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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. 

 تقدير ارقام المنحني CN بأستخدام نظم المعلومات الجغرافية GIS و
HEC-GeoHMS  
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لخلاصةا  

( فٙ رًٛغ أَحبء انؼبنى. GISفٙ أَٜخ الاخٛشح اصداد تطٕٚش ٔتطجٛك انًُبرد انٓٛذسٔنٕرٛخ ػهٗ أسبط َظى انًؼهٕيبد انزغشافٛخ )

انجحج ، تى استخذاو حلاث ثشايذ يغ ثؼضٓب فٙ ْزا .  (s ubr N evruC لٛى اسلبو انًُحُٙ ) ٔاحذ يٍ اْى انتطجٛمبد ْٕ حسبة

 .ايشٚكب في والواقع اوكلاهوما ولاية ، ْكتبس 91291نغشض حسبة لٛى اسلبو انًُحُٙ نًستزًغ يٛبِ انزذٔل انًبنح انجبنغ يسبحتّ 

ٔطجمخ  DEM( ٔطجمخ َظى يهف يٕدٚم الاستفبع انشلًٙ SSURGOانزغشافٙ  )يسح انتشثخ  ٔثتشاكت ػذح طجمبد كطجمخ انتشثخ

 ٔطجمبد اخشٖ َبتزخ يٍ ػًم انجشايذ انًستخذيخ. Look-Up( يغ ديذ رذٔل LU)  يهف انغطبء الأسضٙ

 ٓشد انُتبئذ اٌظافٙ ْزِ انذساسخ، تى حسبة لٛى اسلبو انًُحُٙ انتٙ تؼجش ػٍ يذٖ استزبثخ انًستزًغ انًبئٙ انٗ ػبصفخ يطشٚخ . 

 ٔانًتًخهخ ( 19-911 اٌ الأسلبو انؼبنٛخ ثٍٛ ) .ٚؼُٙ يٛبِ سطحٛخ  911ٔانًسبٔ٘ انٗ  سلى انًُحُٙ انًتًخم ثبنهٌٕ الأصسق انغبيك
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لايتصبص انًبء لهٛم رذاً فٙ ْزِ انًُبطك، ثًُٛب الأسلبو  تؼُٙ اٌ الاستزبثخ الأصسق ٔالاصسق انفبتح(  انهٌٕ) نًُبطك انؼًشاَٛخثب

لايتصبص  اٌ الاستزبثخ تؼُٙ ،(انهٌٕ انجُٙ ٔانجُٙ انفبتح )  ضساػٛخانًُبطك انٔ غبثبدانًُبطك ٔانًتًخهخ ث (81-77انٕاطئخ ثٍٛ )

.نمذ تى تصُٛف أسثؼخ إَاع يٍ انغطبء الأسضٙ نًُطمخ انذساسخ: يُبطك يبئٛخ، يُبطك سكُٛخ يتٕسطخ، يُبطك غبثبد،  كجٛشح انًبء

  ٔيُبطك صساػٛخ.

  انتخطٛظ انؼًشاَٙ.انشلى انًُحُٙ،  الأسضٙ،يهف انغطبء : َظى انًؼهٕيبد انزغشافٛخ،  الكلمات الرئيسية

 

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-!, 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 



Journal of Engineering Volume       23   May         2017 Number 5 
 

 

3 
 

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 



Journal of Engineering Volume       23   May         2017 Number 5 
 

 

4 
 

shown in Fig.2 (a) & (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_lc 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 (lc_soil_union) and the lookup 

table (CNLookUp) to create the curve number grid. The author created a field named “LandUse” in 

the lc_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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lc_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 

Iraq 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. 

2. 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. 

3. 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. 

4. 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.  

5. 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 1.  Location of the case study showing Osage River and streams. 

 

 

 

 

 

a)                                                                        b) 

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. 

 

 

 

 

 

 

 

 

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 

  

 

 

 

 

 

      Figure 6. Creating LandUse” in the lc_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. 

 

Table1. Original NLCD classification and reclassification USGS, 2013. 
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Table 2. Description of NRCS Soil Groups James, et al., 2010. 
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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-Muqdadiyah 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. 

  Fuzzy AHPاستخذام تقنٍة ب تقٍٍن هعاٌٍر هشارٌع التخطٍط الحضري

حسن علًاٌة   
 طانبة ياجستُش

 قسى انهُذسة انًذَُة                 

 كهُة انهُذسة/ جايعة دَانً             

ناجًحافظ ابراهٍن د.   
 استار يساعذ

 قسى انهُذسة انًذَُة

   كهُة انهُذسة/جايعة دَانً 

 د. ولٍذ هصطفى خواس

    استار                             

 قسى هُذسة تخطُظ انًذٌ

      سهًُاَُةانتقُُة  جايعةان /كهُة انتقُُة

 

 الخلاصة

وهٍ احذي تقُُات اتخار انقشاس انًتعذد انًعاَُش ( Fuzzy AHP)  انضبابٍٍ هزا انبحج تى تطبُق تقُُة انتحهُم انهشيٍ ف

 ى الاساس نًذَُة انًقذادَة نهعاوانتصًُ يششوع تطىَش ًشاسَع انتخطُظ انحضشٌ وقذ اختُشانخاصة ب نتقُُى انًعاَُش

نكٍ  َتى  وانبحىث انسابقة يعاَُش انذوائش انًختصةاَُش بالإضافة انً قاو انباحج بأعذاد قائًة يٍ انًع .كحانة دساسُة2035

فٍ تقُُى يعاَُش  (Fuzzy AHP)َهذف هزا انبحج انً تىظُف اسس تقُُة . س انًخطظ الاساس الايثم وفق هزِ انًعاَُشااختُ

انعُُة يٍ روٌ الاختصاص فٍ هزا انًجال اٌ  لأفشادتحهُم انبُاَات  تائج انتخطُظ انحضشٌ بشكم دقُق ويشٌ .وتشُش َ

 .%42.1)ت الاسض  هٍ اكثش اهًُة يٍ بقُة انًعاَُش فٍ هزِ انًشاسَع حُج حصم عهً اهًُة )يعاَُش استعًالا

 عًهُة انتحهُم انهشيٍ انضبابٍ , انتخطُظ انحضشٌ , يعاَُش انًخطظ الاساس. الكلوات الذالة:
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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 
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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.1 

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

Decision Maker compares the criteria  via linguistic terms shown in Table.2 and Table1.3.  

Where gi is the goal set (i= 1,2,3,4,……,n) and     
 

 (j=1,2,3,4,……,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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and then compute the inverse of the vector in Eq. (3) such that 
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2. M1 =(l1,m1,u1) and M2=(l2,m2,u2) are two TFNS, the degree of possibility of  

M2=(l2,m2,u2) ≥ M1 =(l1,m1,u1) and can be equivalently expressed as follows:   

 

 (       )  {

                                            
                                           

     

(     ) (      )

         
           
          

                                                         (5) 

 

where d is the ordinate of the highest intersection point D between M1 and M2.To compare M1 

and M2; both the values of V(M1≥ M2) and V(M2≥ M1) 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 ≥ M1 ,M2,M3,M4,…..,MK)= V[ (M ≥M1) and (M ≥ M2) and ….. and (M ≥ MK)] = min 

V( M ≥ Mi) , i= 1,2,3,4,…..,k.                                                                                                (6)                                                                                           
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Assume that d′ (Ci) = min V(Si ≥ Sk) for k= 1,2,3,4,…..,n. k≠ 1 ,then the weight vector is given 

by : 

 

W′ = [ d′(C1) , d′(C2) , d′(C3) , d′(C4),…..,d′(C5)]
T
                                                                 (7) 

 

4. Via normalization, the normalized weight vectors is given : 

 

W = [d(C1) , d(C2) , d(C3) , d(C4),…..,d(Cn)]                                                                     (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.  
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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 

conditions 

Physical 

conditions 

Physical conditions like 

geological risks, it will impact 

on the cost and feasibility of 

redevelopment. 

 Site 

conditions 

Environmental 

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 

environment 

Such as green space and 

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 Redevelopment can create 

new jobs and increase 

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 uses Planning 

policies. 

2- Coordination with existing 

and land uses. 

3- Potential land 

requirements. 

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 

land use 

Residential use Depending on the regional 

planning organization for the 

year 1977 , criteria of public 

housing for the year 1982 and 

The urban planning and 

design criteria / The Ministry 

of Housing and Construction 

and Municipalities and Public 

Works in 2008 

Commercial 

use 

Administrative 

use 

Industrial use 

Recreational 

use 

Cultural use 

Sports use 

Health use 

Educational 

use 

Agricultural 

use 

5)Technical The size of planned and 

existing infrastructure 

Describe the difficulty of 

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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Figure 1. The hierarchical structure for FAHP. 
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Figure 2. A triangular fuzzy number. 

 

 

 

 

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

2013. 

Selection the optimized master plan 

Economic 

A1 

Social Technical Land uses Environmental 

A2 A3 
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Explanation Fuzzy number Linguistic variable 

 

The  criterion i is equally important 

when compared to criterion j. 

(1 , 1 , 1) Equally important 

 

The  criterion i is Weakly important 

when compared to criterion j. 

2 , 3 , 4)) Weakly important 

  

 

The  criterion i is Fairly important 

when compared to criterion j. 

(4 , 5 , 6) Fairly important 

  

The  criterion i is Strongly important 

when compared to criterion j. 

(6 , 7 , 8) Strongly important 

 

The  criterion i is Absolutely 

important when compared to criterion 

j. 

(9 , 9 , 9) Absolutely important  

When compromise is needed. 

 

1, 2 ,3)) 

3, 4 ,5)) 

5 , 6 ,7)) 

(7, 8 ,9) 

Intermediate values 

between the two 

adjacent judgments 

 

 The reciprocals, such as 

1/3, 1/5, 1/7, 1/9, etc.,  

Reciprocals number  

 

 

 

Table 3. Aggregate fuzzy numbers decision making matrix. 

Criteria C1 C2 C3 C4 C5 

C1 (1,1,1) ( 2.01, 2.77, 

3.54 ) 

( 1.69,2.09 , 

2.53) 

( 0.34, 0.46, 

0.64 ) 

( 1.02,1.44 

,1.91 ) 

C2 ( 0.29, 0.36, 

0.49 ) 

(1,1,1) (5 ,5.97 ,6.95 

,6.95  ) 

(0.26 ,0.34 , 

0.47) 

( 0.19, 0.26, 

0.32 ) 

C3 (0.39 , 0.48, 

0.59) 

( 0.14, 0.17, 

0.2) 

(1,1,1) ( 0.26, 0.34, 

0.47 ) 

(4.31 ,5.34 , 

6.44) 

C4 ( 1.59,2.17 , 

2.94 ) 

(2.13 , 2.94, 

3.84) 

( 2.13,2.94 , 

3.85 ) 

(1,1,1) ( 3.02,3.93 

,4.89) 

C5 (0.52 ,0.69 

,0.98 ) 

( 3.13, 3.84, 

5.26 ) 

( 0.16,0.19 , 

0.23) 

( 0.21, 0.25 

, 0.33) 

(1,1,1) 
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Table 4.  The relative importance of main criteria 

% Relative importance Main criteria 
18.3 0.183 Economic criteria 

17.2 0.172 Environmental criteria 

14.2 0.141 Social criteria 

42.1 0.421 Land use criteria 

8.3 0.083 Technical criteria 
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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 Iraq 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)  

 

الخرسانة راتية الرص بعض خواص تأثير مهاجمة الاملاح الذاخلية على  

 هذيل خالذ عواد العبيذي

 يذسط يساعذ

جايعت بغذاد –كهٍت انُٓذست   

 الخلاصة

أَعضال ٔانخً بالايكاٌ أَخشاسْا , ٔ يهئ  دصٕل خشساَت راث أَسٍابٍت عانٍت بذٌٔ بأَٓاانخشساَت راحٍت انشص حعشف       

يٓاجًت  حعذ. 2014نهعاو  237Rيٍكاٍَكً دسب يخطهباث انجًعٍت الايشٌكٍت  سصغهٍف دذٌذ انخسهٍخ بذٌٔ أي انقانب ٔ ح

انخذْٕس  ٔانخً حإدي انىالايلاح انذاخهٍت يٍ أْى انًشاكم انخً حٕاجّ صُاعت انخشساَت فً انعشاق ٔاساضً انخهٍج انعشبً 

 ٌإدي انى حشققٓا ٔ دياسْا. قذ صٌادة انخًذد ٔانزئ,  غاطضيقأيت الاَ مٍقهانى ح ٌإدي بانُخٍجتضشس انخشساَت ٔحانزي ٌسبب 

ٍ يٍ انسًُج انبٕسحلاَذي الاعخٍادي ,أضافت ٍثًُ انًخخهف لإئاٍحأثٍش انخشكٍب انكًٍ ٌبذث نٓزِ انذساستانبشَايج انعًهً      

.انخهطاث  0335%  َٔسبت ٔصٌ ياء انى سًُج (15ٔ  10, 5َسب يٍ انًٍخاكاؤنٍٍ انعانً انفعانٍت كأسخبذال يٍ ٔصٌ انسًُج )

( C3A=7.02%) الاعخٍادي انشًانٍت انًصُٕع فً انًًهكت انعشبٍت انسعٕدٌت سًُجفٍٓا انانخشساٍَت راحٍت انشص انًسخخذو 

(. C3A=4.13%) طاسهٕجت انًصُٕع فً انعشاق الاعخٍادي سًُجبانأظٓشث يقأيت اعهى نًٓاجًت الايلاح انذاخهٍت يقاسَت 

يقأيت اعهى اظٓشث % يٍ انًٍخاكاؤنٍٍ انعانً انفعانٍت 15انُخائج حشٍش انى أٌ انخهطاث انخشساٍَت راحٍت انشص انذأٌت عهى 

أجذث يٍ َخائج ْزِ ٔيقأيت شذ الاَفلاق نهخشساَت ُْاك علاقت بٍٍ َخائج يقأيت الاَضغاط ٔنًٓاجًت الايلاح انذاخهٍت. 

 .انذساست
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 شساَت راحٍت انشص, انًٍخاكاؤنٍٍ انعانً انفعانٍت .خ الكلمات الرئيسية:

 

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
3
 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 by HRM (5, 10 and 15)% by 

weight of cement at 90-days for the different mixes with 500 Kg/m
3
 of cement and 170 Kg/m

3
 

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    
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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, 

SO3% 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  SO3 

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 IQS 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 IQS 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.                                                                                                           

  

Natural gypsum   2.3  

    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  SO3, the  quantity  of  natural 

gypsum  add  to the  sand is according  to Eq.(1). 

                                                                                                         

 

(1)  W= [(R- M %) × S]/N 

   

where:  

W is the weight of natural gypsum ground needed to be added to sand (kg). 

 R is the percentage SO3 required 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 SO3in 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 Iraqi specification IQS 

 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 T5minutes 

     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 Iraqi 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)2, 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)2 

during the hydration of C3S and C2S 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 C3A 

content (C3A =7.02%) show higher resistance to ISA than Tasluja cement produced in Iraq  (C3A 

=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 Iraqi 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
2
 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
2
 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 SO3 % beyond this limit all the mechanical properties will be declined 

spicily at later ages. 
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NOMENCLATURE 

 

ACI                               American Concrete Institute 

ASTM                           American Society for Testing and Materials 

BS                                 British standard 

DEF                              delayed ettringite formation 

EEF                               early ettringite formation 

HRM                             high reactive metakaoline 

IQS                               Iraq standard specification 

ISA                               internal sulfate attack 

SCC                              self compacted concrete 

 

 

 

 

 
Figure 1. Slump flow test. 
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Figure 2. V-Funnel test. 

