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 Abstract 
            

                   An investigation was conducted for the study of extraction of metal ions using aqueous 
biphasic systems. The extraction of iron, zinc and copper from aqueous sulphate media at different 
kinds of extractants SCN−, Cl- and I-, different values of pH of the feed solution, phase ratio, 
concentration of metals, concentration of extractant, concentration of polymer, and concentration of 
salt was investigated. Atomic absorption spectrophotometer was used to measure the concentration 
of iron, zinc and copper in the aqueous phase throughout the experiments. The results of the 
extraction experiments showed the use of SCN− as extractant, pH=2.5, phase ratio=1.5, 
concentration of metals 1g/l, concentration of extractant 0.06 %, concentration of polymer =50 %, 
and concentration of salt=20% gave the highest value of percent removed. Also increase of 
extractant concentration increases the percent removed. The results clarified that increasing the 
metal ions concentration in the aqueous phase causes to decease the percent removed. The addition 
of an inorganic salt (sodium sulphate) up to (20%) increased the dehydration of polymer chains and 
then increases the percent removed. 

  الخلاصة

تتضمن الدراسة .  انظمة الطورين  المائية  باستخام  تم في هذا البحث دراسة عملية استخلاص ايونات المعادن من محاليها المائية

  SCN-,Cl-,I- ،pH نوع المذيب: الزنك والنحاس من وسط محلول آبريتي تحت ظروف مختلفة وهي،استخلاص ايونات الحديد

 .وترآيز الملح ، ترآيز البوليمر ، يز المعادن ترآيز المذيب المستخدم ترآ،نسبة الطور، المحلول 

ونسبة الطور ) 2.5 (pH آمذيب  و-SCN)(واظهرت التجارب ان استخدام ،تم تحليل النتائج باستخدام جهاز الامتصاص الذري 

 %) 20(وترآيز الملح ) وزنا % 50(وترآيز البوليمر ) حجما % 0.06(وترآيز المذيب ) لتر/ غم 1(وترآيز المعادن ) 1.5(

آذلك بزيادة ترآيز المذيب يزداد معامل الاستخلاص وان زيادة ترآيز ايونات المعادن في ، للمعادنزالة لانسبة التعطي اعلى قيمة 

تسبب  % 20لغاية )  آبريتات الصوديوم(ان اضافة الملح غير العضوي  .المحلول المائي تسبب نقصان في معامل الاستخلاص

  .زيادة لنسبة الازالة
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Introduction 

 Traditional solvent extraction is one of the  
most useful techniques that are being used for 
selective removal and recovery of metal ions 
from aqueous solutions and it is largely 
applied in the purification processes in 
numerous chemical and metallurgical 
industries [Dean J.R.1998]. 
In liquid-liquid extraction system, water 
immiscible and miscible solvents are 
employed. Cationic or anionic forms of 
metals are complexed into an organophilic 
compounds or an ion-pairs by chelation or 
using ion-pairing agents. If the water 
immiscible solvent and an aqueous solution 
containing a hydrophobic species are brought 
into contact, the chelate or an ion-pair is 
transferred into the organic phase [Thurman 
E. M. and Mills M.S.1998].  

Advantages of liquid-liquid extraction 
are simplicity and rapidity. The solvents are 
not highly flammable and easily recoverable. 
They are stable, transparent to UV, not 
emulsifying during extraction as selective as 
possible. Disadvantages of liquid-liquid 
extraction methods are emulsion formation, 
different extraction efficiencies for various 
compounds with various extracting agents, 
and low sensitivity. In these processes, metal 
ion containing solution contacts with a large 
amount of selective solvent. After extraction, 
stripping follows this process. Solvent 
extraction is very difficult for the separation 
of quantitatively of metal ions because of low 
driving force, and then a large amount of 
solvent is required. These make the extraction 
and stripping of desired species very 
expensive [Triangl P.1983].  

Even with today's environmental 
standards a number of extraction systems still 
utilize toxic and flammable organic diluents. 
When the diluent is coupled with a highly 
selective extractant the cost of the solvent 
system can become very expensive [Walter H. 
and Johansson G.1994]. 

The goal of Technology is to enable 
the (chemical) industry to continue to lead in 
technology development, manufacturing and 
profitability, while optimizing health and 
safety and ensuring environmental 
stewardship. New separations technologies 
developed for pollution prevention may also 
find application in pollution remediation, 
helping to clean up already contaminated 
sites. Aqueous biphasic systems (ABS) 
consist of two immiscible phases formed 
when certain water-soluble polymers are 
combined with one another or with certain 
inorganic salts in specific concentrations. As 
two-phase systems they are suitable for 
carrying out liquid-liquid separations of 
various solutes such as biomolecules, metal 
ions, and particulates. In ABS the major 
component in each of the two phases is water, 
and because of this non-denaturing 
environment these systems have been widely 
employed in biological separations for over 
40 years [Rogers R.D. and Eitema 
M.A.1995].There are three kinds of (ABS): 
polymer–polymer systems, polymer-salt 
systems, and more recently salt-salt systems. 
The literature has reported equilibrium data 
for different (ABS) formed by poly ethylene 
glycol (PEG) of different average molar 
masses and inorganic salt [Bridges N.J. 
at.el.2007]. 
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Separation processes are applied in various 
types of industries including chemical, 
pharmaceutical, and food. Classic methods 
involving liquid-liquid extraction use an 
organic solvent and an aqueous solution as the 
two immiscible phases for the fractionation 
and purification of molecules. However, these 
systems are very toxic and present risks to 
human health. An alternative to substitute 
organic two-phase systems, based on the 
beginning of green chemistry, is aqueous 
biphasic systems (ABS). They are formed by 
the mixture of a polymer + water + salt or two 
water-soluble polymers differing in chemical 
structure. This methodology has been widely 
used to separate metallic ions and biological 
materials such as viruses, nucleic acids, and 
proteins. These characteristics are important 
because an organic solvent is not used in the 
separation processes [Martins J. at.el.2008]. 

Experimental 

Materials  

The PEG used in this study was PEG-
3000 (average molecular mass = 3000). Stock 
solutions of 10%, 20%, 30% and 40% (w/w) 
PEG were prepared by dissolving of suitable 
quantity of PEG in deionized water. The stock 
solution of inorganic salt (Na2SO4) (5%, 10%, 
15% and 20% (w/w) Na2SO4) was prepared 
by dissolving in deionized water. The solution 
of metal ions was prepared by dissolving 
CuSO4, Fe2SO4 and ZnSO4 in deionized water 
to reach the required concentration of metal of 
about (1g/l) for each metal. The extractant 
used was prepared by dissolving KI, KCl, and 
KSCN in deionized water to reach the 
extractant ions. The different pH values were 
obtained by adding small volumes of acid 
(H2SO4) or base (NaOH) concentrated 
solutions, which were considered in the total 
solution mass. 
 
 
 

Methods 
Aqueous two-phase system was prepared by 
mixing equal volumes (20 ml) of PEG stock 
solution and inorganic salt stock solutions 
(20%w/w),The other variable were pH 
(2),metal concentration (1g/l), extractant 
concentration (0.05%), polymer concentration 
(40%) and salt concentration (20%).The 
effect of extractant type on the percent 
removed was investigated by use KI, KCl, 
and KSCN. The system was mixed for (15 
minute) followed by (10 minute) of 
Centrifugation at (2000 rpm). Just before 
analysis, the two immiscible phases were 
carefully separated with Pasteur pipettes and 
placed into separated tubes. Equal volumes 
(1ml) for each phase were measured for ZN 
(II), CU (II), and Fe (III) by means of atomic 
absorption spectrophotometer model (AA-
670, Shimadzu corporation, Japan).Phase 
ratio (PEG/ Na2SO4) was studied for the 
mixtures which had the best  percent removed 
of the metals with (0.5, 1,1.5,2,2.5 and 3) 
(Polymer /inorganic salt ratio).Study the 
effect other variable on percent removed, 
different pH values (1, 1.5, 2, 2.5, 3, 3.5 and 
4),concentration of metals (0.5-
3g/l),concentration of extractant (0.01-0.06 
extractant vol. / salt vol. %),concentration of 
polymer (10-50 %) and  finally concentration 
of salt (5-20 %). 

Results and Discussion 

Effect of Extractant Type  

The effect of extractant type on the percent 
removed was investigated. The operating 
conditions were (pH = 2, metal concentration 
= 1g/l, phase ratio =1, extractant 
concentration =0.05%, polymer concentration 
= 40% and salt concentration=20%) being 
kept constant. 

The results obtained from this set are 
listed in Table1, showing that using 
thiocyanate as an extractant give the highest 



Liquid-Liquid Extraction of Metal Ions Using Aqueous 
 Biphasic Systems 

Dr. Wadood Taher Mohammed 

Ahmed Salih Mahdi 
[ 

 

992 
 

value of percent removed. The distribution 
behavior of Fe (III), Cu (II), and Zn (II) was 
studied in an aqueous two-phase system 
formed from a polyethylene glycol and 
sodium sulphate in the presence of 
thiocyanate, chloride, and iodide ions. From 
the distribution ratios determined as a 
function of the iodide, chloride or thiocyanate 
concentration. In the SCN− system Cu(II), 
Zn(II)  distribute into the  PEG-rich phase 
predominantly as Cu(SCN)4

-2,Zn(SCN)4
-2 and 

Fe(III) as Fe(SCN)4
−, respectively. The 

extractabilities of the metal ions depend not 
only on the stabilities of the metal 
thiocyanate, chloride or iodide complexes but 
also on those of their sulphate complexes.This 
is presumably due to the difference in the 
stability constant between the thiocyanate 
complex and the iodide or chloride. It has also 
been suggested that the extractability of a 
metal ion with complexing anions in aqueous 
two-phase systems formed by a polymer and 
an inorganic salt depends not only on the 
complexing ability of the extracting anions 
but also that of the anion of the phase-forming 
salt [Masami Shibukawa at.el. 2001]. 

 

Effect The pH of The Solution 

The effect of pH solution on the 
percent removal was investigated. Keeping 
other variables constant (metal concentration 
= 1g/l, phase ratio =1,extractant concentration 
=0.05% ,polymer concentration= 40%  and 
salt concentration=20% ).The results as 
shown in Fig.(1) indicate that increasing the 
pH lead to an increase in the percent removed 
up to a limit then decreases. Thus, pH =2.5 
gave the highest value of percentage of metals 
removal. The decrease in recovery beyond 
pH=2.5 is due to hydrolysis of the metal. This 
might be attributed to a reveres action due to 
unstable complex formation between the 

metal species and the thiocyanate which will 
lead to a reduction in the percent removed. In 
general, decreasing the pH of the salt stock 
solution has the effect of increasing the 
hydrophobicity of the PEG-rich phase and, 
thus, enhancement of the efficiency of metal 
ion extraction increases with increasing 
acidity of the salt stock solution [Bulgariu L. 
and Bulgariu D. 2007] and [Bulgariu L. and 
Bulgariu D. 2008]. 

Effect of Phase Ratio  

The effect of phase ratio on the 
percent removed was investigated. From the 
previous section pH (2.5) is used at this set. 
Keeping other variables constant (metal 
concentration = 1g/l, extractant concentration 
=0.05%, polymer concentration = 40% and 
salt concentration=20%).The results obtained 
showed that phase ratio of (1.5) gave the 
highest value for the system as indicated in 
Fig. (2), this may be attributed to the large 
difference in the concentration of the two 
phase systems, so that the solute extraction is 
increased because of the solute hydration . 
Further support the above conclusion where 
this figure represent the percentage removal 
of metals (Fe=66.25, Zn=75.99 and 
Cu=85.25), the percentage of metals removal 
increases up to a limit then it remains nearly 
constant. The behavior because when the 
concentration of the PEG polymer is 
increased the stronger hydrogen bonding 
between the PEG molecules and the water is 
increased, causing raise in the cloud point (the 
interface between the two phase systems) 
[Rogers R.D. and Eitema M.A.1995]. 
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Effect of The Metals Concentration 

       The effect of metals concentration on the 
percent removed was investigated. From the 
results of previous sections as it were noticed, 
pH (2.5) and phase ratio (1.5) gave the 
highest percent removed. These conditions 
were used in this section. Keeping other 
variables constant (extractant concentration 
=0.05%, polymer concentration = 40% and 
salt concentration=20%). Increasing the 
metals concentration in the feed, the 
extraction percentage of metal removed 
decrease. These results could clearly be seen 
in Fig. (3), the formation of an extractant-
metal complexing in the PEG will produce a 
lower concentration of free extractant. A 
certain number of extraction molecules 
associated with each metal ion, thus upon 
keeping other variable constant, the 
concentration in the solvent will remain 
almost constant in spite of its increase in the 
aqueous phase [Bulgariu L. and Bulgariu D. 
2007]. 

Effect of The Extractant Concentration  

The effect of extractant concentration 
on the percent removed was investigated. 
From the results of previous sections as it 
were noticed, pH (2.5), phase ratio (1.5) and 
metal concentration (1g/l) gave the highest 
percent removed. These conditions were used 
these experiments. Keeping other variables 
constant (polymer concentration = 40% and 
salt concentration =20%).Percentage of metal 
removed plotted vs. extractant concentration 
in the Fig. (4) Showed that upon increasing 
the extractant concentration, the percentage of 
metals removed increased and the best values 
were (Fe=69.61, Zn=77.35 and 

Cu=89.23).This is due to the polar nature of 
the extractant, which might cause an 
interaction between the extractant and the 
metal. Thus, the formation of an extractant-
metal complexing in the PEG will produce a 
lower concentration of free extractant. 

Effect of the Poly Ethylene Glycol 
Concentration(PEG) 

The effect of the poly ethylene glycol 
concentration on the percent removed was 
investigated. Wide range of the extraction 
coefficient values was obtained using 
different poly ethylene glycol concentration. 
Fig. (5) Shows that increasing poly ethylene 
glycol concentrations increase the values of 
percentage of metals removal (Fe=70.71, 
Zn=81.25 and Cu=91.42). 

The metal ion, initially present in salt-rich 
phase as anionic or neutral species will 
interact with inorganic extractants, most 
probably at interface, and the formed species 
will be then partitioned into PEG rich phase. 
In our opinion, the formation of extractable 
species occurs step by step, until his hydration 
degree becomes comparable with the 
hydration environment of PEG-rich phase 
from extraction system [Bulgariu L. and 
Bulgariu D. 2007]   

Effect of Salt Concentration (Na2SO4) 
 

The effect of salt concentration on the 
percent removed was investigated .The results 
obtained shows that salt concentration (20%) 
gave the highest value for the system as 
indicated  in Fig.(6) the percentage of metal 
removal increases as the salt percent increases 
(Fe=70.71%, Zn=81.25% and Cu=91.42%).  

The formation of aqueous two-phase 
system of PEG and a certain inorganic salt 
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can be explained on the basis of the 
competition for hydration between the two 
components. The addition of an inorganic salt 
increases the dehydration of the polymer 
chains, due to the salting-out effect and phase 
separation. Thus, two immiscible aqueous 
phases are obtained: an upper one – rich in 
PEG, having the same role as the organic 
phase in traditional extraction systems, and a 
lower one, rich in the inorganic salt [Bulgariu 
L. and Bulgariu D. 2008]. 

Conclusions 

1. It was found that (SCN-) ion is more 
active extractant than Cl- and I-  ions 
for extraction of metal ions.  

2. The results indicate that increasing the 
pH of the solution lead to increase the 
percent removal of the metal ions up 
to about 2.5 then decrease ,and the 
phase ratio of (1.5) gave the highest 
percent removal of metal ions 

3. The results showed that and on 
increasing the metals concentration in 
the feed, the percentage of metal 
removed decreases. 

4. The results indicate that the percent 
removal of metal ions increases with 
increasing the extractant 
concentration, increasing of poly 
ethylene glycol concentrations and 
addition of an inorganic salt 

5.  Two immiscible aqueous phases are 
obtained: an upper one – rich in PEG, 
having the same role as the organic 
phase in traditional extraction systems, 
and a lower one, rich in the inorganic 
salt. 
 

 References 

Bridges N. J.; Gutowski  K. E.; Rogers, R. D. 
Investigation of aqueous biphasic systems 
formed from solutions of chaotropic salts with 
kosmotropic salts (salt-salt ABS). Green 
Chem. 2007, 9, 177–183. 
 
Bulgariu L  and Bulgariu D, The extraction of 
Zn(II) in aqueous PEG (1550)–(NH4)2SO4 
two-phase system using Cl– ions as extracting 
agent , J. Serb. Chem. Soc. 72 (3) 289–297 
(2007) Romania. 
 
Bulgariua L, Bulgariu D , Extraction of metal 
ions in aqueous polyethylene glycol–
inorganic salt two-phase systems in the 
presence of inorganic extractants: Correlation 
between extraction behaviour and stability 
constants of extracted species, Journal of 
Chromatography A, 1196–1197 (2008) 117–
124. 
  
Bulgariu L and  Bulgariu D, Cd(II) Extraction  
in PEG(1550)–(NH4)2SO4  aqueous  two-
phase systems  using halide extractants,   
Romania Journal of  the Serbian Chemical 
Society  73 (3) 341-350 (2008). 
 
Dean J. R., Extraction Method for 
environmental Analysis, John Wiley & Sons, 
Chichester 1998. 

Rogers R.D.; Eitema M.A., Aqueous Biphasic 
Separations: Biomolecules to Metal Ions; 
Plenum: New York, 1995. 

Martins J., Oliveira F., Coimbra J., da Silva 
L., da Silva M. and Ingrid Silva Barberino do 
Nascimento, J. Chem. Eng. Data 2008, 53, 
2441–2443 

Masami Shibukawa,Noriko Nakayama 
,Tadashige Hayashi, Daigo Shibuya,Yukihiro 
Endo, Extraction behaviour of metal ions in 
aqueous polyethylene glycol–sodium sulphate 
two-phase systems in the presence of iodide 



Journal of Engineering Volume 18   September     2012      Number 9  

 

995 
 

and thiocyanate ions Japan, Analytica 
Chimica Acta 427(2001)293–300. 
 
Triangle P., Method for chemical analysis of 
water and waste, 1983. 

Thurman E. M., M.S. Mills, Solid-Phase 
Extraction, Principle and Practice. John Wiley 
& Sons, New York, 1998. 
 
Walter H.; Johansson G., Aqueous Two-
Phase Systems; In Methods in Enzymology; 
Academic Press: San Diego, 1994; Vol. 228. 

Table (1) Effect of Extractant Type 

 

  

  

 

 

 

Figure 1: Percent removed vs. pH of the solution, at phase ratio =1, metal concentration =1g/l, 
extractant concentration =0.05%, polymer concentration = 40% and salt concentration=20%. 

 

 

Extractant %Removed Fe. %Removed Zn. %Removed Cu. 

SCN- 63.12 72.23 84.77 

Cl- 48.32 51.22 57.46 

I- 8.19 9.18 49.44 
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Figure 2 Percent removed vs. phase ratio, pH=2.5, metal concentration=1g/l, extractant 
concentration =0.05%, polymer concentration=40% and salt concentration = 20 %. 

 

 

 

Figure 3 Percent removed vs. metal concentration in the feed, at pH=2.5, phase ratio=1.5, 
 extractant concentration=0.05%, polymer concentration=40% and salt concentration=20%. 
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Figure 4 Percent removed vs. extractant concentration, at pH=2.5, phase ratio =1.5, metal 
concentration = 1g/l, polymer concentration = 40% and salt concentration=20%. 

 

 

Figure 5 Percent removed vs. polymer concentration, at pH=2.5, phase ratio =1.5, metal 
concentration =1g/l, extractant concentration =0.06%and salt concentration=20%. 
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Figure 6 Percent removed vs. salt concentration, at pH=2.5, phase ratio =1.5, metal concentration 
=1g/l, extractant concentration=0.06% and polymer concentration =50%. 
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  مستخلص البحث      
ن العراق، على وجه العموم، انتشرت في الفترة الاخيرة ظاهرة البناء العشوائي في المناطق السكنية لمد  

نتيجة الحاجة السكنية الملحة، من جهة،  وعدم الالتزام بالضوابط البنائية، من ولمدينة بغداد، على وجه الخصوص، 

 الى ادى مما ، في العراقالاسكان ظاهرة البناء غير الملتزم بالضوابط والتشريعات المنظمة لقطاع لتبرزجهة اخرى، 

 لتلك الحضري والمشهد الحضري النسيج في والخلل السكنية، القطع ومساحات البنائية الكثافات من كل في تجانس عدم

  .المناطق

 مشهد في العشوائي البناء لظاهرة العامة الجوانب عن واضح تصور وجود عدم في البحث مشكلة حددت

  .المشيدة السكنية المناطق في ئيالعشوا البناء عن بديلا بوصفها المصممة السكنية المجمعات ودور ،السكني الشارع

 والتشريعات الضوابط وفق على وتشيد تصمم التي )والافقية العمودية( بأنواعها المصممة السكنية المجمعات ان

 الحضري والمشهد النسيج من كل مستوى على التجانس يحقق بما السكن لازمة الحلول كأحد  المعتمدة والبنائية التخطيطية

 في المتجانسة الشكلية الوحدة تحقق المصممة السكنية المجمعات ان " بـ البحث فرضية حددت وعليه السكنية، للمناطق

   ". السكني الشارع مشهد

 في التجانس وعدم العشوائي البناء ظاهرة من الحد في المصممة السكنية المجمعات دور البحث هذا يتناول   

 بصورة السكنية، المناطق في العشوائي البناء ظاهرة على التعرف خلال من المشيدة، السكنية للمناطق الحضري المشهد

 وحدة تحقق التي )ومحلية عالمية ( سكنية لمجمعات النماذج من مجموعة وعرض اولا، ،خاصة بصورة ، بغداد وفي عامة،

 السكني ارعالش مشهد وعناصر مقومات تحديد إلى  البحث وتوصل ثانيا، ،الحضري المشهد مستوى على متجانسة شكلية

 المشيدة، السكنية المناطق في الحضري مشهد تجانس وعدم  العشوائي البناء نع بديلا اعتمادها يمكن التي التنظيمية واسسه

   .ثالثا

  الكلمات المفتاحية

  .المصممة السكنية شاريع الم مشهد الشارع السكني،المشهد الحضري،البناء والسكن العشوائي،
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The designed housing projects as an alternative for the informal 
building and their impact in addressing the heterogeneity of the 

urban escape in the built residential areas 
 

Dr.Wahda  Shukur Al-Hinkawi            Dr.safaa Aldeen Ali            Dr.Anwar Subhi Al-Qaraghuli  
  

Abstract 
       The  phenomenon of informal building Spread recently in Iraqi residential areas, in 
general, and in Baghdad, in particular, due to  the urgent housing need, on the one hand,  and 
lack of commitment to building controls, on the other hand, to highlight the phenomenon of 
uncommitted building to controls and housing governing legislation in Iraq, leading to 
heterogeneity in both building densities and plot areas, and disorder in the urban fabric and 
urban escape of those areas. 
 
      Research problem identified as the absence of a clear vision about the General aspects 
of the phenomenon of informal building in residential street scene, and the role of 
designed housing projects as a substitute for informal building in built residential areas. 
 
       The designed  housing projects  (single or multi story buildings), which designed and 
constructed accordance to the approved planning and construction regulations and legislation, 
as one of the solution to the housing crisis, that achieve the harmonious at  each level of  the 
urban fabric and  urban escape. Accordingly the research hypothesis stated as "the designed 
housing projects achieve homogeneous formal unity in residential street scene".   
 
       This paper deals with the role of designed residential projects to reduce the phenomenon 
of informal building and heterogeneity in the urban escape of built residential areas, by 
identifying the phenomenon in residential areas, in general, and in selected area in Baghdad, 
in particular, first, and present a designed housing projects ( global and local) that achieve 
homogeneous formal unity at the level of the urban escape, second, the research identified the 
principles  and the elements of the residential street scene and the organization bases that can 
be a substitute for the informal building and the heterogeneity of the urban escape in built 
residential areas, third. 
 
Key words: 
Informal building, informal housing, urban escape, residential street scene, designed housing 
projects. 
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  المقدمة .1

اذ اصبح   العصر تسمية عصر المدينة،يطلق على هذا

العالم اليوم يعج بالمدن المليونية، فازدات موجات الهجرة 

من الارياف الى المدن المختلفة، عزز هذا الوضع التقدم 

الكبير الذي طال انظمة النقل والاتصال، فضلا عن الرغبة 

القوية في تحسين الاوضاع الاقتصادية والاجتماعية 

  .ضاريةوالتعليمية والح

بصورة عامة، يشكل الاسكان المعضلة الرئيسة للعديد 

من المدن، حيث يزداد الطلب على الوحدات السكنية 

المختلفة، والمشاريع الاسكانية عاجزة عن تلبية 

احتياجات المواطنين على اختلاف مستوياتهم، مما 

يسبب هذا العجز مجموعة من الظواهر السلبية التي 

ن، وتعد ظاهرة البناء العشوائي تعاني منها تلك المد

والسكن العشوائي من اهم تلك الظواهر لما تشكله من 

  . اعباء على عمليات التنمية الاقتصادية والاجتماعية

تتمثل ظاهرة البناء العشوائي والسكن العشوائي في 

قيام شريحة من المجتمع بحل مشاكلها الاسكانية 

وضعتها بمفردها خارج الضوابط والتشريعات التي 

الجهات المختصة، مما ينتج بيئة عمرانية غير سليمة 

تعاني العديد من المشاكل التخطيطية والمعمارية، فضلا 

عن المشاكل البيئية والاقتصادية والاجتماعية والامنية، 

فهي ظاهرة خطيرة على مستوى العديد من مدن العالم، 

  . ولم يعد بالإمكان تجاهلها

عشوائي والسكن العشوائي في انتشرت ظاهرة البناء ال

الاونة الاخيرة في مدن العراق عموما، وفي مدينة بغداد 

على وجه الخصوص، واصبحت تشكل انتهاكا خطيرا 

لانظمة وتشريعات تنظيم وتخطيط المدن، الامر الذي 

يؤثر سلبا على البيئة العمرانية المحلية، من جهة، 

م ضمن حي ءومصادرة حق المواطن في سكن ملا

ني يحترم حاجاته ورغباته المتعددة الصحية منها سك

  .والاجتماعية والبيئية

 بديلابوصفها تبرز اهمية المشاريع السكنية المصممة 

لبناء العشوائي في المدن، بشكل عام، وبما  يساهم عن ا

في ايجاد مشهد حضري متجانس ومتناغم، يعتمد على 

ة مجموعة الضوابط والقوانين التشريعية والتخطيطي

  .والتصميمية للمدن

  مشكلة البحث 1.1

 لظاهرة العامة الجوانب عن واضح تصور وجود عدم

 ودور السكني، الشارع مشهد في العشوائي البناء

 البناء عن بديلا بوصفها المصممة السكنية المجمعات

  .المشيدة السكنية المناطق في العشوائي

  هدف البحث 2 .1

طرح كني وضيح خصائص مشهد الشارع الس     تو

 عنبديل تصميمي بوصفها المشاريع السكنية المصممة 

، بصورة البناء العشوائي في المناطق السكنية المشيدة

في  مشهد حضري متجانس تساهم في تحقيقعامة، 

  .لمناطق السكنية، بصورة خاصةا

   البحثهيكل 3 .1

تعريف البناء والسكن العشوائي بصورة عامة من  -

شوئه وانواعه خلال عرض لاهم اسباب ن

 .وخصائصه العمرانية العامة

تعريف عناصر ومقومات المشهد الحضري،  -

بصورة عامة، ومشهد الشارع السكني، بصورة 

 .خاصة

تحديد اسباب نشوء البناء العشوائي في المناطق  -

السكنية المشيدة في مدينة بغداد، فضلا عن اهم 

، والمؤثرة في المشهد خصائصه العمرانية

 .الحضري

لنماذج من المجمعات السكنية  العالمية عرض  -

والعربية والمحلية وتحليلها على وفق عناصر 

 .ومقومات مشهد الشارع السكني

التوصل الى مجموعة من الاستنتاجات  -

 .والتوصيات

  

  السكن العشوائيتعريف .2

العمل على غير "يعرف العشوائي لغويا على انه 

". غفل: هدى، فيخطيء ويصيب، وهو من فعل عشا

الناقة : والعشواء)"420 ص ،2004 المعجم الوجيز،(

التي لا تبصر امامها، فهي تخبط بيدها كل شيء، 

اذا خبط امره على غير : وركب فلان العشواء
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ليتمثل التعريف ) 435 ص ،1982 الصحاح،".(بصيرة

  . بالعمل على غير هدى وبصيرة

ويعرف العشوائي اصطلاحيا في العلوم الاجتماعية 

اي سلوك لا يقوم على نظام او "س على انه وعلم النف

منطق او قانون، اي انه سلوك لا رابط له ولا ضابط 

  )17 ص ،2010مصطفى محمد موسى،".(ولا حدود

في العقود الاخيرة من ) العشوائيات(راجت كلمة 

القرن العشرين، فصارت هناك مدن عشوائية، وقرى 

 عشوائية، واحياء عشوائية، وبناء عشوائي، وسكن

عشوائي، وعشوائيات اخرى كثيرة لا مجال لحصرها، 

من المصطلحات التي ) السكن العشوائي(ويعد مصطلح 

تؤدي الى اللبس باعتبار ان السكن غير الرسمي من 

ابرز صفاته العشوائية وعدم مسايرة نظم البناء 

والتخطيط العمراني المعمول به، ومن ثم فهو ينشا 

ئي هو سكن غير قانوني وينمو عشوائيا، فالسكن العشوا

باعتباره مخالفا لكافة الاجراءات القانونية المرتبطة 

 مصطفى محمد موسى،".(بالتخطيط العمراني والبناء

  )18-17ص ،2010

تعددت وتنوعت تعريفات السكن العشوائي بتنوع 

 تعرف الموسوعة إذالدراسات ووجهات النظر المتعددة، 

 الإسكانة نمو انه ظاهر"الحرة السكن العشوائي على 

 كاملة بإرادةالشعبي الحر وذلك من منطلق محايد، نشا 

 محددة ومتكررة لا تتغير لأنماطللشعب وينمو طبقا 

تقريبا، سواء بالنسبة لتخطيطها الخطي او عرض 

 فيها، وقد استعمل الأراضي قطع أبعادشوارعها، او 

كونه شيد بدون  )Informal(تعبير غير الرسمي 

كن تعريفه بانه نمو مجتمعات وانشاء ترخيص، كما يم

مباني ومناطق لا تتماشى مع النسيج العمراني 

للمجتمعات التي تنمو بداخلها او حولها وتكون 

متعارضة مع الاتجاهات الطبيعية للنمو والامتداد وهي 

 /الموسوعة الحرة". (نمخالفة للقوانين المنظمة للعمرا

  )بيديايويك

السكن الذي "لى انه كما يعرف السكن العشوائي ع

يتشكل ضمن حي سكني منتظم، اي له مخطط تنظيمي 

مدروس من شوارع وساحات واستعمالات ارض 

وغيرها، ويبدا سكان الحي بانشاء ابنية مخالفة داخل 

هذا الحي سواء باضافة اجزاء مخالفة للابنية القائمة او 

انشاء ابنية جديدة مخالفة كليا للاحكام والتشريعات 

مية بحيث يصبح الحي السكني بعد فترة من الزمن التنظي

عبارة عن مجموعة من الابنية المخالفة التي تشكل 

بمجموعها حيا عشوائيا له تاثيراته وانعكاساته المختلفة 

ص ، 2000الموفني، ". (على البيئة السكنية للقاطنين

152(  

عدم "وقد يشير السكن العشوائي في معظم الاحيان الى 

لادنى من الخدمات الاساسية في التجمعات توفر الحد ا

السكنية في الحياة المعاصرة، فضلا عن عدم تحقق 

المستوى الادنى من الجودة التي تعتبر ضرورية لتحقيق 

 اللازم من شروط الراحة والصحة  الادنىالحد

  )15ص، 2001ابو الهيجاء، ". (والامان

وبصورة عامة تعرف مناطق السكن العشوائي على 

تجمعات نشات في اماكن غير معدة اصلا للبناء، "انها 

وذلك خروجا عن القانون وتعديا على املاك الدولة، 

والاراضي الزراعية، وفي غياب التخطيط احيانا، ثم 

".( توسعت وانتشرت واصبحت امرا واقعا وحقيقة قائمة

مناطق سكنية "فهي بذلك ) 7 ص ،2007 الدايري،

يط تنظيمي استهدت انشئت وبنيت وسكنت دون اي تخط

به او اخذ بالاعتبار في الانشاء والسكن، او هي تلك 

المناطق التي تنشا دون ترخيص رسمي سواء كانت 

مخالفة للشروط او قامت في مناطق يتعذر الترخيص 

". بالبناء فيها لعدم توفر تصورات تخطيطية لها

)com.aawsat.www(   

تلك المناطق "يقصد بالمناطق السكنية العشوائية كما 

الواقعة ضمن الحدود الادارية للمحافظة والتي نشات 

بدون مخططات تقسيم اراضي سابقة معتمدة على املاك 

عامة او خاصة ادت الى توسع عمراني عشوائي غير 

مخطط، ولا يشترط ان يكون للمنطقة مساحة معينة 

رة يوعة مساكن صغحيث تتراوح مساحتهم مابين مجم

وتتباين حجما ومساحة، وقد  الى مجموعة احياء كاملة،

     ".شيدت بصورة عفوية ولا تخضع لقواعد التخطيط
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مشروع لائحة تطوير المناطق العشوائية بمنطقة مكة ( 

