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ABSTRACT

Recently, the development and application of the hydrological models based on
Geographical Information System (GIS) has increased around the world. One of the most important
applications of GIS is mapping the Curve Number (CN) of a catchment. In this research, three
softwares, such as an ArcView GIS 9.3 with ArcInfo, Arc Hydro Tool and Geospatial Hydrologic
Modeling Extension (Hec-GeoHMS) model for ArcView GIS 9.3, were used to calculate CN of
(19210 ha) Salt Creek watershed (SC) which is located in Osage County, Oklahoma, USA. Multi
layers were combined and examined using the Environmental Systems Research Institute (ESRI)
ArcMap 2009. These layers are soil layer (Soil Survey Geographic SSURGO), 30 m x 30 m
resolution of Digital Elevation Model (DEM), land use layer (LU), “Look—Up tables” and other
layers resulted from running the software.

Curve Number which expresses a catchment’s response to a storm event has been estimated

in this study to each land parcel based on LU layer and soil layer within each parcel. The results
showed that a CN of 100 (dark Blue) means surface water. The high curve numbers (100 -81)
(Blue and light Blue) corresponding to urbanized areas means high runoff and low infiltration;
whereas low curve numbers (77- 58) (Brown and light Brown) corresponding to the forested area
means low runoff and high infiltration. Four classes of land cover have been identified; these are
surface water, medium residential, forest and agriculture.

Keywords:GIS, land use, curve number (CN), watershed planning.
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1. INTRODUCTION

A curve number (CN), an index developed by the Soil Conservation Service (SCS) now
called the Natural Resource Conservation Service (NRCS), is used to estimate the amount of rainfall
that infiltrates into the soil and the amount of surface runoff Chin, 2000 ; Durrans, 2003. It is first
developed for agricultural watersheds, and then it was consequently used in urban areas. This
method should be used only with 24- hour rainfall duration. It is not time dependent; thus, it
neglects differences resulting from varying rainfall durations and intensities Durrans, 2003; USDA,
1986. Modeling is increasingly used to determine Curve number. ArcView 9.3 has been developed
by the Environmental Systems Research Institute (ESRI) for analyzing, modeling, manipulating,
querying, and visualizing data from many different sources, Wang and Cui, 2004. Various types of
watershed models, such as SWMM James, et al. 2010 and SWAT Arnold et al. 1996, TR-55, Tr-
20, HIC-1, WMS, and HIC-HMS use this method to determine runoff Shadeed and Almasri, 2010.
Sediment and pesticide are then calculated based on the runoff. An area weighted average curve
number is often used to calculate the runoff for the entire watershed by helping GIS. Implementing
GIS techniques for producing spatially varied curve number can reduce the time from days, if not
weeks, to hours. In addition, GIS can be used for future analysis to predict watershed response
associated with change in urbanization Zhan &Huang 2004. Because curve number is a function of
the soil and land use of a drainage basin, estimation of a curve number requires mapping of the soil
and land use within the drainage basin boundaries, and specification of unique soil types and unique
land use categories. The manual calculation of curve numbers for large areas or many drainage
basins can be cumbersome and time-consuming; therefore, a Geographic Information System (GIS)
is an appropriate tool to use for such an application.

Most researchers seem to agree that using GIS for estimating CN is effective and is an
efficient use of time. Gumbo, et al., 2002 described a method of assessing the effectiveness of
storm drainage by combining a digital elevation model (DEM) with a rainfall-runoff model based on
the Soil Conservation Service South African manual (SCS-SA). The land use, watershed and soil
map of the University of Zimbabwe’s (UZ) main campus was merged in Arc View and initial Curve
Numbers (CN) were assigned. A composite curve number (CNc) was determined for a watershed
with sub-area of different soil types and land cover by weighting the CN’s for different subareas in
proportion to the land area associated with each area. A combination of a DEM and rainfall-runoff
model with in GIS platform proves to be useful in estimating runoff on urbanized watersheds.
Nayak, et al. 2012 calculated the curve number of Uri river watershed in Lower Narmada basin in
Central India. Satellite images for two different periods (2001 and 2007) have been interpreted in
ILWIS GIS platform for preparation of land use/land cover maps. The weighted average curve
numbers (CN) for both years was calculated and the surface runoff volume was computed by using
the SCS curve Number method. The results of runoff volume were compared with the observed
volume calculated from recorded hydrograph for the selected rainfall events. The results showed
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that the percent increase in runoff volume in 2007 was 20-40 % compare to those in 2001for the
similar rainfall events. The major advantage of employing GIS and rainfall-runoff modeling in
storm drainage design is that more accurate sizing and orientation can be achieved. Furthermore the
calculation can be done much faster and predictive modeling can be performed Schulze et al., 1992;
Gumbo, et al., 2002.

Milhalik, et al., 2008 estimated storm water runoff and peak runoff rates by using GIS. In
this study, two runoff modeling methods have been applied, the rational method and SCS_CN
method. Rainfall intensities from five storms were used in the models together with the runoff
coefficients and curve numbers (CN) for many lands, and then the results from the two methods
were compared. The results showed that the values of peak rate estimated by SCS_CN method were
more accurate than those in the Rational Method. Zhan &Huang 2004 used the ArcCN Runoff tool,
an extension of ESRI ARCGIS software, to determine curve numbers and calculate runoff for a
storm event within a watershed. Merwede, 2009 used HEC-GeoHMS to create an SCS curve
number grid for Cedar Creek in northeast Indiana. Soil and land use/ land cover data were
downloaded from the U.S. geological Survey (USGS) 2001 national Land Cover Dataset (USGS
2007) and clipped to the Cedar Creek study watershed by using GIS tools. This model saves time
and effort when it was used to calculate curve number for each land use. Because of these recent
advancements, the objective of this research was to apply GIS software to determine Curve Number
for SC watershed as a first step for larger project to study many hydrologic models such as rainfall-
runoff model to calculate runoff volume and peak discharge.

2. STUDY AREA DESCRIPTION

The watershed in Salt Creek Study Area is located in Northern Oklahoma as shown in Fig.
1. The drainage area for water bodies included in this study is located in Osage County. A Hec-
GeoHMS model had been used to assign curve numbers (CN), which is a function of land use, soil
type, and soil moisture, to Salt Creek Watershed. The model is linked to a geographic information
system (GIS) for convenient generation and management of model input and output data. A CN of
100 represents a perfectly impermeable watershed. A CN of zero, on the contrary, represents a
watershed abstracting all the rainfall with no runoff.

3. PROCCESSING DATA

In this study, spatial data layers (Digital Elevation Models (DEM), soil, and land use/ land
cover were collected from the local USDA, NRCS United State Department of Agriculture natural
resources data USDA, 2012. These data are usually available on the Internet. Once the data has
been gathered and the software programs (ArcView GIS 9.3 with Arcinfo, Arc Hydro Tool and
Hec-GeoHMS) were downloaded, then the next step is to clip these data for the study area.

The following procedure of how to incorporate GIS with soil data, land use / land cover data,
and DEM to estimate CN is presented for Salt Creek watershed. Sc_dem, the raw 30 DEM for SC,
Sc_lc, the land cover grid, and Sc_soil, the geodatabase with SSURGO spatial and tabular data,
were all clipped using a polygon feature from the overlay layer (watershed boundary layer) as
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shown in Fig.2 (@) & (b). All datasets were projected to the same coordinate system
(NAD 1983 UMT _16).

The numbers in land use shown in Fig. 3a represent the land use class defined according to
the USGS land cover institute (LCI). However, after reclassifying, the numbers which represent the
land use are shown in Fig. 3b. The classification system used for NLCD is modified from the
Anderson land-use and land-cover classification system. Many of Anderson classes especially the
level III classes are best derived using aerial photography.

In the attribute table of Sc_lu, the dominant land used throughout all of the study area is
grassland. The second most prevalent land use is the combination of Pasture/hey and
grassland/herbaceous, and the third is the developed land and then water. Sc_lc was reclassified
using Table 1 to represent these four major classes. Sc_Ic was reduced from 11 to 4 as shown in
Fig. 3a and 3b.

4. PREPARING SOIL DATA FOR CN GRID

To prepare soil data for CN, the author first created an empty field named Soil Code for
storing soil groups because the attribute table for Sc-soil_clip has no field for storing these data. A
table called “comp” in soil data, which contains the attribute hydrogroup and soil data, is linked to
the map document. The polygon features in Sc_soil_clip are related to component table through
mukey field Merwade, 2009. Usually soil surveys list soil type (e.g., Norge silt clay) by name,
however, the information needed to determine a curve number is the hydrologic soil group, which
indicates the amount of infiltration that occurs in each type of soil. There are four hydrologic soil
groups: A, B, C and D. The definition of each is given in Table 2.

Four fields named PctA, PctB, PctC, and PctD were created. For Salt Creek area, only one
soil group assigned to each polygon so a polygon with soil group “A” will have PctA = 100, PctB =
0, PctC =0, and PctD = 0. Similarly for a polygon with soil group D, only PctD = 100, and the other
three Pcts are zero. The attribute table below was obtained. After the calculations were done, the
Soil Code will be populated with letters A, B, C, D as shown in Fig. 4.

5. MERGING OF SOIL AND LANDUSE DATA

By using the Union tool in ArcToolbox, Soil and land use data were merged and CNLook-
Up table was created using Arc Catalogue as shown in Fig.

6. CREATING CN Grid

After combining land use and hydrologic soil group maps using GIS, a CN grid was created
using Hec-geoHMS. Hec-geoHMS uses the merged feature class (Ic_soil_union) and the lookup
table (CNLookUp) to create the curve number grid. The author created a field named “LandUse” in
the Ic_soil union that will have land use category information to link it to “CNLookUp”. Hec-
geoHMS look for this information in Landuse field while it is stored in GRIDCODE field. The
author added field named landUse and equated it to GRIDCODE as shown in Fig.6. By clicking on
Utility — Creat parameter Grids, the author chose the lookup parameter as Curve Number, and
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Ic_soil_Union for Curve number Polygon and left the default CNGrid name for the curve Number
Grid. In a minute A CNGrid will be add to the map document as shown in Fig.7.

7. RESULTS AND ANALYSIS

Geographic Information System (GIS) in combination with HegGeoHMS model provide

ideal tools for calculating curve numbers. Curve Numbers were successfully and easily calculated.
The power of combining soil layers and land use layers which is the input of the curve number
method facilitates the computations and gives an accurate CN. CN estimation without the use of
GIS can be time-consuming and labor intensive. The results are summarized below:

1.

GIS and Hec-GeoHMS are capable of building up most of the input data required to
calculate CN. The procedure of calculating CNs, which can be applied to any watershed in
Irag such as Baghdad city, Arbil city, etc.), is depending on the availability of GIS data. The
step by step method for calculating CN for any watershed is presented in Merwade, 2009.

Four hydrologic soil groups were found in the case study, soil groups A, B, C, and D. and
four classes of land cover have been identified; these are surface water, medium residential,
forest and agriculture. This information is very useful for Rainfall-Runoff Modeling to
estimate peak discharge.

A CN of 100 is surface water with zero infiltration. High CNs (100-81) corresponded to the
urbanized areas of the watershed (Blue and light Blue), which has the potential to generate
the greatest amount of runoff in a storm event.

Low curve numbers (77-58) (Brown and light Brown) corresponded to the forested and
agricultural areas of the watershed, which generates little runoff and high infiltration rate as
shown in Table 2.

This analysis can be extended further to estimate the effect of change in land use on direct
runoff and to find how curve numbers vary with season and with rainfall amount. In
addition, CNs can be used with Long-Term Hydrologic Impact Assessment (L-THIA) to
calculate annual runoff and nonpoint source pollution at the watershed.
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Figure 2. a) Soil data for Osage county before clipping. b) Soil clip map by watershed
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Figure 3. Prepared land use data for CN grid a) Land use class defined according to USGS land
cover institute b) Land use class after reclassification which was reduced from 11 to 4 classes.
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FID | Shape ' | AREASYMBOL | SPATIALVER | MUSYM| MUKEY | SoilCode | PctA | PetB | PetC | Petd | A
»[_ 0|Folygon  OK113 2(67 623462 B 0 100 0 o|=

T|Polygon  |OK113 2|82 623457 D 0 0 0| 100

2 Palygon OK113 2 54 623449 D 0 0 0 100

3|Polygon  |OK113 2|62 623457 D 0 0 o/ 100

4|Polygon  |OK113 2|54 623443 D 0 0 o/ 100

5 Polygon OK113 261 623456 D a 0 0 100

6 Polygon  |OK113 2|68 623463 |C 0 o/ 100 0

7 Polygon  |OK113 2|54 623443 D 0 0 o/ 100

8 Polygon OK113 249 623444 D 0 IJ. 0 100

9 Polygon OK113 269 623464 C 1] 0 100 0
10 Polvaon  |OK113 2170 623465 C 0 ol 100 ol ™

Record: 14 «| ‘ﬂil smu:[Ts*mq Records (0 out of 380 Selected) Options
—

Figure 4. Attribute table of Sc_soil. SoilCode field populated with letters A, B, C, D.
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Figure 5. Creating CNLook-Up table for SC watershed
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Figure 6. Creating LandUse” in the I¢_soil union attribute table
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Figure 7. Curve Number (cngrid) calculations for the case study. The highest
CN=100 &the lowest CN =58.

Tablel. Original NLCD classification and reclassification USGS, 2013.

Original NLCD classification Revised classification (re-
classification)
Number Description Number Description
11 Open water 1 Water
90 Woody wetlands
95 Emergent herbaceous
wetlands
21 Developed. open space 2 Medium Residential
22 Developed. low intensity
23 Developed. medium intensity
24 Developed. high intensity
41 Deciduous forest 3 Forest
42 Evergreen forest
43 Mixed forest
31 Barren land 4 Agricultural
52 Shrub/scub
71 Grassland/herbaceous
81 Pasture/hay
82 Cultivated crops

10
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Table 2. Description of NRCS Soil Groups James, et al., 2010.

Grou Descrintion Saturated Hydraulic
P d Conductivity (in/hr)
High infiltration rates, well to
A &h I’ _ 2 0.45
excessively drained sands or gravels
Moderate infiltration rates , Shallow
B 0.20-0.15
loess, sandy loam
Slow infiltration rates, clay loams,
C ¥ 0.15-0.05
shallow sandy loam
v | infiltrati tes, isti
b E_r":,-'S ow infi ra_ ion rates, consisting 0.05-0.00
chiefly of clay soil

11
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ABSTRACT

In this research, Fuzzy Analytic Hierarchy Process technique is applied (Fuzzy AHP) which is
one of multi-criteria decision making techniques to evaluate the criteria for urban planning
projects, the project of developing master plan of Al-Mugdadiyah city to 2035 has been chosen
as a case study. The researcher prepared a list of criteria in addition to the authorized
departments criteria and previous researches in order to choose optimized master plan according
to these criteria. This research aims at employing the foundations of (Fuzzy AHP) technique in
evaluating urban planning criteria precisely and flexible. The results of the data analysis to the
individuals of the sample who are specialists, in this aspect. The land use criteria are more
important than the rest of the criteria in these projects, where it received the relative importance
with percentile (42.1 %).

Key words: Fuzzy AHP , urban planning , master plan criteria.
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1. INTRODUCTION

Urban planning is the science of large combines of many variables natural, social and
engineering work to guide the city's growth and to address their problems, and provides them
with their requirements for urban balanced life, and that the most important quest is to minimize
the environmental problems caused by human-induced air pollution and haphazard construction
and other, Mahmoud, 2012. Whereas Pleho, and Avdgic, 2008 have defined urban planning as
to predict possible number of people in space and fulfill people needs for living, working and
other activities, with providing needs for infrastructure (water, energy, traffic, etc.). The urban
planning is to be balanced with and meets the requirements of the current generation for
resources and energies without exposure to, or consuming the share of future generations; the
urban planning must be sustainable, Abdallah, 2015.

The importance of urban planning is contributing to a sustainable pattern of development.
Despite the emergence of urban regeneration and sustainable development as parallel strands of
urban policy, there has been little co-ordination between them and an imbalance in action, with
greater emphasis given to achieving urban regeneration especially economic regeneration, than
to sustainability. It can be argued that all urban regeneration contributes to sustainable
development through the recycling of derelict land and buildings, reducing demand for
peripheral development and facilitating the development of more compact cities, Couch, and
Dennemann ,2000.

2- MASTER PLAN CRITERIA

The modern urban planning process includes multi-criteria analysis models. Numerous criteria
are typically considered during decision making, Kurtener, and Badenko, 2000.

The standards mean provide a certain share of each individual, when standards applied properly
it means everyone gets his share. Application planning standards accurately in all fields is to
ensure proper implementation of the plans and achieve efficient performance. The criteria can be
summarized as follows:

2-1 Economic Criteria

The existence of investments resulting in a number of jobs, it means raising taxes. This in turn
will lead to an increase in spending, consumption and improving services is in one hand, while
on the other hand, the presence of investment will lead to the presence of suitable work
atmosphere. All this shows that the subject of the most important topics in the continuing
evolution of urban life to any area it is known that good government is behind the investment,
Phillips, and Chistine, 2003, as shown in Table 1.

2-2 Environmental Criteria
Environmental considerations into urban planning and administration gives noteworthy
advantages in each place of urban life, crosswise over issues, for example, health, security and

economic development. The initial stage in urban environment quality assessment is to recognize
important environmental segments (air, water, chaos, waste substances, green zone) and after

13
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that to set up significant assessment criteria by utilizing these components or segments, Pleho,
and Avdagic, 2008. As shown in Table 1.

2-3 Social Criteria

It highlights the importance of citizen participation. It is not visible aspect in the planning
process, but with visible results and that is considered as one of the important aspects for the
planner because of a contactless directly to humans, Silberstein et al., 2000. Jaafar ,2007
mentions that social criteria represents the social nature of society and the nature of the
composition and unity of the neighborhood and the social values and symbols in that city. This is
shown in Table 1.

2-4 Land use Criteria

There are multiple local standards to regulate land used within the master plans, including Iraqi
cadres proposals that have been approved by the Urban Planning who is responsible for the
master plans that addressed the urban organization of residential areas and land use, including
global standards allocated to determine land use to be a benchmark in the preparation of the
design basis, Abdul Wahid, 2010. The decision-making process for urban area used portion has
dependably been entangled, Arefiev et al., 2015. When objectives are spatial, information are
required on the geological areas, spatial formulations of objectives and data on the spatial pattern
of criterion values, Stewart, and Janssen, 2014.

Haque, and Asami, 2014 clarify that land-use planning might be characterized as the procedure
of assigning diverse exercises or uses, (for example, neighborhoods, manufacturing industries,
recreational activities) to particular units of range inside a region.

2-5 Technical Criteria

At the beginning of this century, many countries for many reasons, mostly Arab countries adopt
a standard 100 square meter for each individual, and on the basis of it , the future needs for urban
expansion is accounted, per capita be according to that square meter and it is distributed
according to the services that enjoy it. In light of the trend towards vertical construction, the
minimum ratio to less than that and perhaps up to less than 50 square meter, thus the decline is
limited in the residential share of first place, this is driven by the educational, health and
entertainment and cars parking. So, it should reconsider with one per capita in sharing of the
land and city thus the ratio is vary according to directions and the policy of every state, some of
them directed to the vertical construction and the other toward the horizontal, where the need is
increasing for greater expansion in the horizontal space and up per capita to more than 80 square
meter, Al-Diliamy, 2014.

3. THE MAJOR CONSIDERATIONS INFLUENCING MASTER PLAN PREPARATION
Main concerns which may affect preparing master plan are as follows, Al-Diliamy, 2014:

1. Natural condition on topography and prevailing climatic characteristics, because it
affect the engineering projects in construction roads, which need a large area of land,
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and the planning and design must be in harmony with the natural, topography and
climate realities.

2. The social reality and the nature of the social situation in terms of customs, traditions
and culture, as well as it must stay away from imported designs and plans that do not
fit in often with social and environmental reality and the specificity of the Arab and
Islamic societies.

3. Achieving urban construction in harmony with the present and future construction,
which is lacking in many Arab cities as well as the preservation of cultural heritage.

4. Achieving homogeneity in the distribution of the urban land uses, which has
approved standards at the local and global levels, also take into account the future
expansion of the city, in many cities are given, land use planning in specific spot
which may not be appropriate at the time, but it turns into an obstacle to the
expansion of the city and its evolution in the future Jaafar, 2007.

5. Achieving the requirements of the basic human beings and that means achieving the
basic needs of a convenient housing, providing job opportunities for the residents of
the city, providing recreational and cultural activities, road network and
transportation planning that serves all residents and facilitate their transition,
community planning of services (schools, health, etc.), infrastructure (water,
electricity, sewage and solid waste) in accordance with approved standards in
tourism.

6. Sewerage network and rain water planning according to rigorous studies to take into
account the future expansion, damaging interfaces and the risks that ensue, through
the study of treatment plants, take advantage of the solid and water caused by waste,
and avoid directing them to the rivers before they are treated properly, as it is
resulted environmental and humans risks Al-Diliamy, 2002.

7. Locating suitable solid waste landfill sites within residential neighborhoods and
other areas in the city. It must allocate specific places approved in plans and basic
designs , also waste collection ought to be outside of the city sites, not leave it in the
form of piles of scattered but buried in deep pits, that such those wastes in the
landfill areas used in China for the production of electrical power Al-Diliamy, 2002.

3. FUZZY AHP TECHNIQUE STEPS

The Fuzzy Analytic Hierarchy process technique (Fuzzy AHP) is to develop AHP technique
was developed by Thomas L. Saaty in 1980. Hierarchical structure for FAHP, is shown in
Figure.l

The steps are as follows, Kahramana et al. , 2004:

Decision Maker compares the criteria via linguistic terms shown in Table.2 and Tablel.3.

Where gi is the goal set (i= 1,2,3,4,...... ,n) and Méi (G=1,2,34,...... ,m), all are Triangular
Fuzzy number , as shown in Figure.2 .

1. The value of fuzzy synthetic extent with respect to the ith object is defined as:
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, So-1
S = ;'n=1 Méi®[ ?=12;'n=1 Mél] (1)

To obtain ¥, M), form Eq.(3):

S M) = (S L, T m, B ) (2)
-} .

and to obtain [Y7, X7, M| , where M); (j=1.2,3,4,.....m) such that:

?:12]7:”:1 Mél = (Z?:l lll ?=1mi12?=1ui) (3)

and then compute the inverse of the vector in Eq. (3) such that

Ee 2 ] = (5 ) o

) on )
i—1 Wi z:i—1"’ni Zi—lli

2. My =(ly,m,u;) and My=(lp,mp,u;) are two TFNS, the degree of possibility of
Ma=(l2,my,uz) > My =(l3,m1,u;) and can be equivalently expressed as follows:

L, if my=>my
vimM2 > M1) =1{0" L ifl, >u (5)
L2 ,otherwise

(my—uz)-(my-1;)

where d is the ordinate of the highest intersection point D between M; and M,.To compare M;
and My; both the values of V(M;> M) and V(M>> M) are needed.

3. The degree possibility for a convex fuzzy number to be greater than k convex fuzzy
numbers Mi (I=1, 2, 3, 4,....., K) can be defined by:

V(M > M; ,M2,M3,Ms,.....My)= V[ (M >M,) and (M >M,) and ..... and (M > Mx)] = min
V(M>M),i=1234,....k (6)
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Assume that d’ (Cj) = min V(S; > Sy) for k= 1,2,3,4,.....,n. k# 1 ,then the weight vector is given
by :

W'=[d'(Cy),d(Cy),d(C3),d(Cy),.. ...,d’(Cg,)]T @)
4. Via normalization, the normalized weight vectors is given :

W =[d(Cy) , d(C2) , d(Cs) , d(Ca),......d(C)] 8

4. RESULTS

Through the received data from questionnaire related to the assessment of criteria by experts and
relying on applying (FAHP) technique, forming of pair-wise comparison matrix of criteria which
is shown in Table 3 is done. Also, it is based on comparison values that are illustrated in Table 2,
after making the required calculations to extract the relative importance of each criterion of the
main criteria used as shown in Table 5. It is shown that the relative importance of land used
criteria has a larger relative importance (42.1%) compared with the other criteria which obtained
the following relative importance: economic (18.3%), environmental (17.2%), social (14.1%)
and technical (8.3%). Through these criteria, master plans can be evaluated and chosen the
optimal ones, because land uses criteria is considered as the most important part of the project.
When there is any defect it will influence the rest of the project criteria where land use criteria
mainly affect the possibility of implementing the master plan, the land use has touched an impact
of land use the progress of works special master plan projects of cities, their impact large and
clear and on the possibility of completing the project according to the required specifications and
requirements.

5. CONCLUSIONS

That formation of the city depends on the criteria used in the selection of the optimized
master plan because the importance of criteria and indicators selection enhances the linking
of optimized master plan by economic efficiency, production efficiencies, structural balance
of land use and distribution of infrastructure services are reducing the operational costs and
increase economic benefits by encouraging investment and environmental benefits such as an
example the issue of transport within cities to gain access to public services (health,
education,.., etc.), it must promote effectively and good transport networks environmentally
and easy to use and the least effective and sound banging. Reduce costs for random housing
that weigh on the shoulders of the state within high costs for its exceeding the infrastructure to
other areas services, therefore, the choice of the optimized master plan in accordance with the
required criteria in this study, the optimum distribution of services and housing projects are
achieved, leading to reduce the problems of cities.
17
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Table 1. The main criteria and sub-criteria.

Main Criteria

Sub-Criteria

Description

1) Economic

Financial

1- Directing investment in the
city.

2-Consider construction cost
for new infrastructures and
updates to existing system.
3-Highlight major projects
that significantly contribute to
the capital cost.

4-Finacncial support
availability  of  financial
resources and support from
local lending institutions are
important to remove
economic Constraints since
most  projects tend to
expensive.

Infrastructure

1- Availability of
infrastructure  for  water,
sewage, gas and electricity
have an impact on overall
investment required for the
future projects.

2- Distance between
transportation networks are
important factors for
industrial and commercial
land uses (Effect on
transportation costs of
materials and transportation
costs for products).

3- Highlight on level of
ability to balance
infrastructure costs with level
of urban growth.

Site Physical
conditions conditions

Physical ~ conditions like
geological risks, it will impact
on the cost and feasibility of
redevelopment.

Site Environmental
conditions conditions

The type, severity and extent
of the contamination must be
evaluated to assess costs and
time for remediation.
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Land value Land prices in the city.
Costs 1- Capital costs

2- Operation and maintenance
costs
3-Other contingencies

Economic revenue

Ability to interact with
another sector economy

1- Projects which interact
with more than one sector of
the economy and creating

greater  opportunities  for
diverse  sectors of the
economy.

2- Evaluating how much the
project would contribute to
creating employment and an
increase in income for the
community productive sector.

2)Environmental

Noise pollution

The source of most noise
worldwide is mainly caused
by machines and
transportation systems, motor
vehicles, aircraft, and trains. .
Poor urban planning may give
rise to noise pollution because
construction industrial
buildings in residential
regions can result in noise
pollution in the residential
regions.

Water pollution

The contamination of water
(Pollutants such as Materials'
chemical, physical,
radioactive ...etc.).

Wastewater network

The Stations for wastewater
must constitute in a way a
correct and not harmful to the
environment.

Soil pollution

Contaminated soil is one of
the most prominent
environmental problems and
the most complex. Soil
contaminants may be a waste
(industrial, radioactive... etc.).

Impact of carbon dioxide
emissions
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Local air quality
Aquatic impacts Potential effects on water
resources and not to
overtaking on water natural
that affect the environment.
Environmental legislation | Global and local laws are
restrictions.
Protect the natural Such as green space and
environment Forests... etc.
3) Social Services 1- Housing, transportation,
schools, Medical, police,
Firefighter...etc.
2-  Projects that offer

flexibility of servicing the
city growth.
3- Utilization of existing
infrastructure.
4- Ability to executing
requirement and service level.

Quality and cost of living

Job opportunities

create
increase

Redevelopment can
new jobs and
incomes.

Population

Population size, Household
size, Population density and
Distribution of population.

Aesthetic

Improving aesthetic by the
redevelopment can provide
significant benefit to areas
with pleasant surroundings,
redevelopment results giving
better quality and appearance.

4) Land uses

1- Land
policies.
2- Coordination with existing
and land uses.

3- Potential
requirements.

uses Planning

land

Dealing with the regional
dimension

Dealing with the concept
of investment

Dealing with the problem
of land occupancy

Dealing with public places
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Types of | Residential use | Depending on the regional
land use Commercial | planning organization for the

use year 1977 , criteria of public
Administrative | housing for the year 1982 and
use The wurban planning and
Industrial use | design criteria / The Ministry
Recreational | of Housing and Construction
use and Municipalities and Public
Cultural use Works in 2008
Sports use
Health use
Educational
use
Agricultural
use
5)Technical The size of planned and | Describe the difficulty of

existing infrastructure

construction in limited areas
and with possibility limited
access.

Servicing integrations
structural

Potential impact related to
opportunity  for integrated
planning, construction,
design, with other servicing
such as road improvement
and bridge construction,
establishing rail and airport...
etc.

Construction density

1- Structural density: is the
relationship of the total area
of origin to the site area.

2- Coverage (%), the ratio of
building to the site area.

Construction patterns

Construction  vertical and

horizontal construction

Height for building
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Selection the optimized master plan

|
! | N S

Economic ] Environmental Social Land uses Technical

Figure 1. The hierarchical structure for FAHP.

a(x) A

1.0

0.0 > X

| m u

Figure 2. A triangular fuzzy number.