 

 

 

 
Figure 3. L-Box Test. 
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Figure 4. Compressive strength verses ages for different SO3% content of SCC mixes using Iraqi 

Cement. 

 

 

 

 

 

 
Figure 5. Splitting tensile strength verses ages for different SO3% content of SCC mixes using 

Iraqi Cement. 
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Figure 6. Relationship between compressive strength and Age for Different SO3% content of SCC 

mixes using Iraqi Cement. 

 

 

 

 

 

 
Figure 7. Relationship between Splitting tensile strength and Age for Different SO3% content of 

SCC mixes using Iraqi Cement. 
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Figure 8. Relationship between Ultrasonic Pulse Velocity and Age for Different SO3% content of 

SCC mixes using Iraqi Cement. 

 

 

 

 

 

 
Figure 9. Relationship between compressive strength and splitting tensile strength. 
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Figure 10. Relationship between compressive strength and ultrasonic pulse velocity. 

 

 

Table 1. Chemical composition of cement used. 

Oxide 

Content % 
Tasluja OPC 

cement 

(Iraqi) 

AL Shemalia 

OPC cement 

 (Sudi Arabia) 

Limits  of Iraqi 

specification IQS 

NO.5/1984 

SiO2 20.6 20.4 - 

Al2O3 4.49 5.1 - 

Fe2O3 4.59 3.84 - 

CaO 60.23 60.34 - 

SO3 2.1 2.68 ≤ 2.8  % 

MgO 2.97 4.58 ≤  5 % 

L.O.I 2.11 2.35 ≤ 4 % 

I.R 1.2 0.62 ≤ 1.5 % 

L.S.F 0.97 0.89 0.66-1.02 

Compound Composition (Bogue` s Equation) 

C3S 51.85 43.20 - 

C2S 19.89 25.95 - 

C3A 4.13 7.02 - 

C4AF 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. 

Properties Tasluja OPC 

Cement 

 (Iraqi) 

AL Shemalia 

OPC Cement 

 (Sudi Arabia) 

Specific surface (Air permeability 

test),m
2
/kg 

350 365 

Autoclave expansion,% 0.04 0.04 

Setting time (vicate apparatus),  

      a. Initial - hr:min 

b. Final - hr:min 

 

1:30 

4:40 

 

1:25 

4:30 

Compressive strength MPa(N/mm
2
):  

3-days 

7-days 

 

17.5 

26.5 

 

16.8 

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 

Size 

% Passing by 

Weight 

Limits of IQS 

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 

600μm 45.5 35-59 

300μm 24.5 8-30 

150μm 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 

size 75μm% 

2.5 Max. 5% for natural fine 

aggregate 

Sulfate content (SO3), 

% 

0.1 Max. 0.5% 

-Tests are carried out in the Material Laboratory of the Engineering College -Baghdad University 
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Table 5. The chemical properties of Gypsum. 

Compound 

Composition 
Percent % 

SiO2 8.34 

R2O3 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 IQS 

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 IQS NO.45/1984 

Specific gravity (SSD) 2.65 -- 

Absorption ,% 0.3 -- 

Moisture content ,% 0.2 -- 

Passing sieve size 

75μm,% 

1.5 Max. 3%  

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 

SiO2 57.46 - 

Fe2O3 1.52 - 

Al2O3 36.82 - 

CaO 0.9 - 

SO3 < 0.07 Max. 4.0% 

L.O.I 1.3 Max. 10% 

Moisture content 0.82 Max. 3.0% 

SiO2 + AL2O3 + Fe 2O3 

min % 

95.8 Min. 70% 

-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  

Index 
Cement 

type 

Cement 

(kg/m
3
) 

HRM 

(kg/m
3
) 

Fine 

aggregate 

(kg/m
3
) 

Coarse 

aggregate 

(kg/m
3
) 

Ref. -MR1 

Iraqi 

560 0 728 784 

MR1-5%HRM 532 28 728 784 

MR1-10%HRM 504 56 728 784 

MR1-15%HRM 476 84 728 784 

Ref.-MR2 

Saudi 

Arabia 

560 0 728 784 

MR2-5%HRM 532 28 728 784 

MR2-10%HRM 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) 

Mixes No. 
Cement 

type 

SO3 (%) 

   by wt. 

of sand  

Tests 

Slump flow 

(mm) 

T 50cm 

slump flow 

(sec) 

V-funnel 

(sec) 

L-box 

(h2/h1) 

650-800* 2-5* 6-12* 0.8-1.0* 

Ref. -MR1 

Iraqi 

0.5 

800 2.2 6.1 0.95 

MR1-5%HRM 798 2.25 6.15 0.93 

MR1-10%HRM 795 2.3 6.31 0.91 

MR1-15%HRM 792 2.4 6.45 0.9 

Ref.-MR2 

Saudi 

Arabia 

801 2.3 6.11 0.94 

MR2-5%HRM 798 2.35 6.17 0.94 

MR2-10%HRM 796 2.4 6.33 0.92 

MR2-15%HRM 791 2.45 6.51 0.9 

Ref. -MR1 

Iraqi 1.0 

 

 

 

 

1.0 

794 2.5 7.01 0.88 

MR1-5%HRM 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 

Saudi 

Arabia 

795 3.30 7.42 0.89 

MR2-5%HRM 791 2.51 7.08 0.88 

MR2-10%HRM 789 2.58 7.15 0.86 

MR2-15%HRM 784 3.45 7.30 0.85 

Ref. -MR1 
Iraqi 

 

1.5 

785 3.0 8.30 0.86 

MR1-5%HRM 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 

Saudi 

Arabia 

786 3.08 8.25 0.83 

MR2-5%HRM 783 3.21 8.38 0.87 

MR2-10%HRM 780 3.41 8.55 0.86 

MR2-15%HRM 775 3.55 9.0 0.85 

Ref. -MR1 

Iraqi 

 

2.0 

778 4.01 9.50 0.85 

MR1-5%HRM 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 

Saudi 

Arabia 

780 4.08 9.45 0.86 

MR2-5%HRM 776 4.16 9.59 0.84 

MR2-10%HRM 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. 

Mixes No. 

C
em

en
t T

y
p

e 

 

S
O

3    (%
)*

 

Compressive Strength (MPa) Splitting Tensile Strength  (MPa) 

7-day 28-day 90- day 180-day 7-day 28-day 90- day 180-day 

Ref. -MR1 
IQ 

 

 

0.5 

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 39.5 55.4 69.1 74.3 3.42 4.25 5.38 5.85 
Ref.-MR2 

SA 

36.1 47.3 60.9 66.9 3.06 4 4.81 5.12 
MR2-5%HRM 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 
IQ 

 

 

1.0 

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 38.4 54.0 67.5 69.8 3.35 4.18 5.11 5.22 
Ref.-MR2 

SA 

35.7 45.7 57.6 61.5 3.05 3.9 4.75 4.78 
MR2-5%HRM 36.6 47.0 60.8 65.0 3.11 4.07 5 5.11 
MR2-10%HRM 37.5 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 

IQ 

 

 
1.5 

35.2 43.9 55.8 53.7 2.94 3.81 4.35 4.31 
MR1-5%HRM 36.0 45.1 58.5 56.6 3 3.88 4.48 4.46 
MR1-10%HRM 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 

IQ 

 

 

2.0 

34.8 42.5 53.5 48.1 2.88 3.6 4.1 3.91 
MR1-5%HRM 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 37.9 47.4 60.5 56.8 3.16 4.02 4.41 4.36 
Ref.-MR2 

SA 

34.6 42.2 55.2 49.6 2.91 3.65 4.13 4.01 
MR2-5%HRM 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. 

Mixes No. 

Cement 

Type 

 

Total 

SO3 (%) 

SO3(%)   

by wt. 

of sand 

Ultrasonic Pulse Velocity (Km/s) 

7-day 28- day 90-day 180-day 

Ref. -MR1 
Iraqi 

 

 

3.002 

0.5 

4.650 4.742 4.805 4.822 

MR1-5%HRM 4.662 4.758 4.842 4.858 
MR1-10%HRM 4.675 4.772 4.871 4.885 
MR1-15%HRM 4.681 4.795 4.895 4.910 
Ref.-MR2 

Saudi 

Arabia 
3.372 

4.658 4.745 4.812 4.831 
MR2-5%HRM 4.675 4.762 4.853 4.865 
MR2-10%HRM 4.686 4.781 4.878 4.882 
MR2-15%HRM 4.695 4.802 4.902 4.913 

Ref. -MR1 
Iraqi 

 

 

3.652 

1.0 

4.641 4.732 4.792 4.801 

MR1-5%HRM 4.655 4.781 4.826 4.841 
MR1-10%HRM 4.668 4.758 4.851 4.871 
MR1-15%HRM 4.672 4.788 4.878 4.888 
Ref.-MR2 

Saudi 

Arabia 
4.052 

4.651 4.741 4.800 4.808 
MR2-5%HRM 4.669 4.755 4.832 4.848 
MR2-10%HRM 4.675 4.762 4.856 4.861 
MR2-15%HRM 4.684 4.785 4.888 4.882 

Ref. -MR1 
Iraqi 

 

 

4.302 

1.5 

4.622 4.715 4.771 4.762 

MR1-5%HRM 4.638 4.728 4.803 4.791 
MR1-10%HRM 4.649 4.741 4.844 4.831 
MR1-15%HRM 4.660 4.772 4.851 4.842 
Ref.-MR2 

Saudi 

Arabia 

4.672 

 

4.638 4.73 4.786 4.778 
MR2-5%HRM 4.645 4.742 4.810 4.701 
MR2-10%HRM 4.658 4.754 4.831 4.822 
MR2-15%HRM 4.671 4.805 4.866 4.851 

Ref. -MR1 Iraqi 

 

4.952 

 
2.0 

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 

Arabia 
5.322 

4.612 4.735 4.768 4.745 
MR2-5%HRM 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 200×100×1000 

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.  

 

الاوشائية على تصرف العتبات الخرساوية المسلحةتأثير المفاصل   

 
     جاسم محمود مهلهل                                    ثائر سعود سلمان                                                        حسيه عسكر جابر              

 مدزس مساعد                                                    استاذ مساعد                                                                مدزس                    

  نامعة واسط-ندسةكلُة اله                                نامعة واسط-كلُة الهندسة                                   واسط        نامعة -كلُة الهندسة        

 

 الخلاصة

تيييييية تزاسيييييية تييييييئيُس ال اااييييييب ا الييييييا ُة علييييييً اتا  العت ييييييا  ال سسييييييااُة ال سييييييل ة عيييييي   سَيييييي  فييييييٍ بييييييرا ال  يييييي  

مليييييية  اغ ال ت ُييييييسا   (0111×011×011سيييييي عة ا يييييياذل  ئ عييييييات   أالييييييا ف ييييييا الن يييييياذل ع لُييييييا فييييييٍ ال  ت ييييييس تة 

الن يييييىذل ال ليييييدزٌ لييييية َ تيييييىٌ عليييييً ماليييييب و  ة ايييييب ا اليييييا ُاال او تلييييي ُب التيييييٍ تييييية اعت اتبيييييا بيييييٍ مىا ييييي  

أعتيييييىي عليييييً ماليييييلُ  ذل السا ييييي  ىافقيييييٍ فيييييٍ منوقييييية الليييييد أو ال ييييي ط  الن ييييي با يييييىذنُ  عتيييييىي عليييييً مالييييي

ٍ افقُيييييُ  فيييييٍ منوقتيييييٍ الليييييد وال ييييي ط  الن ييييياذل ال ت قييييية تييييية أاليييييا ها مييييي  ماليييييب او ماليييييلُُ  افقُيييييُ  تقييييي  فييييي

النتيييييا م الع لُيييييف اليييييً اغ اف يييييب مى ييييي  لل اليييييب ا اليييييا ٍ بيييييى فيييييٍ   ُنييييي   منوقييييية القيييييا او فيييييٍ منتلييييي  العت ييييية

 عُييييي  اغ عليييييً مقاومييييية الن ييييياذلواضييييي   منوقييييية ا ا ييييي ا ض وتليييييُس اَ يييييا  اليييييً اغ ال اليييييب ا فقيييييٍ ذو تيييييئيُس

علييييييييً مقاوميييييييية الن يييييييياذل ذا    اُيييييييي (   ُن ييييييييا َىنييييييييد اقليييييييياغ %5 7-%5اسيييييييي ة ا ا اييييييييا  نييييييييا    ييييييييُ   

  (%5 0-%05 0    دوتال الب ا الا ٍ ال ا ب 
 

  .ض التلق ض الت  ُب الساك العت ا  ال سسااُة ال سل ةض ال الب ا الا ٍ :لرئيسيةا الكلمات
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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
ο 

and 75.1
ο
. 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 (300×500mm) 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 (100×200) 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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Location of construction  

joint  

 

Shear reinforcement 

details 

Tension 

steel 

ratio 

(  )  

Beam 

width 

(mm) 

Beam 

depth 

(mm) 

Specimen 

designation 
No. 

Without construction joint ∅                  0.0092 100 200 SR 1 

Tension zone ∅                  0.0092 100 200 SHT 2 

Compression zone ∅                  0.0092 100 200 SHC 3 

Tension and compression ∅                  0.0092 100 200 SHTC 4 

Shear span (min. moment) ∅                  0.0092 100 200 SIS 5 

Maximum moment (mid-span) ∅                  0.0092 100 200 SIM 6 

Shear span & maximum moment ∅                  0.0092 100 200 SISM 7 

Specimens Description Group 

1. SR  

2. SHT 

3. SHC 

4. SHTC 

 

                 
         

 

Horizontal Construction Joint (Variable) 

 

I 

 

1. SR 

2. SIM        

3. SIS         

4. SIMS 

 

                

         
 

Inclined Construction Joint (Variable) 

 

II 

      Nominal 

      diameter 

         (mm) 

Measured 

diameter 

(mm) 

Yield 

stress fy 

MPa 

Ultimate 

strength fu 

MPa 

Elongation 

% 

6 5.83 724.4 777.4 16 

10 9.87 648.2 721.34 13 

Table 1. Characteristics of the tested beams. 

Table 2. Details of beams groups. 

Table 3. Properties of steel reinforcement. 
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Specimen 

ID 
Layer Description 

Compressive Strength 

at Time of Specimen 

Testing (MPa) 

Modulus 

of rupture 

(MPa) 

Splitting 

tensile 

strength 

(MPa) 

fcu f
'
c 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 

SHTC 

 

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 

The third layer of beam 38.86 30.82 3.36 3.32 

SIS 
The first part of beam 45.84 35.82 3.92 3.18 

The second part of beam 43.15 35.68 3.73 3.44 

SIM 
The first part of beam 45.84 35.82 3.92 3.18 

The second part of bean 43.15 35.68 3.73 3.44 

SISM 

The first part of beam 45.84 35.82 3.92 3.18 

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 

 

  

 

 

 

Table 4. Mechanical properties of concrete. 
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Specimens 

First crack 

load (Pcr)  

(kN) 

Ultimate 

load (Pu) 

(kN) 

% 

Pcr/Pu 

%Decrease 

in first 

cracking 

load  with 

respect to 

Ref. 

%Decrease in 

ultimate load  

with respect to 

Ref.  

Group  

I 

SR 20 80 25 Ref. Ref. 

SHT 17 76 22 15 5 

SHC 20 80 25 0.0 0.0 

SHTC 16 74 21.6 20 7.5 

Group  

II 

SR 20 80 25 Ref. Ref. 