  ) 7 ص،2008 المكرمة،

وتجدر الاشارة الى اختلاف تسميات المناطق السكنية 

وحسب ظروف كل دولة العشوائية من دولة الى اخرى 

 مما يظهر مرادفات مختلفة للسكن ومستوى معيشتها،

 ىاذ يطلق مصطلح السكن غير اللائق عل "العشوائي،

السكن العشوائي في المملكة المغربية، ويطلق مصطلح 

السكن الفوضوي على ظاهرة السكن العشوائي في 

الجمهورية التونسية، ويطلق مصطلح السكن الهامشي 

 السكاني العشوائي في الكويت، ومصطلح على التكدس

مناطق المخالفات على من مناطق السكن العشوائي في 

سوريا، فضلا عن تسميات اخرى كاحياء الاكواخ، 

 مصطفى محمد موسى،". (واحياء الصفيح وغيرها

، 2009الشبلي  واخرون، )( 24- 23ص ، 2010

  )8ص

يتضح من مجمل التعاريف السابقة تركيزها على 

ة جوانب مرتبطة بكل من اسباب نشوء ظاهرة مجموع

السكن العشوائي وانواعه المتعددة وخصائصه 

  :العمرانية، والتي سوف يتم توضيحها بالتفصيل كالاتي

   اسباب نشوء السكن العشوائي2.1

طرحت الدراسات والبحوث المتخصصة مجموعة من 

الاسباب التي ادت الى نشوء السكن العشوائي في المدن 

، 2001، ابو الهيجاء(اذ حددت دراسة  عموما،

  : بكل منالأسبابتلك ) 16-15ص

غياب نظام تخطيطي متكامل وقادر في نفس  •

الوقت على معالجة مشكلات الاسكان الوطنية 

 .والمحلية

 .قصور في قوانين واليات التخطيط التنظيمية •

طرارية نتيجة الحروب ضالهجرات الا •

 .والكوارث

لمبرمجة من الريف الهجرات المستمرة وغير ا •

 .الى المدينة

        تردي الاوضاع الاقتصادية لدى المواطنين •

اطنين الى وضعف الحالة الاقتصادية يؤدي بالم( 

شراء اراضي في اطراف المدينة، والتي لا تزال 

 ).غير منظمة

امة عضعف دعم الدولة لقطاعات الاسكان ال •

 .المخصصة لذوي الدخول المتدنية

ة تتعلق بتنظيم الملكيات الخاصة عدم اتباع سياس •

للاراضي مما ينجم عنه ارتفاع اسعار الاراضي 

مصحوبا بارتفاع اسعار مواد البناء واجور 

 .العمال

 .  قلة الاراضي الحكومية وغلبة الملكيات الخاصة •

) 1، ص2007، كمال سلطان(وحددت دراسة 

 من الاسباب التي تؤدي الى نشوء أخرىمجموعة 

 :ي والمتمثلة بكل منالسكن العشوائ

عدم وجود مخططات معتمدة لبعض التجمعات  •

 .في المدن والقرى

عدم قدرة الجهات ذات الاختصاص على مواجهة  •

هذه الزيادات الكبيرة في السكان وحل المشكلات 

 .المترتبة عليها

م لهذه ءعدم توفر اسكان شعبي اقتصادي ملا •

 .الفئات

لذوي النقص في الاراضي المنظمة والمناسبة  •

 .الدخل المتدني

لارتفاع في اسعار الاراضي وما تبعه من عدم ا •

مقدرة بعض الفئات الشعبية على شراء الاراضي 

 .والبناء عليها

وجود اراضي بمساحات كبيرة داخل بعض المدن  •

 .وعلى حدودها للدولة لكن لم يتم تخصيصها

عدم وجود مخططات شاملة لاستعمالات  •

د المدن ارج حدوالاراضي للمناطق الواقعة خ

 . والقرى

  2009،سناء ساطع عباس واخرون(كما قامت دراسة 

بتبويب الاسباب المؤدية الى نشوء السكن ) 3-2،ص

  :العشوائي الى كل من

ناجمة من الزيادة الطبيعية : اب ديموغرافيةاسب •

سكان الحضر وتمركزهم في  المطردة في عدد

المدن الكبرى، فضلا عن الهجرة الداخلية من 

المناطق البعيدة الى المدن وخاصة والارياف 

 .العواصم
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من حيث عدم وجود ستراتيجيات : اسباب تنظيمية •

تنظيمية حقيقية توجه عمليات التخطيط وتنظيم 

ير من عمليات التوسع، وعدم ادراك الكث

همية المشاركة ولين وأصحاب القرار أؤالمس

الجماعية لقطاعات المجتمع المختلفة في عملية 

وشكل الانظمة التخطيطية لايجاد  القرارصنع 

مناطق حضرية لهذه الشرائح من المجتمع، وغياب 

الرقابة الادارية للبلديات او عدم استطاعتها 

 .السيطرة على مناطق التجاوز

من حيث التخلف والضعف : اسباب اقتصادية •

الهيكلي لنمط النمو الراسمالي في مجتمعات العالم 

 موجات من النزوح يجادإ الى أدى ، الذيالنامي

والهجرة من الريف الى المدينة، فضلا عن غلاء 

الاراضي الحضرية وعدم توفرها في المدن 

وخاصة لذوي الدخل المحدود، وعدم قدرة بعض 

الحكومات على تحمل اعباء التجاوزات وسد 

 .النقص في الخدمات

تتعلق بالسياسات والقوانين المسنة : اسباب سياسية •

 .ة السكن العشوائيلمعالجة مشكل

   انواع السكن العشوائي2.2

طرحت الدراسات والبحوث المتخصصة العديد من 

علا ( انواع وانماط السكن العشوائي، اذ حددت دراسة

 أساسية صور أربعة) 32،ص1998،وآخرونمصطفى 

  :للعشوائيات وهي  كل من 

 .مباني ومنشات الاسكان التي تمت بدون ترخيص •

مخصصة  لى ارض غيرالاسكان الذي يتم ع •

 .للبناء

الاسكان الذي يتم على ارض مغتصبة اوغير  •

 .مملوكة لحائزها

 .  المباني الواقعة خارج تخطيط المدينة •

  )1،ص2007، كمال سلطان(واعتمدت دراسة 

  : للمناطق السكنية العشوائيةالأتيالتصنيف 

المناطق العشوائية القائمة داخل حدود  •

نشات هذه ...القرىالمخططات المعتمدة للمدن و

المناطق في بعض المدن في المرحلة السابقة الممتدة 

حتى القرن الماضي بسبب قيام بعض المواطنين 

بانشاء مبانيهم باسلوب مخالف لاحكام البناء والتنظيم 

نظرا لضعف الرقابة وعدم قدرتها على استيعاب 

 .الزيادات الهائلة والسريعة في عدد السكان

ة القائمة خارج حدود بعض المناطق العشوائي •

وغالبا ما تقوم على اراضي ... المدن والقرى

 . زراعية او تلك غير المخصصة للسكن

لائحة تطوير المناطق العشوائية لمنطقة (في حين حددت 

 تلك المناطق على أنواع) 8-7، ص 2008، مكة المكرمة

  :وفق نشاتها بكل من الاتي

المباني مناطق عشوائية نشات ببناء المساكن و •

باجتهادات فردية من الافراد بعضها بتراخيص 

وبعضها بدون تراخيص، وهي مناطق غير منتظمة 

ولا تكتمل بها الخدمات والمرافق الضرورية 

وتصعب بها حركة المركبات ولا يمكن معالجتها من 

 .خلال برامج التنمية العمرانية الاعتيادية

مناطق عشوائية شبه منتظمة نشات بدون  •

ص ولها تقسيمات شبه هندسية، وهي مناطق تراخي

يسهل التعامل معها بالتطوير والتحسين، ويمكن ان 

تستجيب لمعالجات وبرامج التنمية العمرانية 

 .المختلفة

، ة القديمالمواقع التقليديةالمنطقة التاريخية او  •

التي تمثل النسيج العضوي التقليدي المخطط بطريقة 

لم تستخدم فيها تقنيات عفوية بمبانيه القديمة التي 

فهي ليست عشوائية بنفس المفهوم ...البناء الحديثة

 فائقة السابق، وبالتالي يجب التعامل معها بعناية

 .ضمن اطر الحفاظ والتجديد

-27، ص 2010، مصطفى محمد موسى(اما دراسة 

فقد حددت ثلاثة انماط للسكن العشوائي والمتمثلة بكل ) 32

  :من

 الاسكان الذي شيد على هو: الاسكان الرسمي •

وفق التخطيط العمراني في الدولة وبناءا على 

مستندات من الجهات الحكومية المختصة بالاسكان، 

ويشمل قطاع السكن الخاص والحكومي والتعاوني، 

ويتضمن الاسكان المتدهور الذي يقع في الاحياء 
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القديمة نظرا لشرعيته القانونية سواء اكان ذلك فيما 

زة الارض ام بتصاريح البناء، حيث ترك يتعلق بحيا

سكانها الميسورين هذه الاحياء وبقى فيها الفقراء، 

ومثاله في مصر اسكان الاحياء الشعبية القديمة 

واسكان الدكاكين وقبوات السلالم والسطوح واسكان 

 .الغرف

وهو الاسكان الذي شيد : الاسكان غير الرسمي •

ندات من خارج نطاق التخطيط العمراني دون مست

الجهات الحكومية المختصة ويطلق على هذا النمط 

مترادفات متعددة وهي الاسكان غير المخطط 

)unplanned housing (سكان العشوائي او والا

والاسكان ) spontaneous housing(العفوي 

 petty commodity(السلعي الصغير 

housing (والاسكان السرطاني 

)cancer housing (هامشي والاسكان ال  

)marginal housing ( او الاسكان الفوضوي  

 :اوالاسكان البدائي، وينقسم الى نوعين

يقع غالبا داخل الحدود : اسكان واضعي اليد )1

الادارية للمدينة، في مناطق غير معلومة من 

ومثال ذلك في ...حيث مصدر اساس الملكية

مصر اسكان العشش والاكواخ واسكان 

 .ةالمقابر والمباني الاثري

يقع غالبا : الاسكان شبه غير الرسمي )2

خارج حدود المدينة الادارية ويقام فوق 

نتيجة تقسيم ...الاراضي المتاخمة للمدن

الاراضي الزراعية، ولهذا النوع صفة 

الشرعية من حيث ملكية الاراضي الا انه 

 .يفتقر الى الحصول على تراخيص البناء

ي وهو الاسكان الجواز: الاسكان غير اللائق •

المتدني، وهو شكل من اشكال السكن غير الرسمي 

المؤقت، ويعرف الاسكان الجوازي بانه اماكن 

غير معدة اصلا للسكن ولكنها مشغولة باسر، ومنه 

احياء الصفيح في المغرب، ولا تتوافر فيها 

 . التجهيزات والمرافق العامة الخدمات

  

  

  الخصائص العامة للسكن العشوائي2.3
الاحياء والمناطق العشوائية في بعض لقد ادى نشوء 

ضعف من سلبية في تلك المناطق آثار  إلىالمدن 
خدمات البنية التحتية نتيجة زيادة الطلب على تلك 

 الزيادات هذه لأصلاالخدمات والتي لم تكن مصممة 
والتوسعات العشوائية للابنية السكنية وغيرها، مع بروز 

اعية والبيئية عدد من المشكلات الاقتصادية والاجتم
كذلك ادت هذه . ومشكلات في شبكة الشوارع والطرق

الظاهرة الى النمو الحضري المفرط وتضخم بعض 
المدن وتوسعها وامتداد النسيج العمراني الحضري 
بمختلف الاتجاهات حتى تلاصقت بعض المدن والقرى 
بعضها ببعض مشكلة محاور حضرية كبرى استحوذت 

كمال سلطان، .(ة والاجتماعيةمعظم النشاطات الاقتصادي
  )2ص، 2007

يتفق التصميم الحضري مع المعايير  وبهذا لا
العمرانية نتيجة النشاة العفوية للمباني والطرق، اذ لم 
تخضع مباني المناطق العشوائية للضوابط المعمارية 
لاحجام وارتفاعات المباني ومسافات الارتداد او نسبة 

ر التخطيط المعتمدة، مما البناء المتفق عليها مع معايي
قلل من وجود الفراغات العامة والمساحات المخططة 

. والحدائق المفتوحة وزاد من فوضى التلوث البصري
 لائحة تطوير المناطق العشوائية لمنطقة مكة المكرمة،(

  )9 ص،2008
تقدم، بان ظاهرة البناء والسكن  يتضح من مجمل  ما

تنوع جوانبها وعدد  ظاهرة معقدة لتنالعشوائي في المد
المختلفة والمتمثلة بكل من اسباب نشوئها وانواعها 

) 1(وخصائصها البيئية والعمرانية، والجدول رقم 
  . يوضح تلك الجوانب

  

  المشهد الحضري .3
كل "يعرف المشهد الحضري، بصورة عامة، على انه 

ما يظهر في المدينة، وتشاهده العين، وتدركه الاحاسيس 
لهيئة الحضرية من خلال الاحساس وتتفاعل معه في ا

بالوحدة وبالمكان وبالتجربة الانسانية عبر مفاهيم عدة 
 ."كالتجانس والتكامل والتنظيم الحسي والبصري

(Eames,1997,p.233)   
في ) Papageorgio,1971, p.5(وهذا ما أكد عليه 

  : طروحاته، إذ عرف المشهد الحضري على انه 

تنظيم البصري تكوين بصري يدرس من خلال ال -
 .للعناصر

تكوين مكاني يعكس واقع الفضاءات ثلاثية  -
الابعاد وتحدد صفاته من الخواص التوافقية لكتلته 

 .وفضاءاته
مجالا للفعاليات الانسانية والذي يعكس النشاطات  -

      .التقنية والبنية الاجتماعية لحقبة معينة
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الباحثون: المصدر/ الجوانب العامة لظاهرة البناء والسكن العشوائي): 1(جدول رقم   

  الزيادة المطردة في عدد سكان الحضر في المدينة نتيجة الزيادة الطبيعية للسكان
لى المدينة ومن أطراف المدن الى الهجرات الداخلية من الريف ا

  مراكزها

  الطبيعية

أسباب 

  الهجرات  ديموغرافية
الهجرات الاضطرارية نتيجة 

  السياسية  الكوارث

  تردي الأوضاع الاقتصادية للمواطنين

  أسباب اقتصادية  غلاء الأراضي الحضرية

  ارتفاع أسعار مواد البناء وأجور العمال
  غياب نظام تخطيطي متكامل وقادر على معالجة مشكلات الإسكان 

عدم وجود مخططات معتمدة لبعض التجمعات في المدن والأراضي او 

  المناطق الواقعة خارج حدود المدن

قصور في قوانين واليات 

  خطيط التنظيميةالت
  عدم إتباع سياسة تتعلق بتنظيم الملكيات الخاصة للأرضي

  قلة الأراضي الحكومية وغلبة الملكيات الخاصة داخل المدن

  وجود أراضي بمساحات كبيرة على حدود الدولة ولكن لم يتم تخصيصها
قصور في دعم الدولة 

  نلقطاع الإسكا
  م لذوي الدخل المحدودءعدم توفير إسكان شعبي اقتصادي ملا

ية
وائ

عش
 ال

ية
سكن

 ال
طق

منا
 ال

وء
نش

ب 
سبا

أ
  أسباب تنظيمية  

  غياب الرقابة الإدارية للبلديات او عدم استطاعتها السيطرة على مناطق التجاوز

  مباني ومنشات سكنية بدون ترخيص

  الإسكان الذي يتم على أراضي غير مخصصة للبناء

من حيث 

مخالفتها 

للضوابط 

والتشريعات 

  التخطيطية

  الإسكان الذي يتم على أراضي مغتصبة او غير مملوكة لحائزها

حسب موقعها    المدنطاتداخل حدود مخط

من مخططات 

  المدن

   المدنخارج حدود مخططات

  المناطق التاريخية، الأحياء الشعبية التقليدية
 غير -سكن شبه رسمي

  منتظم
مباني شيدت فردية في مناطق غير منتظمة بعضها بتراخيص وبعضها 

  بدون تراخيص

  سكن واضعي اليد داخل الحدود الإدارية للمدن
  سكن غير رسمي

   المناطق الزراعية –سكن منتظم خارج الحدود الإدارية 

ية
وائ

عش
 ال

ية
سكن

 ال
طق

منا
 ال

اع
نو

ا
حسب طبيعة   

  نشأتها

  سكن مؤقت غير لائق

  على مستوى البنية التحتية  تردي البنى التحتية من تجهيز ماء ومجاري وكهرباء
  يةتردي الخدمات العامة الصحية،التعليمية، الاجتماع

على مستوى البيئة 

  الطبيعية

  تردي البيئة الطبيعية

  مشاكل اجتماعية 

الخصائص 

  البيئية

على مستوى البيئة 

  مشاكل امنية  الاجتماعية 

  قلة الفراغات الحضرية والمساحات الخضراء

  كثافة بنائية عالية

  مشكلة في شبكات الشوارع والطرق

  فقدان التجانس والتناغم لبصري

  فقدان الإحساس بالمكان 

  مستوى النسيج الحضري
تشوه المشهد 

  الحضري
  التلوث البصري

ية  صغر مساحات قطع الاراضي المخصصة للسكن 
وائ

عش
 ال

ية
سكن

 ال
طق

منا
 لل

مة
لعا

ص ا
صائ

لخ
ا

  

الخصائص 

  العمرانية
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 )Cullen( وينتج المشهد الحضري حسب طروحات  

التجميع الواعي او غير الواعي للمباني " عن 

حيث ) Cullen,1961,p.7". (والفضاءات العامة

اشارت تلك الطروحات الى اهمية رسم شخصية المشهد 

النظرة التنظيمية الشمولية لكل "الحضري من خلال 

العناصر المؤلفة والمؤثرة في تشكيله، للوصول الى 

صفات مشهد حضري ذو بعد جمالي و

  )Cullen,1961,p.8".(مميزة

ثلاثة طرق اساسية لتحقيق مشهد ) Cullen(وقد حدد 

حضري ذو تكوين بصري مميز ومؤثر والتي تمثلت 

  :بكل من

التتابع البصري لمفردات وعناصر المشهد  -

 .الحضري ككل

الاحساس بالمكان والذي يحدد الاحساس بموضع  -

 .الفرد في البيئة

المتمثل بكل من اللون المحتوى الحضري للمشهد و -

والملمس والمقياس والطراز والشخصية 

   )Cullen,1961,p.8-11(.والتفرد

فقد عرفت المشهد ،  )2010/الحيدري( دراسة أما

  :الحضري على انه كل من الاتي

مجموعة الاشكال والتفاصيل المعمارية ومنظر  -

الواجهات ومقررات الخدمات العامة كانارة الطرق 

والجلوس والمساحات الخضراء ومسالك الحركة 

ومسالك المياه وغيرها، والتي تمتزج مع الشكل 

 .التكويني للفضاء

تنظيم عناصر البيئة الفيزيائية للمدينة او لمنطقة  -

عمرانية معينة، والتي تبلور الصورة الحسية المتكاملة 

للعلاقات بين عناصر التكوين الفضائي، فتعطي للمنطقة 

ويستند التنظيم الفضائي في . زةشخصيتها الحضرية الممي

ذلك على سلسلة من المحددات والعناصر التصميمية، 

تعمل على ابراز نقاط ومكامن القوة في البيئة المحلية، 

والتي يتوجب الحفاظ عليها وتعزيزها لتوفر المرونة 

والقابلية لاستيعاب المستجدات والتطورات الحضرية 

 تخطاء والمشكلاكما تسعى الى تجنب الا. المستقبلية

التي تهدد التوازن العمراني والبيئي، نتيجة حاجة 

المجتمع المستمرة للتغيير، فتتمثل تلك العناصر 

بمستويات مختلفة تبدا من الهيكل العام للمنطقة ككل الى 

مجاميع الابنية وتنظيم الفضاءات الحضرية حتى تصل 

الى التفاصيل المعمارية في الواجهات والعناصر 

 .والأرضياتيلية لهندسة المواقع التفص

 هذه الدراسة اهمية اعتماد مباديء اساسية أوضحتوقد 

في تنظيم المشهد الحضري والمتمثلة بكل من الكثافة 

البصرية، حيث التماسك الهيكلي والتنظيم الانسيابي 

للمباني، والاستمرارية والتجانس، من حيث الامتداد 

ري ــشهد الحضالمستمر والمتجانس في تكوينات الم

ه ـاتـونـات بين مكـلاقــــم العــوتناغ

ة والفراغ بكالمقياس والارتفاع والصلارية ـــالبص

وخط السماء وغيرها، فضلا عن تحقيق التصميم 

الحيدري، . (العضوي للفضاءات الحضرية والتنوع

 )13-12ص، 2010

على شخصية  )Biddulph /2007( طروحات أكدت كما

لتي تعتمد حسب الطروحات على  واالمشهد الحضري،

 تحليل هذه وإمكانيةطراز المباني وعناصر الواجهة، 

العناصر لتحقيق الانتماء المكاني والتواصل في المشهد 

: الحضري والتي تكون على مستوين
)Biddulph,2007 ,p.194(  
مستوى تجميع المباني ومقياسها، وشكل السقف،  -

 والكتل، وارتفاع والعناصر المختلفة التي تشكل المقياس

الكتل واستمرارية خط السمات، وحجوم ومساحات الكتل، 

 .فضلا عن عناصر تشكيل الواجهة

مستوى عناصر المبنى ومواد البناء والانهاء، وتفاصيل  -

الهيكل الانشائي وتقنيات البناء والالوان التي تجعل 

 .المشهد الحضري متوافقا مع السياق المحيط

ري في طروحاته الى معالجة من جهة اخرى، دعى فنتو

الفوضى في المشهد الحضري للمدن من خلال تعقيد 

يمكن لتعقيد المحتوى ان يكون احد الوسائل "المحتوى، اذ 

الفعالة لمعالجة الفوضى الحضرية ولا نهائية المدن 

الشارعية، فمن خلال الاستخدام الخلاق للتنطيق والسمات 

لقوية وباسلوب حافل المعمارية الايجابية تتحقق الوحدة ا

وليس المقصود هنا الوحدة السهلة للتكوينات ...بالسخرية

الابسط والاقل تناقضا، بل هي الوحدة المشتقة من نظام 
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، 1987فنتوري، ". (معقد وخداع للكل الصعب

  )262، 188-184ص

 مشهد الشارع السكني .4

يمثل الاسكان الجزء الاكبر من المدن، فهو ناتج 

س تطور الفكر الانساني والمجتمع حضاري انساني يعك

بكل تفاصيله، ويكون ذو تاثير قوي في المشهد 

نجاح اي تنمية اسكانية ل" ، اذ ان الحضري العام للمدن

 على الجوانب الحضرية المختلفة التأكيدلابد من 

كاحترام الموقع والمحيط والسياق والشخصية، مع 

ت  على التدرج الفضائي وتامين الارتباطاالتأكيد

، ص 2010سناء ساطع عباس، ( ."وسهولة الوصول

51(  

ان ما يميز مشهد الشارع السكني في معظم الدول 

الاول : العربية والنامية، على العموم، غلبة نموذجين

نموذج التكرار التام وشبه التام في التصميم على 

مستوى المباني وتفاصيلها المعتمد في المشاريع 

كامل، والثاني التنوع وعدم الاسكانية المصممة بشكل مت

التجانس في التصميم على مستوى المباني وتفاصيلها 

في المناطق السكنية التي يتم تصميمها وتنفيذ الوحدات 

السكنية فيها على وفق متطلبات ورغبات وامكانيات 

  .الافراد المتنوعة

تميل الطروحات العالمية المعاصرة الى الاهتمام 

ني المصمم وبما يحقق وحدة بدراسة مشهد الشارع السك

الى تصميم ) Biddulph(وتنوع في ان واحد، اذ يشير 

 بنظر يأخذفن مميز "مشهد الشارع السكني باعتباره 

الاعتبار ايجاد منظر درامي وشخصية مميزة للبيئة 

السكنية والتي تتطلب تحقيق الوحدة الشكلية مع التنوع 

  ) Biddulph,2007, p.178" (في الشكل

 مجموعة نقاط يجب الاخذ بها عند تصميم د وقد حد

: مشهد مميز للشارع السكني وكالاتي

)Biddulph,2007, p200(  

التواصل في سياق (الارتباط مع الماضي تحقيق  -

، وتأكيد الإحساس بالمكان، من )الشارع السكني

خلال استعمال مفردات السياق الحضري لتعزيز 

ديد التصميم ، حيث يعزز المشهد الحضري الج

 .خصائص الموقع والسياق المحلي المحيط

تاكيد خصائص الموقع المميزة ، الطبيعية، وطرز  -

 المباني ، وتفاصيل الواجهات والحدود 

عكس معالم المقياس الذي يميز الموقع مثل الكثافة  -

البنائية ، نسبة التغطية، ابعاد وحدود القطعة ، 

وموقع المبنى ضمن قطعة الارض، مقياس وكتلة 

مبنى ، ارتفاع الطابق ، خط المبنى ، وابعاد ال

 .مقطع الشارع والفضاء المفتوح

بعض المفردات المعمارية التي تعرف اعتماد  -

طراز العمارة الخاص مثل الشرفات ، والى 

 غيرها من المفردات المعمارية 

مواد البناء التي تميز ذلك الاقليم، اعتماد  -

م نوع  مثل استخداوالخصائص الشكلية المميزة،

التسقيف ، انواع محددة من الحجر  او الطابوق او 

 . التي تميز منطقة عن اخرى

خط البناء، نسبة التغطية والكثافة البنائية ، مراعاة  -

مقياس وكتلة المبنى على طول الشارع، مع ترك 

العمل ضمن التفاصيل الجزئية للمعماري وما 

 . تحدده مدونات البناء من تفاصيل

اهمية الحدود الخارجية  )Biddulph(كما اوضح 

في تحقيق الوحدة  )الاسيجة، التشجير(  للوحدات السكنية

تعتبر الحدود من "والتنوع لمشهد الشارع السكني حيث 

اهم عناصر تشكيل مشهد الشارع السكني، واهم 

العناصر البنائية التي تحقق الاستمرارية على مستوى 

ق حضري الشارع السكني، فلكل مشهد حضري او سيا

حدود بنائية خاصة تعرف الملكية وتعرف هوية الشارع 

عتبر الجدران المنخفضة من على سبيل المثال تالسكني، 

الحدود الشائعة في الشارع السكني في المملكة المتحدة، 

وممكن ان نحقق درجة عالية من التناغم من السياق 

واستمرارية واجهة الشارع السكني، خاصة انها ضمن 

يا حركة المشاة ، فهي عنصر التشويق مجال رؤ

 كونها عنصر فضلا عنوالتنويع في الشارع السكني 

 ,Biddulph,2007 (".موحد في مشهد الشارع السكني

p.195 (  
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) Burton & Michell(، اكد كل من أخرىمن جهة 

على اهمية تحقيق الاحساس بالمكان في مشهد الشارع 

 الحديثة عكس المشاريع السكنية" لسكني من حيث 

للمباني والخصائص المحلية للبيئة المحيطة، فضلا عن 

عكسها لاشكال المباني الموجودة في السياق المحيط، الا 

ان هذا لايعني الاستنساخ وانما اعتماد الخصائص 

المحلية في التصاميم، ومواد البناء والالوان لاعطاء 

". هوية خاصة بالمشروع الجديد ضمن البيئة المحلية

)Burton & Michell,2007, p.87(  

 التنويع في مشهد الشارع السكني، أهمية على اأكدكما 

اذ يعاني المتلقي ضمن الشارع السكني الذي يعتمد مبدا "

على مستوى المباني (التكرار التام في التصميم 

". من صعوبة في التمييز والتركيز) والتفاصيل

)Burton & Michell,2007, p.89(  

لطروحات بمجملها مع طروحات فنتوري تتوافق هذه ا

في الستينات التي اكدت على ان المدن كالعمارة معقدة 

ومتناقضة، ولن تنمو المدن وتتطور في ظل عدم 

التجانس اللامتناهي، من جهة، والتجانس المحدد الزائف 

موضحا بان . الذي هو الملل بعينه، من جهة اخرى

ي الظاهر جمع العناصر المبتذلة والذي قد تبدو ف

فوضوية جنب بعضها البعض في الشارع الرئيسي 

التقليدي يعبر عن نوع من الحيوية الفعالة، فضلا عن 

". انه يقدم مقتربا غير متوقع تجاه الوحدة والكل الصعب

 ) 262، 130ص ، 1987فنتوري، ( 

مشهد الشارع ل  الاجرائيتعريفصياغة الوبذلك يمكن 

مجموعة من تنظيم بصري ل" السكني على انه 

 المقومات التخطيطية والتصميمية والحسية المرتبطة

بالمكان على وفق اسس تحقق الوحدة والتنوع 

كما موضح في   ."والتجانس والاستمرارية والتفرد

  )2(رقم  الجدول 

  

