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TANGKI NAHRIM Software As A Harve sted Rainwater Volume

Estimation For lukl Compose

lFatima Nasih AlSaffar,’Manal Mohsen Abood aniNor Azidawati Haron

ABSTRACT

Water is fundamental to our quality of life, to economic growth and to environment.
Rainwater is one of the primary sowa# 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
ard 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 IUKL
Campus in Selangoir Malaysia. This project achieves several goals such as: i) Promote
environmental awareness through actively participating in storm water management, ii)
Utilizing rainwater coll ected fr omreltwalyl di ngod
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 nonpotable category application.

Keywords:Rainwater Hirvesting,Tangki NAHRIM, Stormwater

INTRODUCTION

Rainwater harvesting (RWH) system® used for thousands of yeaspeciallyin the areas
wherewater supplies ar@mited by climate or infrastructurgl]. RWH system idoreseeras a

solutionto seveal problems and is being promoted almost in every country as a sustainable

mean. The real benefits of RWeékceedthe domain of the needs of water for domestic or
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agricultural purposes. They alsocludewat er management , flood coc

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 incofat®oding. RWH is

shown to unravel these floodunglated stormwater problems as well as provide a resource

for waterstresed regions[3,4]. It is estimatedhat over 100 million people in the world

currently utilize RWHI[5]. One of the notable strategies that is adopted by Malaysia is the

Ai ntegrated stormwater management and green
tnnels (SMART)o0 (The United Nations Worl d W:
report stresses on the needs and the challenges that requireseaunidltial, inclusive and

comprehensi ve s tenemyf eopideds ,f6]lainkne nigwat er

Considering the siational 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 largearvoirs and as ground wafé}. The
countryside areas in South and Sehltst 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 rainwatdrom 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 I[UKL Campus to promote the awareness and ingmae 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 congsbtaa lot of
stormwater

2. Usinghigh-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 usavieated 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 uBarki 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 volunmsugewater demand to estimate

rainwater storage tank.
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Selection of Study Site
IUKL Campus

y

( Quantification Analyses W

Available Rainwater vs Water

Demand
Precipitation Historical Meter Readindvonthly
Data 15 Years Consumption
\ 4 \ 4
Rainwater Volume Estimation Water Volume Demand
Potential Captured fiTangki Estimation NorPotable Use m

NAHRIM

Rainwater Storage Tank Volume
Estimation(Optimum Capacity)
m Tangki NAHRIM

l

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

Study Area

The area under investigation is the main Infrastructure UniversityaKiuampur UKL
campus, which islocatedin 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 avtilble
buildings within the campus sitdt is decided to start with onglock within IUKL campus
site. Thisbuilding wasBlock 9.

Rainwater quantification considers collecting the necessary data, starting from the selected
site, buildings functionality, rad 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
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comparisonof rainwater volume versus water demand, to estimate rainwater storage tank
volume.

The quantity of rainwater volume analysis significantly depemdsie quality of the weather

input data. For purposes of this research, data was obtained from the Malaysi
Meteorological Department (MMD) of the Ministry of Sciend@echnology,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, wisclocated500 meers to the guth

of the IUKL Campus border.

For the purpose of this research, daily precipitation data for the period220@0was used.

The focus of the analysis was oronthly mearvalues,in order todefine annual precipitation
regime, along with marmal daily valuesin order todefine extreme values.

Records of water usage dateere obtainedfrom the Administration Office at UKL
University. 2014 average water volume pumped from the municipal water station for the
selected building block 9, withimé university campus, was 7552 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 withdifferentdesign codes for water usage. Furthermore, water demand varies with
the type of building, and therefore buildings in the IUKWere sectorallycategorizedto
determine the amount of water used for flushing toilets.

Even though water usage datas providedor each building on the IUKL, the percentage of
used water for potable and npotable sources is not measured separately at IUKL
University campus siteTherefore, the proportion of used water for fpmtable uses was
estimated to bé5% for institutional building (Block 9) [9], based on previous research [10].

