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ABSTRACT 

Many researchers tried to prevent or reduce moisture damage and its sensitivity to temperature to 

improving the performance of hot mix asphalt because it is decreasing the functional and structural 

life of fixable pavement due to the moisture damage had exposed to it.  

The main objective of this study is to inspect the effect of (fly ash “3%, 6%, 12%”, hydrated 

lime”5%, 10%, 20%” and silica fumes”1%, 2%, 4%) referring to previous research by the net 

weight asphalt cement as a modified material on the moisture and temperature sensitivity of hot mix 

asphalt. This was done using asphalt from AL-Nasiria refinery with penetration grade 40-50, 

nominal maximum size (12.5) mm (surface course) of aggregate and one type of mineral fillers 

(limestone dust) with 7%. 

To achieve the requirements of this study, the indirect tensile strength test according to (AASHTO 

T 283) criteria and compressive strength test were adopted to evaluate the index of retained strength 

according to (ASTM D 1075) to identify the moisture damage as well as indirect tensile strength 

test to evaluate sensitivity to temperature of the hot mix asphalt using modification and net asphalt. 

These tests showed that there is a significant evolution in the resistance to moisture damage and 

decrease in the sensitivity to temperature of hot mix asphalt with modifying asphalt compared to the 

reference mixture.      

Key words: modifying materials, modified asphalt, moisture damage, and temperature sensitivity.  

 

 

أسحخذام الأسفلث المحسن على حساسية الخلطة الأسفلحية الحارة الخلطة الأسفلحية الحارة ب إعذادجأثير 

 للرطوبة والحرارة

 
 د. سحر صفاء هادي

 ٍذسط

 جبٍعت اىفشاث الاوسظ اىخقٍْت

  
 الخلاصة

اىعذٌذ ٍِ اىببحزٍِ دسط ححسٍِ اداء اىخيطت الاسفيخٍت اىحبسة ٍِ خلاه حقيٍو اىضشس ببىشطىبت واىحسبسٍت ىيحشاسةورىل لاّهَب 

 ٌقيلاُ اىعَش اىىظٍفً والاّشبئً ىيخبيٍظ الاسفيخً.

اىجٍش اىَطفأ  -%23%, 7%, 4) اىشٍبد اىَخطبٌش بْسبت أشبسةً إىى اىبحىد اىسببقت واىغشض اىشئٍسً ٍِ اىذساست هى إٌجبد حأرٍش 

ٍت اىخيطت %( ٍِ وصُ الأسفيج اىصبفً مَىاد ٍحسْت ىحسبس5%, 3%, 2% وٍبدة اىسيٍنب بْسبت 31%, 21%, 6بْسبت 

 .الأسفيخٍت اىحبسة ىيشطىبت واىحشاسة

ٍيٌ ىيطبقت اىسطحٍت وّىع واحذ ٍِ  23.6ٍع سمبً رو ٍقبط سٍضي أقصى  61-51حٌ إسخخذاً أسفيج ٍصفى اىْبصشٌت بأخخشاق 

 .%8اىَبدة اىَبىئت ) غببس اىحجش اىجٍشي( بْسبت 
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اىضغظ ىخقٌٍٍ وفحص  AASHTO T 283ببشش إسخْبداً إىى وىغشض اىىصىه إىى ٍخطيببث اىبحذ حٌ أعخَبد فحص اىشذ اىغٍش ٍ

ىَعشفت ىَعشفت ضشس أو حسبسٍت اىشطىبت وأعخَذ فحص اىشذ اىغٍش ٍببشش  ASTM  D 1075ٍؤشش اىقىة اىَخبقٍت إسخْبداً إىى 

 حسبسٍت اىخيطت الأسفيخٍت اىَحسْت ببلأسفيج اىَحسِ ومزىل اىخيطت اىَشجعٍت ىيحشاسة.

 ىيخيطبثوّقصبُ فً حسبسٍت اىحشاسة  ببىشطىبت اىضشس ٍقبوٍت فً ٍيحىظ حطىس هْبك اُ وجذ اىَْفزة اىفحىصبث خلاه ٍِ

  .اىَشجعٍت اىخيطت ٍع ٍقبسّت اىَحسِ الاسفيج راث الأسفيخٍت اىحبسة 

, الأسفيج اىَحسِ, ضشس اىشطىبت, اىحسبسٍت ىيحشاسة.ٍحسْتٍىاد  :الرئيسيةالكلمات   

1. INTRODUCTION 

Many researchers studied how to improve asphalt concrete mixture resisting moisture damage and 

reducing temperature sensitivity by modifying it using additives as a partial replacement of mineral 

filler or using the same materials to modify the asphalt cement with many methods. Table 1 

summarized some of the previous work. 

Little and Jones, 2003 defined the moisture damage as: due to the effects of moisture, asphalt 

mixtures loss its strength and durability and it occurs in two forms, softening (reduction in strength 

due to the reduction of cohesion of the asphalt mixture) and stripping (loss of adhesion and the 

physical separation of the asphalt cement and aggregate). 

Brown, et al., 2001 represented that: Three main mechanisms lead to moisture damage, these are: -  

1. Asphalt film loss cohesion; 

2. Adhesion between the aggregate particles and the asphalt film that it has been losing; and 

3. Due to freezing aggregate particles degradation. 

Xiao, et al., 2009 stated that using the Reclaimed Asphalt Pavement (RAP) as a modifying mixture 

indirect tensile strength and tensile strength ratio were increased compared to the control mix. 

Sarsam, and Al-Janabi 2014 showed that there was less susceptibility to moisture damage when 

using recycling asphalt mixtures by an average value of 53% compared to the control mix.  

Hayder, 2015 concluded that the SBS improved tensile and compressive strength as well as 

Marshall Properties. Stuart, et al., 2001, conducted that improvement in resistance to moisture 

damage was done using modified polymer (SBS & SBR) mixtures.  

2. CHARACTERISTICS OF USED MATERIALS 

To meet the requirements of this study; AL-Nasiria refinery asphalt cement (40-50) penetration 

grade was used. Table 2 shows the physical properties of it.  

Limestone dust was used as mineral filler and this was obtained from Lime Factory in Karbala 

governorate, south east of Baghdad city. 

 

2.1 Modifying Materials 

To prepare modified asphalt; locally available materials have been used such as Fly Ash (FA) of 

low cost and specific gravity, Hydrated Lime (HL) (from Karbala plant in powder form) and Silica 

Fume (SF) (a pozzolanic material of a white and fluffy powder). Table 5 illustrated the physical 

properties and Table 6 shows their chemical composition. 

  

2.2 Aggregate  

Coarse and fine aggregate crushed quartz from Al-Nibaie quarry were used in this study. According 

to the requirements of surface course gradation of (SCRB, 2003/ R9) specification, coarse and fine 
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aggregate were sieved and recombined. Fig.1 shows the gradation curve for the selected aggregate 

for surface course. To evaluate the physical properties of aggregate; routine tests were performed. 

The results are summarized in Table 7. 

3. MODIFIED ASPHALT PREPARATION 

Modified asphalt was prepared according to the Sarsam, 2015 procedure as follows: - 

1. Heating the asphalt cement up to160⁰  C. 

2. The modifying materials are added gradually with mechanical continuous stirring. The 

percentage of adding starts by 3%, 5% and 1% for fly ash, hydrated lime and silica fume 

respectively with duplicated increment. 

3. Mixing the asphalt cement with modifying materials at 5000 rpm about 45 min at the same 

temperature. 

 

4. MIX PREPERATION  

After preparing modified asphalt and according to the Marshall Design procedure (ASTM D1559), 

optimum asphalt content for the mixture of each type and percent of modifying materials. Table 8 

explains the optimum asphalt content of the prepared specimen.  The difference in optimum asphalt 

content between control mix with net asphalt and modified mixes was within the S.O.R.B tolerance 

(±0.3%) so the optimum asphalt content of the control mix to all mixes (5.2) was used.  

 

5. TESTING OF MIXTURE 

The prepared specimens of modified and net asphalt were subjected to a number of tests to evaluate 

the effect of modifying asphalt on moisture sensitivity and temperature susceptibility of hot mix 

asphalt as shown below: 

 

5.1 Moisture Sensitivity  

To find out the moisture sensitivity of asphalt concrete mixture; two groups of a mixture of each 

type of asphalt modification for all percent of modifying were adopted; the first group: un 

conditioned group consists of three dry specimens were tested at 25ᵒC. The second group: 

conditioned group consists of three specimens were immersed in water bath at 60 ᵒC for 24hr and 

tested at 25ᵒC according to (AASHTO T 283) criteria at 7% air voids. Indirect tensile strength (ITS) 

and tensile strength ratio (TSR) were calculated by equations (1) and (2): 

 

    
     

   
                                                                                                                                       (1) 

    
     

      
                                                                                                                                                       

 

On the other hand and to evaluate the moisture damage; the Index of Retained Strength Test 

according to (ASTM D1075) and Index of Retained Strength (IRS) were calculated by equation (3): 

    
   

    
                                                                                                                                                   (3) 
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5.2 Temperature Susceptibility 

Equation (4) was used to evaluate the temperature susceptibility, Husham, 1999: 

   
           

     
                                                                                                                                 (4) 

                                                                                              

6. RESULTS 

To assess the effect of using modified asphalt on moisture sensitivity of hot mix asphalt; Table 9 

illustrated the results of the indirect tensile strength (ITS) through values of tensile strength ratio 

(TSR) for the control and modified mixture adopted and percent of change in it is value. On the 

other hand, Fig. 2 shows the tensile strength ratio result. Fig. 3 explains the value of the index of 

retained strength (IRS). Table 9 and Fig. 4 illustrates the result of temperature susceptibly after 

completing indirect tensile strength test.  Fig. 5 explains the percent of change in the value of 

moisture and temperature susceptibility for the mixture with modified asphalt compared to the 

control mix. Finally, Table 10 explained the result of checking Marshall Stability and flow as well 

as volumetric properties of the mixture with and without modifying asphalt. 

 

7. CONCLUSIONS 

From the findings of this study; the following conclusions can show how the use of modified 

asphalt affected the moisture and temperature sensitivity:  

1. All prepared mixtures meet the required specifications for each adopted test except the control 

mix in the compression test to check the index of retained strength. 

2. Adding 3%, 6% and 12% of fly ash as a modifying material by weight of asphalt cement; percent 

increase in tensile strength ratio was by 7.77, 9.95 and 10.79, percent increase in Index of retained 

strength was: 9.27, 11.41 and 16.17 and the percent decrease in temperature sensitivity was: 7.27, 

15.21 and 17.48 respectively compared to the control mix. 

3. Using 5%, 10% and 20% of hydrated lime as a modifying material by weight of asphalt cement; 

the percent increase in tensile strength ratio was: 13.05, 18.28 and 18.71, percent increase in Index 

of retained strength was: 17.26, 22.10 and 26.37 and the percent decrease in temperature 

sensitivity was: 21.28, 23.80 and 30.12 respectively compared to the control mix. 

4. Supplement of 1%, 2% and 4% of silica fume as a modifying material by weight of asphalt 

cement gave percent increase in tensile strength ratio by: 22.76, 23.01 and 25.99, percent increase 

in Index of retained strength: 31.86, 37.76 and 42.31 and the percent decrease in temperature 

sensitivity: 46.65, 48.47 and 72.33 respectively compared to the control mix. 

5. Volumetric properties, Marshall Stability and flow met the requirements of the specification for 

all the used percent of modified materials by weight of asphalt. 

6. According to the experimental work; any increase in the percent of materials to modify asphalt 

other than that used in this study will adversely affect the properties of hot mix asphalt.  

7. The results indicate that specimens modified with silica fume have the highest resistance to 

moisture damage and least temperature sensitivity as the other modified materials. This may be 

due to its high surface area. 
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NOMENCLATURE 

 

ITS = Indirect Tensile Strength; KPa 

P = ultimate load to failure; N 

t = thickness of Specimen; mm 

D = diameter of Specimen; mm 

TSR = tensile Strength Ratio; % 

ITSCN  = conditioned Indirect Tensile Strength; KPa 

ITSUNC = UN- Conditioned Indirect Tensile Strength; KPa 

IRS = index of Retained Strength; % 

SCN = conditioned Compression Strength; KPa 

SUNC = Uc Conditioned Compression Strength; KPa 

TS = temperature Susceptibility (kPa / ºC); %  

ITSt1= indirect Tensile Strength at 25ºC; KPa 

ITSt2 = indirect Tensile Strength at 40ºC after 30 min immersed in water; KPa. 

 

Table 1.  Summary of previous studies using modified asphalt in HMA 

NO. 
Author and 

Year 

Modifier 

Materials 

Additives by 

Asphalt 

Cement 

weight;% 

Test Summary of Finding 

1 

Eman 

et al;  

2010 

EVA 

copolymer 

2, 4, 6, 8, 10, 

12 

1. Storage Stability Test. 

2. Softening point; 

3. Ductility; 

4.  Penetration Test. 

1. Increasing of polymer content; increasing in 

Viscous and elastic properties of modified 

asphalt. 

2. Decreasing in  penetration value; 

3. Increasing in softening point value; 

4. Decreasing in  ductility value  

2 
Sarsam; 

 2014 

Fly ash 3, 6, 9, 12 1. Penetration Test. 

2. Softening point Test. 

3. Penetration index Test. 

4. Stiffness Modulus Test. 

5. Viscosity Test.  

1. Decreasing in viscosity value when using 

Fly Ash; 

2. Increasing in viscosity value when using 

Silica fumes;  

3. Increasing in softening point; 

4. Decreasing in stiffness modulus value; 

5. Decreasing in temperature susceptibility 

value. 

Silica fumes 1, 2, 3, 4 

3 
Sarsam; 

 2015 
Silica fumes 1, 2 

1. 1. Softening point; 

2. Ductility; 

3.  Penetration by needle; 

4. Penetration by cone; 

1. Decreasing in  penetration value; 

2. Increasing in softening point value; 

3. Temperature sensitivity controlled  

4. (10-60) % range of reduced in ductility 
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Hydrated 

Lime 
10, 20 

5. Resilience (ball strain 

recovery); 

6. Oklahoma elastic strain 

recovery, and 

7. Cold bond adhesion and 

cohesion at 0 ºC 

value after ageing process. 

5. (6-8) % range of increase in softening point 

value after ageing process. 

6.  (10-60) % range of reduced in ductility 

value after ageing process. 

4 

Prajna S, &  

Anjum;  

2015 

Sulfur 3, 6, 9, 12 
1. Marshall Stability; 

2. Volumetric properties. 

1. At 9% sulphur and 5% asphalt cement 

content; Marshall Stability have the 

maximum value of 30.22 kN while it is 

26.88 KN at the same percent for the net 

asphalt cement. 

