.92
SCCOPC80TAS20 553 7.84 16.15 21.78 0..61
SCCOPC75TAS25 395 - - - -

- No slump-flow test was achieved on the mix

Compressive strength

The study of the effect of alum sludge on the compressive strength of articulating concrete block,
three blocks for each percentage are used within this test. Figure 2 shows the average of the
results of compressive strength test at 7and28 days gained from blocks. The results appear that
the compressive strength of mix with 15% alum sludge is larger than the compressive strengths of
concrete replacement by the other ratios and control mix; however, the results comply with
physical requirements and more than 28 MPa stated in table 2 of the physical requirement of
articulating concrete block. This is due to the positive effect of alum sludge which leads to

increase the strength.
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Figure 2: Results of Compressive Strength (MPa) for articulating concrete block

Water absorption

The results of water absorption are presented in figure 3. There was clearly observed that water
absorption of SCC85AS15 is the lowest compared to SCCOPC and SCCAS which was 3.76 and
3.3% of water absorption for age 28 and 56 days while the highest ratio of water absorption was
recorded from SCC75AS25 which was 4.87 and 4.58% of water absorption for 28 and 56 days. It
attributes of the pozzolanic reaction which leads to denser microstructure and hence reduce the

pore volume in matrix concrete.
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Figure 3: Results of water absorption for articulating concrete block

Density of SCC
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Using ordinary Portland cement with AS as replacement by mass reduced the density of the SCC.
The densities of SCC samples reached maximum 2,401 kg/m3 and minimum 2,309 kg/m3with
0% AS and 25% AS respectively. The density comes from 25% AS is considered the lowest due
to the specific gravity of AS has a much lower than cement as shown in figure 4. These densities
come by measuring the dimension and weight of cubes that used in casting (100x100x100) mm

before crushing.

Effect of alum sludge on density
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Figure 4: Results of percentage reduction in density with alum sludge

CONCLUSION

Regarding to compressive strength, Block indicates at 7days compressive strength as 29.4 N/mm?
while increase to 42 N/mm? at 28 days with replacing cement by AS at 15% which is considered
the optimum ratio. Substitution cement by AS at level of 15% reduces water absorption by 20%,
compared to control SCC. Replacement of AS in cement reduces density by 0.2%, 0.7%, 3.3%,
3.6%and 4.2% at a ratio of replacing cement by AS of 5%, 10%, 15%, 20% and 25%,

respectively.

Generally, Alum sludge SCC concrete increases the compressive up to 15%, due to pozzolanic
concrete that possessed lower absorption capacity compared to that with control SCC. The
success of development of usage alum sludge as a binder by replacing cement in Articulating
Concrete block construction was giving a promising to reduce the cost and preserve the
environment by this reusing. It has been shown to be excellent binding and have sufficient
pozzolanic properties to serve as partial cement replacement.
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APPENDIX A

v" Alum sludge in a state of wet and dry from ABASS drinking water treatment plant,
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Determination Of Temperature Rise And Temperature Differentials Of
Cemii/B-V Cement For 20mpa Mass Concrete Using Adiabatic Temperature
Data

Go Chee Siang

ABSTRACT

Experimental tests were carried out to investigate the temperature rise characteristics of
Portland-Fly-Ash Cement (CEM I1/B-V) concrete under adiabatic conditions. The CEM II:

B-V cement with Blaine fineness of 418.6m2/kg and 444.6m2/kg were used and the ash
replacement ratio in cement was up to 25%. Estimation on the adiabatic temperature rise
curve using CIRIA 660 method [4] was adopted to verify hot-block test results by simulating
the heat generation of the concrete under adiabatic condition. Effects of various factors,
including cement content, PFAC replacing ratio, insulation materials, initial placing
temperature of concrete, etc., on the temperature rise and distribution in a mass concrete hot
block were discussed.Test results found that the concrete with 25% fly ash replacement in
cement has exhibited a significant decrease in the peak value of the temperature rise and
maximum temperature rise rate as against the conventional Ordinary Portland Cement (CEM
[). The result showed that the temperature development and distribution profile, which is
directly contributed from the heat of hydration of cement with time, is significantly
affected by the type of insulation material, initial placing temperature, geometry and size of
concrete mass, and heat exchange to environment.The heat of hydration data established (by
method of CIRIA) through this Stage 2 of 4 experimental programme may then be used as
part of the input parameter for thermal analysis in determining the risk level of thermal
cracking potential as well as the comparison of degree of heat of hydration model based
on formulae presented in public research by Schindler and Folliard using LUSAS finite
element programme which will be further analysed in Stage 4 of 4 of thermal-mechanical

coupled analysis. The determination of coefficient of thermal expansion (CTE) will be
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presented in Stage 3 of 4 of this research whereby the established CTE value using
granite aggregate will form part of the input parameter for thermal analysis during Stage 4
of 4 of this research.The repeatability of hot block test was also being assessed utilizing method

of coefficient of determination (r2) on adiabatic temperature rise between two units of
identical hot-blocks installed and conducted in two different locations using identical
concrete mix design, hot- block size, insulation and construction sequence. The results
are compared in terms of adiabatic temperature rise rate and the time of its occurrence during

the period of the test.