 السكن العشوائي في مدينة بغداد  .5

عانت مدينة بغداد خلال مراحل نموها وتوسعها 

من ظاهرة البناء ) دن العراقشانها في ذلك شان بقية م(

والسكن العشوائي، الا ان هذه الظاهرة تفاقمت في 

السنوات الاخيرة وخاصة بعد سقوط النظام السابق عام 

 فراغ وما تبعه من ضعف مؤسسات الدولة وال2003

الامني الذي ساد البلاد وعمليات التهجير القصري، 

مجتمع فضلا عن التغيرات الديموغرافية والاقتصادية لل

العراقي، اذ عادت هذه الظاهرة باوجه اخرى مختلفة، 

متمثلة باتخاذ الابنية الحكومية ودوائرها واراضيها 

) متنزهات او اراضي مخصصة للمشاريع الخدمية(

موقعا للبناء والسكن العشوائي، فضلا عن التجاوزات 

البنائية المتعددة خارج حدود المدينة والمتمثلة بالبناء في 

ي الزراعية، وداخل حدود المدينة المتمثلة الاراض

بالتجاوزات البنائية في مختلف المناطق السكنية 

  . والتجارية المشيدة

 هذا البحث لايسمح بدراسة حجموتجدر الاشارة ان 

ظاهرة البناء والسكن العشوائي في مدينة بغداد باوجهها 

المتعددة، لذا سيصار الى التركيز على وجه معين منها 

تمثل بالبناء العشوائي في المناطق السكنية المشيدة والم

بجهود ذاتية للافراد ، حيث يتم اقامة مبـاني في بغداد

وباسـلوب مخالف للضوابط والتشـريـعات البنائية، 

 مسببا قصورا في الخدمـات الاساسية لذلك الحي،

وعدم تحقق المستوى الادنى من الجودة التي تعتبر 

ضرورية لتحقيق الراحة والصحة والامان لساكنيه، 

متمثلا بانشاء وحدات سكنية بمساحات صغيرة، او 

اضافة بناء مخالف للمباني المشيدة، او تغيير استعمالات 

الارض لتلك المناطق، فيؤدي بالتالي الى ظهور حي 

ته وانعكاساته السلبية المتعددة سكني عشوائي له تاثيرا

تحديد اسباب نشوء هذه الظاهرة تم . على المدينة

للظاهرة في احد من خلال المسح الميداني وخصائصها 

المناطق السكنية في بغداد هي منطقة 

 والتي تعد نموذجا، )1(شكل رقم زيــــــونة، 

للمناطق السكنية في بغداد، وهي منطقة سكنية تم 

 بوحدات بعينات من القرن الماضيبداية السإنشائها في 

، والتي كانت احد أسباب )2 م600( سكنية مساحتها

تعرضها للإضافات البنائية حيث المساحة الواسعة القابلة 

 فضلا عنللتقسيم إلى أكثر من وحدة سكنية، هذا 

موقعها قرب المراكز الخدمية وتوفر الخدمات 

ا من المناطق الاجتماعية والبني التحتية مما جعله



وحدة شكر محمود الحنكاوي. د.م.لمجمعات السكنية المصممة بوصفها بديلا عن البناء العشوائي واثرها                                                                  اا  
  صفاء الدين حسين علي.د.                              م في معالجة عدم التجانس في المشهد الحضري للمناطق السكنية المشيدة                                  

انوار صبحي رمضان القره غولي. د.   م                                                                                                                                               
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: ، وكالاتيالمفضلة للسكن على مستوى قطاع الرصافة

  )المسوحات الميدانية(

   أسباب النشوء1- 5

في احد المناطق السكنية  أظهرت نتائج المسح الميداني

هي منطقة زيــــــونة، والتي تعد وفي بغداد 

ان أسباب نشوء البناء نموذجا للمناطق السكنية 

  :العشوائي في المنطقة هي

ترتبط  بجانبين مهمين هما : اسباب ديموغرافية •

 :كالاتي

الزيادة الطبيعية للسكان ومحاولة تمركزهم في  -

لما توفره من (مناطق واحياء سكنية نظامية 

، وخصوصا )خدمات عامة وبنى تحتية منظمة

بما يرتبط وتوسع العوائل وانشطارها في تلك 

لكات المناطق، فيتم اضافة اجزاء بنائية الى الممت

 )1صورة رقم . (السكنية الخاصة

الهجرة الداخلية من اطراف المدينة الى مركزها  -

من خلال تمركز بعض العوائل الفقيرة وبصفة 

حراس في منازل هجرها ساكنيها الى خارج 

 القطر بسبب الظروف الامنية المتردية 

السائدة في البلاد، مما يوجب انشاء فضاءات سكنية 

 مع الطابع العام لتلك مختصرة غير متماشية

 )2صورة رقم .(المساكن

تعددت وتنوعت الاسباب : أسباب اقتصادية •

الاقتصادية المؤدية الى استفحال هذه الظاهرة، 

 :ويمكن تحديدها بالاتي

) الى حد ما( ارتفاع المستوى ألمعاشي  -

لشريحة محددة من المواطنين ورغبتهم في امتلاك 

 بالرغم من سكن خاص بهم داخل حدود المدينة،

ارتفاع اسعار قطع الاراضي فيها، مما يجبرهم على 

شراء قطع سكنية صغيرة غير قابلة للفرز وبسند ملكية 

مشترك، ويتم تشييد عليها وحدات سكنية صغيرة غير 

 )3صورة رقم . (مرخصة

قلة فرص العمل والكسب المادي لبعض  -

العوائل مما يجبرها على انشاء اماكن للترزق والكسب 

 بإضافةن ممتلكاتهم السكنية الخاصة سواء كان ضم

بناء وايجاره كسكن منفصل، او اضافة فضاءات 

 )4صورة رقم ). (محال ودكاكين(تجارية 

ارتفاع اسعار المواد البنائية واجور الايدي  -

 .العاملة

تعددت وتنوعت الاسباب : اسباب تنظيمية •

التنظيمية المؤدية الى استفحال هذه الظاهرة، ويمكن 

 :تحديد ابرزها بالاتي

غياب نظام تخطيطي متكامل لاستيعاب  -

 . الاسكان والنمو السكاني الطبيعي للمدنتمشكلا

غياب الرقابة الادارية للبلديات وعدم  -

سيطرتها على التجاوزات البنائية في المناطق السكنية 

 .المشيدة

عدم وجود دعم حكومي كافي لقطاع الاسكان  -

مشاريع الاسكانية لذوي  البأنشاءوخصوصا المرتبط 

 .الدخل المحدود

   الخصائص العمرانية العامة 2.5

نمطين  المنطقة في بداية السبعينيات على وفق أنشئت

 والنظام الحلقي الذي يتم كيبألشهما النظام يين طيتخط

، ويكون فيه فصل حركة المشاة عن حركة السيارات

م ورصيف عرض 5عرض الشوارع الداخلية بعرض 

 التوجهات التخطيطية في تلك كأحد جانبم لكل 1

   .)2(، كما موضح في الشكل رقم المرحلة

نطقة مع بداية التسعينات بدا التغيير في تخطيط الم

 الاقتصادية والأزمة وزيادة النمو السكاني، من جهة،

 والتي ، أخرىمن جهة  التي عانى منها العراق ،

 إلى ،أخرى أسباب ، فضلا عندفعت ببعض العوائل

  ولكن ضمن الضوابط البنائية ،مساكنهمبيع جزء من 

 2  م 300 وحدتين بواقع إلى تم تقسيم الوحدة السكنية إذ

 فرز أو، 30*10 نظامية وبأبعادلكل وحدة سكني 

، وفي بعض الحالات وقبل 30*8 متر بواقع 240

 120 تم فرز أدنى كأحد 2م200ـ نظام الفرز لإصدار

ن مثل هذه المساحات  ولكن في حالات محدودة لا2م

  .حينهافي كانت تعتبر صغيرة جدا 

 2003ر آخر في تخطيط المنطقة بعد عام يظهر تغي

وبما يمثل ظاهرة البناء والسكن العشوائي للأسباب 
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الواردة مسبقا، حيث تم تقسيم الأراضي بمساحات 

 كما وأبعاد مخالفة لقوانين الإفراز والبناء المعتمدة،

يمكن تمييز خصائص ، إذ )3(موضح في الشكل رقم 

عمرانية محددة للسكن العشوائي في المنطقة على 

على مستوى النسيج الحضري العام للمنطقة، : مستويين

  : وكالاتيومستوى خصائص المباني

 .قلة الفراغات الحضرية والمساحات الخضراء •

ازدياد الكثافة البنائية من حيث التجاوز على نسب  •

 . المناطقالبناء المعتمدة في تلك

 :تشوه المشهد الحضري الناجم عن  •

التجاوز على ضوابط الارتداد عن الشارع مما  -

يؤدي الى فقدان استمرارية الواجهات، وقد 

يكون هذا التجاوز متمثلا بالبناء مع حدود قطعة 

 لإنشاءالارض، او التجاوز على الرصيف 

مداخل ومواقف سيارات للوحدات السكنية 

 )8-3صورة رقم. (المضافة

فقدان تناسب ارتفاعات الواجهات والناجم من  -

. التجاوز على ضوابط ارتفاع الطوابق واعدادها

 )6، 5صورة رقم (

عدم تجانس مواد البناء والانهاءات الخارجية  -

وعدم تجانس الوانها، يعود ذلك لاختلاف 

المستويات الاقتصادية والثقافية والاجتماعية 

 )2،5،6صورة رقم . (للساكنين

استعمالات  نتيجة تغيير: تلوث البصري والبيئيال •

الارض من سكنية الى تجارية وحتى استعمالات 

صناعية، فضلا عن العناصر الانشائية المضافة 

وغير القانونية كالسلالم الخارجية والسقائف 

صورة رقم . (متعددة الالوان والاشكال والمواد

1-4،7( 

طرز فقدان الاحساس بالمكان لتعدد واختلاف ال •

 .المعمارية والعناصر الشكلية المعتمدة في تلك المناطق

دم، اختلاف اسباب ظاهرة يتضح من مجمل ما تق

في  العمرانية، المؤثرة اوخصائصهالبناء العشوائي 

 بحيث اصبحت واقع حال مشهد الشارع السكني،

 الا انه ،يصعب على الجهات المختصة التعامل معها

يقترحه هذا  وحسب مايمكن الحد من هذه الظاهرة، 

بوصفها  المصممةالبحث، باعتماد المشاريع السكنية 

وللوصول ، من جهة، لسد الحاجة السكنيةبديل تصميمي 

حدة الشكلية من الى مشهد سكني يتسم بالتجانس والو

  .جهة اخرى

 المصممةالمشاريع السكنية  .6

 التي تمر بنهضة عمرانية ليعتبر العراق من الدو

نية شديدة، اظهر البحث مشكلة البناء تصاحبها حاجة سك

 ، من جهة،العشوائي الناتج عن البناء دون ترخيص

 من ،صاوالمشاكل الاقتصادية التي تصاحب البناء الخ

 المصممة الإسكان ويقترح البحث مشاريع أخرى،جهة 

والمنفذة من قبل شركات مختصة في قطاع التشييد 

وه الحضري  يحد من التش تصميميبديلبوصفها والبناء 

في المناطق السكنية ويعزز الواجهة الحضرية للبلد، من 

 من جهة ، ويقدم حلولا لازمة السكن في العراق،جهة

  .ثانية

 ) دور( سكن منفرد الاسر  عدد من مشاريعتم انتخاب

 وبقدر توفر الشروحات عالمية وعربية ومحلية

التي تعتبر نموذجا لمشاريع والمخططات التفصيلية 

 التي تحقق الوحدة الشكلية والتجانس في المشهد الاسكان

، من جهة، والمرونة والتنوع على مستوى الحضري

   .الوحدات السكنية، من جهة اخرى

  

  لميةا المشاريع الع6.1

  فلوريدامشروع شاطئ البحر في ساحل 1.1.6
)Sea Side Florida(  

 324000(  تعادلبمساحةتطوير حضري  مشروع 

ولاية فلوريدا، أنشا المشروع عام على طول ساحل ) 2م

 Andres Duany( من قبل الفريق المعماري 1981

and Elizabeth Plater-Zyberk( ، تبرز أهمية

 القرن التاسع عشر في لمبادئالمشروع في كونه عودة 

 مما يشكل توجه تخطيطي ةتخطيط المدن المتضام

وتصميمي معاصر يختلف عن الامتداد الحضري للمدن 

   .كية في القرن العشرينالامري

تقوم فكرة المشروع على التنمية الحضرية على 

مستوى حي سكني ، وتعزيز الإحساس بالانتماء 

الاجتماعي من خلال شبكة شوارع  مترابطة تقلل من 
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الازدحام في الطرق وتقاطع الممرات وتشجيع حركة 

المشاة والتقليل من استخدام السيارات وتشجيع ركوب 

 خلال منظومة مشاة  امنة من خلال تقليل الدراجات من

استخدام السيارات داخل المجمع قدر الامكان مما يعطي 

فضلا مزيد من هذا الشعور بالمكان على طول الشارع 

التشجير التي تعزز التظليل على طول  منظومة عن

الشارع السكني وتقليل من الانعكاس الحراري في 

   )4(شكل رقم . الشارع السكني
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  ارتفاع الكتل

  مقياس المباني  مساحات الكتل

  حجوم الكتل

  خط السماء

  ابعاد وحدود القطعة

  موقع المبنى ضمن القطعة

مقومات 

  تخطيطية

مستوى تجميع 

  المباني

  ابعاد مقطع الشارع والفضاء المفتوح

  مواد البناء والانهاء

  تقنيات البناء

  تفاصيل الهيكل الانشائي

مقومات 

  تصميمية

مستوى المبنى 

  لمنفردا

  الالوان

  المباني المحلية
  طراز المباني

  المباني الموجودة في السياق الحضري

  مفردات السياق الحضري

  خصائص الموقع المميزة

  تفاصيل الواجهات
ني

سك
 ال

رع
شا

 ال
هد

مش
ت  

ما
قو

م
  

مقومات حسية 

  مرتبطة بالمكان

  دالحدو

  الوحدة والتنوع

  التجانس

  الاستمرارية

ة 
مي

ظي
لتن

س ا
لاس

ا

ع 
ار

لش
د ا

شه
لم

ني
سك

ال
  

  التفرد

  

)2(جدول رقم

  الباحثون: المصدر/ عناصر مشهد الشارع السكني واسسه التنظيميةمقومات و
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 تقسيم الأراضي  في التسعينيات 
2003 تقسيم الأراضي بعد عام   

)3(شكل رقم   
 الى  الاساسية، يوضح تقسيم الوحدات السكنية2003نموذج للتحولات في تخطيط المشهد الحضري لشارع سكني قبل 

فروزة او غير قابلة  الم، وتقسيم الوحدات السكنية العشرين في التسعينيات من القرناتحدتين ضمن الضوابط والتشريعو

.2003  في نفس الشارع بعد عام 20*5 للوحدة السكنية وبابعاد2 م150-50-100 الى مساحات للفرز  

 

 

)2(شكل رقم   
ة نموذج يوضح التخطيط الأولي للوحدات السكني

 30*20 للوحدة السكني وبأبعاد 2 م600بواقع 

  م5،في احد الشوارع الحلقية عرض 

 

)1(شكل رقم    
صورة جوية لجزء من المنطقة يوضح التخطيط المعتمد والكثافات البنائية 

2002لغاية عام  
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1صورة رقم   
اضافة اجزاء بنائية الى الممتلكات السكنية الخاصة 

لها بسلم خارجيوفص  

2صورة رقم   
انشاء فضاءات سكنية مختصرة غير متماشية مع 
 الطابع العام للمساآن وتعتبر آسكن للحراس

3صورة رقم   
 وحدات سكنية صغيرة غير مرخصة

4صورة رقم   
 اضافة فضاءات تجارية الى المساآن المشيدة

5صورة رقم   
 وحدات سكنية صغيرة غير مرخصة

6صورة رقم   
ات سكنية صغيرة غير مرخصةوحد  
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  تعزيز الانتماء المكانياكدت الفكرة التصميمية على

  : من خلال والتنوع 

لمعمارية المتعارف عليها في اعتماد المفردات ا -

نمط السقوف المائلة مدن السواحل الامريكية والمتمثلة ب

 .والشرفات التي تسمح للسكان باستقبال هواء البحر

الـسقوف  (اعطاء الحرية في تصميم تلك المفـردات        

فضلا عن تـصميم الفـضاءات الداخليـة        ) والشرفات

جية واختيار الوانها شرط المحافظة على الحدود الخار      

المتمثلة بالاسيجة ونظام التشجير الذي يوحـد مـشهد         

الشارع السكني، مما يشكل وحدة شكلية على مـستوى         

الفضاء الحضري والتنوع الناجم من حرية الساكن في        

 .الاختيار، ليعزز الاحساس بالمكان والانتمـاء اليـه       

)Paul Knox and Peter Ozline,2000, p.226  
 لجنوبي في امريكا مشروع اسكان الجزء ا2.1.6

   (Southside Park Co-Housing) 
   يتمثل هذا المشروع بمشروع اسكان  متوسط الكثافة 

 عائلة من ذوي الدخل المحدود في اميركا، 25لـ 

تعتمد فكرة المشروع على مبدا تحقيق التنوع من 

خلال تصميم اربعة انماط سكنية ذات تفاصيل 

  .دة الطرازمعمارية مختلفة مع الحفاظ على وح

اعتمد المصمم مبدا الفضاء المشترك بين الوحدات السكنية 

من الخلف، حيث تكون الحدائق الخلفية للوحدات السكنية 

فضاءا مشتركا للعب الاطفال وكما مبين في مخطط 

   )5الشكل رقم ( .الموقع

كما يوكد المشروع على الانتماء المكاني من خلال تصميم 

رفات التي تطل على الفضاء الفضاءات الخارجية والش

  الخارجي وتعزز تفاعل الساكنين مع البيئة الخارجية

تم اعتماد مباءئ الاستدامة في توفير الطاقة من خلال 

توليد الطاقة الكهربائية من خلال خلايا الطاقة الشمسية، 

 ,Biddulph(. واعتماد الحديقة العضوية في كل منزل

2007,p.84-87(.  

  

  

  

7صورة رقم   
 وحدات سكنية صغيرة غير مرخصة

8صورة رقم   
 وحدات سكنية صغيرة غير مرخصة
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  العربيةالمشاريع  2.6

مشروع /  في مصرللإسكانالمشروع القومي  1.2.6

   القاهرة- اكتوبر 6اسكان 

 )5000000( الى توفير  القومييهدف المشروع

وحدة سكنية لمحدودي الدخل في انحاء مصر المختلفة 

ونظرا لاخفاق المشاريع ) 2011- 2005(ة من مدلل

الحكومية السابقة فقد اكد هذا المشروع على تحقيق 

  ننوع لتغطي المشاريع شرائح مختلفة من المواطنيالت

، مع )2 م64-53-40(من خلال المساحات المتاحة 

 حيث ان .تنوع مستوى التفاصيل المعمارية والانهاءات

تنوع البيئة المعمارية والعمرانية يوفر بدائل متنوعة 

للمواطنين حتى يختار منها ما يتناسب مع اسلوب 

   . حياتهم وامكانياتهم

  -:م اعتماد توجهين في تنفيذ المشروع ت

مشاريع تقوم الدولة بتمويلها ودعم : التوجه الاول -

اسعارها، وهي مشاريع نموذجية متكاملة الخدمات 

في المدن الجديدة، تم تخطيطها من قبل هيئات 

  حكومية 

مشاريع تمول من قبل القطاع الخاص : التوجه الثاني -

بتوفير الاراضي تقوم فيها وزارة الاسكان المصرية 

بسعر رمزي للمستثمرين على ان يتم استثمار جزء 

من الارض لمشروع الاسكان القومي والباقي 

لاستثمارات مختلفة لتحقيق الفائدة الاقتصادية 

 .للمستثمر

 اكتوبر كحي سكني متكامل 6تم تخطيط مشروع اسكان 

وحدة سكنية ) 2000(الخدمات، يحتوي على حوالي 

) 250(حلات سكنية، كل محلة قوامها م) 7(موزعة الى 

وحدات بطابق واحد  ، النوع الاولوحدة سكنية وبنوعين

والنوع الثاني شقق )  2 م53غرفتين وصالة وبمساحة (

شكل ().  2 م64ثلاثة غرف وصالة وبمساحة(بطابقين 

  .)6رقم 

 السكنية من حلقة من الوحدات ذات تتكون المحلة

ن الوحدات ذات الطابقين الطابق الواحد يتوسطها حلقة م

ويتوسطهم جميعا قلب المحلة وهو عبارة عن منطقة 

. مفتوحة ومسطحات خضراء وبعض المحلات التجارية

  )61- 56 ص ،2006 ، البناء العربيمجلة(

   المحليةالمشاريع 3.6 

تم انتخاب مشروعين سكنيين في مدينة اربيل 

ن انشاء عدد مباعتبارها من مدن العراق الرائدة في 

لسكن تتحقق فيها مواصفات ا، المجمعات السكنية

، وبهدف انشاء العصري الحديث وبكلف مناسبة

مجمعات سكنية لحل ازمة السكن من جهة ولتقليل 

الزخم على مركز المدينة التي تشهد تطورا حضريا 

بصفتها عاصمة اقليم كردستان، ولتحقيق رؤيا حكومة 

  .الاقليم في تحقيق صورة المدينة

  مشروع القرية الايطالية في اربيل 1.3.6

يقع المشروع في الجهة الجنوبية الغربية من مدينة  

اربيل يحيطه عدد من المشاريع السكنية والخدمية التي 

  .تدعم المشروع وتزيد من قيمته واهميته

وحدة سكنية تتنوع ) 659(يتالف المشروع من 

 ، الى دور)2 م 600(مساحاتها من فلل كبيرة مساحتها 

 -200 -240- 320(سكنية تتراوح مساحتها بين 

اضافة الى مجموعة من الابنية الادارية ) 2 م140

والخدمية والتجارية التي تتوزع على مساحة المشروع 

فضلا هذا . لتخدم سكان المشروع وسكان مدينة اربيل

 )7شكل رقم ( . الحدائق والمتنزهاتعن

        مجمع لاوان السكني في مدينة اربيل 2.3.6

ل شركة باء مشروع مجمع لاوان السكني من قتم انش

الافراح الاستثمارية اسهاماً منها في دعم شريحة واسعة 

من المجتمع الا وهي شريحة الشباب والتي تمثل نسبة 

 ذلك ولأجل، كبيرة من التركيبة السكانية لمدينة اربيل

فقد قامت الشركة بمجموعة من الدراسات على الواقع 

قد تم اختيار هذا الاجتماعي لمدينة اربيل وي والعمران

المشروع ليتماشى مع حاجات الشباب و تطلعاتهم 

  .المستقبلية
يقع المشروع قرب منطقة كسنزان ضمن حدود بلدية 

 الف متر 500اربيل وعلى مساحة ارض تقدر ب 

يتكون المشروع من مجموعة من الابنية التي ،  مربع

تسهم في تعزيز الفكرة تحتوي على فعاليات متنوعة 
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رقم  شكل( :و كالتالي، التخطيطية والتصميمية للمشروع

8(.  

دور . دور النموذج الاول. سوق مركزي. جامع

. ملاعب. مركز صحي. مدرسة ابتدائية. النموذج الثاني

مدرسة . ادارة المجمع. منطقة تجارية. مناطق خضراء

محطة . محطة كهرباء. روضة و حضانة. متوسطة

محطة ضخ . محطة نفايات. محطة معالجة مياه. غاز

  .ماء

تتوزع الوحدات السكنية المتمثلة بالدور التي يبلغ 

 متر ربع للدار 200 دار و بمساحة 1150عددها 

 :الواحد و بنمطين بنائين هما

  متر مربع118مساحة البناء : النموذج الأول

  متر مربع135مساحة البناء : النموذج الثاني

    متر مربع195مساحة البناء : الثالنموذج الث

حيث تتوزع هذه الدور على مساحة واسعة من 

المشروع تتداخل معها الفعاليات الاخرى و تعمل الابنية 

 و العمل كنقاط التقاء  التجارية على احاطة المشروع

مع المناطق المجاورة للمشروع و يحتوي مركز 

ركزي المشروع على فعاليات تجارية تتمثل بالسوق الم

 بعض النقاط التجارية الممتدة مع الحاجة فضلا عن

 و  ا على جامعضالسريعة للسكان و يحتوي المركز اي

happyland.www- ( . مناطق خضراء و مدرسة

lawancity/projects/ar/com.iraq( 

  

 الاستنتاجات .7

رة البناء والسكن العشوائي من اهم تعد ظاه •

الظواهر السلبية التي تعاني منها مدن العالم، 

بصورة عامة، والمدن العراقية، بصورة خاصة، 

وهي ظاهرة معقدة ذات ابعاد ومستويات متعددة 

 .ومختلفة

تعاني المناطق السكنية المشيدة في مدينة بغداد في  •

 المتمثل  الاخيرة من ظاهرة البناء العشوائيالآونة

بالبناء المتجاوز على الضوابط والتشريعات 

 ولأسبابالتخطيطية المعتمدة في تلك المناطق، 

متعددة اهمها الاسباب الديموغرافية والاقتصادية 

 .والتنظيمية

تشكل ظاهرة البناء العشوائي في المناطق السكنية  •

المشيدة في مدينة بغداد، بخصائصها العمرانية 

 المدينة، فهي واقع حال يصعب السلبية، عبئا على

  .التعامل معه ومعالجته جذريا

يتحقق المشهد الحضري من خلال مجموعة من  •

المقومات والمعايير التخطيطية والتصميمية 

والحسية، تعمل مجتمعة لتحقيق الوحدة والتجانس 

 . والاستمرارية والتفرد في المشهد الحضري

يتطلب تحقيق مشهد حضري متجانس على  •

 المدينة بصورة عامة وعلى مستوى مستوى

الشارع السكني بصورة خاصة الضوابط البنائية 

التي تتناول المعايير التخطيطية والتصميمية 

بصورة تفصيلية ودقيقة على مستوى الكل لتحقيق 

الوحدة الكلية في المشهد الحضري مع ترك 

 .التفاصيل المعمارية لتحقيق التنوع

ة العربية والمحلية تعاني معظم المشاريع السكني •

من التكرار الممل على مستوى الشارع السكني، 

فالتنوع يتحقق على مستوى اجزاء المشروع، 

الامر الذي يتطلب اعادة النظر والدراسة للمشاريع 

المقترحة لتحقيق التنوع ضمن الوحدة الكلية في 

 . المشهد الحضري

ان النقاط التي تؤخذ سلبا على مشاريع وزارة  •

 والاسكان هو التكرار والتماثل في أجزائها الاعمار

والذي كان احد النقاط التي واجهت مشارع 

الحداثة في اعتمادها مبدأ التكرار وخاصة في 

المشاريع السكنية حيث يرغب كل انسان ان 

يضيف لمساته الخاصة ليزداد احساسه بالمكان في 

بيئته السكنية، ولهذا كان التنوع احد النقاط المهمة 

 .ي أكدت عليها مشاريع الاسكان المعاصرالت

على وفق مبادئ تعد المشاريع السكنية المصممة  •

الوحدة والتنوع والتي تمتلك مرونة تصميمية عالية 

 المؤثرة للأفرادكبديل مقترح عن الجهود الذاتية 



  مجلة الهندسة   مجلد           8    العدد  18       ايلول        2012
 

 180

سلبيا على مشهد المدينة، بصورة عامة، وعلى 

 .مدينة بغداد، بصورة خاصة

 العالمية الى تحقيق ةتثماريتسعى الشركات الاس •

التنوع في مشهد الشارع السكني ضمن الوحدة 

الكلية من خلال التفاصيل المعمارية والاضافات 

المدروسة التي تساهم في تحقيق الانتماء المكاني 

 .في الشارع السكني

 التوصيات .8

ضرورة توفير قواعد بيانات ودراسات اللازمة  •

وائية لتحديد لتوصيف وتحليل واقع المناطق العش

اشكال التدخل الممكنة التي تتناسب مع معطيات 

ومن ثم اعداد لائحة لتطوير وتنمية ... هذا الواقع

المناطق العشوائية، تتضمن مجموعة من 

 التي اعدتها حكاللوائ... والالياتتالاستراتيجيا

 .العديد من الدول لمعالجة تلك المشكلة

ها بما ضرورة تفعيل الضوابط البنائية وتحديث •

يتوافق مع معطيات ومتطلبات العصر من 

استحداث مواد بنائية وإنشائية، من جهة، والتضخم 

السكاني وازمة السكن في مراكز المدن، من جهة 

 .اخرى

  

  

  

  

  

  

  

  

  

  

  

  

  

 

دراسة وضع المناطق السكنية المشيدة والتجاوزات  •

البنائية التي تتعرض لها لوضع خطة سريعة للحد 

 .من هذه الظاهرة

ضرورة حماية المشهد الحضري للمجمعات  •

السكنية الجديدة بصورة عامة ومشهد الشارع 

السكني بصورة خاصة من خلال وضع القوانين 

والتشريعات التي تمنع التجاوزات البنائية والبناء 

العشوائي في هذه المناطق ومنها تحديد الساكن 

بإمكانيات التوسع المستقبلي الذي يوضع من قبل 

 . المصممة مسبقاالجهات 

ضرورة مراعاة مبادئ الاستدامة الحضرية في  •

المشاريع السكنية المعاصرة والتي تدعو الى 

التقليل من استخدام السيارات داخل المشروع 

 تظليل الشوارع وممرات تأكيد فضلا عنالسكني 

 .الحركة للتقليل الانعكاس والكسب الحراري

 خلال  احساس المواطن بالمكان منتأكيدضرورة  •

مراعاة الخصائص العمرانية المحلية على مستوى 

 المرونة في وإعطاء، من جهةالواجهات الحضرية 

 .تصميم الفضاءات الداخلية للساكن من جهة اخرى
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)4(شكل رقم

  مشروع شاطئ البحر في ساحل فلوريدا
www.reel-scout.com 

يوضح التخطيط العام للمشروع: مخطط الموقع

احلية التقليدية الطابق الارضي والاول لنمط البيوت السمخطط

 في فلوريدا والمعتمد في المشروع عموما
التنوع في التفاصيل المعمارية مع الحفاظ على وحدة الطراز
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يوضح الفضاءات الخلفية المشتركة بين الوحدات السكنية: مخطط الموقع 

 التنوع في التفاصيل والالوان في الواجهات ، والشرفات التي 

  لتعزيز الانتماء المكاني  تطل على الفضاء الخارجي

التنوع في التفاصيل المعمارية مع الحفاظ على وحدة  يوضح التنوع في:مخطط الطابق الارضي والاول

المخططات وحسب متطلبات الساكنين من الفضاءات

 )5(شكل رقم 

اسكان الجزء الجنوبي في امريكامشروع   
www. mognot.com/architecture/residential/Southside 
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  القاهرة- اكتوبر 6مشروع اسكان / المشروع القومي في مصر

 )61-56، ص 2006 البناء العربي، السنة الثانية ، العدد السابع ، اكتوبر ديسمبر، مجلة(

ة السكنيالمحلةمخطط  مخطط الحي السكني  

ة النوع الاول من الوحدات السكني–مخطط الطابق الارضي 

)2 م53غرفتين وصالة وبمساحة (  

 النوع الثاني من الوحدات السكنية–مخطط الطابق الارضي 

)2 م64ثلاث غرف وصالة وبمساحة (  

 رسم منظوري للمحلة السكنية
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 مشروع القرية الايطالية في اربيل

www.skyskraper city.com. Iraqi projects

  للقرية الايطالية في اربيل جزء من مخطط الموقع المحيط بالمسجد والجزء المحيط بالمول

  ة الايطالية في اربيلالشوارع السكنية في مشروع القري
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 من الوحدات السكنيةالثالث نموذج ال

 )8(شكل رقم

  مجمع لاوان السكني في اربيل
www.happyland.com  

 النموذج الاول–مخطط الطابق الارضي

 النموذج الثاني–مخطط الطابق الارضي

 النموذج الثالث–مخطط الطابق الارضي والاول

من الوحدات الاول والثاني نموذج ال

 مخطط الموقع
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Development of an Integrated Construction Management System for 

Building Estimation 
 

Assist. Prof. Dr. Sawsan Rasheed Mohammed 

Ehab Fadhil Mohammed Ali  

Abstract 

Project management are still depending on manual exchange of information based on paper 
documents. Where design drawings drafting by computer-aided design (CAD), but the data needed by 
project management software can not be extracted directly from CAD, and must be manually entered 
by the user. The process of calculation and collection of information from drawings and enter in the 
project management software needs effort and time with the possibility of errors in the transfer and 
enter of information. This research presents an integrated computer system for building projects where 
the extraction and import quantities, through the interpretation of AutoCAD drawing with MS Access 
database of unit costs and productivities for the pricing and duration of tasks, then exported to MS 
Project and MS Excel. The system was developed by using Visual Basic and ActiveX automation 
technology for combining the above software. The system, also, can calculate quantities of materials. 
The system includes digitizer (on-screen takeoff) calculates the lengths and areas of the drawings to 
which the form of an image and scanned. The integrated system has been applied to case study, a 
storages building for hospital 260 beds. The results proved the effectiveness of the system for the 
conversion of information from the graphical form dwg to numerical formulas xlcx / xlc and mpp can 
be handled easily pleased and software are covered.  