Rainwater Storage Tank Volume Estimation (RainwategrsusDemand)
For the purpse 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 Balanceor Block 9 Building

To calculate the RWH potential supply 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 Stét@a | ay si a . Bl ock 90s tota
meters (M), and the followingequation11]:

YEIQO GBI D€ G TN o= 01 BIABOE201 6" QA Q)

Where,0i £€£"Q= 0.9 because the first 10% of rainwater typically is lost to initial abstractions

such as transpiration, evaporation, andace wetting (Malaysian EF). The toilet water usage
demand for the selected building (Block 9)
occupantso would flush a toilet three ti mes
utilizing 2737 n? 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 approdohdefine the size of rainwater harvestingrage, which

takes into consideration the estimated precipitatmome that idearing the timing of water
consumption/demand. In fact, the software has been developed by the National Hydraulic
Research Institute of Malays@NAHRIM), and it has been daell Tangki NAHRIM. The
approach that is used in this research considers at the beginning an annual assessment and
downscaling in time to aveekly water balance to clarify thprecipitation watedemand
discrepancies at differentemporal storage capacitiesAdditionally, the multitemporal

analysis is intended to focus on the need for a weekly water balance appraaatyt@and

design RWH systems for use at IUKL campus.

To conduct the technical analysesecipitation data records for Bangi and the ahmader
consumption data for IUKLwere obtained The monthly water consumption dateere
summedto the annual level. Then the use of water for-potable purposes were calculated
based on the function of the building under study. One criteria based dautbpean
standardsvas adoptedrom 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 (1332omletermine 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 ydama2@dr
records)was performeds an initial assessment of the required amount of water that could be
potentially available and supplied by captured rainwagecificto this building. Building
function estimatedhe numbeiof occupants, holidays, summand semester breaks were all
taken into consideration in calculating the water use. Thisisabasedon the Malaysian

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

The main objective of eeloping 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 feaires 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 volumevdedd 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 indicar. 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 ofangki NAHRIM is the water balance between potential availability and

probable consumption:

_ s
1-0=% )

WhereSis a volume of rainwater stored in the tah&the inflow rate to the storage tank, and
O is the outflowrate 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 volunee basedon calculating the amount of precipitation
that @n be captured, where the runoff volume irf)(based on the daily precipitation amount
in (mm), the runoff coefficient, and the catchment area &).(fihe rooftop runoff coefficient
can range depending on the material of the roof cover and slope. Allyypiesumed 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 ibgildnder study based on the
meter records for the year 2014. Then the average daily water use amount was calculated by
taking into consideration, the nqotable portion of water use in toilet flushing, the number

of holidays, summer breaks, semester kraad 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 tmbeified to represent future conditions
and then to use Tangki NAHRIM to determine the performance (percent of water demand

provided by captured precipitationaded on the modified tank size.

Rainwater harvedting System Performance

From the acquired da of the software, the user can conclude three performance measures
(‘reliability’, 'satisfaction' and 'efficiency’) associated with each selected tank size. These
measures calpe interpreteds per the need of the RWH user and defined as;
1) A high 'reliablity’ 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 fR&/H's water can come from its RWH
tank.
3) A high 'efficiency’ means that most of the roof +affiis behg used, little is being

wasted by overflowing the tank andwhiohply 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 thatisusddor some type of indoor water use
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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 numesus 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 OTangki NAHRI M¢
use and stage tank size. The most surprising results of the study was the toilet scenario,
Block 9 with 75nistorage 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 Blok 9, this equates to diverting 27372ahstormwater per year from only

1382 nt of roof areas of Block 9, thereby saving 2737from being withdrawn from the
watershed.

Site Data Calculations

To evaluate the effectiveness of installing rainwater tsivg 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 fihis 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 tlasic
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 beedagtunually 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 to4#% 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 be35 m

Figure 2 shows Block 9 simulation input data for Tangi NAHRIM paogr
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%% Choose Rainfall Area

- N

Tangkr Nahrim 2008
Choose Rainfall Station
|A BLK NINE UKL ~|

Rainfall data from 2009 to 2014

Show Rainfall Add New
Station

Length & m.
Width| 21.5937 m.
Area | 1382.00 sq.m.

Recommended 1 mm

1st flush depth. 1 mm

% Roof Characteristics — & % Daily Water Usage -0
Tangki Nahrim 2008 Tangki Nahrim 2008
Roof Characteristics Daily Water Usage

No. of persons [W
Cooking/drinking [—l] litres
Bathing| 0 itres
Washing ,—l] litres

Toilet Flushing | 14975 litres

General cleaning 25 litres
Gardening 0 litres

Total vol.7day [15000.01 litres

15.00 litres

1st flush vol. 1.382 cu.m.

Type of roof surface
(Run-off coefficient)

" Concrete Tiles 0.
& Zink / Metal 0.