Keywords: Mass concrete, Portland-fly-ash cement (CEM 1I/B-V), initial placing

temperature, adiabatic temperature rise, LUSAS, CTE, Thermal Analysis, Repeatability, r2

INTRODUCTION

Temperature rise effect on mass concrete construction has been widely noticed [1, 2]. In
general, the major concerns related to the temperature rise in mass concrete structure practice
are concrete degradation and concrete cracking at early age. The cracking of mass concrete at
early age is attributed to the thermal tensile strain/ stress, which is induced by the internal and

external restrains under non-uniform temperature distribution across the mass concrete [3].

A large temperature differential between the interior and exterior of a concrete element may
lead to thermal cracking. Adiabatic temperature measurements are used to simulate the
conditions in the interior of a large concrete element so that the maximum heat development
potential in any concrete mix can be measured [4]. This data may then be used as input
parameter for subsequent studies in minimizing the risk of thermal cracking which will be

further analysed in the later stage of this research.

The term adiabatic refers to a process occurring without the gain or loss of heat. In large
concrete elements, the interior is considered to be hydrating in an essentially adiabatic

process. Because of the low thermal conductivity of concrete, the heat of hydration from its
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interior is prevented from being released into the environment, thus a negligible amount of

heat is lost.

Owing to the acceptable field data of this kind is not available locally, the peak core
temperature, limiting differentials and temperature gradient were thus be established for
conditions at the job site; this was verified basing on trial hot-block tests at prescribed initial
placing temperature as well as the anticipated concrete section thickness, rather than merely
follow ideal initial placing temperatures of 20°C and maximum core-surface temperature of
20°C as stipulated in various local project contract specifications [5, 6, 7, 8]. To avoid surface

cracking caused by heat generated in the concrete,

@ BS 8110-2: 1985, Table 3.2- Estimated limiting temperature changes to avoid
cracking [9] has specified that limiting temperature differential when R = 0.36 is
27.7°C when granite aggregate concrete was adopted for mass concrete production and

construction.

(b) European Standard ENV 206:1992 [10] suggests that the limit on the temperature
difference between the center and the surface is 20°C and the average maximum
temperature limit of concrete is 60°C. The limits imply that during the concrete heating
and cooling period, the resulted thermal strain/ stress, which is caused by internal and
external restraints under even higher temperature and higher temperature difference, may
exceed the limit of the tensile strain / stress of the concrete.

The above rationale is supported by ACI Committee 305 [11], which specified that:

(1 For construction in hot weather, “...it is impractical to recommend a maximum
limiting ambient or concrete temperature because the humidity and wind speed may be low,
permitting higher ambient and concrete temperatures. A maximum ambient or concrete

temperature that will serve a specific case might be unsatisfactory in others.”

(i) Which further recommends that “...at some temperature between about 24°C and
38°C, there is a limit that will be found to be most favorable for best results in each hot

weather operation, and such a limit should be determined for work.”
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Due to the reduced rate of hydration, the use of fly-ash partially to replace OPC (CEM 1) is
one of the recommended practices to considerably reduce the temperature rise in mass
concrete. Moreover, a number of factors, such as cement type, content of cementitious
material, initial concrete placing temperature, geometry and size of concrete mass,
insulation, and boundary conditions, etc., affect the temperature rise and temperature

distribution profile in mass concrete.

Since hydration occurs at the surface of cement particles, therefore finely ground cement will
have a higher rate of hydration. As finely ground cement has a higher specific surface area,
which means there is more area in contact with water for more complete hydration. The finer
particles will also be more fully hydrated then coarser particles. However, the total heat of

hydration at very late ages is not significantly affected.

Concrete temperature rise test under adiabatic condition is normally an approach in
laboratory to evaluate the exothermic characteristics of the hydration of the concrete. In this
case, plain concrete trial blocks with an array of thermocouples and strain gauges are used to
assess the characteristics of the temperature rise and the maximum temperature difference in
the concrete were conducted with due consideration given on the selection of concrete block
size and geometry, insulation, thermal couple locations and effect of construction sequences

which will be analysed in thermal modelling stage.