Keywords: Construction Management, Integrated System, CAD, Estimation, Automation 

 الخلاصة

ط و المخططѧѧات  حيѧѧث يѧѧتم رسѧѧم الخѧѧرائ  .الورقيѧѧة الوثѧѧائق و بالاسѧѧتناد علѧѧى  للمعلومѧѧات تعتمѧѧد التبѧѧادل اليѧѧدوي  المѧѧشاريع إدارة لا تѧѧزال
 CAD من مباشرة استخراجها يمكن لا المشاريع إدارة المطلوب ادخالها لبرامجيات    لكن البيانات  CAD,ب   بمساعدة الحاسو  التصميمية

ان عملية أخѧذ و تجميѧع المعلومѧات مѧن المخططѧات التѧصميمة و ادخالهѧا فѧي برامجيѧات ادارة          . المستخدم قبل من يدويا ادخالها   بل يجب 
 متكѧѧاملا  حاسѧѧوبياهѧѧذا البحѧѧث يقѧѧدم نظامѧѧا . ع تحتѧѧاج الѧѧى جهѧѧد و وقѧѧت مѧѧع احتمѧѧال حѧѧدوث اخطѧѧاء فѧѧي نقѧѧل و ادخѧѧال المعلومѧѧات المѧѧشاري

 MS Access مѧع قاعѧدة بيانѧات    AutoCADعن طريق ترجمة مخططات لمشاريع المباني حيث يقوم باستخلاص و استيراد الكميات 
تم تطوير النظام . MS Excel و MS Projectالزمنية للفعاليات ثم تصديرها الى برامج لحساب الاسعار و المدد بالكلف و الانتاجيات 

 يتѧѧضمن النظѧѧام ،  بالاضѧѧافة الѧѧى حѧѧساب آميѧѧات المѧѧواد . البѧѧرامج اعѧѧلاه  لѧѧربط ActiveX و تقنيѧѧة أتمتѧѧة Visual Basicبأسѧѧتخدام 
Digitizer          وريةѧصيغة صѧون بѧي تكѧات التѧساحات للمخططѧق الن   .لحساب الاطوال و المѧم تطبيѧة       تѧة لبنايѧة حالѧى دراسѧل علѧام المتكامѧظ

 / xlcx  الѧى صѧيغ عدديѧة    dwgاثبتت النتائج فعالية النظام في تحويل المعلومات من صيغتها الرسومية .  سرير260مخازن لمستشفى 
xlc  ،mpp يمكن التعامل معها بسهولة و يسر بالبرامجيات المشمولة بها. 
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Introduction 

In each phase of project life cycle a lot 
of information is exchanged among project 
teams. This information can be graphical 
(drawings) or non-graphical information (bill of 
quantities). These two information as 
independent and are not linked to each other. 
Current estimating is limited by the lack of 
integration between electronic design and 
construction information. Integration of design 
and cost information is necessary to improve 
the estimating and to reduce the current 
fragmentation. New software technologies have 
been developed that will help to integrate 
design and cost information (Staub et al, 1998).  

In USA, (Elzarka, 2001) had discussed a 
cost-effective approach for developing 
computer-integrated construction (CIC) 
systems by integrating stand-alone CAD 
(AutoCAD), spreadsheet (Excel), database (MS 
Access) and scheduling software (MS Project) 
packages using Visual Basic and ActiveX 
technology. In India, (Arun and Appa Rao, 
2005) presented a simple methodology for 
integrating computer aided design with 
construction scheduling using Visual Basic and 
ActiveX. It makes use of the widely used 
standard software application packages namely 
AutoCAD and MS Project along with MS 
Access database. The integration was achieved 
by developing suitable interfacing modules and 
also by creating the knowledge based expert 
system for incorporating the construction 
expertise to be used for achieving integration.  

 
In Iraq, Only (Ziyad, 2007) have been 

developed integrated system CIS (Computer 
Integrated System) for water Projects, to 
connect three software (AutoCAD, Excel and 
MS Project) using Visual Basic and ActiveX 
data transfer technology. This integrated system 
can extract the graphical information from an 
AutoCAD drawing and transfer it to a digital 
form suitable for processing in the project 
management software MS Excel and MS  

 

Project Due to the CIS does not have a 
database; unit cost, production rate, precedence 
of the activities should be entered by user. 
Passing information from AutoCAD to MS 
Project indirect, should be presenting it in Excel 
first. Measure only lengths and quantities that 
calculate by each, without area and volume. 

 
 Research Objectives 
 
The aim of this research is to present a simple 

approach for integrating CAD with estimation 
and planning, and to apply it for the case of 
building projects, as an example. It presents an 
approach for integrating the existing software. 
The integration of stand-alone AutoCAD, MS 
Access, MS Excel and MS Project by using 
Visual Basic and ActiveX automation 
technology was proposed as an alternative 
approach to developing integrated system 
(InCADEP). 

 
Software Applications in Construction 
 
Computer Aided Design 
 

Before the 1980s, most drawings were 
created using paper. In 1982, Autodesk 
introduced AutoCAD software, bringing CAD 
to the PC and changing the design world 
forever. 

 
 Its use however has been limited to 

drafting for so many years that it is sometimes 
referred to as “Computer-Aided Drafting” 
(Elzarka and Dorsey, 1999). The development 
of IT and its application in construction 
industry have brought about some changes to 
the industry. Such as, the application of CAD 
grants a CAD drawing with two meanings 
(Wang, 2001): 

 
• To engineers, it consists of a series of 

graphic symbols representing a building; 
• To computer, it is a process-able data 
file which contains data related to the building, 
and this makes it possible to interpret the CAD 
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drawing and to extract from it the data needed 
for construction management.  

Estimating Software 

The computation of construction quantities 
is one of those tasks which can be dealt with 
computer technologies. Generally, computing 
by hands or by evaluation computer software 
are two major methods for quantity calculation. 
There are few disadvantages with performing 
these two methods (Lin, 2007): 
 

• Time consuming. 
• Accumulative errors and typos produced 

from manually computing. 
• Leaving some area out of consideration. 
• Personnel’s lack of graphic working 

experience to perform the calculation 
jobs. 

• Original system limitations, such as 
format of input data, etc. 

 
The accuracy of construction quantity is one 

of the most important factors for controlling 
building cost in construction industry (Lin, 
2007).  

 
The fundamental core of estimating is the 

takeoff process. Without the information 
obtained from a takeoff, an estimate can not be 
performed. While the level of detail varies, the 
need to know the information obtained in the 
takeoff process is still vital (Miller, 2001). In 
the takeoff phase, computer based systems have 
dramatically changed the available tools from 
pencils and papers to interactive digitizers 
(Elzarka and Dorsey, 1999). A simple digitizer 
was included in the presented system in this 
research.  

In the pricing phase, where prices are 
assigned to the items selected during takeoff, 
computer based system have had a major 
impact. The database of these systems contains 
most of the pertinent information necessary to 
prepare an estimate such as unit price and 

production rate. Such information needs to be 
entered only once into the database, where it is 
stored for future use (Elzarka and Dorsey, 
1999). 

Spreadsheets 

Large construction companies use 
estimating software that cost thousands or even 
tens of thousands of dollars to purchase (more 
money than most small-to-medium size 
builders can afford). However, there are 
inexpensive ways to do computer estimating. 
One way is to use computerized spreadsheets 
that have the power of programs costing 
thousands of dollars. The benefits of having 
computer spreadsheets are (Christofferson, 
1999): 

 
• Inexpensive 
• Easy to use 
• Can be customized to your style of 

doing business 
• Very powerful. 

 (Christofferson, 1999) provides some 
helpful methods that can turn basic 
spreadsheets into powerful tools to accomplish 
estimates quickly and accurately. But main 
limitation, the estimating effort is centered on 
taking off quantities, while this research will 
tried avoiding this limitation. 

Spreadsheets vs. Commercial Estimating 
Software  

In 2002 a study (Information Technology 
Survey for the Construction Industry) in USA 
by CFMA shows that Microsoft Excel was the 
most popular estimating software even in the 
largest-companies group with a 33 percent. 
Others use specialized estimating software 26 
percent use Precision Collection of Timberline. 
Up to 5 percent of estimating software were the 
result of companies’ own development 
“Developed in house”, Table (1). 
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In Iraq a questionnaire by (Al-Hadythy, 

2006) shown that Timberline not available in 
the market and it is unknown to the estimators 
with 100 % percentage. However, the 
estimators concerns about software products are 
that they want them to integrate with project 
management and scheduling. They also want 
the ability to change the assumptions, such as 
work crew breakdowns and productivity rates 
that govern calculations (Farah, 2005). 

Limitations of Current Software  

Software are applications by 
commercial vendors and their internal data 
format are proprietary, which is why they can 
not communicate their information directly 
with each other unless they develop specific 
translators for this purpose. 

 An architect may use a CAD package 
to produce a set of drawings. A quantity 
surveyor/estimator will then use these drawings 
to produce costing information and bill of 
quantities. A construction planner/scheduler 
will also use the drawings and bill of quantities 
to produce a set of construction schedule. 
Participants use their preferred software 
package, maintaining their own subset of the 
project's information. This approach, although  

well established, does have a number of 
disadvantages (Marir et al, 1998): 
 

• The existence of “information lag” 
between participants 

• occurrence of errors when re-entering 
data 

• The difficulty in gathering an overall 
view of the project for management 
purposes 

• The difficulty in integrating software 
packages due to the lack of a common 
conceptual information model. 
 
 
 

 

Architect’s first responsibility is to 
meet the client’s expectations in design 
quality as well as in budget. Widely used by 
architectural firms, CAD software like 
AutoCAD does not support any cost data 
storage on their platform. In order to 
generate the estimate, Architect/Engineer 
has to rely on other software. It could vary 
from a MS Excel spreadsheet to Timberline 
(Farah, 2005). Users need to calculate 
quantities by hands with their imagination 
due to the lack of data for quantity 
calculation (Lin, 2007). 
 

The CAD graphic documents often 
exclude information needed for effective 
project planning. The information that is 
sufficient for project designs is often 
insufficient to meet the requirements of 
project planning (Chen and Feng, 2008). 
The major tasks of CAD are drawing and 
visualization (Lin, 2007). However, these 
are not considered as weaknesses of 
AutoCAD as this software is only a general 
drafting tool.  

 
Therefore, the researcher has made 

an effort to help the practitioners in the 
construction management by developing the 
system that presented in this research 
(InCADEP), which will help the 
practitioners in the estimating and planning. 

 
Integration in Construction 

An increase in the scale and complexity 
of building production requires a larger number 
of participants and more efficient 
communication among them. Because of the 
fragmented nature of the construction process, 
construction organizations have always 
searched for new ways to integrate both inter 
and intraorganisational functions (Nam and 
Tatum, 1992) as mentioned by (Kanoglu and 
Arditi, 2004). Indeed, participants in the 
construction activity have always encouraged 
researchers to focus on integration issues with 
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the hope that such research could eliminate the 
consequences of the currently existing 
fragmentation in the construction industry. 
Attempts to deal with fragmentation can be 
carried out at three levels, namely at the 
(Kanoglu and Arditi, 2004): 

• Organizational level: including 
approaches such as partnering and 
design/build contracting,  

• Process level: including methods such 
as lean production, supply chain 
management, just-in-time delivery, and  

• Virtual level: including software and 
hardware packages aimed at integrating 
the activities of the parties such as the 
integrated system described in this 
research. 
  

Computer Integrated Construction  
 

The concept of Computer Integrated 
Construction (CIC) is mainly derived from 
manufacturing industry such as Computer 
Integrated Manufacturing (CIM). CIC defines a 
goal to make “better use of electronic 
computers to integrate the management, 
planning, design, construction, and operation of 
constructed facilities”. In this context, 
“integrate” means to “combine” the individual 
elements to optimize the performance of whole 
facility (Sanvido and Medeiros, 1990). CIC 
describes a future target stage of the use of IT 
in construction. The key factor in CIC is the 
integrating of the different computing 
applications used in the life cycle of a building. 
Such integration will take place via automated 
digital data transfer between applications 
(Bjork, 1994).  

It is well known that integration of computer 
applications in the areas of planning, design and 
construction would help in saving time and cost 
of construction and in improving productivity 
(Arun and Appa Rao, 2005). CIC systems 
automate many of the labor- intensive tasks 
associated with construction management of 
new facilities (e.g. building). The main 
objective of CIC systems is to communicate 
data to all project participants, throughout the 
project’s entire life cycle and across business 
functions (such as design, estimating and 
scheduling).  Information processing 
requirements for many of these construction 
business functions are currently handled by 
computer systems that are not integrated.  This 
creates a situation, which many refer to as 
“islands of automation”.  Through integrating 
individual computer systems, CIC systems 
improve the effectiveness of the entire 
management process by enabling the 
communication of information among all 
business functions through the entire project 
development process (Elzarka, 2001). 

 
Many large construction companies use 

integrated systems that cost thousands or even 
tens of thousands of dollars to purchase (more 
money than most small-to-medium size 
builders can afford) (Christofferson, 1999), or 
have developed CIC systems in house (Elzarka, 
2001). 

Previous research has shown that at the 
heart of any effective CIC system is a 3D CAD 
model (Elzarka, 2001) (Arun and Appa Rao, 
2005). Such a CIC system combines 3D CAD 
models with other project planning and 
management tools to integrate all parties 

involved in the project. Off-the-shelf stand-
alone packages can now be integrated to 
develop cost-effective CIC systems that are as 
powerful and effective (Elzarka, 2001). 

 

 

CAD Integration with Estimating 

This automated model makes direct use of the 
original electronic CAD files for measurement. 
The benefits range from cost and time savings 
to improved flexibility in calculating the cost 
impact of different what-if scenarios 
(alternatives) (Staub et al, 1998). In the 
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Associate General Contractors (AGC) 
estimating text Construction Estimating and 
Bidding, several concerns are mentioned 
concerning integrating CAD with estimating 
(Miller, 2001) (Alder, 2006). These concerns 
are listed below (Miller, 2001): 

 
• Who is responsible for quantification 

errors? 
• What software will be universal enough 

for use? 
• How does the architect and/or engineer 

preserve its copyright when it 
distributes its total design in a form that 
can be easily modified and copied by 
others?  

 
Additionally, the AGC states that the 

technology may assist the estimator “but will 
always have many limitations” (Swenson et al., 
1999) as mentioned by (Miller, 2001). The 
technology of CAD integration may in the 
future play a larger role in the takeoff process 
(Miller, 2001). 
 

Several studies have been conducted at 
Stanford University to demonstrate the abilities 
of estimating using CAD. One study found that 
those who used CAD software for estimating 
recorded an 80% reduction in required time to 
complete an estimate with an accuracy margin 
of error of +/-3% (Schwegler et al, 2001) as 
mentioned by (Alder, 2006). 

Proposed Approach 

The results of design of building from CAD can 
be appropriately placed in the VB. The building 
may consist of several components. The CAD 
model can be used through the integrated 
system to extract the quantity of different 
components of the building. The quantity data 
extracted can be exported automatically to MS 
Excel spreadsheet. The database can also be 
modified interactively by the user to input the 
required data. The database contains 

information for crew/team productivity rate, 
unit cost and other parametric. The list of 
construction activities, their dependencies and 
estimated duration of activities can be exported 
automatically to MS Project for generating the 
construction schedule. 

The integration approach described 
above, it contributes towards automation in 
construction. It may be noted here that the 
“approach” is conceptual in nature and it is 
possible to use it with different levels of details 
and sophistication. 

 

System Development and Implementation 
System Description  

 
The Integration of Computer Aid Design with 
Estimation and Planning (InCADEP) was 
developed to facilitate the construction 
management of buildings projects by 
integrating the following off-the-shelf 
applications:  
 

• AutoCAD for drafting the model.  
AutoCAD contains drawing and editing 
functions necessary to produce model 
of building components.  

• Microsoft Access database for storing 
historical project information on crews, 
productivity and unit costs etc.  

• Microsoft Project scheduling system to 
scheduling the project.  

• Microsoft Excel spreadsheet to report 
the bill of quantities in a convenient 
spreadsheet format for subsequent 
manipulation and printing. 

The integration of computer 
applications is carried out under Microsoft  

Windows operating system. All components 
of the system are integrated by using Visual 
Basic and ActiveX automation 
technology, as illustrated in Figure (2)

This integrated system has been integrated 
with objects of the computer applications using 

VB and ActiveX automation technology. VB 
plays the role of “glue” that holds together 
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many objects (individual software) applications 
and packages. Here in this system, VB provided 
the capabilities to construct user interfaces and 
access to other software. The operation of the 

developed system is represented by the overall 
system  

 

Flow chart as shown in figure (3). 

System Requirements and Limitations 

• AutoCAD scale should be (1:1). 

• All building components must be drawn 
in one drawing, i.e. one AutoCAD 
drawing file (*.dwg) and different 
specific layers names. 

• Each door and window should be drawn 
as a block (for example Door1 drawn as 
block named 24D1 1_1). 

• Need four elevations for building, stairs 
neglected. 

• The cost of the activities is estimated 
using activity quantities that extracted 
from the AutoCAD drawing and the 
cost information stored in database or 
entered by the user. Information cost 
should be as unit cost/unit of measure.  

• The production rate for an activity is 
assumed to be fixed along the activity 
duration (production rate should be as 
quantity/day). 

• The duration of the activities is 
estimated using activity quantities that 
extracted from the AutoCAD drawing 
and the productivity rate information 
stored in database or entered by the 
user. 

• The precedence of the activities 
collected from practical constraints 
governing the construction only and 
without overlap between activities. Note 
here the user can enter precedence 
before exporting data to MS Project. 

• The schedule generation is for ground 
floor only. 

 

System Operation 
If the user does not saved database, the user 
should be enter the unit cost of each item (for 
example 12,000 ID per square meter for plaster) 
and enter the production rate per day for each 
item (for example finishing 100 m2 per day for 
plaster). The one how use the system can enter 
the cost by Iraqi Dinar "ID" or US Dollar "$", 
and the production rate consider in this case 
depend on the experience of the user. 
 

If the user click on the "Import from 
►AutoCAD", Figure (4), the "Open" file 
dialog box will appears, and the format of file 
type is limited to (*.dwg) to open only 
AutoCAD drawing. "Import from 
►AutoCAD", allow for automatic extraction of 
quantities (length, area, volume, each/No. can 
be calculated) of various components of the 
building from the CAD model (like area of 
plaster, number of specific doors, etc). The user 
can perform the takeoff for the entire building; 
InCADEP will loop through all the elements 
contained in the model and calculate its 
quantities. The quantities will output in the 
table as shown in Figure (6). The unit cost is 
then retrieved from the database and the total 
price is calculated. In this menu "Import from 
►AutoCAD", the graphical information 
convert to textual (non-graphical) information 
and the user can deal with this textual  

 
 

Information in easy way more than the 
graphical information. 
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Data from this table can be exported 
automatically to MS Excel spreadsheets just by 
a click (File menu and then export to ► Excel), 
Figure (5), which can be kept as a separate file 
for bill of quantities. This can be used for 
further estimations. If user click on the "Export 
to ► Excel", the “Save As” file dialog box will 
appears, and the format of file type is limited to 
(*.xlcx \ *.xlc) to save as MS Excel 
spreadsheet. Then the user first enter “File 
name” and then click “save”, the InCADEP 
automatically open the MS Excel and fill the 
cells with the required information like 
(description, quantity, ….etc). 

 
InCADEP also contain a "Digitizer" or "On 
screen takeoff", which can measure (length and 
area) for image\scanned drawings, support 
(*.jpg, *.wmf and *.bmp) data format. First, the 
user should enter scale of drawing (by input the 
known distance between two points), and then 
can measure distance between two points and 
the horizontal and vertical distance for this 
points; or the user can measure the area and the 
perimeter. 

 
The Implementation Of The System 
(Incadep) 
  
 The developed system was designed for 
reinforced concrete building projects. However, 
the system can be easily modified to cover all 
types of projects, since the main code of data 
exchange system is already exist. The system 
was designed to find: the total volume of 
foundations, columns, beams, and slabs 
concrete; Total number of doors and windows; 
area and volume of brick; total length of DPC; 
area of plaster and cement plaster and ceramic; 
area of roof; area of floors etc. The output of 
system in MS Excel is as shown in Figure(6) & 
(7). 
 

 

 

 

Conclusions 

The following points have been 
identified as the overall conclusions of the 
research: 

1. Design, cost, and time integration is 
possible with today’s off-the-shelf 
software products. The resulting benefits 
include faster estimating time, fewer 
takeoff errors, better documentation and 
reproducibility of the estimating process, 
and the ability to release a construction 
schedule electronically with the whole 
project prior to construction. 
 

2. It is possible to prepare information of 
the BOQ and construction schedule for 
the building automatically (with least 
user interaction) by taking the results 
from the AutoCAD. A special feature of 
the system is the CAD modeling 
facilitating capability to extract quantity. 
A consequence of this is that project 
management software will be much 
easier to incorporate and also can have 
direct access to the design data from such 
integrated system. 

3. The utilization of integrated systems will 
become more and more important as the 
popularity of the design/build project 
delivery system continues to increase.  In 
the design/build approach, more business 
functions are performed by the same 
company and as a result, their integration 
to share data becomes more vital.  
 

4. The integration of AutoCAD and 
computer based construction project 
management software can be utilized to 
reduce fragmentation and to bridge 
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existing gaps between disciplines within 
the AEC industry.  
 

5. With the continuous development in 
BIM and improvement of programming 
capability (such as ActiveX automation 
technology), the potential application of 
an integrated system in construction 
practice can no longer be ignored. The 
industry is also eager to capitalize on this 
potential. This research provided a vision 
for meeting the vital, critical and urgent 
needs by the construction industry for 
integration tools that enhance the sharing 
of project information. 

 
6. Integrating design, cost, and schedule 

information can help a project team to 
improve the efficiency of the planning 
and estimating processes. Design-cost 
integration supports the automatic 
calculation of quantities, thus shortening 
estimating time and eliminating the 
duplication of effort that exists in current 
estimating practices. In addition, it 
allows a project team to quickly evaluate 
the cost impact of different design and 
specification alternatives, and provides 
electronic validation that all the items in 
the CAD model have been included in 
the estimate. Decisions are expected to 
be made faster and to become more 
reliable. 

 
Recommendations 

1. The ability to develop integrated systems should 
entice the construction industry to use these 
systems. AutoCAD available today, with its 
ability to link to other software has made such 
development possible. 

2. The IFC standards once fully developed will 
enhance such integration. However, it is vital to 
address integration within a business context 
which is mainly related to process, human and 
cultural issues. 
 
References 
 
Al-Hadythy, Ahmed Abdul-Fattah, 2006, 
"Computer Applications in Managing 
Construction Projects" M.Sc. Thesis, University 
of Baghdad 
 
Alder M. Adam, 2006, "Comparing Time and 
Accuracy of building Information Modeling to 
On-Screen Takeoff for a Quantity Takeoff of a 
Conceptual Estimate", M.Sc. thesis, Brigham 
Young University 
 
Arun R.K., and Appa Rao T.V.S.R., 2005, 
"Methodology for Integrating Computer Aided 
Design With Construction Scheduling", Journal 
of Structural of Engineering, Vol.31, 
No.4,January.- March, pp.281–288. 
 
Björk B-C., 1994,"RATAS Project - 
Developing an Infrastructure for Computer-
Integrated Construction", ASCE Journal of 
Computing in Civil Engineering, Vol. 8, No. 4, 
401-419. 
 
CFMA, 2002,"Information Technology Survey 
for the Construction Industry", Construction 
Financial Management Association, USA  
 
Chen Yi-Jao and Feng Chung-Wei, 2008, 
"Streamlining the Data Transformation Process 
for Construction Projects via Building 
Information Modeling" Proceedings of the 25th 
International Symposium on Automation and 
Robotics in Construction, Vilnius, Lithuania, 
June 26-29, 549-558. 
 
Christofferson Jay P., 1999,"Using Powerful 
Spreadsheet Application Tools to Increase the 
Efficiency and Effectiveness of Estimating" 



Assist. Prof. Dr. Sawsan Rasheed Mohammed                                                   Development of an Integrated Construction  
Ehab Fadhil Mohammed Ali                                                                               Management System for Building Estimation 
     

  1008

ASC Proceedings of the 35th Annual 
Conference ,California Polytechnic State 
University - San Luis Obispo, California ,April 
7 - 10, pp 197 – 204 
 
 
Ehab Fadhil M. A .2010 " Development of an 
integrated Construction Management System 
for Building Estimation" M.Sc. thesis, 
University of Baghdad 
 
 
Elzarka H., 2001,"Computer Integrated 
Construction for Small And Medium 
Contractors" ASC Proceedings of the 37th 
Annual Conference, University of Denver - 
Denver, Colorado, April 4 - 7, pp 255 – 262 
 
Elzarka H. and Dorsey R., 1999, "Enhancing 
Value Engineering by Integrating CAD and 
Estimating Software" ASC Proceedings of the 
35th Annual Conference, California Polytechnic 
State University - San Luis Obispo, California, 
April 7 - 10, pp 299 – 306 
 
Farah Toni, 2005,"Review of Current 
Estimating Capabilities of the 3D Building 
Information Model Software to Support Design 
for Production/Construction" M.Sc. thesis, 
Faculty of the Worcester Polytechnic Institute  
 
Kanoglu, A. and Arditi, D. 2004, "An 
integrated automation system for design/build 
organizations", Int. J. Computer Applications in 
Technology, Vol. 20, Nos. 1.3, pp. 3.14. 
 
Lin Chen-Yang, 2007, "Automatic Construction 
Quantity Calculation System" M.Sc. Thesis, 

Institute of Construction Engineering, National 
Yunlin University of Science & Technology, 
Douliu, Yunlin, Taiwan, Republic of China 
 
Marir F. Dr., Aouad, G. Dr. and Cooper G. Dr., 
1998 "OSCONCAD: A model-based CAD 
system Integrated with Computer 
Applications". Information Technology in 
Construction (ITcon), 3:25-43. 
 
Miller K., 2001, "Electronic Documents: 
Saving Contractor's Time & Money" research 
project was sponsored by the Building 
Construction Industry Advisory Council 
(BCIAC) under a grant from the State of 
Florida Department of Education 
 
Sanvido Victor E. and Medeiros Deborah J., 
1990, "Applying Computer-Integrated 
Manufacturing Concepts to Construction" 
ASCE Journal of Construction Engineering and 
Management, Vol. 116, No. 2, pp 365-379 June 
 
Staub S., Fischer M. and Spradlin M, 1998, 
"Industrial Case Study of Electronic Design, 
Cost and Schedule Integration" (CIFE Working 
Paper #48). Stanford, CA: Stanford. 
 
Wang, S.Q., 2001, "ESSCAD: Expert System 
Integrating Construction Scheduling with CAD 
Drawing", Construction Information Digital 
library. 
 
Ziyad Jassim Fadhal, 2007, "Building an 
Integrated Computer System for Management 
of Projects (some water projects as a case 
study)", M.Sc. Thesis, University of Baghdad. 



Journal of Engineering Volume 18   September     2012      Number 9  

 

 
 

1009

 
 

                 Table (1) Estimating software used by U.S. general contractors (CFMA, 2002) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1) Architecture of Integration 

 

 

Software (vendor) Used 
Excel (Microsoft) 33% 
Precision Collection (Timberline, now sage) 26% 
ICE-2000 (MC2) 11% 
Heavy Bid (HCSS) 6% 
Other 19% 
Developed in house 5% 
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Figure (2) Overall system flow chart 
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                                               Figure (3) Import from menu 
 

 

 

 

 

                                                    Figure (4) Export to menu 
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Quality Evaluation of Al-Rasheed Ready Concrete Mixture Plant By 

Using Six Sigma Approach 

Ali Amer M. Hasan Karakhan & Dr. Angham E. Ali Alsaffar  
 
Abstract 

          The objective of this research work is to evaluate the quality of central concrete plant of Al-Rasheed 
Company by using Six Sigma approach which is a measure of quality that strives for near elimination of 
defects using the statistical methods to improve outputs that are critical to customers. The fundamental 
objective of Six Sigma methodology is the implementation of a measurement-based strategy that focuses on 
process improvement and variation reduction to reach delighting customers, and then suggesting an 
improvement system to improve the production of concrete in Al-Rasheed State Contracting Construction 
Company. 

        A field survey includes two parts (open and close questionnaire) that aimed to get the data and 
information required for achieving the research where the answers of questionnaire sample have led, during 
the application of DMAIC improvement cycle, to identifying the potential possible reasons that caused 
quality deviations in concrete works. Two programs have been used: First, ‘Sigma Level Calculator’ which 
is formulated by the researcher to measure the components of the processes performance. Second, ‘QI 
Macros Lean Six Sigma SPC Software 2011’ which uses the statistical tools of Six Sigma DMAIC 
methodology for: identifying the root causes of defects, analyzing the data, determining capability and 
stability of process. It is concluded that the processes sigma level for the concrete works quality is 2.41 σ and 
181,070 DPMO which is considered too bad as compared with the current global competition. 