2. Increasing in bulk density value. 

3. Decreasing in air voids.  

5 

Ilham   

& 

Mehan; 

 2015 

Zycotherm 

Modyfiedmat

erial 

(0.1, 0.3, 0.5) 

directly 

added to 

asphalt 

cement 

8. 1.Indirect Tensile Strength. 

2. 2.Penetration Test. 

3. Softening Point Test. 

1. Tensile Strength Ratios increased from 

(71.73 -86.46)%. 

2. Retained Stability Index increased from 

(65.62- to 95.38)%. 

3. Increase resistance to rutting and fatigue. 
(1, 3, 5) 

Diluted with 

water 

6 

 

 Al-Jumaili; 

2016 

Polyproplene 

1, 3, 5 

1. Rotational viscosity test. 

2. Dynamic Shear   

Rheometer test. 

1. 3. direct tension tester. 

2. 4. Softening point test; 

3. 5. Ductility test; 

6.Penetration by needle 

test. 

4. 1.improved softening. 

2. increase in complex modulus value. 

3. decrease the phase angle. 

4. increase resistance to rutting and fatigue. 

5. improve the physical and rheological 

properties of modified asphalt comparing 

with the natural asphalt cement. 
Cellulose 

 

 

 

Table 2. Properties of asphalt cement (40-50) penetration grade*. 

 

Property 
ASTM 

designation 

Test 

Results 

SCRB 

Specification 

Penetration at 25
◦
C,100 gm,5 sec. (0.1mm) D-5 43 40 - 50 

Rotational viscosity at 135
◦
C (cP.s) D-4402 483 ------ 

Softening Point. (
◦
C)  D-36  47 ------ 

Ductility at 25 
◦
C, 5cm/min,(cm)  D-113 >100 >100 

Flash Point, (
◦
C)  D-92 273 Min.232 

Specific Gravity  D-70 1.038 ------ 

Residue from thin film oven test 

- Retained penetration,% of original 

- Ductility at 25 
◦
C, 5cm/min,( cm) 

D-1754 

D-5 

D-113 

 

72.1 

89 

 

>55 

>25 

        *: Tests conducted in the laboratory of the University of Karbala 

 



Journal of Engineering    Volume    23     November      2017 Number  11 
 

 
  

8 
 

Table 3. Physical properties of filler used. 

 

Specific Gravity Specific Surface (m
2
/kg) Percent Finer than 75 microns 

2.44 244 96 

    *: Tests conducted in the laboratory of the University of Karbala 

 

Table 4. Chemical composition of filler used. 

 

SiO2 Fe2O3 Al2O3 CaO MgO SO3 Loss on Ignition 

2.23 ----- ----- 68.3 0.32 1.2 27.3 

    *: Tests conducted in the laboratory of the University of Karbala 

 

Table 5. Physical properties of modified materials. 

 

Tested Properties 
Modified Materials 

Fly Ash Hydrated Lime Silica Fume 

Specific Gravity 2.05 2.77 2.16 

Specific Surface (m2/kg) 650 395 16000 

Percent Finer than 75 microns 94 98 100 

       *: Tests conducted in the laboratory of the University of Karbala 

 

Table 6. Chemical composition of modified materials. 

 

Chemical 

Composition (%) 

Modified Materials 

Fly Ash Hydrated Lime Silica Fume 

SiO2 61.95 1.38 99.1 

Fe2O3 2.67 0.12 35 ppm 

Al2O3 28.82 0.72 0.03 

CaO 0.88 56.1 0.03 

MgO 0.34 0.13 52 ppm 

SO3 <0.07 0.21 <0.07 

Loss on Ignition 0.86 40.6 0.70 

                         *: Tests conducted in the laboratory of the University of Karbala 
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Table 7. Physical properties of Al-Nibaie quarry aggregate. 

 

Property 
ASTM 

Designation 
Test Results 

SCRB 

Specification 

Coarse Aggregate 

Bulk Specific Gravity C – 127 2.615 ------ 

Apparent Specific Gravity C – 127 2.688 ------ 

Water Absorption, % C – 127 0.432 ------ 

Percent Wear by Los Angeles 

Abrasion, % 
C – 131 17.70 30 Max. 

Soundness Loss by Sodium 

Sulfate Solution, % 
C – 88 3.1 10 Max. 

Fractured pieces, % ------ 97 90 Min. 

Fine Aggregate 

Bulk Specific Gravity C – 127 2.665 ------ 

Apparent Specific Gravity C – 127 2.701 ------ 

Water Absorption, % C – 127 0.718 ------ 

Sand equivalent,% D-2419 52 45 Min. 

 

 

Table 8. Optimum asphalt content. 

 

       *: Optimum Asphalt Content for mix with nature asphalt = 5.2 

 

 

Table 9. Indirect tensile strength result according to (AASHTO T 283). 

 

TYPES OF 

ASPHALT 

MODIFICATION 

MODIFIED 

MATERIALS 

PERCENT; 

% 

TSR* 

PERCENT 

CHANGE  IN 

TSR 

TS; KPa/ C°** 

PERCENT 

CHANGE   

IN TS 

Control 0 70.15  85.52 

 

Fly Ash 
 F.A 

3 75.60 7.77 79.31 -7.27 

6 77.67 9.95 72.52 -15.21 

12 78.53 10.79 70.57 -17.48 

Hydrated Lime 5 80.40 13.05 67.32 -21.28 

Modified Materials 

Fly  Ash  Hydrated Lime Silica Fume 

3% 6% 12% 5% 10% 20% 1% 2% 4% 

Optimum Asphalt Content* 

5.18 5.20 5.21 5.18 5.18 5.21 5.21 5.21 5.22 
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H.L 10 84.84 18.28 65.17 -23.80 

20 86.03 18.71 59.76 -30.12 

Silica Fume 
 S.F 

1 89.73 22.76 45.62 -46.65 

2 90.80 23.01 36.32 -48.47 

4 93.75 25.99 23.66 -72.33 
         *TSR: = Tensile Strength Ratio; **TS: Temperature Susoeptility 

 

Table 10. Marshall Stability& flow and volumetric properties. 

  

TYPES OF 

ASPHALT 

MODIFICATION 

MODYFIED 

MATERIALS 

PERCENT; % 

MARSHALL 

STABILITY,(KN) 

MARSHALL 

FLOW,(mm) 

VOLUMETRIC PROPERTIES 

VMA AV FVA 

Control 0 11.34 3.37 18.23 4.23 76.80 

Fly Ash 
 F.A 

3 15.02 2.65 15.76 4.01 74.56 

6 17.57 2.86 22.65 3.87 82.91 

12 18.22 2.51 16.34 3.65 77.66 

Hydrated 

Lime H.L 

5 21.98 2.42 19.51 3.57 81.70 

10 28.05 3.25 17.75 3.26 81.63 

20 29.73 2.28 21.45 3.32 84.52 

Silica Fume 
 S.F 

1 31.16 2.25 18.63 3.35 82.02 

2 33.23 2.83 15.08 3.16 79.05 

4 36.04 3.22 18.31 3.05 83.34 

*: Tests conducted in the laboratory of the University of Karbalaa 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. Gradation limit of surface course. 

0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10 100

P
e

rc
e

n
ta

ge
 p

as
si

n
g 

( 
%

) 
 

Sieve Size (mm) 
Uper Specification Selected Gradation Lower Speceification



Journal of Engineering    Volume    23     November      2017 Number  11 
 

 
  

11 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Results of tensile strength ratio (TSR). 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Results of index of retained strength. 
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Figure 4. Results of temperature sensitivity.  
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ABSTRACT 

This study investigates the improvement of Iraqi atmospheric gas oil characteristics which 

contains 1.402 wt. % sulfur content and 16.88 wt. % aromatic content supplied from Al-Dura 

Refinery by using hydrodesulfurization (HDS) process using Ti-Ni-Mo/γ-Al2O3 prepared 

catalyst in order to achieve low sulfur and aromatic saturation gas oil. Hydrodearomatization 

(HDA) occurs simultaneously with hydrodesulfurization (HDS) process. The effect of titanium 

on the conventional catalyst Ni-Mo/γ-Al2O3 was investigated by physical adsorption and 

catalytic activity test.Ti-Ni-Mo/γ-Al2O3 catalyst was prepared under vacuum impregnation 

condition to ensure efficient precipitation of metals within the carrier γ-Al2O3. The loading 

percentage of metals as oxide; titanium oxide 3 wt. %, nickel oxide 5 wt. % and molybdenum 

oxide 12 wt. %. The performance of the synthesized catalyst for removing sulfur and aromatic 

saturation were tested at various temperatures 275 to 350
°
C, LHSV 1 to 4h

-1
, constant pressure 

40 bar and H2/HC ratio 500 ml/ml.Results showed that the sulfur and aromatic content were 

reduced at all operating conditions. Maximum sulfur removal was 75.52 wt. % in gas oil on Ti-

Ni-Mo/γ-Al2O3  at temperature 350˚C, LHSV 1h
-1

, while minimum aromatic content achieved 

was 15.6 wt. % at the same conditions.  

Keywords: hydrodesulfurization, hydrodearomatization, gas oil, hydrotreating catalyst. 

 

بىاسطة الحفاز المحضر  يث الغاز العراقيلسأزالة الكبريث بالهيدروجين   

Ti-Ni-Mo/γ-Al2O3 

 
      طارق محمد نايفحسين قاسم حسين                                                        *عبدالحليم عبدالكريم محمد             

 يذسطاعخار يغاػذ                                                                                   يخًشط اعخار                   

 جايؼت بغذاد –كهٛت انُٓذعت *كهٛت انفاسابٙ انجايؼت                                              

 

 الخلاصة

َغبت ٪  16.88ٔ َغبت ٔصَٛت يٍ انكبشٚج٪  1.402ٔانز٘ ٚحخٕ٘  صٚج انغاصانؼشاقٙ خصائصيٍ  ححغٍٛحقق ذساعت حان ِ ْز

اصانت انكبشٚج بانٓٛذسٔجٍٛ ؼًهٛت ن ػٍ غشٚق إدخانّيٍ يصفٗ انذٔسة  انحصٕل ػهّٛ حىٔانز٘ اث الاسٔياحٛت بيٍ انًشكٔصَٛت 

ٔاشباع انًشكباث غشض انحصٕل ػهٗ صٚج غاص ػشاقٙ ٔاغئ انكبشٚج ن Ti-Ni-Mo /γ- Al2O3 ًحعشانحفاص ان باعخخذاو

حاثٛش اظافت ،انٓٛذسٔجٍٛ صانت انكبشٚج ب،ػًهٛت يؼانجت انًٕاد الاسٔياحٛت بانٓٛذسٔجٍٛ ححذد حهقائٛا يغ ػًهٛت ا الاسٔياحٛت

حى ححعٛش ، ٔاخخباس اداء انفؼانٛت الايخضاص انفٛضٚأ٘  ححقق بٕاعطت  Ni-Mo/γ- Al2O3ػهٗ انحفاص انخقهٛذ٘  انخٛخإَٛو

َغبت ححًٛم اكاعٛذ انًؼادٌ ػهٗ  .γ-Al2O3حايم انًؼادٌ داخم ان حشعٛب نعًاٌ كفاءة انفشاغٙ  ححج  ظغػ انخحًٛمانحفاص 

% َغبت ٔصَٛت يٍ أكغٛذ  12َغبت ٔصَٛت أكغٛذ انُٛكم ٔ  % 5أكغٛذ انخٛاحُٕٛو ٔ َغبت ٔصَٛت يٍ %  3انحايم كاَج 

mailto:husseinqassab@yahoo.com
mailto:tariqaltaee@yahoo.com
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 – 275حى اخخباس اداء انحفاص انًحعش لاصانت انكبشٚج ٔاشباع انًشكباث الاسٔياحٛت  نًخخهف دسجاث انحشاسة يٍ انًٕنٕبذَٕٛو.

عا  4 -1يٍ عشػت حجًٛت فشاغٛت نهغائم ٔ˚و 350
-1

أٌ اظٓشث انُخائج . يم/ يمH2/HC  500َٔغبت  باس 40ظغػ ٔ ، 

اػهٗ َغبت اصانت نهكبشٚج حى  .نهحفاص انًحعش جًٛغ ظشٔف انخشغٛمانًشكباث الاسٔياحٛت ُٚخفط فٙ اشباع ٔ انكبشٚجيحخٕٖ 

حصهج فٙ دسجت حشاسة    Ti-Ni-Mo/γ-Al2O3باعخؼًال انحفاصنضٚج انغاص َغبت ٔصَٛت  % 75.52انحصٕل ػهٛٓا 

عا  1 عشػت حجًٛت فشاغٛت نهغائمٔ˚و350
-1

بُفظ انظشٔف َٔغبت ٔصَٛت %  15.6بًُٛا اقم قًٛت نهًحخٕٖ الاسٔياحٙ   ، 

 انخشغٛهٛت.

 .انٓذسجتحفاصاث ،انٓذسجت الاسٔياحٛت ،صٚج انغاص ، :اصانت انكبشٚج بانٓٛذسٔجٍٛ ت الرئيسيةالكلما

 

1. INTRODUCTION 

The primary goal of recently decade proposed legislation in most countries in the world is to 

reduce the sulfur content of transportation fuels, Babich, 2003. Sulfur present in fuels leads to 

SOx air pollution generated by vehicle engines. Diesel fuel is presently used as the primary 

energy source for the ship, trains, trucks and some automobiles. It is in principle a more 

attractive fuel than gasoline since the higher compression ratios used to give higher fuel 

efficiencies. However, the further use of diesel will require solutions to some major 

environmental pollution problems, Kabe, et al., 1999. Hydrodesulfurization is one type of 

hydrotreating process which catalytically stabilizes petroleum products and/or removes 

objectionable elements from products or feedstocks by reacting them with hydrogen. When the 

process is employed specifically for sulfur removal it is usually called hydrodesulfurization 

(HDS). To meet environmental objectives it also may be necessary to hydrogenate aromatic rings 

to reduce aromatic content by converting aromatics to paraffins, Gray, 1994 and Kinya, et al., 

2003. The S-containing molecules present in petroleum or synthetic oils are generally classified 

into two types: non-heterocycles and heterocycles. The former comprises thiols, sulfides and 

disulfides. Heterocycles are mainly composed of thiophenes with one to several aromatic rings 

and their alkyl or aryl substituent sulfur and nitrogen compounds, which comprises maintaining a 

bed of a sulfided catalyst, Liu, et al., 2009. When hydrodesulfurization reaction is found 

hydrodearomatization also occurs simultaneously because aromatic compounds are always 

present in refinery streams, Gabor, et al., 2007. As environmental considerations become of 

greater concern, it is desirable to treat hydrocarbons such as naphthenes and middle distillate 

hydrocarbons to decrease the content of undesirable aromatic components, Gachet, et al., 1984. 