This experimental program is to investigate the temperature rise characteristics of Portland-
fly-ash cement concrete under adiabatic conditions. The results [12, 13] of temperature rise
characteristics and the developed analytical technique allow the better understanding of the
temperature rise and distribution in the mass concrete trial block were discussed and

presented.
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Experimental Set-Up

For Stage 1 testing, two (2) hot blocks were prepared at Loh&Loh Constructions Sdn Bhd
(herein after referred as LLC) Nilai workshop as part of the trials. The first hot block (HB1)
was prepared with full insulation (100mm thick MRB-32 Insulation Board) with block size of
dimension 1.5m x 1.5m x 1.5m and two sets of thermocouples (thermocouples wire type K)
installed, one set (3 thermocouple each) at the center and the other set (3 thermocouple each)
at the corner of the block and two strain gauges installed at the centre of the block. A second
hot block (HB2) of dimension of 1.3m x 1.3m x 1.3m was prepared with two sets of
thermocouples installed, one set (3 thermocouple each) at the center and the other set (3
thermocouple each) at the corner of the block. In this case, the base and sides were insulated
but the top surface of the block was exposed to the environment. Based on the completed
trials conducted by LLC on 11/2/2011 and 12/2/2011, an identical concrete mix design was
selected for the hot block casting as given in Section 3.0 Table 3.3- Class A mass concrete
C20 concrete mix design

For stage 2 testing, one hot block was prepared at Hulu Terengganu project site with similar
block size and configuration with stage 1 HB, comply with full insulation (100mm thick
MRB-32 insulation Board) and two sets each of thermocouples and strain gauges installed
using identical concrete mix design as indicated in Table 3.3, whereby the trial was
conducted by LLC on 21/6/2012.

Test Specimen

For the evaluation of the temperature rise in mass concrete trial block, a 1.5m x 1.5m x 1.5m
concrete block was cast. Blended cement (CEM 11/ B-V) containing 25% fly ash was used for
the Grade 20 mass concrete hot block trial. The cement content and water/cement ratio was

200 kg/m3 and 0.65(Stage 1)/0.70(Stage 2), respectively. The schematic drawing of the block
is described in Figure 2.1, Figure 2.2 and Figure 2.3, with the locations of the

thermocouples,100mm insulation and timber formwork indicated.
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100mm thick MRB-32 insulation board was adopted as the insulation to the concrete mass
around the six sides. The top of the concrete was only covered with the polyfoam. Tc is the

core temperature at center of the block while Ts and Tn represent the temperature at surface

and corner location as indicated in the schematic drawing.

The peak core temperatures obtained from stage 1-HB1, stage 1-HB2 and stage 2-HB1 were

also used to determine the repeatability of the experiments.
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Figure 2.1: Sketch showing locations of thermocouples in 1.5m x 1.5m x 1.5m hot-block for stage
1-HBL1 and stage 2-HB1
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Figure 2.3: Mass concrete hot-lock: Plan & Section

Raw Materials and Concrete Mix Design

The physical properties and chemical compositions of the Portland-fly-ash cement
(PFAC) containing 25% of fly-ash used in the study are listed in Table 3.1, Table 3.2 and
Table 3.4 respectively. Table 3.3 presents the concrete mix design for grade 20 massc

oncrete applications for all three concrete hot-block tests. The measured initial

placing temperature of the mixes was 23°C to 25°C respectively.

Table 3.1: Typical physical properties of PFA Cement

PFAC (CEM II/B-V)
Standard EN197-1 - CEM II/B -V 42.5N - LH

Typical Properties

Blaine fineness (mzlkg) 420

Specific gravity 2.9

Initial Setting time (min.) 157

2d strength (MPa) 22

7d strength (MPa) 37

28d strength (MPa) 50
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Table 3.2: Typical chemical analysis of PFA Cement (From 2011 cement test certificate)

Chemical Properties Chemical Composition
(%)
SiO2 26.57
Al203 8.84
Fe203 5.40
CaO 51.89
MgO 0.63
SO3 2.31
Na20 0.18
K20 0.72
Na20 + 0.658 x K20 0.65
cr 0.009

Table 3.3: Class A Mass Concrete C20 concrete mix design

Description Value

Cement (kg/m3) 200

Water (kg/m3) 130

Sand (kg/m3) 756
Coarse Aggregate (20mm) (kg/m3) 1287
Realset 233 (I/m3) 1.6
Realflow 610 (I/m3) 0.8
Slump (mm) 20-50
Characteristic strength (MPa) 20
S/A Ratio 0.37

W/C Ratio 0.70

Table 3.4: Cement test result on properties of specific surface area and heat of hydration [14]

Issue Date Blaine (cmzlg) Heat of Hydration @7D, 270
Mavy (1/n)

Jan 2011 4186 258

June 2012 4446 274
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Table 3.5: Concrete compressive strength, tensile strength and elastic modulus test results

7 duy 78 day 56 day
2 2 I- 2- (Note:

I-HE | HBH1 A | I-HBL | HHI A HB1 HE | A

(2011 | 2012y 2011y | 2012 (2011 | 202y The
Compressive i ; 5 ; derived
Cirenoth 2525 S 2343 : 1823305 (3177 : L2E | 3815 3077 ¢ -1.62
{MFES : g : : : : tensile
Tensike : : i - ; ] strength
Strength 170 ; 161 ;008 | 243 § 2% (024 281 | 1539 021
(MPs) Sassarnmpmemadieasidussde. [y e and
Modulus of : P : : ; i modulus
Elasticity [ 1925 §2033 § .| 25602503 { 0.57 | 2890 } 2817 | 0.73
(MPa) i i i i i i test

results will be used as design input parameters for subsequent finite element thermal

modelling analysis)

Comparison of Compressive Strength Test Result
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Figure 3.1: Comparison of compressive strength test result between Stage 1-HB1 and Stage 2-HB1
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Comparison of Tensile Strength Test Result

W 2011
201z

Tensle Strength (N/mm2]
- e e
2 & 8 &£ 8 £ B

7 Diarys 28 Darys 56 Darys
Dy

Figure 3.2: Comparison of tensile strength test result between Stage 1-HB1 and Stage 2-HB1
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Figure 3.3: Comparison of elastic modulus test result between Stage 1-HB1 and Stage 2-HB1

Referring to Table 3.5, all concrete cubes tested at 7 days exceeded the stipulated 28 days

2 confirming that the required strength of 20MPa is

characteristic strength of 20N/mm
achievable within 28 day. Therefore, further optimization on content of cementitious material

should be considered for lower heat of hydration.
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It is observed that the maximum differential between the compressive strength, tensile

strength and elastic modulus are 1.82 N/mm2, 0.24 N/mm2, and 1.08 N/mm? respectively,

which are relative small.
Modelling Of Adiabatic Temperature Rise Curve
Modelled Heat Generation Curve using CIRIA 660 Formulas [4]

CIRIA C660 formulas using British cementitious material is applied for modelling of heat
generation curve basing on extensive study carried out in University of Dundee, United
Kingdom. A two part two component equation for heat generation has been developed on this
basis of the form:

Component 1 equation = the exponential curve, starting at time zero;

Component 2 equation = being delayed to start at time t2

Total heat generation for two components, Q = Q1 + Q2
Q=0Q1 + Q2 = (Qult/2)*(1 - exp(-B . t*C) + (Qult/’2)*((t - t2) / (t - t2 + D)) ------- Equation 1

In order to establish values for the coefficients, analysis has been carried out on semi-
adiabatic test data from tests at University of Dundee (Dhir et al, 2006) for cement with a

start temperature of 20°C.

a) Ultimate Heat Generation, Q41

Relationships between the CEM | and proportion of addition with flyash for the heat
generated after 41 hours could be established basing on following expressions: The value for

CEM 1 is 338kj/kg (British OPC). Whereas the locally manufactured OPC (CEM 1) by YTL
Cement Corporation is approx. 350kj/kg.
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Q41 (CEM 1) = 338 kj/kg
Q41 (flyash) = Q41 (CEM 1) - 2.989 * (%flyash)

b) Ultimate Heat Generation Qult
For flyash, Qult = Q41 (flyash) /(0.00002*(% flyash)*2 - 0.0034 (% flyash) + 0.925)

¢) The Coefficient B
B =0.011724, regardless of the cement type

d) The Coefficient C
For flyash, C = 1.6-0.001*(% flyash)

e) The coefficient D
For flyash, D = 6.2 + 0.2131 (% flyash)

f) Activation time t2 for component 2
For fly ash, t2 = 3.5 + 0.0236(% flyash

Table 4.1: Constant & coefficient of heat generation of CEM 11/B-V by method of CIRIA C660

Constant Unit [Value
% of Fly % 25
IAsh
Q41 kJ/kg 278.22
Qult kJ/kg 321.64
B - 0.01172
C - 1.58
D - 10.462
t2 hrs 3.972
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Estimated Adiabatic Temperature Rise, Qad

The thermal model as provided in this research uses the adiabatic temperature rise data
from published sources based on an extensive study carried out in University of Dundee [4],
United Kingdom as the input. This was shown to be consistent with the local results and is
used for subsequent thermal modelling purposes. The hot blocks tested as per the
present trials are semi-adiabatic as they are not perfectly insulated. The adiabatic
temperature rise may be estimated using expressions as described in above Clause 4.1. This
involves the establishment of different values of heat loss coefficient and adding incremental
heat losses to the semi adiabatic curve. A comparison between the estimated adiabatic curve
represented by Equation 1 is shown in Figure 4.2.

mModelling of Heat Generation Curve
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Figure 4.1: Modelled heat generation curve for CEM I1/B-V by method of CIRIA C660
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Comparison of Estimated Adisbatic Temperature Rise &
Expernimental Hot-Block Test Results for Stage 1 HBI
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Figure 4.2: Comparison of estimated adiabatic curve and experimental temperature rise
curve (Hot Block result) for Stage -HB1
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Figure 4.3: Comparison of estimated adiabatic curve and experimental temperature rise
curve (Hot Block result) for Stage 2-HB
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Coefficient of Determination, r2
Coefficient of determination is a measure that allow for determination of how
certain one can be in making prediction from a certain model/graph or how well

the regression line represent the experimental data.