 

 تقييم جودة أنتاج معمل الرشيد للخلطات الخرسانية بأستخدام منهجية ستة سيغما
  خلاصةال

 بواسطة استخدام منهجية ستة سيغما تقييم جودة أنتاج الخلاطة المركزية للخرسانة التابعة لشركة الرشيد        ان غاية هذا البحث هو 

 وأزالة العيوب بواسطة توظيف الطرق الاحصائية لتحسين المخرجات التي يهتم بها الزبون ي تمثل مقياس للجودة تكافح لتقيلوالت

علما ان الهدف الاساسي من منهجية ستة سيغما هو تطبيق استيراتيجية اساسها القياس تهدف الى التحسين )  الحاسمة للزبونالمخرجات(

المستمر للعمليات وتقليل الانحرافات وبالتالي تحسين الجودة للوصول الى الرضاء الكلي للزبون من خلال تقديم ما يفوق توقعاته، ثم اقتراح 

  . الأنتاج الخرساني في شركة الرشيد العامة للمقاولات الأنشائيةنظام لتحسين جودة

من الأستبيان المغلق والمفتوح والذي يهدف للوصول الى البيانات والمعلومات الضرورية التي تساهم "         تضمن المسح الميداني كلا

، الى تمييز ابرز الاسباب المحتملة لتردي )دمايك(سين في انجاز البحث حيث أدت اجوبة عينة الأستبيان، خلال تطبيق مراحل دورة التح

 والمعد من قبل الباحث لقياس Sigma Level Calculationالاول : كما تم استعمال برنامجين حاسوبين. جودة الأعمال الخرسانية 

الذي يستخدم الادوات  وQI Macros Lean Six Sigma SPC Software 2011الثاني .  أداء العمليات الانتاجيةمكونات فعالية

تمييز الأسباب الجذرية للعيوب فضلا عن تحليل البيانات بالاضافة الى : الاحصائية لدورة دمايك في منهجية ستة سيغما للأغراض التالية

  181070ما و سيغ2.41كان مستوى سيغما لعمليات جودة الإنتاج للاعمال الخرسانية حيث تبين ان . تحديد مقدرة وثبات العملية الانتاجية

 .بمقاييس المنافسة العالمية الحالية" مقارنةعيب لكل مليون فرصة والذي يعد قليل 
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1. Introduction 

        Over the last twenty years, Six Sigma has 
received wide acclaim as a methodology, process 
and vision to accomplish process improvement. It 
has been successfully implemented in many 
industries, from large manufacturing to small 
businesses, from financial services, insurance 
industry to healthcare systems beside, its effective 
role in the construction and banks sector. Six 
Sigma means a business management process that 
provides tangible business results to the bottom 
line by continuous process improvement and 
variation reduction. As a data-driven, statistically-
based approach, Six Sigma aims to deliver near-
zero defects (as defined by the customers) for 
every product, process, and transaction within an 
organization. In other words, it is a practical 
approach to running a business with the 
involvement of each resource at all levels. It is a 
stronger emphasis on capturing ‘the true voice of 
the customer’ by clearly ‘understanding the needs 
and demands of customers’ for today and 
tomorrow (Hasan, 2011). 

2. Research Objectives 

        The objectives of this research are 
represented in the following points: 

1. Implementing Six Sigma DMAIC 
improvement cycle to evaluate and analyze 
quality of central concrete plant at Al-
Nahrain University (the Case Study). 

2. Preparing a program named ‘Sigma Level 
Calculator’ to calculate the sigma level, 
DPMO, and percentage of yield which help 
measuring the actual performance during 
the Measure Phase of DMAIC cycle. 

3. Proposing a suggested improvement system 
to improve and control the production of 
concrete in Al-Rasheed Company. 

4. Proposing an organizational structure of 
Quality Improvement Department for Al-
Rasheed Company. 

3. Six Sigma 

        In 1980s, Motorola’s top leaders conceded 
that the quality of its products was awful. As a  

 

 

 

 

Result, the managers started to think of a new 
approach to improve quality (Chen et al., 2006). 

        In 1987, Robert Galvin, at that time CEO at 
Motorola, together with Bill Smith, Mikel Harry 
and Richard Schroeder created a new 
improvement program that was named Six Sigma. 
The program was inspired by Japanese work and 
strongly influenced by Juran’s thoughts (Klefsjö 
et al., 2007). 

        Due to Six Sigma, Motorola managed to 
reduce their costs and variation in many process 
and won the Malcolm Baldrige National Quality 
Award in 1988 (Kessler & Padula, 2005).  

        Chowdhury (2001) defined Six Sigma as “a 
statistical measure and a management philosophy 
that teaches employees how to improve the way 
they do business, scientifically and fundamentally, 
and how to maintain their new performance level. 
It gives discipline, structure, and a foundation for 
solid decision-making based on simple statistics” 
(Pheng & Hui, 2004). 

        The principles of Six Sigma can be distilled 
into the following themes (Tehrani, 2010): 

1. Genuine focus on the customer. While 
profits and statistical tools get the most 
publicity, the emphasis on customers is the 
most remarkable element of Six Sigma. 

2. Data and fact-driven management or 
metrics (i.e., numbers) for decision making. 
It takes the concept of 'management by 
facts' instead of basing on assumptions in 
building up key measures to calculate the 
success of an organization. 

3. Process focus, management, and 
improvement. Six Sigma positions process 
as the key vehicle of success, measure the 
success and improve the efficiency, 
effectiveness and customer satisfaction, etc. 

4. Proactive management. It means focus on 
eliminating the root causes of defects 
before their occurrence instead of trying to 
manage them after it has occurred. 

5. Boundless collaboration. It means working 
to break down barriers and improve 
teamwork. 
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6. Drive for perfection, tolerate failure. 
Although these ideas sound contradictory, 
they are actually complementary. i.e., 
despite striving for perfection, failure is 
allowable, to manage them properly.  

 4. Six Sigma Dmaic Methodology 

        Six Sigma is divided into two methodologies, 
DMAIC and DFSS/DMADV. DMAIC (which is 
an acronym for Define, Measure, Analyze, 
Improve, and Control) focuses on improving 
existing processes and performance (Ferrin et al., 
2002). 

4.1 Define Phase 

        In this step, defining problems that can be 
fixed is an important key. It is important to pick 
problems that are costing the company most or are 
giving you the most problems (Chowdhury, 
2001). 

          Besides, define the customers, their 
requirements, the team charter, and the key 
processes that affect the customers. Goals and/or 
objectives of a certain process are then set based 
on the customer’s requirements (Pheng & Hui, 
2004). 

        SIPOC perspective (which stands for 
Suppliers–Inputs–Processes–Outputs–Customers) 
can be used in the define phase to solicit the 
Voice of the Customer (VOC) and determine not 
only the wrongs of a particular product, or service 
but also to identify the important inputs which 
lead to the outputs through a series of processes 
(Klefsjö et al., 2007). SIPOC diagram is a 
conceptual model used to help define the 
boundaries and critical elements of a process 
without getting into so much detail (Pande & 
Holpp, 2002). 

4.2 Measure Phase 

        In this step, the Black Belt calculates how 
many errors are made. In other words, measures 
the current performance of the process (yield, 
DPMO, sigma level, etc) (Chowdhury, 2001). 

        Six Sigma offers the following formulas to 
calculate percentage of yield and number of 
defects per million opportunities (DPMO) 
(Tehrani, 2010). Table 1 shows the relationship 
between sigma level and these metrics values 

while eq. (1) and eq. (2) are the formulas of 
calculating the yield and DPMO. 

 

Yield= (correct items / opportunities)                (1) 
DPMO= (defects / opportunities ) X 106             (2) 

 

Table (1): Relationship among sigma level, defect 
rate and yield (Park, 2003) 

 
Sigma Level DPMO Yield (%) 

2σ 308 770 69.1230 
3σ 66 811 93.3189 
4σ 6 210 99.3790 
5σ 233 99.9767 
6σ 3.4 99.99966 

 
4.3 Analyze Phase 

        In this step, understand and analyze the data 
collected by using simple statistical tools as well 
as the process to determine the root causes of the 
problem that need improvement (Pheng & Hui, 
2004). 

        In construction, the main task is to identify 
when, where and why the defects occur in the 
project, which includes actual and potential 
problems by using Six Sigma tools (Tehrani, 
2010). 

4.4 Improve Phase 

        In this step, Six Sigma project aims to 
eliminate the identified defects through the 
knowledge derived from analyze phase. 
Motivating the team and effective coordination of 
the different processes and activities and their 
interface are required to improve the entire 
construction project (Tehrani, 2010). 

4.5 Control Phase 

        In this step, after finding root causes, 
alternatives for improvement are considered and 
improvements made. Then, further data is 
collected to ensure that improvements have 
occurred and control plan is put in place to ensure 
the changes are permanent. In a nutshell, this step 
ensures that the process improvement is not lost 
over time (Schroeder, 2008). 
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The ideal members of Six Sigma team, from top 
manager to entire involved people are shown in 
details in (Pheng & Hui, 2004) and (Tehrani, 
2010) sources. 

5. Field Survey 

        For the purpose of achieving the goal of this 
research, it is necessary to work in the open and 
close questionnaire method as follows: 

5.1 Open Questionnaire 

        This step is considered the following 
processes which are: literature survey, field visits 
and personal interviews to help designing the 
questionnaire form. 

        The literature survey of the research helped 
much in the preparation of the questionnaire form. 
In addition, information was obtained from 
surveying various literatures and researchers in 
the field of controlling the concrete quality. 

        Some sites, for manufacturing concrete, have 
been visited in order to know the basic stages of 
producing concrete on the site. 

        Interviews were also made with a selected 
number of well-experienced personnel in the field 
of construction to know the most common current 
problems related to quality failure during the 
processes of producing concrete. 

5.2 Close Questionnaire  

        The formulations of the questionnaire form 
were directed to accomplish the objectives of the 
research and it was formed of four axes: 

1. First Axis: named 'General Information' 
which covers the personal information such 
as: name of the firm they work for, 
academic degree, specialization, current 
position and years of experience. 

2. Second Axis: named ‘Quality and Six 
Sigma’ contains an introduction illustrating 
the concept of Six Sigma (generally and 
statistically), besides questions covers the 
quality improvement systems, statistical 
tools and mathematical methods. 

 

 

 

3. Third Axis: named ‘Concrete Mixtures’ that 
covers all factors affecting the quality of 
concrete mixture. 

4. Fourth Axis: shows the most common 
causes of deviations in the quality of 
concrete mixtures as shown later in Pareto. 

6. Application of Dmaic Improvement 
Cycle 

        The Six Sigma process improvement strategy 
‘DMAIC cycle’ (which stands for Define, 
Measure, Analyze, Improve and Control) aims at 
bringing process improvement by eliminating 
defects. This research includes the application of 
DMAIC improvement cycle Six Sigma at Al-
Rasheed Company Project at Al-Nahrain 
University Campus (the case study). 

        The sequential five steps of DMAIC are 
primarily based on the application of statistical 
process control, quality tools, and both process 
capability and stability analyses. 

6.1 Define Phase 

        In this phase, defining the problems should 
be specific and complete as possible. Problems 
are often initially identified very qualitatively, 
without much detail. 

        This research focuses on the problem of 
‘poor quality of concrete mixtures and the 
consequent deviation in the quality of building’ 
whereas the business owner expects a high 
strength of cubes that can easily pass the 
compressive strength test because any defect 
could lead to: customer’s dissatisfaction; extra 
labor and equipment to accelerate constructing; 
extra days and payment the penalty for delay. 

6.2 Measure Phase 

        In this phase, after gathering data, the Six 
Sigma team has to decide what to measure and 
how do they measure it. 

        The defect is defined, according to the 
technical specifications of C30 mixture for 
foundations in the project of the case study, as ‘all 
concrete cubes have not passed the compressive 
strength test based on the American Specification 
(ACI 318)’. Accordingly, it is noticed that ‘from 
243 products, only 199 have passed, which means 
there are 44 defects’. 
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        After having both the number of correct 
items and defects, Sigma Level Calculator would  

be used to calculate the current performance level 
as shown in Fig. 1 while Table 2 illustrates all the 

outputs and calculations of sigma process level 
performance. 

 

Figure (1) ‘Sigma Level Calculator’ Program 

Table (2): Sigma Level Calculations 
 

Evaluate and Improve Quality of Concrete 
(central mix plant process yield) 

Current (outputs)  Target 

Yield  Sigma level  Yield  Sigma level 

81.89 %  2.41  97.12 %  3.4 

DPMO  DPMO 

181,069.96  28,806.58 

 
6.3 Analyze Phase 

        In this phase, not only studying and 
analyzing the data statistically, but also 
identifying key process variables that cause 
failures and understanding root cause’s behavior 
of why failures occurs as follows: 

 

 

 

 6.3.1 SIPOC Diagram 

        SIPOC diagram is kind of a high level 
process flow from Suppliers and their Inputs 
through the Process to the Outputs and Customers 
both internal and external. It is a graphic 
representation of how work flows through the 
company and show the sequence of processes. 

        SIPOC diagram forms the basis for 
understanding what actually happens in a process; 
so, issues can be identified and process can be 
improved. This is possible only if the preparation 
of SIPOC is managed correctly where it is noticed 
that the most common problems faced SIPOC’s 
user is either putting in too much or too little 
details. Table 3 shows the P part of SIPOC dia. 
which illustrates the sequence of processes during 
the stages of producing concrete on the site. 
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Table (3): P part of SIPOC Diagram  
 

S I                             aPa                         O C 
Process 

Start: 

Mix design then issued the check request 

 
High-Level Process Description: 

 
First, batching the materials; 

Next, mixing; 
Then, handling & transporting; 

Also, taking samples for testing; 
After that, casting; 

Following, compacting; 
Finally, finishing. 

 
End: 

Curing and removing forms 

 

6.3.2 Scatter Diagram 

        Scatter diagram is one of the most useful 
tools used to determine the correlation 
(relationship) between two variables. Correlations 
may be positive (rising), negative (falling), or null 
(uncorrelated) (Stevenson, 2005). 

        The values of compressive strength for 
concrete samples verses the date of casting are 
plotted on the vertical and horizontal axes 
respectively to show the kind of relationship 
between variables in a scatter diagram which is 
drawn by using the QI Macros as shown in Fig. 2. 

        According to the scatter diagram, the pattern 
of dots slopes from upper left to lower right and 
seem scattering rather than centering. Therefore, 
the relationship is a ‘weak negative correlation’. 
The diagram also shows that the strength values 
are deceasing with the passage of time where it is  

 

 

noticed that in the beginning, most results are high 
while in the end of the year they go down; i.e. the 
quality control of concrete production has been 
decreased with the passage of time. 

6.3.3 Histogram  

        Histogram is a graphical representation, 
showing a visual impression of the distribution of 
data. It consists of tabular frequencies that 
represent a frequency distribution and rectangles 
whose areas are proportional to the corresponding 
frequencies (Schroeder, 2008) 

        Histograms are used in Six Sigma to 
establish variability or deviation from the center 
line of the target value in a bell shape; also, they 
are a way of doing a ‘capability’ studies. Fig. 3 
shows ‘histogram with Cp and Cpk’ which drawn 
by using the QI Macros. 

        There is a couple of index called Cp and Cpk 
which help to determine whether a process is 
capable or not. A Cp ≥ 1 means the process fits 
between the upper and lower specification limits; 
whereas Cpk ≥ 1 means the process is centered 
between these limits. Also, there are many other 
calculations shown in histogram (Hasan, 2011). 

        According to the values presented, the 
process is not capable (based on Cp and Cpk) and 
the histogram is moderately skewed to the left 
while many point are located outside the lower 
specification limit (LSL). 

6.3.4 Control Chart  

        Control charts are the appropriate tool to 
monitor processes. They are useful to find unusual 
sources for variation. Samples falling outside the 
control limits are a signal for unusual sources and 
an investigation should be made to find the causes 
behind. The appropriate response to the signal is 
to stop the process at once and preventing defects 
(Nyrén, 2007). 
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Figure (2) Scatter Diagram 
 
 

Figure (3) Histogram 

        There are so many different control charts 
that estimate µ and σ using the average and range 
of samples. The formulas to do this vary 
depending on the type of data (variable data such 
as time, cost, length, weight, etc. or attribute data 
such as number of percent defective) and the 
sample size. Each control chart’s formulas are 
designed for these varying conditions. In variable 
charts, the XmR uses a sample size of 1, XbarR 
(2-10) and XbarS (11-25). In attributed charts, the 
c and np charts use small samples and fixed 

populations; the u and p charts use varying 
populations (Arthur, 2004). 

        Accordingly, the right control chart for the 
data of this study is the XbarR charts which can 
effectively help evaluating the stability of 
processes. In other words, it helps evaluating if 
the trend of process is predictable or not.  

        Fig. 4 and Fig. 5 show X bar - control chart 
and R - control chart respectively of the values of 
compressive strength testing. The ‘QI Macros’ has  
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been used in drawing these charts. From these two 
figures, the values seem scattered and out of  

 

 

statistical control. Therefore the process is ‘not 
stable’ (unpredictable). 

 

Figure (4) X bar - Control Chart for the Compressive Strength Testing 

 

Figure (5) R - Control Chart for the Compressive Strength Testing

        Additionally, it can be noticed that the values 
start to drop down with the passage of time 
especially since 31st May. Therefore, the control 

chart, as shown in Fig. 6, is divided into two 
parts: ‘before Summer’ and ‘in Summer’ where it 
is noticed that before Summer the process is 
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almost stable while in Summer the values slope 
down and become unstable. Thereby, it is 
concluded that the main reason for this deviation 
may return to the ‘high temperatures’ in that 
period of year. 

        Histograms are a way of determining 
capability (does the process meet customer 
specification?), while control charts are a way of 

measuring stability (is the output of process 
predictable and consistent?). Specification limits 

 are set by customers and used in histograms 
whereas the upper and lower control chart limits 
(UCL and LCL) are calculated based on the data. 
The process of this study is neither capable nor 
stable which means improvement must be 
accomplished. 

Figure (6) Process Change of the X bar - Control Chart for Compressive Strength Testing 

6.3.5 Pareto Diagram  

        Pareto analysis is a technique for focusing 
attention on the most important problem areas. 
The Pareto concept, named after the nineteenth-
century by Italian economist Vilfredo Pareto, is 
that a relatively few factors generally account for 
a large percentage of the total cases (e.g., 
complaints, defects, and problems). The idea is to 
classify the cases according to degree of 
importance, and focus on resolving the most 
important, leaving the less important (Stevenson, 
2005). 

        The bars are placed from left to right in 
descending order to illustrate the most common 
causes of deviation in the quality of concrete 
mixtures according to the responses of 
respondents for the close questionnaire as shown 
in Fig. 7 which is drawn by using QI Macros 
software. 

6.4 Improve and Control Phases 

        The main task in these two phases is the 
elimination of the root causes of problems and 
developed process requirements that minimize the 
likelihood of the failures based on the knowledge 
and information obtained in previous phase or 
from the questionnaire lists and interviews. The 
team members should generate ideas for 
improving processes; then, evaluate these ideas to 
select the best potential solutions to implement 
them. These phases have been replaced by 
proposing an improvement system as shown later 
in this research. 
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7. Proposed Organizational Structure 

        An organizational structure of Quality 
Improvement Department has suggested to be 
adopted in Al-Rasheed Company instead of the 
small Quality Division that established since 
2008. The Proposed Quality Improvement 
Department has a pivotal role as a second major  

 

 

party after the top-management in implementing 
the suggested improvement system. The 
organizational structure of Quality Improvement 
Department has included five divisions, as 
illustrated in Fig. 8, which are: 

1.  Six Sigma Division: which aims to 
promote Six Sigma principles and practices 
the five phases of DMAIC and offer 
opportunities for employees to increase 

Figure (7) Pareto Diagram for Analyzing the Problems 
 

 
Their knowledge of Six Sigma. As well as, 
supports training programs by providing 
plans and ensures that everybody on the 
company knows the reason of adopting Six 
Sigma. 

2. Training Division: where the term training 
refers to the acquisition of knowledge, 
skills, and competencies as a result of 
teaching. The members of this division 
must prepare training schemes which can 
be divided into three categories. First is 
‘Six Sigma course’ to all personnel which 
gives an orientation to the Six Sigma 
philosophy. Second is ‘statistical course’ to 

specific engineers who concerned in the 
application of the statistical tools. Third is 
‘manpower course’ to all workers to 
develop their skills through the process of 
the concrete. 

3. Documentation Division: this division deals 
with documenting everything (such as the 
progress of work, result of testing, quality 
reports, etc.) manually and electronically. 

4. Design Division: this must be included 
numbers of well-experienced engineers to 
doing missions like: revising and verifying 
the design; cooperation to design 
specification limits; detecting deviation; 
and providing advice and guidance. 
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Chairman of the 
Board

Quality Improvement 
Department

Six Sigma 
Division 

Training 
Division 

Design 
Division 

Documenta‐
tion Division

Examination and 
Inspection Division 

5. Examination and Inspection Division: this 
consists of engineers and technicians to 
perform: supervision of testing for each of 
raw materials, equipments and devices; and 
works skills as well as taking specimens 
and issuing reports. 

 

 

 

 

 

 

 

 

 

Figure (8) Proposed Organizational Structure of 
Quality Improvement Department to Al-Rasheed 

Company 

8. Suggested Improvement System 

        In accordance to the results of the analyze 
phase, a formulated model has created to be 
adopted in Al-Rasheed Company in order to 
improve and control the quality of concrete 
production. The basic elements of the ‘suggested 
improvement system’ are summarized in the 
following items: 

1. Input Control. 
2. Processes Control. 
3. Output Control by FISH Cycle. 

8.1 Input Control 

        Input such as raw materials, devices, 
equipments, machineries and specialized technical 
staff are used by the process to produce the 
output. 

8.1.1 Raw Materials Control 

        The most prominent procedures that must be 
included in this stage are: 

1. According to ‘Contract Condition for Civil 
Engineering Works’ (clause 37). It is 

suggested to send a team of experienced 
engineers to the headquarters of 
manufacturing, prior to complete the 
purchase of raw materials, to perform tests 
and evaluate the quality of materials before 
buying and shipping them to the site in 
order to overcome wasting of time and 
effort on the processes of transporting and 
storing invalid materials. 

2. Registration of the entrance of the material 
from suppliers in software used for this 
purpose and saved in computer as a 
permanent document which can help 
evaluating the efficiency of suppliers. 

3. Determining the required material; then, 
buying the right amount after deep studies; 
next, providing an appropriate storage for 
materials; after that, testing the materials; 
finally, documentation of all information. 

        Purchasing the materials of high quality can 
help companies avoiding causes of deviation in 
the quality of concrete mixture as shown in the 
second bar of Pareto chart, Fig. 7.  

8.1.2 Devices and Equipments Control 

        Organizations need to purchase or hire items 
in order to conduct their business. The proposed 
system aims to guarantee the continuity of work 
equipment to achieve the purpose of their 
existence which is introduced the best 
performance at the lowest cost and highest 
degrees of safety through adopting the procedures 
of preventive and predictive maintenance instead 
of the remedial maintenance. 

        The main goals of this stage are:  

1. Selecting the right acquisition policy; where 
equipment may be purchased, hired or hired 
with an option to purchase later. 

2. Providing a convenient place for 
equipments. 

3. Reducing periods of breakdown to a 
minimum and improving the productivity 
of equipments to a maximum. 

4. Complying with safety regulations to 
ensure staff safety. 
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5. Reducing the number of spare parts, unless 
they are necessary, to avoid freezing of 
capital. 

        The following parties are suggested to be 
responsible for adjusting the work of equipments:  

1. Maintenance Unit and its workshops. 
2. Stores Division. 
3. Purchasing Department. 
4. Financial Affairs Department. 
5. Quality Improvement Department. 

8.1.3 Personnel Control 

         The human resource is the master key to 
accomplish the quality requirements; therefore, it 
has become necessary to establish the concept that 
‘quality is everyone's responsibility’. 

        The field survey have reflected that most of 
the workers in construction projects are temporary 
labor and have not had enough efficiency that can 
qualify them to work on sites. Therefore, two 
important functions are suggested to solve the 
problem referred to above. These procedures are: 

1. Establishing a new system for hiring 
personnel permanently instead of 
depending on the temporary labors. 

2. Now, after having a permanent staff, the 
company must be sure that new employees 
receive the proper indoctrination by 
offering training courses to develop their 
skills and increase knowledge of Six Sigma 
to accomplish mutually beneficial 
relationship between organization and 
employees. 

        These responsibilities should be managed by: 

1. Training Division. 
2. Six Sigma Divisions. 
3. Human Resources Department. 
4. Quality Improvement Department. 

8.2 Processes Control 

  Organizations must remember that processes 
control and producing high-quality products may 
ensure customer satisfaction. This stage should 
control: 

 
 
 

 

8.2.1 Examination and Inspection  

        Testing and inspection are usually used to 
determine whether the item or activity is in line  

With the targets or not. The next stations of 
examination and inspection must be achieved 
during the process of concrete production: 

1. Suggested station for testing and inspection 
of the raw materials at the provision sources 
by sending committees from the Purchasing 
and Quality Improvement Department to 
assure quality of materials ‘before’ buying 
and shipping them to the site. 

2. Station of testing and inspecting the 
received raw materials, from provision 
sources, on the site. 

3. Suggested station for inspecting during the 
process of concrete production inside the 
concrete plant by a permanent reprehensive 
from each of Quality Improvement 
Department and Resident Eng. Office in 
order to verify and monitor the progress of 
concrete production in accordance to plans. 

4. Suggested station for testing the fresh 
concrete in the field as recommended by the 
American Concrete Institute (ACI) 
specially the Slump and Temperature tests 
which can immediately and effectively 
detect deviations in the quality of concrete 
mixtures.   

5. Station of testing the hardened concrete by 
taking cubes of concrete for the 
compressive strength testing. 

6. Suggested station of inspection ‘during the 
casting process’ to assure high production 
for both specimens and hardened concrete. 
This procedure should be applied to 
increase care and protection for each 
concrete and cubes by allocating particular 
inspectors and engineers from Quality 
Improvement Department and Resident 
Eng. Office to carry out periodical 
inspection. 
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8.2.2 Devices and Equipments  

        All devices and equipments used for 
examination and inspection must be ‘calibrated’ 
periodically, to prevent any deviation in their 
performance form ever getting out, by taking 
some procedures like: sending them to a third-
party authorized to conduct calibration, providing 
appropriate environmental conditions for storage, 
and documenting all the information in the 
achieve. 

8.2.3 Documentation 

        Document everything by adopting an 
electronic documentation system depending on 
computer and manual documentation by hand; 
which include all kinds of reports such as: 
purchase orders, quality reports (daily, weekly, 
and annually), supplier evaluation reports; results 
of testing, and progress reports. 

        The responsibilities of ‘processes control’ 
stages must be executed and handled by: 

1. Examination and Inspection Division. 
2. Documentation Division. 
3. Stores Division. 
4. Quality Improvement Department. 

 

8.3 Output Control (FISH Cycle) 

        This stage is adopted the sequential ‘FISH 
processes cycle’, which stands for Focus, 
Improve, Sustain and Honor; to strengthen the 
suggested improvement system as described in the 
following steps: 

 

8.3.1 Focus on both Reports and Product 
Delivery 

        This first step aims at: First, narrowing the 
focus on performance control reports that issued 
by Quality Improvement Department to provide 
top-management with fairly broad range of 
outputs. Mainly, performance control reports aid 
managers by measuring deviations from standard 
plans and evaluating the actual performance 
according to the results of testing concrete 
mixtures and raw materials which should be 
subjected to audits and analysis by members of 
Quality Improvement Department to prepare 
recommendations for the corrective actions. 

Second, focusing on service by making plans to 
the way the product should be delivered to the 
customers. 

8.3.2 Improve Performance 

        This second step seeks to make corrective 
actions that suggested by members of Quality 
Improvement Department after fully agreement of 
top-management. 

        In this step, some methods such as 
brainstorming, benchmarking, and quality circles 
might be used to generate and come up with new 
ideas that lead to the right corrective/preventive 
actions. Therefore, the following two methods are 
recommended to generate ideas: 

1. Quality Circles: by creating a work group 
usually consists of (5-10 persons): one 
person from Six Sigma Division as a 
chairman of circle (president), one person 
of each Design, Examination and 
Inspection, and Documentation divisions 
besides foreman and worker; who met 
periodically (an hour a week) to discuss 
quality issues, the progress of improvement 
measures, corrective actions and find 
appropriate solutions. They often use 
statistical tools. 

2. Establish a system to share information 
with employees: by encouraging employees 
to speak out against policies that inhibit 
quality; and to submit their suggestions 
through the suggestion box; then, let them 
know that their suggestions are appreciated; 
next, reward them appropriately if the 
suggestion was acceptable and worked; or 
explain the reason if the suggestion was not 
feasible. 

8.3.3 Sustain the Improvement 

        One of the most places where people fail 
down is actually sustaining the improvement 
whereby changes in the process cannot be 
detected with naked eyes, but with control charts 
and histograms it can. Therefore, it is necessary to 
teach employees how to use statistical process 
control SPC charts to monitor, manage and 
maintain the performance by training them how to 
use these tools. 
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8.3.4 Honor the Work Team 

        It is significant to motivate the team 
members to be the owners of their work and strive 
for their own specific goal regarding their tasks 
beside the cooperation toward the common goal 
and overall success of the project. This can be 
done by providing health insurance, social 
security beside increasing allocations and 
monetary bonus or by giving financial loans to 
those who submitted distinct jobs. 

        Fig. 9 pictures the practical side of this 
research in a flow chart. 

9. Conclusions and Recommendations 

        Conclusions are presented next as a result of 
field study and DMAIC cycle. According to these 
conclusions, the research recommendations have 
been discussed to improve the quality of concrete 
production by implementing Six Sigma DMAIC 
methodology. 

9.1 Conclusions 

1. The current process performance for the 
quality of concrete works in the case study 
are: 2.41 sigma level, 81.89% quality yield, 
18.11% non-conformance production and 
181,070 DPMO which are considered too 
bad as compared with the current global 
competition. 

2. Al-Rasheed Company has not had clear 
policy working toward improving quality of 
concrete production; and suffers from lack 
of interest in the quality, because it believes 
that controlling quality costs too much. 

3. The absence of specialized departments for 
managing quality with a task of auditing 
processes, starting from the early stages of 
production to the end. Al-Rasheed 
Company even has not established ‘Quality 
Department’ in its organizational structure. 

4. Decision-making in Al-Rasheed Company 
depends on experience and position instead 
of facts on the ground, despite facts are 
considered the primary tributary of 
decision-making in modern systems. 

5. Al-Rasheed Company is not performing the 
testing of fresh concrete besides, limited  

 

 

6. of examination and testing of the received 
raw materials from provision sources. 