SIM 17 79 21.5 15 1.25 

SIS 20 78 25.6 0 2.5 

SISM 16 78 20.5 20 2.5 
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 D
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o
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ea
ch

 S
p

ec
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en
s 

(m
m

) 

Group  

I 

SR 2.7 Ref. 16.98 Ref. 16.98 

SHT 2.83 4.8 ** ** 11.98 

SHC 2.75 1.9 15.99 5.8 15.99 

SHTC 3.15 16.7 ** ** 13.69 

Group  

II 

SR 2.7 Ref. 16.98 Ref 16.98 

SIM 3.3 22.2 ** ** 13.26 

SIS 3.88 43.7 ** ** 14.8 

SISM 3.5 29.6 ** ** 14.47 

Table 5. Cracking and ultimate loads of the tested beams. 

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

**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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a. Longitudinal section of the beams 

b. Cross Section in Beams 

 

Figure 2. Longitudinal section of the control specimen 

 (without construction joint) 
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Figure 3. Locations of the construction joints for the tested specimens. 

a. SHT specimen 

b. SHC specimen 

c. SHTC specimen 

d. SIS specimen 

e. SIM specimen 

f. SISM specimen 
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Figure 4. Photograph of specimen setup. 
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Figure 5. Cracks pattern for the specimens tested after failure. 

a. SR specimen 

b. SHT specimen 

c. SHC specimen 

d. SHTC specimen 

e. SIS specimen 

f. SIM specimen 

g. SISM specimen 
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Figure 7. Influence of the inclined construction joints on load-central deflection behavior of the 

specimens of group (II). 

Figure 6. Influence of the horizontal construction joint on load-central deflection behavior 

of the specimens of group (I). 
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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. 

 

 التخطيط الوستذام لوشاريع الطرق: نوورج نظام تقيين هقترح في العراق

 دعاء هؤيذ لفته                                                                                                                   ارفنغام عزالذين الصأ

 بادث                                                                                                                                 سخار دكخٕسا

 بغذاد جايؼت /كهيت انُٓذست                                                                                                        بغذاد جايؼت /كهيت انُٓذست
 

 الخلاصة

 حشًم انخي انًشاسيغ دياة دٔسة يشادم نجًيغ انؼشاق في انطشق نًشاسيغ يسخذاو حمييى َظاو حطٕيش ْٕ انبذث ْزا يٍ انٓذف

 اػخًادا انًمخشح انطشق حمييى نُظاو ٔالأٔصاٌ انًؼاييش يخضًٍ انبذث حذذيذ(. ٔانصياَت ٔانخشغيم ٔانبُاء ٔانخصًيى انخخطيظ)

 الخشاح ثى انخخطيظ نًشدهت انًسخذايت انًؼاييش يٍ يجًٕػت الخشاح في انًُٓجيت بذأث. فؼانياث يشدهّ انخخطيظ  انًسخذاو  ػهى

يٕجّ انى يجًٕػت خبشاء يخخصيٍ  يغهك اسخبياٌ باسخخذاو انبياَاث حى جًغ  أٌ بؼذ يُٓا، يؼياس نكم َماط( 5-6) يٍ الأٔصاٌ

بؼذ  الإدصائي انخذهيم ػًم حى. اًْيت انًؼياس ٔحأثيشِ ػهى انًششٔع  ػهى حمٕو ٔ انًؼاييش انخي الأٔصاٌ يٍ انخذمك أجم يٍ

 خصُيفان نُظاو انًذذدة الاػخًاداث ٔصذت انخٕافك نضًاٌ حذهيم انؼٕايم طشيمت باسخخذاو انخبشاء إجاباث ػهى انذصٕل

 (SPSS,V.19)بٕاسطّ بشَايج انخذهيم الادصائي  حذهيم انؼٕايم أسهٕب باسخخذاو انًؼاييش نكم أجشيج انخي انفؼهيت ٔالأٔصاٌ

. حٕصم انبادث انى اٌ دساست ٔالاسخشاحيجياث ٔانًخطهباث انٓذف حخكٌٕ يٍ ٔانخي انًؼاييش نكم انخفاصيم حى ٔضغ أخيشأ

دٔسة دياة انًششٔع كايهّ في يثم ْزِ انًٕاضيغ يفيذة جذا يٍ انُاديت انؼًهيت لأٌ انًماسَت بيٍ ادٔاس انًؼاييش في انًشادم 

 انًخخهفت سخكٌٕ أضخ. 

 انًسخذاو انخخطيظ  ,انًؼاييش انًسخذايت  ,: َظاو انخمييىالكلوات الوفتاحية
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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 Iraq 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 Voluntary 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 Iraq 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 - ΣVari)/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 ΣVari = 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 = (∑∑ r²_ij) ∕ (∑∑ r²_ij + a²_ij), i ≠ j                                                                                 (2) 

 

where the correlation matrix is R = [rij] and the partial covariance matrix is A = [aij]. 

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 Iraq) 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: 

 

 The costing criteria should study planning, construction and operation and 

maintenance stages. 

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

 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. 

 

 

            REFRENCES 

 

o Caroline, M. C., Mehmet, E. O., and Sherona, S., 2013, Review of Sustainability 

Rating Systems used for Infrastructure Projects, Colorado State University Fort 

Collins, Colorado. 

 

o Clark, M., Paulli, C., Tetreault, Z., Thomas, J., 2009, Green Guide for Roads 

Rating System (S. S. D. P. Site, Trans.): A major Qualifying Project Report for the 

Stantec Sustainable Design Project Site, Worcester: Worcester Polytechnic 

Institute. 

 

o Constandopoulos, J., and Nation, M., 2010, Towards Sustainable Roadways, 

Sinclair Knight Merz, Insights/AchieveMagazine/Issue1-2010/article9.aspx  

 

o Hair JR., J., F., William C., Barry J., Rolph E., 2010, Multivariate Data Analysis: 

Overview of Multivariate Method, seventh edition. 

 

o Hutcheson, G., Sofroniou, N., 1999, The Multivariate Social Scientist: 

Introductory Statistics Using Generalized Linear Models, Thousand Oaks, CA: 

Sage Publications. 

 

o Kaiser, H., F., 1974, An Index of Factorial Simplicity, Psychometrical, Vol. 39, 

PP. 31-36. 

 

o Raffia, R., Rooshdi, M., R., 2013, An Evaluation of Sustainable Design and 

Construction Criteria for Green Highway, 4th International Conference on 

Sustainable Future for Human Security.



o Stephen, T. M., Jeralee, L. A., 2009, Greenroads: A sustainability performance 

metric for roadway design and construction, Transportation Northwest: 

University of Washington. 

 

o WISE, 2011, Greenroads Manual V1.5, Washington: Washington Internship for 

Students Engineering. 

 



Journal of Engineering Volume       23   May         2017 Number 5 
 

 
 

16 

 

Table 1. Respondent's designation and years of experience. 

 

 

Table 2. Criteria and sub criteria for planning stage. 

 

Planning Stage  

Criteria Sub Criteria Suggested 

Weights 

Description 

1. Costing  plan  

 

Costing plan  

Life cycle cost analysis 

1 point 

1 point 

To analysis the cost during 

the life cycle of the project   

at the early stage of the plan 

2. Safety and 

Health  

Risks management plan 1 point To show the amount of 

reduction in risks during the 

project life  Safety improvements 1 point 

Workers safety audit 1 point 

3. Management 

and Planning    

Environmental and social 

impact analysis 

1- 3 points To describe the management 

facilities that should provide 

in the planning concepts Quality control plan  1 point 

4. Siting-

position 

selection   

 1 point To describe the accuracy in 

alignment selection during 

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 

 
 

Position                               Experience  

 

 

 

 

Manager 

Less than 7 

years 

7-14 

years 

15-21 

years 

More than 

21 years 

0 0 5 2 

Consultant 0 0 4 3 

Resident 

Engineer 
0 14 10 2 

0.0% 35% 47.5% 17.5% 
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Table 2. Continued . 

 

Planning Stage  

Criteria Sub Criteria Suggested 

Weights 

Description 

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.  

 

Criteria  
Categories  

1 2 3 

Safety improvements .960 .069 __ 

__ 

__ 

__ 

__ 

__ 

__ 

__ 

1 

1 

1 

1 

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 

Siting position selection 

Energy  

Water 

Environmental and social impact analysis 

-.021- 

__ 

__ 

__ 

__ 

.990 

__ 

__ 

__ 

__ 

 

 

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 

suggestion 

Suggestions 

Are the four project requirements 

discussed for planning stage 

complementary for the roads projects 

in that stage? 

86% 14% __  

About the costing criteria, can it 

found otherwise planning stage for 

more benefits? 

21% 13% 66% According to 

sustainability aspects 

this criterion should 

found in 

construction and 

O&M 

For safety and health criteria in 

planning stage, Are the sub criteria 

of it from the sustainability seen 

adequate or not? 

67% 33% __  

For the siting position selection 

criteria in planning stage, are the 

requirements of it comprehensive for 

the sustainability needs in that side 

or not? 

75% 10% 15% Agreed, but it should 

has sub division for 

more details and 

benefits 

Are the requirements and strategies 

of the energy criterion in planning 

stage achieving the sustainability 

requirements or not? 

80% 20% __  

For water criterion in planning stage, 

is the best management practice 

strategies of this criterion adequate 

or not? 

54% 16% 30% Agreed and it prefer 

to link with the 

sustainable strategies  

Is the planning stage criteria's 

conducted the important sides of 

sustainability that can found in this 

stage? 

73% 13% 14% Agreed, but the 

researcher could 

discuss the risks in 

planning stage. 
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Figure 1. The details for life cycle cost analysis criterion in planning stage. 

 

 

 

 

               Figure 2. The details for quality control plan criterion in planning stage. 
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Figure 3. The details for construction and demolition waste management plan criterion in 

planning stage. 

 

 

 Figure 4. The details for environmental and social impact analysis criterion in planning stage. 
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  Figure 5. The details for costing plan criterion in planning stage. 

 

 

  Figure 6. The details for safety and health criteria in planning stage. 
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Figure 7. Strategies details for safety and health criteria in planning stage. 

 

 

Figure 8. The details for siting position selection criterion in planning stage. 
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Figure 9. The details for energy criterion in planning stage. 

 

 

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. 

 

  البرمجة لإعادةعزل الاحمال باستعمال مصفوفة البوابات المنطقية القابلة مقترحة لة منظومبناء 
 

 محمد قاسم محمد بشار عادل اسطيفان 
 أستاذ مساعد مدرس مساعد 

 قسم الهندسة الالكترونٌة والاتصالات قسم الهندسة الالكترونٌة والاتصالات 
 جامعة بغداد جامعة بغداد 

 

 الخلاصــــــــة
هذا البحث تم تصمٌم مسٌطر لعزل الاحمال ٌتناسب مع احمال صغٌرة الى متوسطة الحجم وٌكون اساس العمل على فً 

أولوٌات ومقدار استهلاك قدرة مُبرمجة مسبقا ولكل حمل. المسٌطر الرئٌس ٌتحكم بتشغٌل او اطفاء اي من الاحمال حسب ما 

. عند طلب المستفٌد بتشغٌل حمل اضافً وكانت القدرة المستهلكة عند متوفر من قدرة متولدة واستهلاك الحمل واولوٌة عمله

عندها ٌقوم المسٌطر باتخاذ قرار بمنع تجهٌز القدرة الى الحمل إذا كان الحمل ذو اولوٌة واطئة او  االحد الاقصى المسموح به

ٌقوم المسٌطر بإطفاء الاحمال ذات الاولوٌة السماح بتجهٌز القدرة لذلك الحمل إذا كان الحمل ذو اولوٌة عالٌة وفً هذه الحالة 

تقلٌل مقدار الحمل الاحمال المقترحة هً  الواطئة لكٌلا ٌحدث تحمٌل زائد على قدرة التولٌد. الفكرة الرئٌسة من منظومة عزل

حمال باستعمال عزل الا ةمنظومنماذج لخلال. فً هذا البحث تم بناء ثلاثة  مع تجنب التحمٌل الزائد لمنظومة القدرة. المعزول

لكل  831و 46و  32لعدد احمال ٌساوي ، Alteraمن شركة DE2 مصفوفة البوابات المنطقٌة القابلة للبرمجة من نوع 

 .مسٌطر

 

 أنظمة القدرة، عزل الاحمال، التحميل الزائد، مصفوفة البوابات المنطقية القابلة للبرمجة.   كممات مفتاحية:
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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 100MW 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 Vth, 

if V goes below Vth, an amount P of load is shed after a time T. The values of P 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 technique 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. 
 

 

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 Pmax. 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 I 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). 
 

2121 SSSS 
                                                          (1) 

 

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 LIN 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 Pmax 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 GIN as hardware input, both vectors PG and GIN 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 GIN 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 Pmax is 

given by Eq. (2). 
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The n
th

 components of the power index table PIT are measure of the n
th

 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 n
th

 load to the smallest load as given in Eq. (3) 
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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 α 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 NL, the inputs are read as a vector of logic values LIN. 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. 
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
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The power index sum Ps will be compared to the maximum allowable power consumption Pmax 

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≤Pmax), the 

status vector will be passed to the output vector Lout 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 (Ps≤Pmax). Mathematically, this can be describes be the 

equation 
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Where K is the minimum priority allowed by the load condition such that 
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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 Pmax i.e. Pmax-Ps is not minimized, because high power index load has been 

eliminated in order to keep Ps<Pmax. 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<Pmax 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 LIN 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 LIN 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 
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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 LIN is checked if the user has requested the n
th

 load to be switched ON 

which is given by the condition LIN(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 Pmax and the updated value of the power sum Ps, 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 
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Where summation is run over the values of n such that all values of PIT are considered starting 

from 1 (highest priority) to NL (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 Pmax-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, LIN, the generator input vector, 

GIN, 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 LOUT, the generator output vector, 

GOUT, 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. NL=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 NL. Therefore, the 

total delay for a complete loop will be proportional to NL
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

L

lkc

N
f   (8) 
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Where fclk is the controller clock frequency,  is the acceptable controller time delay and NL 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 LOUT) 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 1. The situation when part of the load is islanded. 
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Figure 2. Breaker interlock scheme. 
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Figure 3. Block diagram of the proposed LS system. 
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Figure 4. Flow diagram of a typical priority based LS. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                          Figure 5. A flowchart of the implemented LS algorithm. 
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Figure 6. Details of updating ST and Ps. 

Figure 7. Altera DE2-115 FPGA (Top view).  
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Figure 8. Block diagram showing the internal logic of the implemented LS system. 

 

 

 
 

Figure 9. The result of project compilation. 
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Figure 10. Schematic diagram of the implemented controller using Quartus. 
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Table 1. Example of Under Frequency Load Shedding (UFLS) Settings 
Stage Frequency Time Delay Load Shed 

1 49.5 Hz 0.5 s 100 MW 

2 49.0 Hz 2.0 s 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 0.1 s 

64 40.96 KHz 0.1 s 

128 163.84 KHz 0.1 s 

256 655.36 KHz 0.1 s 
 

 

 

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

Device 

name 

Device 

Index 

Devise 

Priority 

Consumed 

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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D8 8 2 350 0 0 0 0 0 0 0 0 0 0 0 0 
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D24 24 4 180 0 0 0 0 0 0 0 0 0 0 0 0 

D32 32 5 10 0 0 0 0 0 0 0 0 0 0 0 0 

D13 13 6 5 0 0 0 0 0 0 0 0 0 0 0 0 

D15 15 7 25 0 0 0 0 0 0 0 0 0 0 0 0 
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D19 19 9 35 0 0 0 0 0 0 0 0 0 0 0 0 

D29 29 10 110 0 0 0 0 0 0 0 0 0 0 0 0 

D26 26 11 20 0 0 0 0 0 0 0 0 0 1 20 20 

D11 11 12 15 0 0 0 0 0 0 0 0 0 0 0 0 

D17 17 13 100 1 100 100 1 100 100 1 100 100 1 100 100 

D22 22 14 55 0 0 0 0 0 0 0 0 0 0 0 0 

D21 21 15 90 0 0 0 0 0 0 0 0 0 0 0 0 

D14 14 16 500 1 500 500 1 500 500 1 500 500 1 500 500 
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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
2
, respectively.  