Referring to figure 4.2, the coefficient of determination RZ indicate that 86.2%
agreement is achieved between experimental temperature and estimated temperature
rise for Stage 1- HB1.

With reference to figure 4.3, the coefficient of determination RZ indicate that
93.3% agreement is achieved between experimental temperature and estimated

temperature rise for Stage 2-HB1.
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Effects Of Size Of Concrete Block And Boundary Condition

The maximum temperature at center heavily depends on the insulation and the size
of the hot-block. The results indicate that the center of a 1.5m x 1.5m x 1.5m mass
concrete hot- block with proper insulation could produce the maximum core
temperature Tc¢ very close to that under full adiabatic condition. This implies
that the maximum temperature at the center of a concrete block is little affected
by the size of the concrete if the dimension is big enough. Adiabatic temperature
rise test simulation by method of CIRIA

660 showing that hot-block size of 3m x 3m x 3m and greater having proper insulation

will yielded T¢ at full adiabatic temperature.
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Figure 5.1: Temperature differentials in 1.5m x 1.5m x 1.5m hot block for Stage 1-HB1

Figure 5.1 presents the maximum temperature difference of (T¢— Tn) and (T¢ — Ts) in
a 1.5m x 1.5 x 1.5m concrete block. The results reveal that the effective insulation using
polyfoam of low conductance material plays a dominant role in controlling the
maximum temperature difference across the block, even though the core
temperature varies marginally. The temperature at center is little affected by the
environment variation due to the big enough size while the temperature difference (T¢ —

Tn) and (T¢c — Ts) is affected in some degree. Whereby the recorded maximum
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temperature differential between (T¢ — Tn) and (T¢ — Ts) is 4.66°C and 4.53°C

respectively.

As for the case of 1.3m x 1.3m x 1.3m hot block, the direct exposure of concrete
surface to air is measured whereby the recorded maximum temperature differential
between (Tc — Tn) and (T¢ — Ts) is 9.22°C and 8.88°C respectively, which is
about two-fold than the full insulated hot block as in the case of 1.5m x 1.5m x 1.5m
x 1.5m hot block.

Therefore, direct exposure of concrete surface to air or the use of steel formwork
is detrimental, because the temperature differential between (T¢c — Tn) and (T¢ — Ts)

could be substantial.

Temperature Rise And Temperature Distribution For Stage 1 & Stage 2 Hot-
Block Tests

The temperature rise curves, temperature differentials, temperature distribution and
are shown in Figure 6.1, Figure 6.2, Figure 6.3, Figure 6.4 and Figure 6.5. Due to
the greater heat loss rate at corner and side of the block, the temperatures at corner
and side reach the peak before the maximum core temperature due to heat exchange
to the environment. The center temperature begins to decrease when the heat
generated in block is not enough to compensate the heat loss to the environment (as
for the case of semi-adiabatic condition). After the decrease of the core temperature,
the temperature difference (T¢c — Tn) and (T¢ — Ts) gradually climb to the peak. This is
normally regarded as the critical period for the surface concrete. Situations would
become even worse if the formwork is removed during this stage. Also, the poor
insulation could significantly reduce the time to reach the maximum temperature

differences of (T¢ — Tn) and (T¢ — Ts). This infers that poorly insulated mass

concrete could develop thermal cracks shortly after the placement.
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The temperature at center is little affected by the environment variation due to the big
enough size of the hot-block i.e. 1.5m x 1.5m x 1.5m, while the temperature difference

(T¢ — Tn) and (T¢ — Ts) is affected in some degree. Essentially, during the course of

insulation selection, it is necessary to consider the environment heat loss variation to

minimize the effect.

It is thus inferred that temperature gradient of actual concrete structures could be
improved by additional insulation at edges and corners. The temperature gradient
along the regions close to the side is much steeper than that in the central region.
This suggests that the locations of the thermocouples in the concrete mockup block
should be carefully defined so that the comparable results can be obtained.

Figure 6.1, 6.2 and 6.3 shows how the temperature gradients formed after the
concrete was cast into hot-blocks. Temperature differential formed from the very
beginning of the temperature rise inthe concrete mass. Temperature at the corner of
the block had the lowest value while the temperature at center gave the highest. (T¢ —

Tn) is always greater than (T¢ — Ts). This may be explained as that the heat loss
in the corner of the block is multi- dimensional. The peak value of (T¢ — Tn) and
(Tc — Ts) occurred after T¢. This implies that the maximum temperature difference was

encountered in the cooling down period of the concrete mass. It is also clearly

demonstrated in Figure 6.1, 6.2 and 6.3 that the temperature differences of (T¢ —
Tn) and (T¢ — Ts) were affected by the ambient temperature fluctuation, which is

formed by the temperature change from daytime to nighttime.