7. Six Sigma organization structure can be 
adopted with some modification to be in 
various divisions and departments in 
company, like replacing the ideal teamwork 
of Six Sigma (master black belts, black 
belts, green belts, etc.) by members of 
either quality circle or proposed Quality 
Improvement Department. 

9.2 Recommendations 

1. Any organization that wants to improve 
their quality of concrete mixture can use 
DMAIC cycle and the suggested 
improvement system; then, start by giving 
personnel a brief introduction on modern 
management techniques of quality control 
because they are the base of Six Sigma. 

2. Adopting the predictive and preventive 
maintenance instead of the remedial 
maintenance can reduce occurrence of 
defects and breakdowns. 

3. Creating Quality Circles to provide 
corrective and preventive actions taking 
into consideration information that comes 
from employee suggestion box. 

4. Al-Rasheed Company should start building 
up an electronic documentation system by 
using computers to document reports and 
testing results etc. 
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Shared Congestion Detection: A Comparative Study 

 

 

 

Abstract:  

Most Internet-tomography problems such as shared congestion detection depend on network 
measurements. Usually, such measurements are carried out in multiple locations inside the network and 
relied on local clocks. These clocks usually skewed with time making these measurements unsynchronized 
and thereby degrading the performance of most techniques. Recently, shared congestion detection has 
become an important issue in many computer networked applications such as multimedia streaming and 
peer-to-peer file sharing. One of the most powerful techniques that employed in literature is based on 
Discrete Wavelet Transform (DWT) with cross-correlation operation to determine the state of the 
congestion. Wavelet transform is used as a de-noising tool to reduce the effects of both clock skew and 
queuing delay fluctuations on the decision of congestion type. Since, classical Discrete Wavelet Transform 
(DWT) is not shift-invariant transform which is a very useful property particularly in signal de-noising 
problems. Therefore, another transform called Stationary Wavelet Transform (SWT) that possesses shift-
invariant property is suggested and used instead of DWT. The modified technique exhibits a better 
performance in terms of the time required to correctly detect the state of congestion especially with the 
existence of clock skew problem. The suggested technique is tested using simulations under different 
environments. 

Keywords: shared congestion, clock skew, shift invariant, cross correlation, soft-threshold operation. 
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 :الخلاصة
الدراسات التي تهتم بحل مشاكل شبكة الأنترنت ككشف الأختناق المشترك تعتمد على اجراء قياسات معينة لعوامل معظم 

هذه المؤقتات عادة ماتتعرض . تنجز في أماكن مختلفة داخل الشبكة معتمدة في ذلك على مؤقتات داخليةما هذه القياسات عادة . الشبكة

ان عملية اكتشاف . قت مما يؤدي الى عدم تزامن هذه القياسات وبالتالي هبوط في أداء كثير من هذه التقنياتالى أنحراف بمرور الو

تبادل ، على سبيل المثال لا الحصر.  الحاسوب شبكاتالأختناق المشترك قد أصبحت مؤخرا من الأمور المهمة في كثير من تطبيقات

د تعتمواحدة من أفضل هذه التقنيات المستخدمة  .كذلك المشاركة البينية في تبادل الملفاتو) الصوت والصورة(الملفات المتعددة الوسائط 

يستخدم المحول كأداة للتخلص .  مع معاملات التشابه المتناظرة لتحديد نوع الأختناق(DWT) المحول ذو المويجة المتقطعة في عملها على

 لناتج بسبب وجود وحدات الخزنوامل التأخير وكذلك تذبذب عوامل التأخير امن تأثيرات كلا من انحراف المؤقت المستخدم في قياس ع

ولكن بسبب كون هذا المحول لا تتمتع مخرجاته بخاصية عدم التأثر بالتزحيف والتي تعتبر من الخواص . على عملية تحديد نوع الأختناق

لذلك تم أقتراح أستخدام محول أخر يدعى المحول ذو المويجة . المفيدة وخصوصا في تطبيقات ازالة الضوضاء من الأشارات المختلفة

أظهرت التقنية المعدلة أداءا أفضل من . لذي يمتاز بخاصية عدم التأثر بتزحيف البيانات ليحل محل المحول السابق وا(SWT)المستقرة 

تم تجريب التقنية المقترحة وبنجاح في . أ في المؤقتحيث الوقت المستغرق في عملية الأكتشاف وكذلك الدقة وخصوصا مع وجود خط

  .ظروف مختلفة
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Introduction 
 

Congestion control is the mechanism that 
was widely credited with the stability of the 
service of the internet. Without such mechanism, 
internet or any other network cannot be survived.  
In the first generation of internet services that 
mostly consist of file transfers, congestion control 
mechanisms are applied per flow without any 
feedback from the other flows that share the 
resources of the network. To these services, it is 
considered adequate. 

 
With the emerging of new services that 

need a lot of bandwidth and more sensitive to 
network delay and packet loss, applying 
congestion control techniques per flow may lead 
to service degradation. And therefore, the 
principle of cooperation congestion control is 
appeared. This concept exhibits a better 
performance than the older techniques that control 
the congestion for each flow alone. 

 
The concept of congestion control 

cooperation is very simple and can be 
comprehended from the following real situation. 
Car traffic in any crowded city can be used as a 
good example to demonstrate the concept. If the 
car drivers are very selfish and aiming in any 
method to reach their destinations, without caring 
of the others, the jam will be terrific, especially in 
the intersections of the main roads (routers in our 
problem). However, if the drivers are cooperated 
between themselves and listen to the instructions 
of the traffic men, the situation will be better. As a 
result, the movement of cars will be smoother 
than before and the jam condition will be of less 
severity. This is because, the resources are limited 
and the users of those resources are unlimited. 
Therefore, the cooperation between users in 
exploiting the resources decreases the hardness of 
the situation and enhances the performance. 

 
The same scenario exists in computer 

networks. Therefore, the cooperation means that 
the decision is taken according not only to the 
condition of the flow but from all the flows that 
share the resources. Hence, the detection of 
resource sharing especially in the existence of 
congestion is a significant issue that enhances the 
performance of the network. The information of 
shared congestion detection can be used to change 
the path of packets or to modify the topology of 
the network in overlay systems. 

 

In general, the operation of inferring 
shared congestion depends on the feedback 
information of link delay or packet loss rate or 
both. Previous works exhibit the robustness of 
methods that rely on link delay over the methods 
that depend on packet loss [Rubenstein 2002]. 
One of the most powerful methods that depend on 
the delay of the packets as a measure to detect 
shared congestion is the method presented in 
[Kim 2008]. The method uses a digital signal 
processing technique to extract the required 
information from link delay measurements and 
uses cross-correlation coefficients to estimate the 
type of congestion. The method uses discrete 
wavelet transform as a de-noising tool to isolate 
the useful information from the delay of the 
packets and deliver this information to the cross-
correlation function. 

 
There are two factors that affect the 

output of cross-correlation, and thereby, the 
process of shared congestion detection. These 
effects corrupt link delay measurements and 
mislead cross-correlation function. The first factor 
is the queuing delay fluctuations. This factor is 
mainly due to the random behavior of the buffers 
that exist in the routers. The second factor is the 
effect of clock skew that makes link delay 
measurements out of synchronization. 

To get rid of all these effects, the 
measurements should be de-noised by threshold 
the wavelet detail coefficients. However, DWT is 
not shift invariant transform. Shift variant 
property means that there is no simple relationship 
between wavelet coefficients of the signal and 
those of the delayed version of it [Pesquet 1996]. 
Therefore, clock skew problem could cause false 
detection. That is, clock skew might mislead 
cross-correlation function and change the 
condition from shared to independent congestion. 
Therefore, a modification to the technique used in 
[Kim 2008] is suggested to completely remove the 
effect of clock skew. 

 
Recently, Stationary Wavelet Transform 

(SWT) is used successfully in the literature 
especially in signal de-noising, image de-noising 
and signal detection [Zikov 2002],[Brychta 
2007],[Solbo 2008],[Hai 2009], and [Kubinyi 
2011]. The main advantage of SWT is its shift 
invariant property [Lang 1996]. Using SWT 
instead of DWT to detect shared congestion has 
revealed a better performance especially with the 
existence of clock skew problem, as we will see in 
the simulation results. The only drawback of SWT 
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is its computation complexity of order N logs (N) 
compared to only N for DWT, where N represents 
the number of samples. 

 
Shared Congestion Detection Using Cross-
Correlation Coefficients: 
 

 Fig.1 shows the network topology that 
shared congestion is mainly happened. The link(s) 
between nodes s and t is (are) shared. To detect 
shared congestion, packets will be sent with time 
stamps from node xt to the node xr. At node xr the 
packets are again time stamped and resent to node 
xt. For each packet, the difference between the 
two time stamps represents the time of the journey 
(time delay). The same thing is done for the two 
nodes yt and yr. At the end of the experiment, two 
delay sequences  and  are obtained for the two 
paths. 

 
Then after, using the cross-correlation 

function of eq. (1), the condition of the network 
could be determined [Kim 2008]: 

 

 

 
Where: n represents the length of the sequences  
and ;  and  represent the mean values of  and 

, respectively. 
 

The key idea behind using cross-
correlation coefficient in detecting shared 
congestion returns to the fact that says; packets 
that pass through the same congested points 
possess similar time delay and loss rate patterns 
[Rubenstein 2002]. 

 
For network topology used in this paper, 

the measured delays consist of two parts. The 1st 
one is due to packet passing through the shared 
link between nodes s and t. The other is due to 
packet passing through the unshared links. 

 
The main property of cross-correlation 

function, its value is dominated by the most 
dynamic part of the delay sequence [Kim 2008]. 
Three cases could happen. If the traffic is light (no 
congestion in all links), the pattern of the delay 
sequences has uncorrelated noise-like spikes with 

small delay values as shown in Fig.2. And, the 
value of XCOR is around 0.5. This case was not 
taken into consideration in [Kim 2008]. 
Neglecting this case could cause false decisions, 
since; the value of XCOR is very near to the 
selected threshold value that distinguishes shared 
congestion from independent one. 

 
If congestion happens in the links 

between nodes s and t, the delay sequences are 
highly correlated with pulse like patterns of large 
amplitudes as shown in Fig.3. Therefore, XCOR 
value approaches 1. If the congestion happens in 
the unshared links, the pattern of the delay 
sequences are consist of both pulse-like spikes 
with large amplitudes and noise-like spikes with 
small amplitudes as shown in Fig.4. It is clear 
from the figure that the two delay sequences are 
out of phase and uncorrelated. Hence, XCOR 
value approaches 0. 

 
Stationary Wavelet Transform (Swt): 
 

One of the drawbacks of the Discrete 
Wavelet Transform (DWT) is being a shift-variant 
transform. Shift-variant means that the transform 
of the delayed version of the signal is not linearly 
related to the transform of the original signal. 
Shift-invariant property is very important in many 
applications such as signal de-noising, image de-
noising, signal detection and function estimation. 

 
In normal DWT, the signal of length N is 

convolved with a LPF h and a HPF g. Then, the 
output of each filter is down sampled (decimated) 
by 2 to produce two sequences of N/2 length. One 
sequence represents the approximation 
coefficients (LPF branch) and the other represents 
the detail coefficients (HPF branch). The relation 
between the filters g and h defines what is called 
Quadrature Mirror Filter (QMF) [Vetterli 2007]. 
These coefficients represent first level 
decomposition of the original signal. To obtain 2nd 
level coefficients, the approximation coefficients 
of the previous level (1st level) is convolved again 
with the same filters g and h to get detail and 
approximation coefficients of the 2nd level (of 
length N/4 each). Similarly, detail and 
approximation coefficients could be obtained for 
the levels 3, 4, 5, etc. 

 
The decimation operation is necessary to 

get a non-redundant representation of the signal. 
But the cost is losing the shift-invariant property 
of the DWT. Researchers made several  
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Modifications to the classical DWT to regain 
shift-invariant property. One of the most powerful 
algorithms is the Stationary Wavelet Transform 
(SWT) or sometimes called Shift Invariant 
Discrete Wavelet Transform [Nason 1995]. 

The main difference between DWT and 
SWT is that the signal after convolution with g 
and h filters is not down sampled by 2. Instead, 
the filters g and h are up sampled by 2 (starting 
from the 2nd level). The result of that, the length of 
both detail and approximation coefficients is the 
same as the length of the applied signal. In other 
words, the length of the coefficients of the 1st 
level decomposition is twice the length of the 
original signal. Therefore, the signal is of 
redundant representation. Hence, SWT is 
sometimes called Non-Decimated Discrete 
Wavelet Transform. This redundancy preserves 
shift-invariant property. The cost is increasing the 
computational complexity and losing the 
orthogonally of the transform. Losing 
orthogonally means that the inverse SWT is not 
unique and could be evaluated using all 
decimation combinations and then averaged 
[Nason 1995]. Fig.5 below gives a schematic 
view of DWT and SWT. 

Signal De-Noising Using Non-Linear 
Threshold Operation: 

Any signal de-noising problem can be 
stated mathematically as follows: 

 
 

 
where n is an integer number,  is the noise-
free signal,  is the measured (corrupted) 
signal,  is the noise. 
 

In literature, many techniques are used for 
de-noising purposes. One of the most known 
methods is the non-linear threshold operation. 
Threshold operation could be employed through 
soft or hard threshold operation. In this work, soft 
threshold is employed, since; this technique 
guarantees smoothness of the de-noised signal to 
the same degree of the smoothness of the original 
signal [Donoho 1995]. 

 
Soft threshold operation is performed on 

detail coefficients only as follows: If the 
coefficients are less than some threshold value,  

 

 
The coefficients are killed to zero; otherwise, the 
coefficients are shrunk by the value of the 
threshold. The following relationship explains soft 
threshold operation mathematically [Donoho 
1995]: 

 

 

 
Where T is the threshold value; dT represents the 
detail coefficients after threshold. 
 

There are many approaches to determine 
the value of the threshold T. In this work, the 
following equation is used to estimate the 
threshold value [Donoho 1995]: 

 

 
 
Where N is the number of samples and  is the 
noise variance. 
 
Simulation and Results: 

 
At the beginning, simulations are carried 

out on the 3-node network topology shown in 
Fig.6 using network simulator NS2. For 
comparison purposes, the experiment setup is 
similar to that in [Kim 2008]. The bandwidth of 
each link is 1.5 Mb/s. The propagation delay is 
chosen randomly between 20 and 30 msec for 
each simulation. The background traffic is a 
pareto ON-OFF constant bit rate (CBR) flow with 
a pareto shape parameter of (1.2). The average 
ON and OFF times are 0.2 and 3 sec, respectively. 
CBR rate is selected uniformly between 20 Kb/s 
and 40 Kb/s for each simulation. Therefore, the 
level of congestion could be controlled through 
the number of CBR flows on each link. The 
duration of each simulation is 100 sec. To acquire 
the delay sequences, UDP probe packets are sent 
at rate of 10 Hz for duration of 100 sec. Also, the 
bases functions used in denoising are db6. 
 
A. Shared Congestion Detection 

Experiment: 
 
To simulate shared congestion state, 

background traffic of 100 CBR flows is initiated 
on the shared link and 60 CBR flows on the other 
links. The simulation is repeated for 500 times. 
Fig.7 depicts XCOR values of the de-noised delay 
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sequences using DWT and SWT. These values 
represent the average of the 500 simulations. It is 
clear from the graph that XCOR with SWT is 
faster than XCOR with DWT. XCOR-SWT needs 
less than 2 sec to reach the correct decision. 
Whereas, XCOR-DWT technique requires no less 
than 100 seconds to reach the same value of cross-
correlation of XCOR-SWT.  

 
Furthermore, to prove the validity of the 

proposed technique, simple mathematical 
calculations would be used. The former technique 
needs about 10 seconds to correctly detect shared 
congestion as stated in [Kim 2008]. This means, 
about 100 probe packets are needed to achieve the 
task. Since the computational complexity of DWT 
is proportional to the number of packets, 
therefore, evaluating DWT requires a 
computational power of order 100 operations. 
Whereas, the modified technique that depends on 
SWT needs about 1.6 seconds (only 16 probe 
packets) to detect correctly shared congestion. 
Hence, the computational power of the modified 
technique is of order 16 ×Log (16) = 19 only. In 
addition, it is clear that the evaluation of cross-
correlation coefficient for 16 packets needs fewer 
operations than for 100 packets. 
 
B. Independent Congestion Detection 

Experiment: 
 

To simulate independent congestion state, 
background traffic of 60 CBR flows is initiated on 
the shared link and 100 CBR flows on the other 
links. Also, the simulation is repeated for 500 
times. Fig.8 draws XCOR averaged values of the 
de-noised delay sequences using DWT and SWT.   
 

It is obvious; the behavior of XCOR-SWT 
in detecting independent congestion is comparable 
to XCOR-DWT especially for the first 10 seconds 
as expected. Since, the delay sequences of the two 
paths are completely uncorrelated. That is, at 
independent congestion, the noise has nothing to 
do with time delay measurements and even if the 
sequences are not de-noised, XCOR values 
approach zero at the same performance, 
approximately. Although, cross-correlation 
coefficient values of DWT-de-noised sequences 
are more closer to zero than those de-noised by 
SWT. Because, shift-invariant property of SWT 
has an averaging effect on the data. Consequently, 
the de-noised delay sequences are little over-
smoothed and, thereby, are more correlated than 

before. This makes cross-correlation coefficient 
values of SWT-de-noised sequences are 
somewhat greater than those of DWT-de-noised 
sequences. Also, the figure shows that XCOR 
coefficients of the SWT–de-noised sequences are 
more stable than the coefficients of the DWT–de-
noised sequences, because, the bases functions of 
DWT are more time-varying than those of the 
SWT. 
 
C. Shared Congestion Experiment With 

Clock Skew: 
 

To evaluate the effect of clock skew on 
the decision of the type of congestion, the 
following is done: One of the delay sequences is 
shifted by an offset δt with respect to the other 
delay sequence. δt represents the time deviation 
between the two clocks on which time delays are 
sampled. Then, only the overlapped portion of the 
two sequences is used to identify the state of the 
congestion. This procedure is applied on the delay 
sequences that are obtained from the "shared 
congestion detection experiment". Fig.9 draws 
the behavior of the two techniques (XCOR-DWT 
and XCOR-SWT). In this graph, the usefulness of 
time-invariant property of SWT is obvious. The 
effect of clock skew on XCOR-SWT is negligible 
compared to the performance of XCOR-DWT. 
 
D. Simulations With More Realistic 

Topologies: 
 

Computer networks in real life are more 
complex than the network used in the previous 
simulations. Therefore, another set of simulations 
in a more challenged environment should be 
conducted in order to investigate the robustness of 
the suggested technique compared to the previous 
one 

. 
Practically, most network traffics in the 

internet are carried out using TCP as a transport 
protocol. Therefore, the next simulations will 
include both traffic types; TCP and UDP traffic 
flows. 

 
Moreover, all the simulations will be 

achieved in a more realistic network topology that 
shown in Fig.10 
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D.1 Simulations with TCP Traffics: 
 
  The experiment setup consists of the 
following: 
1. Shared congestion case: For each simulation, a 

link is randomly chosen from the shared links 
(links 1, 2, & 3) and background traffic of 20  

 

2. file transfer TCP flows is created to cross the 
intended link. The other unshared links (links 
4,5,6,7, & 8) are left idle. 

3. Independent congestion case: The shared links 
are left idle and the non-shared links are 
traversed by background traffic of a number of 
TCP flows that is selected randomly from 0 to 
20 for each simulation. 
 

In both cases, the simulation is repeated 
for 500 times. The averaged performance of the 
suggested technique is depicted pictorially in 
Fig.11 and Fig.12. 

 
The values on the y-axis represent the 

"Positive Ratio". This metric will be used to 
measure the performance of the technique. 
Positive Ratio could be defined as the ratio of the 
number of answers indicating shared congestion 
to the number of experiments [Kim 2008]. This 
metric will approach to 1 if the experiment 
involves shared congestion and will approach to 0 
in the case of independent congestion. The 
threshold that would be used to differentiate 
XCOR values of shared congestion from 
independent congestion is 0.512[Kim 2008]. 
Fig.13 shows the effect of clock skew on the 
performance of both techniques with TCP flows. 

 
D.2 Simulations with UDP Traffics: 
 

The experiment setup consists of the 
following: 
1. Shared congestion case: In this case, a 100 ON-

OFF constant bit rate (CBR) flows is initiated 
in one of the shared links (slected randomly for 
each simulation). The number of background 
traffic flows on the other links is chosen 
randomly from 31 to 70. 

2. Independent congestion case: The shared links 
are traversed by a number of CBR flows that is 
chosen randomly from 31 to 70. The other 
links are occupied by a background traffic of 
CBR flows of a number selected randomly 
from 61 to 100. 

 

In both cases, the experiment is repeated 
for 500 times. Fig.14 and Fig.15 summarized the 
averaged performance of the suggested technique 
compared to the previous one.  
 

Fig.16 shows the effect of clock skew on 
the performance of both techniques with CBR 
flows. 
 
Conclusions: 
 

In this work, a comparison study is made 
between Discrete Wavelet Transform (DWT) and 
Stationary Wavelet Transform (SWT) in a signal 
de-noising problem. These two transforms are 
used with the Cross-Correlation function to 
identify the state of the congestion in a network of 
a known topology. This study reveals that signal 
de-noising using SWT is more accurate than 
signal de-noising using DWT. This makes shared 
congestion detection using XCOR-SWT faster 
than XCOR-DWT. Therefore, the modified 
technique pumps the network with fewer probe 
packets than the former technique. Also, the 
results shows that signal denoising using SWT is 
more robust against network dynamics than DWT. 
This property could be noticed from the different 
Positive Ratio curves and for both types of 
traffics. 

 
The main contribution of this work is 

completely eliminating the effect of clock skew 
on shared congestion detection. This effect could 
mislead detection process and might change the 
state of the network from shared congestion to 
independent congestion. The only disadvantage of 
Stationary Wavelet Transform, it consumes more 
computational power than Discrete Wavelet 
Transform for the same no. of samples. This 
drawback is neutralized, since; XCOR-SWT 
technique detects shared congestion faster than 
XCOR-DWT, as shown in the results. 
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Fig.2: The two link delay patterns when the traffic is light. 

 
 

0 10 20 30 40 50 60 70 80 90 100
0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

time(seconds)

de
la

y

 

 

delay1
delay2

 
 

Fig.3: The two link delay patterns with shared 
Congestion. 
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Fig.4: The two link delay patterns with independent congestion. 
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(a) SWT. 

 

(b) DWT. 

Fig.5: Stationary and discrete wavelet  
transforms [Liu 2007]. 

Fig.6: Network topology that is used in the simulation. 
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Fig.7: XCOR coefficients of the de-noised sequences using  
SWT and DWT for the shared congestion experiment. 
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Fig.10: Network topology with multi-shared links. 
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Fig.9: The effect of clocks skew on the XCOR 

coefficients of both SWT and DWT de-
noised sequences. 
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Fig.15: Positive ratio for UDP traffic with 
independent congestion case. 
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Po
si

tiv
e 

R
at

io
 

Time (sec.) 

 

10 100
0.8

0.85

0.9

0.95

1

 

 

SWT
DWT

 

Fig.14: Positive ratio for UDP traffic with shared 
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Abstract 
Variable-Length Subnet Masks (VLSM), often referred to as "subnetting a subnet", is used to 

maximize addressing efficiency. The network administrator is able to use a long mask on networks 
with few hosts, and a short mask on subnets with many hosts. This addressing scheme allows 
growth and does not involve wasting addresses. VLSM gives a way of subnetting a network with 
minimal loses of IP addresses for a specific range. 

Unfortunately, the network administrator has to perform several mathematical steps (or use 
charts) to get the required results from VLSM. 

In this paper, a simple graph simulator is proposed (using Visual Basic 6.0 Language) to 
perform all the required mathematical steps and to display the obtained required information (the 
subnet ID, broadcast ID, usable addresses for sub networks and others). The simulator also includes 
the ability to draw a suggested network topology that matches the entries.  

The implementation of the simulation required only very few entries (IP, prefix and number of 
subnets).This simulator is useful for students, instructors, and network engineers to analysis and 
design  a VLSM network by providing all required information in simple, fast and easy steps. 
Moreover, the software draws a full detailed suggested network topology which is considered a 
helpful tool for the network administrator that he should have. 

Keywords: VLSM, IP Addressing, Subnetting, Maximize Addressing Efficiency. 

  :الخلاصة
،  عادة نشير بها الى تجزئة الشبكات الفرعية(variable length subnet mask)الفرعية ذات القناع المتغير الشبكات 

مدير الشبكة من استعمال قناع طويل من الشبكات ذات الاجهزة القليلة وقناع يتمكن بحيث . وهي تستخدم لزيادة آفاءة العنونة
 الشبكة . خسارة في العناويننولا تتضمتسمح بالنمو للعناوين لعنونة هذه  اطريقة. قصير مع الشبكات ذات الاجهزة العديدة

  .الفرعية ذات القناع المتغير تعطي طريقة لتجزئة الشبكات بأقل خسائر للعناوين لمدى معين من العناوين
ل على النتائج للحصو) أو استعمال مخططات معينة(، مدير الشبكة يتوجب عليه القيام بعدة عمليات رياضية  لسوء الحظ
  . شبكات الفرعية ذات القناع المتغيرال المطلوبة من

للقيام  )   Visual Basic 6.0باستعمال لغة برمجة (في هذه الورقة البحثية، نقترح محاآي بسيط مع قابلية رسم للشبكة 
 بداية البث لكل شبكة فرعية ووعنوان  عنوان الشبكات الفرعية(بة وعرض النتائج المستخلصة بكل العمليات الرياضية المطلو

 بالقدرة على رسم مخطط لشبكة لمحاآي ايضاً يتمتعا. )وغيرها في آل شبكة فرعية  المستخدمةالأجهزةونهاية عناوين 
  .مقترحة والتي توافق المدخلات

يعتبر هذا  ).رقم الشبكة و ملحق الشبكة وعدد الشبكات الفرعية( تصميم المحاآي يتطلب عدد قليل من المدخلات مثل 
الشبكة الفرعية ذات القناع المتغير عن طريق وتصميم ,لتحليل للمدرسين ولمهندسي شبكات الحاسبات ، البرنامج مهم للطلبة

 أضافة لذلك ، البرنامج يرسم طوبوغرافية الشبكة بكافة .توفير آل المعلومات المطلوبة بخطوات بسيطة وسريعة وسهلة
  .ة لمدير الشبكة يتوجب عليه أمتلاآهاالتفاصيل والتي تعد أداة مفيد
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Introduction 
Classical IP Addressing Scheme  

An IP address consists of 32 bits of 
information. These bits are divided into four 
bytes; it is structured or hierarchical address, the 
advantage of this scheme is that it can handle a 
large number of addresses, namely 4.3 billion. 
Subdividing an IP address into a network and 
node address is determined by the class 
designation of one’s network. Fig. 1 summarizes 
the three classes of networks. [4] 

 

Fig. 1: Summary of the three network classes  
 

The designers of the Internet decided to create 
classes of networks based on network size. For the 
small number of networks possessing a very large 
number of nodes, they created the rank Class A 
network. At the other extreme is the Class C 
network, which is reserved for the numerous 
networks with a small number of nodes. The class 
distinction for networks between very large and 
very small is predictably called the Class B 
network. Every machine on the same network 
shares that network address as part of its IP 
address. The node address is assigned to, and 
uniquely identifies, each machine on a network. 
This number can also be referred to as a host 
address. Table 1 shows the more details about 
three classes of networks.[4]  

  
Fixed-Length Subnet Masks (Subnetting)    

As discussed in previous section, the IP 
address space features a two-tier hierarchy in 
which each address consists of a network address 
and a host address within its 32-bit structure. Such 
flatness distinctly limits scalability in a number of 
ways. Perhaps the most confining limitation is that 
the address space assumes that all networks fit 
into one of just three different sizes of networks 
small, medium, and extremely large. 

For example each class B network address 
contained 16 bits in the host portion, it controlled 
65,534 addresses. (Remember, 2 addresses were 
reserved for the network and broadcast addresses). 

Only the largest organizations and governments 
could ever hope to use all 65,000 addresses. 
The IP address space was tremendously wasted. 

IP address space was depleting rapidly, 
for more efficient use of IPv4 address space, 
creating a third tier for identifying subnetwork 
addresses is a relatively straightforward concept 
that involves "borrowing" bits from the host 
portion of the address. These bits are used to 
create subnetwork addresses as an extension of 
the network address. In other words, smaller 
networks can be created and uniquely addressed 
from larger networks and network address spaces. 

Subnetting a class A address space would 
have the tremendous benefit of making more 
efficient use of the available pool of addresses. 
Subnetting a class C network address space with 
just 254 total available host addresses makes 
quick aware of the finite nature of those 
addresses. Logically, the more borrowed bits from 
the host field to create subnets, the fewer bits that 
remain for the identification of hosts. Fig. 2 shows 
the format addresses when subnetting. [3] 
 

 
Fig. 2: Address formats when subnetting is used 

[6] 
 
The Subnet Mask  

A subnet mask is a 32-bit binary number; 
a subnet mask is structurally similar to an IP 
address. However, a subnet mask does serve an 
important function: It is used to tell end systems 
(including routers and hosts in the LAN) how 
many bits of the IP address's host field have been 
borrowed to identify the subnet. The bits in the 
mask that identify the network address, as well as 
the subnet address, are set to 1s. The remaining 
bits, which are used for host addresses within each 
subnet, are set to 0s. 

Table 2 shows the dotted-decimal and 
dotted-binary forms of default subnet masks for 
class A, B, and C. Table 3 shows the dotted-
decimal and dotted-binary forms of subnet masks 
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that are permissible when subnetting a class C 
address. [3] 

 
Extended Network Prefix  

It is important to note that the borrowed bits 
are always the leftmost bits in the host field. Thus, 
the subnet address is numerically contiguous with 
the network address. Together, they form the 
extended network prefix. The remaining bits are 
used for host identification. [3] 
 The extent of the increase in network bits 
depends on the number of required subnets and 
the number of required hosts on each subnet. 
Table 4 and Table 5 show Prefix Length and 
possible ways of subnetting class B and C 
networks. [2] 
 
Variable-Length Subnet Masks  
        Subnetting, in general, was designed to 
enable more efficient use of address space by 
permitting class-based network address blocks to 
be subdivided into smaller address blocks. Yet the 
way subnetting was originally implemented was 
far from efficient. Source of waste and 
inefficiency with FLSM, There was one size of 
mask for all subnets. Implementing FLSM 
actually wastes IP addresses. [3] 

For example, the serial link between two 
routers, as shown in Fig. 3, shares the same 
network to talk. Two IP numbers are required, one 
for each serial interface, unfortunately, eight-bit 
subnet mask are available (i.e., 255.255.255.0), so 
252 IP addresses are wasted of the 254 available 
numbers on the subnet. One possible solution to 
this dilemma is to use Variable-Length Subnet 
Masks (VLSMs).  