Table 2. Linguistic terms and the corresponding triangular fuzzy numbers, Ayhan ,
2013.
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Linguistic variable

Fuzzy number

Explanation

Equally important 1,1,1) The criterion i is equally important
when compared to criterion j.
Weakly important (2,3,4) The criterion i is Weakly important
when compared to criterion j.
Fairly important (4,5,6) The criterion i is Fairly important
when compared to criterion j.
Strongly important 6,7,8) The criterion i is Strongly important
when compared to criterion j.
Absolutely important 9,9,9 The criterion i is Absolutely
important when compared to criterion
J.
Intermediate values 1,2.,3) When compromise is needed.
between the two 3,45
adjacent judgments (5,6,7)
(7,8,9)

Reciprocals number

The reciprocals, such as
1/3, 1/5, 1/7, 1/9, etc.,

Table 3. Aggregate fuzzy numbers decision making matrix.

Criteria Cl C2 C3 C4 C5
C1 (1,1,1) | (201,277, | (1.69,2.09, | (0.34,046, | (1.02,1.44
3.54) 2.53) 0.64) 1.91)
C2 | (029,036 | (111 |(5,597,6.95] (026,034, | (0.19,0.26,
0.49) 6.95 ) 0.47) 0.32)
C3 | (0.39,048, | (0.14,0.17, | (L,1,1) | (0.26,0.34, | (4.31,5.34,
0.59) 0.2) 0.47) 6.44)
C4 | (159217, (213,294 | (213294, | (L,11) (3.02,3.93
2.94) 3.84) 3.85) 4.89)
C5 | (0.52,0.69 | (3.13,3.84, | (0.16,0.19, | (0.21,0.25 (1,1,1)
0.98) 5.26 ) 0.23) ,0.33)
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Table 4. The relative importance of main criteria

Main criteria Relative importance %
Economic criteria 0.183 18.3
Environmental criteria 0.172 17.2
Social criteria 0.141 14.2
Land use criteria 0.421 42.1
Technical criteria 0.083 8.3
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ABSTRACT

Self-compacted concrete (SCC) is a highly flowable concrete, with no segregation which
can be spread into place by filling the structures framework and permeate the reinforcement
without any compaction or mechanical consolidation ACI 237R-14. One of the most important
problems faced by concrete industry in Irag and Gulf Arab land is deterioration due to internal
sulfate attack (ISA) that causes damage of concrete and consequently reduces its compressive
strength, increases expansion and may lead to its cracking and destruction.

The experimental program was focused to study two ordinary Portland cements with
different chemical composition with (5, 10 and 15) % percentage of high reactivity metakaoline
(HRM) as a cement replacement and with W/Cm ratio 0.35. The SCC mixes with AL Shemalia
OPC cement that produced in Saudi Arabia (C3A=7.02%) shows higher resistance to ISA than
mixes with Tasluja OPC cement that is produced in Iraq (C3A=4.13%). The results indicate that
the SCC mixes containing 15% HRM shows higher opposition to ISA. A good correlation was
obtained between concrete splitting tensile strength and compressive strength from the results of
this study.

Keywords: self compacted concrete (SCC), high reactive metakaoline (HRM)
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1. INTRODUCTION

Self compacted concrete (SCC) was first developed in Japan 1988 as a mean to create
uniformity in the quality of concrete. The SCC differs from conventional concrete in main
characteristic features, namely, appropriate flowability, no segregation and no blocking
tendency. Durability was the main concern and the purpose to develop a concrete mix that
would reduce or eliminate the effect of internal sulfate attack. An excess amount of gypsum in
concrete from either, cement or aggregates is of great importance. This is because of their
adverse effect on the structure developed of cement paste. Excess percentages of sulfate may
impair the physical and mechanical properties of the hardened concrete at subsequent ages. The
ettringite formation when occurs homogeneously and immediately (within hours or days) in a
mixture or in a deformable concrete — early ettringite formation (EEF) - the related expansion
does not cause any significant localized disruptive action. This happens when ground gypsum
reacts with anhydrous calcium aluminates within some hours (set regulation) or when a calcium
aluminates sulfate (C4A3S) hydrates within few days producing a relatively small, homogeneous,
harmless and rather useful stress (expansive cements for shrinkage compensating concretes). On
the other hand, when ettringite forms heterogeneously and later (after months or years) - delayed
ettringite formation (DEF) - the localized related expansion in a rigid hardened concrete
produces cracking, spilling, and strength loss, Collepardi, 2005.

Husaian, 2008 has studied the influence of high reactivity metakaoline (HRM) as a partial
replacement by weight of cement on the properties of SCC in fresh and hardened state. Many
different mixes of SCC have been studied, in which concrete mixes contain 500kg/m® cement
and water/cement ratios ranging between 0.35 - 0.58. Result indicated that the workability of all
studied mixes is very good. The inclusion of 10% HRM as a partial replacement by weight of
cement decreases the flowability and increases the viscosity of fresh concrete and this leads to
use high superplastizer dosage. The addition of HRM as replacement for the weight of cement
increases the value of compressive strength and splitting tensile strength by 5 - 22 %, 3 - 25 %
respectively as compared with reference mixes without any addition of HRM.

Ahmed, 2010 concluded in her study that the compressive strength was increased to (29, 45
and 69)% for the SCC concrete mixes with replacement of cement bg/ HRM (5, 10 and 15)% by
weight of cement at 90-days for the different mixes with 500 Kg/m* of cement and 170 Kg/m®
water. Salih, and Salman, 2011 results showed that SCC mixes containing metakaoline required
higher superplastizer content to 9% by weight of cement compared with 8% by weight of cement
for mixes without pozzolanic materials to maintain the self compatibility of mixes. And they saw
that a significant improvement was observed in the mechanical properties of mixes including
compressive and splitting tensile strength, modulus of rupture, static modulus of elasticity, and
impact resistance. The improvement percentages at 28 days were (8.43%, 7.6%, 6.08%, 4.03%,
and 30.30%) respectively for SCC with high reactive metakaoline mixes.

The resistance of high performance concrete to internal sulfate attack after adding
natural gypsum to sand as a partial replacement by weight was studied by AL-Robayi, 2005.
The sulfate contents (0.5, 1.5, 2.0, and 2.5 %) in fine aggregate were studied. He concluded that
there was a reduction in strength at early ages (less than 28 days) for normal and high
performance concrete. This reduction was related to the increase of sulfur trioxide content (SO3)
in sand. At later ages ( more than 28 days ) in High Performance Concrete, the reduction in

28



Number 5 Volume 23 May 2017 Journal of Engineering

strength decreased while in normal concrete it increased continuously. The low permeability
and pozzolanic action of HRM could be the cause of strength improvement. Alwash, 2013
studied the effect of using local fillers (pigment and metakaolin) on self compacting concrete,
SO3q, content in sand were investigated by using five levels, these levels were [0.24% , 0.5% |,
1% , 2% , and 3% ], which yielded [3.05% , 3.47% , 4.28 % , 5.9% , and 7.52%] total SOz
content by weight of cement respectively for SCC mixes with pigment powder filler and [3.08%,
3.5% ,4.31% , 5.94% , and 7.56%] for self compacted concrete mixes with metakaolin powder.
There is an optimum gypsum content (SO3=1.0%) by wt. of sand which gives the highest results
in compressive strength, flexural strength and ultrasonic pulse velocity of self compacted
concrete. The mechanical properties will be decreased as gypsum content increases beyond this
limit.

2. MATERIAL CHARACTERISTICS
2.1 Cement

Two ordinary Portland cements conforming the 1QS NO.5/1984 are used. Tasluja OPC
cement that is produced in Iraq and AL Shemalia OPC cement that is produced in Saudi Arabia.
The chemical analysis of the two cements used is listed in Table 1, while Table 2 consist of the
physical properties for the same cements.

2. 2 Fine aggregate

The natural fine aggregate used in this study is from Al-Ukhaider district. The grading of
sand is within the Iraqi specification 1QS NO.45/1984 and affirms to zone two. Table 3 shows
the sieve analysis of fine aggregate used and Table 4 shows the physical properties and sulfate
content of fine aggregate used.

2.3 Natural gypsum

The natural gypsum was brought from the State Company of Geological Survey and Mining.
It was crushed and grinded by hammer and passed through the same sieve set of fine
aggregate used in the mix of internal sulfate attack to get the same gradation and to avoid the
affect of large surface area of particles, the gypsum was used as a partial replacement by
weight of sand with limited percentage. To control the content of SOgs, the quantity of natural
gypsum add to the sand is according to Eq.(1).

W= [(R- M %) x S]/N 1)

where:

W is the weight of natural gypsum ground needed to be added to sand (kg).
R is the percentage SO3required in sand %.

M is the actual SO3 in sand (0.1 %).

S is the weight of sand in the mix (kg).

N is the percentage SOsin the used gypsum.

The chemical composition of the gypsum used is listed in Table 5.
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2.4 Coarse aggregate
A crushed natural coarse aggregate with maximum size of 14mm was used. It was brought
from Al-Niba’ee region. The grading of the aggregate used is within the Iragi specification 1QS
NO.45/1984. The coarse aggregate sieve analysis is shown in Table 6, while Table 7 shows the
physical properties and sulfate content for the same aggregate used.

2.5 Mixing water
The water used in this study was potable water for both casting and curing of concrete
specimens.

2.6 High reactive metakaoline (HRM)

HRM is a reactive aluminosilicate pozzolan produced by clinking China clay at temperatures
between 700 — 900°C. In this work, the locally available China clay was burned using the
burning kiln at 700°C for one hour then left to cool down, Raya, 2003 and Justice, 2005. The
chemical composition of HRM in powder form is shown in Table 8, satisfying the ASTM C 618
—08. At 28-days the accelerated pozzolanic strength activity index with Portland cement was
105% (min 75%). The specific gravity and the fineness were 2.62 and 19000 cm2/g respectively.

2.7 Chemical admixture

A high performance concrete superplasticizer (Sika ViscoCrete -5930) is a third generation
for concrete and mortar as chemical admixture was used in this research. It meets the
requirements for superplasticizer according to ASTM C494-05.Types G and F. Table 9 shows
the typical properties of the superplasticizer used.

3. PREPARATION OF CONCRETE SAMPLES
3.1 Mix Proportion

The method of mix design for the self compacted concrete used in the study is accordance to
EFNARC, 2002. The materials contents are revised after gaining acceptable self-compatibility
by assessing fresh concrete tests. Water to cementituse is 0.35 used for all mixes in this study
and the optimum dosage of superplasticizer (Sika ViscoCrete -5930) (1.2 liter for each 100 kg of
cement) is prevailed from several trail mixes, by fixing the W/Cm ratios, and increasing the
dosage of the admixture gradually to ensure the self-compatibility. The mix proportion is
presented in Table 10.

3.2 Mixing, Casting and Curing of Concrete

The mixing process was done by manually operated mixer according to ASTM C192, 2006.
Cast iron cube moulds, with dimensions of (150x150x150) mm and (150x300) mm cylindrical
moulds are provided, cleaned and oiled before adding water to the mix. Nylon bag were used to
cover the moulds, after 24hr the moulds were opened and the concrete were placed in water
curing tanks until the time of test (7, 28, 90 and 180-day).

4. TEST PERFFORMED
4.1 Fresh concrete tests
4.1.1 Slump flow test and T50cm test
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The horizontal free flow of self-compacting concrete is assessed by the slump flow test. This
test is widely used; it gives an evaluation of resistance to segregation and an indication of filling
ability. The benefit of T50cm test is to measure the viscosity of SCC by measuring the speed of
flow, EFNARK, 2002.as shown in Fig. 1.

4.1.2 V-funnel test and V-funnel test at Tsminutes

This test is to estimate the filling ability and viscosity of the self-compacting concrete. High
flow time can also be associated with low deformability due to a high paste viscosity, and with
high inter-particle friction, EFNARK, 2002, as shown in Fig. 2.

4.1.3 L-Box test

The flow of self-compacted concrete is assessed to this test, and furthermore it gives a
conception to reinforcement blocking. This test is largely used. It estimates passing and filling
ability of SCC, EFNARK, 2002. As shown in Fig. 3.

4.2 Hardened concrete tests
4.2.1 Compressive strength test

The compressive strength test in this study was done according to the BS 1881: Part 116:
1983. The concrete cubes of (150x150x150) mm were tested at ages of (7, 28, 90, 180-day). The
load at failure was registered and the compressive strength was calculated by taking the average
of 3- cubes for each test age.

4.2.2 Splitting tensile strength

The splitting tensile strength test was carried out in accordance with the ASTM C496-
/C496M-11. (150%300) mm cylindrical concrete specimens were used. This test was done at
ages of (7, 28, 60, 90 and 180) days.

4.2.3 Ultrasonic pulse velocity (UPV)

According to the ASTM C597-02.The ultrasonic pulse velocity test was done using portable
equipment called PUNDIT. The equipment was used with direct transmission method by placing
the transducer on opposite face of the concrete cubes (150x150x150) mm.

5. RESULTS AND DISCUSSION
5.1 Fresh Concrete

The increased of total effective SO3% content in all cases, resulted in a considerable decrease
in the slump flow of the concrete presented in Table 11. For Iraqi and Saudi Arabia cements,
slump flow values ranged between (776 - 800) mm and the T50 cm of slump flow values ranged
between (2.2 - 4.51) sec. For the V—funnel test the time of the concrete to pass through ranges
between (6.1-10.3) sec and L-box results ranged between (0.81-0.95).

5.2 Hardened Concrete

The results of compressive strength test for all concrete mixes used in this study are shown in
Table 12. The results declared that all concrete mixes including (reference mix) shows a
consecutive increase in compressive strength with the progress of age. This increase in
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compressive strength is submitted in Fig. 4 and Fig. 6 for all concrete mixes using Iragi cement.
The results showed that HRM when used improves the compressive strength of concrete and
increases the resistance to ISA. This behavior is due to the consumption of Ca(OH),, which gives
a micro filling action due to the higher pozzolanic reaction. The addition of 15% of HRM as a
cement replacement increases the compressive strength for all mixes with age relative to their
reference. The percentage increase of compressive strength at 28 days are (14.35%) and (20.6%)
for total SO3% by wt. of sand (1.5) for Tasluja OPC and AL Shemalia OPC cements
respectively. This behavior is due to reaction of HRM (silica —based product) with Ca(OH),
during the hydration of C3S and C,S of cement produces CSH gel contributes the densification of
concrete matrix, pore-size and grain-size refinement processes Justice, 2005. The reduction of
compressive strength increases with increase in total SO3% content as it is presented in the
results for both types of cement. This behavior is due to the formation of DEF which is a type of
internal sulfate attack that occurs when the constituents of concrete provide an initial source of
sulfate, Pavoine, et al., 2012. That affects cementitious materials which possibly causes cracking
and swelling of concrete, Collepardi, 2003.

The concrete mixes using AL Semalia cements produced in Saudi Arabia with higher C;A
content (C3A =7.02%) show higher resistance to ISA than Tasluja cement produced in Iraq (CsA
=4.13%) and that is confirmed with the literatures.

Table 12 also shows the results of splitting tensile strength for all mixes. The splitting tensile
strength of concrete mixes contained HRM increases with the progress of curing age and it
increases with increase the HRM a cement replacement to 15% as presented in Fig. 5 and Fig. 7
for all concrete mixes using lraqi cement. These results are due to the reduction in the micro
cracking and by strengthening the transition zone because of the pozzolanic reaction, Naji, 2012.
The increase in splitting tensile strength for reference mix is continued for all ages due to the
continuity of hydration process, other concrete specimens the splitting tensile strength is reduced
with the increase of total SO3% content due to the effect of ISA as the formation of DEF. Fig. 9
shows the relationship between compressive strength and splitting tensile strength at different
ages with R? equal to 0.952.

Table 13 shows the Ultrasonic pulse velocity (UPV) results for reference mixes and concrete
mixes with HRM as a cement replacement with different percentages of sulfate content and this
IS submitted in Fig. 8. The results demonstrate that the pulse velocity for reference mix is
increased with the age. The other mixes with the increased total SO3% content, the pulse velocity
is less increased than reference mix with the age and that increase continued till 90-day then the
pulse velocity starts to decrease. That is compatible with the results of compressive strength test.
The relation between the compressive strength with ultrasonic pulse velocity for different
concrete mixes demonstrated in Fig. 10. The results indicate that the compressive and pulse
velocity are related to each other with R? equal to 0.9309.

When using SO3% by wt. of sand more than 1.5% there is reduction in compressive strength,
splitting tensile strength and ultrasonic pulse velocity in later ages (180 days) than (90 days)
curing age compared with other mixes containing less than 1.5% of SO3% by wt. of sand.

6. CONCLOSIONS
1. A good workability properties of fresh concrete was detected for all SCC mixes containing
Sika ViscoCrete -5930 and HRM , the results shows that the slump flow test ranges between
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(767- 800) mm and T50 cm results range between (2.2-4.51) sec. The V—funnel time results
ranges between (6.1-10.3) sec and L-box results ranges (0.81-0.95).

2. The results show that mixes containing HRM as cement replacement materials improves the
compressive strength of concrete and increases the resistance to ISA.

3. The concrete mixes using AL Shemalia OPC cement that produced in Saudi Arabia (C3A
=7.02%) cements show higher resistance to ISA than Tasluja OPC cement that produced in Iraq
(C3A =4.13%).

4. The compressive strength and splitting tensile strength of concrete mixes contained HRM
increases with the progress of curing age for mixes containing less than 1.5% of SO3; by wt. of
sand. By increasing the SOz % beyond this limit all the mechanical properties will be declined
spicily at later ages.
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Relationship between compressive strength and ultrasonic pulse velocity.

Table 1. Chemical composition of cement used.

Oxide Tasluja OPC AL Shemalia | Limits of Iraqi
Content % cement OPC cement | specification 1QS
(Iraqi) (Sudi Arabia) | NO.5/1984

SiO; 20.6 20.4 -

Al,O; 4.49 5.1 -

Fe,03 459 3.84 -

CaO 60.23 60.34 -

SO3 2.1 2.68 <28 %

MgO 2.97 4.58 <5%

L.O.1 2.11 2.35 <4%

I.R 1.2 0.62 <15%

L.S.F 0.97 0.89 0.66-1.02
Compound Composition (Bogue™ s Equation)

CsS 51.85 43.20 -

C,S 19.89 25.95 -

CsA 4.13 7.02 -

C,AF 13.96 11.68 -

- Chemical tests were conducted by Central Organization for Standardization and Quality Control,
Ministry of Planning
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Table 2. Physical properties of cements used.

Volume
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2017
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Properties Tasluja OPC AL Shemalia
Cement OPC Cement
(Iraqi) (Sudi Arabia)
Specific surface (Air permeability 350 365
test), m?/kg
Autoclave expansion,% 0.04 0.04
Setting time (vicate apparatus),
a. Initial - hr:min 1:30 1:25
b. Final - hr:min 4:40 4:30
Compressive strength MPa(N/mm®):
3-days 17.5 16.8
7-days 26.5 27.2

- Physical tests were conducted by the Central Organization for Standardization and Quality
Control, Ministry of Planning.

Table 3. Sieves analysis of fine aggregate.

Sieve % Passing by Limits of 1QS

Size Weight NO.45/1984 (Zone 2)
10mm 100 100
4.75mm 95.1 90-100
2.36mm 80.5 75-100
1.18mm 72.8 55-90
600um 45.5 35-59
300um 24.5 8-30

150um 4.8 0-10

Table 4. Physical properties and sulfate content of fine aggregate used in experimental work.

Properties Results IQS NO.45/1984
Fineness modulus 2.76
Specific gravity 2.58
Absorption ,% 1.2
Moisture content,% 0.4
Material passing sieve 2.5 Max. 5% for natural fine
size 75pm% aggregate
Sulfate content (SOs3), 0.1 Max. 0.5%
%

41

-Tests are carried out in the Material Laboratory of the Engineering College -Baghdad University




Number 5 Volume 23 May 2017 Journal of Engineering

Table 5. The chemical properties of Gypsum.

Compound Percent %
Composition
SiO; 8.34
R203 2.25
CaO 32.02
MgO 0.95
SO3 42.1
I.R 6.99

Table 6. Sieves analysis of coarse aggregate with 14mm maximum size.

Sieve size % Passing by Weight Limits of 1QS
NO.45/1984
20mm 100 100
14mm 95 90-100
10mm 75 50-85
5mm 4 0-10
Table 7. Physical properties and sulfate content of coarse aggregate.
Properties Results | 1QS NO.45/1984
Specific gravity (SSD) 2.65 | --
Absorption ,% 03 |--
Moisture content ,% 02 |--
Passing sieve size 1.5 | Max. 3%
75um,%
Sulfate content (SO3),% 0.03 | Max. 0.1%

-Tests are carried out in the Material Laboratory of the College of Engineering-Baghdad
University

Table 8. Chemical analysis of HRM

Oxides % Content | Mineral Admixture Class N
(%) ASTM C 618 -03
SiO, 57.46 -
Fe,03 1.52 -
Al,O3 36.82 -
Cao 0.9 -
SOz <0.07 Max. 4.0%
L.O.l 1.3 Max. 10%
Moisture content 0.82 Max. 3.0%
SiO, + AL,O3+ Fe ,03 95.8 Min. 70%
min %

-The chemical analysis done by Geological Survey and Mining
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Table 9. Typical properties of superplasticizer (Sika ViscoCrete -5930)

Form Viscous liquid
Basis Aqueous solution of
modified polycarboxlate
Appearance Turbid liquid
Relative density 1.08 kg/1t.+0.005

Table 10. The mix proportions used in preparing the test specimens
Fine Coarse

Cement | Cement HRM

Index pe | (kgim) | (kg/m’) | 2OMRRIC | 29OTPOEE
Ref. -MR1 560 0 728 784
MR1-5%HRM Iragi 532 28 728 784
MR1-10%HRM 504 56 728 784
MR1-15%HRM 476 84 728 784
Ref.-MR2 560 0 728 784
MR2-5%HRM Saudi 532 28 728 784
MR2-10%HRM Arabia 504 56 728 784
MR2-15%HRM 476 84 728 784
Table 11. Fresh concrete test results (slump flow, T 50cm slump flow, V-funnel and L-box
504 (%) Tests
370 T 50cm
Mixes No. g/(:)r:ent by wit. S'”(Tnpnf)low slump flow V'(';Lg;?e' (';]'Zt/’ﬁl’;
of sand (sec)
650-800* 2-5* 6-12* 0.8-1.0*
Ref. -MR1 800 2.2 6.1 0.95
MR1-5%HRM Iragi 798 2.25 6.15 0.93
MR1-10%HRM 795 2.3 6.31 0.91
MR1-15%HRM 05 792 2.4 6.45 0.9
Ref.-MR2 ' 801 2.3 6.11 0.94
MR2-5%HRM Saudi 798 2.35 6.17 0.94
MR2-10%HRM Arabia 796 2.4 6.33 0.92
MR2-15%HRM 791 2.45 6.51 0.9
Ref. -MR1 794 2.5 7.01 0.88
MR1-5%HRM Iragi 1.0 791 2.56 7.11 0.87
MR1-10%HRM 788 3.1 7.27 0.85
MR1-15%HRM 785 3.15 7.34 0.85
Ref.-MR2 795 3.30 7.42 0.89
MR2-5%HRM Saudi 791 2.51 7.08 0.88
MR2-10%HRM Arabia 1.0 789 2.58 7.15 0.86
MR2-15%HRM 784 3.45 7.30 0.85
Ref. -MR1 Irag 785 3.0 8.30 0.86
MR1-5%HRM 1.5 781 3.15 8.51 0.85
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MR1-10%HRM 778 3.35 8.58 0.85
MR1-15%HRM 774 3.55 9.06 0.83
Ref.-MR2 786 3.08 8.25 0.83
MR2-5%HRM Saudi 783 3.21 8.38 0.87
MR2-10%HRM Arabia 780 3.41 8.55 0.86
MR2-15%HRM 775 3.55 9.0 0.85
Ref. -MR1 778 4.01 9.50 0.85
MR1-5%HRM Iragi 775 4.11 9.58 0.84
MR1-10%HRM 770 4.35 10.15 0.83
MR1-15%HRM 767 4.48 10.25 0.80
Ref.-MR2 2.0 780 4.08 9.45 0.86
MR2-5%HRM Saudi 776 4.16 9.59 0.84
MR2-10%HRM Arabia 772 4.36 10.11 0.82
MR2-15%HRM 776 4.51 10.30 0.81

*Permissible limits according to, EFNARK, 2002. guidelines

Table 12. Compressive strength and splitting tensile strength results for all SCC mixes.

o 8 Compressive Strength (MPa) Splitting Tensile Strength (MPa)
3 w
Mixes No. 3

2 S | 7-day | 28-day | 90-day | 180-day | 7-day | 28-day | 90-day | 180-day

A
Ref. -MR1 10 35.9 46.6 60.5 66.2 3.04 3.9 4.71 4.98
MR1-5%HRM 36.8 47.2 63.2 68.5 3.21 4.05 4,92 5.25
MR1-10%HRM 38.1 49.7 65.8 70.1 3.35 4.21 5.25 5.61
MR1-15%HRM 05 39.5 55.4 69.1 74.3 3.42 4.25 5.38 5.85
Ref.-MR2 ' 36.1 47.3 60.9 66.9 3.06 4 4.81 5.12
MR2-5%HRM SA 37.2 47.8 63.5 69.2 3.25 4.11 5.15 5.46
MR2-10%HRM 38.9 49.9 66.3 70.6 3.38 4.35 5.46 5.75
MR2-15%HRM 39.6 56.3 70.6 74.7 3.45 4.55 5.62 6.1
Ref. -MR1 10 35.5 45.1 57.2 60.5 3.00 3.8 4.58 4.62
MR1-5%HRM 36.4 46.1 60.0 63.1 3.2 4.01 4.75 4.81
MR1-10%HRM 37.7 48.7 63.2 64.5 3.29 4.04 5.05 5.11
MR1-15%HRM 10 38.4 54.0 67.5 69.8 3.35 4.18 5.11 5.22
Ref.-MR2 ' 35.7 45.7 57.6 61.5 3.05 3.9 4.75 4.78
MR2-5%HRM SA 36.6 47.0 60.8 65.0 3.11 4.07 5 5.11
MR2-10%HRM 375 48.7 63.6 66.1 3.23 4.3 5.18 5.21
MR2-15%HRM 38.8 54.6 67.1 68.9 3.34 4.48 5.42 5.47
Ref. -MR1 35.2 43.9 55.8 53.7 2.94 3.81 4.35 431
MR15%HRM | 1Q 360 | 451 | 585 | 566 | 3 | 388 | 448 | 446
MR1-10%HRM 15| 37.2 46.9 61.2 59.8 3.15 3.95 4.62 4.6
MR1-15%HRM 38.5 50.2 65.4 60.2 3.21 4.2 4.75 4,71
Ref.-MR2 SA 35.4 43.6 56.1 54.8 3 3.78 4.41 4.37
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MR2-5%HRM 36.2 45.8 58.7 57.5 3.08 4 4.58 4.54
MR2-10%HRM 37.4 47.0 62.5 58.9 3.15 4.18 4,71 4.7
MR2-15%HRM 38.3 52.6 66.0 59.2 3.28 4.36 4.88 4.81
Ref. -MR1 34.8 42.5 53.5 48.1 2.88 3.6 4.1 3.91
MRL5%HRM | |Q 35.7 43.2 56.8 52.2 2.95 3.68 4.15 4.01
MR1-10%HRM 36.8 45.5 58.0 54.1 3.06 3.79 4.28 4,12
MR1-15%HRM 20 37.9 47.4 60.5 56.8 3.16 4.02 441 4.36
Ref.-MR2 ' 34.6 42.2 55.2 49.6 2.91 3.65 4.13 4.01
MR2-5%HRM SA 33.9 43.6 57.1 53.1 3.01 3.68 4.2 4.02
MR2-10%HRM 32.7 45.9 60.9 56.4 3.11 3.86 4.35 4.27
MR2-15%HRM 32 50.7 62.7 59.1 3.21 4.09 4.47 4.33

* By wt. of sand
Table 13. Ultrasonic pulse velocity results for all SCC mixes.
Cement SO3(%) Ultrasonic Pulse Velocity (Km/s)
Mixes No. Type TOt%I by wt.
SO; (%) of sand 7-day 28- day 90-day 180-day
Ref. -MR1 . 4.650 4,742 4.805 4.822
MR1-5%HRM Iraq 3.002 4.662 4.758 4.842 4.858
MR1-10%HRM ' 4.675 4772 4.871 4.885
MR1-15%HRM 05 4.681 4.795 4.895 4.910
Ref.-MR2 ' 4.658 4,745 4.812 4.831
MR2-5%HRM Saudi 3.379 4.675 4.762 4.853 4.865
MR2-10%HRM Arabia ' 4.686 4,781 4.878 4.882
MR2-15%HRM 4.695 4.802 4.902 4913
Ref. -MR1 . 4.641 4,732 4.792 4.801
MR1-5%HRM Iraq 3.652 4.655 4.781 4.826 4.841
MR1-10%HRM ' 4.668 4,758 4.851 4.871
MR1-15%HRM 10 4.672 4,788 4.878 4.888
Ref.-MR2 ' 4.651 4,741 4.800 4.808
MR2-5%HRM Saudi 4.052 4.669 4.755 4.832 4.848
MR2-10%HRM Arabia ' 4.675 4.762 4.856 4.861
MR2-15%HRM 4,684 4,785 4.888 4.882
Ref. -MR1 . 4.622 4,715 4,771 4.762
MRL-5%HRM Iraqi 430 4638 | 4728 | 4.803 | 4.791
MR1-10%HRM ' 4.649 4,741 4.844 4.831
MR1-15%HRM 15 4.660 4772 4.851 4.842
Ref.-MR2 ' 4,638 4,73 4.786 4,778
MR2-5%HRM Saudi 4.672 4.645 4,742 4.810 4.701
MR2-10%HRM Arabia 4.658 4,754 4.831 4.822
MR2-15%HRM 4,671 4.805 4.866 4.851
Ref. -MR1 Iraqi 4.952 20 4.601 4.728 4.758 4.739
MR1-5%HRM ' 4.615 4,741 4.781 4.762
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MR1-10%HRM 4.622 4.762 4.812 4,788
MR1-15%HRM 4.642 4.79 4.836 4.801
Ref.-MR2 Saudi 4612 4,735 4,768 4,745
MR2-5%HRM Arabia 5322 4.628 4,752 4,792 4,770
MR2-10%HRM ' 4.641 4.768 4.828 4.790
MR2-15%HRM 4.652 4.781 4.851 4.818
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ABSTRACT

In this study, the effect of construction joints on the performance of reinforced concrete beams
was experimentally investigated. Seven beam specimens, with dimensions of 200x100x1000
mm, were fabricated. The variables were considered including; the location and configuration of
the joints. One beam was cast without a joint (Reference specimen), two specimens were
fabricated with a one horizontal joint located either at tension, or compression zone. The fourth
beam had two horizontal joints placed at tension, and compression area. The remaining
specimens were with one or two inclined joints positioned at the shear span or beam’s mid-span.
The specimens were subjected to a monotonic central concentrated loading until the failure. The
results of the experimental program indicated that the best location of the construction joint is at
the compression zone. The presence of the horizontal construction joint at tension zone resulted
in a reduction in strength of beams, about 5% - 7.5%, relative to the reference beam. However,
the inclined construction joint had a little effect on the collapse load of beams, about 1.25% -
2.5%.