Table 6.1 shows the maximum T¢ and the maximum temperature differences of (T¢ —

Tn) and (T¢ — Ts) for Stage 1-HB1, Stage 1-HB2 and Stage 2-HB1 respectively.
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Table 6.1: Maximum T¢, Tc — Tn and T¢ — Ts

e R

3 Bl 150 200 300

Time edspz=d [Hrs)

Stage Stage 1-HB1 Stage 1-HB2 Stage 2-HB1
Temperature | Time | Temperature | Time | Temperature | Time
(°C) (Hrs) (°C) (Hrs) (°C) (Hrs)
Peak Tc (°C) 49.69 96 42.81 72 50.94 66
Peak (Tc-Tn) (°C) 4.46 19 9.22 47 3.14 56
Peak (Tc-Ts) (°C) 4,53 17 8.88 47 1.79 76
Legend:
Tc =Temperature at core, at Point A2 (center core)
Ts = Temperature at surface, at Point A3 (near top surface)
Tn = Temperature at corner, at Point B3 (near top corner)
Stagel -HB1 Test Data
= Tc
ol
"E_ Ts
E Tn
E 20 ==== Ambient
=10 == BE-TH
P i - s s i B =m = Tig=Ts

Figure 6.1: Temperature rise curves and temperature differentials in 1.5m x 1.5m x 1.5m hot-

block for Stage 1 - HB1
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Stage 1-HE2 Test Data
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Figure 6.2: Temperature rise curves and differentials in 1.3m x 1.3m x 1.3m hot-block for
Stage 1- HB2
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Figure 6.3: Temperature rise and temperature differentials in 1.5m x 1.5m x 1.5m hot-block for
Stage 2 HB1
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Comparison of Tc (A2) - Ts (A3) between Stage | HBI, Stage | HB2 =nd
Stase 2 HE1
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Figure 6.4: Comparison of temperature differentials between T¢-Ts for Stage 1HB1, Stage 1
HB2, and Stage 2 HB2

Comparison of Te (A2) - Tn (B3) between Stage | HB I, Stage | HRE2 and Stage 2
HHI
10000
i A
1
A B A4 K\v\ \
> | ‘AT
i i i | ..
400 S0, 3
= 200 : - —— Stage 1HBL: Te-Tn
= o00 ; : ~Stage 1HBZ : Tc-Tn
E J{' 50.00 000 150000  ZOOUDD  F50.00 30000 ———5ig=e THEL: Tc-Tn
5 -2.00
=
-0
-6.00 |
-5.00
Time elapsed (Hrs)

Figure 6.5: Comparison of temperature differentials between T¢-Tn for Stage 1 HB1,

Stage 1HB2, and Stage 2 HB2
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EXPERIMENTAL RESULTS [12, 13] & DISCUSSIONS

Concrete Temperature Monitoring Results
a) Stage 1-HB1
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Figure 7.1: Experimental temperature rise data for stage 1-HB1

b) Stage 1- HB2

Concrete Temperature Monitoring (Stage 1 - HB2)
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Figure 7.2: Experimental temperature rise data for stage 1-HB2

c) Stage 2-HB1
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Concrete Temperature Monitonng (Stage 2)
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Figure 7.3: Experimental temperature rise data for stage 2-HB1

Table 7.1: Comparison between peak temperature & time of occurrence

Stage Peak Temperatore st line & {°C) Peak Temperature af hine B {"C)
Temp ( °C) Location | Time Temp ("G} Location Time
{ Hrs {Hrs}
I- 29 60 A2 6 4026 B2 0
HB
- 2443 Al 72 42 68 Bli Bl
HR2
2 50.94 A2 [ 3022 B2 fil
HA1

Temperature differential

The maximum differential temperature (Temperature recorded at point Al
minus temperature recorded at point A3) for stage 1-HB2 at the open top surface was
found to be ~10.13°C, measured on 21st March 2011 at 09:00 am, about 72 hrs
after the concrete placement. The top thermocouple was located 100mm below the
surface. However an adjustment is required to determine the true differential between
the centre and the surface. This adjustment is made by assuming the temperature profile
follows a parabolic curve to the cooling surface as shown in Figure 7.4. With a peak
temperature of 44.43°C as recorded, the difference between the surface and the point of

location of the thermocouple at 100mm depth is about 2.3°C. This must therefore be
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added to the measured differential. Hence the true differential is 10.13 + 2.3 =
12.43°C =~ 12.5°C. This is significantly less than the 20°C originally specified and
the proposed differential of 27°C for granite concrete as in accordance with
BS8110-2: 1985, Table 3.2- Estimated limiting temperature changes to avoid

cracking.
Temperature Differential f
. Topo
21/03/20119:00am 72 hours TR
1200 —1—'-—'—'—-'-—-—— e e A
| 1
1
1000 -~ R e NS T
_— 1
S 800 E
2 i i © 42,81 °C
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£ . i
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F 400 | i
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Figure 7.4: Adjustment for temperature differential at top surface of 1.3m x 1.3m x 1.3m
hot-block, Stage 1- HB2