Avg./person

" Others
«| - | -
Prev Next 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 sizexfJ5

Figure 3 shows Block 9 simulation result of Tangi NAHRIM program. While Figure 4
illustrates the monthly reliability and tank status when tank siz€ 75m

% Rainfall Simulation

T angks Nahrim 2008

- o N

Day Mth Year

IF W |2014 Size of tank 75 cu.m.

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

Run Simulation

Analysis Results

Rai

captured (m3) I 20029.11 o "

Reliability Ratio
Delivered vol. /

I 50.01 =

Total rain vol.

delivered [cu.m) 1642923 Demand vol.

ﬁ Coefficient of

Axainercay 7.49 Rainwater 82.02
Utilization (%)

No. of Days Usage Simulation of water in tank
vol. not meet I 1187 .
Storage Effi
(1-(overflow/inflow)) | 87.97

No. of Days with no
¥ cam | 1317

No. of Days with no
rain & tank empty I 953

ﬁ &
Re-do Report

% time tank empty I 5415 %

t= ‘ L3
t=
i=

More Results
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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.

B Rainfall Results - O
Tangki Nahrim 2008
Monthly Results Condition of Water in Tank
Reliability = Delivered

Volume / Demand Volume % Time :

1. TankFull [ 456

January | 56.51 2.3/4 - Full 7.34

February | 43.2 3.172-34 [ 844

March | 583 a14-172 [ 1090

Apil | 707 5 Empty-174 [ 1451

May 6. Tank Empty | 54.15

June 289
TOTAL 10

July 348
August 46.8
September 558
October 590

November 83.2
December 62.1 ‘_J
Close

Figure 4: Monthly reliability and tank status when tank size375m

CEEEFPFEEREL!

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 Educaional

Water Demand Criteria for Toilet Flug
2 | % of the Total Water Consumption BF| 45%
BFP = Building Function Percentage

3 | Roof Area (m) 1382

4 Roof Type Metali 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 @n 7552
Av. Monthly Water Consumption (fn | 594
Av. Daily Water Consumption (# 20.7

9 | Number of Working Days (NWD) Days 226
Effective Daily Water Demand (th
10 33.42
Annual Water Demand (i NWD
Daily Water Demand/Toilet Flushim
=EDWD xBFP 15
Estimated Daily Rainwater (th 16429
12 | Estimated Delivered Rainwater fn/| 2192

Number of Simulation days

11

Effective Avalable Daily Rainwatel
s 365

13 | (md): [?.5 x—] =12.11
226

Annual Water Demand (fj 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 sbrtage 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 fqotedrie

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 confirmed1i8], 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 dramaticidlé/near futurelue to the

population growth and expansiah urbanization, industrialization and irrigatedriculture
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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 uitllizatontributes to the
economic viability of implementing the RWH systerBuccessful implementation of
rainwater harvesting system at IUKL Campusa isignificantcontributionto future rainwater
harvesting system development. More important, it will aspport the development of a
sustainableapproachto any building in Malaysia. Universities, governmental research
entities,and government agencies are playing an important role to promote the podctice

installing RWH system and offering incentives fees of concerned authorities.
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Mechanical Characterizations Of Doped And Calcined TieBased

Varistors Processed With Different Binders

Arman MeshkinnejadShahida Begum

ABSTRACT

Binder is one of the crucial progging aids to process electteramic. In this studyTiO>
varistor powder was doped with 0.4 wt% Tantalum PentoxideQg)a0.25 wt% Tungsten
Trioxide (W), 0.2 wt% Cobalt Trioxide (G®a4), and 0.5 wt% Bismuth oxide (E)z). The
doped powder was calcideat 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)22) and calcined agaifihe preparedsaristor samples
were charaerized in terms of green and fired density, axial and radial shrinkage, Vickers
hardness, compressive strengtid XRD. Itwas found thaboththe calcination process and
addition of binderénfluencedthe physicabnd mechanical properties. Té#ect of PVA
binder was significant in comparison to the samples which was processed without binder and
not calcined. Théired density of 3896 kg/fand Vickers hardness of 708.7
wereachievedwith addition of PVA.Hence, it can be concluded that both the cal@naind

binder addition have significant influence on processing eleetramic powder.

Keywords:dopedTiO- varistor; binder; calcination; mechanical characterization

INTRODUCTION

The varistor is a passive electrical component [1] which is usedatried 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 resistahtieeovaristor 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 currenvoltage characteristic is the maelectrical property of a varistor,
which can be expressed by the equation | KV where U is the nonli

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 ZnGbased varistors were developed [5]. @timaterials such as WOSnQ,

SrTiOz and TiQ are also considered for varistor fabricatiom]6 TiO2 powder is one of the

base materials for low voltage applications due to its intrinsic electrical performance.
However, this material is doped with difémt 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 greerand fired density and strength, grain growth, porosity and other characteristics of the
varistor [4, 11&12].