 

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

 

 مع تىليذ الطاقة الكهزبائية وأستزجاع المغذيات  للمطزوحات السائلة من المجاسرالمعالجة البايىلىجية 

 في خلية الىقىد الأحيائية 

 
           علي جاسم محمذ                                                                                             سينب سياد اسماعيل             

سئٛظ يُٓذعٍٛ                                                                                                أعخبر                 

 ششكت عؼذ انؼبيت                                                                                               قغى انُٓذعت انبٛئٛت                        

 انؼبيت   بهذٚبثالاعكبٌ ٔانٔٔصاسة الاػًبس                                    جبيؼت بغذاد                                         -كهٛت انُٓذعت                    

 

 الخلاصة

يصبدس جذٚذة بذٚهت  نهطبقت أانهجٕء نهطبقت انًخجذدة أ نخطٕٚش يبعت ظٓشث حبجت  خلال انغُٕاث ٔانؼقٕد انًبضٛت 

اٌ انًغهك انخكُٕنٕجٙ انحذٚث ٚخجّ َحٕ اعخغلال انقًٛت انؼبنٛت نهًغزٚبث فٙ انًٛبة انًهٕثت  ٔانخٙ  ،يٍ َبحٛت اخشٖ انًغخذايت.

يٍ غٛشانًًكٍ اعخشجبػٓب بأعخخذاو انطشق انخقهٛذٚت فٙ انًؼبنجت. فٙ ْزِ انذساعت حى حصًٛى ٔحُفٛز يُظٕيت يؼبنجت جذٚذة 

 ( ْٔزِ انًُظٕيتANB( يغ انًفبػم الاحٛبئٙ انلإْائٙ )MFCقبئًت ػهٗ اعبط انذيج بٍٛ خهٛت انٕقٕد الاحٛبئٛت )

"MFC-ANB .حقٕو بًؼبنجت يٛبِ انًجبصس ٔاعخشجبع انُخشٔجٍٛ ببلاضبفت انٗ حٕنٛذ انطبقت انكٓشائٛت انًغخذايت فٙ آٌ ٔاحذ "

ٔانخٙ ححخٕ٘ ػهٗ  فٙ ْزِ انذساعت ْٕ اَبٕبٙ رٔ حجشحٍٛ، حجشة الإَد (MFC)اٌ شكم ٔحصًٛى خهٛت انٕقٕد الاحٛبئٛت 

كًصذس نهبكخشٚب  انُشطتقطب الإَد الاحٛبئٙ ٔحجشة انكبثٕد انخٙ ححخٕ٘ ػهٗ قطب انكبثٕد الاحٛبئٙ ،  ٔقذ حى حغزٚخٓب بأنحًأة 

 خشكٛضان ػهًب اٌ .ٕٚو 43بشكم يغخًش بًٛبِ انًجبصس انحقٛقٛت نًذة  ”MFC-ANB“انُشٛطت. حى حغزٚت يُظٕيت انًؼبنجت 

/ َٛخشٔجٍٛ-يهغى 200يهغى/نخش، ٔ  990فٙ حذٔد ٔحشكٛض الأيَٕٕٛو  (COD)نطهب انكًٛٛبٔ٘ نلأكغجٍٛ ا ًحخٕٖنبخذائٙ الا

mailto:zismail9@gmail.com
mailto:Alijassim_70@yahoo.com
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اعخشجبع ، انُخشاث، لايَٕٕٛوا، اٌ اقصٗ اصانت نهطهب انكًٛٛبٔ٘ نلأكغجٍٛ، انًخخبشٚت انُخبئج اظٓشث. نخش ػهٗ انخٕانٙ

يهٙ ٔاط/و 162.22٪ ٔ 13.31 ،٪ 100 ،٪100٪، 99.3٪، 99ٔحٕنٛذ طبقت كبَج ، كفبءة كٕنٕيبٛت ،َخشٔجٍٛ
2
 .ػهٗ انخٕانٙ 

  

 ٔاعخشجبع انُخشٔجٍٛ. الايَٕٕٛو،انُخشاث، يٛبِ انًجبصس، خهٛت انٕقٕد الاحٛبئٛت، الكلمات الذالة:

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 NH3−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 kΩ, the observed energy production 

efficiency, columbic efficiency, and generated power were 0.37%, 1.5% 28.2 μW, 

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
3
.day and 0.063 ± 0.005 kg NH4

+
/m

3
.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
2
. 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
3
, surface area of 0.0832 m

2
/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)2SO4, 0.20 g MgSO4•7H2O, 15 mg CaCl2, 1 mg FeCl3•6H2O, 20 mg MnSO4•H2O, 

0.42g NaHCO3 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 HCl 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
-
, NH4

+
, 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 HI9147-04, 

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=Ecell/Rext                                                                                                    (1) 

The power density was calculated according to Eq. (2): 

P = (Ecell)
2
/Rext*Aan                                                                                      (2) 

where: P is the power (W/m
2
), I is the current (Amp.), Rext is the external resistance (Ω), and 

Ecell is the cell voltage (V), Aan is the projected surface area of anode (m
2
). 

 

3.3. Coulombic efficiency  

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

    
  

       
                                                                                              (3) 

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
3
/sec),      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
3
.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 NH4
+
 

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 NH4
+
 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 Ω. 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
2
, 

respectively obtained at 40 Ω 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
2
 and 165.22mW/m

2
, 

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
2
, respectively. 
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7. NOMENCLATURE 

BOD =biochemical oxygen demand, mg/l 

COD= chemical oxygen demand, mg/l 

SS =suspended solids, mg/l 

MFC= microbial fuel cell. 

MFC-ANB= microbial fuel cell integrated with external anoxic bioreactor 

MCL=maximum contamination level, mg/l 

    TDS= total dissolved solid, mg/l 

 

 
 

Figure 1.  Schematic diagram of microbial fuel cell integrated with anoxic bioreactor . 
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(MFC-ANB) 

 
 

Figure 2. Profile of COD removal in the MFC-ANB system. 

 

 
 

Figure 3. Profile of ammonium ions removal in MFC-ANB. 
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Figure 4. Profile of nitrate ions removal in the MFC-ANB. 

 

 

 
 

Figure 5. Voltage profile in the MFC at external resistance of 40 Ω. 
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.  

Figure 6. Polarization curve in MFC.  

 

 
 

Figure 7. Power density and current density profiles in MFC. 
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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 (NH4
+
) mg/L 75.05 

Sulfate(SO4
-2

) mg/L 69.5 

Nitrate (NO3
-
) mg/L 13.5 

Nitrite (NO2
-
) mg/L 9.0 

Chloride (Cl
-
) mg/L 49.0 

Total dissolved solids (TDS) mg/L 501 

Phosphate (PO4
-3

) 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 
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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 nanofluid/ Nu base fluid)  and thermal performance factor was 

(1.45) and (1.24) respectively, by using (1wt%) concentration and q=6104W/m
2
 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 

 

ماء( -دراست حجرٌبٍت عهى خصائص اوخقال انحرارة ومعامم الاحخكاك نمائع واووي احادي انطبقت )كرافٍه

ٌتاوبوب دائري ححج انجرٌان الاوسٍابً واحمال حرارٌت مخخهفت كشروط حذود فً  

 

  أ.د. وجذث وشأث عبذالله                                                حسٍه علاوي ابراهٍم

 قسى انهُذست انًٍكبٍَكٍت                                               قسى انهُذست انًٍكبٍَكٍت

يعت بغذاد                                                              جبيعت بغذادجب  

 

 يبء(-ري واَخفبض انظغظ نًبئع َبَىي احبدي انطبقت )كرافٍٍسحى اجراء دراست حجرٌبٍت نحسبة خصبئص اَخقبل انحرارة انق

  (%1wt-0.1)نهًبئع تانحرارٌ ٍتهًىصانهزوجت وانكشروط حذودٌت.  وحًم حراري يُخظىنجرٌبٌ اَسٍببً فً اَبىة دائري 

انُخبئج .هى حعزٌز اَخقبل انحرارة حى ححرٌهبوحركٍز انجزٌئبث انُبَىٌت ع انحًم انحراري,حأثٍر سرعت انجرٌبٌانُبَىي حى قٍبسهب.
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)عذد عذد َسهج  َسبتواعظى .ٌزداد بزٌبدة انحًم انحراري وسرعت انجرٌبٌ يبء(-كرافٍٍ)عذد َسهج نهًبئع انُبَىي بٍُج اٌ 

( %1wt( عهى انخىانً, ببسخخذاو حركٍز )1.24( و)1.45ويعبيم الاداء انحراري كبٌ ) (اسبسًيبئع /عذد َسهجيبئع َبَىيَسهج 

نهًىائع جٍذ كبذٌم واخٍرا ححهٍم يعبيم الاداء ٌبٍٍ اٌ انًبئع الاَىي كرافٍٍ ًٌكٍ اٌ ٌعًم  .(6104W/m2وحًم حراري )

 حطبٍقبث اَخقبل انحرارة.انخقهٍذٌت فً 

يعبيم الاداء, اَخفبض انضغظ, انجرٌبٌ الاَسٍببً, كرافٍٍ , يبئع َبَىياَخقبل انحرارة ببنحًمانكهماث انرئٍسٍت:   

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 ºC compared with pure water. 

Mehrali, 2015, investigated experimentally the heat transfer performances laminar forced 

convection for (GNP) nanofluid with 750m
2
/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 

DI-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 



Journal of Engineering Volume       23   May         2017 Number 5 
 

 

109 
 

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 

DI-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 (φ=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
2
). 

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 = ζVI                                                                                                                                  (1) 
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where, I and V represent the current and voltage which  generated by programmable power 

supply and pass through  electrical heater as well as the factor ζ=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 =   cp (Tout- Tin)                                                                                                                (2) 

where, Tin ,Tout ,   an  cp represent the te perature of the  ul  flui  at inlet an  outlet of the test 

section, mass flow rate and specific heat of working fluid respectively. 

The actual heat flux is then estimated as follow: 

q =
0.5 ( 1   2 

    
                                                                                                                          (3) 

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. 

h(x =
q 

( w- f)X
                                                                                                                           (4) 

 u(x =
h(x  i

 
                                                                                                                             (5) 

where Tf and Tw are the fluid and wall temperatures respectively, q" is the actual heat flux, k is 

the thermal conductivity of fluid, di 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: 

 f (x =  f in  
q  x

 cpu 
                                                                                                                    (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: 

h =
  

  ̅   ̅  
   and Nu = 

h 

 
 

Here,  ̅  is the average temperature of the wall and ̅ is the average bulk temperature of fluid. 

Specific heat capacity and density of nanofluids are calculated from: 
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 p=
q 

 ( 
in
- 

out
  
                                                                                                                     (7) 

(  p)nf=φ(  p)p+(1-φ  (  p)f                                                                                                                        (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. 

   
  

       

 

 
                                                                                                                                (9) 

Where  p is the pressure  rop 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 ( 5-35ºC)  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:  

Nu=

{
 
 

 
 1.302x

 

-
1

3-1                                                     x  0.00005    

1.302x
 

-
1

3-5                                            0.00005 x  0.0015

4.346 8.68(103 x )
-0.506

exp(-41x )x  0.001            

                                          (10) 

where  
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   [

 

  

    
] 

  
  

  
                                                                                                                                      (11)                                       

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 ºC 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 ºC 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
2
, 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 φm= 0.1, 0.2, 0.4, 0.6, 0.8 and 1wt %, 

respectively at a heat flux of 6104 W/m
2
.  

The augmentation in the heat transfer (the Nusselt number ratio) (Nu nanofluid/Nu plain tube ) is 

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
2
) 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
2
, respectively. 

The improvement in heat transfer coefficient in nanofluid is attributed to the effective thermal 

con uctivity of nanoflui  solution.  he heat transfer coefficient is given as ( /δt , where (δt  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 nanofluid/ fplain tube). 

Maximum increase in (f nanofluid/ fplain tube) 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.  

η =(
    

    
)/(

   

    
)
   

                                                        (12) 

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 1.22, 1.22, and 1.11 for 1 wt % of 

GNPs nanofluid at heat fluxes of  6104, 2040, and 4292W/m
2
, 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 

DI-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, 

an  nanoflui  weight concentration, φ , with G  s  ase  DI-water nanofluids through the 

following correlations: 
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Nu=a1 e
 2 r 3       

 4
                                                                                                          (13)                                        

The limitations for this correlation are (Re=563-2158), (Pr=6.1-11.3) and nanofluid 

concentration ( m=0.1-1 wt%). The value of constants and the deviations are given in Table 2. 

f=b1 e
 2      

 3                                                                                                                    (14)                                                                      

The limitations for this correlation are (Re=563-2158), (Pr=6.1-11.3) and nanofluid 

concentration ( m=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 35ºC. 

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 ºC. 

3. The Nusselt number enhances as the heat flux and velocity flow rate increase and maximum 

Nusselt number ratio (Nu nanofluid/ Nu plain tube) 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. 
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NOMENCLATURE 

 

 

 = density, kg/m
3
 

f= friction factor 

nf= Nanofluid 

bf= Base fluid  

ƞ= thermal performance factor 

φm= mass or weight friction concentration 

Q1=total heat power, W/m
2
 

Q2=sensible heat gained by the nanofluid,W/m
2 

  =perimeter, m 

u= velocity, m/s 

I=current,omh 

V=voltage,Volt 

T=temperature, ˚  

L= length of tese section, m 

 ̇=mass flow rate,kg/s 

q"=actual heat flux,W/m
2 

ζ= factor of heat loss to ambient 

d= diameter, m 

Cp= specific heat, KJ/kg.K 

h= heat transfer coefficient, W/m
2
.k 

 

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 - 1200m2/g 

 

Bulk density 0.2–0.4 g/cm3 

diameter of particle  1μ  - 12μ  

Thickness of particle          0.55nm - 1.2nm 

Thermal conductivity  

(vertical to surface) 

6 W/m K 

 

Thermal conductivity  

(parallel to surface) 

5000 W/m K 

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

Nanofluid 
a1 a2 a3 a4 a5 

Devia

tion 

GNPs DI-

water 

0.645

1 

0.4180 -0.3730 6.96

72 

0 ± 

7.5% 

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

Nanofluid 
b1 b2 b3 b4 Deviation 

GNPs DI-

water 

54.450 -0.9752 -2.2072 0 ± 10.5% 

 

 

 



Journal of Engineering Volume       23   May         2017 Number 5 
 

 

117 
 

 

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 

 

 

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

adapter to reduce the axial heat loss conduction. 

Figure 4. Electromagnetic flow meter. 

 

 

 

 

 

Figure 5. Nanofluid samples. 

 

 

Figure 6. Nanofluid samples after two months. 
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Figure 7. Measured average Nusselt number and the 

prediction correlations for DI-water versus the 

velocity. 

 
Figure 8. Frictional head loss as a function of the 

velocity for DI-water. 

 
Figure 9. Viscosity of GNPs nanofluid with different 

weight fraction concentrations. 

 

Figure 10. Viscosity of GNPs nanofluid increment 

percentage compared with DI-water. 

 
Figure 11. Thermal conductivity of GNPs  with 

different weight concentrations. 

 
Figure 12. Thermal conductivity enhancement 

percentage compared with DI-water. 
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Figure 13. Effect of velocity of GNPs nanofluid on 

Nusselt number for different weight concentrations at 

q=6104 W/m
2
. 

 

Figure 14. Effect of velocity of GNPs nanofluid on 

Nusselt number for different weight concentrations at 

q=5040 W/m
2
. 