Noble metal catalysts, which are excellent for aromatic saturation, but will quickly get poisoned 

by the sulfur and nitrogen compounds that are present in typical hydrocarbon feedstocks, and 

lose their hydrogenation activity in a short time. Therefore, noble metal catalysts cannot be used 

for a one-step process for hydrodearomatizing (HDA), Speight, 2007. The most typical HDS 

catalysts consist of an MoS2 active phase promoted by Co or Ni atoms, called „CoMoS‟ or 

„NiMoS‟ phase, both of which have been extensively researched and by porous -Al2O3 supports, 

Song, 2003, Venner, 2000, and Girgis and Gates, 1991. Noble metals have often been proposed 

as newly developed active phases. Improvement in the properties of -Al2O3 based supports and 

enhancement of the catalytic functions of CoMoS or NiMoS phase might be achieved by the use 

of newly developed supports or promoters such as TiO2 or mixed oxides comprising 0.1 to 15% 

by weight of one or more non-noble Group VIII metals; and from 1 to 50% by weight of 

tungsten and/or from 1 to 20% by weight or molybdenum or chromium, parameters affecting on 

hydrotreating process such as passing a charge hydrocarbon feed in the presence of  hydrogen 

into contact with catalyst, thereby effecting hydrogenation, hydrodearomatization, 
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hydrodesulfurization and hydrodenitrogenation of charge hydrocarbon feed containing undesired 

aromatic components, sulfur and nitrogen, and forming a product stream of hydrocarbon 

containing a lesser concentration of undesired aromatic components because it affected on health 

of human and causes in many life problems especially the cancer diseases and respiratory 

system, sulfur and nitrogen. Hydrotreating is applied to a wide range of feedstocks, from naphtha 

to residue for reducing crude undesired compound, Schulz, et al., 1999. The aim of present study 

is to introduce and characterize a modified HDS catalyst which is suitable and applicable to HDS 

processes.   

 

2. EXPERIMENTAL WORK 

2.1 Feedstock 

Iraqi atmospheric gas oil, supplied by Al-Dura Refinery –Baghdad,  is used as the feedstock in 

the present investigation, the specifications of Iraqi Gas Oil are characterized in AL-Dura 

refinery and Labrotaries in Chemical Engineering Department - College of Engineering at the 

University of Baghdad. These characteristics are tabulated in Table 1. 

2.2 Materials 

2.2.1 Support 

Alumina support (γ- Al2O3) with a spherical shape and an average diameter of 3mm was 

supplied by the FLUKA AG Company. The properties of γ- Al2O3 are tabulated in Table 2. 

2.2-2 Chemicals 

The chemicals used in this study are listed in Table 3. 

2.2.3 Gases 

2.2-3-1 Nitrogen 

Nitrogen was supplied from Baghdad Company with purity 99.9 %. 

2.2-3-2 Hydrogen 

Hydrogen was supplied from Baghdad Company with purity 99.9 %. 

3. CATALYST PREPARATION 

3.1 Impregnation Apparatus   

The impregnation apparatus consists of a conical flask conducted with a separating funnel, 

vacuum pump, electric shaker and trip to absorb the moisture and gases for efficient deposition 

of metal oxides into the carrier. The flask was placed upon shaker to ensure good contacting 

between the aqueous solution and alumina particles. The objective is to impregnate the carrier 

with an aqueous solution of metal salt, which was adjusted to a concentration which gives 

desired metal loading. 
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3.2 Preparation of Ti-Ni-Mo/γ-Al2O3Catalyst 

Ti-Ni-Mo/γ-Al2O3 catalyst was prepared by three impregnation stages. A first impregnation 

solution was prepared by dissolving 19.73 g of ammonium paramolybdate and 8.72 cm
3
 of 

ammonium hydroxide in 96.45 cm
3
 of distilled water.This first impregnation solution was 

employed to impregnate the alumina which is calcined at 538 °C for 16 hours by pouring the 

solution on the 309 g alumina with continuous shaking. The prepared material was air dried for 

16 hours at 120 °C. A second impregnation solution was prepared by dissolving 77.93 g of Ni 

(NO3)2.6H2O in 229.72 cm
3
 of distilled water.This second impregnation solution was employed 

to impregnate the dried molybdenum containing material by pouring this impregnation solution 

in dried molybdenum with continuous shaking. Then, this material was air dried at 120 °C for 16 

hours and calcined at 538 °C for 16 hours. A third impregnation solution was prepared by 

dissolving 80.78 cm
3
 of titanium tetrachloride in 370 cm

3
 of n- heptane. The third impregnation 

solution was employed to impregnate the calcined molybdenum and nickel containing material 

under substantially anhydrous conditions. After the third impregnation, the catalyst is air dried at 

120°C for 16 hours and calcined at 538 °C for 16 hours, Beuther, et al., 1976, and Peyman and 

Matin, 2011. The weights percents of titanium, molybdenum and nickel are deposited on γ-

Al2O3 support by impregnation were determined by using atomic absorption spectrophotometer 

(PERKIN-ELMER 5000).The properties of the prepared catalyst are listed in Table 4. 

3.3 Catalytic activity test 

Catalytic activity studies were carried out in a continuous hydrotreating pilot plant unit located in 

the Petroleum Development and Research Center / Ministry of Oil (Baghdad). The hydrotreating 

unit designed by (VINCI technologies). The unit consists mainly of vertical tubular stainless 

steel reactor (17.5 mm I.D., 25.5 mm O.D. and 300 mm length) electrically heated in a two oven, 

temperature controller, dosing pump,  gas meter and high-pressure separator Fig. 1. Hydrogen 

gas was supplied to the unit from a hydrogen cylinder. 50 g of catalyst (catalyst layer length 23 

cm) was loaded into the midsection of the reactor, while the upper and lower sections were 

packed with ceramic balls (ceramic layer length 3.5 cm). The unit was purged with nitrogen to 

ensure oxygen removal from the system, the was pressure increased gradually up to 65 bars for 

3h  to check leaks, then the pressure was reduced to 10 bar and nitrogen was replaced by 

hydrogen with 99.99% purity. The static hydrogen pressure increased up to 65 bars to check the 

leaks again. The hydrogen pressure was reduced to 5 bars to prepare the unit for sulfiding 

process. 
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Pre-sulfiding was carried out at pressure 30 bars, temperature 310˚C, and feed flow rate 1ml/min 

for 12h using gas oil with 1.402 wt. % sulfur content. 

The hydrotreating of gas oil was carried out at 40 bar hydrogen pressure, 1 to 4 h
-1

 LHSV, 275 to 

350 ˚C reaction temperatures and hydrogen to hydrocarbon ratio 500 ml/ml. The liquid product 

was collected (after a stabilization period to attain a steady state) in a receiver from which 

samples were taken for analysis the sulfure content by X-ray fluorescence device located in the 

oil training institute / Baghdad. 

4. RESULTS AND DISCUSSION 

4.1 Surface area and Pore volume  

The specific surface area determination was carried out using the BET isotherm, nitrogen 

adsorption and desorption isotherms were measured on Thermo Finnegan type instrument 

located in the Petroleum development and Research Center / Ministry of Oil. The specific 

surface area [SA] which is the area in m
2
 of one gram of solid is calculated as in equation (1). 

2010
22400

 Na
Vm

S mA

                
(1) 

Where Vm is the monolayer coverage, am is the area occupied by one molecule of adsorbate in 

the monolayer which is 0.162 nm
2
 for nitrogen molecule, and N is Avogadro‟s constant, 6.02 x 

10
23

 molecules/mol. Results of surface area and pore volume are 225.1 m
2
/g and 0.37 cm

3
/g 

respectively. 

 

4.2. Pore Size Distribution 

Fig.2 shows the pore size distribution for Ti-Ni-Mo /γ-Al2O3 prepared catalyst, these 

characteristics were measured by Thermo Finnegan type instrument located in the Petroleum 

Development and Research Center / Ministry of Oil. It's obvious from the figure that there are 

numerous pores goes toward macro size diameter. This certainly affected the pore-size 

distribution change with a decrease in total pore volume. 

4.3. Catalytic test 

The HDS activity of the prepared catalyst was tested at hydrotreatment pilot plant. 

4.3.1 Effects of Temperature and LHSV on sulfur removal 

Fig.3 shows the effect of temperature and LHSV on sulfur removal on Ti-Ni-Mo /γ-Al2O3 

prepared catalyst. The values of sulfur removal calculated by Eq. (2), Herna and Yang, 2004. 

Sulfur removal = [(C(S)o - C(S))/C(S)o] * 100                       (2) 
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Where C(S)o is initial sulfur concentration (ppm), in this study 1.402 wt. % sulfur content, and 

C(S) residual sulfur concentration (ppm). It can be observed from the figure that catalyst in 

general shows better sulfur removal than standard conventional catalysts (Co-Mo, Ni-Mo) at all 

the temperatures and LHSVs which is characterized by Abdul-Halim, et al., 2015 and Swaty, et 

al, 2001. Maximum sulfur removal was 75.52 wt. % in gas oil on Ti-Ni-Mo/γ-Al2O3  at 

temperature 350˚C, LHSV 1h
-1

. This implies that the HDS activity of promoter‟s catalysts 

improves the HDS activity, a decrease in LHSV from 2.5 to 1 h
-1 

a better range for sulfur 

removal for the catalyst. Increasing the temperature generally leads to increasing in hydrotreating 

conversion even at higher LHSV, Steiner and Blekkan, 2002. This indicates that rate of HDS is 

fast enough at a higher temperature to mask the effect of an increase in LHSV. The increasing of 

sulfur removal at high reaction temperature may be attributed to that the unreactive sulfur 

compounds which most properly belong to thiophene derivatives become activated enough to 

react with hydrogen.Thus, the upper-temperature value is limited by the undesirable side 

reactions such as hydrocracking reactions which are expected to occur at high temperature. As 

the LHSV increases sulfur conversion slightly decreases, which means that the film diffusion has 

no effect on the reaction kinetics. The decrease in LHSV means that lesser quantity of gas oil 

contacting the same quantity of catalyst per time, while increasing in LHSV provides for a 

greater quantity of gas oil through the reaction per unit of time, Segawa and  Satoh, 1999. 

4.3.2 Effects of Temperature and LHSV on aromatic content 

Aromatic test was done in AL-Dura refinery by using Agilent Technologies Instrument (7890 A, 

GC system, Wasson – ECE instrumentations). Hydrogenation of aromatics may occur 

simultaneously in HDS process. Fig. 4 shows the aromatic content of the hydrotreated product. 

The figure indicates that the aromatic content decrease with increasing reaction temperature and 

decreasing of LHSV. The increase of reaction temperature leads to increase the rate of 

hydrogenation of aromatic and decrease the equilibrium constant, as mentioned by Girgis and 

Gates, 1991, while the LHSV decreasing leads to increasing the contact time. Also, as 

temperature increases, the aromatic compounds are decomposed into smaller one which can 

more easily diffuse into the catalyst macro and mesopores and reach the inner active sites where 

the desulfurization reaction mainly occurs. The maximum aromatic reduction is achieved 

between (300 – 350 °C) because of the interrelation between thermodynamic equilibrium and 

reaction rates and also for a given pressure, the optimum temperature is a function of the types of 

aromatic compounds in the feed and space velocity, Peyman and Matin, 2011. 
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5. CONCLUSIONS  

1. Titanium is a good additive that increases the activity of the catalyst for sulfure removal from 

gas oil.  

2. Sulfur removal from gas oil is highly dependent on the reaction temperature and LHSV 

variation within the range of studied operation.  

3. The aromatic compounds of the hydrodesulfurized products decrease with increasing the 

reaction temperature and decreasing of LHSV, while the saturated compounds increase with 

temperature increasing and LHSV decreasing. 

NOMENCLATURE 

am       =    area occupied by one molecule for N2 ,Eq.1 

C(S)o  =  intial sulfur concentration  (ppm) , Eq.2 

C(S)    =  residual sulfur concentration in liquid product  (ppm) , Eq.2 

Vm   =    Monolayer volume, Eq.1 

N      =     Avogadro‟s constant 6.02 x 10
23

 molecules / mol., Eq.1 

r΄p     =     Pore radius, A˚ 

VP    =    Pore Volume , A˚ 

ABBREVIATIONS 

 

HAD  =   Hydrodearomatization 

HDS   =   Hydrodesulfurization 

LHSV =   Liquid hourly space velocity 

SA     =    Surface area 
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Specification Value 

Specific gravity at 15.6 ˚C/15.6˚C 0.8289 

API gravity 37.6 

Viscosity / 40 ˚C ,C.st 6.62 

Sulfur content ,wt. % 1.402 

Aromatic content ,wt. % 18.66 

Flash point, ˚C 82 

Pour point, ˚C -9 

Diesel index 63 

Aniline point,  ˚C 71.5 

Cetane Number 57 

Colour, ASTM 0.5 

Surface Area, m
2
/g 280 

Pore Volume, cm
3
/g 0.365 

Porosity 0.45 

Bulk density, g/cm
3
 1.06 

Crushing strength, Kg 18 

Loss in attrition, wt. % 1.6 

Table 2. Properties of /γ-Al2O3. 

Table 1. Properties of atmospheric gas oil. 
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No. Compound Purity Company 

1.  Titanium tetrachloride 99% BDH 

2.  Ammonium paramolybdate 99% HOPKIN & WILLIAMS 

3.  Ammonium hydroxide 99% Fluka 

4.  Nickel nitrate hexahydrate 99% AAG 

5.  n-Heptane 99% Riedel-DE HAENAG 

 

 

 

NO. Property Ti Ni Mo /γ-Al2O3 

1 NiO ,wt.% 5 

2 MoO ,wt.% 12 

3 TiO, wt.% 3 

4 Surface Area, m
2
/g 225.1 

5 Pore Volume, Cm
3
/g 0.38 

6 Porosity 0.33 

7 Bulk density, g/Cm
3 

1.71 

8 Crushing strength, Kg 14 

9 Loss in attrition, wt.% 1.45 

Table 3. Chemical component used. 