Key words: construction joint, cold joint, reinforced concrete, beams, crack, monotonic.
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1. INTRODUCTION

Construction joints (or cold joints) can be defined as stopping positions in the concrete casting,
and they are needed because of impracticality to cast concrete in one continuous process. The
concrete quantity, produced at one time, is dominated by the capacity of mixers and the
formworks’ strength. Thus, the concrete casting process may be stopped and resumed several
times leading to initiate the construction joints Aziz, 2006.

Clark and Gill, 1985 investigated the shear capacity of 60 plain concrete prisms having smooth
construction joints at their mid-span. These joints were inclined at various angles ranged from
13.9°and 75.1°. The results showed that the shear resistance was developed by a combination of
friction and cohesion. The specimens were failed either by sliding over the cold joint or by
crushing monolithically if the joint is very strong. Moreover, an empirical equation for
estimating the shear strength was presented.

Mo and Lai, 1995 evaluated experimentally the influence of the casting procedure on the
structural response of nine reinforced concrete beams. The beams were (300x500mm) in the
cross section, and their compressive strength was 34 MPa. Two-step casting procedures (two
layers) were achieved. Three specimens were concreted monolithically; the others were
concreted to the high of (360mm) on the first day and the remaining part of (140mm) on the next
day. An inconsiderable difference between the two casting procedures was observed.

Patnaik, 2001, presented an experimental study of the behavior of composite concrete beams of
a smooth interface. The beams were fabricated in the T and rectangular cross- sectional area. The
cold joints were located between the web and the flange in the T-beams. In the rectangular
beams, construction joints were positioned at (150mm) below the upper face. The specimens
were constructed with effective depth (d) ranged from (277mm) and (317mm). The compressive
concrete strength of the specimens was varied from (17MPa) to (38MPa). The tests showed that
the concrete strength of a composite concrete beam with a smooth interface and that the effective
depth to tie spacing ratio (d/s) did not influence the horizontal shear strength of such beams.

The influence of construction joints and the existing flange openings on strength of reinforced
concrete T-beams was studied by Aziz and Ajeel, 2010. Eight T-specimens of simply supported
were tested under a concentrated loading applied at their mid-span. The test’s parameters were
the position and number of construction joints and flange openings. The results observed that the
shear strength dropped about (27%) for the specimen having cold joint.

Camille A. Issa et. al., 2014, correlated experimentally the concrete compressive strength to the
modulus of rupture for plain concrete beams with a vertical construction joint placed at their
center. The experimental results indicate that for monolithic beams, the ACI Code always
underestimates the modulus of rupture. The presence of a vertical construction joint yielded a
significant loss in the modulus of rupture of concrete varying between 24% and 83%.

2. RESEARCH SIGNIFICANCE

The purpose of this experimental study is to understand the effect the construction joints on the
structural behavior beams. Seven beam specimens were fabricated and subjected to a three-point
loading until failure. The tests focused on the influences of the types and locations of the
construction joints.
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3. TEST SPECIMENS

Seven reinforced concrete beams were manufactured to study the effect the construction joints
on behavior of RC beams. They were similar in the geometry and reinforcement ratio. Their
dimensions and steel reinforcement ratios were selected according to ACI 318M-2014
requirements for the reinforced concrete structures. The total length of the tested beams was
(1000) mm and with cross-section of (100x200) mm. The flexural reinforcement composed of
two deformed bars of 10mm diameter located in the beam bottom, and the shear reinforcements
were 6mm diameter deformed bars forming closed stirrups spaced at the 75mm center to center.
Two bars of 6mm diameter were used in the top of the beams to support the stirrups as shown in
Fig. 1.

The study parameters were the locations and the types of the construction joints. One beam was
fabricated without construction joint (Reference specimen) as shown in Fig. 2. Other six
specimens had the construction joints with various types and locations as shown in Fig. 3. Four
of them were made with one construction joints and concreted into two layers. The primary layer
was cast on a first day, and a second one was done on the next day. The other two specimens
were with two joints and cast in three layers on three consecutive days.

A total of seven specimens (SR, SHT, SHC, SHTC, SIM, SIS, and SISM) were tested as a
simply supported and subjected to a concentrated loading applied at their mid-span. The
specimen’s designation can be explained as follows; the first symbol indicates the (Specimen);
the second one refers to the type of construction joint (R=reference without construction joint,
H= horizontal construction joint, I=inclined construction joint); and the third and fourth symbols
indicate the location of construction joint (T= tension zone, C= compression zone, M= maximum
moment (mid-span) and S= shear span). The entire characteristics and details of the tested
specimens are listed in Table 1. Finally, the beams were categorized into two groups depending
on the joints’ type as shown in Table 2.

The properties of steel used in the reinforcing of the beams are listed in Table 3. One specimen
for each bar size was tested according to ASTM A 615M- 2005. The samples were produced
using a normal density concrete with 30 MPa target compressive strength. The concrete mixing
consisted of; ordinary Portland cement, sand, and 12mm maximum size crushed coarse
aggregate in the following weight proportion 1; 2.05; 2.2, respectively. The water to cement
ratio was 0.55 for all specimens. These raw materials were mixed using a mechanical mixer
according to the procedure of ASTM C192-2002. Table 4 lists the final strengths based on the
average values from the tests performed on at least three 150 x 300mm cylinders for each test
specimen. The tensile strength of concrete was determined by performing the split cylinder tests.

4. TEST PROCEDURE

The beam samples were tested using a testing rig at Engineering College of Wasit University.
The specimens were positioned inside the testing rig and supported simply as shown in Fig. 4.
They were subjected to a centrally concentrated loading, three-points loading, applied gradually
at an increment of 5 kN until specimens’ failure. The loading was subjected through a hydraulic
jack of 500 kN capacity, and its value was recorded using a load cell that inserted between the
jack strike and specimen’s surface. A dial gauge of 0.01 mm accuracy was located directly under
the bottom beam surface at mid-span to measure the maximum deflection at each a loading
increment.

At each loading stage, the test measurements included the magnitude of the applied load and
deflection of the beam at mid-span was recorded. At the end of each test, the cracks developed
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were marked and the crack pattern and mode of failure for each specimen were carefully
investigated.

5. TEST RESULTS AND DISCUSSION
5.1 General Behavior and Crack Patterns

For all specimens except for SIS and SISM, the first crack initiated from the bottom of the beam
in the mid-span where the maximum bending moment occurred, just the tensile stresses
exceeded the concrete rupture modulus. In samples SIS and SISM, the primary crack was
observed at the inclined construction joints in the shear span, and in the maximum moment
region, respectively.

As the applied loading increased, the first cracks widened and propagated vertically upward.
Moreover, other flexural cracks also developed and separated along the beam’s length. Diagonal
cracks were noticed near the supporting points, some of these cracks connected with the flexural
cracking shaping the shear-flexural cracks. It is worth mentioning that horizontal cracks were
noted at the horizontal cold joints in the beams SHT and SHTC.

In general, all specimens were failed in a ductile mode by an excessive yielding of tension steel
reinforcement and a concrete crushing at the top surface. Fig. 5 shows the crack patterns of the
testing specimens.

5.2 Cracking and Failure Loads

The experimental results for cracking and ultimate loads of all specimens are listed in Table 5.
The test results show that the cracking loading was (20.5% to 25.6%) of the ultimate load
capacity of these specimens.

The existing of a cold joint in the horizontal form in the tension zone decreased the cracking load
about 15% to 20% for specimens SHT and SHTC, respectively with respect to the beam SR.
Whereas it had no effect on the cracking load of specimens whose horizontal joint positioned at
the compression zone. Furthermore, the inclined joint constructed at the specimens’ mid-span led
to a considerable dropping in the cracking load, reached 20% comparing with specimen SR. On
the contrary, the inclined joints, located at the shear span, did not affect the cracking load as
shown in specimen the SIS.

Generally, the construction joint leverage on the ultimate load was more tenuous than that on the
cracking load. For specimens with horizontal construction joints, the joints influenced the
ultimate load only when they located in a tension zone near the flexural reinforcement. However,
the reduction in the ultimate load was relatively slight about 5%, and 7.5% for specimens SHT,
and SHTC, respectively compared to the control one SR. The beam SHC with joint, located in
the compression fiber, failed at the same load of the specimen SR.

The beams, made with inclined joints, showed the smallest drop in the failure load compared
with the reference beam without joints. Where the specimens SIM, SIS and SISM collapsed at
loads 1.25%, 2.5% and 2.5% less than that of the control sample SR, respectively. The limited
effect of the inclined joints was due to the flexural failure of these beams.

5.3 Load-Deflection Response

Vertical deflection at the mid-span was recorded at each load step of the test program. Two
groups were adopted in the presentation of the load-deflection relations as described in Table 2.
The load-deflection response of the specimens is compared to that of the reference specimen, at
two loading levels as listed in Table 6: a service load level and the failure load level. The
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serviceability load is approximately (70-75%) of the peak load Tan and Zhao, 2004. In the
current illustration of deflections, the service loads are assumed to be 70% of the collapse load of
reference specimens. The failure loads of samples are equal to the recorded load, in Table 5.
Generally, when a beam is progressively loaded, the deflection linearly augmented at an elastic
juncture. Thereafter, the first crack appeared; the deflection rose rapidly. After developing of
cracks in the beam, the load-deflection response remained somewhat linear even yielding of
tensile reinforcement. Beyond this, the deflection largely grew without a considerable boost in
applied load.

The influence of the horizontal and inclined construction joints on load- central deflection
behavior is demonstrated in Fig. 6 and Fig. 7, respectively. As shown in the figures, there is a
significant effect for inclined joints on the deflection measured at the service stage. Since it
reduced the inertia moment of the specimens, the deflection increased compared with the
specimen SR. The increments in the deflection were 22.2%, 43.7% and 29.6% for the specimens
SIM, SIS and SISM respectively. It is worth mentioning that the reduction in the deflection was
trivial (4.8%, 1.9%) for one horizontal joint specimens SHT, and SHC, correspondingly. The
specimen SHTC, which had two horizontal joints at tension and compression zones, exhibited
16.7% rising in the deflection compared with the reference beam.

Finally, at failure all specimens showed ultimate deflection smaller than that of the control
specimen (specimen without construction joint).

6. CONCLUSIONS
The major conclusions of current experimental investigation are listed as follows;

1. All specimens exhibited a ductile failure. The first cracks developed at a load range of
about (20.5% to 25.6%) of the ultimate load capacity of the specimens.

2. The beams, having construction joints at the compression zone parallel to the main
reinforcement, performed structurally better than the beams with construction joints at the
tension zone.

3. The load carrying capacity of specimens with horizontal construction joints at a tension
zone was reduced about (5% -7.5%) with respect to the reference specimen.

4. The location of horizontal joints at a compression zone did not influence the ultimate
strength of specimens.

5. Inclined construction joints had a trivial effect on the overall behavior of reinforced
concrete beams displayed the flexural failure. The load carrying capacity for the tested
beam with inclined construction joints dropped about (1.25% - 2.5%) comparing to the
reference specimen.

6. The existing of construction joints led to a reduction in the inertia moment of beams, and
therefore, dropping in the beams’ stiffness.

7. If the existing of construction joints is impossible to avoid in beams, the best location for
joints is at the compression zone in the horizontal configuration. For beams, designed to
fail in the flexural, the presence of inclined construction joints does not affect the beams
strength.
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Table 1. Characteristics of the tested beams.

Journal of Engineering

Specimen Beam | Beam | T€nsion _ Location of construction
No. p_ _ depth | width ste_el Shear relnfprcement joint
designation (mm) | (mm) ratio details
(pt)
1 SR 200 100 |0.0092 | @6 mm at 75 mm c/c Without construction joint
2 SHT 200 100 | 0.0092 | @6 mm at 75 mm c/c Tension zone
3 SHC 200 100 | 0.0092 | @6 mm at 75 mmc/c Compression zone
4 SHTC 200 100 |0.0092 | @6 mm at 75 mm c/c Tension and compression
5 SIS 200 100 | 0.0092 | @6 mm at 75 mmc/c Shear span (min. moment)
6 SIM 200 100 | 0.0092 | @6 mm at 75 mm c/c| Maximum moment (mid-span)
7 SISM 200 100 | 0.0092 | @6 mm at 75 mm c/c | Shear span & maximum moment
Table 2. Details of beams groups.
Group Description Specimens
b = 100mm, h = 200mm 1. SR
| pt = 0.009 2. SHT
3. SHC
Horizontal Construction Joint (Variable) | 4. SHTC
b = 100mm, h =200mm 1. SR
pt = 0.009 2. SIM
I 3. SIS
Inclined Construction Joint (Variable) 4. SIMS
Table 3. Properties of steel reinforcement.
Nominal Measured Yield Ultimate Elonaation
diameter diameter stress fy | strength fu g
(mm) (mm) MPa MPa 0
6 5.83 724.4 777.4 16
10 9.87 648.2 721.34 13
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Table 4. Mechanical properties of concrete.

Journal of Engineering

_ Compressive Strength | Modulus Stzlrigtiilgg
Specimen o at Time of Specimen | of rupture | (o
D Layer Description Testing (MPa) (MPa) (MPa)
fou fe fr ft
SR Casting one part 44,72 36.76 4.03 3.72
SHT The first layer of beam 44.72 36.76 4.03 3.72
The second layer of beam 41.87 33.16 3.64 3.13
SHC The first layer of beam 43.35 33.92 3.7 3.42
The second layer of beam 41.87 33.16 3.64 3.13
The first layer of beam 44.72 36.76 4.03 3.72
SHTC

The second layer of beam 41.87 33.16 3.64 3.13
The third layer of beam 38.86 30.82 3.36 3.32
The first part of beam 45.84 35.82 3.92 3.18

SIS
The second part of beam 43.15 35.68 3.73 3.44
The first part of beam 45.84 35.82 3.92 3.18

SIM
The second part of bean 43.15 35.68 3.73 3.44
The first part of beam 45.84 35.82 3.92 3.18
SISM | The second part of beam 43.15 35.68 3.73 3.44
The third part of beam 41.02 31.64 3.45 3.22
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Table 5. Cracking and ultimate loads of the tested beams.

Journal of Engineering

% Decrease
e 0 .
First crack | Ultimate n f'r.St % D_ecrease oh
. % cracking ultimate load
Specimens load (Pcr) load (Pu) Per/P load with ith
(kN) (kN) cr/Pu oad wit with respect to
respect to Ref.
Ref.
SR 20 80 25 Ref. Ref.
l SHC 20 80 25 0.0 0.0
SHTC 16 74 21.6 20 75
SR 20 80 25 Ref. Ref.
Group SIM 17 79 215 15 1.25
I SIS 20 78 25.6 0 2.5
SISM 16 78 20.5 20 25

Table 6. Central deflections of the tested beams at service and ultimate loads.

- ‘s s
25o6 £%T | Bos =28 |82
% c g E $ c o c 8 E $c9 =5
o oO'c©™ S O o Jo7©™ © O L D=
e 5 o E OS5 o S o £ =) el =
2 IHE| 232 82HE 838 |z2E
& 2es | <88 B85 | 582 |EB
03y S0 |OEgy S5 | £9
D —_—
) o
SR 2.7 Ref. 16.98 Ref. 16.98
Group | SHT 2.83 4.8 ok ok 11.98
' SHC 2.75 1.9 15.99 5.8 15.99
SHTC 3.15 16.7 ok ok 13.69
SR 2.7 Ref. 16.98 Ref 16.98
Group | SIM 3.3 22.2 ok ok 13.26
I SIS 3.88 43.7 o ok 14.8
SISM 3.5 29.6 ok ok 14.47

**Ultimate load of control specimen SR (80 kN) is beyond the failure load of these specimens.
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Figure 1. Typical dimensions and reinforcement details of the beams
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Figure 4. Photograph of specimen setup.
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a. SR specimen

b. SHT specimen e. SIS specimen

d. SHTC specimen g. SISM specimen

Figure 5. Cracks pattern for the specimens tested after failure.
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Figure 6. Influence of the horizontal construction joint on load-central deflection behavior
of the specimens of group (I).
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Figure 7. Influence of the inclined construction joints on load-central deflection behavior of the
specimens of group (I1).
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ABSTRACT

The goal of the research is to develop a sustainable rating system for roadway projects in
Iraq for all of the life cycle stages of the projects which are (planning, design, construction and
operation and maintenance). This paper investigates the criteria and its weightings of the
suggested roadway rating system depending on sustainable planning activities. The methodology
started in suggesting a group of sustainable criteria for planning stage and then suggesting
weights from (1-5) points for each one of it. After that data were collected by using a closed
questionnaire directed to the roadway experts group in order to verify the criteria weightings
based on the relative importance of the roadway related impacts that each credit addresses.
Statistical analysis for expert's answers have been evaluated by using factor analysis method to
ensure the compatibility and validity of credits selected for the rating system and the actual
weights conducted for each criteria by using the factor analysis method by using SPSS program
V.19. Finally the researcher put the details for each criterion that contain from aim, requirements
and strategies. The researcher reached to that the study of the all life cycle stages is important to
make a clear comparison between the roles of the criteria in different stages.

Keywords: rating system; sustainable criteria; sustainable planning.
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1. INTRODUCTION

In earlier decade, sustainable development idea has grown up from numerous
environmental movements. Recently sustainable issues have been widely discussed especially in
construction industry.
Sustainable development is a key issue in order to meet the environmental objectives and fulfills
the demand of the large infrastructure projects due to increasing numbers of population growth
and urban density, Constandopoulos, and Nation, 2010.
The decisions regarding the location, type, timing, feasibility or other planning level ideas are
excluded. While planning is fundamental to roadway and community sustainability, these
decisions are often too complex or political to be adequately defined by a point-based
performance metric, Stephen, and Jeralee, 2009.
The green highway rating system was introduced to determine the level of greenery and
environmental friendly of the highway. Since roads run through the landscape, road have point
source impact and linear effect. Greenroads is the first green highway rating system that has been
established in United States. It is a voluntary third party rating system for road project which
seeks to recognize and reward the roadway projects that exceed the public expectation for
environmental, economic and social performance. Washington Internship for Students
Engineering (WISE) has introduced the green highway rating system. The rating system is to
make sure the highway design is sustainable, environmental friendly and giving less impact of
environment damage which can be used for developing and classifying an environmentally and
economically sustainable highway, WISE, 2011.
Nowadays, green rating system becomes a popular tool to confirm the green credential of
building. Most countries have developed their own green building rating system. The countries
that already have the rating system are United States, Canada, Australia, United Kingdom, Hong
Kong, Japan, Taiwan, Singapore, Philippine, European, Korea, India and Australia. Malaysia
also owns the green building rating system which is GBI. With the successful implementation of
green building rating system, the rating system has been widened into the highway. There are
three rating system for the highway that has been found which is Greenroads, Green Leadership
in Transportation and Sustainable (GreenLITES) and Illinois-Livable and Sustainable
Transportation (I-LAST), Raffia, and Rooshdi, 2013.
Sustainable planning could minimize the impacts of the roadway projects on the environment.
Costing, safety, health, management, siting, water, energy are the most important factors that
should be highlighted in the sustainable rating system through the project life cycle. The
evaluation for the sustainable roadway is not yet available in Irag and this paper seeks to address
this problem.

2. CRITERIA

As development of criteria for green highway, there were several green rating tools which
are Greenroads, GreenLITEs, I-LAST and INVEST that had been reviewed as a summary of
green highway criteria.
The above rating systems have similarities and differences. Specifically, all of sustainability
rating systems are applicable to the planning and design phases of projects. Only GreenLITES,
Greenroads and INVEST are applicable to the construction phase; and only GreenLITES and
INVEST are applicable to the operations and maintenance phases of a project. I-LAST is
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currently developing a sub-system applicable to the construction phase. The all rating systems
are only applicable to highway projects, Caroline, et al., 2013.

There are some common criteria that can be found in every green rating system such as
sustainable site, water efficiency, energy efficiency, materials and resources and innovation. The
sustainable criteria includes of geometrics and alignment, earthworks, pavement, drainage, slope
protection, landscape ecology, transportation facilities, maintenance, sound insulation, electrical,
mechanical and lighting. These criteria were different in every project according to the country
circumstances, Raffia, and Rooshdi, 2013.

The rating system consist the explanation of different certification levels and the total points that
are needed to obtain them. Starting with the least green to exceptional green, most of the
certifications are distinguished by four different levels, Clark, et al., 2009.

For Greenroads the certification levels are as follows:

Certified: All Project Requirements + 32 - 42 Voluntary Credit points
Silver: All Project Requirements + 43- 53 Voluntary Credit points
Gold: All Project Requirements + 54- 63 VVoluntary Credit points
Evergreen: All Project Requirements + 64+ Voluntary Credit points

For GreenLITES the certification levels are (GreenLITES Certified, GreenLITES Silver,
GreenLITES Gold and GreenLITES Evergreen awards) and so on.

Therefore, this paper attempts to identify the criteria for sustainable planning stage according to
the most popular rating system manuals and (the World Bank reports) by depending on their
working concepts in road projects and also criteria identification depend on roadway experts'
opinions.

3. METHODOLOGY
3.1 The Closed Questionnaire

The absence of a system depends on the application of the sustainability concepts in the
evaluation of the lifecycle of roadway projects in Irag was the reason for thinking through this
research to find the appropriate method for the selection of the main criteria and sub-criteria in a
suggested rating system specifically planning stage. The development of these criteria is largely
based on conducting a comprehensive literatures review and reports for sustainable roadway.
Criteria related to sustainable project in planning stage activities in many green roadway rating
systems have been chosen depending on literature review and the country circumstances that are
related to the environmental, social and economical impacts. The criteria selected in the
questionnaire have been discussed among the experts to select the most appropriate criteria by
making the questionnaire checklist flexible and the expert can add, remove or modify on any
criteria according to his/her opinion. They would share their experience, opinion and suggestion
on the best criteria in sustainable planning stage activities. Table 1 shows the profile of the
respondents. The survey indicates that, 17.5% of respondents have more 21 years’ experience
followed by 82.5% of them has at least 7 years’ experience. This shows that the respondents
have an extensive experience, which helps to provide this study with reliable data.
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World Bank reports in addition to other references have been used as a guide for the similar
criteria in indicating the criteria for this research. Table 2 shows the suggested criteria and sub
criteria for sustainable planning stage activities and the weights suggested by the researcher.

3.2 Discussion of the Questionnaire Results

After returning the questionnaire results, the researcher tried to organize the weights that
most of the experts agreed on it, for each criterion during the planning stage to present an initial
idea for the weights for each criterion before the statistical analysis which is made by using
SPSS program V.19. Table 3 shows the percentage of the maximum respondent answers for
each criterion and the weight that most of the experts agreed on it in planning stage.

3.3 Statistical Analysis of Criteria Weightings

Once the criteria had been finalized through questionnaires and expert opinions, the data had
been analyzed using factor analysis method to produce mean index and factor loading for each
criterion to have the actual weight at the end of the analysis process. The final model of the
suggested rating system consisted of 11 criteria for planning stage. Reliability test were done in
the beginning of the section analysis due to check the reliability of data to be analyzed for
planning stage where the Cronbach’s Alpha computed in Eq. (1):

Alpha = [n/(n - 1)] x [(Vart - ZVari)/Vart] (1)

where Alpha = estimated reliability of the full-length test, n = number of items, Vart = variance
of the whole test (standard deviation squared), and XVari = sum the variance for all n items.

This data set show Cronbach’s Alpha is 0.834 for planning stage.

There is high internal consistency for the data set which the Cronbach’s Alpha is more than 0.7,
Hair, et al., 2010.

Then the data were analyzed by using Kaiser-Meyer-Olkin measure of sampling (KMO) to test
the sampling adequacy where KMO index computed in Eq. (2):

KMO =32 r* 5)/ (2 §j +a’ ij), i #) )

where the correlation matrix is R = [rjj] and the partial covariance matrix is A = [ajj].

The KMO ranges from (0-1) with higher values indicating greater suitability, and greater than
0.750 is much better, Raffia, and Rooshdi, 2013. The KMO value is 0.853 for the data of
planning stage.

As suggested that accepting values greater than 0.5 is acceptable, Kaiser, 1974. And the values
of KMO between 0.7 until 0.8 is good, Hutcheson, and Sofroniou, 1999

Planning stage has three factors had eigenvalues over Kaiser’s criterion of 1. Table 4 shows the
factor loadings for planning stage.

In weighting the criteria, the factor loading had been multiplied with mean index as shows in

Eq.(3):

Actual weight= factor loading * mean index 3
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Factor loading shows the important of these criteria in the planning stage and the mean index
shows the level agreement of respondents towards those criteria. By combining the important
and level of agreement of each criterion, Table 5 shows the mean and the weightage of each
criterion.

4. SUGGESTED ACTIONS FOR ROADWAY RATING SYSTEM "PLANNING STAGE"

The planning stage contained 11 criterion that the researcher conducted depending on the
researches and the world bank reports that are compatible with Iraq circumstances as much as
sustainable planning need for roads projects and each one of it consisted from aim of it,
requirements that need to meet this criteria and strategies that could conduct it to have this
criteria and also the actual weight that the researcher reached to it after the statistical analysis for
each criterion. Fig.1 to Fig. 10 shows the details for the criteria of planning stage.

5. ROADWAY RATING SYSTEM "PLANNING STAGE" VERIFICATION

The verification process based on the questionnaire attached with the suggested rating system
for sustainable roads project "planning stage" that the researcher suggested it previously with the
criteria details, weights of it, and the amount of the criteria suitability.
The survey process contains fifteen evaluator (five experts from Iraq and ten experts from
outside of Irag) who has related to the fields of roads projects, the verification process contains
seven questions to evaluate the suggested SRSI for planning stage; the answering of these
questions contain three answers (Yes, No and Yes with suggestion) to reflect the experts
(evaluators) opinions about the applicability of the system and system components, the required
modification through the suggestions pointed out by the respondents, or the system components
not applicable or unrealistic for planning stage.
Table 6 shows the verification process for planning stage.

6. CONCLUSIONS
1. The study of the all life cycle in this type of subjects is necessary because the comparison
between the criteria in more than one stage must be the clearest.

2. Green highway classifications will help transportation planning officials to have a clearer
understanding of techniques and incentives for maximizing sustainable efforts.

3. From the verification process the following conclusions founded:

e The costing criteria should study planning, construction and operation and
maintenance stages.

e The risks criteria should be considered later in planning stages.

e The quality management system is important criterion and it should be highlighted
in all the life cycle stages

7. RECOMMANDATIONS
1. It's recommended to dependence the suggested rating system (SRSI) by one of the
establishment who has relevant with the roads projects such as the Iraqi directorate for
roads and bridges.
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2. The sustainability aspects should be adopted during the construction of the roadway
projects, because of its importance on environment, economic and social life in Iraq.
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Table 1. Respondent's designation and years of experience.