 

Figure 15. Effect of velocity of GNPs nanofluid on 

Nusselt number for different weight concentrations at 

q=4292 W/m
2
. 

 

Figure 16. Effect of velocity of GNPs nanofluid on 

Nusselt number ratio (Nu nanpfluid/Nu DI-water)for 

different weight concentrations at q=6104 W/m
2
. 

 

Figure 17. Effect of velocity of GNPs nanofluid on 

Nusselt number ratio (Nu nanofluid/Nu DI-water)for 

different weight concentrations at (q=5040 W/m
2
). 

 

Figure 18. Effect of velocity of GNPs nanofluid on 

Nusselt number ratio (Nu nanpfluid/Nu DI-water)for 

different weight concentrations at q=4292 W/m
2
. 
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Figure 19. Effect of heat flux on Nusselt number for 

GNPs nanofluid for different weight concentrations. 

 

Figure 20.Variation of friction factor at different 

velocities and weight concentrations for GNPs 

nanofluid. 

 

Figure 21.Variation of friction factor ratio (f nanofluid/ 

fplain tube) at different velocities and weight 

concentrations for GNPs. 

 

Figure 22. Effect of velocity and concentration on 

perfor ance factor (ƞ  for GNPs nanofluid at q=6104 

W/m
2
. 

 

Figure 23. Effect of velocity and weight 

concentration on perfor ance factor (ƞ  for G  s 

nanofluid at q=5040 W/m
2
. 

 

Figure 24. Effect of velocity and weight 

concentration on perfor ance factor (ƞ  for G  s 

nanofluid at q=4292 W/m
2
. 
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Figure 25. Effect of velocity on performance factor 

(ƞ  for (1wt%) concentration of GNPs nanofluid at 

different heat flux. 

 

Figure 26. Comparison of experimental data with 

regression equation of Nusselt number for GNPs 

nanofluid. 

 

 

 

 

 

 
Figure 28. Comparison of experimental result of 

Nusselt number for present work with the published 

data of Mehrali, 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27. Comparison of experimental data with 

regression equation of friction factor for GNPs 

nanofluid. 
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The Effect of Fin Design on Thermal Performance of Heat Sink 

 

 

 

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/m2). 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-ε 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. 

 

  الحراريالمشتت  أداء على زعنفةال تصميم تأثير 

 

 

خلاصةال  

لخحة ت  ادرا  الحتراال لةياتخ ث الحراايتت دبخيت ع اليفر تت  تل ىتلا اليمت ي اليت    تل  اجريتج رااةتت لية تت ًبيت   ت           
حبريد ادجيزة ادلكخرًن ت.  ابد الطرق اليييت لخفزيز انخم ي الحرااة لةى ج نت  اليتٌا   تل اليبت ري الحتراال ىتل حطتٌير  تك  

 خنٌلتت لةتى اارا  الحتراال لياتخج الحترااة. ًحصتي يت م اع لةخحمك  ل أثر حغ  ر  خغ تراث حاتغ ة ت ًلد أجريج حالزل نف. 
- 3954الحتراال   الفت  ( 3848.9 -23597الخاتغ ة ت  لتدر اينٌلتد    حضتينج اليخغ تراث   ئع الفي  الييخخد  ىٌ اليٌا . 

 يتطحت براايتت  اتخخ ث ةتخت /الحي . الخٌصت    ي بتًليٌا  ىل  حغ  ر احم ه حد ك ا الخصي يت اليخغ راث  ( 2ًاط/   38357

اليح بت ة  .لطتع،  خفترو ًالتٌو -  لٌبت  يطحت، لطع،  ثم ، ثم   ًىلًاخخب اى   ل نفك ىٌائل صغ ر  خٌا يت حم حصن في  
 k-ε ةتتخٌبت حتتم حطب تتك نيتتٌاو اد تتطراع  -،   دلخيتت ر لةتتى  فتت ردث نتت   ر FLUENT 15الفدريتتت   ةتتخخدا   رنتت    

 لداجتتت الفتتدرل الخنبتت  أن حبتت لً فتت ردث الط لتتت طبمتتج لةحيتت  الميتترل لةيتتٌا  لتتنفت ال تترًت الخمريب تتت لةياتتخ ث الحرايتتت. 
 الحتراال اارا  لةتى بب تر حتثث ر لتو لةيتٌا  اينٌلد  لدر أن النخ ئ  أظيرث .الخمريب ت الب  ن ث  ع ج د حٌا ك  ل الم لدة الحرااة

 أن ًجتد الت،، لةتى لتوًة. الحراايتت اليم ً تت حمت  يتزرار ً  لخت لل الحترااة انخمت ي  ف  ت  ،اليتٌا  ح ت ا ةترلت  ي رة  ع. لةن   
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ا ضت  بع ان لتٌ.  ل  ت ل  خخةتف الياتخخ ث الييتخخد ت، يفخيدان لةى الف   الحرال الحراايت ًاليم ً ت الحرااة انخم ي  ف   

  . م ً ت براايت ال  ج ً ف    انخم ي الحرااة، ًلطع لو الةى لدر نية -ثم  الحراالةياخج ارا  براال ل
 .أرا  براال ،، حنبٌ  لدرلCFD،  ل نف،  اخج براال  الكلمات الرئيسية

   

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 × 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/m2). 

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: 

                                            

  
                                                                    

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 Qcond and Qrad are neglected in the present work. 

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

   

     *   (
        

 
)+                                                                                                                                

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: 

   
       [   ]    [   ]                                                                                                              

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

   

       [   ]    [   ]             
 

 
                                                                    

For cross-cut fin: 

   
       [   ]    [   ]                                                                                       

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

    
  

  *   (
        

 
)+
                                                                                                                                            

Now, the thermal resistance is calculated as Mehedi, et al., 2015: 
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The dimensionless groups are calculated as follows: 

The Nusselt number, Nu is defined as: 

   
     

  
                                                                                                                                                                  

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-Afront, such as: 

    
 

        
                                                                                                                                                            

The duct Reynolds number, Re is defined as: 

   
       

  
                                                                                                                                                            

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

   

 
  

  
                                                                                                                                                                  

where Aw is  the wind tunnel cross-sectional area, and Pw 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 (Qf) to heat transfer rate of plate fin arrays (Qfp). 

     
  

   
                                                                                                                                                                  

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

      
      

   
                                                                                                                                                        

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

      

(
        

 
)                                                                                                                                                   
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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; (ii) 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: 

 (  ⃗⃗ )  

                                                                                                                                                                  

The X, Y, Z Momentum Equations 

 (  ⃗⃗  )  

 
  

  
 

    

  
 

    

  
 

    

  
                                                                                                            

 (  ⃗⃗  )  

 
  

  
 

    

  
 

    

  
 

    

  
                                                                                                           

 (  ⃗⃗  )  

 
  

  
 

    

  
 

    

  
 

    

  
                                                                                                            

The Energy Equation 

     ̅  

    ⃗⃗                                                                                                                           

Where ρ is the fluid density, V is the fluid velocity vector, τij is the viscous stress tensor, p is 
pressure, β is the body forces,  t is time, Φ is the dissipation term, h is the aggregate enthalpy , u, 

v and w are velocity components,  ⃗⃗   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-cut, 

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/m2 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/m2 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/m2, 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 illustrated 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-ε 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-ε 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 
(aluminum) 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/m2 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/m2 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 velocity 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 

A=heat transfer area, m
2
 

B=base height, m 
C=cross-cut length, m 
Dh=hydraulic diameter, m 
d=perforated diameter, m 

H=height of fins, m 
h=connection heat transfer coefficient, W/m

2
 
o
C 

k=thermal conductivity, W/m 
o
C 

L=length of heat sink, m 

 ̇=mass flow rate, kg/s 
Nu=Nusselt number 
Nf= number of fins 
Np= number of perforated 
Re=Reynolds number 
Rth=thermal resistance, 

o
C/W   

S= channel width, m 
T=temperature,

 o
C 

t=fin thickness, m 
V=velocity, m/s 
W=width of heat sink, m 

 

GREEK SYMBOLS 

ρ= density, kg/m3  
μ =dynamic viscosity, N s/m2  
ε = 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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Figure 1. Photographic picture for the experimental apparatus.   
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Figure 2. Schematic diagram for experimental setup. 
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6 U-Tube manometer 15 Thermocouple insertion point 

7 Convergent section 16 Inlet air thermocouple 
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Figure 3. Wind tunnel.   

 

Figure 4. The configurations of all heat sinks. 

 

a-Flat plate b-Cross-cut 

 
c-Perforated 

 
d-Perforated-cut 

 
f-Serpentine 

 
e-Zigzag 
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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. 

(a) (b

(c) (d

(e) (f) 
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Figure 6. Computational domain and mesh distribution of the modeling.  
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Figure 7. Comparison of experimental and numerical analysis. 
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Figure 8. Comparison of experimental and numerical analysis. 
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Figure 10. Variation of heat transfer coefficient with different 

heat fluxes for all heat sinks. 
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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 11. Variation of Nusselt number with different heat 
fluxes for all heat sinks. 

 

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. 

Figure 14. Variation of Nusselt number with Reynolds number 

for all heat sinks. 
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Figure 15. Variation of thermal resistance with Reynolds number for all 
heat sinks. 
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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. 

(a) (b) 

(c) (d) 

(e) (f) 
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Figure 17. Velocity vectors for flat plate heat sink. 

Figure 18. Velocity vectors for cross-cut heat sink. 
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Figure 19. Velocity vectors for perforated heat sink. 

Figure 20. Velocity vectors for perforated-cut heat sink. 
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Figure 21. Velocity vectors for serpentine heat sink. 

 

Figure 22. Velocity vectors for zigzag heat sink. 
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Figure 23. Numerical variation of heat transfer coefficient with 
different heat fluxes for all heat sinks. 

Figure 24. Numerical variation of heat transfer coefficient with 
Reynolds number for all heat sinks. 
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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 
filters 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. 
 

الماء الخسفية  مرشحاتلالهيذروليكية والميكانيكية الخصائص تىافق   

 
رياض جاسم محمذ السعذي م.أ.د. رياض زهير السبيذي                                      أ.م.د. محمىد صالح الخفاجي                                      م.  

خايعت كزبلاء اندايعت انخكُىنىخُت                             كهُت انهُذست/ خايعت بغذاد                            لسى انبُاء والاَشاءاث/ كهُت انهُذست/  

 
 الخلاصة

انطٍُ الاحًز وَشارة انخشب خهطاث بُسب يخخهفت يٍ عشز  َخاج يزشحاث ياء خشفُت باسخخذاوا ذانبح هذا هذف
 جزوف الاَخاج خًست ضغىط نهكبس حزاوحظحضًُج خى فحض خىاطها انفُشَائُت. نُو زوف اَخاج يخخهفتظوححج  كًضاف

فحض اسخخذيج َخائح  . و˚1100و  1070و  1000بثلاد درخاث َهائُت يخخهفت يُكا باسكال وخذول نهحزق  50و  10بٍُ 
  فٍ ححذَذ افضم حىافك بٍُ انخىاص انًُكاَُكُت وانهُذرونُكُت نهذِ انًزشحاث. انخىاص انفُشَائُت

دٌ انً سَادة كثافت ويماويخٍ الاَضغاط ؤاشارث َخائح الاخخباراث باٌ سَادة كم يٍ ضغظ انكبس وحزارة انحزق ح

ويماويخٍ الاَضغاط والاَحُاء نهًزشحاث كثافت بًُُا حمم كم يٍ انًسايُت والايخظاص نها. حمم  انًُخدت ًزشحاثوالاَحُاء نه
عُذ  هُذرونُكُت اَظانُتعهً أ. حى انحظىل عهً َشارة انخشبيحخىي بشَادة  وحشداد  كم يٍ انًسايُت والايخظاص انًُخدت

الاَظانُت % وبخلاف هذِ انُسبت حشداد 10لم يٍ أو عُذيا َكىٌ يحخىي َشارة انخشب ˚1070درخت حزق يمذارها 
% يٍ 92.5بشَادة َسبت َشارة انخشب ودرخت انحزارة.  وخذ باٌ انًزشحاث انًُخدت باسخخذاو خهطت يكىَت يٍ  انهُذرونُكُت

و ˚1070يُكا باسكال ودرخت حزق يمذارها  20يٍ َشارة انخشب وانًشكهت ححج ضغظ كبس يمذارِ  %7.5انطٍُ الاحًز و

يهى/َىو 50انهُذرونُكُت  الاَظانُتفٍ هذِ انحانت كاٌ يمذار انهُذرونُكُت وانًُكاَُكُت. و  فضم حىافك بٍُ انخىاصأحعطٍ 
  .يُكا باسكال 10.8يُكا باسكال ويماويت الاَحُاء  14ويماويت الاَضغاط 

mailto:41100@uotechnology.edu.iq
mailto:riyadhj62@yahoo.com
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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 0.4µm and 30µm. 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 
0.8µm with percentage of about 31% and the second one is 4µm 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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425µm. Percentages of finer particles size of sawdust within the range of 75 and 90µm, 90 and 

180µm, 180 and 425µm, 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 90µm and the second having a particle size greater than 212µm. 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 
1cm 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 filters 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 1000˚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 
filters 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: 
 

   |
      

  
|                                                                                              (1) 

where: 
Pd= percentage of change in diameter of ceramic filter disc, 

db= 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:  
  

    
  

       
                                                                                                     (2)    

 

   
      

      
                                                                                               (3) 

 

    
      

  
                                                                                             (4) 

where: 

Md= the dry mass, gm  
Msa= the saturated mass, gm 

Ms= the suspended mass in water, gm 
ρa= bulk density, gm/cm3,                      
n= apparent porosity, %, and 

Wa= 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: 
 

  
    

      
                                                                                                          (5) 

where: 
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K= hydraulic conductivity, cm/min. 

V = collected volume of water, cm3.  
Ta = thickness of ceramic filter disc, cm, 

Ac = cross sectional area of ceramic filter disc, cm2, 
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:  

 

    
 

   
                                                                                                         (6) 

where:  
K=measured saturated hydraulic conductivity, cm/min,  

μ=dynamic viscosity of water at any temperature, Pa.s, and  
μ20 =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: 

 

   
  

  
                                                                                                              (7) 

where: 
σc= compressive strength of the cylindrical ceramic filter, MPa., 
Fc = total load on the cylindrical ceramic filter at failure, N, and 

Ab = area of the bearing surface of the cylindrical ceramic filter, mm2. 
The bending test (modulus of rupture test) procedure was applied on rectangular ceramic 

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

 

  
    

    
                                                                                                           (8) 

where: 
M = modulus of rupture (bending strength), MPa., 

Fb = load at rupture, N, 
L = distance between supports, mm, 
b = width of the rectangular ceramic filter, mm, and 

d = thickness of the rectangular ceramic filter, 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 90µm and 
greater than 212µm 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 filters 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/cm3 and 1.91gm/cm3. The overall 

average of this variation in bulk density was 1.44gm/cm3. 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 filter 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 filter 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 0 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 variation in hydraulic conductivity varied between 0mm/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 filter 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 

filtrated 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 
filters 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 90µm and greater than 212µm 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 overall 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/cm3 and 1.91gm/cm3. 
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 overall 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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7. 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. 

8. The overall range of the variation in hydraulic conductivity varied between 0mm/day and 
189mm/day. The overall average of this variation in hydraulic conductivity is 37.23mm/day. 

9. 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. 
10. 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.  
11. 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. 

12. 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.  
13. 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 1. X-ray diffractions of red clay. 

   

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Particle size analysis of red clay.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

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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b. Inner face of PVC cup. 

                                                                                                                                                                                                   

 

 

 

   

 

 

 

 

 

                              a. General view.                                              c. Outer face of PVC cap.  