Table 4. Properties of prepared catalyst. 
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Table 2 Properties of /γ-Al2O3 
Figure 1. Schematic diagram of the hydrodesulfurization unit. 
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Figure 2. Pore size distribution of Ti-Ni -Mo/ γ-Al2O3 catalyst. 
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ABSTRACT 

Taguchi experimental design (TED) is applied to find the optimum effectiveness of aqueous 

Red Pomegranate Peel (RPP) extract as a green inhibitor for the corrosion of mild steel in 2M 

H3PO4 solution. The Taguchi methodology has been used to study the effects of changing, 

temperature, RPP concentration and contact period, at three levels. Weight-loss measurements 

were designed by construction a L9 orthogonal arrangement of experiments.   Results of the 

efficiencies of inhibition were embraced for the signal to noise proportion & investigation of 

variance (ANOVA).  The results were further processed with a MINITAB-17 software 

package to find the optimal conditions for inhibitor usage. Second order polynomial model 

was used for experimental data fitting. Optimum conditions for achieving the maximum 

corrosion inhibition efficiency are obtained from optimizing the above model and are found 

as follow: 39.66 °C temperature of acidic media, 38.29 ml/L inhibitor concentration and 2.95 

h contact period. Results demonstrated that rate of corrosion was increased with temperature 

increasing & decreasing inhibitor concentration.  It was concluded that the Taguchi design 

was adequately useful in the optimization of operating parameters and that RPP sufficiently 

inhibited the corrosion of steel at the range of variables studied. 

Keywords: corrosion, inhibition, red pomegranate peel, optimization, weight loss, taguchi 

experimental design  

 

 الحذيذ الكاربىوي الىاطيء الكاربىن  كلآتومذجة وإيجاد الظزوف المثلى لتثبيط 

 في حامض الفسفىريك بالمستخلص المائي لقشىر الزمان الاحمز

 
 اياد بهاء الذيه احمذ              م.د.                                سيذون محسه شكىر أ.م.د.                                 خالذ حامذ رشيذ م.د.              

قظٌ اىخحيٍلاث اىَزضٍت                                 قظٌ اىهْذطت اىنٍٍَاوٌت                                قظٌ اىهْذطت اىنٍٍَاوٌت              

اىداٍعت اىخنْىىىخٍت                     اىَْصىر –اىَعهذ اىطبً اىخقًْ                                    اىداٍعت اىخنْىىىخٍت                                     

                                                                                                                                            اىداٍعت اىخقٍْت اىىططى

 

 الخلاصة

طخخذاً اىَظخخيص اىَائً ىقشىر اىزٍاُ الاحَز لإحٌ إطخخذاً حقٍْت حامىخً ىخصٌٍَ اىخدارب لإٌداد اىظزوف اىَثيى     

ٍىلاري ىحاٍض اىفظفىرٌل. حٌ أطخخذاً هذٓ اىخقٍْت ىذراطت اىخؤثٍز  2اىحذٌذ اىىاطئ اىناربىُ فً ٍحيىه  موآىخ مَآّع

اىَشخزك ىخغٍٍز درخاث اىحزارة, حزمٍش اىَثبظ و فخزة اىخلاٍض وعيى ثلاثت ٍظخىٌاث. حٌ حصٌٍَ حدارب قٍاص ٍعذه 

 خباٌِأطخخذٍج فً دراطت ّظبت الاشارة اىى اىخشىٌش وححيٍو اىبخقٍْت فقذاُ اىىسُ. ّخائح مفاءة اىخثبٍظ اىَظخحصيت  خآموىا

رٌاضً ٍِ  حعبٍز , أعطى طخخذاً اىَثبظلإلإٌداد اىظزوف اىَثيى   MINITAB-17 ًئالأحصا ّاٍحبزاىأطخخذاً ىاططت ب

ىخزمٍش اىَثبظ عْذ ٍو / ىخز  92.23بٍْج اىْخائح أُ اىظزوف اىَثيى لإطخخذاً اىَثبظ هً  اىذرخت اىثاٍّت ىخَثٍو اىْخائح.

 ٌشداد بشٌادة درخت خآموىا ح ٍعذهطاعت. بٍْج اىْخائ 2.32وىىقج حلاٍض ٍقذارٓ  ىيىطظ اىحاٍضً °ً 93.33درخت حزارة 

َظخخيص اىَائً اىحزارة وّقصاُ حزمٍش اىَثبظ فً اىظزوف ححج اىذراطت . ٍِ خلاه اىبحث حٌ أطخْخاج أٍناٍّت أطخخذاً اى

ٍىلاري حاٍض اىفظفىرٌل وحٌ حؤمٍذ فعاىٍت حقٍْت حامىخً  2اىحذٌذ اىناربىًّ فً ٍحيىه  خآموى خٍذ مَآّع ىقشىر اىزٍاُ

 ىعَيٍت اىخثبٍظ. اىَثيىفً إطخْباط اىظزوف 

.حصوٌٍَ حوامىخً اىعَيوًإٌداد اىظزوف اىَثيى , فقذاُ اىوىسُ , , حثبٍظ , قشىر اىزٍاُ الأحَز ,  حآمو الكلمات الزئيسية :

 

mailto:80053@uotechnology.edu.iq
mailto:80063@uotechnology.edu.iq
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1. INTRODUCTION 

 

       Mild steel (MS) is a standout amongst the most generally utilized building materials, in 

spite of its moderately constrained corrosion resistance it is an essential material of decision 

because of minimal effort & simple fabrication. Corrosion is one of the fundamental worries 

in the solidness of metallic materials & their structures. Many efforts have been made to build 

up a corrosion inhibition procedure to draw out the life of existing structures and limit 

consumption harms & damages of corrosion, Bavarian, and Reiner, 2003.  

        To connect to one another they consider variables, a huge number of runs must be done 

to cover all the conceivable variable blends which are exceptionally uneconomical & 

troublesome. The routine enhancement optimization methods include modification of one 

variable & retain the other variables at a fixed level, which allows studying the influence of 

specific parameter on the whole execution of the procedure. This strategy is tedious, bulky & 

requires an extensive number of exploratory informational indexes so it is hard to give data 

about the common associations between parameters in the traditional improvement strategies, 

Beg, et al., 2003. 

Statistical tools and experimental design make it easier to optimize such processes. 

Taguchi dynamic approach encourages the investigation of communication of a substantial 

number of factors spread over by variables & their settings with few examinations prompting 

to impressive time spare and cost for the procedure advancement, Murthy, et al., 2012.  

Many studies utilized the technique of Taguchi procedure as a gadget to assess the effect of 

different variables on the characteristics of the framework beneath thought, Oktem, et al., 

2007. Yajid et al., have concentrated the inhibitive characteristic of aqueous extracted of 

Murray Koenig & Cymbopogon citrates aqueous extracted in 0.25-1.0 M sulfuric acid 

solution utilizing Taguchi technique, Yajid, et al., 2013. 

        Environmentally friendly corrosion inhibitors are compounds showing good inhibition 

efficiency and low environmental risk. Among the so-called “green corrosion inhibitors” are 

organic compounds that act by adsorption on the metal surface, such as caffeine, Fallavena, 

et al., 2006, succinic acid, Amin, et al., 2007, ascorbic acid, Ferreira, et al., 2004 and 

extracts of natural substances, Raja, and Sethuraman, 2008. The inhibitors are organic 

structures with hetero- atoms such as sulfur, nitrogen and oxygen, Rani, and Basu, 2012. The 

adsorption of these natural atoms on metal-solution interface happen by four mechanisms : (i) 

electrostatic attraction between the charged particles & charged metal, (ii) interaction of 

uncharged electron pairs in the particle with metal, (iii) Association of Л-electrons with metal, 

& (iv) mix of (i) & (iii). Among these natural compounds are fruits and their waste. Fruit and 

its waste is the opulent provenance of chemicals, for example, minerals, vitamins, organic 

(natural) acids & phenolic mixes. The pomegranate peel contains various levels of poly 

phenolic mixes, flavonoid, anthocyanin, tannins and metals, Orak, et al., 2012. 

      Taguchi introduced the Taguchi technique, Taguchi, et al., 2005 to acquire the coveted 

execution properties by enhancing the outline parameters. In Taguchi method, three-phases, 

for example, framework plan, parameter outline, & resistance configuration are utilized. 

Framework configuration comprises of the utilization of logical & designing data required for 

creating a section. Resilience configuration is utilized to decide & dissect resistances about 

the ideal blends recommended by parameter plan. Parameter configuration is utilized to 

acquire the ideal levels of process parameters for building up the quality attributes & to 

decide the item parameter values relying upon the ideal procedure parameter values. In view 

of orthogonal arrangements, the number of trials which may build the time & cost can be 

lessened by utilizing Taguchi system. Taguchi utilizes S/N proportion keeping in mind the 

end goal to distinguish the quality attributes connected for building outline issues. The S/N 
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proportion attributes can be separated on the premise of three criteria: bring down the better 

(LB), higher-the-better (HB) and ostensibly the best (NB). The parameter level blend that 

augments the fitting S/N proportion is the ideal level setting. 

      Minitab software (Minitab Inc., Minitab Statistical Software, version 17) was utilized for 

the spontaneous outline of tests in light of Taguchi method. Minitab programming can be 

utilized to automate L9 empirical orthogonal arrangement with 3 parameters at their three 

various levels, Ugur, 2010. 

   ⁄         [
 

  
∑

 

  
 

  

   

]                                                                                                                    

Where    is the quantity of attempts for trial number j, a is the number of experiments & y is 

the estimation of experimental response IEE(%). 

In order to minimize the number of experiments, the experiments are planned against a three 

level Taguchi’s orthogonal arrangements that required 9 tests in total to be achieved. The 

cause for choosing the three levels of each parameter is that the third level for a parameter 

simplifies investigation of a quadratic relationship between the response and effect of each 

parameter, Bikash, and Prasanta, 2014. 

  In element Taguchi methodology, the impact factors are divided into flag parameter, 

control parameter & commotion parameter. The concentration of Fe
2+

 and roughness of 

surface are appointed as the commotion parameters. The control component is a variable that 

is relied upon to give influence on the reaction. The temperature, concentration of aqueous 

pomegranate peel extracts and contact period were chosen as the control parameters. 

Maintaining the level of flag & commotion parameters fixed, the levels of control parameter 

was varied.  

The aim of the present work was to conduct the process optimization and to investigate the 

effect of the optimal operating conditions, (temperature, inhibitor concentration and contact 

period) on the inhibition efficiency of aqueous Red Pomegranate Peel (RPP) in the corrosion 

of mild steel alloy in phosphoric acid solution.  The experimental design was done through 

Taguchi (TED) analysis by using the statistical MINITAB-17 software for design and analysis 

of experiments to perform response surface methodology (RSM), then evaluating 

experimentally the outcome of using optimum operating parameters on the inhibition 

efficiency of the inhibitor under study. 

 

2.  EXPERIMENTAL WORK 

 

      Throughout the present investigation 2 M phosphoric acid solution was used as the 

corrosive media. Experiments were conducted under static conditions in the absence and 

presence of red pomegranate peel (RPP) aqueous extracts. 

Inhibitor concentrations were 20 and 40ml of RPP added per litre of 2M H3PO4 solution. 

Temperatures used were 30, 40 and 50 °C. 

      A mild steel coupon (supplied by engineering Lab. and Inspection department, Ministry of 

Science and Technology) was used as working electrode. The chemical composition of the 

mild steel coupon is shown in Table 1. Test specimens of rectangular shape with 2 cm 

(width), 4.0 cm (length) and 0.15 cm (thickness) were used for weight loss measurements. 

      Phosphoric acid (supplied by BDH lab supplies, England), was diluted with distilled water 

to get the required concentration. The aqueous extract of red pomegranate peels was extracted 

as follows: red pomegranate was purchased from the local market (Baghdad-Iraq). 250 g of 

completely dried peel powder was weighed and boiled with double distilled water. The 
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particle size of peel powder (50 μm). The aqueous extract of pomegranate peel was filtered to 

remove suspending impurities and made up to 250 ml, Rani, and Basu, 2012. 

The three parameters at three various levels behold for the empirical outline are described in 

Table 2. Every one of the parameters has been specified with three levels perform in an array 

of L9 empirical plan as shown in Table 3, with eight grades of opportunity (number of tests 

less one). 

      Weight loss technique includes samples preparation of coupons were strengthened in a 

vacuum at 595 °C for 1.25 h & were allowed to cool to 25 °C in the furnace in order to 

remove mechanical stresses. An annealed sample was abraded in sequence under running tap 

water using emery paper of grade 120, 220, 320, 400 and 600 respectively, washed with 

running tap water followed by distilled water, dried on clean tissue, immersed in benzene for 

10 seconds and dried with clean tissue, immersed in acetone for 10 seconds and dried with 

clean tissue and then kept in desiccators over silica gel bed until time of use. 

The procedure of weight loss technique includes: 

1. The measurements of each specimen were measured with a vernier to the second decimal 

of millimetre & weighed precisely to the fourth decimal of gram before using.  

2. Specimens were totally drenched in 400 ml of corroding medium contained in (500 ml) 

glass test cell at 2 M H3PO4, 30, 40 and 50 °C, and 20 and 40 ml/L pomegranate peel 

aqueous extract concentration for a contact period 1, 2 and 3 h. The test cell was 

submerged in a water bath to maintain the temperature of the cell at a desired thermal 

level. Controlling on temperature by using heater plate with the thermostat. The weight 

loss measurements was carried out in a cell described in Fig. 1. 

After each test, the sample was washed with running faucet water, scoured with a brush to 

evacuate corrosion items, washed with faucet water took after by distilled water & dried on a 

spotless tissue, inundated in benzene, dried, submerged in C2H6O, dried & left in a desiccators 

over silica gel for one hour some time as of late weighting. 

   

3.  RESULTS AND DISCUSSION 

3.1 Weight Loss Data: 

    The rate of corrosion of mild steel was resolved in presence and absence of inhibitor at 

different operating conditions utilizing the formula: 

 

    
      

                
                                                                                                                         

       

   : Corrosion rate (g/m
2
. day) (gmd) 

Where    the loss of mass (g), S is the area (m
2
) & t is the contact time (day). 

The percentage inhibition efficiency (IE (%)) was computed as follows, Alaneme, and 

Olusegun, 2012: 

 

    
        

    
                                                                                                                           

 

Where       and     are the corrosion rate without and with inhibitor, respectively. 

       Table 4 shows a variation of inhibition efficiency and corrosion rate with temperature 

and contact period in presence and absence of inhibitor. Unmistakably at a certain 

temperature, the corrosion rate of steel decreases with an increase in the concentration of 

inhibitor and contact period. Without inhibitor, the corrosion rate increases with a rise in 

temperature at different contact periods, obeying the Arrhenius equation. It was accounted for 
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that the rate of corrosion of iron in acidic solutions roughly doubles for each 10 °C ascend in 

temperature, Uhlig, and Winston, 2008. The efficiency of the inhibitor increased with 

increasing concentration of inhibitor at different periods of contact.         