 
Fig. 3: IP address example 

 
As the name suggests, with Variable-Length 

Subnet Masks, different subnet masks for 
different subnets are available. So, for the serial 
link in this example Fig. 3, the network address is 
172.16.10.0/30 with subnet mask of 
255.255.255.252.by calculation of IP addresses in 
this network one can see that only two host bits 
are considered, as shown in Table 6. [3] 

 

Therefore, this subnet mask will give only 
two host IPs (2^2 – 2 = 2), which is exactly what 
is required for this serial link. [5] 
 
Implementing Vlsm Networks 

To create VLSMs quickly and efficiently, 
there is needs to understand how block sizes and 
charts work together to create the VLSM masks. 
Table 7 shows the block sizes used when creating 
VLSMs with Class C networks. For example, if 
25 hosts' subnet is required, then it belongs to a 
block size of 32. Also, if 11 hosts' subnet is 
required, then it belongs to a block size of 16. 
Moreover, if 40 hosts' subnet is required, then it 
belongs to a block size of 64. [4]  
 

The next step in creating a VLSM 
network is by using the VLSM worksheet or 
chart. The reason of using this table and chart are 
to prevent overlap networks. 
 
Visualizing Subnets Using a Vlsm Chart 

The VLSM chart is the method used to 
visualize the breakdown of subnets and addresses 
into smaller sizes. By shading or coloring in the 
boxes one can easily break up subnets without 
overlapping addresses. Each sub-subnet can be 
adjusted to the correct size needed. [1] 
 
Example  

A company has IP address range of 
192.168.16.0/24 and this company wants to create 
four subnets (20, 60, 120, 2 hosts/subnet) as 
shown in Fig. 4. 

To solve such issue, a VLSM method should 
starts with the largest groups (hosts/ subnet), i.e. 
decently (120, 60, 20, 2). Then by using the 
VLSM chart (shown in Fig. 5) one can distribute 
the required block size of each subnet into the 
right size by shading the required area in chart. 
Shading an area reserves it from another subnet 
placement. After distributing all subnets the 
resulted network will be as shown in Fig. 4. 
 
Software Implementation Of The Vlsm 
Simulator: 

This section presents the software 
implementation of the VLSM Simulator that had 
been built from mathematical operation which 
discussed in previous sections. VLSM Simulator 
contains more than one window to display its 
operation; this section presents and explains the 
work of VLSM Simulator's windows and the 
relationship between these windows.  
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The Main Window of the VLSM 
Simulator: 

Fig. 6 shows the main window of the VLSM 
Simulator, which consists of six parts, 

Part1:- For entering the desired IP address to be 
analyzed, this part will determine the following:- 

1- Default network prefix. 
2- Network IP address that the desired IP 

address belongs to. 
3- Broadcast IP address of this network.    

Part2:- For displaying some attributes on the 
desired IP address, these attributes include:- 

1-  Class of the IP address (A, B or C). 
2- Type of the IP address in the network 

(Host, Network or Broadcast IP address). 
3- Category of the IP addresses (private or 

public IP address). 
4- The usable host range before sub netting.    

Part3:- For entering the needed number of 
subnets (default subnet equal to one), and 
for entering the number of hosts at each 
subnet. 

Part4:- For displaying the calculated sub netting 
information, which includes:- 

1-  The lost IP addresses duo to sub netting 
(network IP address and broadcast IP 
address at each subnet). 

2- The used IP addresses after sub netting 
(total reserved IP addresses for all subnets). 

3-  The number of remaining (not used) IP 
addresses. 

Part5:- For generating VLSM topology table and 
drawing a suggested topology map, which 
includes each subnet and subnet's IP address 
ranges. 

Part6:- For displaying the topology table which 
includes the required information needed by the 
network administrator to build the network. 

  

Entering the IP Address and Generating 
VLSM 

When the user enters the desired IP address 
and prefix of the network, the software will create 
the network and Broadcast IP addresses which the 
desired IP address belongs to. When he enters the 
number of subnets, the software will create a 
number of boxes equals to number of subnets. The 
next step is that each box must be filled with 
number of host required in each subnet. 

 

 

  The "Generate VLSM" button will be 
activated after entering the above parameters. 
Clicking this button, resulting in displaying a table 
that includes the important parameters about each 
subnet as shown in Fig. 7 and the flow chart is 
shown in Fig. 10 . These parameters are network 
name, Net IP, start IP, End IP, BC IP, prefix, 
Total hosts, used hosts and remaining hosts.    
Draw Topology 

One can click on "Draw Topology" button 
in the main window to draw and display the 
suggested topology with the least number of 
routers. 

Each router in the suggested topology has 
at most two fast Ethernet ports and two serial 
ports. Note that detailed IP information of the 
network can be enabled or disabled by clicking on 
check box on the top of the "Draw Topology" 
window named as "show all networks IPs" 
command shown in Figs. (8.a) and (8.b). 

 

Survey Questions to Test the Simulator 
The simulator was tested by a group of 

volunteers those were students and were well-
trained on VLSM sub netting. Each student was 
asked to solve four different questions by hand, 
and then resolve the same questions using the 
VLSM Simulator.  Table 8 shows the required 
time (in minutes) by each student to answer each 
question once by hand and then by simulator. Fig. 
9 shows a chart which includes the average time 
by hand compared to the average time required by 
using simulator. 

 
These questions were selected to be easy 

to solve and maximum number of routers does not 
exceed 3 routers with total of 8 subnets to 
simplify the answering to the students. 

The students spent more time in 
computations. With increasing of questions 
difficulty, whereas only few extra seconds are 
added for the simulator to get the same results. 

The results do not put in consideration the 
hand written mistakes that could occur in 
solutions with hand while using simulator no error 
occurs in those results. 
 

The students were asked to put only 
network ID to reduce solving time and no more 
extra time spent on other important information or 
the overall sketch.  
While the simulator do all the jobs:  

• It gives a detailed table contains, subnet 
ID ,start IP address ,end IP address ,no. of  
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host per subnet, …etc. See Figs. 7, (8.a) 
and (8.b).  

• It gives full detailed answers with a sub 
netting table (Fig. 7) and topology sketch 
of all required subnets and WANs 
connections as shown in Figs. (8.a) and 
(8.b). 

 

Conclusions and Features of the Simulator   
Many conclusions and features in this software 
can be noticed in this work, as follows: 
1- The software determines the number of lost 

IP addresses. 
2- The simulator validates the entries and 

prevents the use of incorrect numbers in IP 
fields (the correct range from 0 to 255).  

3- By changing the IP address, the software 
automatically changes the range of network 
prefix according to IP class (the range of 
network prefix for class A is from 8 to 30, for 
class B is from 16 to 30, and for class D is 
from 24 to 30). Allowing the decision to the 
administrator to choose the correct subnet 
mask and to prevent him from putting 
incorrect subnet mask. 

4- After entering correct IP address and subnet 
mask, the software automatically calculates 
the Network IP address and Broadcast IP 
address, which are needed by the network 
administrator in his work. 

5- The software draws the suggested topology 
with minimum number of routers. 

6- The software prevents adding more subnets 
incase of exceeding the allowable range of IP 
addresses. 

7- The software prevents adding more hosts in 
each subnet incase of exceeding the 
allowable range of IP addresses. 

8- After entering the number of hosts in each 
subnet, the software will descend the order of 
these subnets automatically. Ordering 
subnet's hosts from large to small process is 
required by the VLSM technique. 

9- The software creates the topology table 
which contains the important information of 
addressing required by the network 
administrator. 

10- The software makes in consideration the 
waste IPs for WAN links between routers. 
Therefore; the administrators does not need 
to calculate the lost IPs. Moreover the 
software addresses the links completely and 
adds it to the topology table. 

11- The software draws the suggested network 
with full detailed information for each 
router's links and subnets. 
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Table 1: IP address classes [1] 

Address  
Class 

1st Octet  
Range 

1st Octet  
bits 

Net and Host 
Part of Address

Default  
Subnet mask 

No. of Nets  
and Hosts/Net 

A 1 - 127* 00000000 –  
01111111 

N.H.H.H 255.0.0.0 128 nets (2^7) 
16,777,214 host (2^24-2) 

B 128 - 191 10000000 – 
10111111 

N.N.H.H 255.255.0.0 16,384 nets (2^14) 
65,534 hosts (2^16-2) 

C 192 - 223 11000000 – 
11011111 

N.N.N.H 255.255.255.0 2,097,150 nets (2^21) 
254 host (2^8-2) 

D 224 - 239 11100000 – 
11101111 

NA (multicast)   

E 240 - 255 11110000- 
11111111 

NA 
(experimental) 

  

*All zeros (0) and all ones (1) are invalid host addresses 
 

 
Table 2: Default subnet masks 

Address Class Dotted-Decimal Form Dotted-Binary Form 
Class A 255.0.0.0 11111111.00000000.00000000.00000000 
Class B 255.255.0.0 11111111.11111111.00000000.00000000 
Class C 255.255.255.0 11111111.11111111.11111111.00000000 

 
Table 3: Subnet masks 

Borrowed Bits Dotted-Decimal Form Dotted-Binary Form 
1 255.255. 255.128 11111111.11111111.11111111.10000000 
2 255.255.255.192 11111111.11111111.11111111.11000000 
3 255.255.255.224 11111111.11111111.11111111.11100000 
4 255.255.255.240 11111111.11111111.11111111.11110000 
5 255.255.255.248 11111111.11111111.11111111.11111000 
6 255.255.255.252 11111111.11111111.11111111.11111100 

 
Table 4: Class B network subnetting 

Network Mask Prefix Length Subnet Bits Node Bits Subnets Hosts 
255.255.0.0 /16 0 16 0 (1 Net) 65534 

255.255.128.0 /17 1 15 2 32766 
255.255.192.0 /18 2 14 4 16382 
255.255.224.0 /19 3 13 8 8190 
255.255.240.0 /20 4 12 16 4094 
255.255.248.0 /21 5 11 32 2046 
255.255.252.0 /22 6 10 64 1022 
255.255.254.0 /23 7 9 128 510 
255.255.255.0 /24 8 8 256 254 

255.255.255.128 /25 9 7 512 126 
255.255.255.192 /26 10 6 1024 62 
255.255.255.224 /27 11 5 2048 30 
255.255.255.240 /28 12 4 4096 14 
255.255.255.248 /29 13 3 8192 6 
255.255.255.252 /30 14 2 16384 2 

 
Table5: Class B network subnetting 

Network Mask  Prefix Length Subnet Bits Node Bits  Subnets  Hosts  
255.255.255.0  /24  0  8  0 (1 Net)  254  
255.255. 255.128 /25 1 7 2 126 
255.255.255.192  /26  2  6  4 62  
255.255.255.224  /27  3  5  8 30  
255.255.255.240  /28  4  4  16 14  
255.255.255.248  /29  5  3  32 6  
255.255.255.252  /30  6  2  64 2  
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Table 6: VLSM example 

Decimal 255            255              255             252 

Binary 11111111    11111111    11111111      11111100 

 
Table 7: Block sizes 

 
 

 
 
 
 
 
 
 
 

120 host

60 host

20 host

 
Fig. 4: Desired subnetted network 

 
 
 
 
 
 
 
 
 
 
 
 
 

Prefix Mask Host Block Size 
/25 128 126 128 
/26 192 62 64 
/27 224 30 32 
/28 240 14 16 
/29 248 6 8 
/30 252 2 4 

120 required hosts 

60 required hosts 

20 required hosts 
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Fig. 5: Class C VLSM chart 
 
 

120 hosts 

60 hosts 

20 hosts 

2 hosts 



Journal of Engineering  Volume 18   September     2012       Number 9    
 

 1038

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
Fig. 7: Entering the IP address and generate VLSM 

 

Fig. 6: The main window of the VLSM simulator  

Part 1 Part 2 

Part 3 

Part 4 

Part 5 

Part 6 

Simulator 
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Fig. 8.b: "Draw topology" window with (10 subnets, 4 WAN links) 
Shows details by clicking the arrow near subnet's name 

Fig. 8.a: "Draw topology" window with (10 subnets, 4 WAN links) 

Click arrow to display 
detailed network 

information 
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Table 8: Students time results for each question (in minutes) 

Question1 Question2 Question3 Question4 Student 
No. hand simulator hand simulator hand simulator hand simulator 
1 12 2 5 1 7 0.5 7 0.5 
2 9 1 5 1 3 1 4 1 
3 15 1 9 0.5 5 1 6 1 
4 13 1 5 1 3 1 3 1 
5 12 0.5 13 2 17 1 8 2 
6 13 1 9 2 8 2 5 2 
7 17 1 8 1 6 1 11 1 

Average 13.00 1.07 7.71 1.21 7.00 1.07 6.29 1.21 

 

 
Fig. 9: Chart shows comparison between average student's times for all question result's (in minutes) 
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Fig. 10 The flow chart of the generate VLSM process

Begin 

Arrange Subnets according to number 
of hosts at each subnet in descend 
order (Fig. 6 Part3) 
 

Is i < no. 
of 

subnets? 

i=0 

New Net IP address=Network IP Address 
(before subnetting as in Fig. 6 Part1) 

Read   number of hosts of Subnet i 

Calculate n:  where  
2n -2 > =   number of hosts of Subnet i 

Net IP of subnet i= New Network IP address. 
Start IP address of subnet i= Net IP of subnet i    +   1 
End IP address of subnet i = Net IP of subnet i     +   2n   -  1 
BC IP address of subnet i= Net IP of subnet i         +  2n  

Write information in result's table at record no. i 
(Fig. 6 part 6) 

 

End 

No. of total hosts per subnet=2n 
Prefix of subnet i   = 32  -  n 
Total hosts of subnet i  =    2n -  2 
Remain hosts of subnet i=  2n – 2 - number of hosts of Subnet i 

 
 

i=i+1 

Yes 

No 
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Abstract 
      The presence of heavy metals in the environment is major concern due to their toxicity. In the present study a 
strong acid cation exchange resin, Amberlite IR 120 was used for the removal of lead, zinc and copper from 
simulated wastewater. The optimum conditions were determined in a batch system of concentration 100 mg/L, 
pH range between 1 and 8, contact time between 5 and 120 minutes, and amount of adsorbent was from 0.05 to 
0.45 g/100 ml. A constant stirring speed, 180 rpm, was chosen during all of the experiments. The optimum 
conditions were found to be pH of 4 for copper and lead and pH 6 for zinc, contact time of 60 min and 0.35 g of 
adsorbent.  Three different temperatures (25, 40 and 60°C) were selected to investigate the effect of adsorption 
temperature on heavy metals adsorption onto Amberlite IR. The equilibrium data were analyzed by the 
Langmuir and Freundlich isotherms. The thermodynamic parameters such as Gibbs free energy, enthalpy and 
entropy changes were calculated. Moreover, in order to understand the heavy metal extraction kinetics in the 
presence of Amberlite IR 120, the ion exchange kinetics was also studied. The ion exchange kinetics data were 
regressed by the pseudo first-order, second-order models. The results obtained show that the Amberlite IR 120 
strong acid cation exchange resin performed well for the removal of lead, zinc and copper. 
 
Keywords: Heavy metals; Simulated wastewater; Sorption; Isotherm; Kinetics; Thermodynamics. 

  .الديناميكا الحرارية، حرآيات ، ثبوت درجة الحرارة ، امتزاز ،  فضلات مياه،          معادن ثقيلة      
 

 (Amberlite IR-120) الامبيرلايتامتزاز الرصاص والزنك والنحاس من فضلات المياه بواسطة راتنج 

  وليد محمد صالح. د.               أ                          سل آزارحاتم ع. د. م                                     نوار فلاح حسن         
  :الخلاصة

 Amberlite)  راتنج الامبيرلايتتم استخدام في هذه الدراسة . تشكل خطر كبير بسبب سميتهاة في البيئةان وجود المعادن الثقيل

IR120)المعدة الكمية( بطريقة الدفعة تم تحديدهاظروف ال افضل ان.  من فضلات المياه الصناعية  لازالة الرصاص و الزنك و النحاس (

 مل من 100 لكل غم 0.45 الى 0.05 كمية الراتنج  و دقيقة120 الى 5 الزمن بين و 8 الى 1 بين الحامضية الدالة  ولتر/  ملغ100بتركيز 

لنحاس و ا لعنصري 4 الحامضية الدالة المثلى هيلظروف  ا انجد لقد و . دورة في الدقيقة لكل التجارب180تم اختيار سرعة خلط  .المحلول

  .غم 0.35 دقيقة و كمية الراتنج 60 الزمن  و لعنصر الزنك6الرصاص و 

م للتحري عن تأثير درجة الحرارة على عملية امتزاز المعادن على راتنج o 60 و 40 و 25تم اختيار ثلاث درجات حرارة 

الحرارية مثل الديناميكا معالم  تم حساب.  Freundlich   و   Langmuirمعادلات  المختبرية بواسطة  و قد تم تحليل البيانات.الامبيرلايت

  . و طاقة الانتروبيبيطاقة جبس و طاقة الانثالالتغيير في 

الدرجة الاولى والثانية  عملية التبادل الايوني وان البيانات المستحصلة تم اختبارها بواسطة معادلات تفاعل (kinetics)لقد تم دراسة حركيات 

 . الرصاص والزنك والنحاسفي ازالة معادناداءه الجيد  اثبت (Amberlite IR120) راتنج الامبيرلايتان . الكاذبة
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1. Introduction 
      The release of large quantities of heavy metals 
into   the  natural   environment   has   resulted  in  a  
number of environmental problems. Toxic metals 
can be distinguished from other pollutants, since 
they are not biodegradable and  can be  accumulated  
in nature. They also cause various diseases and 
disorders when exceed specific limits (Gode and 
Pehlivan, 2003 ; Veli and Alyuz, 2007). 

Many separation techniques have been 
proposed for the identification of metals in various 
samples, including solvent extraction, ion exchange, 
co-precipitation, membrane process and sorption 
(Sule and Ingle, 1996; Adria-Cerezo and LIobat-
Estelles, 2000; Leinonen and Lehto,2000). Among 
the heavy metal removal process, ion exchange 
process is very effective to remove various heavy 
metals and can be easily recovered and reused by 
regeneration operation. Ion exchange resins are a 
variety of different types of exchange materials, 
which are distinguished into natural or synthetic 
resin. Furthermore, it can be as well categorized on 
the bases of functional groups such as cationic 
exchange resins, anion exchange resins, and 
chelating exchange resins (Dofner , 1991). 

Certain general rules for cation exchange are: 
(i) the exchanger prefers ions of high charge, (ii) 
ions of small hydrated volume are preferred, (iii) 
ions, which interacts strongly with the functional 
groups of the exchanger are proffered (Leinonen 
and Lehto,2000;  Greenway et al., 1996; Lin et al., 
2000; Seco et al.,1999; Kenaway et al., 2000; 
Verbych et al., 2004; Badawy et al., 2009). 

The aim of the present work was to study the 
removal of Cu+2, Pb+2 and Zn+2 from industrial 
wastewater by ion exchange method using 
Amberlite IR120 resin. In addition, parameters that 
influence ion exchange, such as contact time, resin 
dosage, pH and temperature were investigated. The 
thermodynamic studies and isotherms models and 
kinetics parameters were also evaluated from the 
ion exchange measurements. 

  
 
 
 

      2. Experimental 
      2.1. Materials 

      Analytical grade reagents were used in 
experimental studies. Copper Sulfate pent hydrated 
(CuSO4.5H2O), Lead Nitrate (Pb (NO3)2) and Zinc 
Chloride (ZnCl2) from (E. MERK, Denmark) were 
used for preparing synthetic solutions. pH 
adjustments were carried out by using 0.1N HCl and 
0.1N NaOH. 
        Amberlite IR120 strong acid cation exchange 
resin from (Rohm and Hass) was used its physical 
and chemical properties are given in Table 1. 
 
2.2. Apparatus 
       GBC 933 plus Atomic Absorption 
Spectrometer AAS was used to measure 
concentrations of soluble copper, zinc and lead. 
Batch experiments were carried out in SI-600R Lab. 
Companion shaker. wtw series ion lab pH-meter 
used for pH measurements. 
 
2.3. Equilibrium studies 
      The batch ion exchange experiments were 
carried out in the Laboratory of higher studies/ 
Department of Environmental Engineering/ College 
of Engineering/University of Baghdad. These 
experiments were performed in a wide variety of 
conditions including different pH, various resin 
dosages and agitation periods. Effects of each factor 
were determined keeping other variables constant. 
In the experiments 100 ml of synthetic solutions 
containing 100 mg/L of one of heavy metal were 
added into flasks with different amount of resin 
varying between 0.05 and 0.45g. pH adjustments 
were made by using 0.1N hydrochloric acid and 
0.1N sodium hydroxide. Solutions were shaked at 
180 rpm for a predetermined period. At the end of 
agitation time resins were filtered and metal 
contents of solution were analyzed by AAS. 
 
3. Results And Discussion  
3.1. Effect of pH 
      Hydrogen ion concentration is an important 
parameter affecting the ion exchange process. In 
order to investigate the effect of the pH on removal 
of heavy metal by Amberlite IR120, 100 ml of 100 
mg/l metal solutions were used. Experiments were 
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performed in the pH range 1-8. Constant resin 
amount was added to all reaction bottles and 
solutions were agitated for 2h at 180 rpm speed. 
Effect of pH on removal efficiency is shown in 
Figure. 1. 
The removal of metals was increased with 
increasing pH values. At lower values, the metal ion 
uptake was inhibited in the acidic medium and this 
can be attributed to the presence of H+ ions 
competing with the metal ions for the sorption sites 
(Rao et al., 2006). The uptake continuously 
increases with the increase in pH value and the 
highest uptake was observed at pH equal to 4 for Cu 
and Pb and pH equal to 6 for Zn.   
The removal of lead is greater than copper and zinc 
at pH of 4; removal efficiency of lead is 99.833, 
copper is 99.39, and zinc is 98.14 (Pb > Cu >Zn).  
 
 3.2. Effect of resin amount 
      The resin amount is also one of the important 
parameters to obtain quantitative uptake of metal 
ion. The dependence of metal sorption on resin 
input amount was studied by varying the amount of 
Amberlite IR120 (0.05-0.45g), while the other 
parameters such as pH 6, initial metal concentration 
100 mg/l, agitating time 2h and stirring speed 180 
rpm remained constant. 
      It was apparent that the adsorption percentage of 
metal ions increased with higher resin dosages. The 
higher removal efficiency was achieved by using 
0.35 g/100 ml resin dosages (Figure 2). This result 
proved that increasing the amount of adsorbent 
provides higher removal due to formation of greater 
adsorption sites. 
 
 3.3. Effect of contact time 
      The effect of contact time on the ion exchange 
of metal ions by Amberlite IR120 resin was studied 
by taking 0.35g resin with 100ml of a metal solution 
in different flasks. The flasks were shaked for 
different time intervals. Figure 3 shows the effect of 
contact time on the removal efficiency. The results 
show that the percentage of metal ion adsorbed 
increased with increasing time till reaching the 
equilibrium and it reached the plateau value at 60 
minutes.  
 
3.4. Effect of temperature  
      To investigate the effect of adsorption 
temperature on the metal adsorption onto the 
Amberlite IR120, experiments were carried out at 

three different temperatures (25, 40 and 60°C) with 
initial concentrations of lead (II), copper (II) and 
zinc(II) 100mg/L at 60 minutes contact time and 
0.35g resin amount and pH 1 and 6  and a constant 
stirring  speed 180 rpm.  The results show an 
increase in metal removal is observed by increasing 
the temperature of the system. The results are given 
in Figures 4 and 5. 
      As seen from the figure the removal efficiency 
of lead increased from 94.974 to 98, zinc from 90 to 
94.65, and copper from 82.23 to 91.5 with 
increasing temperature from 25 to 60°C at pH=1and 
the removal efficiency of lead increased from 
99.476 to 99.95, zinc from 99 to 99.91, and copper 
from 99.816 to 99.911 with increasing temperature 
from 25 to 60°C. 
    
 

3.5. Thermodynamic studies 
      The amounts of sorption of single metal ions by 
Amberlite IR120 are measured in temperature 298, 
313 and 333 °K. Thermodynamic parameters were 
calculated for the system by using the equation 
(Gode and Pehlivan, 2003): 
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⎛ ∆
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⎝
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=
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H

R
SK

oo

Dln          (1) 

 
where KD is the distribution coefficient; ∆H, ∆S, and 
T the enthalpy, entropy, and temperature in Kelvin, 
respectively; R is the gas constant. The values of 
enthalpy and entropy were obtained from the slope 
and intercept of ln KD versus 1/T plots (Figures 6 
and 7).  
Gibbs free energy (∆G) was calculated using the 
following equation: 
 
                        (2) 
      Table 2 summarizes the distribution coefficients 
from a series of batch experiments at different 
temperatures. The distribution coefficient values for 
Zn+2, Pb+2 and Cu+2 were very high and they 
increased with temperature and the reaction 
products are favored at high temperatures. This is 
due to the endothermic ion exchange reactions of 
divalent cations. 

The values of the thermodynamic 
parameters for the sorption of metal ions on 
Amberlite IR120 are given in Table 3. The positive 
values of enthalpy changes show that the adsorption 
of metal ions is endothermic. Entropy values were  



Prof. Dr. Waleed Mohammad Salih                                                           Sorption of Lead, Zinc and Copper from Simulated 
Dr. Hatem Asal Gzar                                                                          Wastewater by Amberlite Ir-120 Resin 
Nowar Falah Hassan 

 
 
 
  

 

1045

 
Found to be positive due to the exchange of the 
metal ions with more mobile ions present on 
Amberlite, which would cause increase in the 
entropy during the sorption process. 
 
3.6. Adsorption isotherms 
      Adsorption isotherms are very powerful tools 
for the analysis of adsorption process. Adsorption 
isotherms establish the relationship between the 
equilibrium pressure or concentration and the 
amount of adsorbate adsorbed by the unit mass of 
adsorbent at a constant temperature. The Langmuir 
and Freundlich isotherm models are widely used to 
investigate the adsorption process. 
 
3.6.1 Langmuir Isotherm Model 
       Langmuir sorption isotherm models the 
monolayer coverage of sorption surfaces and 
assumes that sorption occurs on a structurally 
homogenous adsorbent and all the sorption sites are 
energetically identical. The saturated monolayer 
curve can be represented by the expression (Rao et 
al., 2006 ; Prasad et al., 2000): 
 

   (non-linear)  (3)       

A linear form of this equation is:  
             

       (linear)           (4) 

 
where X is  the initial concentration of solute minus  
the final concentration of solute in solution at 
equilibrium (mg/l), m is the concentration of 
adsorbent (mg/l), Ce is the equilibrium 
concentration of metal in solution (mg/l), Qe is the 
amount of metal ion sorbed onto resin (mg/g), b, Q0 
is Langmuir constants representing the equilibrium  

 
Constant for the adsorbate-adsorbent equilibrium 
and the monolayer capacity. b and Q0 were 
determined from the slope, intercept of the 
Langmuir plot (Figure 8). 
 
3.6.2 Freundlich Isotherm Model  
      Freundlich equation is derived to model the 
multilayer sorption and for the sorption on 
heterogeneous surfaces. The Freundlich isotherm 
theory says that the ratio of the amount of solute 
adsorbed onto a given mass of sorbent to the 
concentration of the solute in the solution is not 
constant at different concentrations (Rao et al., 
2006; Prasad et al., 2000).  
The Freundlich equation is: 
 

          (non- linear)    (5) 
 

 (linear)   (6) 

 
where Qe is the amount of solute adsorbed per unit 
weight of adsorbent (mg/g), Ce is the equilibrium 
concentration of solute in the bulk solution (mg/l), 
Kf is a constant indicative of the relative adsorption 
capacity of the adsorbent (mg/g), 1/n is a constant 
indicative of the intensity of the adsorption. 
       Both Kf and n are constants, being indicative of 
the extent of adsorption and the degree of non-
linearity between solution and concentration, 
respectively. 
      The linear Freundlich plots are obtained by 
plotting log Qe versus log Ce from which the 
adsorption coefficients could be evaluated (Figure 
9). 
All constants determined from Langmuir and 
Freundlich isotherms are given in Table 4.

 
3.7. Kinetics of adsorption    
      Adsorption kinetics provides valuable 
information about the mechanism of adsorption 
(Veli and Ozturk, 2005). Rate of adsorption uptake, 
which is required for selecting optimum operating 
condition for the full-scale batch process, can be 
described with adsorption kinetics (Gupta and 
Sharma, 2003). 

     Kinetic studies for zinc, copper and lead were 
performed by using 100 mg/l concentration, pH was 
adjusted to 6, resin mass was 0.35g/100 ml. 
Samples were taken with different time intervals 
ranging between 5 and 120 minutes.  
 
3.7.1. Pseudo-first order reaction kinetic  
      Simple linear equation for Pseudo-first order 
reaction kinetic is (Sharma and Bhattacharyya, 
2004): 
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  (7) 

 
where k1 is the rate constant of the first-order 
adsorption, qt is the amount of heavy metal 
adsorbed at time t (mg/g) and qe is the amount of 
heavy metal adsorbed at saturation (mg/g). Plot of 
ln (qe- qt) versus t allows calculation of the rate 
constant k1 and qe (Figure 10).  
 
3.7.2. Pseudo-second order reaction kinetic  
      Pseudo-second order reaction kinetic can be 
expressed as (Ho and Mckay, 1998):  
 

                 (8) 

 
where k2 is the pseudo-second order rate constant 
(g/mg h), qe is the amount adsorbed at equilibrium 
and qt is the amount of metal adsorbed at time t. 
        Calculated rate constants (k1 and k2), adsorbed 
amounts of heavy metals per unit resin mass (qe) 
and linear regression correlation coefficients (R2) 
for pseudo-first and –second-order reaction kinetics 
are summarized in Table 5. In pseudo-second-order 
reaction kinetic, calculated values of qe are closer to 
experimental values for zinc, copper and lead. 
Furthermore as seen from Table 5, correlation 

coefficients are higher for second order kinetic 
studies. 
 
4. Conclusion  
      In this paper optimal removal conditions were 
determined with batch experiments. Ion exchange 
processes was pH-dependent and optimal removal 
efficiencies for zinc at pH 6, copper and lead at pH 
4. Adsorption of the three metal ions reaches 
equilibrium within 60 minutes and 0.35g/100 ml of 
resin. 
      The thermodynamic parameters of ion exchange 
process were calculated. Ion exchange equilibrium 
at temperatures 298 , 313 and 333°K of Zn, Cu, and 
Pb are found to be endothermic processes.  
      Experimental results were evaluated with 
Langmuir and Freundlich; the results show 
Freundlich isotherm fit the ion exchange 
equilibrium data better than the Langmuir. 
      Pseudo-second-order reaction kinetic has 
provided a realistic description of removal of Zn, 
Cu, and Pb with closer experimental and calculated 
values of qe. Also correlation coefficients are higher 
in pseudo-second-order kinetics. 
      Experimental and theoretical results of this 
study demonstrate that the Amberlite IR120 cation 
exchange resin is suitable for adsorption of zinc, 
copper, and lead from aqueous solutions. 

        Similar to pseudo-first order reaction kinetic, 
qe and k2 can be determined from the slope and 
intercepts of plot t/qt versus t (Figure 11). 
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Table 1: Characteristics of Amberlite IR120. 
 