Position Experience
Less than 7 7-14 15-21 More than
years | years years 21 years
0 0 5 2
Manager
Consultant 0 0 4 3
Res!dent 0 14 10 2
Engineer
0.0% 35% 47.5% 17.5%
Table 2. Criteria and sub criteria for planning stage.
Planning Stage
Criteria Sub Criteria Suggested Description
Weights
1. Costing plan | Costing plan 1 point To analysis the cost during
Life cycle cost analysis 1 point the life cycle of the project
at the early stage of the plan
2. Safety and Risks management plan 1 point To show the amount of
Health _ _ reduction in risks during the
Safety |mpr0vemen_ts 1 po!nt project life
Workers safety audit 1 point
3. Management | Environmental and social 1- 3 points | To describe the management
and Planning | impact analysis facilities that should provide
Quality control plan 1 point in the planning concepts
4. Siting- 1 point To describe the accuracy in
position alignment selection during
selection the planning stage
4. Energy 1 point To describe the amount of
reduce in material energy
emissions and try to
encourages the efficient use
of energy resources
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Table 2. Continued .

Planning Stage

Criteria

Sub Criteria

Suggested Description
Weights

6. Water

1 point Improve stormwater quality
from the impacts of the
project and control the flow
to minimize their erosive
effects on receiving water
bodies and related water
resources

7. Waste
management
plan

Construction and demolition
Waste management plan

1 point Create an accounting and
management plan for
roadway construction and
demolition waste materials

Table 3. Maximum respondent answers for planning stage.

Max. Percentage Respondents Answers

Planning Criteria

57.50% 1 point Life cycle cost analysis
57.50% 1 point Costing plan
52.50% 1 point Risks management plan
55% 1 point Safety improvements
50% 1 point Workers safety audit
100% 3 points Environmental and social impact analysis
57.50% 1 point Quality control plan
100% 1 point Sitting position selection
100% 1 point Energy
100% 1 point Water
60% 2 points Construction and demolition waste
management plan
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Table 4. The factor loading for the sub criteria of planning stage.

o Categories

Criteria 1 5 3
Safety improvements .960 .069 _
Costing plan 927 140 _
Life cycle cost analysis .890 -.116- _
Quality control plan .889 .005 —
Risks management plan .886 .050 —
Workers safety audit 752 -.159- —
Construction and demolition waste management plan -.021- 990 —
Siting position selection . . T
Energy — — 1
Water . .
Environmental and social impact analysis - _ 1

Table 5. The mean and the actual criteria weights for planning stage.

Criteria Mean | Actual weighting = Factor
loading * Mean
Safety improvements 1.4500 1
Costing plan 1.4250 1
Life cycle cost analysis 1.4250 1
Quality control plan 1.4250 1
Risks management plan 1.5250 1
Workers safety audit 1.5500 1
Construction and Demolition Waste Management Plan | 1.6000 1
Siting position selection 1.0000 1
Energy 1.0000 1
Water 1.0000 1
Environmental and social impact analysis 3.0000 3
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Table 6. Summary of evaluating planning stage verification results.

Verification Questions Yes No Yes with Suggestions
suggestion

Are the four project requirements | 86% | 14% -

discussed for planning stage

complementary for the roads projects

in that stage?

About the costing criteria, can it| 21% | 13% 66% According to

found otherwise planning stage for sustainability aspects

more benefits? this criterion should
found in
construction and
O&M

For safety and health criteria in| 67% | 33% .

planning stage, Are the sub criteria

of it from the sustainability seen

adequate or not?

For the siting position selection | 75% | 10% 15% Agreed, but it should

criteria in planning stage, are the has sub division for

requirements of it comprehensive for more details and

the sustainability needs in that side benefits

or not?

Are the requirements and strategies | 80% | 20% _

of the energy criterion in planning

stage achieving the sustainability

requirements or not?

For water criterion in planning stage, | 54% | 16% 30% Agreed and it prefer

is the best management practice to link with the

strategies of this criterion adequate sustainable strategies

or not?

Is the planning stage criterias| 73% | 13% 14% Agreed, but the

conducted the important sides of researcher could

sustainability that can found in this
stage?

discuss the risks in
planning stage.
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roadway project that
will aid in planning

conducted lifecycle cost
analyses for the possible
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such as pavement
structure alternatives and
sustainable maintenance
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Requirements Strategies
] The Project team Review the project file
Aim

documentation for the
sustainable items that
could founded in the
project to assess life-
cycle costs and the
possible financial
resources that could

rehabilitation. covered these costs.
. J \. / \ /
Figure 1. The details for life cycle cost analysis criterion in planning stage.
s N ([ N ~N
Aim - Strategies
— Requirements Review the
To improve the Th oot d .
uality of the all e pI‘O:]eCt ocumf:nts constructloq
gons truchion DIocess should include an items documentation to check
P for a QCP that includes the construction
for the roadway . ) . .
roiect the information such as;. planning process and
project. the availability of QCP.
. J '\ J . J
1. Procedures used to control quality during construction process
including :

a) Items to be monitored

b)Submittals required, approximate dates, responsible person, and

submittal process

¢) Testing to be done (including testing standards and frequency)

d)When comrective action isrequired
€) Procedures to implement corrective action

f) Procedures to modify QCP if ineffective or when modifications are

necessary

o) Critical inspection point notification plan

2_Project location and locations of major pavement and earthwork
sources.
3. Subcontractors need to be included in this plan, which typically means
identifying a responsible party and obtaining a quality control procedure
from the subcontractor.

Figure 2. The details for quality control plan criterion in planning stage.
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4 N [ N [ N
Aim Requirements .
_— _ Strategies
To make the all The owner shall require the The contract
construction contractor to establish, documents should
process more implement, and maintain a include a requirement
environment and formal Construction and for a CDWI\C}IP that
produced wastes Demolition Waste contains. the
as less as possible. Management Plan (CDWMP) followi > R tion:
during the project construction. otiowing niormation.
. J . J/ . J

"

1. Type of construction and demolition waste expected.

2. Expected (or actual) tonnage.

3. Destinafion of waste (eg.. recycling fadlity, landfill. confractor’s
backoyard).

4. Contact information of responsible party at disposal site.

5. Opportunifies for recycling of construction waste materials.

6. FEeview documentation fo wvenfy inclusion with the waste
management plan and quality or environmental management system
records.

Figure 3. The details for construction and demolition waste management plan criterion in
planning stage.

N
(Aim f@w ) ( h
Evaluate impacts 1- Predicated nf:gative Stra‘te = )
of roadwa environmental impacts of the Review the project
o thyrou N project. plan documentation
proj g ] ) . . to show and identify
an informed 2- Predicated negative social the proiect effects
decision making impacts of the project. on bpoﬂjl
fgocesslon bOtht i 3- Predicated positive impacts for environmental and
Zen\fl.r?nm;n a both social and environmental of social sides.
and social sides. the project.

Figure 4. The details for environmental and social impact analysis criterion in planning stage.
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Aim Strategies

To conduct the cost for
the sustainable items
during the life cycle of
the project at the early
stage of the planning

Requirements

Find a sustainable
funding source for the

safety measures.

implementation of road

Review the road
financing
documentation to show
the amount of
sustainable funding

V

[Requirements

Credit 2.1: Risks
Management Plan
(1 point)

stage. source.
\. / \_ J \.
Figure 5. The details for costing plan criterion in planning stage.

(Aim )
To show the amount of 1. Preparation a list of the
reduction in risks during pro‘lbable. risks during the
the project life and take project life.
into consideration the all
preserves for the safety 2. Prepare suitable analysis
and health during the for the risks and describe
\work. J the impact of each one and

the probability of it occurs
and the ability of remove
each one of it.

(1 point)

(Credit 2.2: Safety Improvements

The plan team incorporated safety
improvements specifically for truck
freight such as additional safety
signage, speed waming systems for
hills, and other intelligent transportation
system solutions beyond those required
\by regulations or standards.

\

>y

(1 point)

(Credit 2.3: Workers Safety Audits

‘\

The plan should include providing the
protective gear for worker and provide
all the personal safety clothes, bring the
first aid onsite and plan related to
provide operational fire-fighting
\equipment onsite in all time.

Figure 6. The details for safety and health criteria in planning stage.
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Safety and Health Strategies

1- Review the project plan documentation to ensure the conducted
of the risks plan and the amount of management in this plan

\
[ 2- Determine from project documentation that a safety analysis -'
‘ was performed within the project area and high accident areas
were identified |
Figure 7. Strategies details for safety and health criteria in planning stage.
4 )
(" ) Strategies
( ) Review roadway plan

Aim

To have the accuracy
in project alignment
selection during the
planning stage.

Requirements

The project team should
attempt to avoid
previously undeveloped
lands during the
planning process such as
open spaces or wildlife
refuges (natural lands).

\_ J

documentation to
determine if undeveloped
land was avoided for
alignment locations or not
and review records of
evaluation of the options,
calculations from
alternative site layouts,
Plans, site guidelines, and
photographs showing
avoidance of sensitive
areas to prevent
disturbance.

\ J

Figure 8. The details for siting position selection criterion in planning stage.

74




.@ Number 5 Volume 23 May 2017 Journal of Engineering
N (< . ™~
( ) Requirements Strategies
Aim The project team should Assess plan

To reduce the
invaluable emissions as
much as possible and
encourage to use the
renewable resources.

planning to use materials
that have low emissions to
the environment and also
encourage the efficient use
of energy resources and
renewable energy

documentation for the

for materials and try to

the negative impact on
the surrounded

project life cycle analysis

prepare a comprehensive
mitigation plan to reduce

\_ J alternatives. ) \environment. )
Figure 9. The details for energy criterion in planning stage.
4 N N (s )

-

Aim
To improve the quality of
the runoff’ and try to treat

the pollutants on the path
of the roadway

J

Requirements

Plan for treat pollutants
from the runoff by plan
to use "Effective Best
Management Practices"
(BMPs) or stormwater
management techniques
that mimic and treat
pollutants..

g

J

trategies

Make plan for
stormwater, ftry to
prepare a plan for use
effective best
management practice or
stormwater technique
that mimic natural
hydrology to treat
pollutants such as using
(wet pond, wetland,

BMPs.

.

media filter....etc.) in the

J

Figure 10. The details for water criterion in planning stage.
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ABSTRACT

A load-shedding controller suitable for small to medium size loads is designed and

implemented based on preprogrammed priorities and power consumption for individual loads.
The main controller decides if a particular load can be switched ON or not according to the
amount of available power generation, load consumption and loads priorities. When the
maximum allowed power consumption is reached and the user want to deliver power to
additional load, the controller will decide if this particular load should be denied receiving power
if its priority is low. Otherwise, it can be granted to receive power if its priority is high and in
this case lower priority loads are automatically switched OFF in order not to overload the power
generation. The main idea of the proposed LS controller is to minimize the amount of the
isolated load without overloading the power system. In this paper, three versions of load
shedding controller were implemented using Altera DE2-115 FPGA,; with number of loads equal
32, 64 and 128 for each controller.

Keywords: Power Systems, Load shedding, Overload, FPGA.

daa ) Bl Y ALUAY ddhial) il galf 48 ghiaa Jlanials Jlaa¥) Jad da jia daglata eliy

Jana auld daae Olduhaal Jate Ly
e Laoa i el ayde
CNLY) 5 A 5 Y] Atigl] and L) 5 i g SSY) gl and
Alazy daals Alary daals
il

So danl il 55 aaall dagia (M8 psea Jlaa) e iy Jlea¥) Jal e aseal &8 Gadll 138 A
Lo con Jaa¥) e sl slidal o Jdiy oSy Gt N Dlasal)  Jas JS0 5 e A jae 338 SDginl a5 iyl ol
e ASlgiuall 3 all CulSy bl Jea ity adiial) ll die alee 4y 15l 5 Jasd) @Blginl 5 301 g 3 )08 (0 A gl
o Akl g glgl 5 Jaall S 1Y) Jaall L0 aga s )8 M8 Sl a sk Latie L = sansall s aal)
A5l 3 Jlaa¥) oLkl lasaall o s AN o3 5 ddle Gugly) 5 Jaall S 13 Jaall cll 5080 peats #lend
Jaall ke Q65 s s el Jlea¥l e e slaia e Gl 5_SE il 508 o 35 Jent Caaay DI 3k )
Jlaxinls Jlaa¥! e e shiial g3l A0 olis 3 anal) 138 3 JNA 508l e glaial 38030 Juanl) Cind e J g ol
JU 1285 64 5 23 sl Jal 22l cAltera 48,8 (e DE2 g 5 (0 dseall AL dghiall @bl sl 48 gains

RV CTION

A pel) AL Aglaiall Ul s A me 33 Jueatll (Jlaa¥) Jje 508 Aalail :dpalida clals

76



Number 5 Volume 23 May 2017 Journal of Engineering

1. INTRODUCTION

Load shedding is a procedure to disconnect parts of the load from the power system when the load
demand exceeds the amount the power generation can deliver. Such situation occurs due to
different conditions such as hours of peak demand, disturbances causing tripping of lines
connecting power plants to the main grid and disturbances causing load islanding. Fig. 1 explains
the situation of islanding, where, the load is isolated from the main generation and left connected
with the cogeneration, which can be a small diesel generation, solar panels, inverters or any other
small-scale power source. In any of these conditions, the power system will have poor conditions
where the voltage and frequency will drop significantly below nominal values that can lead to a
total shutdown. This happens when the frequency continues to decrease until it goes below the 47.5
Hz which is the under frequency limit value for the generation protection, Rudez and Mihalic,
2011. To avoid this undesirable condition, power utility authorities resort to load shedding where
controlled isolation of loads is implemented. The optimum load shedding procedure should make a
balance between two requirements; the first is to maintain the operation of the power system by
shedding load in a timely manner, in this way the drop of frequency below the 47.5 Hz limit is
avoided. The second is that sometimes-conservative load shedding can shed more loads than it is
actually required and this may leads to unnecessary blackouts, which is also undesirable. Therefore,
the optimum load shedding is when the amount of the isolated load is as low as possible while
maintaining the continuity of the power system.

2. OVERVIEW OF LOAD SHEDDING SCHEMES

There are different load shedding schemes, all share the same purpose that is, when the power
system is faced with the condition where input generation power is less than the output-consumed
power. The following is a brief review of the basic schemes used in load shedding.

2.1 Breaker Interlock Scheme

This is the simplest method to implement load shedding where some of the load breakers are
interlocked by hardwiring with the main source beaker. When the main source breaker is tripped
for some reasons, the interlocked breakers are directly tripped without any time delay. The
advantage of this scheme is that it is simple and fast since there is no processing required. The
disadvantage is that, the choice, amount of the interlocked loads is fixed by the hardwiring, and it is
not easy to change. Also, there is only one stage for load shedding which makes the designer work
on the worst case scenario and in many situations this will shed more loads than it is actually
necessary, Shokooh, et al., 2011.

2.2 Under Frequency Scheme

Under Frequency load-shedding (UFLS) is the most common scheme used in load shedding. Its
idea is such that, in situations when the available generation is overloaded either because of losing
a part of the generation due to a disturbance or because of high load demand at peak hours, the
frequency starts to decay and the under frequency load shedding scheme detect the condition of
power system overload by measuring the frequency or its derivative. The schemes that rely on
frequency value as a criteria for load shedding work on a multistage tripping of loads with each
stage having a frequency value and a time delay settings. Table 1 shows an example of settings of a
two stage under frequency load shedding, Rudez and Mihalic, 2011.

According to these settings when the frequency goes below 49.5Hz but still above 49.0Hz (due to
loss of part of the generation), the UFLS waits for 0.5s time delay and then trips the 200MW load.
If the frequency stabilizes above the 49.0Hz, no more load shedding is required, but if the
frequency continues to drop below the 49.0Hz limit, the UFLS waits for the 2.0s before it trips the
300MW load. The time delay in the conventional UFLS can lead to power system collapse due to
situations when fast frequency deterioration that the time delays in the UFLS cause the load
shedding to be made when it is too late. Rudez and Mihalic, 2011, proposed an under frequency
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load shedding that relies on the second derivative of the frequency as a source of information to
estimate future values of frequency (frequency forecast), and when the calculated forecast
frequency goes below the 47.5Hz value the system starts shedding loads according to the value of
the forecasted frequency. Performance analysis showed that this method could maintain the
operation of the power system by shedding loads less than the conventional under frequency load
shedding.

2.3 Under Voltage Scheme

The under voltage load shedding (UVLS) scheme relies on voltage measurement as a criterion
instead of frequency to monitor the condition of the power system, the main difference between the
two schemes is that frequency value is the same throughout the entire power system grid, so,
different nodes in the power grid measure the same frequency value. While for the voltage, the
situation is not the same, different nodes measure different values of voltage due to drops across
transmission lines. In general, nodes closer to generation units measure higher values of voltage
and nodes far from generation measure lower values of voltage. Otomega, et al, 2007, proposed an
UVLS system where distributed controllers are used around the power system. Each controller
monitors the transmission voltage and controls a group of loads. The decision of one controller is
made by measuring the voltage V at the controller’s node and comparing to a certain threshold Vi,
if V goes below Vi, an amount AP of load is shed after a time T. The values of AP and T are
dynamically determined according to the measured value of V. In this system, the choice of the load
to be shed is better determined because the nodes with the lowest voltage are expected to shed
loads more than the nodes that have higher values of voltage. since the load is expecting the power
utility to deliver the voltage at its nominal value, it will make more sense when the power system
isolate the load that it can’t provide the proper voltage level to it.

2.4 Power Based Load Shedding

The power-based load shedding (PLS) works on gathered information about the amount of
available generation and consumed power and it reacts when there is a detection of deficiency
between the actually generated and the consumed power. In order to optimize the performance of
this scheme (PLS), it only requires that the information gathering technigque to be optimal in terms
of accuracy about how much is the generated and consumed power as well as the time delay
required to deliver this information to the LS system. Therefore, such systems are only useful for
small to medium scale power systems like isolated industrial plants, oil fields, mines, etc. Giroletti,
et al, 2012, proposed a hybrid LS system were power based scheme is combined with frequency
based LS.

2.5 Controller Based Load Shedding

In Controller based load shedding (CLS), either a programmable logic controller (PLC) or a
microcontroller is used as a main controller of LS. This is to make the LS system configurable to a
specific small-scale application. This scheme can be considered as a simplified version of the PLS
scheme where the difference between the available power and the consumed power is monitored
and the load shedding is scheme is performed according to the calculated power shortage. It has the
advantage of being fast and optimal in terms of amount load shedding. The proposed LS scheme of
this work falls under this category and further details will be provided in the next section.

2.6 Intelligent Load Shedding Scheme

Intelligent load shedding (ILS) is different from the previously mentioned schemes in its concept
where system has the capability of predicting the behavior of the power system in terms of
frequency and voltage values in cases of contingencies that cause loss of generation, increase of
load demand or any change in the power system configuration. The capability of predicting the
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behavior of the power system necessitate several requirements to be provided for the ILS system,
Shokooh, et al., 2011,

%+ The power system configuration should be defined to the ILS system as a knowledge base.

% The ILS system should acquire information in the form of self-training and automatic
learning to update the system knowledge base due to system changes.
The ILS system should have sufficient (but still limited) number of data collecting points to
map the complex power system to a proper model.

% Making fast and reliable decision on priority load shedding based on actual loading of status

of each breaker.

Intelligent load shedding scheme is complex system where load-shedding tables are built according
to previous knowledge of the power system status during contingencies and these tables are
constantly updated through the real-time monitoring and simulation of the power system. As a
result, when the ILS detects a power shortage and thus a need for load shedding, it will be equipped
with the necessary knowledge to be correctly decide the optimal load to be shed in terms of amount
and location with minimum time delay. Works that are based on ILS philosophy can be found in
Shi and Liu, 2014; Novikov and Karatayev, 2015 and Tamilselvan and Jayabarathi 2015.

X/
°e

3. THE PROPOSED SCHEME

In this work, a controller-based load shedding (CLS) system is suggested, designed and
implemented for small to medium scale load size like a large building, hospital, industrial plant...
etc. The general idea is that the controller compares the total sum of the consumed power Ps with
maximum allowable power consumption Ppa. Before going into details, it is worth mentioning that
powers measured and calculated can be either active power or apparent power, the apparent power
which is simply S=IV gives more indication about the load current I, this is important since the
overload protections are based on current measurements. However, it should be noted that the
apparent power S is a vector (complex value) quantity and in order to calculate the total apparent
power as the sum of individual loads apparent powers, the power factor cos¢ of each load should be
considered. An alternative way would be to use measurement to find the total load current | to
calculate S=IV but this requires additional hardware for current measurement like a current
transformer (CT) which would increase the cost of the system. Alternatively the active power
P=IVcos¢ which is the real part of S can be used and the active power of the individual loads can be
added directly. However, this choice does not give a direct indication about the total current
because power factor is required in the calculations. Another alternative is to deal with load
currents that is equivalent to the choice of the apparent power S because the voltage can be
considered constant for all loads and hence becomes just a scale factor between current and
apparent power. If the apparent power or the current quantity is adopted an approximation
calculation approach can be used to avoid the need of the power factor which is adding the
magnitude of the individual loads apparent power or current. This will give total sum greater than
the actual sum, due to the triangle inequality Eq. (1).

S,/ +[S,] =[S, + 5 M
This is equivalent to assuming that all loads power factors are equal which is considered as a worst-
case scenario and can be adopted when simplicity and cost reduction is required. It will be up to the
designer to choose the appropriate scheme depending on the specific application and/or the
customer requirement. In this work, quantities are summed as real numbers and referred to a load
power that can be either active power or apparent power with the approximation of equal power
factors.
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Each load that should be controlled by the shedding rules is assigned two index values and these
two values are stored in the main load-shedding controller as lookup tables. The first is the power
index value which defines the amount of power the specific load consumes, the second is the
priority index which defines how much the load is important and hence whether it should be
isolated first (for low priority loads) or kept connected (for high priority loads) in case of power
shortage. In this system, the user does not have direct control on the load; instead, the user can only
give the command of switching ON or OFF to the LS controller. The LS controller continuously
poles all the load ON/OFF switches as the system input and the controller will process this input
and decides which of the individual ON inputs should pass to the output as ON value (logic 1), so
that their respective loads are actually switched ON, and which load are switched OFF even if their
respective input switches are actually ON. Figure (3) shows a typical block diagram for the system
hardware. The inputs to LS controller can be classified to two types; software and hardware. The
software type is the entries of the power index and priority lookup tables PIT and PRT that are
entered to the controller as user defined input settings values. The hardware input is the L,y vector
that represents the load status according to the user request (which load is to be ON and which to be
OFF).

There is one more important parameter of the system, which is the Ppax value. This value is defined
both by hardware and software. It is assumed that the source of power is not a single source, which
is generally the case where multiple generations are synchronized and connected in parallel.
Therefore, for each source of generation, the nominal generation power is defined in the vector PG
to the LS controller as user input settings. These generation sources can be either a standalone
generator or a transformer connected to the main grid. The status of each source is defined to the
LS controller by the vector Gy as hardware input, both vectors PG and Gy have length of Ng,
which is the number of generation sources. Therefore, when a generation source is connected to the
system, the respective bit in the G,y vector is set and when that generation source is lost, the
respective bit is cleared. This bit can be connected directly to an auxiliary contact of the circuit
breaker connecting the generation source to the system. According to the above, the value of P IS
given by Eq. (2).

P =3 G, (N)PG(n) @

The n™ components of the power index table P1T are measure of the n™ load power consumption.
Since there is a wide range of values of the power for all loads the storage space for these values
will unnecessarily be large, therefore, the power index PIT(n) defined as the integer value of the
ratio of the " load to the smallest load as given in Eq. (3)

N aP(n) _ 3
PlT(u)_[min{P(n)}l n=12..N, 3

Where [ ] equals the smallest integer greater than x and « is a factor depending on the maximum
and minimum load powers to make the range of load power index suitable for the storage space
allocated for each entry of the power index. For example if the maximum load power is 3kW (or
kVA) and the smallest load power is 100W (or VA) and the memory allocation space for the power
index is 8 bits then the maximum index would be 255 then o should be 255%100/3000=8.5. It is
important to note that the minimum load power does not mean the absolute minimum power
because there are loads with small powers, in domestic applications such loads can be chargers of
battery-operated devices, economic lightings...etc. Such loads do not need to be under the control
of load shedding. It is up to the user to determine the minimum load power that should be under the
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control of the load-shedding controller because obviously the complexity of the system depends on
the number of loads that the LS controller can handle.

The priority table PRT defines the importance of the load, upon which the LS controller will
decide if the load should be isolated or not in case the power demand exceeds the available power.
For a given load, the value of PRT(n) is not related to the respective power index value PIT(n) it is
only related to the type of load, for example a refrigerating load may be considered a higher priority
load than a water heating load although the water heating load has a higher power index than the
refrigerating load. The priority values can be either all distinct or there can be multiple loads of
equal priority according to the user choice.

The typical algorithm used for the load shedding is explained by the flowchart shown in Fig. (4).
Assuming the number of loads equals to Ny, the inputs are read as a vector of logic values Ly. The
input vector is passed to another vector of equal size that is called the status vector ST. After that,
the controller starts to calculate the sum of the power indices of the loads that have logic 1 in the
status vector ST.

P, = i PIT (n).ST(n) 4)

The power index sum Ps will be compared to the maximum allowable power consumption Ppax
which is a value provided by the power system authority above which the power generation cannot
supply and if the sum of power indices is less than the maximum available power (Ps<Ppax), the
status vector will be passed to the output vector L, and all loads that the user required to switch on
will be switched on by the LS controller. If the power consumption is more than this value
(Ps>Pmax), the load shedding is activated and the LS controller starts resetting the entry in the status
vector ST(x) that correspond to the lowest priority loads and the value of Ps is updated according to
eq. (2) and the process is repeated until (P<<Pmax). Mathematically, this can be describes be the
equation

P= > PIT(n)ST(N) <P, (5)

PRT (n)<K
Where K is the minimum priority allowed by the load condition such that

P= DY PIT()ST(n)>PR,, (6)

s
PRT(n)<K+1

This is a typical algorithm whose flowchart is shown in a simplified form in Fig. (4). The algorithm
although works just fine and is adopted in many LS applications but it is not adopted in this work,
the reason is that it has a disadvantage where in some situations the amount of load shedding is not
optimal!

Consider the situation where a load with high value of power index and a low priority and that the
LS situation required switching OFF that particular load due to its low priority, this can leave a gap
between Ps and Ppax i.6. Pmax-Ps is not minimized, because high power index load has been
eliminated in order to keep Ps<Pnax. While on the other hand there can be loads of lower priority
and lower power indexes that can be switched ON while maintaining the condition Ps<Pax Which
is the ultimate objective of the LS system. The cause of the pitfall of this algorithm is that the ST
vector is initialized with the Ly vector and the priority processing is carried out in down-up
direction. An alternative approach would be to initialize the ST vector with all zeros vector and
starting filling the ST vector according to the Ly vector with the priority processing in the up-
down direction. This approach is adopted in this work and its flowchart is shown in Fig. (5).

This flowchart shows two nested loops the outer loop is the priority index (p) loop and the inner
loop is the load number (n) loop. The idea of this flowchart is that the controller starts processing

81



Number 5 Volume 23 May 2017 Journal of Engineering

the highest priority loads first giving them the advantage of being switched ON before the low
priority loads. In each iteration of the outer priority loop, i.e., for a particular value of p, the priority
table is checked for the loads that have this particular value of priority. This is achieved by running
the inner loop for all values of n to check the condition PRT(n)=p. The design allows multiple loads
to have equal priorities or the user can have all loads with different priorities. When the condition
PRT(n)=p is satisfied, the status vector ST is updated according to the flowchart shown in Fig. (6),
where the input vector Ly is checked if the user has requested the n™ load to be switched ON
which is given by the condition L,y(n)=1. If not then nothing is done and the value of n is
incremented, if so, then the controller checks if the respective load power is less than the difference
of the maximum allowable power Pnax and the updated value of the power sum P, which is given
by the condition PIT(n)<Pmax-Ps. If this condition is satisfied then the LS controller grants
permission to the respective load to be switched ON by setting its respective bit in the power status
vector ST to 1, i.e., ST(n)=1 and the power sum is updated by Ps=Ps+PIT(n).

A mathematical description of this algorithm is described by the equation

P = 2_ST(N).PIT(n) < min {PIT (n)} 7

Where summation is run over the values of n such that all values of PIT are considered starting
from 1 (highest priority) to N (lowest priority) excluding the values of n that violates the condition
of eq. (5) and the values of n where ST(n)=0. This algorithm guarantees that Pnax-Ps is minimized.

4. SYSTEM IMPLEMENTATION

The proposed system of LS was implemented on FPGA platform. The Altera DE2-115 board
shown in Fig. (7), was used to implement the proposed system. The board hosts, the Altera Cyclone
IV 4CE115 FPGA device, which contains 114,480 logic elements (LE’s). The main components of
the implemented LS system are shown in block diagram of Fig. (8), Fig. (9) shows the result of
project compilation.

The top-level entity of the implemented project is a schematic file type (as shown in Fig. (10)), but
all other entities are (.hdl) file type. The written VHDL code compiled and transferred to create a
symbol. The created symbols can be put on the top-level entity and route easily.
The input ports of the top-level entity are the user load input vector, L\, the generator input vector,
Gn, system clock, clk, as well as the push buttons and slide switches for the user editing.
The output ports of the top-level entity are the loads output Loyt, the generator output vector,
Gourt, and the data and control signals to derive LCD.
There are two main processes in the top-level entity; the first process is editing the power index and
priority tables that saved in memory. This part also includes accessing the LCD embedded inside
the DE2-115 board where the user’s entered values are displayed before storing in the memory
block that represents the look up tables of power index and priority. The second part of the code is
the LS controller described earlier.
The LS controller is designed to control 32, 64 or 128 loads (i.e. N.=32, 64 or 128), and it has been
show earlier that the LS controller body is in the form of two nested loops of size N,. Therefore, the
total delay for a complete loop will be proportional to N.2 The total time that the LS controller
needs to pole the users’ inputs, makes decision and updates the outputs is about 0.1 second, which
is small enough that the user cannot notice. Therefore, the clock frequency of the clk signal must be
chosen to be 10.24 kHz or more to maintain 0.1-second criteria for a system that shed 32 load
according to eq.(8). If the controller is designed to control more loads, the clock frequency should
be increased in order maintain the acceptable time delay given by eq. (8).