Nonlinear regression for the Data in Table 4 is done to estimate the coefficients of the 

proposed model. Table 5 shows the experimental inhibition efficiency values and the. 

predicted ones

 

3.2 Response Surface Methodology (RSM): 

 

     Response surface methodology is a statistical technique based on simple multiple 

regressions. By this method, the effect of two or more factors on quality criteria can be 

investigated and optimized, Montgomery, 2005. Accordingly for the surface technique, there 

ought to be no less than three levels for each variable. The effect of component values that are 

not really tried utilizing less exploratory blends can be estimated, Neseli, et al., 2011. It was 

accounted for that temperature, inhibitor concentration and exposure time fundamentally 

affected the rate of corrosion of mild steel alloy in 1 M H3PO4 solution using natural apricots 

juice as the inhibitor, Yaro, et al., 2013. After the ID of the vital parameters, the test range 

was classified in Table 2. A Taguchi experimental measurable outline with three components 

& three levels was utilized to understand second request polynomial model & exponential 

model was utilized to represent these parameters. These models consider the impact of 

temperature, inhibitor concentration, contact period & the cooperation of them on inhibition 

efficiency. Minitab software (Minitab Inc., Minitab Statistical Software, version 17) was 

utilized to produce an outline of test appeared in Table 3, which will be utilized for both 

model’s examination & streamlining. In most RSM issues, there is a useful connection 

amongst reactions & free factors & this formula can be clarified utilizing the model, Salam, 

et al., 2014. The primary & intuitive values between the free factors & response (predicted 

inhibition efficiency       ) were assessed by producing the first second order model in the 

form represented in Eq. (4). 

  

                           
      

      
                            

 

One more second exponential model was additionally proposed, which depended on the 

accompanying presumptions:  

i. The rate of corrosion can be identified with temperature by Arrhenius equation, which gives   

a sign that the corrosion rate depends exponentially on temperature: 

 

         
  

 
  

 

ii. The corrosion inhibition increases as the inhibitor concentration increases and contact 

period decreased, so; 

        
   

   
 

These two assumption respect propose the second exponential model: 

           
         [

  

    
]                                                                                                             

Where:        , T, C and t are predicted corrosion inhibition percentage, temperature (°C), 

inhibitor concentration (ml/L) and contact period (h) respectively. Nonlinear minimum 

squares regression investigation in view Rosenbrock and Quasi-Newton estimation method 
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employing the Minitab software can be used for estimation of coefficients   ,   ,     and    , 

the results showed in Table 6. And creating the accompanying condition for mild steel alloy 

with 1.000 correlation coefficient for first model Eq. (4): 

 

                                                                   
                                                                                                        

 

The regression results of coefficients  ,   ,    and    for another estimated model Eq. (5), 

showed in Table 7. 

 

And producing another evaluated display Eq. (5) with 0.992 coefficient of correlation: 

  

                                         
 

Fig. 2 shows the performance plot of percentage predicted inhibition efficiency by Eq. (4) and 

Eq. (5) versus experimental values. The figure demonstrates that the both models represent 

the inhibition efficiency information with coefficients of high correlation. 

 

3.3 Analysis of variance (ANOVA) 

 

     The measurable system known as an investigation of variance (ANOVA) can be to 

determine the significance of differences that exist among the methods for a few gatherings of 

observations. Two-way ANOVA has been utilized as a part of a request to decide the impact 

of temperature, the concentration of inhibitor and contact period on inhibition efficiency.  

     Table 8 gives the analysis of variance ANOVA for inhibition efficiency for mild steel 

alloy. Fisher’s F-test at 95% level of confidence can also be used to determine which process 

factors have a significant effect on performance, Jeff Wu, and Michael, 2009.  When F value 

is large, it means that the change of the process factor has a significant effect on 

characteristics of performance. It can be observed from Table 8 that inhibitor concentration 

has large F value which suggests that the inhibitor concentration is the major factor which 

affects the efficiency of inhibition at 98.09 % contribution.   

      The accuracy of an empirical model can also be tested by means of statistical factors, such 

as the correlation coefficient. The correlation coefficient (R
2
) is a statistical measure of the 

strength of correlation between the predicted and measured values, Devore, 2005. For the 

current problem, the following result is obtained: R
2
 = 1.000, which suggests a full 

compatibility. 

 

3.4 Experimental Variables & their Main Influences - S/N proportion Analysis 

 

      Fig.3 shows the influence of input variables, for example, temperature, the concentration 

of inhibitor & contact period on inhibition efficiency. It can be observed that efficiency 

increases with increase in concentration and contact period and generally decreases with 

increase in temperature. Fig. 4 demonstrates the effect of every individual component on the 

efficiency of inhibition as far as S/N proportions. Increment the concentration of element RPP 

& contact period has brought about the increment in inhibition behaviour mirroring the high 

positive S/N proportions for level 2 and 3. The maximum inhibition in temperature is 

obtained at level 1 and increased in temperature has also decreased the inhibition efficiency 

with further increment in variable levels efficiency of inhibition increased. The efficiency of 

inhibition diminishes with increment in temperature, Bodude, and Sanni, 2014. 
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3.5 Optimization of Maximum Inhibition Efficiency 

 

      In Table 9. It can be seen from the table that RPP have a huge part in the corrosion 

inhibition than the other chose components. The consequences of the S/N & examination of 

variance unmistakably demonstrate that the level of concentration of the inhibitor builds; the 

S/N proportion additionally increments. The bigger S/N proportion as the main effect is 

watched for RPP in level 3 as shown in Fig. 4. Temperature and contact period are the other 

basic components which influence the utilization method & subsequently the efficiencies of 

inhibition. RPP concentration exhibits beneficial outcome on the considered parts. The effect 

of the factors main, square and interaction, levels 1.98, 2.93 and 2.87 for temperature, RPP 

concentration and contact period, respectively, are the optimum conditions realizing higher 

percentage inhibition for the inspected system. For the RPP concentration level 2.93 in coded 

factor, i.e., 38.29 ml/L in real factor produce better results.     

According to Eq. (6), using POLYMATH software version 4.02 in terms of maximum 

percentage inhibition efficiency, the optimum values were obtained. The optimum values of 

the studied independent factors in real and coded form are listed in Table 9 below for mild 

steel alloy. An approval trial was led by the predetermined upgraded values & the outcomes 

were utilized to compute the response. The experimental value of the inhibition efficiency at 

the optimum conditions was comparable with the theoretical value and the result was closed 

are listed in Table 10. 

 

3.6 Effect of Process Factors on Inhibition Efficiency 

 

 The parametric influences of corrosion inhibition process factors on inhibition efficiency 

at the optimum circumstances are presented as response surface plots and can also be 

interpreted with the contour plot diagram and these are given in Figs. 5 through 7.

       To show the combined influence of any two inhibition factors on the inhibition efficiency 

at the optimum value of the third factor. For example, the effect of temperature and 

concentration of inhibitor (aqueous pomegranate peel extract) on inhibition efficiency is 

shown in Fig. 5 A response surface plot while keeping constant contact period at the optimum 

value 2.95 h. From Fig. 5 describes the surface behaviour of up growth of the inhibition 

efficiency as a function of the temperature and the concentration of inhibitor and demonstrate 

the collaboration between shifting estimations of temperature & concentration at an optimum 

estimation of the contact period. Maximum inhibition efficiency of 87.08 % was observed 

when concentration of inhibitor was 2.93 in coded variable, i.e., 38.29 ml/L in real variable at 

optimum circumstance at 39.66 °C. There was a slight decrease in inhibition efficiency when 

temperature expanded to 39.66 °C while sharp increase when concentration of inhibitor 

increased to 38.29 ml/L. Considering simultaneous effects of temperature and inhibitor 

concentration is presented in Fig. 5. Contour plot shows the variation of corrosion inhibition 

efficiency with temperature and concentration of RPP. This plot reveals that concentration of 

RPP has a greater effect on corrosion inhibition process. The better inhibition is achieved in 

minimum temperature (30 °C) when the concentration of RPP was increased. This is also in 

close agreement with a previous work, Yaro, et al., 2013. 

      Fig. 6 describes the relationship between different values of temperature and contact 

period at optimum inhibitor concentration. Optimum inhibition efficiency of 87.08 % was 

recorded at contact period 2.95 h and temperature 39.66 °C, and inhibition efficiency was 

expanded as the temperature was decreased. Even though inhibition efficiency was upper in 

high contact period however it didn't avert dynamic increment in inhibition efficiency as the 

temperature was decreased. Analysis of inhibition efficiency as effects of interaction between 
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temperature and contact time is shown in Fig. 6 contour plot, demonstrates the variety of 

efficiency of inhibition with contact period and temperature. It was seen the higher contact 

period and lower temperature gave better performance in terms of inhibition efficiency at the 

optimum condition of RPP concentration 38.29 ml/L and this in agreement with another 

study, Banerjee, et al., 2012. 

Surface conduct of various estimations of the concentration of inhibitor & contact period 

at the optimum value 39.66 °C in Fig. 7. Optimal inhibition efficiency of 87.08 % was 

experienced at optimum contact period (2.95 h) with optimum RPP concentration (38.29 

ml/L). This estimation diminished with decreased in the estimation of RPP concentration to 

20 ml/L, beyond 20 ml/L there was decreased in inhibition efficiency to zero at absence 

inhibitor. Fig. 7 Contour plot demonstrates the variety of efficiency of inhibition with a 

concentration of RPP & contact period. At higher values of RPP concentration and contact 

period responsible for corrosion inhibition and depicts a methodology polynomial surface 

response relating to the effect of RPP concentration and contact period on inhibition 

efficiency. Contact period increased inhibition efficiency from 12-72 % along the contact 

period setting (1-3 h). The concentration of RPP from 0-40 ml/L has increased inhibition 

efficiency from 12-72 %. This is also in close agreement with the research done by, Al-

Moubaraki, et al., 2015.

4. CONCLUSION 

 

     The multivariable regression model of the impact of temperature, the concentration of 

inhibitor & contact period on the inhibition efficiency of mild steel alloy was effectively 

considered with least number of trial runs utilizing reaction surface methodology (RSM) gives 

Eq. (6) depicts the behaviour of the inhibition process with high accuracy (correlation 

coefficient = 1.000). The (RSM) of three levels, Taguchi experimental design (TED) was 

shown to be very useful for the effect of process parameters as the main, quadratic and 

combined effect on the response. From the analysis of variance it is experienced that the three 

parameters effect on the inhibition efficiency in following order: 

                    Red pomegranate peel extract concentration > Temperature > Contact period.                   

The optimization result shows optimum circumstances as predicted from Eq. (6) is 39.66 °C 

temperature of acidic media, 38.29 ml/L inhibitor concentration and 2.95 h of the contact 

period for mild steel alloy. Aqueous RPP extract is effective acts as a green corrosion 

inhibitor and provides good inhibition of corrosion of mild steel alloy in 2 M H3PO4 solution 

with maximum RSM predicted inhibition efficiency 87.08 % and experimentally 88.64 % 

under the mentioned optimum circumstances. There is a close agreement between the 

predicted and experimental results of inhibition efficiency at optimum circumstances which 

portrays the precision of the statistical model & can be utilized in the test conditions. The 

inhibition action of RPP extract increases with the increase of inhibitor concentration and 

contact period and decreases with increase in temperature.  
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Table 1. Average chemical composition of mild steel coupon (% by weight). 

 

Component Weight % 

C 0.069 

Si 0.009 

Ni 0.026 

Mn 0.441 

S 0.005 

Iron Remainder 

 

Table 2. Experimental range and levels of control independent  

Factors for mild steel corrosion inhibition. 

 
Range and Level 

Unit Symbol 
Control independent 

 factor 
Level 3 

(High) 

Level 2 

(Middle) 

Level 1 

(Low) 

50 40 30                     
40 20 0                                   

3 2 1                       

 

Table 3. Sequence of experiments according to Taguchi  

experimental design of the three factors. 

 
Real Factor Coded Factor 

Exp. 

No. 
Contact 

Period 

(h) 

Inhibitor 

Conc. 

(ml/L) 

Temp. 

(°C) 
      

1 0 30 1 1 1 1 

2 20 30 2 2 1 2 

3 40 30 3 3 1 3 

3 0 40 3 1 2 4 

1 20 40 1 2 2 5 

2 40 40 2 3 2 6 

2 0 50 2 1 3 7 

3 20 50 3 2 3 8 

1 40 50 1 3 3 9 
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Table 4. Experimental layout using an L9 orthogonal arrangement. 

 

 

 

Table 5. L9 orthogonal arrangement of experiments with the observed,  

predicted values and experimental error for the inhibition efficiency. 

 

Corresponding 

Residual 

Predicted 

Inhibition 

Efficiency 

Exp. 

Inhibition 

Efficiency 
Real Factor 

Coded 

Factor 
Exp. 

No. 
           IEP (%) IEE (%) 

Contact 

Period 

(h) 

Inhibitor 

Conc. 
(ml/L) 

Temp. 

(°C) 
      

0.00 0 0 1 0 30 1 1 1 1 

0.00 70.88 70.88 2 20 30 2 2 1 2 

0.00 91.57 91.57 3 40 30 3 3 1 3 

0.00 0 0 3 0 40 3 1 2 4 

0.00 50.72 50.72 1 20 40 1 2 2 5 

0.00 80.51 80.51 2 40 40 2 3 2 6 

0.00 0 0 2 0 50 2 1 3 7 

0.00 63.05 63.05 3 20 50 3 2 3 8 

0.00 85.31 85.31 1 40 50 1 3 3 9 

 

Table 6. The regression analysis coefficient values of  

the predicted correlation (polynomial model). 

 

Coeff. b0 b1 b2 b3 b11 b22 b33 b12 b13 b23 

Value 18.45 -3.34 1.71 69.26 0.05 -0.06 -7.03 0.05 -0.96 0.26 

Correlation Coefficient 

(R
2
) 

1.000  Proportion of Variance 1.000 

Final Value of Loss 

Function 
0.000  

 

 

 

Exp. 

No. 

Factor’s Level 

C.Runinhibit 

(gmd) 

C.Rinhibit 

(gmd) 
IEE (%) 

T C t 

Temperature 

(°C) 

Inhibitor 

Concentration 

(ml/L) 

Contact 

Period 

(h) 

1 1 1 1 44.29 44.29 0 

2 1 2 2 50.19 14.61 70.88 

3 1 3 3 133.49 11.25 91.57 

4 2 1 3 74.39 74.39 0 

5 2 2 1 50.95 25.11 50.72 

6 2 3 2 77.23 15.05 80.51 

7 3 1 2 76.05 76.05 0 

8 3 2 3 79.03 29.20 63.05 

9 3 3 1 130.73 19.21 85.31 
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Table 7. The regression analysis coefficient values of 

the suggested correlation (exponential model). 

 

Coefficient b4 b5 b6 b7 

Value 13.965 0.474 -0.106 -8.784 

Correlation Coefficient (R
2
) 0.992 

Proportion of 

Variance 
0.983 

Final Value of Loss Function 205.081 

 

Table 8. Numerical results of analysis of variance (ANOVA). 