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 

SiO2 37.14 
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Mica(Biotite) = 49% 
Fe2O3 5.33 

Al2O3 11.31 
Kaolinite = 14% 

TiO2 0.37 

CaO 18.0 
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Calcite = 21.5% 
MgO 4.95 

SO3 0.62 
Quartz = 11.5% 

Na2O 1.01 

K2O 1.4 

Orthoclase = 4% LOI 19.31 

Total 99.44 
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Table 2. Different mixtures of red clay and sawdust. 

Particle size of 

sawdust, µm 
Sawdust, % Red Clay, % Code of Mixture  

75 - 425 

0 100 M1 

5 95 M2 

7.5 92.5 M3 

10 90 M4 

12.5 87.5 M5 

15 85 M6 

20 80 M7 

25 75 M8 

< 90 10 90 M9 

>212 10 90 M10 

           

 

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

Temperature, ˚C 
Time, min. Level 

To From 

80 Room 15 1 

     80                                    soaking     30 2 

180 80   15 3 

180                                 soaking 30 4 

330 180 15 5 

330                                soaking 30 6 

550  330 15 7 

550                                 soaking 45 8 

800 550 15 9 

800                                 soaking 45 10 

1000 or 1070 or 1100 800 15 11 

1000 or 1070 or 1100             soaking             60 12 
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Table 4. The Details of the Produced Ceramic Filters. 

Code of 

Mixture  

 

Disc 

no. 

Applied 
Code of 

Mixture  

 

Disc 

no. 

Applied 

Press 

Pressure 

MPa 

Firing 

Temperature 

ºC 

Press 

Pressure 

MPa 

Firing 

Temperature 

ºC 

M1 

1 10 1000 

M3 

42 20 1100 

2 20 1000 43 30 1100 

3 30 1000 44 40 1100 

4 40 1000 45 50 1100 

5 50 1000 

M4 

46 10 1000 

6 10 1070 47 20 1000 

7 20 1070 48 30 1000 

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 53 30 1070 

13 30 1100 54 40 1070 

14 40 1100 55 50 1070 

15 50 1100 56 10 1100 

M2 

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 

M5 

61 10 1000 

21 10 1070 62 20 1000 

22 20 1070 63 30 1000 

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 68 30 1070 

28 30 1100 69 40 1070 

29 40 1100 70 50 1070 

30 50 1100 71 10 1100 

M3 

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 

M6 

76 10 1000 

36 10 1070 77 20 1000 

37 20 1070 78 30 1000 

38 30 1070 79 40 1000 

39 40 1070 80 50 1000 

40 50 1070 81 10 1070 

41 10 1100 82 20 1070 

Filters of disc shape 
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Table 4. Cont. 

 

 

 

Table 5. Effects of sawdust particles size on the porosity and hydraulic conductivity of the 
ceramic filter disc. 

Mixture 

code 

Sawdust 

particle 

size 

Sample 

no. 

Porosity  

% 

Average 

porosity 

% 

Hydraulic 

conductivity 

mm/day 

Average 

hydraulic 

conductivity 

mm/day 

M9 < 90 µm 

1 54 

54.7 

36 

35 2 55 34 

3 55 35 

M10 >212 µm 

1 56 

56 

34 

34 2 57 33 

3 55 35 

  

 

Code of 

Mixture  

 

Disc 

no. 

Applied 
Code of 

Mixture 

 

Disc 

no. 

Applied 

Press 

Pressure 

MPa 

Firing 

Temperature 

ºC 

Press 

Pressure 

MPa 

Firing 

Temperature 

ºC 

M6 

83 30 1070 

M7 

103 30 1100 

84 40 1070 104 40 1100 

85 50 1070 105 50 1100 

86 10 1100 

M8 

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 

M7 

91 10 1000 111 10 1070 

92 20 1000 112 20 1070 

93 30 1000 113 30 1070 

94 40 1000 114 40 1070 

95 50 1000 115 50 1070 

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 
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Average of three samples for each ceramic filter 

Change in 

dimensions of 

disc due to firing, 
% 

Bulk 
density 
gm/cm

3 

Porosity 
% 

Absorption 
% 

Hydraulic conductivity 
 mm/day Compressive 

strength 
MPa 

Bending 
strength 

MPa 
Observed 

Standard 
at 20˚C 

M1 

1 

1000 

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 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 

1070 

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 

8 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 

1100 

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 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 

M2 

16 

1000 

10 0.57 1.38 55.78 40.43 8 7 5.1 4.6 

17 20 0.57 1.4 51.91 37.08 4 4 13.6 5 

18 30 0.57 1.41 49.72 35.26 4 3 15.7 5.5 

19 40 0.57 1.45 44.77 30.87 3 2 16.1 8.6 

20 50 0.57 1.48 39.98 27.02 2 1 19.5 9.7 

21 

1070 

10 1.33 1.41 54.89 38.92 60 54 7.2 5.6 

22 20 1.33 1.44 49.11 34.11 42 38 14.4 10.9 

23 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 11.1 

25 50 1.33 1.55 39.61 25.56 8 7 23.3 11.2 
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Table  6. Physical properties of ceramic water filters. 
Table 6. Cont. 
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Average of three samples for each ceramic filter 

Change in 

dimensions 

of disc due to 

firing, % 

Bulk 

density 

gm/cm3 

Porosity 

% 
Absorption 

% 

Hydraulic 

 conductivity  

mm/day 
Compressive 

strength 

MPa 

Bending 

strength 

MPa 
Observed 

Standard 

at 20˚C  

M2 

26 

1100 

10 1.67 1.45 53.69 37.03 40 35 8.1 10.8 

27 20 1.67 1.5 46.89 31.24 27 23 15.7 11.1 

28 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 

M3 

31 

1000 

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 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 

1070 

10 1.5 1.38 56.56 40.98 71 61 5.5 4.9 

37 20 1.5 1.4 50.81 36.3 50 43 14 10.8 

38 30 1.5 1.44 47.77 33.16 40 33 14.8 10.8 

39 40 1.5 1.49 44.86 30.11 33 27 16.9 10.8 

40 50 1.5 1.51 41.38 27.4 18 15 18.2 10.9 

41 

1100 

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 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. 
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Average of three samples for each ceramic filter 

Change in 

dimensions of 

disc due to 

firing, % 

Bulk 

density 

gm/cm3 

Porosity 

% 
Absorption 

% 

Hydraulic 

 conductivity 

 mm/day 

Compressive 

strength 

MPa 

Bending 

strength 

MPa 
Observed 

Standard 

 at 20˚C  

M4 

 

51 

1070 

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 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 

55 50 1.67 1.47 41.91 28.51 13 11 10.6 10.8 

56 

1100 

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 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 

M5 

61 

1000 

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 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 

66 

1070 

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 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. 
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Average of three samples for each ceramic filter 

Change in 

dimensions of 

disc due to 

firing, % 

Bulk 

density 

gm/cm3 

Porosity 

% 
Absorption 

% 

Hydraulic 

 conductivity 

mm/day 
Compressive 

strength 

MPa 

Bending 

strength 

MPa 
Observed 

Standard  

at 20˚C 

M6 

76 

1000 

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 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 

1070 

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 

83 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 

1100 

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 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. 

physical properties 

Range of variation 

Sawdust content, % 

0 5 7.5 10 12.5 15 

Change in 
dimension, % 

0.33-1.33 0.57-1.67 0.87-2.00 1.17-2.33 1.50-2.50 2.00-2.67 

Bulk density, g/cm3 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, 

m/day 

0-10 2-60 7-71 9-71 22-78 58-189 

Compressive 
strength, MPa 

52.60-71.30 5.10-27.60 4.20-20.00 0.60-11.47 0.30-4.70 0.10-2.50 

Bending strength, 
MPa 

12.50-14.95 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. 

physical properties 

Range of variation 

Temperature, ˚C 

1000 1070 1100 

Change in dimension, %. 0.33-2.00 1.00-2.17 1.33-2.67 

Bulk density, g/cm3 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. 

physical properties 

Range of variation 

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/cm3 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, 

mm/day 
-* 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 M5 and M6 mixtures. 
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 دراسة تأثير العامل المايكروبي على صفات وخصائص متراكبة النوفولاك المدعم

/ الاسبستبألياف الزجاج   

 

 

  

 

 الخلاصة:

تم دراسة انعكاس تؤثٌر الاستخدام المسهب لمواد متراكبة بولٌمرٌة مكونة من مادة النوفولاك المقواة بؤلٌاف الزجاج مرة 

المادة المصلدة )الهٌكاسامثٌلٌن  ( من%10وبنسبة )( 60%نً مقداره )وبكسر وز أخرىالاسبست مرة  وألٌاف

مقاومة   Hardness)الصلادة شملت والتً على خواصها الفٌزٌائٌة tetraamine (Hexamethylene- (HMTA)تتراأمٌن

 elasticity  of modulusألانضغاطً المرونة  معامل deformation Compressiveالتشوه ألانضغاطً, 

Compressive  ألانعطافً المرونةمعامل elasticity of modulus Flexural, مقاومة الثنً القصوى strength 

Flexural,  ألانعطافً الرجوعٌةمعامل  modulus resilience  Flexural ,ًطاقة انفعال الثن energy strain 

Flexural   البكتٌرٌة كؤحد مصادر  الأوساط أهمٌةثبوت  عتباربا (,تحت حمل ثلاثً الركٌزه ومقاومة قص الطبقات الداخلٌة

 بؤن متراكبات النوفولاك المدعمة علما فً عملٌة تقادم هذه المواد المتراكبة.غٌر مباشرة  أوالتلوث التً تسهم بطرٌقة مباشرة 

( وزنا 10%و) ( وزنا مرة%14) والمتمثلة بنسبة  (HMTA)المادة المصلدة  منبؤلٌاف الزجاج حضرت بنسبتٌن مختلفتٌن 

 .أخرىمرة 

ٌإثر بشكل سلبً على الصلادة ومقاومة نتائج المقارنة بؤن تعرض المتراكبات المحضرة للوسط البكتٌري  أظهرتلقد 

وهو انه ٌمكن تؤخٌر  هنتائج واضحة وجلٌ إلى أٌضاالانضغاط ومقاومة الثنً وطاقة انفعال الثنً المخزونة.كما خلص البحث 

ألٌاف استبدال  عند أكثر مما هو علٌهالزجاج فً مادة النوفولاك  ألٌاف باستعمالالبكتٌرٌة  الأوساطعملٌة التقادم بسبب 

معامل الرجوعٌة ( حٌث تبٌن أن %14( إلى )%10الزجاج بؤلٌاف الاسبست وخصوصاً مع زٌادة نسبة المادة المصلدة من )

دي إلى رفع الشغل المبذول فٌها عند حد إاذج المحضرة مما ٌالانعطافً لهذه المتراكبة ٌكون اقل مما هو علٌه فً بقٌة النم

 التناسب.

Study the effect of microbial factor on the qualities and characteristics of 

Novolak composite material, reinforced glass fibers / Asbestos fibers. 

 

 

 

 

 

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. 

 

 المقدمة :

بروابط مٌكانٌكٌة مرتبطة مع بعضها  أكثر أومادتٌن  الناتجة عن اشتراك الأنظمةتلك  أنهاتعرف المواد المتراكبة على 

جدٌدة ذات خواص وتراكٌب مناسبة ً النظام , بهدف الحصول على مواد وكٌمٌائٌة بحٌث تمثل كل مادة طورا منفصلا ف

ملائمة  أكثروتتجاوز الصفات غٌر المرغوب فٌها لتكون د المتراكبة هذه الموا مابٌن خواص المواد الداخلة فً تحضٌر

ٌطلق على المادة   والتً تقوم بربط مواد التقوٌة ونقل القوى والاجهادات بالطور المضٌف  . وعادة ما[1]للتطبٌقات الصناعٌة 

, بٌنما ٌطلق [3[ ]2]او معدنٌة او سٌرامٌكٌة عبارة عن مواد بولٌمرٌة ٌكون  والذي غالبا ما (Matrix material) الأساس

ٌكون عبارة عن  الذي غالبا ما(Rein forcing phase)على المواد التً تعمل على تقوٌة الطور المضٌف بطور التقوٌة 

 .[3]صفائح  أوشعٌرات  أو ألٌاف أودقائق 

عند استخدام سبائك تقلٌدٌة او الحصول علٌها  فالعدٌد من التقنٌات الحدٌثة تتطلب مجموعة مواد ذات خواص متمٌزة لا ٌمكن

الطائرات عن مواد متراكبة تمتلك كثافة منخفضة وقوٌة ذات  مهندسو, فعلى سبٌل المثال ٌبحث [4]سٌرامٌكٌة او بولٌمرٌة 

 أو ومن النادر تؤلف هذه المواد معا فً مادة واحدة كالمعادن والتآكلعالٌة ومقاومة التصادم والخدش (Stiff)جساوة 

بمتطلبات التقدم  للإٌفاءلتناقض هذه الصفات وقد تلتها بحوث تطوٌرٌة  الأمثلالسٌرامٌك, لذا فالمواد المتراكبة تعتبر الحل 

 باستخدام أو بالألٌافالبولٌمر جسم بتدعٌم عدة دراسات  أجرٌت. ومن اجل توسٌع استخداماته التطبٌقٌة [5]التكنولوجً

تمكن كل من ,فعلى سبٌل المثال  متراكب مقاوم لظروف الاستخدام القاسٌة وإنتاج اللاعضوٌة أوالفلزٌة  الأملاح

(L.Franke) و(H.J.Meyer) ( من 1992عام )وبعده قام الباحث [6]متراكبات مقاومة للرطوبة والتحلل المائً إنتاج .