2
fclk = NL (8)

T
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Where f. is the controller clock frequency, zis the acceptable controller time delay and N, is the
number of loads. Table 2 summarize the required clock frequency to achieve 0.1-second criteria
with different number of loads. So, the clock frequency would be about 655.36 kHz for 256 loads
system which is considered moderate in today’s technologies so there will be no major concerns
regarding power consumption, heat dissipation, etc.

5. SYSTEM TESTING AND RESULTS VERIFICATION
A priority based load-shedding controller is implemented to deals with small to medium power
systems applications. In the implemented design, the amount of load to be shed is minimal unlike
the traditional controllers based load shedding systems. The system was implemented and tested on
FPGA platform and timing analysis showed that the system delay time is quite manageable.
To verify the implemented system, different case studies are presented as follow:

- The controller will shed 32 loads.

- The power delivered from FIVE different generators each with 200 KVA. (Totally 1000

KVA)

- The priorities and power consumption of each load are initially assumed as in Table 2.
The controller will calculate total required current due to the switched ON loads. If the total
required power is less than maximum available power then there is no need to enter load-shedding
algorithm. If not, the load shedding algorithm start to check the status of loads depending their
priority level.
The controller will shutting down or starting generators depending on the required power.
Therefore, if the total required current less than 800 KVA, then one of the five generators will shut
down, and so on.

Input switches panel are used as a user load input vector (Lin) (Device 1 to device 32) will
connected to DE2-115. To verify the output of the controller (32 loads output Loyt) we need 32
LED, and if the load is switched ON by LS controller then the corresponding LED will shine.
Table 3 lists four different cases to test the LS controller, for simplicity, the devices rearranged
according their priorities from higher to weaker priority.

In the first case, the sum of the required power (calculated by controller) are less than the maximum
available power (i.e. 970 KVA < 1000 KVA delivered by 5 generators), so no load shedding
needed.

In case 2, the required power (1070 KVA) is higher than the maximum available power (1000
KVA), so, the controller starts LS algorithm, the controller take a decision to turn Device (28) OFF,
which has weaker priority between the turned ON devices. The consumed power after LS algorithm
be 950 KVA.

The main advantage of the proposed LS controller is founded in case 2. The user need to switch
devices (18 and 20) ON which has the lowest priorities between the turned ON devices (lower than
D28 priority). As mentioned in the previous case, Device (28) and any other devices with lower
priorities will turned OFF, so the rest power (not used) will be 50 KVA. The extra power required
to derive D18 and D20 is 25 KVA so the controller will support them with power and the rest
power (not used) will be 25 KVA and the total consumed power be 975 KVA.

The last case (i.e. case 5), the user need to switch device (26) ON as well as the other needed loads.
The controller will shut down D28, D20 and D18, and the total required power will be 990 KVA,
but the rest power (10 KVA) is enough to derive D18 only (which need 6 KVA) and the rest power
become just (4 KVA) and total power consumed will be 996 KVA.
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6. CONCLUSION
A priority based load-shedding controller is implemented suitable for small to medium power

systems applications. In the suggested approach- as shown in Table 3- the amount of load to be
shed is minimal unlike the traditional controller based load-shedding systems. The main difference
is that the proposed LS system allow power to be delivered to a lower priority loads under the
condition that the total power delivered is less than the maximum available power. The system was
implemented and tested on FPGA platform. The hardware implementation produced small time-

delay that is quite suitable for LS application.
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Figure 5. A flowchart of the implemented LS algorithm.
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[ ST(n)=1, P=P+PIT(n) ]

\4

End

Figure 6. Details of updating ST and Ps.
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Table 1. Example of Under Frequency Load Shedding (UFLS) Settings

Stage Frequency Time Delay Load Shed
1 49.5 Hz 05s 100 MW
2 49.0 Hz 2.0s 300 MW

Table 2. Clock frequency of the implemented system with respect to number of loads

No. of loads Frequency Time Delay
32 10.24 KHz 0.1s
64 40.96 KHz 0.1s
128 163.84 KHz 0.1s
256 655.36 KHz 0.1s

Table 3. Priorities and power consumption of each load (arranged according device index)

Device Device Devise | Consumed
name Index Priority Power
D1 1 25 10
D2 2 17 10
D3 3 26 70
D4 4 8 200
D5 5 24 50
D6 6 18 15
D7 7 23 65
D8 8 2 350
D9 9 19 20
D10 10 1 100
D11 11 12 15
D12 12 22 40

D13 13 6 5

D14 14 16 500
D15 15 7 25
D16 16 27 5

D17 17 13 100
D18 18 32 6

D19 19 9 35
D20 20 31 20
D21 21 15 90
D22 22 14 55
D23 23 30 10
D24 24 4 180
D25 25 20 70
D26 26 11 20
D27 27 3 40
D28 28 29 120
D29 29 10 110
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Table 4. Several cases to verify features of implemented LS controller

(Rearranged according device priority).
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ABSTRACT

In recent years and decades, there is a great need for developing new alternative energy sources
or renewable sustainable energy. On the other hand, new technology approaches are growing
towards benefits from the valuable nutrients in wastewater which are unrecoverable by
traditional wastewater treatment processes. In the current study, a novel integrated system of
microbial fuel cell and anoxic bioreactor (MFC-ANB) was designed and constructed to
investigate its potential for slaughterhouses wastewater treatment, nitrogen recovery, and power
generation. The system consisted of a double-chamber tubular type MFC with biocathode
inoculated with freshly collected activated sludge. The MFC-ANB system was continuously fed
with real-field slaughterhouse wastewater, with initial concentrations of COD and ammonium
were 990 mg/L and 200 mg-N/L, respectively. The MFC-ANB system was operated for a total
period of 43 days. Maximum removal efficiencies of COD, ammonium, nitrate, nitrogen
recovery, Columbic efficiency, and power generation were 99%, 99.3%, 100%, 100%, 13.37%
and 162.22 mW/m?, respectively.

Key words: Microbial fuel cell, slaughterhouse wastewater, ammonium, and nitrate.
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1. INTRODUCTION

The technology of microbial fuel cells (MFCs) represents the latest approach of generating
electricity from biomass using active living bacteria with wastewater treatment. MFC is one
of the sustainable alternatives for renewable energy production. This process happens when
the biofilm of bacteria on the anode surface oxidizes organic matter in the wastewater and
produce electrons and protons, which generates electrical current through an external circuit
Arora, 2012; Janicek, et al., 2014.

The slaughterhouses are the most important agro-industrial facility that has a direct impact on
public health and the environment. Meat processing in slaughterhouses produces large
amounts of organic wastewater during the manufacturing process, including, stunning,
bleeding, hide or hair removal, carcass washing, cleaning process and trimming Wang, 2004;
Yordanov, 2010. The slaughterhouse wastewater has a high strength, in terms of biochemical
oxygen demand (BOD), and chemical oxygen demand (COD), suspended solids (SS),
nitrogen and phosphorus, as compared with domestic wastewater Wang, 2004.

Typical concentration parameters of slaughterhouse wastewater such as BOD, COD, and
nitrogen are 1900, 2579-6650, and 80 mg/L, respectively Wiesmann, et al., 2007.

However, primary and/or chemical treatments are not appropriate to reduce the pollutants in
slaughterhouse wastewater to meet the discharge standards. Therefore, biological treatment is
widely used for partial or complete stabilization of biologically degradable substances
Cheremisinoff, 1996. On the other hand, anaerobic-aerobic treatment is an efficient way to
treat highly COD loaded industrial and municipal wastewater Chan, et al., 2009.

Nitrification and denitrification are common processes to remove ammonia from
slaughterhouse wastewater Mousavi et al., 2012. MFCs can be applied as a novel technique
for bioelectrochemical nitrogen recovery, which can be accomplished by the nitrification
process in an aerated biocathode Yan, et al., 2012.

Malaeb et al., 2013, developed a system consisting of a microbial fuel cell combined with
membrane bioreactor (MFC-MBR) for simultaneous wastewater treatment and power
generation. The achieved COD and NHs;—N removals were 97% and 91%, respectively.

Lin, et al., 2015 studied high-strength animal manure wastewater treatment and electrical
energy recovery by air-cathode microbial fuel cells (MFCs). The MFC system was fed with
swine wastewater and under external resistor of 2.2 kQ, the observed energy production
efficiency, columbic efficiency, and generated power were 0.37%, 1.5% 28.2 uW,
respectively. Zhu et al., 2016, investigated the simultaneous nitrification and denitrification
of cyanobacteria solution accompanied with power generation using a dual-chamber MFC.
Removal of 0.064 + 0.005 kg TN/m?®.day and 0.063 + 0.005 kg NH4*/m>.day were achieved.
Hiegemann et al., 2016, evaluated the performance of pilot scale MFC system of 45 L
volume consisting of 4 single-chamber membrane-less MFCs integrated into a full-scale
wastewater treatment plant. Results revealed that COD, TSS, nitrogen removal, and columbic
efficiency of 24.8% of 24%, 40% and 28%, respectively were achieved.

The present study looks forward to experimentally and theoretically investigate the
performance of a sequential-flow tubular microbial fuel cell integrated with external anoxic
bioreactor (MFC-ANB) for simultaneous treatment of real-field slaughterhouse wastewater,
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sustainable power generation, and nitrogenous-nutrient recovery. The MFC-ANB system was
fed with real-field slaughterhouse wastewater and inoculated with activated sludge.

2. MATERIALS AND METHODS

2.1. MFC-ANB integrated system

MFC

An integrated complete system mainly consisted of tubular type microbial fuel cell associated
with internal aerobic bioreactor and external anaerobic bioreactor was set up as given in Fig.
1. The tubular dual-chamber MFC consisted of three concentric Plexiglas cylinders. The
internal, mid, and external cylinders represent the anodic section, cathodic compartment, and
the extended aerobic bioreactor, respectively. The diameter of anode, cathode and bioreactor
chambers were 60 mm, 160 mm, and 200 mm, respectively with height of 420 mm. The
anode compartment was occupied with graphite rod. The graphite rod diameter and the
effective length were 20 and 290 mm, respectively, resulted in a total effective surface area of
185.35 cm?. The cylindrical perforated anode chamber had 169 holes, each hole of 11 mm
diameter. The effective volume of anode was 680 mL. The anodic chamber was wrapped with
a rectangular (410 mm x 200 mm) sheet of cationic membrane (CMI7000s). Graphite
granules were used as contact material in the cathode compartment. This material had a bulk
density of 1660 kg/m?, surface area of 0.0832 m?/g, and granular size diameter range of 2-4
mm. The total mass of the granular graphite electrode in the cathode compartment was 2200
g. It was placed in a perforated basket made of stainless steel (304) mesh 14.

Denitrification bioreactor

Continuous up flow mixed bed bioreactor was designed and installed to carry out the
denitrification process, the bioreactor was made of Plexiglas cylinder (outside diameter 60
mm, height 420 mm).The active volume of the reactor was 680 mL.

2.2. Preparation of the MFC integrated system

Prior to construction and set up of the MFC integrated system, all its components were
cleaned well with an appropriate detergent, then repeatedly rinsed with tap water and
deionized water. Cation exchange membrane (CEM) was subjected to a course of pre-
conditioning by immersion in a 5% sodium chloride solution for 24 h to allow for membrane
hydration and expansion, and then washed with deionized water.

2.3. Acclimation and enrichment of biomass

To start up and operate the MFC, 680 mL of the activated sludge was placed in the anode
compartment, and was sparged with nitrogen gas for a period of 10 min to maintain anaerobic
environment. During the enrichment period, the anode was periodically fed by nutrient salt
solution. After 45 days, the MFC was fed with a real field slaughterhouse wastewater at a rate
of 0.38 mL/min.
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2.4. Substrate, Inoculum and Chemicals

The real slaughterhouse wastewater was freshly collected from Al-Shoula slaughterhouse in
Baghdad. The quality of wastewater is given in Table 1. The activated sludge which was
obtained from the aeration tanks of Al-Rustamia third extension municipal treatment plant,
Baghdad was used to inoculate the anode, cathode, and the denitrification bioreactor.

In order to develop and enrich the growth of microorganisms in the MFC, a mineral salt
media was used for this purpose. This MSM solution was prepared according to the procedure
outlined in Ghangrekar, et al., 2005. The media solution was prepared by dissolving; 0.56 g
(NH4)2S04, 0.20 g MgS04+7H,0, 15 mg CaCl,, 1 mg FeClz*6H,0, 20 mg MnSO,4H,0,
0.42g NaHCOg in liter distilled water, and then the solution was autoclaved at 121°C for 20
minutes and cooled under oxygen-free nitrogen gas before use.

2.5. Start up and operation of MFC integrated system

After 45 days of inoculating the MFC, wastewater was continuously fed to the anodic
chamber of the MFC at a flow rate of 0.38 mL/min to achieve hydraulic retention time (HTR)
of 30 h. Nitrogen gas was purged into the wastewater feed tank to eliminate oxygen content
and provide anaerobic environment. At the same time, an air compressor with a maximum
flow rate of 10 mL/min was connected to the cathode compartment to supply oxygen in a
continuous manner. Also, the pH of the solution in the MFCs was monitored continuously and
adjusted to 7-7.2 using 1M HCI or 1M NaOH solution. The MFC integrated system was
operated at ambient temperature.

3. Data acquisition system and analysis
3.1. Wastewater and treated effluent analysis

Chemical oxygen demand (COD), biological oxygen demand (BOD), dissolved oxygen (DO),
pH, NO3, NH,*, and TDS tests were carried out by the researcher on a daily basis. The tests
were conducted every day in accordance to the procedures outlined in the Standard Methods
APHA, 1998, and the ASTM Manual of Water and Environmental Technology, D1426-
92. Instruments and measuring devices used in this study were; COD reactor (model RD 125,
Lovibond, Germany, COD test (model MD 200 COD vario, Lovibond, Germany), Multidirect
(Lovibond,Germany), pH meter (model portable HI-83141, Hanna Instruments, Romania),
Voltage data logger (model: Lascar EL-USB-3, USA), Multimeter (model MT1233C, pro'skit,
Taiwan), Peristaltic pump (Model Mini-Pump Variable Flow Control, USA), Air compressor
(model ACO-318, HAILEA, China), Resistance box (0-100,000 Ohm), Multiparameter
Photometer bench type (Model C200, Hanna Instruments, Romania), BOD Measurement
System (Model OxiDirect, Lovibond, Germany), Dissolve Oxygen meter (model H19147-04,
Hanna Instruments, Romania),Gas Chromatographs (Packard Models 438A, Packard
instrument company, USA), Micromeritics analyzer (model: Micromeritics ASAP 2020,
Micromeritics Instrument Corporation, USA).

3.2. Power density

The MFC voltage was continuously monitored via USB data logger. This data was converted
to current by using Ohm’s law Eq. (1):
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I=Ecen/Rext (1)
The power density was calculated according to Eq. (2):
P= (EceII)Z/Rext*Aan (2)

where: P is the power (W/m?), I is the current (Amp.), Rex is the external resistance (), and
Ecen is the cell voltage (V), Aan is the projected surface area of anode (m?).

3.3. Coulombic efficiency

The columbic efficiency was carried out according to Eg. (3) for continuous flow:

MI
€cb = Thaacop )

Where: M is the molecular weight of oxygen (32 g/ mol), F is the Faraday constant (96485
C/mol of e), I is the current (Amp.), b is the number of electrons exchanged per mole of
oxygen (4 mol/mol), q is the volumetric influent flow rate (m*/sec), ACOD is the difference
COD between the influent and effluent.

4. RESULTS AND DISCUSSION
4.1. Substrate (as COD) removal

The MFC-ANB system was continuously fed for 43 days with real-field slaughterhouse
wastewater having average COD concentration of 1000 mg/L at organic loading rate of 0.8 kg
COD /m*.d. As shown in Fig. 2. , steady state condition was directly achieved in MFC-ANB
fed with real-field slaughterhouse wastewater. This behavior could be due to the favorable
and significant growth of previous acclimated microorganisms in the anodic and cathodic
biofilm.

The slight fluctuation in COD removal was observed and was well expected when using real-
field wastewater due to the variation in COD concentration, as well as the existence of
different species which may affect the substrate biodegradation. Inspite of this fluctuation,
maximum and average COD removal efficiencies were 98% and 94%, respectively. These
results were comparable, or in fact relatively higher than 92% reported by Min et al., 2005,
for the treatment of swine wastewater by MFC.

4.2. Ammonium ions removal

The ammonium concentrations in each part of the MFC—-ANB system were examined during
the entire period of the system operation. As given in Fig. 3, the influent average ammonium
concentration was 200 mg-N/L. The removal efficiency of ammonium ions achieved 97.9%
after 14 days of continuous operation, and then a steady state condition was observed with a
maximum ammonium removal of 99.3%. However, a relatively moderate fluctuation in the
ammonium removal ranged from 88.5% to 99.3% was observed. The removal of NH,"
occurred in the biocathodic section by the activity of nitrifying bacteria growing within the
cathodic biofilm. The transfer of ammonium ions from the anodic section to the biocathodic
section occurred by diffusion through the cation permeable membrane (CMI7000s). On the
other hand, the small remaining concentrations of NH," ions will transfer from the anode via
the sequential flow of the anodic effluent to the cathode.
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4.3. Nitrate removal

The ammonium ions were converted to nitrate ions by the nitrifying bacteria in the aerobic
biocathodic section and the subsequent extended aerobic bioreactor. Then after, the resulted
nitrate ions were converted to nitrogen in the anoxic bioreactor (ANB) by the activity of
denitrifying bacteria at steady state of continuous operation. Nitrate removal efficiency
increased achieving 92.69% after19 days as shown in Fig.4. After 21 days, maximum removal
efficiency of nitrate achieved 100%. The slight fluctuation in nitrate removal could be
attributed to the limited supply of COD to the denitrifying bacteria to reduce nitrate to
nitrogen in the anoxic bioreactor, Schipper, et al., 2010. The nitrate removal efficiency
remained within a range from 90.3% to 95.5% after 35days.

4.4. MFC Voltage

The MFC voltage was regularly monitored and directly measured using the data logger during
the entire period of continuous operation. As shown in Fig.5, the voltage sharply increased to
achieve a maximum value of 350 mV after the first day of operation. Then, a decline of voltage
was observed to a value of 300mV which lasted for about 8 days, and then the voltage was re-
stabilized at 350 mV until the end of the operation period at the day 43. This short period-voltage
drop could be related to the sudden existence of complex organic matter accompanied with
other forging species and high ammonium concentration that may inhibit and adversely affect
the growth and reproduction of bacteria and a subsequently lower electrons generation. The re-
stabilization of voltage to its original maximum value was most likely due to the re-acclimation of
active microorganisms to this type of substrate.

4.5. Polarization curve

In order to investigate the performance of MFC during a stable phase of operation, the output
voltage was recorded under various external loads from 10 to 1000 Q. In order, to get the
polarization curve, the current density was plotted against voltage and power density. As
given in Fig.6, maximum power and current densities were 165.22 mW/m2 and 472 mA/m?,
respectively obtained at 40 Q external resistances.

4.6. Power and current density

Profiles of the generated current and power are presented in Fig. 7. A sharp increase in the
current and power were observed after the first day of operating the MFC-ANB system. After
10 days, the current and power densities were stabilized at 472 mA/m? and 165.22mW/m?,
respectively and steady state conditions were observed. Then the current and the
corresponding power exhibited unsteady state condition for a period of 40 days.

5. CONCLUSIONS

This study demonstrated and evaluated the performance of an integrated system of dual
chamber tubular microbial fuel cell (MFC) with extended aerobic bioreactor and anoxic
bioreactor for real field slaughterhouse wastewater treatment, ammonium removal, and power
generation. Results revealed that maximum efficiencies of COD removal, ammonium
oxidation, nitrate reduction, Columbic efficiency, and power generation were 99%, 99.3%,
100%, 13.37% and 162.22 mW/m?, respectively.

99



Number 5 Volume 23 May 2017 Journal of Engineering

6. REFERENCES

APHA, 1998.Standard methods for examination of water and wastewater, 20th ed.
American Public Health Association, Washington, DC.

Arora, R., 2012. Microbial biotechnology. Wallingford, Oxford shire: CAB
International.

ASTM Manual of Water and Environmental Technology, D1426-92., Nessler method.
Chan, Y., Chong, M., Law, C., Hassell, D., 2009. A review on anaerobic—aerobic
treatment of industrial and municipal wastewater. Chemical Engineering Journal,
155(1-2), 1-18.

Cheremisinoff, N., 1996. Biotechnology for waste and wastewater treatment.
Westwood, N.J.: Noyes Publications.

Ghangrekar, M.M., Joshi, S.G., Asolekar, S.R., 2005. Characteristics of sludge
developed under different loading conditions during UASB reactor start-up. Water
Research, 39 (6), 1123-1133.

Hiegemann, H., Herzer, D., Nettmann, E., Libken, M., Schulte, P., Schmelz, K.,
Gredigk-Hoffmann, S., Wichern, M., 2016. An integrated 45L pilot microbial fuel cell
system at a full-scale wastewater treatment plant. Bioresource Technology, 218, 115-
122.

Janicek, A., Fan, Y., Liu, H., 2014. Design of microbial fuel cells for practical
application: a review and analysis of scale-up studies. Biofuels, 5(1), 79-92.

Lin, H., Wu, X., Nelson, C., Miller, C., Zhu, J., 2015. Electricity generation and
nutrients removal from high-strength liquid manure by air-cathode microbial fuel
cells. Journal of Environmental Science and Health, Part A, 51(3), 240-250.

Malaeb, L., Katuri, K., Logan, B.E., Maab, H., Nunes, S., Saikaly, P., 2013. A Hybrid
Microbial Fuel Cell membrane bioreactor with a conductive ultrafiltration membrane
biocathode for wastewater treatment. Environmental Science & Technology, 47(20),
11821-11828.

Min, B., Kim, J., Oh, S., Regan, J., Logan, B.E., 2005. Electricity generation from
swine wastewater using microbial fuel cells. Water Research, 39(20), 4961-4968.
Mousavi, S., Ibrahim, S., Aroua, M., 2012. Sequential nitrification and denitrification
in a novel palm shell granular activated carbon twin-chamber upflow bio-
electrochemical reactor for treating ammonium-rich wastewater. Bioresource
Technology, 125, 256-266.

Schipper, L., Robertson, W., Gold, A., Jaynes, D., Cameron, S., 2010. Denitrifying
bioreactors—an approach for reducing nitrate loads to receiving waters. Ecological
Engineering, 36(11), 1532-1543.

Wang, L., 2004. Handbook of industrial and hazardous wastes treatment. New York:
Marcel Dekker, Inc., New York, NY.

Wiesmann, U., Choi, I., Dombrowski, E., 2007. Fundamentals of biological
wastewater treatment. nheim: Wiley-VCH.

100



Number 5 Volume 23 May 2017 Journal of Engineering

e Yan, H., Saito, T., Regan, J., 2012. Nitrogen removal in a single-chamber microbial
fuel cell with nitrifying biofilm enriched at the air cathode. Water Research, 46(7),
2215-2224.

e Yordanov, D., 2010.Preliminary study of the efficiency of ultrafiltration treatment of
poultry slaughterhouse wastewater. Journal of scientific & industrial, 69, 727-73.
e Zhu, G, Chen, G, Yu, R, Li, H., Wang, C., 2016. Enhanced simultaneous

nitrification/denitrification in the biocathode of a microbial fuel cell fed with
cyanobacteria solution. Process Biochemistry, 51(1), 80-88.

7. NOMENCLATURE

BOD =biochemical oxygen demand, mg/I

COD= chemical oxygen demand, mg/I

SS =suspended solids, mg/I

MFC= microbial fuel cell.

MFC-ANB= microbial fuel cell integrated with external anoxic bioreactor
MCL=maximum contamination level, mg/I

TDS= total dissolved solid, mg/I
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Table 1. Quality of real-field slaughterhouse wastewater.

Constituents Units Average
concentration

COD mg/L 1000
BOD mg/L 550
Ammonium (NH;") mg/L 75.05
Sulfate(SO4?) mg/L 69.5
Nitrate (NO3) mg/L 135
Nitrite (NO;) mg/L 9.0
Chloride (CI) mg/L 49.0
Total dissolved solids (TDS) mg/L 501
Phosphate (PO4~) mg/L 3.07
pH - 6.7
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Experimental Study on Heat Transfer and Friction Factor Characteristics of
Single Layer Graphene Based DI-water Nanofluid in a Circular Tube under
Laminar Flow and Different Heat Fluxes as Boundary Conditions

Prof. Dr. Najdat N. Abdullah Hussein A. Ibrahim
Department of Mechanical Engineering Department of Mechanical Engineering
University of Baghdad University of Baghdad
E mail: najdat_abdulla@yahoo.co.uk E mail: hussain1983ali@gmail.com
ABSTRACT

An experimental study was performed to estimate the forced convection heat transfer
performance and the pressure drop of a single layer graphene (GNPs) based DI-water nanofluid
in a circular tube under a laminar flow and a uniform heat flux boundary conditions. The
viscosity and thermal conductivity of nanofluid at weight concentrations of (0.1 to 1 wt%) were
measured. The effects of the velocity of flow, heat flux and nanoparticle weight concentrations
on the enhancement of the heat transfer are examined. The Nusselt number of the GNPs
nanofluid was enhanced as the heat flux and the velocity of flow rate increased, and the
maximum Nusselt number ratio (NU nanofiuia/ NU pase fiiiay and thermal performance factor was
(1.45) and (1.24) respectively, by using (1wt%) concentration and q=6104W/m? heat flux.
Finally, an analysis of the thermal performance factor shows that the GNPs nanofluids could
work as a good alternative conventional working fluid in thermal heat transfer applications.

Key words: convective heat transfer, graphene nanofluid, laminar flow, pressure drop,
performance factor
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1. INTRODUCTION

Most heat transfer applications use conventional fluids like ethylene glycol (EG), DI-water and
engine oil as heat transfer working fluids. The efficiency of these fluids is often limited so the
efficiency of the conventional fluids can be enhanced by improving the heat transfer properties
and thermal conductivity. These heat transfer fluids have low thermal conductivity with respect
to solid materials. Therefore, solid particles with high thermal conductivity are generally added
to traditional heat transfer fluids to increase their thermal conductivity. However, the addition of
micrometer or millimeter particles sized can cause problems as sedimentation and
agglomeration. Choi, 1995, avoided these problems by introducing a new type of heat transfer
medium referred to nanofluid where the nanoparticles are dispersed in base fluids like EG, water
and oil.

A nanofluid is a new kind of heat transfer fluid prepared by dispersing metallic or non-

metallic nanomaterials with typical size less than (100 nm) which are stably distributed in
conventional fluids. These suspended nanomaterials in the liquid improve the thermal
conductivity of conventional liquid. Nanofluids have been considered as innovative heat transfer
fluids for numerous applications
The benefits of nanofluids technologies are expected to be large due to the heat transfer
characteristic of cooling devices or heat exchangers in many applications. Nanofluids can show
many advantages besides the abnormal high effective thermal conductivity. These advantages
involve, Murshed et al., 2008: Reduction in pumping power, improving heat transfer and
stability, miniaturizing systems, micro channel cooling without clogging and savings cost and
energy.
Recently, several investigations were devoted to study of thermal properties such as thermal
conductivity and viscosity as well as convective heat transfer characteristics of the nanoparticles
based nanofluid prepared from different carbonic structures, like single-wall, multiwall carbon
nanotubes, graphite nanoparticles, and diamond nanoparticles, graphene oxide, graphene. Among
all of these structural forms, single layer graphene is a 2-D material with one carbon atom
thickness layer was discovered by Novoselov in 2004. It has unique thermal characteristics due
to large specific surface area and high thermal conductivity compared with other carbonic forms.
Balandin, 2008, reported values thermal conductivity single-layer graphene in-plane up to
5200W/mK which sounds impressive when compared to the axial thermal conductivity of carbon
nanotubes, that is, 3000W/mK ,Chen, 2010. Further, the thermal properties of graphene were
expected to be much different from one dimension carbon nanotube and zero dimension
nanoparticles. Because the graphene itself is a very good thermal conductor, so the graphene
based nanofluid was normally expected to show important thermal conductivity improvement.
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However, according to literature, theoretical and experimental studies on the heat transfer
thermal properties such as viscosity and thermal conductivity as well as heat transfer
improvement of graphene based nanofluids are scarce.

Rashidi, et al., 2014, studied experimentally the force convection heat transfer characteristics
laminar flow of graphene nanosheets nanofluid through the shell and tube heat exchanger. The
convective heat transfer coefficients of (GNP) graphene nanosheets based on water nanofluids
under laminar conditions were measured. Also the effects of weight concentration and
temperature on convective heat transfer coefficients of (GNP) graphene nanosheets nanofluid
were discussed. Results of added 0.075wt% of (GNP) graphene nanosheets to the base fluid
contributed to an improvement of thermal conductivity about 31.83% and the convective heat
transfer coefficient up to 35.6% at 38 °C compared with pure water.