 

(%) 

Contribution 

Probability 

Percent 

P (%) 

F-ratio 

(F) 

 

Mean 

Squares 

(Adj.MS) 

 

Sum of 

Squares 

(Adj.SS) 

Degree 

of 

Freedom 

(DF) 

Control 

Independent 

Factors 

1.36 19.5 4.139 81.48 162.96 2 Temperature 

98.09 0.3 298.12 5869.69 11737.37 2 RPP Conc. 

0.55 37.4 1.671 32.89 65.77 2 Contact Period 

100     57.2       11966.1 6 Total 

 

 

Table 9. Optimum conditions of the control independent factors. 

 

Control Independent Factor 
Optimum Conditions (mild steel alloy) 

Code Real 

                   1.98 39.66 

                                  2.93 38.29 

                     2.87 2.95 

RSM Predicted Inhibition Efficiency, IEP (%) 87.08 

 

Table 10. Experimental validation at objective optimization adjusting. 

 

Response 

Objective Optimization  

of Percentage Inhibition Efficiency 

Percentage of 

Prediction Error 
Result of RSM 

Predicted at 

Optimum 

Conditions, IEP (%) 

Result of Experiment 

at Optimum Conditions, 
IEO.C (%) 

Inhibition Efficiency 87.08 88.64 1.759 % 
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Figure 1. Experimental set-up for weight loss investigation. 

 

1. Corrosive Solution 6. Switch 

2. Heater and Controller 7. Thermometer 

3. Corrosion Cell 8. Sample 

4. Thermostat 9. Teflon Rod 

5. Water Bath 10. Glass Funnel 
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Figure 2. The performance plot of experimental and predicted values. 
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Figure 3. Main effect plot. 
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Figure 4. Main effects of control independent 

factors at their different levels. 

 

 

 

 

 

 



Journal of Engineering    Volume    23     November      2017 Number  11 
 

 

40 

 

 > 80 
 < 80 
 < 60 
 < 40 
 < 20 
 < 0 
 < -20 
 < -40 

28
30

32
34

36
38

40
42

44
46

48
50

52

Temperature (
o

C)
-5

0

5
10

15
20

25
30

35
40

45

Pomegranate Peel

 Concentration (ml

/L)

-40

-20

0

20

40

60

80

100

120

In
h

ib
itio

n

E
fficien

cy
, IE

 

(%
)

 
 

 

 

 

 

 

 80 
 60 
 40 
 20 
 0 
 -20 
 -40 

28 30 32 34 36 38 40 42 44 46 48 50 52

Temperature (
o
C)

3D Contour Plot

-5

0

5

10

15

20

25

30

35

40

45

P
o
m

e
g
r
a
n

a
te

 P
e
e
l

C
o
n

ce
n

tr
a
ti

o
n

 (
m

l/
L

)

In
h

ib
it

io
n

 E
ff

ic
ie

n
c
y
, 

IE
 (

%
)

 

Figure 5. Response surface contour for interaction on mild steel corrosion inhibition between  

temperature and pomegranate peel concentration at the optimum value (2.95 h). 
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Figure 6. Response surface contour for interaction on mild steel corrosion inhibition 

between temperature and contact period at the optimum value (38.29 ml/L). 
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Figure 7. Response surface contour for interaction on mild steel corrosion inhibition between 

 pomegranate peel concentration and contact period at the optimum value (39.66 °C). 
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ABSTRACT 

The aim of this research is to develop mechanical properties of a new aluminium-lithium-

copper alloy. This alloy prepared under control atmosphere by casting in a permanent metal 

mould. The microstructure was examined and mechanical properties were tested before and after 

heat treatment to study the influence of heat treatment on its mechanical properties including; 

modulus of elasticity, tensile strength, impact, and fatigue. The results showed that the modulus 

of elasticity of the prepared alloy is higher than standard alloy about 2%. While the alloy that 

heat treated for 6 h and cooled in water, then showed a higher ultimate tensile stress comparing 

with as-cast alloy. The homogenous heat treatment gives best fatigue behaviour comparing with 

as-cast and other heat treatment alloys. Also, the impact test illustrates that the homogeneous 

heat treatment alloy gives the highest value.  

Keywords:   aluminium-lithium alloys,  heat treatment,  microstructure,  mechanical properties  
 

نحاس –ليثيوم –الويكانيكية لسبيكة ألوُنيومتطوير الخواص   

 
 عواطف هصطفى علي                         د. إحساى كاظن عباس النعيوي                  

 ٍذرس         ٍذرس          

 ميُت اىهْذست                                اىخعيٌُ اىَهٍْ             

 اىجاٍعت اىَسخْظزَت                          وسارة اىخزبُت             

 

 الخلاصة

ُْىًجذَذة ٍِ اىهذف ٍِ هذا اىبحث هى حطىَز اىخىاص اىَُناُّنُت ىسبُنت  َُ . هذٓ اىسبُنت حضزث ّحاس -ىُثُىً -أى

ٍسُطز عيُها. حٌ فحض اىخزمُب اىَجهزٌ وأجزَج اىفحىطاث  جىَت دائٍَ ححج ظزوف ٍعذٍّ بطزَقت اىسبامت بقاىب

اىَُناُّنُت ىيسبُنت قبو وبعذ اىَعاٍيت اىحزارَت ىذراست حأثُز اىَعاٍيت اىحزارَت عيً خىاطها اىَُناُّنُت واىخٍ حخضَِ: ٍعاٍو 

ٍقارّتً ٍع ىيسبُنت اىَحضزة زوّت فٍ ٍعاٍو اىَ سَادةظذٍت، وجهذ اىنلاه. وقذ بُْج اىْخائج اى، ٍقاوٍت اىشذ ٍزوّت، ٍقاوٍت

ىَقاوٍت ٍقذاراً أعيً  باىَاءساعاث وٍبزدة  6بَُْا أعطج اىسبُنت اىَعاٍيت حزارَاً ىَذة  % حقزَباً. 2اىقُاسُت بَقذار  اىسبُنت

أعطج سيىك ملاه أفضو ٍقارّت  اىَجاّست ٍعاٍيت اىسبُنت اىخٍ أجزَج عيُهاُ إ. قبو اىَعاٍيت ٍقارّت ٍع اىسبُنت الأقظً اىشذ

اىسبُنت اىَعاٍيت حزارَاً بطزَقت إُ ِ إُ فحض اىظذٍت بُ  أَضاً اىَعاٍيت حزارَاً. ٍع اىسبُنت قبو اىَعاٍيت واىسبائل الأخزي 

 .قذ أعطج أعيً قَُت اىَجاّست

ُْىًالرئيسةالكلوات  َُ   .اىذاخيٍ اىخزمُب ُت،،   خىاص ٍُناُّنٍعاٍيت حزارَت ىُثُىً، -:  سبائل أى
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1. INTRODUCTION  

Aluminum-lithium (Al-Li) alloys have inherently desirable properties such as increased 

specific stiffness and strength. Aircraft designers have been searching for lightweight metallic 

materials with good strength for use in structural applications since the beginning of the aviation 

era. The most attractive reason for alloying with Li is the beneficial impact on stiffness and 

weight reduction. For every 1 wt% addition of Li, the elastic modulus is increased by 6% and the 

density is reduced by roughly 3%, Prince, 2013. In addition, since aluminium by itself is a 

lightweight metal, there are only a few choices for alloying additions for further weight 

reduction. On the periodic table, Si, Be, Mg, and Li are the primary metals with a lower density 

that could be alloyed with Al. Of those four metals, only Mg and Li have good solubility. 

However, alloying with Mg tends to produce alloys with lower stiffness and increased corrosion 

susceptibility, Starke and Staley, 1996. On the other hand, Li metal is the lightest metallic 

element, has increased solubility at high temperatures, and upon ageing produces fine 

precipitates that increase strength and stiffness, Kumar, et al., 1991. These characteristics make 

Li metal as the ideal alloying candidate. 

Typical components that can benefit from low-density alloys include structural members in 

airframes, aerospace vehicle skins, and liquid oxygen and hydrogen fuel tanks in spacecraft. The 

advantages of Al-Li alloys over conventional aluminium alloys include relatively low densities, 

high elastic modulus, excellent fatigue and cryogenic strength and toughness properties, and 

superior fatigue cracks growth resistance. The last property is a key factor for damage-tolerant 

aircraft design. However, it has been discovered that the high resistance to fatigue crack growth 

is due to a jagged crack path through the material that produces a large amount of roughness-

induced crack closure under tension dominated loading. Unfortunately, loading conditions that 

contain compression or compressive overloads, that flatten the crack surfaces, reduce or 

eliminate crack closure and cause crack growth rates to accelerate significantly. Another 

disadvantage of these alloys is that in the strongest (desirable) heat treated conditions, the 

mechanical properties are often highly an isotropic. There exists, for example, significantly 

depressed ductility and fracture toughness in the short transverse direction. Another drawback is 

a very high crack growth rate for microstructural short cracks which potentially allows for fast 

crack initiation. This could mean relatively early cracking in high-stress regions such as rivet 

holes, Tayon, 2012. 

Despite possible limitations regarding specific stiffness and high-temperature stability, AI- Li 

alloys enjoy several advantages over composite materials. Economically, AI- Li alloys are 

typically only three times as expensive as conventional aluminium alloys، whereas competing 

for hybrid materials can be up to 10-30 times more expensive, Peel, 1986. Secondly, AI-Li alloy 

fabrication technology is generally compatible with existing manufacturing methods such as 

extrusion, sheet forming, and forging to obtain finished products. They offer considerably higher 

ductility and fracture toughness properties compared with most metal matrix composites, Nair, 

et al., 1985 and Jackson, 1989. High strength AL-Li alloys are obtained by precipitation heat 

treatments similar to those used for conventional Al-alloys, with some variations. Many of the 

AL-Li alloys have peak strength only if cold-work is performed prior to the precipitation, or age-

hardening treatment. Furthermore, ancillary key alloy elements, such as zirconium (Zr) are added 

to control the grain microstructure during heat treatment. Alloy (AA 2090) was developed as a 

replacement for (AA 7075-T6), offering 8% lower density and 10% higher stiffness than 

conventional alloy that is used heavily in aircraft structures. The (AA 2090) alloy also offers 

superior corrosion resistance in the salt-spray environment than (AA 7075-T6). 
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Alloy (AA 2091) was developed as a replacement for conventional aluminium alloy (AA 

2024-T3), offering 8% lower density and 7% higher modulus as well as superior damage 

tolerance. Alloy (AA 8090) was developed as a replacement for some of the longest serving of 

the commercial aluminium alloys, namely (AA 2014) and (AA 2024). Alloy (AA 8090) has 10% 

lower density and 11% higher modulus than these conventional counterparts, and (AA 8090) 

exhibits superior mechanical properties at cryogenic temperatures, Venkateswara, and Ritchie, 

1992. 

Tan and Sheppard, 1987 studied microstructure and properties with extrusion processing of 

Al-Cu-Li alloy (AA 2091). A homogenous temperature was established and used as standard 

throughout the work. Extrusions were performed over a range of temperature compensated strain 

rates. After solution treatment, a series of ageing curves were obtained for both stretched 2% and 

unstretched specimens at various ageing temperatures. Yong-Lai, 2007 was studied the hot 

deformation behaviour of a new Al-Cu-Li-Mg-Zr alloy and its microstructure. The true stress 

was characterized as a function of the deformation temperature and the strain rate using the 

Gleeble-1500 thermal mechanical simulator. The results show that with the increase of the strain 

rate from 0.001 s
−1

 to 10 s
−1

, the peak value of actual stress is elevated at the same deformation 

temperature, and at the same strain rate, the peak value of the actual stress decreases with the 

increase of the deformation temperature from 360  to 520 . 

In this study, a direct comparison of the cast prepared Al-Li alloy with that of the heat 

treatment alloys. The objective was to characterize the main features of theses alloys. This study 

also is aimed to study the tensile and fatigue behaviour, in relation to the microstructural change. 

Comparison with our test data as well as those from open literature indicates that the prediction 

based on the developed work is very credible. 

 

2. EXPERIMENTAL PROCEDURE 

2.1 Alloys Preparation 

The alloys were prepared by melting and casting in a permanent metal mold under controlled 

atmosphere as shown in Fig. 1. Lithium has a great affinity for oxygen and this reactivity 

requires great care to be taken during any process that involves heating the alloy. These 

processes comprise melting, casting, high-temperature heat treatment and welding. Therefore, in 

this work, it wrapped with aluminium foil before melting, and then the molten alloy was poured 

and cast under control atmosphere with argon gas in a specially designed permanent mold as a 

recommendation in reference, Sauermann et al., 2006. Table 1 shows the weight percentage of 

the alloying elements compositions as cast prepared in this work compared with some of the 

most important alloys in this class. The chemical composition of the alloy, which was cast in this 

work, was analyzed by a spectrum analyzer. The samples were cast as bars and sheets as shown 

in Fig. 2. 

 

2.2 Microstructure Specimen Examination 

The following steps were used to prepare the specimen for microstructure images: 

1. First is cold mounting, which was used manually with an acrylic polymer resin (pink). 

2. Struers grinding equipment contains SiC abrasive in a resin bond for soft, non-ferrous 

materials in the HV 40-150 hardness range, using plenty of water as a lubricant and gradually 

reduces the pressure as the paper grade becomes finer. 

3. Polish both cross-sections with 30 μm and then 6 μm diamond 2P3 casting polishing fluid. 

Repeatedly, using plenty of lubricants to keep the sample clean and avoid cross contamination 

of polishing fluid. An optical microscope was used to check progress in removing scratches. 
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4. Etching with Keller’s reagent (0.5HF - 1.5HCl - 2.5HNO3 - 95.5H2O) was used, etching for 5 

seconds initially. The etching was repeating until the grain boundaries clearly seen. 

5. Use the optical microscope to examine microstructure at a series of magnifications. Capture 

images of the microstructure including different grain morphologies, inter-dendritic/cellular 

regions and any defects, such as pores, cracks, oxides strings, inclusions, etc. The microscope 

was used in this work is beam engineers (rmm-7t 2003-1200x). 

 

2.3 Heat Treatment 

Heat treatment was conducted to samples to investigate the behaviour effect of heat treatment. 

They were immersed in a salt solution at 470ºC for half hours and six hours. Then, some of the 

specimens were cooled in the furnace and the others were cooled by water.  The age hardening 

was used by heating some samples for 8 hours at 177ºC. Heat treatment as homogeneous was 

performed to the other samples at 530ºC for 18 hours. The muffle furnace which was used for 

heat treatment of prepared alloy is shown in Fig. 3, and the practical experiments were 

conducted at Al-Mustansiriya University-engineering college lab.     