(Gardiner) ( 1997عام )والرطوبة مع  والأوكسجٌنسجٌة فوق البنف الأشعةتوافر تؤثٌر الظروف الجوٌة مثل  إن بإثبات

 .[2]فوق البنفسجٌة بمفردها  الأشعةمن فعل  أكثربعضها ٌزٌد من عملٌة تحلل البولٌمر 

تدعٌم مادة البولً استر الغٌر مشبع بؤلٌاف الجوت المحاكة على شكل  إلى( 2008عام )فقد توصل  (Mendil)الباحث  إما
البٌئة  ٌائٌة وباٌلوجٌة جٌدة تتلائم معزول على خواص مٌكانٌكٌة وفٌفً الحص الأفضلموجه طولٌا هً  وألٌافحصٌرة 

 .[7] ار(بالعراقٌة )شمس قوٌة وفترة سطوع طوٌلة وجفاف وغ

ٌوم فً جسم متراكبة  دبكتٌرٌة ٌوم بع أوساطالسلبٌة الناتجة عن تراكم  الآثارالدراسة الحالٌة فهً تهدف الى التقلٌل من  إما

 whiskers- fiberبالشعٌرات المتقطعة ) الأشبهالغٌر مستمرة ألٌاف الاسبست ( من %60ب)مدعمة ونة من النوفولاك الكم

Discontinuous المعروفه )( بChrysolite) مرة ( 8-6وبؤلٌاف الزجاج قصٌرة مقطعة بؤطوال تتراوح مابٌنmm وقطر )

 (%10) ( مقدارهHMTA( مرة اخرىوبنسة ثابتة من المادة المصلدة )14µm-10بحدود )
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أٌضا متراكبة النوفولاك المدعمة من ألٌاف الزجاج فً حدود الكسر ألوزنً السابق الذكر وفً الوقت نفسه وكما حضرت 

( لتوقع عمر المتراكب البولٌمري التشغٌل عندما %4( بحوالً )%10( أعلى من )HMTAتكون محتوٌة على قدر من )

جسامها بمعرفة قدرتها على التقاط هذه الآثار عبر دراسة الانحراف الحاصل ٌتطلب الأمر تخزٌن أثار الأوساط البكترٌة فً أ

رٌة للبناٌات التً تحتاج افً بعض الخصائص المٌكانٌكٌة بفعل عملٌة التعتٌق بالاستنبات البكتٌري فً تطبٌقات العوازل الحر

 ادات انضغاطٌة وانعطافٌة.إلى أن تصمد أمام التغٌرات السرٌعة والقاسٌة للظروف البٌئٌة وهً متعرضة لاجه

 الجانب العملي:

 -:المواد المستخدمة

وهو عبارة عن كتل صلبة ٌتم طحنها وخلطها  أساستم استخدام راتنج النوفولاك المنتج محلٌا فً شركة ذات الصواري كمادة 

مواد  إما .( مناسب للقولبة بالحرارة والضغطNovolak HMTA-) للحصول على خلٌط (HMTA)مع المادة المصلدة 

وهً بشكل  (E)الزجاج نوع  ألٌافوهً  الأساسالتقوٌة المستخدمة تتمثل بؤلٌاف صناعٌة قصٌرة تعمل على تقوٌة المادة 

بحٌث تكون  (14µm-10)بحدود وذات قطر (mm 8-6) معٌنة تتراوح بٌن بؤطوالمتقطعة (Short fibers) قصٌرة  ألٌاف

خواص المواد   Isotropicر ظتنا الذي ٌسبب مادة الأساس النوفلاكٌة سمجبصورة عشوائٌة فً هذه الألٌاف موزعه 

غٌر مستمرة  ألٌافً عبارة عن فه Chrysoliteالاسبست المعروفة  ألٌافإما و فً جمٌع اتجاهات منه صنعةراكبة المتالم

علاوة على ذلك تم  ةنقٌة مغلقذات تراكٌب  (whiskers fibers- Discontinuous )بالشعٌرات المتقطعة ما تكون  أشبه

  (.Aniline, PVA,Olic,MgO),بالمواد التالٌة سترات الرصاصاستخدام عوامل تحسٌن النوعٌة المتمثلة 

 (Instruments): المستخدمة الأجهزة

 الألمانٌة (Phywe) شركة قبل ( المصنع من ألانعطافً:لحساب معامل ٌونك )معامل المرونة Bending) جهاز الانحناء)1- 
بصورة تدرٌجٌة على الحامل المثبت عند منتصف  (Masses)من طرفٌها على مرتكزٌن وتعلق الكتل  ي تثبت فً العٌنة والذ

الحاصل  (Defection)العٌنة مما ٌسبب انحنائها تدرٌجٌا ومن خلال مإشر مقٌاس الانحراف ٌمكن قراءة مقدار الانحراف  
 (.1رقم ) كما هو موضح بشكل  المعلومة الإبعادللعٌنة ذات 

 .(.Time group Inc)والمصنع من قبل شركة  (shore-A)نوع  (Durometer hardness)جهاز الصلادة السطحٌة  -2
 (2كما هو موضح بشكل رقم )

   Ley)ً ــس الهٌدرولٌكـباستعمال المكب (Compressive strength)جهاز الانضغاطٌة : لحساب مقاومة الانضغاط   -3

Bold Harris No.36110)  100والذي ٌمكننا من تسلٌط حمل داخل مدى قوة مسلطة تتراوح بٌن N) 7.5)الى KN حٌث .

توضع العٌنة فً آلة الاختبار بٌن رإوس الماكٌنة, وٌطبق الحمل بالتدرٌج على العٌنة حتى نقطة انهٌار المادة والتً تدل على 
ٌنة الاختبار تحت تؤثٌر حمل الانضغاط والذي ٌدل على تشوه متانة انضغاطها . كما ٌقرأ التغٌٌر فً طول المقطع الطولً لع

 (3كما هو موضح بشكل رقم ) .(Compressive deformation)الانضغاط 

 -تحضير المحلول الميكروبي:
الحمؤة أجرٌت عملٌة تنقٌتها من الشوائب وجهزت  -لتر( لإستحصال المٌاه العادمة1أربع علب زجاجٌة معقمة سعه) حضرت

 اكبة النوفولاك فٌها.لغمر متر

 

 طريقة تحضير وفحص النماذج:

و من هذا الكسر ألوزنً المرتفع نوعا ما لمواد التدعٌم ( %60تم تحضٌر عٌنات مقواة بؤلٌاف قصٌرة بنسبة وزنٌه تقدر ب )

ما ٌستخدم فً  بلا شك له صله مإكدة بسٌئات النوفولاك باعتبار من أكثر البولٌمرات هشاشة ما لم ٌتم تقوٌته حٌث نادراً 

 :[8]القولبة دون تقوٌة, عموما تم تطبٌق المعادلة التالٌة لتحدٌد الكسر الوزنً السابق الذكر 
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%100
c

f

W

W
 ….…(1) 

mfc WWW  …..….(2) 

 ( : كتلة الألٌاف والمادة الأساس والمواد المتراكبة على التوالً. Wc ,Wm ,Wf (إن

المتراكبة مكونة من النوفولاك المقواة بؤلٌاف الزجاج والنوفولاك المقواة بؤلٌاف الاسبست. فً الواقع تمت  حٌث كانت المواد
 method عملٌة التحضٌر الابتدائً للمزٌج الداخل فً تحضٌر النماذج المتراكبة بالاعتماد على طرٌقة التشرب)

Impregnationتنادا إلى ذلك تم إتباع الخطوات التالٌة فً تحضٌر المتراكبات ( والتً تعد أهم طرائق القولبة الفٌنولٌة. اس
 من راتنج النوفولاك وكما ٌلً:

فً كحول الاٌثانول باستعمال خلاط ذو سرعة  (Novolak –HMTA)تحضٌر مزٌج الراتنج الفٌنول وذلك بإذابة الخلٌط  *
 مراعاة استمرار الخلط.بشكل تدرٌجً مع  ذلك ٌتم إضافة )عوامل تحسٌن النوعٌة ( عالٌة , بعد

تشبع كافة الألٌاف بالراتنج وهكذا نعود إلى تكرار الخطوات  تغمر الألٌاف فً مزٌج الراتنجً الفٌنولً مع التحرٌك ومراقبة *
 .(HTMA)( وزنا مع %14ذو نسبة ) (Novolak –HMTA)السابقة الذكر مع خلٌط 

الراتنجً ننتقل إلى مرحلة التجفٌف بالهواء الساخن بدرجة تتراوح بٌن بعد التؤكد من الغمر الجٌد وتشبع الألٌاف بالمزٌج  *
(80-70 C°) حٌث تترك المادة فً جو الفرن عند هذه الدرجة الحرارٌة لمدة ثلاثة ساعات وبذلك ٌتم التخلص من كحول ,

لنماذج المستخدمة فً الاٌثانول المستخدم فً المزٌج عندئذ تصبح المادة المحضرة جاهزة للقولبة ومن ثم ٌتم كبس ا
عملٌة , حٌث ان  (Batten feld/Berge)الاختبارات التً تم إعدادها باستخدام المكابس نصف الإلٌة المصنفة من قبل شركة 

الشكل  القولبة بمكابس الضغط تتم باستعمال القوالب الفولاذٌة فؤن ذلك ٌإدي الى الحصول على عٌنات نظامٌة من هذه القوالب
(4.) 

  -( حسب المواصفات القٌاسٌة العالمٌة:2طعت العٌنات المبٌنة فً الشكل )وعلٌة ق

 15.9)وعرض  (6mm)مك ــبس(ASTM-D790) عٌنات اختبار الانحناء ومتانة الانحناء أعدت حسب النظام القٌاسً 1- 

mm)  وطول(120 mm). 

 ,(ASTM-D2240)أعدت حسب النظام القٌاسً (Shore –A) عٌنات اختبار الصلادة 2- 

 12)ات ـعلى شكل مكعبات بمقاس (ASTMD-695)عٌنات اختبار الانضغاطة أعدت حسب النظام القٌاسً حسب نشرة  3-

×6×6 mm
3
). 

 ومن جهة ثانٌة استخدمت لكل اختبار نموذجٌن.

 -بعد تحضير المتراكبات أجريت عليها الفحوصات التالية:

 -:أولا: اختبار الانحناء الثلاثي الركيزة

 :[9]بتطبٌق المعادلة التالٌة  (flexural modulus of elasticity)مة معامل المرونة ألانعطافً تحسب قٌ

 
I

gL

Deflection

mass
Eb

48

3

……(3) 

N/m: معامل المرونة ألانعطافً والذي ٌقاس بوحدات ) Ebحٌث إن 
2.) 

(
Deflection

mass
 (.mass- deflectionالمحسوب من منحنً) (Slope)تمثل المٌل ( :

(L(البعد بٌن نقطتً التحمٌل :)m.) 

(I ًٌمثل عزم الانحناء الهندس : )(m
3
 :[9]والذي ٌعطى بالمعادلة التالٌة  (
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12

3bd
I ………(4) 

 .(m)سمك العٌنة  :: (d)حٌث إن 

(b) :  عرض العٌنة(m) . 

 -:[10]ق المعادلة التالٌة بتطبٌ ( Flexural resilience modulus) الانظعاطً ٌحسب معامل الرجوعٌة

bdL

PD
R

2

9
……..(5) 

R: ألانعطافً  معامل الرجوعٌة  (Flexural resilience modulus )( تقاس بوحدات .Pa) 

D ب: الانحراف الحاصل فً العٌنة مقاسا(m). 

P:  بالحمل المسلط فً مركز العٌنة مقاسا(N). 

 -:[11] بتطبٌق المعادلة التالٌة (Flexural strength)ل تحسب مقاومة الثنً القصوى عند نقطة الث

 

bd

PL
strengthFlexuralb

2

3
max ………(6) 

KJ/m)ب مقاسا    (Flexural strain energy, u)تحسب طاقة انفعال الثنً 
2
 :[12] بتطبٌق المعادلة التالٌة (

 
3

32 2/

dbE

Lp
u

b 
……….(7) 

 

 :[8] ت الداخلٌة عند نقطة الكسر بتطبٌق المعادلة التالٌةتحسب مقاومة قص الطبقا

)/(
4

3 2

max mN
bd

P
………(8) 

 مقاومة القص القصوى تحت حمل الثنً المإدي إلى فشل العٌنة الخاضعة له.:  maxحٌث إن 

 -: (shore –A)ثانيا: اختبار الصلادة بطريقة

مقٌاسا للتشوه اللدن الذي تعانً منه المادة تحت تؤثٌر الإجهاد الخارجً ثم إجراء اختبار إن اختبار الصلادة ٌمكن اعتباره 

باستخدام أداة غرز نقطٌة وبتغلغل أداة الغرز النقطٌة داخل سطح المادة تحت حمل معٌن حٌث  (Shore –A)الصلادة بطرٌقة 

 مباشرة من الجهاز.تنتقل المقاومة رأسا إلى عداد القٌاس لتحدٌد قٌمة الصلادة لتقرأ 

 -:(Compressive strength)ثالثا :اختبار مقاومة الانضغاط 

 :[13]تحسب مقاومة الانضغاط عند نقطة الفشل بتطبٌق المعادلة التالٌة 

 

……..(9) 

   

N/m)بوحدة         وتقاس مقاومة الانضغاط
2
). 

max

com

max   ـــــــــــــــــــــــــــــــــــــــــ =
 أقصى حمل ضغط أثناء الاختبار

 اقل مساحة مقطع قبل الاختبار
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 -:[15] بتطبٌق المعادلة التالٌة (Compressive modulus of elasticity)حسب قٌمة معامل المرونة ألانضغاطً ٌ 

com

com
comE




 

comإنحٌث 
 .(Nالإجهاد ألانضغاطً عند حد التناسب ) -: 

com ( الانفعال عند حد التناسب :m). 

 النتائج والمناقشة:

 -اختبار مقاومة الانحناء الاستاتيكي:

للمادة  (Hoohean behavior)ئٌسً من اختبار الانحناء هو التعرف على السلوك الخطً او ما ٌدعى أحٌانا إن الهدف الر

( إن الانحراف 5. لقد تبٌن من الشكل ) [16]الواقفة تحت تؤثٌر الحمل المسلط بالاتجاه العمودي على المستوى السطحً لها 

الحمل المسلط سوف تسترجع المادة حالتها الأولى , إي ضمن حد  ٌتناسب طردٌا مع الحمل المحدث له , فعند زوال تؤثٌر

Hook)التشوه المرن حٌث ٌتناسب الانفعال طردٌا مع الإجهاد المحدث له وٌستنتج من ذلك إن المادة تخضع لقانون هوك 
'
s) 

 وعلٌهكل السابق الذكر المحسوب من الش (Slope),وهذا ٌمثل المٌل  [8]مقدارا ثابت  (Mass/Deflection)وان النسبة بٌن 

 (. 4,3بؤتباع المعادلتٌن ) (Eb) من اختبار الانحناء تم حساب قٌم معامل المرونة ألانعطافً 

وبشكل ملحوظ ٌنخفض  (Eb)ؤن قٌم معامل المرونة ف( ٌوضح لنا عند تعرٌض النماذج المحضرة لوسط بكتٌري 6إن الشكل )

(  وقد ٌعزى ذلك إلى حقٌقة إن المعاملة البكتٌرٌة 1)الجدول رقملة الباٌولوجٌة للنماذج قبل المعام تبعا لقٌم معامل المرونة

تإدي إلى تحلل الجسور الكٌمٌائٌة الموجودة بٌن سطح الألٌاف والبولٌمر , وبالتالً سوف ٌنتج عن هذا حصول انفعال كبٌر 

 قٌم.ال هذه مما ٌإدي انخفاض

المرونة ألانعطافً تم الحصول علٌه بعد المعاملة البكتٌرٌة هً تلك لنموذج بٌن ان أفضل قٌمة لمعامل قد ( ف2إما الجدول )

راتنج النوفولاك المدعم بؤلٌاف الزجاج وذلك لما تمتاز به ألٌاف الزجاج من خواص متانة عالٌة تجعل المادة المتراكبة الحاوٌة 

 علٌها ذات خواص أفضل.

 density link) تإدي الى زٌادة الترابط التشابكً (HTMA)المصلدة ذكر فقد تبٌن ان زٌادة نسبة المادة  علاوة على ما

Cross- )[17] .مما ٌإثر بصورة ملحوظة فً مقاومة المادة المتراكبة الراتنجٌة للوسط البكتٌري 

شط ( إن الانحلال والتدهور فً مادة النوفولاك المدعمة بالألٌاف الصناعٌة ٌن7كما أوضحت هذه الدراسة من خلال الشكل )
 (( لإبقائها معرضة للوسط البكتٌري)) والذي امتد فً هذه الدراسة لأكثر من ثلاث أشهر شٌئا فشٌئا على حسب العمر الزمنً

فً حصول قصور كبٌر فً مقدرة هذه المواد على إرجاع الطاقة المرنة المٌكانٌكٌة الممتصة بعد زوال  هحٌث تشاهد أثار
من ناحٌة أخرى الانعطافً طاقة انفعال المتراكمة فٌها من ناحٌة ومقدار معامل الرجوعٌة  حمل الثنً المإثر علٌها تبعا لمقدار

 (.3 )الجدول

bإن قٌمة مقاومة الثنً القصوى ) بٌن (8إما الشكل )

max) ( 10لمتراكبة النوفولاك المدعمة بالألٌاف الزجاجٌة ذو نسبة% )

وهذا ٌعنً إن الشقوق المتؤصلة فً المتراكبة  (MPa 37.602)بعد المعاملة الباٌلوجٌة تقدر بحوالً   (HTMA)من 