Matrix Styrene 

Functional group Sulfunic acid 

Particle size (mm) 0.3-1.2 

Maximum temperature (°C) 120 

pH range 0-14 

Total capacity (equiv/l) 1.8 
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Table 2: Distribution coefficients of heavy metal at different temperatures. 
 

pH=1 
kd Metal 

298°K 313°K 333°K 
R2 

Zn 2.5714 3.7959 5.0547 0.9809 
Pb 5.3990 11.1429 14.0000 0.8869 
Cu 1.3221 2.3117 3.0756 0.9456 

pH=6 
kd Metal 

298°K 313°K 333°K 
R2 

Zn 66.7834 158.4444 317.1746 0.9871 
Pb 54.2399 123.9379 571.1429 0.9858 
Cu 23.8456 50.7347 320.7416 0.9656 

 
Table 3: Thermodynamic parameters for the adsorption of metal ions on Amberlite IR 120. 

 
pH=1 

∆G (kJ/mol) 
Metal ∆H (kJ/mol) ∆S (J/mol K) 

298°K 313°K 333°K 
Cu 19.6609 68.8216 -20.4892 -21.5215 -22.8979 
Zn 15.8191 61.1819 -18.2164 -19.1341 -20.3578 
Pb 22.0604 88.9182 -26.4756 -27.8093 -29.5877 

pH=6 

∆G (kJ/mol) 
Metal ∆H (kJ/mol) ∆S (J/mol K) 

298°K 313°K 333°K 
Cu 61.8595 232.6598 -69.2708 -72.7607 -77.4139 
Zn 36.5134 157.9244 -47.0249 -49.3938 -52.5523 
Pb 55.8360 219.8222 -65.4512 -68.7485 -73.1449 

 
 

Table 4: Isotherm parameters calculated for zinc, copper and lead removal by Amberlite IR120. 
 

Langmuir isotherm Freundlich isotherm 
Metals 

b Qe R2 n Kf R2 

Zn 0.092486 312.5000 0.6156 1.517451 29.76457 0.9648 

Pb 0.415493 169.4915 0.9776 2.504383 44.09608 0.9847 

Cu 0.095238 178.5714 0.7994 2.159827 24.37250 0.9463 
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Table 5: Comparison of adsorption rate constants, experimental and calculated qe values for the pseudo-first- 
and –second-order reaction kinetics of removal of zinc, copper and lead by Amberlite IR120. 

 
Pseudo-first-order Pseudo-second-order 

Metals qe experimental 
(mg/g) K1 

(1/min) 
qe calculated 
(mg/g) R2 K2 

(g/mg min) qe calculated R2 

Zn 28.4286 0.0785 13.4180 0.9374 0.0222 28.8184 0.9999 
Cu 28.3971 0.0760 17.9179 0.9607 0.0114 29.2398 0.9998 
Pb 28.5237 0.0991 16.3988 0.9565 0.0173 29.1545 0.9997 

 
 
 
 
 

 
Fig. 1: Effect of pH on removal of zinc, lead, and copper by Amberlite IR120 

 (initial metal conc. 100 mg/L, resin dosage 0.35 g/100 mL, agitation period 2 h). 
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Fig. 2: Effect of resin amount on removal of zinc, lead, and copper by Amberlite 
 IR120 (initial metal conc. 100 mg/L, pH 6, agitation period 2 h) 

 

 
 

Fig. 3: Effect of contact time on removal of zinc, lead, and copper by Amberlite 
 IR120 (initial metal conc. 100 mg/L, pH 6, resin amount 0.35 g/ 100 ml). 
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Fig. 4: Effect of temperature on removal of zinc, lead, and copper by Amberlite IR120 
 (initial metal conc. 100 mg/L, pH 1, resin amount 0.35 g/ 100 mL, contact time 60 min). 

 
 

 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Effect of temperature on removal of zinc, lead, and copper by Amberlite IR120 (initial 
 metal conc. 100 mg/L, pH 6, resin amount 0.35 g/ 100 mL, contact time 60 min). 
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Fig. 6: The distribution coefficient versus 1/temperature at pH 1. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: The distribution coefficient versus 1/temperature at pH 6. 
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Fig. 8: Langmuir adsorption isotherm for removal of zinc, copper and lead 
 by Amberlite IR120. 

 

 
Fig. 9: Freundlich adsorption isotherm for removal of zinc, copper and lead 

 by Amberlite IR120. 
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Fig.10: Pseudo-first-order reaction kinetics for the adsorption of zinc, copper and lead. 
 

 
 
 
 
 
          
 
 
 
 
 
 
 
                                                                                                           

 
 
 
 
 
 
 
 

 
 

Fig. 11: Pseudo-second-order reaction kinetics for the adsorption of zinc, copper and lead. 
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Simulation of Heat Storage and Heat Regeneration in Phase 

Change Material 
 

Khalid Ahmed Joudi ,  Ahmed Kasim Taha 
Mechanical Engineering Department, College of Engineering, University of Baghdad 

 
Abstract 
 
    The present study explores numerically the energy storage and energy regeneration 
during Melting and Solidification processes in Phase Change Materials (PCM) used in 
Latent Heat Thermal Energy Storage (LHTES) systems. Transient two-dimensional (2-D) 
conduction heat transfer equations with phase change have been solved utilizing the 
Explicit Finite Difference Method (FDM) and Grid Generation technique. A Fortran 
computer program was built to solve the problem. The study included four different 
Paraffin's. The effects of container geometrical shape, which included cylindrical and 
square sections of the same volume and heat transfer area, the container volume or mass of 
PCM, variation of mass flow rate of heat transfer fluid (HTF), and temperatures difference 
between  PCM and HTF were all investigated.  
Results showed that the PCMs in a cylindrical container melt and solidify quicker than the 
square container. The increase in mass flow rate and/or temperature difference decreases 
the time required for complete phase change. Paraffin's solidify quicker than they melt and 
store more energy than they release. 

 
Keywords: Phase change material; Latent heat thermal energy storage; Melting; 
Solidification; Energy storage; Energy regeneration; Grid generation   

  
  :الخلاصة

  
تتحرى الدراسة الحالية عددياً الطاقة المخزونة والطاقة المتحررة أثناء عمليتي الذوبان والانجماد في مادة متغيرة الطور 

حلت معادلة انتقال الحرارة الانتقالية باتجاهين باستخدام طريقة الفروق .  الحرارة الكامنةتستخدم في منظومات خزن
تتضمن الدراسة أربعة . تم بناء برنامج حاسوبي بلغة فورتران لحل المسألة. لتوليد الشبكيالمحددة الصريحة وبتقنية ا
تأثير الشكل الهندسي لوحدة الخزن الذي تضمن المقطعين الدائري والمربع للحجم نفسه و ، برافينات متغيرة الطور

وفرق ، تغيير نسبة التدفق لسائل نقل الحرارة، حجم الخزان أو آتلة المادة المتغيرة الطور، مساحة انتقال الحرارة نفسها
  .درجات الحرارة بين المادة متغيرة الطور وسائل نقل الحرارة

بينت النتائج إن المادة متغيرة الطور في وحدات الخزن الحراري الاسطوانية تذوب وتتجمد أسرع مما في وحدات 
البرافينات . ارة يقلل الزمن اللازم لتغير الطور التامزيادة نسبة التدفق و فرق درجات الحر. الخزن الحراري المربعة

  .تتجمد أسرع مما تذوب وتخزن طاقة أآثر مما تحرر
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1. Introduction: 
 
Thermal Energy Storage (TES) is essential 
to overcome the mismatches between the 
supply and consumption of energy or 
primary energy source variation, such as 
periodic variations of solar energy. 

Phase Change Material (PCM) used 
for Latent Heat Storage (LHS)  has 
received considerable attention attributed to 
its high storage density and isothermal 
nature of heat storage and release. There 
are many type of PCMs; organic, inorganic 
and their mixture that melt and solidify at a 
wide range of temperatures. This makes 
them attractive in a number of applications, 
such as; space and water heating, waste 
heat utilization, cooling and air-
conditioning, and thermal control 
applications (Regin et al. 2008). 

Paraffins have been used extensively as 
a latent heat energy material due to their 
advantages of a sufficiently high latent heat 
capacity,  small volume changes during 
phase change, no sub-cooling effects, self-
nucleating behavior, chemically stable, 
long freeze–melt cycle, nonpoisonous, 
noncorrosive, as well being available at low 
cost (Sharma et al. 2009). 
Phase change is a transient, non-linear heat 
transfer mechanism with a moving solid-
liquid interface, generally referred to as the 
"Moving Boundary " or "Stefan's" 
Problem(Lane 1983). The most common 
methods used for solving phase change 
problems are the enthalpy method and the 
effective heat capacity method (Lamberg et 
al. 2004). Phase change problems are 
usually solved with finite difference or 
finite element methods in accordance with 
the numerical approach. Previous studies 
can be divided into two main group; 
material research and heat exchanger 
development (Regin et al. 2008). PCMs 
with organic nature, inorganic and their 
mixture for heating and cooling 
applications has been investigated by many 
researchers. These applications can be 
divided into two main groups: thermal 

protection or inertia, and storage. PCMs 
store one hundred times more heat per unit 
mass than sensible storage materials such 
as water, or rock. Sarı and Karaipekli 2008 
illustrated the basic types of PCM 
employed in LHTES systems and the main 
characteristics required for them. Hasan 
1994 developed a simple tube-in-tube heat 
exchanger for TES with stearic acid as a 
PCM. He found that the melting front 
moves in the radial direction inward as well 
as in the axial direction from the top toward 
the bottom of the PCM tube. Phase 
transition was faster in a horizontal position 
rather than a vertical one. Esen et al. 1998 
Considered two different shell and tube 
configurations where the PCM is packed in 
the tube and the HTF flows parallel to it in 
the shell and vice versa. It was concluded 
that the latent heat storage tank where the 
PCM is packed in the shell while the HTF 
flows through the tube stores much more 
solar energy in a given time as compared to 
the other configuration. Yimer 1996  
developed a numerical model to determine 
the transient temperature distribution, 
solid/liquid interface location, and energy-
storage capacity of a semi-transparent 
phase-change medium bounded between 
two concentric cylinders. Internal energy 
transfer occurs simultaneously by 
conduction and thermal radiation. Gong 
and Mujumdar 1998 have simulated the 
melting of a pure PCM in a rectangular 
container heated from below using the 
FEM. They obtained several complex and 
time-dependant flow patterns. Zivkovic and 
Fujii 2001 concluded that the rectangular 
container requires half of the melting time 
as for the cylindrical container of the same 
volume, using a simple computational 
model based on an enthalpy formulation. 
They also concluded that conduction within 
the  
 
PCM in the direction of HTF flow, thermal 
resistance of the container’s wall, and the 
effects of natural convection within the 
melt can be ignored for the conditions 
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investigated. Trp et al. 2006 studied the 
influence of the HTF inlet velocity and 
HTF inlet temperature as well as the 
influence of the tube length and outer tube 
radius on the total energy stored and 
recovered in shell and tubes LHTES 
system. Vyshak and Jilani 2007 made a 
comparative study of the total melting time 
of PCM packed in containers having three 
different geometric configurations, viz. 
rectangular, cylindrical and a cylindrical 
shell of the same volume and surface area 
of heat transfer. They employed a slightly 
modified enthalpy method, which enabled 
decoupling of the temperature and liquid 
fraction fields. 
 
Mathematical Modeling: 
2.1 Problem Description: 
 
The present study involved two concentric 
tubes for the LHTES systems. The PCM 
fills the annular space between the two 
tubes, the HTF flows through the inner 
tube, and the outer tube is completely 
insulated.  

During the charging process the 
PCM acts as a heat sink which receives 
energy from HTF whose temperature is 
higher than the PCM's melting temperature. 
The PCM melts and energy is stored as 
latent heat. During the discharging process, 
the PCM acts as a heat source to the HTF 
whose temperature is lower than the PCM's 
solidification temperature. The PCM 
solidifies and heat is released to the HTF. 

Two geometrical configurations of 
the PCM's container were involved. The 
first was of a circular cross section and the 
second was of a square cross section, as 
shown in Fig.1. Three container volumes, 
i.e. mass of PCM were considered. The 
inner tube diameter (Di) is 0.5 inch for all 
studied cases. For the  

 
cylindrical configuration, the outer tube 
diameters (Do) were 1, 1.5, and 2 inches 
that equal to 25.4, 38.1, and 50.8 mm 
respectively. The square configuration have 
the same volume so the side width (2w) 
were 22.51, 33.76, and 45.02 mm 

respectively. Due to symmetry of the 
system, the computational domain is 
composed of only one quarter of the cross 
section. 

Four types of paraffins having 
different melting points, of 28, 48, 64, and 
84oC, suitable for solar applications, were 
employed as PCM, and water as HTF. 

The study included the effect of 
different mass flow rates of the HTF at 1 
and 3 l/min, and the effect of temperature 
difference between the PCM and the HTF 
at 15 and 25 oC. 

 
2.2 Assumptions: 

 
The following assumptions were made to 
simplify the phase change problem: 

1. The PCM in each phase is 
homogeneous and isotropic. 

2. The thermo-physical properties of 
the PCM are independent of 
temperature, but they are different 
form phase to phase. 

3. The effect of natural convection in 
the liquid phase of PCM is not taken 
into account. 

4. No internal heat generation , and all 
radiation effects are neglected. 

5. The tube wall is very thin so that its 
thermal resistance can be neglected. 

 
2.3 Governing Equations: 
 
The energy equation for transient  two 

dimensional (2-D) conduction heat transfer 
with phase change can be written as; 

 

The subscripts b denote the material 
properties for each phase. The physical fact 
that the phase change takes place in a 
temperature interval (from T1 to T2) can be 
used. Thus; 
b = s    (solid phase properties)             
when    T < T1 
b = m   (mushy zone properties)           
when   T1 ≤ T ≤ T2 
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b = l     (liquid phase properties)           
when   T > T2 
The density and the thermal conductivity of 
the mushy zone can be estimated as an 
arithmetic average; 
 

 
 
While the specific heat can be found from 
the effective heat capacity method 
(Lamberg et al.2004); 
 

  

 
 
3. Numerical Solution: 

3.1 Body-Fitted Coordinate System: 
 
The nature of numerical 

calculations of the zone requires a proper 
treatment of the boundary conditions. The 
system which is made to generate a grid, 
might bring about a slow numeric 
convergence. This has encouraged the 
search for other methods to generate grids. 
One method includes the generation of 
curvilinear coordinate systems with 
coordinate lines coincident with all 
boundaries of the physical domain. This is 
called a body fitted coordinate (BFC) 
system. Regardless of the shape of the body 
in the physical plane, all the numerical 
computations are achieved in the form of a 
rectangular grid in the computational 
domain, as shown in Fig.  

 
3.2 Grid Generation: 

 
The method for generation of a 

curvilinear body fitted coordinate system is 
based on solution of a set of elliptic partial 
differential equations. The most common 
elliptic partial differential equations used 
for grid generation in two-dimensions is the 
Laplace equation in the form, (Hoffmann 
1998); 

 

 

 
 

However, computations must take 
place in a rectangular domain with 
uniform grid spacing. To transform 
the elliptic PDEs, the dependent and 
independent variables are 
interchanged and these equations 
become; 

 

 

 
The system of elliptic Equations (7) 

and (8) will be solved by the Successive 
Over-Relaxation (S. O. R.) method in the 
computational domain (ζ, η) in order to 
provide the grid point locations in the 
physical space (x, y) as follows, (Petrovic 
and Stupar 1996); 

 
x( i ,  j )  = (1–RF) xo

( i ,  j )  + [(α ( i ,  j ) /∆ζ2)(x( i + 1 ,  j )+ x( i -1 ,  j ) )  
– (β ( i ,  j ) /2∆ζ .∆η) (x( i + 1 ,  j+ 1 )– x( i + 1 ,  j -1 )– x( i - 1 ,  j + 1 )+ 
x( i - 1 ,  j -1 ))+(γ ( i ,  j ) /∆ζ2)(x( i ,  j+ 1 )– x( i ,  j - 1 ))]RF   (9) 

 
y( i ,  j )  = (1–RF) yo

( i ,  j )  + [(α ( i ,  j ) /∆ζ2)(y( i + 1 ,  j )+ y( i -1 ,  

j ) )  – (β ( i ,  j ) /2∆ζ .∆η) (y( i+1 ,  j+1 )– y( i + 1 ,  j - 1 )– y( i - 1 ,  j + 1 )+ 
y( i - 1 ,  j -1 ))+(γ ( i ,  j ) /∆ζ2)(y( i ,  j+ 1 )– y( i ,  j - 1 ))]RF    (10) 
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3.3 Explicit Finite Difference Method: 
  
The explicit finite difference method 
includes the calculation of the temperature 
for a next time (t +∆t) in terms of the 
temperature at the previous time (t) for the 
node (i, j) and to its neighboring nodes. In 
each node in the grid, the temperature will 
be known at time (t = 0) from the initial 
condition of the problem. So, the 
temperature for each node will be obtained 
at the new time step by marching forward 
in time. It is possible, by the use of time 
steps ∆t to arrive at the steady state and 
obtain the distribution of temperature, ( 
Anderson 1995). 
the governing equation (1), may be 
transformed from Cartesian coordinates 
into general coordinates as follows; 

 

 

Transformation of the time derivative of 
temperature, using forward differences, at 
node (i, j), through the periodic from (t) to 
time (t +∆t) takes the following forms; 

  

 
 
Where: 

 Represents the temperature at 
(t  +at).  

 Represents the temperature at 
(t).  
 

 
And, the central differences will  be 
used to transform the diffusion 
terms, as follows; 

 
 

 

 

 

 

 

Now, the energy equation (11) will  
be transformed into a system of 
linear equations, as follows; 

 

 
 

3.4 Solution Procedure: 
 
A computer program in FORTRAN 

90 language was built to solve the phase 
change problem. At first, the constants and 
variables were defined which included the 
thermo-physical properties of the PCM, the 
initial and boundary conditions, the 
dimensions of the geometry, number of 
nodes and the maximum time step (∆tmax) 
that ensures the stability of the solution. 
The computer program consists of two 
main parts, the first part is the grid 
generation. This part starts from the 
information of the geometry and then the 
2D grids  consist of many subroutines for 
transforming the physical plane (x, y) to the 
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computational plane (ζ, η) in a Body-Fitted 
coordinate system. The second part is the 
solution of the governing equations. This 
part starts from initial specifications of all 
fields of the dependent variables and the 
transformation parameters that were 
obtained from the grid generation. The final 
set of algebraic discretized equations is 
solved by the explicit finite difference 
method. 

 
4. Results And Discussion: 

 
4.1  Temperature Profile: 

 
The temperature profiles are 

presented for a typical peripheral point at 
the container surface. This represents the 
last point affected by the heat source or 
sink and indicates complete melting or 
solidification time. 

In general, the temperature profile 
can be divided into three main typical 
stages for melting and solidification as 
shown in Fig. 3. In the first stage; for 
melting, the temperature of the PCM 
increases linearly from its initial value till 
the lower limits of the melting range. While 
in solidification, the temperature of the 
PCM decreases linearly from its initial 
value till the upper limits of the 
solidification range. 

In the second stage; the temperature 
of the PCM remains at a nearly constant 
value about the melting or solidification 
temperature. The temperature range varies 
from 1 to 3 oC, which represent the lower 
and the upper limits of melting or 
solidification temperature range. The end of 
this stage means that the material is totally 
melted or solidified, i.e. the phase is 
completely changed. 

In the third and last stage; the 
temperature of the PCM changes linearly 
again but at a lower rate due to a small 
temperature difference between the PCM 
and HTF than the first stage. In melting, the 
temperature rises to a temperature that 
equals the HTF temperature and then 

remain constant. While in solidification, the 
temperature of the PCM decreases to a final 
temperature that equals the HTF 
temperature and then remains constant. 

The temperature history for 
different paraffins have the same profile in 
all studied cases. Fig. 4 shows the 
temperature history during melting process 
and Fig. 5 shows the temperature history 
during solidification process for paraffin 
48, which is chosen as a typical case. 
Paraffin 48 starts melting at 47 oC and 
totally melts at 49 oC, while it starts 
solidifying at 49 oC and totally solidifies at 
47 oC. 
These two figures show the effect of 
geometrical shape on the temperature 
profile. It is clear from the results that the 
PCM stored in the circular cross section 
container melts and solidifies quicker than 
that stored in square cross section 
container, and the PCM solidified quicker 
than it melts. 

The results revealed that the greatest 
effect is related to the temperature 
difference as shown in Fig. 6. The 
temperature difference is the dominant 
factor on the heat transfer rates. Therefore, 
the effect of the mass flow rate of the HTF 
become insignificant at the higher 
temperature difference as shown in Fig. 7. 

The effect of mass flow rate is 
translated as an effect of the convective 
heat transfer coefficient. Fig. 8 and Fig. 9 
show the effect of the different convective 
heat transfer coefficients hf on the 
temperature profile at 25 oC and at 15 oC 
temperature difference respectively. As 
mentioned before, one can note that the 
effect of the convective heat transfer 
coefficient becomes significant at the lower 
temperature difference value.  

 
4.2 Temperature Distribution: 
Fig.10 shows the temperature distribution 

during a melting process, and Fig. 11 
shows the temperature distribution during a  
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Solidification process at different time 
intervals. In all studied cases the circular 
cross section container melts and solidifies 
quicker than the square cross section 
container. In early time steps, the 
temperature distribution appears the same 
for both container shapes. Later, the square 
cross section container shows a higher 
resistance for melting or solidification at its 
corner due to the longer distance from the 
heat source or heat sink. Therefore, part of 
the PCM stays solid at the corner of the 
square cross section container during 
melting, while the whole PCM is melted in 
the circular cross section container. The 
same thing occurs in solidification where 
part of the PCM stays liquid at the corner of 
the square cross section container, while the 
PCM in the circular cross section container 
is totally solidified. 

 
4.3 Time of melting and solidification: 
 

Melting or Solidification time is defined 
as the time required to completely change 
the material from one phase to the other. 
Also, it is defined as the time required for 
charging or discharging energy. It is a very 
important factor in design and development 
of LHTES systems. 

The effect of various factors on melting 
and solidification time are discussed in the 
following; 

a. Effect of the Geometrical Design: 
The results show that the PCM in a 

cylindrical container melts and solidifies 
quicker than in the rectangular container for 
the same volume (i.e. the same mass of the 
PCM) and same inner tube diameter (i.e. 
the same heat transfer area) for all studied 
cases as shown in Fig. 4, 5, 10, and 11. 

b. Effect of Container Volume: 
As expected, the increase in container 

volume leads to increases in melting and 
solidification time as a result of the larger 
mass of the PCM and higher energy stored 
or regenerated. From Fig. 12, one can note 
that increasing of the cylindrical container 
diameter from 1 inch (i.e. aspect ratio 2) to  

 

 
2 inches (i.e. aspect ratio 4) leads to 
increasing melting or solidification time 
from 5 to 10 times. 
c. Effect of the PCM type: 

Paraffin 48 has a good latent heat but 
low thermal conductivity. Therefore, it 
needs the longest time for melting and 
solidification. Paraffin 84 has the least 
latent heat but the highest thermal 
conductivity. Therefore, it melts and 
solidifies quicker than other three PCMs, as 
shown in Fig. 12.   

d. Effect of initial and boundary 
conditions: 

Fig. 13 shows that decreasing the 
temperature difference from 45oC to 35oC 
increases the melting time by 40 minutes. 
Whilst decreasing the temperature 
difference from 25oC to 15oC increases the 
melting time by 150 minutes. It is 
concluded that the reduction of the 
temperature difference has a more 
pronounced effect on melting and 
solidification time at lower values of ∆T. 

Increasing the mass flow rate of the 
HTF leads to shorter melting and 
solidification times. Fig. 14 shows this 
effect. Increasing mass flow rate from 1 to 
2 l/min decreases the melting time by only 
5 minutes. Therefore, the effect of the mass 
flow rate is less pronounced than the effect 
of the temperature difference. The effect of 
mass flow rate can be translated into the 
effect of convective heat transfer 
coefficient. This effect is much more 
evident at the lower value of temperature 
difference as shown in Fig. 15. 

 
In all cases, the results show that the 

solidification time is shorter than the 
melting time. This means that the PCM 
needs more time to absorb energy than the 
time needed to release energy. The 
difference between melting and 
solidification times is related to the nature 
of the PCM and its thermo-physical 
properties. During solidification, liquid 
PCM freezes on the heat transfer surfaces 
and an immobile layer of solid material 
continuously grows as it gives up heat of 
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fusion. This solid layer, generally, has a 
higher thermal conductivity and heat 
transfer is improved, which in turn 
decreases the energy release time. 
 

4.4 Energy Storages and Energy 
Regeneration: 

 
       The mass flow rate of the HTF, in the 
range investigated, has no significant effect 
on energy storage or regeneration. Its only 
effect is on the time of charging or 
discharging energy. Increasing the mass 
flow rate accelerates the period of melting 
and solidification. Increasing the 
temperature difference between HTF and 
PCM decreases the energy 
receival/retrieval time, as well as increasing 
the share of sensible heat of the total energy 
stored or regenerated. 
        The most important factor on the 
energy storage and energy regeneration is 
the thermo-physical properties of the PCM 
such as; latent heat, heat capacity, and 
density.  
        The present results show that the heat 
storage is higher than the heat generation as 
shown in Fig. 16 and Fig. 17. The 
difference between energy stored and 
energy regenerated is related to the nature 
of the PCM and its thermo-physical 
properties. PCM receives energy initially as 
a solid phase during melting and stores 
energy in the liquid phase. The inverse 
occurs when energy is extracted from the 
liquid phase during solidification and some 
of energy may be reserved in the solid 
material. 
 
5. Conclusions: 
 

1. Temperature history have the same 
profile in all studied cases. 

2. Temperature difference between the 
PCM and the HTF is the dominant 
factor on the heat transfer rates. 

3. Mass flow rate of the HTF becomes 
insignificant at the higher 
temperature difference. 

4. Cylindrical container 
melts/solidifies quicker than the 
square container. 

5. Melting time is longer than 
solidification time. 

6. Heat storage is higher than heat 
regeneration. 
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(a) cylindrical container                           (b) Rectangular container  
 

Figure 1 Two geometrical designs considered in the present study, same volume, same inner tube diameter. 
 

  

    

Figure 2 Element transformation from the physical to the computational plane. 
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(a) Melting process 

 

(b) Solidification process 

Figure 3 Typical Temperature-Time profile for selected case. PCM2/Vol.3; ∆T=25oC, mf=3 l/min 
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Figure 4 Temperature History during Melting Process for two geometrical designs (circular and 

square container). PCM2/Vol.3;  ∆T = 15 ⁰C, mf = 3  l/min  
 
 

40

44

48

52

56

0 60 120 180 240 300 360 420 480 540 600
Time (min)

40

42

44

46

48

50

52

54

56

Te
m

pe
ra

tu
re

 (o
C

)

squarecircular

 
Figure 5 Temperature History during solidification Process for two geometrical designs (circular 

and square container). PCM2/Vol.3;  ∆T = 15 ⁰C, mf = 3  l/min. 
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Figure 6 Temperature History during Melting Process of Paraffin (48 oC) at various Temperature 

difference (dT =Tf - Ti ); 15, 25, 35 and 45 (oC) ; mf = 3 l/min 
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Figure 7 Temperature History during Melting Process of Paraffin (48 oC) at different mass flow 

rate; 1, 2, 3 and 4 (l/min), ∆T = 25 oC 
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Figure 8 Temperature History during Melting Process of Paraffin (48 oC) at different Convection 
Heat Transfer Coefficient (hf ); 500, 1000, 2000, 3000 and 5000 (W/m2.oC), ∆T =( Tf - Ti )=25 oC 
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Figure 9 Temperature History during Melting Process of Paraffin (48 oC) at different Convection 
Heat Transfer Coefficient (hf ); 500, 1000, 2000, 3000 and 5000 (W/m2.oC), ∆T =( Tf - Ti )=15 oC 
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After 1 hour                                          After 2 hour                                          After 3 hour      

 

Figure 10 Temperature Distributions at Different Time during Melting Process.  
PCM2/Vol.3;  ∆T = 15 ⁰C, mf  = 1 l/min.  

 

                                   

                                             
After 1 hour                                          After 2 hour                                          After 3 hour 

 

Figure 11 Temperature Distributions at Different Time during solidification Process.   
PCM2/Vol.3;  ∆T = 15 ⁰C, mf = 1 l/min. 
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Figure 12 Effect of Aspect Ratio (container volume) on Solidification time for various PCM;    
∆T = 25 oC,  mf = 3 l/min. 

 

 

210 240 270 300 330 360 390 420 450 480 510
Melting Time (min)

10

15

20

25

30

35

40

45

T 
=T

f -
 T

i  
(o

C
)

 
Figure 13 Effect of the Temperature Difference (∆T) on the Melting Time of Paraffin (48 oC);  

mf = 3 l/min 
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Figure 14 Effect of Different Mass flow rate of Heat Transfer Fluid (HTF) on the Melting Time of 

Paraffin (48 oC)  ; ∆T =( Tf - Ti )=25 oC 
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Figure 15  Effect of different convective heat transfer coefficient (hf) on the melting time of 

Paraffin (48oC) at different Temperature difference 
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Figure 16 Energy Storage in various PCM at different container volume; ∆T=25 oC 
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Figure 17 Energy Regeneration in various PCM at different container volume; ∆T=25oC 
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NOMENCLATURE:  
 

       The symbols used in this paper have the following meanings:  

Symbol                                      Description                                                               Units 

cp                                               Specific heat                                                               kJ/kg.K 
D                                               Tube diameter                                                             m, mm 
h                                                Convection heat transfer coefficient                           W/m2.K 
J                                                 Jacobian 
k                                                Thermal conductivity                                                 W/m.oC 
LH                                             Latent heat                                                                  kJ/kg 

                                               Mass flow rate                                                            kg/s, l/min 
T                                               Temperature                                                                 oC 
t                                                 Time                                                                            s, min 
w                                               Side width                                                                   m, mm 
x, y, z                                        Cartesian coordinates                                                  m 

Greek symbols 

α'                                               Thermal diffusivity                                                      m2/s 
α, β, γ, λ, σ                                Transformation coefficients 
ζ, η                                            Body-Fitted generalized Coordinates 
ρ                                                Density                                                                        kg/m3 
∆                                                Difference 

Subscripts  

av.                                              Average  
eff.                                             Effective 
b                                                 Bulk 
i                                                  Initial, inner  
i, j                                               Grid points 
f                                                  Final, fluid 
l                                                  Liquid 
m                                                Melting 
max.                                           Maximum value  
o                                                 Outer 
s                                                  Solid 

Abbreviations 

1,2D                                            One, Two-dimensions 
asp.                                             Aspect Ratio 
BFC                                            Body-Fitted Coordinate 
HTF                                            Heat Transfer Fluid 
LHTES                                       Latent Heat Thermal Energy Storage 
PCM                                           Phase Change Material 
RF                                               Relaxation Factor  
SOR                                           Successive Over – Relaxation 
vol.                                             Volume 
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