 

2.4 Tensile, Impact and Fatigue Tests 

 

The specimens for tensile test and toughness test were cut to dimensions recommended in 

ASTM E8/E8M–11, and (ASTM E-23) respectively, and for fatigue according to ISO 10328. 

Fig. 4 shows tensile, impact and fatigue tests specimens. 

The static tensile test was performed at Technical College in Baghdad by Zwick/Roell 

computerized device, the tests performed at room temperature with relatively low deformation 

rate (2 mm/min) to ensure pure tensile force applied to the specimen. The impact test was 

conducted as a Charpy V-notch test (simply supported beam test) by HECKERT device. The 

fatigue test carried out as a torsion fatigue and conducted at Al-Mustansiriya University-

engineering college lab, the device which was used is HI-TECH. Fig. 5 shows the images of the 

mechanical tests devices. All mechanical properties tests were recorded as the average values for 

three to five specimens.  

 

3. RESULTS AND DISCUSSION 

3.1 Microstructure Examinations 

The light optical microscope was used to examine the microstructural variations. Fig. 6 

illustrates the microstructures of the specimen of Al-Li alloy specimen as-cast (without heat 

treatment) in two different zones. It is not clearly crystals and δ-phase defined since these 

specimens are not heat treatment or age hardening. However, the hygroscopic property of 

element Li causes porosity and cracking, where are illustrated in this figure. It is known that 

these alloys exhibit an unusual fusion boundary cracking phenomenon that is associated with an 

equiaxed grain zone that forms via a solidification mechanism in alloys containing precipitates of 

Li and Zr. This is because the combination of Li and Cu in the interface liquid lowers the 

eutectic temperature of the liquid and is responsible for the hot cracking problem Lee et al., 

2016. The evolution of the microstructure for heat treatment specimens demonstrates in Fig. 7. 

Figure 5-a shows heat treated specimen for a half hour and cooled by water. The time is very 

short for this heat treatment; therefore, the microstructure is not much differing with micro 

structure as-cast specimen. While the heat-treated specimen for (6 hours) and cooled by water is 

clear crystal identify with precipitate the δ-phase. Due to the specimen was cooled by water the 

size of the crystal is fine, as shown in figure 5-b. The difference between the microstructure of 
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specimen which cooled in the furnace and the previous specimen which cooled by water is only 

in the size of the crystals that are larger, as well as more precipitating the δ-phase as shown in 

figure 5-c. 

Significant changes in the microstructure of homogeneous heat treatment specimen, which is 

shown in Fig. 8. The crystals are coarser also a little bit more precipitating the δ-phase 

comparing with heat treated for 6 hours and cooled by the furnace. 

The age hardening of Al-Li alloys involves the continuous precipitation of δ-phase (Al3Li) 

from a supersaturated solution. The Al and Li in the δ-phase precipitates are positioned at 

specific locations. 

 

3.2 Tensile Test 

The mechanical properties of the tensile specimen were investigated in the as-cast and the 

heat-treated. Table 2 illustrates the values of the tested specimen comparing with the standard 

Al-Li alloy (AA 8090-T3), which is the closest in terms of its components with the prepared 

alloy in our lab. Due to the increased lithium amount in the prepared alloy comparing with the 

amount of the standard alloy, increase the modules about 2%, and this is in line with previously 

published research, such as work by, Romios, et al., 2005. 

While clearly notice that the ultimate tensile was decreased in its value for the heat-treated 

specimens than the standard alloy specimens from 335 MPa to 290 and 315 MPa for heat treated 

for 6 hours and cooled in the furnace, and heat treated for the same duration but cooled in water 

respectively. It is believed that the reason of the decreases the value of the ultimate strength due 

to lack of the heat treatment proper procedures. However, the evolution of the mechanical 

properties of heat-treated specimens significantly comparing with as-cast alloy specimen. 

The amount of elongation of heat-treated specimens are lower than those of as-cast specimen, 

and the reason is due to the precipitation of the δ-phase (Al3Li), which in turn prevents the 

movement of dislocations and thus will decrease dramatically the ductility. 

  

3.3 Impact Test 

In addition to the tensile test, the impact test was performed for a clear vision of mechanical 

properties of the prepared Al-Li alloy to provide a background on this alloy. The impact test is 

the criteria of the toughness to indicate the power absorption of the material. Table 3 shows the 

results of this test for as-cast, heat for 1/2 h and cooled in water, heat 6 h and cooled in water, 

heat 6 h and cooled in the furnace, ageing for 8 h at 177ºC, and homogeneous at 350ºC for 18 h. 

The highest value is 89 J for homogeneous specimen due to the highest amount of the 

precipitation of δ-phase in evolution alloy, and this is because the duration of the homogeneous 

heat treatment is very long (18 hours) allowing very fine particles of δ-phase to precipitate 

uniformly on the whole alloy. 

Conversely, the as-cast alloy gives the lowest value in toughness because there is no good 

chance to improve the alloy by precipitation hardening. However, this toughness value is better 

than the toughness of the alternative aluminium alloys such as (AA 2024) or (AA 7075), which 

both are among the competitive alloys in the aviation and aerospace industries. Whenever 

evolution the alloy through heat treatment, the toughness has been improved gradually was clear 

from the values of the tests, which are listed in the table. 

 

3.4 Fatigue Test 

Torsional-fatigue tests were calculated and obtained at the low cycle and room temperature 

for four groups specimens; the 1
st
 group was for as-cast alloy specimens, the 2

nd
 group for heat 6 
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h and cooled in the furnace, the 3
rd

 group for heat 6 h and cooled in water and 4
th

 group for a 

homogenous at 530ºC for 18 h. Fig. 9 illustrates the fatigue life of the four groups as the load in 

N versus number of cycles, each point of the data was recorded as the average of five specimen 

tests. The first observation, there is not a significant variant of fatigue life between the four 

cases. The second observation is that the heat-treated alloy for 6 hours and cooled by water gives 

highest fatigue life regarding with temper specimens because this alloy is better in terms of 

tensile strength. This is a well-known fact, there is a direct correlation between ultimate tensile 

strength and fatigue life; increasing tensile strength will increase the fatigue life and vice versa. 

Although, the load is less than 25 N the as-cast alloy failed in just above 4000 cycles, due to this 

alloy has lower tensile strength as indicated in table 2. 

There is a little bit improvement in fatigue life about 1000 cycles between the heat-treated 

alloy which cooled in furnace comparing with the as-cast alloy. The last observation from these 

curves is the fatigue life of homogeneous heat treatment, which is the best curve comparing with 

alternative curves those with temper specimens. An essential feature of the fatigue behaviour of 

AI- Li alloys are the sharable nature of δ-phase (Al3Li) strengthening precipitates, which results 

in inhomogeneous (planar-slip) deformation and unusually tortuous (zigzag) crack path 

morphologies. Therefore, the homogeneous heat treatment has a greater chance of increasing 

precipitation phase in the microstructure, which improves the fatigue life, This is in line with 

Ritchie and Rao, 1992. 

     

4. CONCLUSIONS 

The following conclusions are drawn from this experimental work: 

This study proved that Al-Li alloys have inherently desirable properties such as increased 

specific stiffness and strength especially when heat-treated. It is concluded that significant 

improvements have been made to this alloy to enable improved performance of next generation 

aviation and aerospace industries. 

The major findings of this study are summarized as follows: 

1. It is required to understand the influence of chemical composition and microstructure on 

mechanical properties. Increasing amount of lithium as an alloying element to aluminium up 

to solubility limit (4.2%) improved significantly the young modulus and ultimate tensile 

strength in addition to improvement of the toughness and fatigue. 

2. Al-Li alloys are precipitation hardening, therefore the parameter of time and temperature in 

the heat treatment of these alloys influence significantly on microstructure evolution and 

mechanical properties due to the amount of precipitate the δ-phase (Al3Li) in structure. 

3. Increasing time and temperature in heat-treated alloys improve ultimate tensile, toughness, 

and fatigue. 

4. Heat-treated alloy for 6 h and cooled by water gives a higher value of tensile strength (315 

MPa), while as-cast alloy gives lower strength (185 MPa). 

5. Alloy with homogeneous heat treatment at 530ºC for 18 h gives a higher toughness (89 J) 

than other alloys. 

6. Best behaviour to fatigue live is with homogenous heat-treatment alloy for at 530ºC for 18 h. 
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Table 1. Composition of Al-Li alloys (wt. %). 

 

Alloy 
Cu 

(%) 
Li 

(%) 
Zr 

(%) 
Others 

(%) 
Al 

Prepared alloy 

(Cast) 
1.5 3.0 0.1 1.0 Mg Bal. 

AA 2090
* 

2.4-3.0 1.9-2.6 0.08-0.15 0.0-0.25 Mg Bal. 

AA 2091
* 

1.8-2.5 1.7-2.3 0.04-0.16 1.1-1.9 Mg Bal. 

AA 8090
* 

1.0-1.6 2.2-2.7 0.04-0.16 0.6-1.3 Mg Bal. 

Weldalite 049
* 

5.0 1.3 0.1 0.4 Mg Bal. 

    * Venkateswara, and Ritchie, 1992 
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               Table 2. Tensile test for Al-Li prepared alloys compared with standard alloy. 

 

Mechanical properties 

Young 

Modules 

(GPa) 

Ultimate Stress 

(MPa) 

Elongation 

(%) 

Standard alloy  

AA 8090-T3 
77 335 19 

Prepared alloy as-cast 79 185 30 

Heat treated (6 hours) 

cooling in the furnace 
79 290 12 

Heat treated (6 hours) 

cooling by water 
79 315 8 

 

Table 3. Impact test results. 

 

As-cast 

alloy 

Heat for 1/2 h 

and cooled by 

water 

Heat for 6 h 

and cooled 

by water 

Heat for 6 h 

and cooled 

in furnace 

Aging for 8 h 

at 177ºC 

Homogeneous 

at 530ºC  

for 18 h 

65 J 68 J 75 J 70 J 85 J 89 J 

 

 

 
(a) Schematic diagram for furnace equipment  

  
(b) Casting furnace and mold  

Figure 1. Casting equipment for preparing alloy. 
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Figure 2. Al-Li alloy casting samples as bar and sheet. 

 

 

   
Figure 3. Heat treatment muffle furnace. 

 

 
(a) Tensile test specimen dimension 

 

 
(b) Impact test specimen dimension 
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(c) Fatigue test specimen dimension 

 

 
(d) Mechanical tests specimens' images 

 

Figure 4. Mechanical tests specimens dimension and images. 

 

 

 

   
 (a) Tensile test device   (b) Fatigue test device     (c) Impact test device 

 

Figure 5. Mechanical tests devices. 
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Figure 6. Microstructure images of Al-Li alloy specimens as cast 100x. 

 

 

Figure 7. Evolution of the microstructure for heat treatment specimens 100x, . 

(a) heat treated for a half hour and cooled by water, (b) heat treated for 6 hours and cooled by 

water, 

(c) heat treated for 6 hours and cooled in the furnace 

 

 

 

  
Figure 8. Microstructure of homogeneous heat treatment specimen 100x. 
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(a) as-cast alloy 

 

 
(b) heat for 6 hours and cooled in the furnace 

 

 
(c) heat for 6 hours and cooled by water  
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(d) homogenous heat treatment at 530ºC for 18 h 

 

Figure 9. Fatigue tests for four cases heat treatment Al-Li alloys. 
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ABSTRACT 

Applying load to a structural member may result in a bottle-shaped compression field especially 

when the width of the loading is less than the width of bearing concrete members. At the Building 

and Construction Department – the University of Technology-Iraq, series tests on fibre reinforced 

concrete specimens were carried out, subjected to compression forces at the top and bottom of the 

specimens to produce compression field. The effects of steel fibre content, concrete compressive 

strength, transverse tension reinforcement, the height of test specimen, and the ratio of the width of 

loading plate to specimen width were studied by testing a total of tenth normal strength concrete 

blocks with steel fibre and one normal strength concrete block without steel fibres. Based on 

experimental results; all the test specimens failed with the splitting of concrete directly under the 

loading plate. Increased the uniaxial compressive strength of concrete increases the maximum 

bearing capacity of compressive stresses. The load-transverse deformation initially behaves linearly 

and shows some nonlinearity before failure. Addition of steel fibre to normal strength concrete or 

presence of transverse reinforcement, delay the reaching of maximum compressive stress after the 

presence of the first crack.  

Keywords: Fiber reinforced concrete, compressive stresses, bottle shaped compression field. 

 

م قىيىة نلاعضاء انخرساوية انمسهحة بالانيافمقاومة الاوضغاط نهمجال الاوضغاطي عهى شك  
 

زيىة اسعد                                غسوان غاوم                                                                               حسيه انقريشي                      

                 مذسط                                                          مذسط مساعذ                                                                                    مذسط 

قسم ٌىذست انبىاء َالإوشاءاث, انجامعت انخكىُنُجٕت/ بغذاد                                                               
 

 انخلاصة
عىذ حسهٕظ انحمم عهّ انعضُ الاوشائٓ ٔمكه ان ٔىخج مجال اوضغاطٓ عهّ شكم قىٕىت َخاصت فٓ حانت كُن عشض انخحمٕم ٌُ 

انجامعت انخكىُنُجٕت سهسهت مه انفحُصاث  -فٓ مخخبش قسم ٌىذست انبىاء َالاوشاءاثاقم مه عشض انعضُ الاوشائٓ انساوذ. 

انّ قُِ اوضغاط نخكُٔه مجال اوضغاطٓ. انمخغٕشاث انمأخُرة ٌٓ محخُِ الانٕاف,  نىمارج خشساوٕت مخعشضت قذ حمج انمخخبشٔت

حم دساست حأثٕش ت انخحمٕم انّ عشض انىمُرج. مقاَمت الاوضغاط نهخشساوت, حسهٕح انشذ انعشضٓ, اسحفاع انىمُرج, وسبت عشض بهٕخ

فحص حسعت ومارج , ثماوٕت مىٍا مسهحت  قىٕىت. حم انزْ ٔكُن عهّ شكمٌزي انمخغٕشاث عهّ قابهٕت الاسىاد نمحخُِ الاوضغاط 

 بالانٕاف ََاحذ فقظ غٕش مسهح بالانٕاف.

بالاعخماد عهّ وخائج انفحُصاث انمخخبشٔت , كم انىمارج انمفحُصت فشهج بالاوشطاس ححج بهٕخت انخحمٕم مباششة . صٔادة مقاَمت 

بٕه انقُة َانخشُي انعشضٓ ٔخصشف بانبذأت خطٓ َنكىً ٔكُن غٕش  الاوضغاط نهخشساوت ٔضٔذ اجٍاداث الاسىاد نلاوضغاط. انعلاقت

اَ اضافت حسهٕح عشضٓ ٔؤخش انُصُل انّ اعهّ اجٍاد الاضغاط بعذ خطٓ قبم انفشم. اضافت انٕاف انحذٔذ نهخشساوت انعادٔت 

  ظٍُس انخشقق الاَنٓ.