Repeatability
Repeatability is the quantitative expression of the random error associated with a single

test operator in a given laboratory obtaining successive results with the same

apparatus under constant operating conditions on identical test material [15].
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In these experiments, two separate batches of C20 mass concrete of identical concrete
mix design were prepared on different day and venue was used for each test. The
adiabatic temperature rise of each mix was monitored using similar hot-block
system. A practical approach was adopted to compare only critical value such as the
peak adiabatic temperature rise. The adiabatic temperature rise and the rate of
temperature rise of each mix were also plotted as indicated in Figure 7.5 and Figure

7.6 respectively, for visual comparison.

Repeatability Test Results (Stage 1 HB-1 and Stage 2-HB1)

Table 7.2: Summary of test results for peak core temperature @ A2 recorded by Strain Gauges

Hot-Block Stage 1-HB1 Stage 2-HB1 Difference (°C)
Strain Gauge No.1 48.30 49.34 -
(°C)
Strain Gauge No.2 48.24 49.65 -
(°C)
Average (°C) 48.27 49.495 1.225

Table 7.3: Summary of test results for peak core temperature @ A2 & B2 recorded by

Thermocouples

Hot-Block Stage 1-HB1 Stage 2-HB1 Difference (°C)
Thermocouple @ A2 49.69 50.94 1.25
(°C)
Thermocouple @ B2 49.26 50.22 -
(°C)
Average (°C) 49.475 50.58 1.105

From a visual inspection of the temperature rise curves of identical concrete mix design,
(See Table 7.2 & 7.3), it may be concluded that the repeatability is good, i.e. a
particular experiment may be performed for a third time, under the same conditions,
and the results will be almost the same. For single concrete mix design used, the peak
core temperature rise of the second trial differed from that of the first trial by
approximate 1.225°C and 1.25°C, as recorded by strain gauges (built-in thermistor) and

thermocouples respectively.
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There were differences in the maximum rate of temperature rise as well, and the time to
reach this, but these differences are always a small value. Generally, the temperature
rise curve showing the rate of temperature rise during heating phase are closed for both
trials.

Comparison of Expenmental A diabatic Tempersture Rise between
Stage 1-HB1 and Stage 2-HB1

—— Experimental Temperature
{AT) Stape 1-HE1

—— Experimental Termperatirne
(A} Stage 2-HE1

1] 50 1ol 150 Fu i) 254k on
Tirne {Hrsi

Figure 7.5: Temperature rise of concrete between stage 1-HB1 & stage 2-HB1

Comparison of Temperature Rise Rate between Stage 1-HBE1 and Stage
2-HB1
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Figure 7.6 Rate of change of concrete temperature between stage 1-HB1 & stage 2-HB1
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CONCLUSIONS

(1) From adiabatic temperature rise monitoring test, it could infer from strain gauges
that the peak temperature recorded for both phases of the trials i.e. Stage 1-HB1
(48.27°C) and Stage 2-HB2 (49.495°C) are very similar whereby the peak core
temperature registered under strain gauges had not exceeded the stipulated 50°C as
specified in the various project technical specifications. Peak core temperature
recorded by strain gauges was selected as theirs’ built-in thermistor is more

accurate sensor comparing to thermocouple for measuring temperature.

(2) The two hot-blocks have exhibited slightly different rates of temperature rise at some
period during the experiments, whereby their peak core temperature rise
values differed by around 1.225°C only. This difference in peak core temperature
could be attributed to lower initial concrete placing temperature for Stage 1. HB1
hot-block as compare to Stage 2: HB1 hot-block. The slight discrepancy in the data
of temperature rise rates may be attributed to the rate of heat gain during Phase 2
(Stage 2- HBL1) is faster, this could be attributed due to different fineness and age of

cement used during Phase-1 and Phase-2 test resulting in different rate of hydration.

(3) The outcome of the hot-block test suggests that good insulation is needed to
minimize the temperature difference in mass concrete. In mass concrete
pouring, additional insulation at edges and corners can help to improve
temperature gradient in the critical regions. Moreover, hasty removal of the
formwork during the concrete cooling down period may greatly increase the
temperature gradient, and this could be detrimental to the surface of concrete

mass.

(4) Significant reduction of temperature rise and maximum temperature rise rate of
PFAC concrete under adiabatic conditions was successfully demonstrated in the
experimental investigation. This indicates that the application of CEM II/B-V

cement is effective and beneficial in mass concrete pours in minimizing the mass
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(6)

(")

overheating and concrete cracking. Thus the use of flyash as partial replacement

for Portland cement resulted in lower adiabatic temperature rise.