In this study, the Ti@varistor samples were prepared with additiomafOs, WOz, C&Os,
and BpOs as dopants. The results of mechanical charaettions of TiQ 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 calcinatiomgakanosized Ti®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 wasddn an oven overnight at a
temperature of 6@. 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 PEGvere made in a magnetatirrer using deionized water before

adding for ball milling.Thence, the prepared powder was diogernight 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% TiQ + 0.4% TaOs Calcined No Binder
3 +0.25% WQ + 0.2% C@O4 Calcined PVA
4 +0.5% BpO3 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 d &g/cnt 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 grindedand 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, VickerssHafrdne

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. ThRay Diffractionwas opeated with CuK U

radi ati on

source (&=0.1548 nm)

at voltage

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 conditidnthe 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 ofvarious 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 densit 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 andlagglomerated ceramic powder [1Blurthermore,

the binderdridge the particles of the mixed ceramic powder togethexdsprbing on their
surfaces [14]. Moreover, binders help the grains rearrangement to dispel thgrantkar
porosity and making the packing configuration denser by acting as a wet agenb]11&1
Sample 1 prepared without calcination and addition of any binder obtained the highest green
density which is 1555 kg/fn

1580

1400 —

1 2 3 4 5

Samples Identification

Figure 1. Variation of green density with calcination and different binders.

Fired Density

The effects of calcination and addition offdrent 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 showseduction with the presence of PEG and Latex binders. However, the
maximum fired density of 3896.0Kg/m® was gained by sample 3 which prepared with
calcination and addition of PVA binderhe binders are burnt out during the sintering process

which is degndent 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 Z3®50 C and 100C 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. Thetioadof 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 radiadnd 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

increagd the shrinkage rate in both radial and axial directions.

® Radial Shrinkage  ® Axial Shrinkage
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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 binderslueed 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 oihder. 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 bettegriatralar onnections 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 perfared to provide the crystal structure and phases information of the

ceramic sampled.he 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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consigent with reference [11]. Furthermore, crystal planes assigned at (110), (20QQ),

(111), (210), (211) and (220) affirming pure Bi€mposition.

The XRD patterns exhibited the highest peak
amount of peak intensity counts was dramatically increased by calcination process. Moreover,
the peak intensity of calcined samples was reduced with addition ofdPdAPEG binders.

Sample 5 with addition of Latex binder shows the highest intensity counts of 2539 at 27°. The
higher intensity can beonsideredas higher crystallinity and a greater atomic number which

results in higher scattering factor of O
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(101)  (111) @11)
t’ (220)
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Figure 5. XRD pattern of TiQ discs prepared with various binders.

CONCLUSIONS

The physical, mechanical properties and phase evaluation of nanosizediopéd with
various dopants and calcined with different binders were evaluated. It was found that fired
density ad strength were significantly improved when the varistor powder is processed with
PVA binder and calcined. The enhancement in strength of the nanosizedignies the
reduction of porosity and enhancement of density of;Th@sed ceramic varistor. XRD
revealed the presence of Bi@s 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 ge@der. It can benvisaged
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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 Muhtat, Dr. Manal M. A. Albayafi

ABSTRACT

In recent years, water recourses works and other hydraulic engineering projects have been
developing. The knowledge of open chdnmgdraulic is essential for every engineer when it

comes to hydraulic structure work. In this paper, the two main coefficients, namely
Manningdéds and Chezyds coefficients which ar e
channel and different bed mditions 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 vias with the change in stages of discharge and like the seasonal
changes in vegetation. However if the size and shape of thesgctésn of the stream of

fluid is constant the flow is considered uniform. The value of n expected is lower when the

bed mate i a | i's smooth, and also when itodos not a
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 slopehanbtetl
roughness. Although the Chezyds was formul at

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

Keywor ds: Open channel flow, Coefficicienpts of

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 prirtiples. 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 verifichtiba o

24| Page



Chezy equation and manningbés friction facto

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 vaug 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 ofldw 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

downgream 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 Chanel

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 coefficegatrespectively 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, ifthedemhf f |l ow i s constant, then it 1is
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 endrgy of t
fluid as it flows downhill is exactly balanced by the dissipation of energy through viscous

effects.