Mehrali, 2015, investigated experimentally the heat transfer performances laminar forced
convection for (GNP) nanofluid with 750m?/g of specific surface area inside a circular tube
under constant heat flux at different weight fraction concentrations (0.025-0.1wt.%). The effect
of the nanoparticles concentration on thermal properties, thermal performance factor and
convective heat transfer coefficient was examined. Thermal conductivity of GNP nanofluid
enhancement from 12% to 28% was noticed compare to the base fluid. The heat transfer
coefficient for the GNP nanofluid was found about 15% higher than the distilled water. The
thermal performance factor for 0.1wt.% was found to be increased about 1.15.

Akhavan-Zanjani, et al., 2014, studied experimentally the convective heat transfer of graphene
based water nanofluids in turbulent flow through a uniformly heated circular tube with various
concentrations. Experiments were conducted to measure viscosity, thermal conductivity, heat
transfer coefficient and pressure drop. Adding a small amount of nanoparticles led to moderate
increment of viscosity and enhancement of thermal conductivity. Furthermore, heat transfer
coefficient showed relatively high enhancement, and pressure drop remained without change.
Results showed that the maximum augmentations were 4.95%, 6.04% and 10.30%, for viscosity,
heat transfer coefficient and thermal conductivity, respectively.

The aim of this work is to investigate experimentally the effect of single layer of graphene
Dl-water nanofluid concentration on heat transfer enhancement and pressure drop through a
circular tube under fully developed laminar flow and different uniform heat fluxes boundary
conditions

2. EXPERIMENTAL APPARATUS AND PROCESS

The rig was built at convective heat transfer laboratory of Texas A&M University and it was
composed of the following main parts and measuring apparatus. Figs. 1 and 2 show the photo
and schematic diagram of the experimental apparatus.

Copper pipe with length, inner and outer diameter of (90, 0.789, 0.9525) cm respectively is
connected to the entrance length and other parts by polypropylene compression straight adapter
to reduce the axial heat loss conduction as shown in Fig. 3. Nichrome wire is used to uniformly
heat the copper pipe. The copper pipe is painted with a fine spray before the Nichrome wire is
wrapped up around it to avoid electrical conduction. Five thermocouples (T-type) are soldered in
the small cavity at the copper pipe surface before the heater wires are wrapped around it. Whole
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copper pipe is enveloped with fiberglass insulation and aluminum tape to minimize heat losses to
the surrounding.

Programmable (LAMBADA) Variable voltage and current transformer (0-600V, 0-2.6A) was
used to adjust the input heater power as required. A variable speed magnetic pump (5-12V DC)
is used to circulate the nanofluid inside the heat transfer loop. The pump is connected with
variable voltage power supply to get desired speed.

An electromagnetic (Megameter) low flow from Seametrics (PE202 Megameter) is utilized to
measure the velocity and volume flow rate of the working fluid flowing through the heat transfer
rig. The accuracy of the measurement is +/- 1%. Fig. 4 shows the electromagnetic flow meter.
An electromagnetic Wet/Wet Differential Pressure Transmitters (PX154) from Omega is used to
measure the pressure drop of the working fluid across test section. The output of the pressure
transmitter ranges from 4 to 20 mA. The accuracy of the pressure transmitter is +/- 0.75% of the
full scale.

Nanofluid is purchased from (US Research Nanometarials, Inc USA) as single layer of graphene
Dl-water dispersion at weight fraction Concentration (1wt%) and to dilute it only add DI water
and shake it up to desired concentration Figs. 5 and 6 show a visual inspection of GNP
nanofluids after 2 months of the nanofluid purchased. Although two months from preparation
passed no sedimentation and agglomeration was observed.

The experiments include the study forced convection heat transfer performance and the pressure
drop of a of single layer of Graphene DI-water nanofluid, with concentrations of (¢=1, 0.8, 0.6,
0.4, 0.2, 0.1 and 0 wt%) in plain tube. All the tests were carried out under fully developed
laminar flow with mass flow rate of (0.36, 0.4, 0.468 0,526, 0.58, 0.65, 0.72) kg/min and uniform
heat fluxes range (4292-6104 W/m?).

Cleaning the test rig after finishing the readings for each concentration of the nanofluid is done
by using the draining valve for preventing clogging and sedimentation.

3. EXPERIMENTAL CALCULATIONS

3.1 Heat Transfer Calculation

Comparisons of the Nusselt numbers at equal Reynolds number is unreliable and is uninteresting
from a practical perspective. The comparison of nanofluids at the same Reynolds number is
common in the literature for nanofluid fields. Based on many literatures, comparing the heat
transfer at the same flow rates (pumping power) is considered a more appropriate method in a
nanofluids study (France,2010, Haghighi,2014 and Mehirli,2014), therefore, the better choice
is the constant velocity instead of constant Re number.

The actual heat flux is calculated from the two evaluations as follows:

1) The total amount of heat transfer created by the electrical heater is given as:

Q1 =CVI (1)
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where, | and V represent the current and voltage which generated by programmable power
supply and pass through electrical heater as well as the factor {=0.97 represents the accounts of

the heat lost to environment, Akhavan-Behabadi, 2012.

2) The amount of heat input is estimated from the sensible heat gained by the nanofluid as
follow:

Q2= ¢p (Tour- Tin) (2)

where, Tin, Tout , th and cp represent the temperature of the bulk fluid at inlet and outlet of the test
section, mass flow rate and specific heat of working fluid respectively.

The actual heat flux is then estimated as follow:

. 0.5(Q1+Q2
= ®

The local heat transfer a characteristic was defined in terms of the Nusselt number Nu(x) and
heat transfer coefficient h(x) as given below.

_ g
h(x)= (Tw-TH)X (4)
Nu(x)= @ ®)

where T¢ and T,, are the fluid and wall temperatures respectively, q" is the actual heat flux, k is
the thermal conductivity of fluid, d; is the inlet tube diameter and x is the axial distance from the
test section inlet.

The temperature profile of fluid was obtained in the test section from the energy balance as
follows:

_ q”PX
Trw=Teim t beyon (6)

Where P is the perimeter and A is cross-sectional area of the test section tube respectively, and u
is the velocity of average fluid.

The average heat transfer coefficient and Nusselt number are calculated as follow:

__q" _hd
h @ and Nu =

Here, T,, is the average temperature of the wall andTFis the average bulk temperature of fluid.

Specific heat capacity and density of nanofluids are calculated from:
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RO ()

(PCp)ar=@(pCp)pt(1-9) (pCp)s (8)
3.2 Friction Factor Calculation

Friction factor based on practically measured pressure drop can be evaluated by using Darcy

friction factor equation, Frank, 2001.

AP d
=5t 9)

Where Ap is the pressure drop through the test section measured by using an electromagnetic

pressure transducer.
4. MEASURMENT OF VISCOSITY AND THERMAL CONDUCTIVITY

The viscosity of the GNPs based DI-water nanofluids at different weight fractions concentrations
(1,0.9,0.8,0.7,0.6, 0.5, 0.4, 0.3, 0.2 and 0.1wt%) were measured by using a rotational type low
viscosity DV-I prime digital viscometer. Measurements are taken at different shear rates and
temperatures range from (5, 10, 15, 20, 25, 30 and 35°C) and were repeated four times for each
experiment to obtain an accurate results.

Thermal conductivity of GNPs based DI-water nanofluids with six various weight fraction
concentrations (1, 0.8, 0.6, 0.4, 0.2, 0.1 wt%) at temperatures range from ( 5-35°C) is measured
by using a KD2 Pro instrument from (Decagon devices, Inc. USA). The measurements were
taken under different temperature conditions by using a temperature-controlled container
connected with chiller to maintain constant temperature of sample.

5. RESULTS AND DISCUSSION

At first the experiments were conducted for DI- water. The results of experiments for DI-water
under constant and uniform heat flux condition were compared with the data from the traditional
standard equations, like the Shah and Darcy equations for laminar flow Jang, 2009 as flowing:

1
(1 302x,2-1 x+<0.00005
1
Nu:!

1.302x2-5 0.00005<x:<0.0015 (10)

4.346+8.68(10° x:) " exp(-41x<)x:>0.001

where
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Fig. 7 illustrates the comparison between the average Nusselt number from experiments results
and the results from Shah Equation. Data from this classical correlations and the experimental
Nusselt number for DI- water agrees well and shows the precision of the experimental-setup with
an error rate of less than 1.5%. To verify the friction factor data, Fig. 8 shows the friction loss
validation for DI-water from the experimental study, and the Darcy equation with an error rate of
less than 3%.

Fig.9 shows reduction in the viscosity of the DI-water and GNPs nanofluid when the temperature
is increasing. This is due to that, when the temperature is rising that causes the weakening of the
adhesion forces for inter-particles intermolecular and that reducing the average forces of
intermolecular. Subsequently, the viscosity reduces when the temperature increases that which
noticed for the most kinds of nanofluids as shown in previous work. Fig. 10 shows the maximum
increment in viscosity of GNPs based DI-water is 111% at 1 wt% weight concentration and
temperature 35 °C compared with base fluid.

Thermal conductivity of the GNPs nanofluids with various weight fraction concentrations and
temperature ranging from (5 to 35°C) are shown in Fig. 11. It is clear from this figure that the
thermal conductivity enhancement was obtained with increasing weight concentrations and
temperature. Fig. 12 shows the thermal conductivity enhancement ratio. The maximum
enhancement ratio in thermal conductivity for 1 wt% of GNPs was 22% at 35 °C and 10% for 0.
1 wt % concentration was compared with base fluid.

Figs. 13, 14 and 15 reveal the variation of the average Nusselt number with velocity flow rate for
GNPs nanofluid in a plain tube at different weight fraction concentrations (0.1-1wt%) and heat
fluxes of 6104, 5040 and 4292W/m?, respectively. The Nusselt numbers were largely influenced
by the thermophysical properties (viscosity and thermal conductivity), the Brownian motion of
nanoparticles, and the specific surface area of the nanoparticles. Therefore, the high
concentration, heat flux, and nanofluid velocity causes an increase in the values of the Nusselt
number. The enhanced heat convection performance of the GNPs nanofluid was resulted from
the disordered movement of the nanoparticles and the high thermal conductivity of the GNPs
nanofluid. As the nanoparticles concentration and fluid velocity increase the Nusselt number
increases because the effective thermal conductivity of GNPs nanofluid increases with increasing
weight concentration of the nanoparticles, which is explained by Brownian motion of the
nanoparticles, molecular-level layering of the liquid at particle/liquid interface. Improved
thermal conductivity reduces resistance to thermal diffusion in the laminar sublayer of boundary
layer.
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From figures, it can be seen that, the largest enhancement of the Nusselt number were 17.9%,
22.19%, 28.16%, 32.5%, 39.6% and 45.28% for the o= 0.1, 0.2, 0.4, 0.6, 0.8 and 1wt %,
respectively at a heat flux of 6104 W/m?.

The augmentation in the heat transfer (the Nusselt number ratio) (NU nanofiuid/NU plain tbe ) 1S
shown in Figs. 16, 17 and 18. The maximum enhancement in the heat transfer for GNPs was
(1.528) at velocity (0.25 m/s) heat flux (6104 W/m?) and concentration (1wt%).

Fig. 19 shows the Nusselt number at different heat fluxes for the (1wt %) GNPs nanofluids. The
Nusselt number had an enhancement of 33.9%, 40.9%, and 45.2% for the heat fluxes of 4292,
5040, and 6104 W/m?, respectively.

The improvement in heat transfer coefficient in nanofluid is attributed to the effective thermal
conductivity of nanofluid solution. The heat transfer coefficient is given as (k/dt), where (dt) is
the thermal boundary layer thickness. This means that the decreasing thermal boundary layer
thickness and/or improvement of nanofluid thermal conductivity increases the heat transfer
coefficient and lead to increase the Nusselt number. Also, it seems that, the thermal boundary
layer thickness of nanofluids is less than that of the DI-water. Furthermore, the thermal
dispersion contributes to this improvement is because of the inherent irregular and random
motion of graphene nanoparticles. Therefore, the temperature gradient at the wall becomes
steeper, and that cause increasing in heat transfer rate.

The variation in friction factor at different velocities and weight fraction concentrations for
GNPs nanofluid for plain tube is shown in Fig. 20.

Fig. 21 shows the effect of different studied parameters on friction factor ratio (f nanofiuid/ fplain tbe)-
Maximum increase in (f nanofiuia/ fplain woe) for GNPs nanofluid was (1.74) at velocity flow rate of
(0.25 m/s) and concentration of (1wt%).

The thermal performance factor of the GNPs nanofluid can be used to determine the usefulness
of GNPs nanofluids for application in thermal systems.

=(er) ()" (12

Nups fof

The results showed that the thermal performance factor of the GNPs nanofluid is high at a high
heat flux and increased as the velocity and heat flux increased as shown in Figs. 22, 23 and 24.
This is a result of the superior efficiency of the fluid disturbance and thus the heat transfer
caused by the high values of thermal conductivity at the same pumping power. The maximum
thermal performance of the GNPs nanofluid increased up to 1.25, 1.22, and 1.18 for 1 wt % of
GNPs nanofluid at heat fluxes of 6104, 5040, and 4292W/m?, respectively as shown in Fig. 25.
Finally, an analysis of the pressure drop and the heat transfer result via the thermal performance
factor shows that in spite of the pressure losses and the pumping power penalty, the GNPs based
Dl-water nanofluid is an excellent alternative for traditional working thermal fluids in heat
transfer applications.

Nusselt number and friction factor can be related with Reynold number, Re, Prandel number, Pr,
and nanofluid weight concentration, ¢m, with GNPs based DI-water nanofluids through the
following correlations:
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The limitations for this correlation are (Re=563-2158), (Pr=6.1-11.3) and nanofluid
concentration (¢,n=0.1-1 wt%). The value of constants and the deviations are given in Table 2.

f=b,Re"(1+¢,,)” (14)

The limitations for this correlation are (Re=563-2158), (Pr=6.1-11.3) and nanofluid
concentration (pn=0.1-1 wt%).The value of constants and the deviations are given in Table 3.

Figs. 26 and 27 give the representation of the above correlations.

The comparison of the present experimental results of GNPs based water nanofluid with the
published work, of Mehrali, 2015, is shown in Fig. 28 for Nusselt number. This comparison
shows a reasonable agreement with an error not exceeds 17%.

6. CONCLUSIONS

The following conclusions were obtained:
1. Thermal conductivity enhances as the nanofluid temperature and concentrations increase, and
maximum enhancements was around 11.9% to 22.2% with weight concentration of 1wt % and
temperature range from 5 to 35°C.
2. Viscosity of the GNPs nanofluid was dependent on the concentration and temperature. It
decreases with increases the temperature, and their increment was 80—111% of 1wt % compared
with DI-water when the temperature increased from 5 to 35 °C.
3. The Nusselt number enhances as the heat flux and velocity flow rate increase and maximum
Nusselt number ratio (NU nanofiuia/ NU piain tbe) Was (1.45) by using (1wt%) GNPs based DI-water
nanofluid and the maximum thermal performance factor was (1.24). The GNPs nanofluid
provides a good choice for the replacement of the traditional working fluids in heat transfer
applications.

REFERENCE

e Akhavan-Behabadi M.A., Saeedinia M. and Nasr M.,2012 "Experimental study on heat
transfer and pressure drop of nanofluid flow in a horizontal coiled wire inserted tube
under constant heat flux", Experimental Thermal and Fluid Science Vol.36, P.158-168.

e Akhavan-Zanjani, 2014, Turbulent Convective Heat Transfer and Pressure Drop of
Graphene—Water Nanofluid Flowing inside aHorizontal Circular Tube, Journal of
Dispersion Science and Technology,35 P. 1230-1240.

114



@) Number 5 Volume 23 May 2017 Journal of Engineering
Balandin A., Ghosh S., Bao W., Calizo I. and Teweldebrhan D.,2008, "Superior Thermal
Conductivity of Single-Layer Graphene™, Nano Letters VVol.8, P.902-907.

Chen L. and Xie H.,2010, "Surfactant-Free Nanofluids Containing Double- and Single-
Walled Carbon Nanotubes Functionalized by a Wet-Mechanochemical Reaction”,
Thermochim. Acta VVol.497, P.67-71.

Choi S. and Eastman A.,1995,"Enhancing thermal conductivity of fluid with
nanoparticles” , in: D.A. Siginer, Developments and Applications of Non-Newtonian
Flows, Vol.66, P.99-105.

France, Timofeeva E. and Singh, D.,2010,"Thermophysical property-related comparison
criteria for nanofluid heat transfer enhancement in turbulent flow" Appl. Phys. Lett.,
Vol.96(21), P.213109.

Frank M, White,2001,"Fluid Mechanics", Fourth edition, MacGraw-Hill books.

Jang S., Hwang K. and Choi U.,2009, Flow and Convective Heat Transfer
Characteristics of Water-Based Al203 Nanofluids in Fully Developed Laminar Flow
Regime, International Journal of Heat and Mass Transfer Vol.52, P.193-199.

Haghighi E., Saleemi, M., Muhammed, M. and Palm B.,2014,"Accurate basis of
comparison for convective heat transfer in nanofluids™, International Communications in
Heat Mass Transfer, Vol.52, P.1-7.

Murshed S.M.S, Leong K.C. and Yang C.,2008,"Thermophysical and electrokinetic
properties of nanofluids"” — A critical review, VVol.28, P.2109-2125.

Mehrali M., Sadeghinezhad E. and Rose A.,2015,"Heat Transfer and Entropy Generation
for Laminar Forced Convection Flow of Graphene Nanoplateletsnano fluids in a
Horizontal Tube", International Commun. in Heat and Mass Transfer Vol.66, P.23-31.
Mehrali M.,Sadeghinezhad E., Mehrali M. and KaziS. N.,2014,"Experimental
investigation of convective heat transfer using graphene nanoplatelet based nanofluids
under turbulent flow conditions”, Industrial & Engineering Chemistry Research, Vol.53,
P.12455-12465.

Novoselov K., Geim A., Morozov S., Dubonos S. and Firsov A.,2004,"Electric field

effect in atomically thin carbon films", Science Vol.306, P. 666.

115



@) Number 5

=

Volume

23 May 2017

Journal of Engineering

e Rashidi A.,Ghozatloo A. and Shariaty-Niassar M.,2014,"Convective Heat Transfer

Enhancement of Graphene Nanofluids in Shell and Tube Heat Exchanger”, Experimental
Thermal and Fluid Science Vol.53, P.136-141.

NOMENCLATURE

p= density, kg/m®

f= friction factor

nf= Nanofluid

bf= Base fluid

n= thermal performance factor

(om= mass or weight friction concentration
Q.=total heat power, W/m?

Q,=sensible heat gained by the nanofluid,W/m?
P =perimeter, m

u= velocity, m/s

I=current,omh

V=voltage,Volt

T=temperature, °C

L= length of tese section, m

m=mass flow rate,kg/s

q"=actual heat flux,W/m?

(= factor of heat loss to ambient

d= diameter, m

Cp= specific heat, KJ/kg.K

h= heat transfer coefficient, W/m2.k
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Table 1. Graphene nanoparticles properties.

Properties

Specifications

Color black liquid

Shape of particle

single layer nanoplatelets

Content of carbon >99.3 wt%

Surface area 500 - 1200m?g

Bulk density 0.2-0.4 g/lcm3
diameter of particle lum - 12pm
Thickness of particle 0.55nm - 1.2nm
Thermal conductivity 6 W/m K
(vertical to surface)

Thermal conductivity 5000 W/m K

(parallel to surface)

Table 2. Values of factors for Eq.(13).

Devia
a: a a; a

Nanofluid ! 2 ’ . | tion
GNPsDI- | 0.645 | 04180 | -0.3730 | 6.96 | 0 +

water 1 72 7.5%

Table 3. Values of factors for Eq.(14).
Deviati

Nanofluid b1 bz b3 b4 eviation
GNPsDI- | 54.450 | -0.9752 | -2.2072 | 0 +10.5%

water
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e o . ) »
Figure 1. Heat Transfer loop at convective laboratory.

1. Entrance length 2. Test section 3.Variable voltage transformer 4. Thermocouples 5. Pressure transducer
6. Flow meter 7. Data acquisition system 8. Heat exchanger 9. Silicone Rubber Tubing 10. Pump

11. Power supply 12. Control valve 13. Plastic funnel

Data acquisition
funnel
- —1
Pc
| |
|

Insulator Thermocouples

Pressure transducer :
k‘a 9 K | T2 T3 I T4 TS T ou
Calming section W \v q/ I I w
> =
Test section
| _.eke_ PowerSupply
Valve Pwmp
o~
—
I Fun Fump Flowmeter
.\
— Ny
——
/ Ice water
Reservoir Heat exchanger

Figure 2. Schematic diagram of experimental apparatus.
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Figure 5. Nanofluid samples.
Figure 3. Polypropylene compression straight

adapter to reduce the axial heat loss conduction.

Figure 4. Electromagnetic flow meter. Figure 6. Nanofluid samples after two months.
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Figure 11. Thermal conductivity of GNPs with

different weight concentrations.
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Figure 12. Thermal conductivity enhancement

percentage compared with DI-water.
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The Effect of Fin Design on Thermal Performance of Heat Sink
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ABSTRACT

An experimental and computational study is conducted to analyze the thermal performance
of heat sinks and to pick up more profound information in this imperative field in the electronic
cooling. One important approach to improve the heat transfer on the air-side of the heat
exchanger is to adjust the fin geometry. Experiments are conducted to explore the impact of the
changing of diverse operational and geometrical parameters on the heat sink thermal
performance. The working fluid used is air. Operational parameters includes: air Reynolds
number (from 23597 to 3848.9) and heat flux (from 3954 to 38357 W/m?). Conformational
parameters includes: change the direction of air flow and the area of conduction/convection. Six
parallel plate heat sinks are fabricated and tested in small wind tunnel: flat plate, cross-cut,
perforated, perforated cross-cut, zigzag and serpentine. Three-dimensional numerical simulations
using commercial available FLUENT 15 software, based on the Navier—Stokes equations
standard k-& applied turbulence model and energy equation, are acquired for forced convection
of air in same heat sinks under the same experimental conditions. It is found that the numerical
prediction of base temperature is in good agreement with experimental data. Results show that
the Reynolds number has a significant effect on the thermal performance of the system. With
increasing free stream \velocity, the heat transfer coefficient increases and consequently the
thermal resistance decreases. Furthermore, it is found that the heat transfer coefficient and
thermal resistance are depending on heat flux. From the comparison analysis of various
geometries of heat sinks, the perforated-cut heat sink showed the best thermal performance
indicated heights Nusselt number and heat transfer coefficient, lowest thermal resistance.

Key words: Heat sink, fins, CFD, Numerical simulation, thermal performance.
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1. INTRODUCTION

The day by day increment in power dissipation of electronic segments sets increasingly
elevated requests on the execution of the heat sinks. Two basic sorts of heat sinks which are
generally utilized in the industry: plate fin heat sinks and pin fin heat sinks. Plate fin heat sinks
are usually utilized as gadgets for upgrading heat transfer in electronics parts. The selection of an
ideal heat sink relies upon various geometric parameters, for example, fin height, fin length, fin
thickness, number of fins, base plate thickness, space between fins, fin shape or profile, material
and so forth. Fins must be intended to accomplish the most extreme heat evacuation with least
material consumption, considering, be that as it may, the simplicity of assembling of the fin
shape. Extensive number of studies has been directed on enhancing fin shapes. Sikka, et al.,
2002, experimentally investigated the effect of geometry rearranging the surface area of a finned
heat sink on heat transfer. Heat sinks with fluted and wavy fin configurations are designed and
fabricated together with conventional longitudinal-plate and pin fin heat sinks. Arularasan and
Velraj, 2008, have developed CFD modeling and simulation on the fluid flow and heat transfer
characteristics of a parallel plate heat sink to choose an ideal design of heat sink. The simulation
is accomplished with a commercial package provided by Fluent Inc. The geometric parameters
considered in this study were fin height, fin thickness, base height and fin pitch. Tae, and Sung,
2009, experimentally investigated the impacts of the cross-cut on the thermal performance of
heat sinks. Tests outcomes additionally demonstrate that the cross-cut length basically impacts
the thermal performance of heat sinks among the majority of the outline parameters of the cross-
cut. The results also show that solitary cross-cut heat sinks are better than numerous crosscut
heat sinks under the parallel flow condition.  Kavita, et al., 2014, have displayed an
experimental study to examine the heat transfer enhancement over horizontal flat surface with
rectangular fin arrays with lateral, square and circular perforation by forced convection. The
impacts of Reynolds number and perforation on the characteristics of heat transfer were
resolved. It is watched that the Reynolds number and size aperture largely affect Nusselt number
for the both sorts of holes. Mohamed, 2015, analytically explored the impact of fins number and
fin thickness on the performance of heat sink. The results demonstrated that both the increase in
fins number and thickness leads to an increase in heat transfer rate, however the increase in fins
numbers essentially has more impact on the heat transfer rate than the increase in fin thickness.
The increased in the thickness of the fin results in an increase in the heat transfer rate, yet more
increment of the fin thickness results in abatement out there between fins. Mehedi, et al., 2015,
analyzed experimentally the turbulent heat transfer performance of rectangular fin arrays. They
assessed and thought about both solid and circular perforations along the length of the fin. They
found that for increasingly and bigger holes, pressure drop and thermal resistance diminish while
the fin efficiency and effectiveness are increased. Ali and Abbas, 2015, performed a numerical
study for free convective heat transfer from introduced intruded rectangular fins. The continuity,
Naver-Stockes and energy equations were solved for steady-state, incompressible, two
dimensional and laminar flow with Boussiuesq approximation by Fluent 15 software. The
different geometric parameters of project are assumed such as ratio of interrupted length to the
fin length and the ratio of thickness to the fin length at different temperature. They found an
enhancement in the thermal performance of the fin with reduction of its weight as a result of
adding interruption to a vertical fin.
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To the best of the author's knowledge, no previous studies have been conducted based on
the following fins shape design: flat plate, cross-cut, perforated, perforated cross-cut, zigzag and
serpentine. Therefore, numerical simulation and experimental study is conducted to investigate
the thermal performance of the heat sinks. This study will advantage the outline engineers
involved in electronic cooling.

2. EXPERIMENTAL APPARATUAS AND PROCEDURE
2.1 Description of Test Rig

A test apparatus is composed and manufactured, in which various operating parameters
could be varied and tried, in the research facilities of Al-Mustansiriyah University, Faculty of
Engineering. The general arrangement of the equipment is indicated photographically in Fig. 1,
and schematically in Fig. 2. The experimental system incorporated at a wind tunnel, power
supply, flow rate controller, blower, heat input unit and several thermocouples. The wind tunnel
shown in Fig. 3 is constructed of galvanized steel sheet of 1.5 mm thickness and has an interior
cross-section of area 150 mm x 200 mm with an aggregate channel length of 800 mm. The face
of the wind conduit is made of transparent Plexiglas glass sheet of 4 mm thickness to give a clear
perspective of the activities inside the passage. The plate sort heater is utilized to provide
uniform heat flux to the fins. Fins are fitted on a heater plate with help of bolts. The heater is
placed inside insulation box to insulate thermally by 30 mm thickness glass wool. The regular
was utilized to control the electric power contribution of the heating coil to get constant heat flux
along the test section. The heater voltage drops and the current are measured by a multi-meter.
The tests were conducted at heat input of 500 W. Air enters the single stage centrifugal blower at
a rate which is controlled by the butterfly valve. Air is drawn through the duct. The mass flow
rate of air is measured by utilizing an orifice plate with associated ducting and differential
manometer. Thermocouples, K-type were inserted before and after the heat sink through two
holes in test section to measure inlet and outlet air temperature in the wind tunnel. To measure
the base plate temperatures at intermediate location inside heat sink, an exceptional hole have
been assembled to embed thermocouple. In this work, to enhance the performance, selection of
heat sink design depended on two factors: the first is to change the area of conduction —
convection (cross-cut, perforated, perforated cross-cut) and the second is to change the direction
of flow inside the heat sink (zigzag and serpentine). Six different aluminum fin arrays are
constructed in training and laboratory center / University of Technology. All parallel plate fins
with thickness of 2.5 mm, base plate of 18.5 mm and 114 mm long. The height of fins is 45 mm
with pitch of 12 mm. The details of these arrays are shown in Fig. 4, and Fig.5.

2.2 Test Procedure
1- The fin put on heater inside the wind tunnel.

1- The electrical heater is switched on, and the desired voltage is maintained by using the
regulator.

2- The blower is switched on, and air velocity is adjusted by butterfly valve.

3- For about (30 minutes) the steady state condition was accomplished, the voltage, current and
local temperatures at difference points is recorded.
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4- Repeat steps above with various air velocities (Reynolds number range is 23597- 3849) and
various heat fluxes (heat flux range is 3954 - 38357 W/n).

5-The first third steps are repeated for various fin types.
2.3 Data Reduction

The convective heat transfer rate from electrically heated test surface is calculated by
utilizing a relation:

QN = Q(electrical) + Q(conduction) + Q(radiation) =
mg Cpa(Tout - Tin) (D

The electrical heat input is calculated from the electrical potential and current supplied to the
surface. In comparable studies, investigators reported that aggregate radiation and conduction
heat losses from a similar test surface would be about 0.5% and 1.1% of the aggregate electrical
heat input and therefore Qcona and Qrag are neglected in the present work.