النوفولاكٌة المدعمة بالألٌاف الاسبستٌة تنمو بصورة سرٌعة جدا عند تعرضه لهذا النوع من الاجهادات مما ٌقوده الى الفشل 
المتراكبة المدعمة بؤلٌاف الزجاج للأسباب سابقة الذكر )الجدول رقم عند اجهادات واطئة تحت هكذا أوساط بكتٌرٌة مقارنة ب

( point break energy at strain Flexural)(.فلقد أوضحت الدراسة الحالٌة إن طاقة انفعال الثنً عند نقطة الكسر4
( وكذلك 9ري )الشكلبالنسبة للنماذج التً عانت فً الوسط البكتٌري تزداد عن مثٌلاتها الغٌر متعرضة للوسط البكتٌ

 (.5الجدول)
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( 10وهذه المإشرات دلٌل على ان مقاومة قص الطبقات الداخلٌة عند نقطة الكسر تنخفض بعد المعاملة الباٌلوجٌة الشكل )
 (.6فهذه البكتٌرٌا تحدث تحلل لجسم المتراكب فً اتجاه تفكٌك سلاسله البولٌمرٌة )الجدول رقم

 -:(Shore-A)اختبار الصلادة بطريقة 

لمادة  (.86.6No)إلى  (.94.13No)لقد وجد إن قٌم الصلادة السطحٌة المحسوبة بعد المعاملة الباٌلوجٌة قد انخفضت من 
لمادة النوفولاك  (.86.466No)إلى  (.92.58No)ومن  (HTMA)من  %14النوفولاك المدعمة بؤلٌاف الزجاج ذات نسبة 

 (.7,1)الجدول رقم   (HTMA)من %10المدعمة بؤلٌاف الزجاج ذات نسبة 

عند تعرضها للأوساط  (HTMA)وهكذا تتباٌن قٌم صلادة النماذج المحضرة وفقا لنوع ألٌاف التدعٌم ونسبة المادة المصلدة 
فً مقاومتها للغرز على بقٌة النماذج  (HTMA)من  %14البكتٌرٌة بتفوق المادة المتراكبة المقواة بؤلٌاف الزجاج ذات نسبة 

حقٌقة وجود ألٌاف الاسبست ذات التركٌب اللٌفً المغلق فً المادة النوفولاكٌة فً ظروف طبٌعٌة )قبل المدروسة رغم 
( وٌعزى سبب ذلك إلى حقٌقة إن النمو 1ة بؤلٌاف الزجاج )الجدول رقمنالمعاملة ( ٌعمل على تحسٌن صلادة النوفولاك مقار

ك( بسبب تحللها وهذا بدوره سوف ٌعمل على تحطٌم وفك الروابط البكتٌري ٌإدي إلى زٌادة لٌونة المادة الأساس )النوفولا
البٌنٌة بٌن الألٌاف والمادة الأساس فً المواد المتراكبة وعلٌه ستكون هذه المناطق مراكز تتغلغل من خلالها الوسط البكتٌري 

( agent Coupling) لمادة الرابطةداخل المادة وعلٌه فؤن كفاءة الترابط الكٌمٌائً بٌن سطح الألٌاف الزجاجٌة المعاملة با
وبٌن الراتنج ٌجعلها تتفوق على ألٌاف الاسبست فً حالة التدعٌم إثناء عملها فً البٌئة البكتٌرٌة لان ألٌاف الاسبست غٌر 

 .[8[ ]18[ ]19]  (Coupling agent)معاملة بالمادة الرابطة

ازداد مقاومة المادة  (agent Coupling)ملة بالمادة الرابطة ٌفهم من ذلك بؤنه كلما كانت الألٌاف المستخدمة للتدعٌم معا

المتراكبة للأوساط البكتٌرٌة لأنها تعمل على تكوٌن جسور كٌمٌائٌة بٌن سطح الألٌاف البولٌمر حٌث تزٌد هذه الجسور 
 (.11الكٌمائٌة فً مقاومة التحلل البكتٌري )الشكل

 -اختبار الانضغاطية:

( وبالاستعانة بمنحنً )الإجهاد 11لجمٌع النماذج المهٌؤة بؤتباع العلاقة رقم )comEة ألانضغاطً لقد تم حساب معامل المرون

(  وجد إن عملٌة تعرض 8( والجدول )13( , ومن خلال النتائج المستحصله المتمثلة بالشكل ) 12الانفعال( )الشكل رقم –

جهاد انضغاطً ٌإدي إلى انخفاض معاملات اختبار المقاومة الانضغاط النماذج المحضرة لوسط بكتٌري مع خضوعها لإ
والمتمثلة بمعامل المرونة الانضغاطً ومقاومة الانضغاط عند نقطة كسر تبعاً لقٌم هذه المعاملات قبل التعرٌض وحسب 

نظغاط بعد المعاملة البكتٌرٌة ( فقد بٌن تدنً قٌمة مقاومة الا9( والجدول )14(. أما الشكل )1البٌانات المتوفرة فً الجدول )
وٌعود السبب فً  %58.705( بمقدار HMTA( من )%10لنموذج متراكبة النوفولاك المدعمة بؤلٌاف الزجاج ذات نسبة )

ذلك إلى أن المواد المقواة بالألٌاف الزجاجٌة تكون موزعة فٌها هذه الألٌاف بصورة عشوائٌة وبذلك تكون قناظرة الخواص 
(Isotropicك ) ما هو مذكور سابقاً. فإذا كانت جمٌع الألٌاف مرصوفة بؤتجاه قوى الانضغاط فؤن الانهٌار سٌحدث فً المادة

, ومما ٌزٌد الطٌن بله أن الوسط البكتٌري ٌتسبب بالتسرٌع بهذا [21]عند اجهادات أقل بكثٌر من اجهادات الفشل الشدي 
لاسبست مقاومة عالٌة اتجاه الحمل الانضغاطً المحوري مقارنة مع بقٌة الانهٌار بٌنما ٌبدي متراكبة النوفولاك المدعمة با

النماذج بسبب تراكٌبها اللٌفٌة المغلقة والتً سبقا الإشارة إلٌها ولكن من المإكد أن التعرض المستمر للوسط البكتٌري لابد من 
متراكبات المحضرة والتً تقدر بحوالً أن ٌإثر فً ضعف مقاومة الانضغاط اتجاه الحمل الانضغاطً عند هذا النوع من ال

حٌث ارتفع مقدار الفقد فً مقاومة  %4( بمقدار HMTA. وهذا هو الحال مع انخفاض نسبة المادة المصلدة )15.252%
 .%58.705إلى  %33.456الانضغاط اتجاه الحمل الانضغاطً من 

 -:اتالاستنتاج

مل على التعجٌل بعملٌة تعتٌق المتراكبات البولٌمرٌة منها الأوساط أن هذه الدراسة أظهرت بؤن هناك العدٌد من العوامل تع
 -النوفولاك المحضرة:إلى حصول عملٌة التعتٌق لمتراكبات  وٌمكن تمٌٌز خمس صور تشٌر البكتٌرٌة.

تٌري ففً الطلٌعة تعد طبٌعة الوسط ألزرعً من أهم العوامل التً تإثر فً خواص هذه المواد وٌعنً ذلك ان الوسط البك *
ذو تؤثٌر سلبً على المتراكبات المحضرة نظرا لانخفاض معامل المرونة ألانعطافً مع زٌادة معامل الرجوعٌة بشكل كبٌر 

 مقارنة مع قٌم هذه الكمٌات الفٌزٌائٌة قبل تعرضها لهذا الوسط .
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من إجمالً مقاومتها  (HMTA)من  %14لقد بلغ مقدار ما تفقده المادة المتراكبة المدعمة بؤلٌاف الزجاج ذات نسبة  *

bالقصوى )

max بسبب تعرضها للوسط البكتٌري بما ٌقدر )(35.17Mpa)  بٌنما ٌقدر ما تفقده المادة المتراكبة المدعمة

bتحت نفس الظروف من اجمالً ) (HMTA)من  %10بؤلٌاف الزجاج ذات نسبة 

max بما ٌقدر ب )(53.851 Mpa)  و

(42.338 Mpa) من %10 ة النوفولاك المدعمة بالاسبست ذات نسبة  بالنسبة لمتراكب(HMTA). 

حوالً  %14لقد زادت طاقة انفعال الثنً عند نقطة الكسر فً متراكبة النوفولاك المدعمة بؤلٌاف الزجاج ذات نسبة  *

(18.188 kJ/m
14.226k J/m )و( 2

و  10% (HMTA)لٌاف الزجاج ذات نسبة من فً متراكبة النوفولاك المدعمة بؤ (2

(2.125 kJ/m
2
 .(HMTA)من  %10 فً متراكبة النوفولاك المدعمة بؤلٌاف الاسبست ذات نسبة  (

من قٌمة مقاومة قص الطبقات  (HMTA)من  %14لقد نقص نصٌب المادة المتراكبة المدعمة بؤلٌاف الزجاج ذو نسبة  *
من إجمالً مقاومة قص الطبقات الداخلٌة  %59.30 و%38.246 ثنً الى حوالً الداخلٌة عند نقطة الكسر تحت حمل ال

من إجمالً مقاومة الطبقات الداخلٌة (%62.248)و  (HMTA)من  %10لمتراكبة النوفولاك المدعمة بؤلٌاف الزجاج ذات 
 بكتٌرٌة.وسبب ذلك التعرض لأوساط  (HMTA)من   %10لمتراكبة النوفولاك المدعمة بؤلٌاف الاسبست ذات 

نجمت خسائر فً قٌم الصلادة ومقاومة الانضغاط القصوى ومعامل المرونة ألانضغاطً والتً تبدو أثارها فً زٌادة تشوه  *

 الانضغاط عند غمرها فً المحلول البكتٌري.
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 ( جهاز اختبار الانضغاطٌة3الشكل )

 

 

 

 

 

 

 

 

 

 ( صور فوتوغرافٌة للعٌنات المستخدمة فً الدراسة الحالٌة.4الشكل )

 

 

 

 

 

 

 

 

 

 

Novolak resin reinforced with asbestos 

fiber (Nov.+ asb.F.)+14%HMTA 

Novolak resin reinforced with short 

glass fiber (Nov.+G.F.) +14%HMTA 

Novolak resin reinforced with short 

glass fiber (Nov.+G.F.) +10%HMTA 
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( العلاقة بين معامل الرجوعية وحمل الثني المسلط 7الشكل)

الصناعية وبنسب  بالأليافوفولاك المذعمة على مادة الن

 المتعرضة في الوسط الزرعي. (HMTA)مختلفة من 

. 

 

 الكسر( تغٌٌر مقاومة الثنً القصوى عند نقطة 8الشكل )
الحاصلة فً متراكبات النوفولاك  المعاملة باٌولوجٌا مقارنة 

 مع النماذج الغٌر معاملة باٌولوجٌا.
 
 
 
. 

 

لة الباٌولوجٌة على الصلادة ( تؤثٌر المعام11الشكل )
 .السطحٌة لمتراكبات النوفولاك المحضرة

 

ة على مقاومة قص ( تؤثٌر المعاملة الباٌولوج10ٌالشكل )
ة فً متراكبات النوفولاك ة الحاصلالطبقات الداخلٌ

 والواقعة تحت حمل الثنً. المحضرة

( تؤثٌر المعاملة الباٌولوجٌة فً اختلاف قٌم طاقة 9الشكل )

لمادة النوفولاك المدعمة  الكسر فعال الثنً عند نقطةان
 المختلفة. بالألٌاف

الانضغاطً وانفعال  الإجهاد( العلاقة بٌن 12الشكل )
 .الانضغاط لمتراكبات من النوفولاك عند فترة نمو بكتٌري
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 .[8]لمعاملة البكتٌرٌة( ٌستعرض بعض الخواص المدروسة قبل ا1الجدول )

Shore-A 

Hardness (No.) 

 
b

max  (MPa) 

  

max (MPa) 

 
b

max  (GPa) 

 

Eb(Gpa) 

 

 نوع المادة

94.13 54.88 4.79 153.5 3.01 Nov.+G.F. HTMA14% 

92.58 20 3.43 109.7 2.26 Nov.+G.F. HTMA10% 

93.4 63.97 2.49 79.94 2.68 Nov.+asb.F. HTMA10% 

  

 .لجمٌع النماذج بعد المعاملة البكتٌرٌة (Eb) معامل المرونة الانعطافً ٌستعرض قٌم (2الجدول )

Eb(Gpa) نوع المادة 

1.327 Nov.+G.F. HTMA14% 

0.978 Nov.+G.F. HTMA10% 

0.648 Nov.+asb.F. HTMA10% 

 

الصناعٌة عند حد التناسب فً  بالألٌافلمادة النوفولاك المدعمة  (R)الانضغاطً  الرجوعٌةٌستعرض قٌم معامل  (3الجدول)

 .المعاملة الباٌلوجٌة إطار
R(Pa) نوع المادة 

58.962 Nov.+G.F. HTMA14% 

75.471 Nov.+G.F. HTMA10% 

109.905 Nov.+asb.F. HTMA10% 

 

ٌوضح قٌم متانة الثنً القصوى) (4الجدول)
b

max للنماذج المحضرة بعد المعاملة الباٌلوجٌة ) . 
b

max  (MPa) نوع المادة 

118.33 Nov.+G.F. HTMA14% 

55.849 Nov.+G.F. HTMA10% 

37.602 Nov.+asb.F. HTMA10% 

 

( معامل المرونة الانضغاطٌة لمتراكبات النوفولاك 13الشكل )
 بالألٌافوالمدعمة   HMTAالمحضرة بنسب مختلفة من 

 المعاملة الباٌولوجٌة. إطارالمختلفة فً 
 

تغٌر مقاومة الانضغاط القصوى عند نقطة الكسر ( 14الشكل )

الحاصلة فً متراكبات النوفولاك المعاملة باٌولوجٌاً مقارنة مع 
 النماذج الغٌر معاملة باٌولوجٌاً.

 

)(max MPacom
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 .المعاملة الباٌلوجٌة إطارٌوضح قٌم طاقة انفعال الثنً عند نقطة الكسر للنماذج المحضرة فً  (5الجدول)

Flexural strain energy 

(KJ/m
2
) 

 نوع المادة

 

70.342 Nov.+G.F. HTMA14% 

35.486 Nov.+G.F. HTMA10% 

15.894 Nov.+asb.F. HTMA10% 

 

bٌوضح قٌم مقاومة قص الطبقات الداخلٌة عند نقطة الكسر  (6الجدول)

max  ًلمعاملة الباٌلوجٌةا إطارللنماذج المحضرة ف.  

b

max  (MPa) نوع المادة 

2.958 Nov.+G.F. HTMA14% 

1.396 Nov.+G.F. HTMA10% 

0.940 Nov.+asb.F. HTMA10% 

 
 .المحضرة بعد المعاملة الباٌلوجٌة (Shore-h) ٌوضح قٌم الصلادة للنماذج (7الجدول)

(Shore-A) 

Hardness No. 

 نوع المادة

86.6 Nov.+G.F. HTMA14% 

86.466 Nov.+G.F. HTMA10% 

85.966 Nov.+asb.F. HTMA10% 

 
 .للنماذج المحضرة بعد المعاملة الباٌلوجٌة (E com)ٌوضح قٌم معامل المرونة الانضغاطً (8الجدول)

E com (MPa) نوع المادة 

32.69 Nov.+G.F. HTMA14% 

14.789 Nov.+G.F. HTMA10% 

42.014 Nov.+asb.F. HTMA10% 

 

comقٌم مقاومة الانضغاط )( 9الجدول)

max ًالمعاملة الباٌلوجٌة. إطار(عند نقطة الكسر للنماذج المجهز ف 

com

max  (MPa) نوع المادة 

36.519 Nov.+G.F. HTMA14% 

8.259 Nov.+G.F. HTMA10% 

54.213 Nov.+asb.F. HTMA10% 
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