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

the crosssectional areaisA and t he fAwetted perimetero (i.e
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section in contact with fluid) i, t hen a new parameter may be

i.e.

A
=—éééée. 1
5 (1)

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 ih769 afterreviewing the general, developed the
Chezybés formula | aws. The approxi mate chara
open channel is widely acknowledged which can be seen from the numerous formulae for the
Chezybs <coefifni ctileent | iqtueortetdur e of (Leliavsky
formula is expressed in terms of velocity as follows:

V= CvVBS v (2)

This equation (2) knownC isatermed Chezy zogfficeruat i ono
Where V = mean velocity (nV/s

R= hydraulic mean depth (m)

S = slope of energy line

Manningbs 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.flomdlanni ngdés f o
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 factorsalhaffects 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,iMni ngdés f or mul a was es
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 calulations and practical applications. The formula mathematically written

as;
o1 21 .
I =;R§15h 3)
1 With V = mean velocity
1 R = Hydraulic radiu®
1 S =slope of energy line
f n= Manningds constant.

Random roughness is used to characterize surface -reiegb Height measurementsere
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 removedilanning formula is used to estate 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 vegetateltdnnel 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].
LITE RATURE REVIEW
Literature related to Manningds n

M. Greco, et . al ., (2013) studied on Manni ng
steady open channel lows in low submergence. The objective of the work, therefore, is to
investigate the directcgee ndence of Manningds roughness on
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 n?/s) and slope (0.051 %). The result of the analysis shows how the dependence of
yo/lymaxonD/dandii mpr oves t he assess memsiderimfymaddeguahi ng 6

to 3u4 of tOhSuchwestltdurtherdeafgraesthe 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 onsteady flow inlow submergenceManning 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 Ewpe, 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 beitles flow

di stribution, and channel roughness (Kim e
coefficient can be selected from simple lists of channel descriptions (Chow, 1959).

The Manning equation was developed for uniform flow in which thewrgairface 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-threforom

reaches usually found in flood.

Literature related to vegetated channel

Rhee, D.Set.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 test® 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 Manni

value of abat 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 trapeamidal ch
crosssection 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 teidathe 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 duringelkjgeriments.

There is a direct relationship between vegetative effective roughness and local plant deformation
(defl ected pl ant hei ght) . I n t hat sense,

investigations is confirmed. Density, stiffness, and geomeoment of the vegetative model,
28| Page



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. 23)

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 effetihat 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 hoylagiient mountain
streams. The general approach to evaluate roughmetimed 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 cditions.

Resistance to flow in sardsed (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 aresitiled 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 roughnes 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 gredter tipgoer

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 experimamthe design of plane sand bed channels affected by
seepage his objective was #&scertain 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 foseepage zone is 20 meters) and width 1.8 meters in the Hydraulics
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laboratory of Indian Institute of Science, Bangaldndially, the sanebed is made plane for all

the experiments with a required bed slope So. Then inflow discharge Q is allowedjatetatl

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 seep#ttge 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 slopteh&s/been
observed that suction reducdsetstability 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-fadoechovement

on flow resistance over bed forms. In 2010,-Sdng KIM et.al estimated

Liter ature 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 rougbss 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 deephe experiments were carried out by using fixed flow rate;
0.020n%/s, 0.025m/s, 0.030M's and 0.035#1s 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 caefferien
influenced by bed roughness. Besides, influence of bed roughness has more effect at steeper
slope, although the study was done in sfeadlle. The roughness coefficient n obtained by
flume gravel bed surface is bigger than flume with smooth bedcsuriThe 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 ténes of
Darcy-Weisbach friction factof. The data was screened and used to establish the formula.
Existing resistance formulas produce a wide range of fridaotor estimates for gravel bed

streams. The existing formulas have considered fibata function of relative
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roughnes®sg4/R only, whereRis the hydraulic radius aridgs is the particle size referred to the
intermediate diameter that equals or exceeds that of 84 percent of bed sediments. In this
paperfis considered as a function of Froude numbar addition to the relative
roughnesst for Dg4/R>1 displays a different trend than that Bys/R<1 perhaps due to the
invalid assumption of a logarithmic velocity distribution Bys/R>1. Anfformula forDgs/R<1

has been established.