The heat transfer from the test section by convection can be expressed as:

Qv =
havAT [Ts - (M)] (2)

2

The area At in equation 2 is total area of fin that touches fluid passing through the duct; it is
equal to the sum of projected area and total surface area contribution from the blocks Kavita, et
al., 2014.

For flat plate fin:

Ap =
WL +2N:H[L+ t] + 2B[L + W] 3)

For perforated fin, this area includes outer surfaces of fin and also inner surfaces of perforations.
Ap =

WL + 2N H[L+ t] + 2B[L + W] + N,N,dt — Nprfal2 (4)
For cross-cut fin:

AT =
WL +2N:H[L+ t] +2B[L + W] + N;CH — 2N,tH (5

Hence average convection heat transfer coefficient h,, can be finding as Kavita, et al., 2014:

h. =

av

Qn
Tout +1; 6
=) ©

A [TS -

Now, the thermal resistance is calculated as Mehedi, et al., 2015:

126



(@) Number 5 Volume 23 May 2017 Journal of Engineering

=

Ry =
1
havAT

(7)
The dimensionless groups are calculated as follows:

The Nusselt number, Ny is defined as:

N, =
hath
Rt (8)

In order to better reflect the actual effective velocity at the measurement section in the test
section, the average velocity is calculated using the effective fluid flow area, A-Asront, Such as:
V. =

av
4

(9

A_Afront
The duct Reynolds number, Re is defined as:
R =

e

PaVayDn
Hq (10)

The hydraulic diameter of rectangular section of wind tunnel is defined as:

D
4

h:
AW
PW

(11)
where Ay is the wind tunnel cross-sectional area, and P, the wind tunnel perimeter.

Fin Performance: for evaluating the effectiveness of new configuration fin arrays, it is required
to find out fin performance. To determine effectiveness of fin, the ratio of the actual heat transfer
rate from the fin arrays (Qs) to heat transfer rate of plate fin arrays (Qsp).

Efin =
9 (12)
Qp

Percentage improvement of fins: the comparison of percentage effectiveness of fin arrays to plate
fin arrays can calculate using following equation:

Yo&rin =

%9 (13)
Qfp

In all calculations, the values of thermo physical properties are obtained at the bulk mean
temperature, which is:

T =

mean

(Tout2+Tin ) (14)
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A MATLAB program was written to compose the accompanying parameters: heat transfer
coefficient, Nusselt number, Reynolds number, heat flux and heat dissipation. The input data to
this program is the deliberate parameters taken from the trial runs.

3. DESCRPTION NUMERICAL SIMULATION

Steady state computational fluid dynamics (CFD) formulation is utilized to model this issue
in ANSYS FLUENT. In CFD calculations, there are three principle steps: Pre-Processing, Solver
Execution, Post-Processing. Pre-Processing is the progression where the displaying objective are
resolved and computational grid is made. Numerical models and boundary conditions are set to
start up the solver in the second step. Solver keeps running until the convergence is come to. At
the point when solver is ended, the outcomes are inspected which is the post processing part. The
Navier-Stokes and energy equations are utilized to model the convective heat transfer process
with the accompanying presumptions: (i) steady 3D fluid flow and heat transfer; (i) turbulent
flow and incompressible fluid; (iii) physical properties of air, such as thermal conductivity,
density, and specific heat are temperature dependent; and (iv) negligible radiation heat transfer.
According to the above assumptions, the 3D governing equations are:

The continuity equation:

v(pU) =
0 (15)

The X, Y, Z Momentum Equations

V(pﬁu) =
_0p | 0Ty, 0Tyy |, 0T,y
ox T ox T dy T 0z T 'BX (16)
V(pUv) =
_a_p+6‘rxy +6ryy +8‘rzy+ 17
oy T oy e Thy 17)
V(pl_fw) =
_0p | 0Ty, 0Ty, | 0T,
0z + ox + oy + 0z + ﬁz (18)

The Energy Equation

V(phU) =
—pVU + V(kVT) + ® + S, (19)

Where p is the fluid density, V is the fluid velocity vector, tj; is the viscous stress tensor, p is
pressure, 3 is the body forces, tis time, @ is the dissipation term, h is the aggregate enthalpy , u,
v and w are velocity components, U is the velocity vector. No-slip boundary conditions are
imposed on the walls of the wind tunnel. At the inlet, mass flux and temperature are indicated.
At the outlet, pressure is specified and temperature gradient is assumed to be zero. A uniform
heat flux condition is imposed over the lower wall, and the heat flux is zero at all other walls. A
typical computational domain and mesh distribution of the duct and the flat plate heat sink based
on the experimental rig are shown in Fig. 6.
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4. RESULTS AND DESCUSSION
4.1 Experimental validation of numerical simulation

In order to validate the CFD simulation results, experimental study is completed by keeping
up the same working conditions. As can be seen from the Fig.7 and Fig.8 test results are in good
agreement with the CFD results with most extreme deviation of 11%. Fig.7 presents the variety
of base temperature with heat flux. As the heat flux increases, the base temperature goes
expanding in light of fact that the heat sink gets heated up increasingly because of conduction
heat transfer from heat source. Fig.8 presents the variation of base temperature with Reynolds
number. As the Reynolds number expands, the base temperature goes diminishing because the
fluid gets heated up increasingly because of convection heat transfer.

4.2 Experimental Results
4.2.1 The impact of heat flux

Figs.9 to 12 shows the impact of heat flux on the heat transfer coefficient, Nusselt number
and thermal resistance for six heat sinks: flat plate, cross-cut, perforated, perforated cross-cuit,
zigzag and serpentine. To determine the appropriate heat flux for the heat sink, it is necessary to
inspect the performance of heat sink with the change of the imposed heat flux. Fig.9 shows the
relationship between heat transfer coefficient with the imposed heat flux for flat and cross-cut
heat sinks. From this figure, it is indicated that the heat transfer coefficient firstly increases with
the increase of heat flux until the value of heat flux reached 23924 W/m? then it decreases with
the increases of heat flux after this value. It can be concluded from this figure that the maximum
heat flux for this heat sink is about 23924 W/m? or the heat sinks with these dimensions are
appropriated to dissipate 272.734W to the surrounding. Fig.10 indicates the impact of the heat
flux upon the heat transfer coefficient for different heat sinks. The heat transfer coefficient
increases as heat flux increases for all heat sinks. Also, it is indicated that the largest heat transfer
coefficient can be achieved in the perforated-cut heat sink as a result of higher heat dissipation
compared with other types. The variation of Nusselt number with heat flux is illustrated in
Fig.11. Form this figure, it is seen that for all heat sinks, as the heat flux increased, the Nusselt
number is increased. It is clear that the increase of Nusselt number is because of the increasing in
amount of heat transfer. For instance, for perforated-cut heat sink, and at het flux of 23924 and
3954.38 W/m?, the Nusselt number is calculated as 570.5467 and 117.2693 respectively. The
effect of heat flux on thermal resistance for constant Reynolds number is illustrated in Fig.12.
The thermal resistance diminishes with the increase of heat flux for all heat sinks as a result of
increasing in heat transfer between the heat sink and air.

4.2.2 The impact of Reynolds number

Figs. 13 to 15 indicate the impact of Reynolds number on the heat transfer coefficient,
Nusselt number and thermal resistance for six heat sinks: flat plate, cross-cut, perforated,
perforated cross-cut, zigzag and serpentine. The heat transfer coefficient corresponding to
different Reynolds number for different heat sinks is shown in Fig.13. For each heat sink, as the
Reynolds number increase, the heat transfer coefficient increases. The most important reason for
increasing heat transfer coefficient with Reynolds number when increasing the amount of air, the
flow potential of heat removed will increase and caused an increased heat transfer coefficient. It
is also indicated that the largest heat transfer coefficient is achieved in the perforated-cut heat
sink as a result of change the area of heat transfer by conduction/convection that achieved more
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heat exchange with the air. The variation of Nusselt number with Reynolds number is illustrated
in Fig.14. For each heat sink, as the Reynolds number increased, the Nusselt number is
increased. It is apparent that the increase of Nusselt number is due to the increasing in heat
transfer coefficient that was caused by increased air flow rate. For instance, for perforated-cut
heat sink, as air Reynolds number of 23597 and 3848.9, the Nusselt number is calculated as
456.1123and 215.4555 respectively. The relationship between the thermal resistance and
Reynolds number are fillustrated in Fig.15. It can be noticed that the thermal resistance is
inversely proportional to the Reynolds number for all heat sinks.

4.3 Simulation Results

The conjugate heat transfer investigation of fins is done by utilizing commercial available
FLUENT 15 software and turbulence module is utilized to represent for turbulence wonder.
Standard k-e¢ model is utilized for turbulence model. Conjugate heat transfer simulation work
consists of analysis of both conduction and convection heat transfer processes. The air flows
over the fins at the interface regions of fluid and solid. The momentum equations and turbulence-
modeling equations are main equations solved for fluid flows are. Solution of these Navier-
Stokes equations gives the velocity vectors and pressures in the fluid flow region. FLUENT 15
have ability to solve Navier-Stokes equations with standard k-g¢ applied turbulence model. By
applying the interface boundary conditions at the coupled region, temperature distribution along
the length of the fin obtain by solving the energy equation for both fluid (air) and solid
(@luminum) regions. The effects of heat flux and Reynolds number on the temperature
distribution in the heat sinks have been presented by Fluent through series of numerical
calculations. The results are committed to the local temperature distribution in heat sinks. Fig.16
presents the filled contour of temperature of heat sink at heat flux of 23924 W/m? and air
velocity of 2 m/s in a wind tunnel for different configuration of fins. The temperature is least at
heat sink's upper right and left parts when contrasted to center part of the heat sink due to more
air flow circulation in sides of heat sink. For all of the heat sinks, it is seen that their centers are
the hottest spots since the intensity of heat transfer between aluminum and air is in its peak near
the heat source at the bottom plate. For genuine cases, the middle would not be as hot as the
present simulations predict, due to the swirl. The cooling becomes less efficient at other sides of
the heat sink. The performance of cross-cut, perforated and perforated-cut fin heat sinks model
are better when compared to all fill fin heat sink models due to quickly heat dissipation to
atmosphere as an after effect of increment surface area exposed to air and exasperates air flow.
Figs. 17 to 22 show the velocity vectors of flow in the fluid computational domain for all
simulated heat sinks for a heat flux of 23924 W/m? and air velocity of 2 m/s in a wind tunnel. It
is clear that the higher velocity of flow exists on the top and around the heat sink. This common
phenomenon for all heat sinks was observed. It can also be seen that the maximum wvelocity at
the top of heat sink causes temperature changes at the height of fin. From the comparison of
different heat sinks it is also observed that the highest velocity of flow exists at the top of the
perforated and perforated-cut heat sinks. The numerical variation of heat transfer coefficient with
the heat flux and Reynolds number are shown in Fig. 23 and Fig. 23 respectively. To compare
the results with experimental values, the heat flux and Reynolds number similar to the
experimental tests. The comparisons with experimental results in Fig. 10 and Fig. 13 show
similar thermal performances. The difference in the value of heat transfer coefficient between the
numerical and experimental results is due to assumptions of the numerical simulation and
uncertainty of measurement. For future work in the experimentation, to decrease the test errors
that are brought about measurements, it is proposed that temperatures must be measured at more
locations in the base of heat sink as well as at exit of the wind tunnel.
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5. CONCLUSIONS

In this paper, thermal performance of different arrangements heat sinks were evaluated

numerically and experimentally. The results acquired in the numerical simulation were in good
agreement with the experimental results for the same operating conditions that was considered
for this investigation. The heat transfer coefficient and Nusselt number are increased as heat flux
and Reynolds number are increased for all heat sinks. Therefore, for each heat sink, as the heat
flux and the Reynolds number increase, the thermal resistance decreases. The perforated-cut heat
sink demonstrates the greatest heat transfer coefficient and the minimal thermal resistance. The
percentage effectiveness of fin arrays to plate fin arrays are: 19.51%, 16.60%, 6.90%, -1.47%
and -6.52% for perforated-cut, cut, perforated, serpentine and zigzag fins respectively.
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NOMENCLATURE

Ac=heat transfer area, m’
B=base height, m

C=cross-cut length, m
Dy=hydraulic diameter, m
d=perforated diameter, m
H=height of fins, m
h=connection heat transfer coefficient, W/m? °C
k=thermal conductivity, W/m °C
L=length of heat sink, m
m=mass flow rate, kg/s
Nu=Nusselt number

N#&= number of fins

Np= number of perforated
Re=Reynolds number
Rth=thermal resistance, °C/W
S= channel width, m
T=temperature,°C

t=fin thickness, m

V=velocity, m/s

W=width of heat sink, m

GREEK SYMBOLS

p= density, kg/m®
w =dynamic viscosity, N s/m’
¢ = Percentage improvement of fins

SUBSCRIPTS

a=air
av=average
in=inlet
N=convection
out=outlet
S=base
T=total
w=win tunnel
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1 Air blower 10 | Holes for thermocouples

2| flanges 11 | Heat sink

3| Butterfly valve 12 | Plate heater

4] Air pipe 13 | Insulated box

5| Orifice plate 14 | Glass- wool insulation

6| U-Tubemanometer | 15 | Thermocouple insertion point
7| Convergent section | 16 [ Inlet air thermocouple

8| Flow straightener 17 | Outlet air thermocouple

9 Wind tunnel 18 | Base plate thermocouple

Figure 2. Schematic diagram for experimental setup.

133



Number 5 Volume 23 May 2017 Journal of Engineering

a-Flat plate c-Perforated d-Perforated-cut f-Serpentine

Figure 4. The configurations of all heat sinks.
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B=18.5 mm

B=18.5mm

B=18.5mm

(e)
Figure 5. The geometry of the heat sinks: a-flat plate, b- cross-cut, c- perforated, d-

perforated cross-cut, e- serpentine and f- zigzag.
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Figure 6. Computational domain and mesh distribution of the modeling.
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Figure 8. Comparison of experimental and numerical analysis.
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Figure 9. Variation of heat transfer coefficient with different
heat fluxes for flat palte and cross-cut heat sinks.
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Figure 10. Variation of heat transfer coefficient with different
heat fluxes for all heat sinks.
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Figure 11. Variation of Nusselt number with different heat
fluxes for all heat sinks.
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Figure 12. Variation of thermal resistance with different heat
fluxes for all heat sinks.
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Figure 13. Variation of heat transfer coefficient with Reynolds
number for all heat sinks.
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Figure 15. Variation of thermal resistance with Reynolds number for all
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Figure 16. Temperature contour of the heat sinks: a-flat plate, b- cross-cut, c-
perforated, d-perforated cross-cut, e- serpentine and f- zigzag.
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Figure 17. Velocity vectors for flat plate heat sink.

4.14e-01
3.10e-01
2.07e-01
1.03e-01

Velocity Vectors Colored By Velocity Magnitude {mis)

Figure 18. Velocity vectors for cross-cut heat sink.
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Figure 20. Velocity vectors for perforated-cut heat sink.
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Figure 21. Velocity vectors for serpentine heat sink.
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Figure 22. Velocity vectors for zigzag heat sink.
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Figure 23. Numerical variation of heat transfer coefficient with
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ABSTRACT

In this paper, ceramic water filters were produced by using ten mixtures of different ratios of
red clay and sawdust under different production conditions. The physical properties of these
filtters were tested. The production conditions include five press pressures ranged from 10 to
50MPa and a firing schedule having three different final temperatures of 1000, 1070, and
1100°C. The tests results of the physical properties were used to obtain best compatibility
between the hydraulic and the mechanical properties of these filters.

Results showed that as the press pressure and the firing temperature are increased, the bulk
density and the compressive and bending strengths of the produced filters are increased, while,
the porosity and absorption are decreased. As the sawdust content is increased the bulk density
and the compressive and bending strengths are decreased, while, the porosity and absorption are
increased. High hydraulic conductivity is obtained at a firing temperature of 1070 °C when the
sawdust content is less than 10%. Otherwise, it is increased as sawdust content and the firing
temperature are increased. Filters made of mixture 92.5% red clay and 7.5% sawdust formed
under a press pressure of 20MPa and a firing temperature of 1070°C gave the best compatibility
between hydraulic and mechanical properties. In this case, the hydraulic conductivity was
50mm/day, the compressive strength was 14MPa, and the bending strength was 10.8MPa.

Key words: ceramic water filters, water filtration, hydraulic conductivity, compressive strength,
bending strength.
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1. INTRODUCTION

The characteristics of ceramic filters are affected by mixture ratios of raw materials that are
used to produce these filters and the process of production. Ceramic filters are made of mixtures
of raw materials such as clay, additives, fluxes, and water. Different methods are used to form
the shape of these filters such as pressing, slip casting, and extrusion. Firing is the final process
for producing ceramics. It is important to select a suitable time schedule program of firing to
produce ceramic suitable for water filtration.

Many studies and researches were conducted to obtain the characteristics of ceramic filters
produced under different conditions. Most of these are focused on the materials and additives
used in their production and their applications. There is a lack in studies that relates the
mechanical with the hydraulic properties of the produced filters.

This study aims to produce ceramic water filters discs made of different ratios of red clay and
sawdust as an additive under different production conditions and to test their physical properties.
The tests results will be used to obtain the best compatibility between the hydraulic and the
mechanical properties of ceramic water filters.

A composition of clay materials was tested by using X-Ray diffractions and chemical tests.
Sawdust was selected as an additive that was added with different ratios to the ceramic mixture
to manipulate the final product porosity. Hydraulic and mechanical properties of the produced
ceramic filters were tested and analyzed. The main physical properties that were tested include
porosity, hydraulic conductivity, compressive strength, and bending strength.

2. RAW MATERIALS

Ceramic filters were produced from different mixtures of red clay, sawdust and water. The
used red clay is the type that is widely used in ceramic artworks and is available at local markets
and is of low cost. The red clay was well washed in a container to wash out salts content and
then it was left to dry in a room temperature for two days. The clay was then dried by using an
oven at 110°C for 24hr. A rubber hummer was used to crash the dried clay and then grinded by
using a grinding machine. The graded clay was sieved by using 1mm sieve size and then it was
ready to be used for the production of ceramic filters mixtures. X-Ray diffractions test was
carried out on samples of the prepared clay. The results of this test are presented in Fig. 1. The
major clay minerals of these samples are Mica and Kaolinite, and the non-clay minerals are
Quartz, Orthoclase, and Calcite minerals. A chemical analysis was carried out on the red clay
samples by the laboratories of the Iraqi State of Geological Survey by using the gravimetric wet
analysis. The results of this analysis and of the normative minerals analysis are listed in Table 1.
All contents of oxides in this analysis are presented as a weight percent. The percentage of clay
minerals in the samples is 63%, including 49% Mica (Biotite) and 14% Kaolinite. The
percentage of non-clay minerals is 37%, including 21.5% Calcite, 11.5% Quartz, and 4%
Orthoclase. A particle size analysis was carried out on samples of red clay soil by using a laser
particle size analyzer device. The granular analysis curve is shown in Fig. 2. The range of
particle size of red clay is between 0.4um and 30um. The reflection of the pulses of laser rays
indicated that the particles size of the red clay has overall two main gradations, the first one is
0.8um with percentage of about 31% and the second one is 4um with percentage of about 69%.

Sawdust was selected to be used as an additive material that is widely used to control the
porosity of the ceramic water filters. Sawdust can be easily grinded into fine and loose particles,
available, and is cheap. A well grinded sawdust was brought from a local market. Results of the
sieve analysis of this sawdust, Fig. 3, show that the grain size of sawdust varies between 75 and
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425um. Percentages of finer particles size of sawdust within the range of 75 and 90um, 90 and
180pum, 180 and 425um, are about 20, 60, and 20%, respectively.

Water is required to improve workability and plasticity of ceramic mixtures. Distilled water
was added to mixtures of red clay and sawdust.

3. DESIGN OF MIXTURES

The weight ratios of red clay and sawdust as an additive and the water content can play a key
role in the hydraulic and mechanical properties. To investigate the effect of adding sawdust as a
percentage by weight to red clay, ten different mixtures were prepared with sawdust content
varying between 0% and 25%. Details of these mixtures are presented in Table 2. Each mixture
was coded starting from M1 to M10.

Each mixture was prepared carefully by mixing specific weight red clay and sawdust as a
weight percentage by using a mixer until it becomes homogeneous. Then water is added at a
ratio of 10% of the total weight of both the red clay and the sawdust. This water is added
gradually to all mixtures with a good mixing. The mixture was then forced to pass through a
sieve of 1mm in size to prevent any agglomerate that may occur during mixing. The mixture was
stored in a sealed plastic bag for at least 24hours in refrigerator to prevent water evaporation and
ensure uniform water distribution through the mixture.

To test the effect of particle size of sawdust on the porosity and hydraulic conductivity of
ceramic filter disc, sawdust was divided into two categories. The first, having a particle size less
than 90um and the second having a particle size greater than 212um. 10% sawdust of the first and
second particle size category were used to prepare the M9 and M10 mixtures, respectively.

4. MOLDS

Steel molds were designed according to required shapes of ceramic filters. The required
ceramic filters have three shapes, the first, has a disc shape of 3cm in diameter, which was used
to test the physical properties of ceramic filters. The second one has solid cylindrical shape of
lcm diameter and 2cm height that was used for compression strength tests of ceramic materials
according to ASTM-C773-88 standards, 2006. The third one has rectangular shape of 114mm
length, 25.4mm width, and 12.7mm height which was used for bending strength (modulus of
rupture) test of ceramic materials according to ASTM-C674-88 standards, 2006. Specific
weight of a mixture is placed into the mold and then pressed until the required press pressure of
forming is reached.

5. PRESS PRESSURES

A test was made to indicate roughly upper limit of press pressure required to form the ceramic
discs. The test was made on a ceramic mixture sample of 90% red clay, 10% sawdust and 10%
water content. The cylindrical steel mold was used and the range of the press pressures ranged
between 10 to 170MPa. The press pressures were increased by an increment of 10MPa each time
until reaching 170MPa. For each pressure, three cylindrical fitters were produced. The filters
were left for drying in the free air for more than 24hours. Then the compaction test was carried
out for each filter. The average of three filters formed by the same press pressure was calculated.
Results of these tests are presented in Fig. 4. The compressive strength increased generally when
increasing the press pressure until reaching press pressure of 140MPa. After this value,
increasing the press pressure tends to weaken the bonding of ceramic mixture body structure and
reduce its compressive strength and ability of forming without flaws. Some trials on hydraulic
tests were carried out on samples of ceramic filters obtained under different pressures shows that
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very low hydraulic conductivity was obtained as the press pressure is more than 50MPa.
Accordingly, the selected press pressures in this study have the values 10, 20, 30, 40, 50MPa.

Press pressure is applied to the mixture inside the mold by using an automatic compression
machine at a constant rate of loading of 0.1KN/sec until the required pressure is reached.

6. FIRING TEMPERATURE

Firing temperature controlled the sintering behavior on the body of ceramic materials. The
sintering process has two major phases; the first one is called a solid state phase of sintering that
occurred below the firing temperature of 950°C, and the second phase is called the liquid phase
of sintering that occurred above the firing temperature of 950°C, Hettiarachchi, et al., 2010.
The liquid phase of sintering is affecting the densification of clay more than the solid state phase.
The amount and viscosity of liquid phase are controlled by the firing temperature and the content
of quartz and fluxes oxides such as calcium oxide in the red clay material. The quartz has
unstable behavior and has different effect than fluxes oxides on the liquid phase with increasing
of firing temperature. So, the temperature is considered the main control on the amount and
viscosity of liquid phase. Therefore, it is important to indicate carefully the program of firing
temperature. The firing program used in this study is shown in Table 3. The program includes
three final firing temperatures 1000, 1070, and 1100 °C and twelve levels of rising and soaking
temperatures. The temperature is increased from room temperature to 80°C in 15minutes and a
soaking time at 80°C for 30minutes. During this period, all trapped water inside pores of ceramic
filter is evaporated. Then the temperature was increased from 80°C to 180°C in 15minutes and
soaking at 180°C for 30minutes. During this period the samples are completely dried. The
temperature is then increased from 180°C to 330°C in 15minutes and soaking at 330°C for
30minutes. The water which is chemically combined with the molecular structure is completely
derived out during this period. By rising the temperature from 330°C to 550°C in 15minutes and
soaking at 550°C for 45minutes, an irreversible change of chemical occurred that is known as
dehydration. By rising the temperature from 550°C to 800°C within 15minutes and soaking at
800°C for 45minutes, the organic and inorganic materials are burnt. All sawdust will be burnt
during this period. By rising the temperature from 800 °C to /000°C, to 1070°C or to 1100°C for
15minutes and soaking at each of these last temperatures for 60minutes, vitrification of the red
clay components will be occurred.

7. PRODUCTION OF FILTERS

In order to produce ceramic water filter discs, cylindrical form of filters, and rectangular form
of filters, the mixture samples were weighted in electrical sensitive balance and then pressed
inside a specified mold using automatic compression machine. The specimens were left to dry
during minimum 72hours and then fired inside a programmed electrical kiln to a specified
temperature according to firing program mentioned in Table 3. The ceramic filters were left
inside the Kiln to cool gradually.

Three hundred and sixty-six ceramic discs of 3cm diameter were produced with different
thicknesses made of mixtures M1 to M10. Twenty hundred and seventy of both cylindrical and
rectangular shapes ceramic filters were produced using mixtures M1 to M6. Samples of these
fitters are shown in Fig. 5.

Table 4 shows the produced ceramic filter discs for all test mixtures. Three samples were
fired for each ceramic filter disc of mixtures M1 to M6 and the average was considered for each
disc. All samples of ceramic filter disc of mixtures M7 and M8 were broken after firing due to
the high percent of sawdust content which makes them weak. The same details in Table 4 for
mixtures M1 to M6 are used to produce ceramic filters of cylindrical and rectangular shapes for
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mechanical tests. Also three samples were fired for each ceramic filter of cylindrical and
rectangular form and the average was taken for each shape. Only three samples of ceramic filter
discs for each of mixtures M9 and M10 were produced to test the effect of particle size of
sawdust on its porosity and hydraulic conductivity. The porosity was measured according to the
ASTM-C 373-88 standards, 2006. The hydraulic conductivity was measured by the constant
head method.

8. TESTING OF PHYSICAL PROPERTIES

The tested physical properties of ceramic filters were the change of dimensions, the bulk
density, the apparent porosity, the absorption, the hydraulic conductivity, the compressive
strength, and the bending strength.

The change in diameter before and after firing was used as a measure of the percentage of
change in the dimension of the filter discs. This change is calculated according to the following
equation:

%| x 100 1)
b
where:

P4= percentage of change in diameter of ceramic filter disc,
dp= the diameter of ceramic filter disc before firing, mm, and
da= the diameter of ceramic filter disc after firing, mm.

The bulk density, apparent porosity and absorption of the ceramic filter discs were tested
according to ASTM-C 373-88 standards, 2006. The following equations are used to determine
these properties:

M
Pa= 3o @)
n= =2l 5 100 3)
W, = 252 x 100 (4)

d
where:

Mgy= the dry mass, gm

M;,= the saturated mass, gm

M;= the suspended mass in water, gm
pa=bulk density, gm/cm?,

n= apparent porosity, %, and

W,= water absorption, %

The hydraulic conductivity (K) of the ceramic water filter discs is measured using laboratory
test known as constant head method. This test was conducted by using a local manufactured
device shown in Fig. 8. The hydraulic conductivity is calculated according to Darcy law as
follows:

K — VT, (5)
where:
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K= hydraulic conductivity, cm/min.
V = collected volume of water, cm?®.
Ta = thickness of ceramic filter disc, cm,
Ac = cross sectional area of ceramic filter disc, cm?,
h = head difference (constant head), cm, and
t = time required to collect volume of water, min.
The standard hydraulic conductivity, Ks was calculated for the ceramic filter discs of 3cm by
using the following equation, Lamb, 1969:

K, =KX (6)

Hzo
where:
K=measured saturated hydraulic conductivity, cm/min,
u=dynamic viscosity of water at any temperature, Pa.s, and
120 =dynamic viscosity of water at 20°C, Pa.s.

The compression test procedure was applied on the cylindrical ceramic filters according to
ASTM-C773-88 standards, 2006. The compressive strength is calculated according to the
following equation:

g, == (7)

c Ap

where:

o= compressive strength of the cylindrical ceramic filter, MPa.,

F. = total load on the cylindrical ceramic filter at failure, N, and

Ay = area of the bearing surface of the cylindrical ceramic filter, mm?.

The bending test (modulus of rupture test) procedure was applied on rectangular ceramic

fitters according to ASTM-C674-88 standards, 2006. The bending strength (modulus of
rupture) is calculated according to the following equation:

M = 3l ®)

" 2pd?

where:
M = modulus of rupture (bending strength), MPa.,
Fp = load at rupture, N,
L = distance between supports, mm,
b = width of the rectangular ceramic fitter, mm, and
d = thickness of the rectangular ceramic fitter, mm.

9. RESULTS ANALYSIS

The ceramic filters produced by using the M7 and M8 mixtures were so soft and can be
disintegrated easily by hand. This is referred to their high content of sawdust, which is 20 and
25% in M7 and M8 mixtures, respectively. Produced filters made of these two mixtures were
excluded from further tests.