Basing on compressive strength results, further optimization on content
of cementitious material should be considered for lower heat of hydration for future
hot- block trial.

The modelling of heat generation curve by method of CIRIA 660 can be
used successfully to describe the characteristics of adiabatic temperature rise of
the concrete in the study. Computer simulation revealed that for a concrete hot-block
of dimension 2.5m x 2.5m x 2.5m coupled with good insulation (50mm - 100mm
thick polyfoam), the maximum core temperature recorded by thermal probe is
almost near full-adiabatic state whereby no loss of heat to the environment.
Likewise for a concrete hot-block of dimension 4m x 4m Xx 4m, the
temperature recorded has exhibited full-adiabatic behaviour without any
insulation as the block size is big enough. However, this is non-practical for
any laboratory mock-up test to be considered in such huge block dimension

unless it is cast in-situ for thick raft foundation.

For the two experiments performed, for repeatability, the difference in peak
core temperature rise for both trials was only around 1.225°C and 1.25°C, as
recorded by strain gauges (built-in thermistor) and thermocouples respectively.
This implies that the concrete temperature during the entire duration of the tests

vary only by a small amount.
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South Indian Muslim Women Writers: A Tradition of Their Own

Ayshath S. R., Raihanah M.M., RuzySulizaHashim

ABSTRACT

This paper traverses reading on Muslim women writers of South India, mapping their origin and
evolution, in the three states of South India — Kerala, Karnataka and Tamil Nadu. While previous
research and reviews have highlighted these writers within the constraints of the state, we
investigate the traditional linkage that binds these writers together, merging their regional,
cultural, social and linguistic disparities. These women’s narratives transcend the state boundaries
which demonstrate their points of convergence, especially those that relate to the female
experience of being in a minority community in a patriarchal society. Akin to the development of
a “tradition of their own” that women writers in other parts of the world have been undertaking,
this paper establishes the evolving pattern of a literary tradition intrinsic to the South Indian
Muslim women writers. The article further examines the rich writing tradition of Muslim women
writers of South India which have integrated diverse identities in consonance with the changing
times and circumstances and the many cultural upheavals in the post-independent era where the
discrimination against minority writers was evident even in the literary field. Muslim women
writers were challenged from within and outside the community at the initial stages. Later when
some of the writers earned a reputation in the mainstream literature, their works were confined to
the linguistic and regional barriers within the state, obscuring the recognition to establish a
literary tradition of their own. Here we bring to light,the characteristics of the writing tradition of
South Indian Muslim women writers so that they can finally be acclaimed as having a tradition of

their own.

Keywords: Muslim women writers, South India, tradition of their own, minority community, state

and linguistic boundaries.
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INTRODUCTION

Postulating a tradition for South Indian Muslim women writers, we attempt to investigate the
possible female literary tradition which had been rendered invisible or left unnoticed by the male
dominated literary canon of South India. By establishing a tradition for Muslim women writers,
we are not claiming to follow the Global image of Muslimah which often mirror the Arab lineage.
This homogeneous image of Muslim women, fail to integrate the heterogeneous identity of
Muslim women around the world. Our effort is to bring forth this heterogeneity in the literary
tradition of Muslim women writers of South India which can exalt their position in the

mainstream literary tradition.

Shamshad Hussain’s® work In Between the Minority and Gender (Nyunapakshathinum Linga
padavikkumidayil) problematizes the positioning of Muslim women in the social and literary
realms of Kerala, a South Indian state. Though her effort is to highlight the female presence in the
socio-political, cultural and literary history of Kerala, it opens the possibility of having a female
literary tradition for Muslim women in other states as well. Following Mohd Muzhafar Idrus,
Ruzy Suliza Hashim and Raihanah M.M’s effort to revive Malay cultural identities of the past
and present (Idrus et.al, 2015), in this paper we revive the available articles on the Muslim female
literary tradition of the past and present, across the three States of South India - Kerala,
Karnataka and Tamil Naduand investigates the possibility of having a female literary lineage, a

tradition of their own.

South Indian Muslim Women Writers: A Brief Overview

! Shamshad Hussain is one of the finest scholar and critique who initiated serious research on Muslim women
writers of Kerala (particularly the presence of Muslim women writers in Arabi-Malayalam literature- a bilingual
literary form existed among Muslims of South India which is supposed to be on the verge of extinction now.
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Shivarama Padikkal (1991, 1993) in his scholarlyworks deliberates on the developmental
orientations in Kannada fiction. He details the emergence of Muslim male and female writers into
the literary scenario. Rahmath Tarikere in his work Karnatakada Sufigalu (The Sufis of
Karnataka) (Tarikere, 1998) maps the origin and growth of Sufism in Kannada literature. V B
Tharakeshwar in his study (2002) discusses how the colonial and national spirits influenced
Kannada literature. He figures the emerge