For a short reacbf gravetbed 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 ehdyrismg

limb of the hydrograph. This relationship broke down later in Bha nni ng o s rouc
coefficient for a gravebed river reach using field measurements of water level and discharge,
and the applicability of various methods used for estimatiothe@froughness 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 indicafidhe 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 predicsipit 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 effeoughness coefficients. The
roughness of beds depends on so many factors, which includes the surface roughness of the bed
material, crossection geometry, vegetation, obstruction to flow, type and channel variations. In
general, all factors which carishe 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 orise as the submergence starts to occur.
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The Performance Of Concrete Using Prdreated Crumb Rubber With
Partial Replacement Of Fine Aggregate

Mwaya Temina Sendwa

ABSTRACT

There is lack of proper disposal of tire rubbers in many countries aroendotthd 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. Agafrom 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 reoplacement 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 archaleapyplications, 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 thatpretreated 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 caed 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 sahstim 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 enwirent 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 rgcled 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 ininectauntries 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 efrdformed 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 betweehet 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 past e
NAOH solution was used in order to decrease hydrophobic nature of sunffece. 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 flakstrength 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 ud 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 legislatio 48
regulations
9 Number of states that ban whole tifesm 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 spegifirenaggregates 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. itbrganic 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 mpared. 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 castingbeames,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 aceqydo BS EN 1235@, Compressive strength test
was according to BS EN 12390 and the flexural test was according to B1881

LITERATURE REVIEW

A. Detailed examination figure shown below shows that increasing the crumb rubber upto
10% exhibited a linearelationship 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 requament. However according to (Haolin Su, 2015) when the crumb rubber

is pretreated with saturated NAOH, there is little improvement in the compressive strength.

variation of compressive strength between 7 and
28days

40

35

30

25+

20-

15- == 7days
104 4 28days

compressive strength
(N/mm2)

5 -
0 | | | | 1
0 5 10 15 20 25

percentage of crumb rubber added

Figure 2: variation of compressive strength at 7 and 28days
A primary concern in designg 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 ropture
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 flexurahgth 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 .It can be concluded that, with the large percentage

replacement of fie 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 measuredslump, 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 thenulite 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 rgher 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 increaskeirstirface 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 aier. 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 whrehsurface

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 energgsurements were performed using test
specimens (w/c= 0.36) containing 10% ofraseived or 10% of NaOitteated 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 propertiegls 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 rublblee iconcrete 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 tlhse 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 grbatetage 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 dwdble 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 Wwitsand. A lightweight flowable fill produced with
crumb rubber provides the construction industry with a material that imparts less stress on the soill
beneath it, thus moderating the potential for soil settlement, mainly when constructing on soft and
compessible 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 beatetan 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

6 Adi | Fari zal Md Rashi d

ABSTRACT

Family interaction in considering spaces for restag has been neglected since the needs of the
guantity of housing is seen more important as Malaysia is developing. This paper highlights the
findings of a research done entitled ADesign
Centreo. 189 espongehtefrom 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 neglectechsince t
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 thesarsider 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, mosttbé 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 everybdy 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 interacpace 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 198006s t o 20 Gloousindpmogectsehelcdaby developees arel supported o
by government but still the quality of the house built is never been taken so seriously. Most

of design failures start with concépt her ef ore concept of focusing
beenuseh y negl ecting dédmaximizing qualityd has ma
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 ttzg/dida

housing estate context and has to be taken consideration te #émsqguality of housing built.

Keywords: Family, house, interaction, built environment.

Terrace Housing Dilemma

I n the early 19906s Mal aysi ailiThs isddeemiatnedapidg f or
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 fean 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 aghe 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-moidisie
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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 farsing 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 rieents 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 terracadtimerse 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 oh¢he 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 1 Plan (Rancangan Malaysia-k€) 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 toealbles 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 thecurrent 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 studybe 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 influendbat 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
usge 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 theadadllection. 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 andflmonth (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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Figurel: Research questionnaire flow

Sampling from Small Populations

Below are the formula that is usedfindings 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 referencther research statement

1) A study on the geographical arefere 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 bbusing 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 Selangcstate (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 notey takithe
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 ageup 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 raitigia WM 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 ¢htypical 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 yhengang different aggroup

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 MajlisrPandaran 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 4Q10

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 4,335 4 1,682,000 1,766,100 1,854 405 42 626
Teraced 667
Semi-D 476
Detached 1,108
Condo / SOHO 30,611
Selangor 123,636 Low cost 27,380 5,287,000 5,551,350 5,828,918 130,846
Terraced 43,166
Semi-D 9.485
Detached 8,168
Condo / SOHO 35437

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