Table 5 presents the results of tests that were carried out to investigate the effects of sawdust
particles size on the porosity and hydraulic conductivity of the ceramic filter disc. These tests
were carried out on filters made of the M9 and M10 mixtures. Results indicate that there is no
significant effect of the sawdust particle size categorizing into particle size less than 90um and
greater than 212um on both the porosity and hydraulic conductivity of ceramic filter disc.
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The results of all tested physical properties carried on filters made of M1 to M6 mixtures are
presented in Table 6 that include the change in the dimensions due to firing and their bulk
density, porosity, absorption capacity, hydraulic conductivity, compressive strength, and bending
strength.

Generally, there was a reduction in the dimensions of the ceramic filter discs compared to
their original values before firing. This reduction is increased as firing temperature and
percentage of sawdust content are increased and is remained constant as the press pressure is
increased. The overall range of the reduction in their dimensions varies between 0.33% and
2.67%. The overall average of this reduction in dimensions was 1.59%. The maximum value of
reduction in dimensions was observed in all fitters made of M6 mixture under a firing
temperature of 1100°C and whatever the press pressures are. This is referred to the high
percentage of sawdust content and high firing temperature used in producing these filters. The
minimum value of reduction in dimensions was noticed in all filters made of M1 mixture under
the firing temperature of 1000°C and whatever the press pressures are. This may be referred to
the absence of sawdust in this mixture and to the low firing temperature.

The bulk density of filter discs is increased as the press pressure and firing temperature are
increased and it is decreased as the percentage of sawdust content is increased. The range of the
bulk density of all tested ceramic filter varies between 1.16gm/cm® and 1.91gm/cm®. The overall
average of this variation in bulk density was 1.44gm/cm®. The bulk density is affected
simultaneously by the change in dimension and the final weight of the filters. Firing temperature
and press pressure affect both the dimension, as was presented in the above, and the final dry
weight of the filters. The dry weight of filter discs is decreased as the firing temperature is
increased for the same conditions of press pressure and sawdust content. This is expected due to
losing of some materials of the filters during firing. Different phases of chemical reactions that
release gases and vapours take place at different temperatures. The maximum value of bulk
density was observed in fitter number 15 made of the M1 mixture under the firing temperature of
1100°C and the press pressure of 50MPa. This may be referred to the absence of sawdust in this
mixture and to losing more weight, the reduction of dimension, and the densification due to the
used high press pressure. The minimum value of bulk density was observed in filter number 76
made of the M6 mixture under the firing temperature of 1000°C and the press pressure of
10MPa. This may be a cause of losing less weight of the filter material and less reduction in
dimension under low firing temperature and press pressure.

The porosity and absorption of filter discs are decreased as the firing temperature and the press
pressure are increased and are increased as the percentage of sawdust content is increased. The
porosity varied in an overall range of 30.17% and 67.33%. The overall average of this variation
in porosity was 47.84%. Its maximum value was measured in the filter number 76 made of M6
mixture under a firing temperature of 1000°C and the press pressure of 10MPa. This is expected
due to high sawdust content, and low press pressure and firing temperature. The minimum value
of porosity was measured for the filter number 15 made of the M1 mixture under a firing
temperature of 1100°C and the press pressure of 50MPa. This is due to the absence of sawdust in
this mixture and due to the high press pressure and firing temperature. The overall average of the
variation in absorption was 34.34%. Its measured maximum and minimum values were 58.82%
and 15.75%, respectively. The maximum value of absorption was found in filter number 76
made of M6 mixture under a firing temperature of 1000 °C and the press pressure of 10MPa. This
is referred to the high sawdust content, and low press pressure and firing temperature. The
minimum  value of absorption is measured in fitter number 15 made of M1 mixture under the
firing temperature of 1100 °C and the press pressure of 50MPa. This is due to the absence of
sawdust in this mixture and to the high press pressure and firing temperature.
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In the hydraulic conductivity tests, all the filters made of M6 mixture under a press pressure of
10MPa and at all firing temperatures were weak to withstand the applied water head. This also
happened in filters made of M5 mixture expect filters that were produced under a firing
temperature of 1100°C. In general, the hydraulic conductivity of filter discs is decreased as the
press pressure is increased. It was noted that the sawdust affects the value of the hydraulic
conductivity depending on its percentage. High hydraulic conductivity is obtained at a firing
temperature of 1070°C when the sawdust content is less than 10%. Otherwise, the hydraulic
conductivity is increased as sawdust content and the firing temperature are increased. When the
firing temperature is 1070°C, as the sawdust content is increased from O to 7.5%, the hydraulic
conductivity is increased and then it was reduced when the sawdust content is 10%. Then the
hydraulic conductivity is increased when increasing the sawdust content to 12.5 and 15%. The
overall range of the wvariation in hydraulic conductivity varied between Omm/day and
189mm/day. The overall average of this variation in hydraulic conductivity was 37.23mm/day.
The maximum value of hydraulic conductivity was obtained when testing filter number 87 made
of M6 mixture under a firing temperature of 1100°C and the press pressures of 20MPa. This is
due to the high percentage of sawdust and low press pressure. The minimum value of hydraulic
conductivity obtained in the filters numbers 4, and 5 made of the M1 mixture under the firing
temperature of 1000 °C and the press pressure of 40, and 50MPa, respectively. This is due to the
absence of sawdust in this mixture and to the high press pressure.

Generally, the compressive and bending strengths of the ceramic filters are increased as the press
pressure and firing temperature are increased and the percentage of sawdust content is decreased.
The overall range of the variation in compressive and bending strengths varies between 0.1MPa
and 71.3MPa, and 2.4MPa and 14.95MPa, respectively. The overall average of this variation in
compressive and bending strengths was 17.16MPa and 8.05MPa, respectively. The maximum
values of compressive and bending strengths were obtained when testing fitter number 15 made
of the M1 mixture under a firing temperature of 1100°C and a press pressure of 50MPa. This is
referred to high values of the press pressure and the firing temperature, and the low percentage of
sawdust content that were used in producing these filters. The minimum values of compressive
and bending strengths were found in filter number 76 made of M6 mixture under a firing
temperature of 1000°C and a press pressure of 10MPa. Low press pressure and firing
temperature, and a high percentage of sawdust content were the reason behind these minimum
values. Moreover, filters made of mixtures with the percentage of sawdust content less than 10%
under all the press pressures and firing temperatures have in general a compressive strength
greater than bending strength. While, filters made of mixtures with the percentage of sawdust
content greater than 10% have bending strength greater than compressive strength.

The range of the properties of the produced ceramic filters was categorized according to the

percentage of sawdust content in their mixture, the press pressure, and the firing temperature.
Table 7 presents the range of the physical properties of ceramic filters that are categorized
according to the percentage of sawdust content. Generally, the reduction in dimensions, porosity,
absorption, and the hydraulic conductivity are increased as the percentage of sawdust content is
increased. While, the bulk density, and compressive and bending strengths are decreased as the
percentage of sawdust content is increased.
Table 8 lists the range of the physical properties of ceramic filters that are categorized according
to the firing temperature. In general, the reduction in dimensions, bulk density, and compressive
and bending strengths are increased as the firing temperature is increased. While the porosity and
the absorption are reduced as the firing temperature is increased.

The ranges of the physical properties of ceramic filters that are categorized according to the
press pressure are presented in Table 9. The range of reduction in dimensions of all the produced
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filters remains the same whatever the press pressure is. This may be referred to the same loss of
material during firing process. In general, as the press pressure is increased, the bulk density,
and compressive and bending strengths are increased. While the porosity, the absorption, and the
hydraulic conductivity are decreased.

In practical water filtration applications, it is required to select a filter among all of the
produced filters based on a hydraulic conductivity that ensures suspended materials of the
filttrated water to be within the standard limits for drinking water, and acceptable compressive
and bending strengths. In this study, the selection is based on acceptable compressive and
bending strengths, and a high hydraulic conductivity as possible. How the selected hydraulic
conductivity is related to the filtration efficiency is recommended to be tested in a further study.
According to the results presented above, filters produced under the press pressure of 20MPa
have the highest value of hydraulic conductivity and acceptable compressive and bending
strengths. The highest hydraulic conductivity and compressive and bending strengths are
obtained under a firing temperature of 1100°C. The highest hydraulic conductivity is obtained in
filters made of the mixture having 15% of sawdust content. Under this content of sawdust, both
of compressive and bending strengths are low. This is true also for filters made of mixture with
12.5% of sawdust content. Acceptable compressive and bending strengths are obtained in filters
made of mixture with sawdust content of 7.5% and 10%. But the hydraulic conductivity of
ceramic filters made of mixture with 7.5% of sawdust content under a firing temperature of
1070°C are higher than that obtained with 10% of sawdust content. ~ Accordingly, filter number
37 made of mixture M3, with 7.5% of sawdust content, produced under press pressure of 20MPa
and firing temperature of 1070°C gave a good balance between the hydraulic conductivity and
the compressive and bending strengths. This filter disc has hydraulic conductivity of 50mm/day,
compressive strength of 14MPa, and bending strength of 10.8MPa.

10. CONCLUSIONS

The purpose of the current study aims to test the physical properties of the ceramic water
filtters discs produced from different mixtures of local raw materials under different production
conditions of press pressures and temperatures. The conclusions of this research are listed
below:

1. Filters made of mixtures with high content of sawdust greater than 15% are so soft and can
be easily disintegrated.

2. Within the range of particle size of the used sawdust, there is no significant effect of the sawdust
particle size categorizing into particle size less than 90um and greater than 212um on both
the porosity and hydraulic conductivity of ceramic filter disc.

3. There was a reduction in the dimensions of the ceramic filter discs compared to their
original values before firing. This reduction is increased as firing temperature and
percentage of sawdust content are increased and is remained constant as the press pressure is
increased. The owverall average of this reduction in dimensions is 1.59%.

4. The bulk density of filter discs is increased as the press pressure and firing temperature are
increased and it is decreased as the percentage of sawdust content is increased. The range of
the bulk density of all tested ceramic filter varies between 1.16gm/cm? and 1.91gm/cm?.

5. The porosity and absorption of filter discs are decreased as the firing temperature and the
press pressure are increased and are increased as the percentage of sawdust content is
increased. The porosity varied in an owverall range of 30.17% and 67.33%. The overall
average of the variation in absorption is 34.34%.

6. Filters made of mixtures with 15% of sawdust content produced under a press pressure of
10MPa are weak to withstand the applied water head of the hydraulic conductivity test.
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High hydraulic conductivity is obtained at a firing temperature of 1070 °C when the sawdust
content less than 10%. Otherwise, the hydraulic conductivity is increased as sawdust content
and the firing temperature are increased.

The owverall range of the variation in hydraulic conductivity varied between Omm/day and
189mm/day. The overall average of this variation in hydraulic conductivity is 37.23mm/day.

The compressive and bending strengths of the ceramic filters are increased as the press
pressure and firing temperature are increased and the percentage of sawdust content is
decreased. The overall range of the variation in compressive and bending strengths varies
between 0.1MPa and 71.3MPa, and 2.4MPa and 14.95MPa, respectively.

The reduction in dimensions, porosity, and absorption are increased as the percentage of
sawdust content is increased. While, the bulk density, and compressive and bending
strengths are decreased as the percentage of sawdust content is increased.

The reduction in dimensions, bulk density, and compressive and bending strengths are
increased as the firing temperature is increased. While the porosity and the absorption are
reduced as the temperature is increased.

As the press pressure is increased, the bulk density, and compressive and bending strengths
are increased. While, the porosity, absorption, and the hydraulic conductivity are decreased.

Filter number 37 made of mixture M3, with 7.5% of sawdust content, produced under press
pressure of 20MPa and temperature of 1070 °C gave a good balance between the hydraulic
conductivity and the compressive and bending strengths.
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Figure 3. Particle size analysis of sawdust.
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Figure 4. Relation between press pressure and compressive strength of ceramic before firing.

a- Samples of disk shape filters. b- Samples of cylindrical shape filters.

c- Samples of rectangular shape filters.

Figure 5. Ceramic filters of discs, cylindrical and rectangular shapes.
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Figure 6. Test rig of the hydraulic conductivity of the ceramic water filter disc.

Table 1. Composition analysis of red clay soil and mineral content.

Oxides Percentage, % Minerals contents
Si02 37.14 " —
% _ 400
Fe203 5.33 > g Mica(Biotite) = 49%
ARO3 11.31 O £ —
= 0,
TiO; 0.37 S Kaolinite = 14%
CaO 18.0 __ .
MgO 495 . Calcite =21.5%
SO3 0.62 T ~ :
Na20 1.01 cc> E Quartz =11.5%
K20 1.4 § =
LOI 19.31 Orthoclase = 4%
Total 99.44
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Table 2. Different mixtures of red clay and sawdust.

Code of Mixture Red Clay, % Sawdust, % Particle size of
sawdust, um
M1 100 0
M2 95 5
M3 92.5 75
M4 90 10
M5 875 15 75- 425
M6 85 15
M7 80 20
M8 75 25
M9 90 10 <90
M10 90 10 >212

Table 3. Time schedule program of firing temperature for ceramic.

Level Time, min. Temperature, 'C

From To
1 15 Room 80
2 30 80 soaking
3 15 80 | 180
4 30 180 soaking
5 15 180 | 330
6 30 330 soaking
7 15 330 | 550
8 45 550 soaking
9 15 550 | 800
10 45 800 soaking
11 15 800 | 1000 or 1070 or 1100
12 60 1000 or 1070 or 1100 soaking
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Table 4. The Details of the Produced Ceramic Filters.

Code of Disc Applled- _ Code of Disc Applled- _

Mixture Press Firing Mixture Press Firing

MO- 1 Pressure Temperature 0.1 pressure Temperature
MPa °C MPa °C

1 10 1000 42 20 1100

2 20 1000 M3 43 30 1100

3 30 1000 44 40 1100

4 40 1000 45 50 1100

5 50 1000 46 10 1000

6 10 1070 47 20 1000

7 20 1070 48 30 1000

M1 8 30 1070 49 40 1000

9 40 1070 50 50 1000

10 50 1070 51 10 1070

11 10 1100 52 20 1070

12 20 1100 M4 53 30 1070

13 30 1100 54 40 1070

14 40 1100 55 50 1070

15 50 1100 56 10 1100

16 10 1000 57 20 1100

17 20 1000 58 30 1100

18 30 1000 59 40 1100

19 40 1000 60 50 1100

20 50 1000 61 10 1000

21 10 1070 62 20 1000

22 20 1070 63 30 1000

M2 23 30 1070 64 40 1000

24 40 1070 65 50 1000

25 50 1070 66 10 1070

26 10 1100 67 20 1070

27 20 1100 M5 68 30 1070

28 30 1100 69 40 1070

29 40 1100 70 50 1070

30 50 1100 71 10 1100

31 10 1000 72 20 1100

32 20 1000 73 30 1100

33 30 1000 74 40 1100

34 40 1000 75 50 1100

35 50 1000 76 10 1000

M3 36 10 1070 77 20 1000

37 20 1070 78 30 1000

38 30 1070 M6 79 40 1000

39 40 1070 80 50 1000

40 50 1070 81 10 1070

41 10 1100 82 20 1070
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Table 4. Cont.
Code of Disc Applled. _ Code of Disc Applled. _
Mixture Press Firing Mixture Press Firing
MO- | pressure | Te mperature MO | pressure | Te mperature
MPa °C MPa °C
83 30 1070 103 30 1100
84 40 1070 M7 104 40 1100
85 50 1070 105 50 1100
M6 86 10 1100 106 10 1000
87 20 1100 107 20 1000
88 30 1100 108 30 1000
89 40 1100 109 40 1000
90 50 1100 110 50 1000
91 10 1000 111 10 1070
92 20 1000 112 20 1070
93 30 1000 M8 113 30 1070
94 40 1000 114 40 1070
95 50 1000 115 50 1070
M7 96 10 1070 116 10 1100
97 20 1070 117 20 1100
98 30 1070 118 30 1100
99 40 1070 119 40 1100
100 50 1070 120 50 1100
101 10 1100 M9 121 20 1000
102 20 1100 M10 122 20 1000
Table 5. Effects of sawdust particles size on the porosity and hydraulic conductivity of the
ceramic filter disc.
, Average
Mixture SaWUSt Sample | Porosity Ave rage Hydral_Jll_c hydraugllic
code par_tlcle no. % porosity conductivity conductivity
size % mm/day
mm/day
1 54 36
M9 <90 um 2 55 54.7 34 35
3 55 35
1 56 34
M10 >212 um 2 57 56 33 34
3 55 35
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Average of three samples for each ceramic filter

(D)

% @ 5 E é : Hydraulic conductivity

5| 8 & 2 _Change in Bulk _ _ o c . Bendi

o2l o > 52 dimensions of ut Porosity | Absorption mmvday OMPressive ending

E8E| 8 |£ | g° |discduetofiring] grel | % % standard | Shrength | strength

S = £ % Observed at 20°C
1 10 0.33 1.57 37.51 23.89 5 4 54.3 12.5
2 20 0.33 1.65 35.75 21.67 2 2 57.3 12.5
3 | 1000 30 0.33 1.73 35.37 20.45 2 1 63.2 12.5
4 40 0.33 1.78 34.34 19.28 0 0 63.6 12.7
5 50 0.33 1.85 32.39 17.51 0 0 64.9 12.7
6 10 1 1.6 36.81 23 10 7 52.6 12.5
7 20 1 1.72 35.37 20.56 5 4 53.9 12.5

M1 8 | 1070 30 1 1.78 34.5 19.39 3 2 55.2 12.5
9 40 1 1.82 32.66 17.95 2 1 58.1 13.1
10 50 1 1.88 30.82 16.39 1 1 60.7 13.3
11 10 1.33 1.66 36.24 21.83 4 3 61.1 12.82
12 20 1.33 1.77 35.14 19.83 3 2 65.8 12.82
13 | 1100 30 1.33 1.81 33.84 18.7 1 1 66.2 12.82
14 40 1.33 1.85 31.98 17.3 1 1 68.7 13.2
15 50 1.33 1.91 30.17 15.75 1 1 71.3 14.95
16 10 0.57 1.38 55.78 40.43 8 7 51 4.6
17 20 0.57 1.4 51.91 37.08 4 4 13.6 5
18 | 1000 30 0.57 141 49.72 35.26 4 3 15.7 55
19 40 0.57 1.45 44.77 30.87 3 2 16.1 8.6

M2 20 50 0.57 1.48 39.98 27.02 2 1 19.5 9.7
21 10 1.33 141 54.89 38.92 60 54 7.2 5.6
22 20 1.33 144 49.11 34.11 42 38 144 10.9
23 | 1070 30 1.33 1.49 46.27 31.05 31 28 16.1 11
24 40 1.33 1.53 41.61 27.2 14 13 19.9 111
25 50 1.33 1.55 39.61 25.56 8 7 23.3 11.2
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Table 6. Cont.
o ) ® Average of three samples for each ceramic filter
o S F
So| g | € 2 Chanae i Hydraulic
s 5| €| 8 O © ge 1n conductivi ' ‘
o § 2 == | &% | dimensions BUI!( Porosity | Absorption /d v Compressive | Bending
S = 2 c o = . density 0 0 mmj/aay strength strength
S Bl o | g |of disc due to gm/cm® % % Standard MPa MPa
& A
L o firing, % Observed at 20°C
26 10 1.67 1.45 53.69 37.03 40 35 8.1 10.8
27 20 1.67 15 46.89 31.24 27 23 15.7 11.1
M2 | 28 | 1100 | 30 1.67 1.53 42.41 27.72 20 17 19.5 11.3
29 40 1.67 1.58 40.88 25.87 11 9 24.6 11.6
30 50 1.67 1.6 37.2 23.25 5 4 27.6 14.4
31 10 0.87 1.35 57.99 42.96 37 30 4.2 4.5
32 20 0.87 1.37 53.44 39 24 19 13.1 4.5
33 1000 30 0.87 1.38 50.27 36.42 14 12 14.6 5.5
34 40 0.87 1.41 45.38 32.17 9 7 15.7 6.5
35 50 0.87 1.43 42.31 29.59 7 6 17.8 8.6
36 10 15 1.38 56.56 40.98 71 61 55 4.9
37 20 15 1.4 50.81 36.3 50 43 14 10.8
M3 | 38 | 1070 | 30 15 1.44 47.77 33.16 40 33 14.8 10.8
39 40 15 1.49 44.86 30.11 33 27 16.9 10.8
40 50 15 151 41.38 27.4 18 15 18.2 10.9
41 10 2 1.42 54.08 38.07 64 58 6.4 10.6
42 20 2 1.46 48.95 33.53 43 39 14.9 10.8
43 | 1100 | 30 2 1.5 45.92 30.61 27 25 16.9 10.8
44 40 2 1.55 42.73 27.57 16 14 18.7 10.8
45 50 2 1.58 38.59 24.42 8 7 20 11.1
M4 46 1000 10 1.17 1.3 58.8 45.22 42 34 0.6 4.1
47 20 1.17 1.34 55.53 41.44 34 27 4.7 4.2
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48 30 1.17 1.36 51.01 37.51 17 14 9.3 4.6
49 40 1.17 1.4 45.84 32.73 11 9 9.8 5.6
50 50 1.17 1.42 42.42 29.87 9 8 10.2 5.6
Table 6. Cont.
© 5 o Average of three samples for each ceramic filter
Se| g | E 2 ch - Hydraulic
53| 5 Sl e8|, ange in Bulk . . conductivity Compressive | Bending
g2x| 8 |27 | =5 |dimensions of density | FOrosiy Absorption mm/day strength | strength
SE| P |E S disc due to Jem® % % Standard MPa MPa
© T a firing, % gm Observed at 20°C
51 10 1.67 1.35 57.31 42.47 55 49 1.3 4.6
52 20 1.67 1.37 53.25 38.87 35 31 6.8 10.6
53 | 1070| 30 1.67 1.41 49.26 34.94 20 18 9.5 10.6
54 40 1.67 1.44 45.28 31.45 17 14 10 10.8
M4 55 50 1.67 1.47 41.91 28.51 13 11 10.6 10.8
56 10 2.33 1.38 55.89 40.49 71 65 1.5 5.6
57 20 2.33 1.42 51.36 36.17 54 50 7.2 8.7
58 | 1100| 30 2.33 1.47 48.47 32.97 33 32 9.77 9.7
59 40 2.33 1.52 44.64 29.37 24 24 10.2 10.8
60 50 2.33 1.56 41.71 26.75 14 15 11.47 10.8
61 10 1.5 1.19 59.43 50.11 B B 0.3 4
62 20 1.5 1.23 56.95 46.33 45 35 0.6 4.2
63 | 1000 | 30 1.5 1.28 53.8 42.05 34 27 2.1 4.5
64 40 1.5 1.3 49.9 38.46 26 19 3.8 4.5
65 50 1.5 1.33 47.62 35.84 22 17 3.8 4.9
M5 66 10 1.93 1.23 57.75 47.39 B B 0.5 4
67 20 1.93 1.27 55.77 43.93 56 44 1.3 5.2
68 | 1070 | 30 1.93 1.3 51.93 39.94 49 39 3.4 5.6
69 40 1.93 1.32 49.01 37.13 39 31 3.8 5.6
70 50 1.93 1.35 46.26 34.27 32 26 3.8 5.6
71 | 1100 10 2.5 1.25 56.94 45.7 78 59 0.6 4.8
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72 20 2.5 1.3 54.29 41.76 62 47 1.7 5.2
73 30 2.5 1.33 50.06 37.63 56 40 3.6 5.6
74 40 2.5 1.36 48.1 35.37 51 35 4 5.6
75 50 2.5 1.38 43.23 31.33 40 30 4.7 6.5
Table 6. Cont.
° Average of three samples for each ceramic filter
g o _ g‘. ?’) _ Hydraqlip
G 5 % 29 o g d_Change n Bulk : . condctivity Compressive | Bending
o B 3 o < S s |dimensions of density Porosity | Absorption mm/day strenath strenath
SE|l A | E 2 disc due to A % % 9 9
) T o firing, % gm/cm Observed Standaord MPa MPa
o ’ at20°C
76 10 2 1.16 67.33 58.82 B B 0.1 2.4
77 20 2 1.2 60.64 50.57 112 87 0.6 3.2
78 | 1000 | 30 2 1.23 56.98 46.33 85 63 1.3 3.6
79 40 2 1.25 54.3 43.45 75 55 1.3 4
80 50 2 1.28 52.47 41 58 43 1.3 4.2
81 10 2.17 1.2 65.35 54.89 B B 0.2 3.8
82 20 2.17 1.23 58.24 47.45 149 118 1.3 4.6
M6 | 83 | 1070 | 30 2.17 1.26 56.81 45.12 124 96 1.3 5.2
84 40 2.17 1.27 53.69 42.28 108 88 1.3 5.2
85 50 2.17 1.3 51.78 39.84 64 50 1.7 5.6
86 10 2.67 1.23 62.92 51.68 B B 0.3 4.6
87 20 2.67 1.25 57.96 46.37 189 139 1.3 4.9
88 | 1100 | 30 2.67 1.28 55.35 43.24 149 107 2.1 5.6
89 40 2.67 1.32 51.48 38.99 126 90 2.1 5.6
90 50 2.67 1.33 48.25 36.28 97 70 2.5 6.5
B = broken during hydraulic conductivity test
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Table 7. The range of the physical properties categorized according to the percentage of sawdust
content.

Range of variation
physical properties Sawdust content, %

0 5 75 10 125 15
dC.hange. " 0.33-1.33 | 0.57-1.67 | 0.87-2.00 | 1.17-2.33 | 1.50-2.50 | 2.00-2.67
imension, %

Bulk density, g/cm?| 1.57-1.91 | 1.38-1.60 | 1.35-1.58 | 1.30-1.56 | 1.19-1.38 | 1.16-1.33
Porosity, % 30.17-37.51/37.20-55.78|38.59-57.99|41.71-58.80| 43.23-59.43| 48.25-67.33
Absorption, % |15.75-23.89|23.25-40.43|24.42-42.96|26.75-45.22| 31.33-50.11|36.28-58.82
Hydraulic

conductivity, 0-10 2-60 7-71 9-71 22-78 58-189
m/day

Compressive 52.60-71.30| 5.10-27.60 | 4.20-20.00 | 0.60-11.47 | 0.30-4.70 | 0.10-2.50
strength, MPa

,\Bﬂeg‘g'”g stength, 115 50-14.95( 4.60-14.40 | 4.50-11.10 | 4.10-10.80 | 4.00-6.50 | 2.40-6.50

Table 8. The range of the physical properties categorized according to the firing temperature.

Range of variation
physical properties Temperature, °‘C
1000 1070 1100
Change in dimension, %. 0.33-2.00 1.00-2.17 1.33-2.67
Bulk density, g/cm’ 1.16-1.85 1.20-1.88 1.23-1.91
Porosity, % 32.39-67.33 30.82-65.35 30.17-62.92
Absorption, % 17.51-58.82 16.39-54.89 15.75-51.68
Hydraulic conductivity, mm/day 0-112 1-149 1-189
Compressive strength, MPa 0.1-64.9 0.2-60.7 0.3-71.3
Bending strength, MPa 2.4-12.7 3.8-13.3 4.6-14.95

Table 9. The range of the physical properties categorized according to the press pressure.

Range of variation
physical properties Press pressure, MPa
10 20 30 40 50
Change in dimension, % 0.33-2.67 | 0.33-2.67 | 0.33-2.67 | 0.33-2.67 0.33-2.67
Bulk density, g/cm® 1.16-1.66 | 1.20-1.77 | 1.23-1.81 | 1.25-1.85 | 1.28-1.91
Porosity, % 36.24-67.33|35.14-60.64|33.84-56.98| 31.98-54.30 |30.17-52.47
Absorption, % 21.83-58.82|19.83-50.57|18.70-46.33| 17.30-43.45 | 15.75-41.00
Hydraulic conductivity, *
mmiday - 2-189 1-149 0-126 0-97
Compressive strength, MPa | 0.10-61.1 | 0.6-65.8 1.3-66.2 1.3-68.7 1.3-71.3
Bending strength, MPa 2.40-12.82 | 3.20-12.82| 3.60-12.82 | 4.00-13.20 | 4.20-14.95

" Incomplete set of the produced ceramic filters due to exclusion of filters made of M5and M6 mixtures.
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ABSTRACT
The study was reflection of the impact of the widespread use of polymer Novolak composite
reinforced Glass fiber and Asbestos fiber once again with weight fraction 60% on the physical
properties, which included (Hardness, Compressive deformation, compressive modulus of
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elasticity, Flexural modulus of elasticity, Resilience modulus, the maximum of Flexural strength,
Flexural strain energy and Shear strength inner layers); it is known how much important the
media as a source of bacterial contamination, which contributes directly or indirectly in the
process of aging of these materials. These Novolak composite reinforced, prepared by weight
fraction of (10%) and (14%) of the Hexamethylene-tetraamine (HMTA) hardener material.

It showed the results of the comparison, the composite prepared to offer bacterial media,
negatively effect on Hardness, Compressive strengths, Flexural strength and Flexural strain
stored energy The research also concluded clear results, which is that there is the possibility to
delay the aging process of the presence of bacterial circles, using glass fibers in the polymer
Novolak composite reinforced, more than it is the use of asbestos fiber. And increase the weight
fraction of hardener material to be 14%, coefficient of resilience reversal less than it is in the rest
of the models, which leads to raise the value of the work done at the end of proportionality.
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