 .خشساوت مسهحت بالانٕاف, اجٍاداث الاوضغاط , مجال الاوضغاط عهّ شكم قىٕىت  انكهمات انرئيسية: 
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1. INTRODUCTION 

A normal strength concrete considers as a brittle material with high compressive strength in 

comparison with the low tensile strength. To increase the tensile strength of concrete, small pieces 

of fibres could be added to concrete members.  Fibers are classified according to its nature of the 

material (e.g. steel, glass, polymer and carbon). Steel fibers are usually short with the aspect ratio 

between 30 to 200. It will combine with concrete and they are randomly distributed Craig, 1984. 

One of the main reasons to use the steel fibres in structural concrete is crack arrestors through the 

bridge process. Also, using steel fibres will increase the ductility and toughness and the possibility 

of shrinkage of concrete will be reduced. 

The degree of improvement of the mechanical properties of concrete by addition of steel fibres is 

dependent on the shapes, aspect ratio and steel fibres content. 

Meanwhile, the main disadvantage of steel fibre reinforced concrete (SFRC) is the difficulties of 

mixing the fibres into concrete which affected by the orientations and segregation of fibres.  

Internal strut in a compression member may take the shaped of prismatic or bottle-shaped, as shown 

in Fig. 1. The Bottle-shaped struts are thinner at the ends and wider at the mid-height. The 

compression stresses spread parallel to the strut, meanwhile, tensile stresses developed 

perpendicular to the direction of the strut, which results in longitudinal cracks.    

Most of the researchers preferred to idealize the bottle-shaped compression field with a prismatic 

section with a linearly tapered section at the ends with a slope of 1:2 as shown in Figure 1b. The 

strength of the strut depends on the effective compressive strength of concrete. To avoid the 

longitudinal cracks due to transverse tensile stresses, reinforcement is added parallel to the direction 

of the strut, James and James, 2012. 

The main objectives of this study are:  

 Study the mode of failure of fibre reinforced concrete (FRC) members subjected to 

compressive stresses.  

 Study the effect of compressive strength of concrete, fibre content, the ratio of the width of 

loading plate to the width of concrete member, the height of concrete member, and presence 

of transverse reinforcement on bearing capacity of compression field of fibre reinforced 

concrete member. 

 

2. MATERIAL AND MIX PROPORTIONS  

The following materials were used in the present investigation: Ordinary Portland cement –type I 

with specific gravity 3.15; Coarse aggregate, 5-19 mm size aggregate with specific gravity 2.62; fine 

aggregate, manufactured sand with specific gravity 2.57 and fineness modulus 3.05.  

Three different compressive strength of concrete  (fc=13.4, fc=30.4 and fc=50.7) were proposed and 

at least three samples of 10x20 cm cylinder were used to measure the compressive strength of 

concrete at 28 days according to ASTMC39. The compositions of the mix design adopted for the 

present investigation are presented in Table 1.   

 

3. EXPERIMENTAL PROGRAM 

The experimental program was conducted in the laboratories of Building and Construction 

Department- University of Technology-Iraq.    

A total of ten cubes were tested: nine was made from normal strength concrete with steel fibre and 

one was made from normal strength concrete without steel fibre. 

The influence of steel fibres on bearing capacity of compression field was studied on three 

specimens (C1-0F, C2-0.5F and C3-1.2F). The compressive strength of concrete was studied by 

comparisons of three specimens (C2-0.5F, C6-fc13 and C7-fc50). The ratio of the width of loading 

plate to the width of the specimen was investigated by four specimens (C2-0.5F, C4-10b/a, C5-2b/a 
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and C10-1.5b/a). The effect of the height of concrete specimen was studied by comparison of two 

specimens (C2-0.5F and C8-h60). Finally, the effect of the presence of transverse reinforcement on 

bearing capacity of compression field was investigated by comparisons of two specimens (C2-0.5F 

and C9-TR).  The characteristics of tested specimens were presented in Table 2. In this table, fc 

represents the compressive strength of cylinder at 28 days. b/a represents the ratio between the width 

of the specimen to the width of loading plate. 

 

4. GEOMETRY OF TESTED SPECIMEN 

All the tested specimens had a cubic shape with 30x30x30 cm long side; only the specimen of C8-

h60 had a height of 60 cm to study the effect of the height of specimen on bearing capacity of 

compression field.  

 

5. STEEL FIBER 

Fig. 2 shows the steel fibre type that was used in this study. This fibre has a length of 15 mm, the 

diameter of 0.20 mm and the aspect ratio is 75.                     

6. TEST SETUP 

The tests were carried out using the hydraulic jacks of 2500 kN in the laboratory of the building and 

construction department at the University of Technology-Iraq as shown in Fig. 3. The specimens 

were subjected to compressive stresses using 5 cm plate thickness.                                                       

 

 7. MEASUREMENTS 

The applied load was measured using an accurately calibrated load cell. The vertical displacement at 

the top and bottom (point 4) of the specimens was measured using dial gauge. The horizontal 

displacements in three locations (points 1,2 and 3) were also measured using dial gages as shown in 

Fig. 4.                                                   

 

8. CURING PROCESS 

The specimens were placed in the water tank with an average temperature of 22 °C for 28 days. 

After that, the specimens were laid in the laboratory temperature until the date of testing. 

 

9. TESTING PROCEDURE 

Before testing, the dial gauges were adjusted and checked; as shown in Fig. 5. The vertical load was 

applied to the specimens by load increments of 5 kN.  

In all tests, loading was continued till the peak load (ascending part) to clearly see the whole 

crushing of concrete specimens. In this research, descending part is not an important consideration 

in bearing capacity of compression field. Cylinder compressive tests were carried out approximately 

on the same day as the corresponding specimen test. As the crushing of concrete was completed, the 

load was removed to allow more photographs of the final cracks and failure patterns to be taken. The 

time spent in testing one specimen was about 15 to 20 minutes. 

                        

10. RESULTS AND DISCUSSIONS  

This section presents test results of first crack load, the effect of fibre content, the effect of b/a ratio, 

the effect of compressive strength of concrete, the effect of specimen height and the effect of the 

presence of transverse reinforcement on compressive strength of bottle-shaped compression field. 

Also, the load-transverse deformation behaviour, load-vertical deformation behaviour, and modes of 

failure were presented. 
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10.1 The Effect of Fiber Content on Bearing Capacity of Compression Field                                                          

 As mentioned before, the test specimens have three fibre contents, first with 0% fibre content (C1-

0F), second with 0.5% fibre content (C2-0.5F) and third with 1.2% fibre content (C3-1.2F).  

By keeping b/a constant (b/a=5) and changing only the fibre content, the maximum compressive 

stresses Ϭc,max is calculated which is represented by the applied load divided by and the area of 

loading plate. 

 As expected, the ratio of Ϭc,max/fc increased by 1.6% when the steel fibre content increased from 0% 

to 0.5%, while this ratio increased by 8% when the steel fibre content increased from 0.5% to 1.2% 

as listed in Table 3. This may be due to the fact that the steel fibre arrested the opening of the cracks 

through the bridging process which causes an increase in the maximum compressive stresses. 

 

10.2 The Effect of b/a on Bearing Capacity of Compression Field 

The test results of the effect of the width of the test specimen (b) to the width of loading plate (a) are 

represented by (b/a) on bearing capacity of compression field are summarized in Table 4.  As 

expected, for b/a= 1, the value of Ϭc,max/fc  equal to 1. From Table 4, with an incremental increase of 

b/a, the value of Ϭc,max/fc decrease till reaching the minimum value, then increased till reaching the 

values more than fc. The whole behaviour of the effect of b/a on the ratio of Ϭc/fc is shown in Fig. 6.   

The reasons of that are, for high b/a, the effective width of bottle-shaped at the mid-height of the 

specimen is small producing compressive stresses beyond the transverse tensile stresses increased 

the bearing capacity of compression field.                     

 

10.3 The Effect of Compressive Strength of Concrete on Bearing Capacity of Compression                                                                           

       Field 

The three tested specimens as mentioned before have three uniaxial compressive strength of 13.4, 

30.4 and 50.7 MPa for C6-fc13, C2-0.5F and C7-fc50 specimens respectively. AS expected, by 

increasing the uniaxial compressive strength of concrete from 13.4 to 50.7 MPa, the ratio of Ϭc,max 

/fc decreases from 0.78 to 0.49 respectively (see Table 5).       

 

10.4 The Effect of Specimen Height on Bearing Capacity of Compression Field 

To study the effect of the height of specimen on bearing capacity of compression field, two 

specimens were constructed, first; specimen of 30 cm height (C2-0.5F) and a second specimen of 60 

cm height (C8-h60). The test results are summarized in Table 6. When the height of specimen is 

doubled the bearing capacity of compression field is increased by 32.3% and the ratio of Ϭc,max/fc is 

also increased. The reason of that is, increase the height of concrete specimen means increased the 

path of concrete resistance up to failure. 

 

10.5 Transverse Reinforcement Effect on Bearing Capacity of Compression Field 

 To study the effect of transverse reinforcement on bearing capacity of compression field, the C9-TR 

specimen transversely reinforced with 7-6mm diameter equally spaced in the middle of the 

specimen (exactly in the maximum transverse tensile stresses of bottle-shaped).  Table 7 

summarized the test results, in which, the transverse reinforcement increases the ratio of Ϭc,max/fc by 

more than two times. This is because of the resistance of transverse reinforcement to maximum 

transverse bottle-shaped tensile stresses in the middle of the specimen.   
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11. LOAD-TRASVERSE DEFORMATION BEHAVIOR 

As stated before, the horizontal dial gauges were used to measure the horizontal displacement at a 

quarter (point 1 and 3) and at middle height (point 2) of the specimen as stated in Fig. 4. The 

relation between Ϭc,max/fc and the transverse displacements were illustrated in Fig. 7 to Fig. 11.  

Disregarding some nonlinearities at the beginning of testing resulting from the test setup, the load-

transverse deformation behaviour of tested specimens was initially linear till about 93% of the 

maximum stresses and then nonlinear behaviour pronounced till the maximum compressive stresses. 

The softening zone after reaching the maximum compressive stresses will be disregarded because it 

is beyond the scope of this work. 

By comparisons with the reference specimen (C2-0.5F), as shown in Fig. 7 to Fig. 11, the 

differences of measurement in transverse displacement between dial gauges placed at point 1 or 3 

and dial gauge placed at point 2 confirm the distribution of compressive stresses in bottle-shaped. 

Also, the test results of transverse displacement at mid-height shows the biggest width of bottle-

shaped occurs at the C4-10b/a (specimen with less width of loading plate). And, the less width of 

bottle-shaped of compression field occurs at C3-1.2F specimen (with 1.2% fibre content). The 

specimen C7-fc50 (specimen with compressive strength 50.7 MPa) shows the more nonlinear 

behaviour before failure.                                   

 

12. LOAD-VERTICAL DEFORMATION BEHAVIOR 

As previously pointed, the dial gages also used to measure the vertical displacement at the edge of 

specimens. The relations between the Ϭc,max/fc and the vertical displacement is illustrated in Fig. 12.                         

 

13. MODES OF FAILURE 

The bearing failure of compression field for all tested specimens is splitting type of failure. Splitting 

started with a crack under the edges of load application area due to load concentration there. 

Sometimes two splitting cracks developed. Fig. 13 shows the modes of failure for tested specimens 

 

14. CONCLUSIONS 

 Addition of steel fibre to normal strength concrete or presence of transverse reinforcement 

increases the maximum bearing capacity of compressive strength of the specimen.                          

 Increased the uniaxial compressive strength of concrete increases the maximum bearing 

capacity of compressive stresses. 

 The load-transverse deformation initially behaves linearly and shows some nonlinearity 

before failure. 

 With incremental increasing the ratio of b/a, the value of Ϭc,max/fc decrease till reaching the 

minimum value, then increased till reaching the values more than fc. 

 The dial gauges measurements in transverse direction confirm the bottle-shaped compression 

stress distributions. 

 The bottle-shaped compression field failed with the splitting type of failure due to load 

concentrator.  
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Table 1. Compositions of concrete mix design. 

 

Mtaerials 

(kg/m
3
) 

fc=13.4 fc=30.4 fc=50.7 

Cement (kg/m3) 338.2 472.8 788.1 

Fine aggregate 1003.4 868 553.1 

Coarse aggregate 967.2 967.2 967.2 

Water 236 236 236 

W/C 0.7 0.5 0.3 

 

Table 2. Details of tested specimens. 

 

Specimens  
Designation 

Concrete 
Type 

     fc 
  (MPa) 

fiber 
content 
     (%) 

  b/a Height of 
specimen 
   (cm)            

Width of 
loading plate            
       (cm) 

Transverse 
reinforcement 

     C1-0F     NSC    29.6       0    5     30        6           - 

     C2-0.5F     NSC    30.4     0.5    5     30        6           - 

     C3-1.2F     NSC    32.1     1.2    5      30        6           - 

    C4-10b/a     NSC    30.4     0.5   10      30        3           - 

    C5-2b/a     NSC    30.4     0.5    2      30       15           - 

    C6-fc13     NSC    13.4     0.5    5      30        6           - 

    C7-fc50     NSC    50.7     0.5    5      30         6           - 

     C8-h60     NSC    30.4     0.5    5      60         6           - 

      C9-TR     NSC    30.4     0.5    5      30         6      7-6mm 

  C10-1.5b/a     NSC    30.4     0.5   1.5      30        20           - 

 

Table 3. Maximum compressive stresses at failure. 

 

 

 

Specimens fc

 (MPa) Ϭc,max (MPa) Ϭc,max/fc

 

C1-0F 29.6 18.3 0.61 

C2-0.5F 30.4 19 0.62 

C3-1.2F 32.1 21.6 0.67 
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Table 4. Effect of b/a on bearing capacity of compression field. 

 

c,max /fc
 a (cm) b/a fc

 Specimens 

1.56 3 10 30.4 C4-10b/a 

0.62 6 5 30.4 C2-0.5F 

0.75 15 2 30.4 C5-2b/a 

0.82 20 1.5 30.4 C10-1.5b/a 

 

 

 

Table 5. Effect of compressive strength of concrete on maximum compressive stresses. 

 
Specimens fc


 (MPa) Ϭc,max (MPa) Ϭc,max /fc

 

C6-fc13 13.4 10.5 0.78 

C2-0.5F 30.4 18.8 0.61 

C7-fc50 50.7 25 0.49 

 

 

Table 6. Effect of height of specimen on maximum compressive stresses. 

 

  

        

 

 

 

 

Table 7. Effect of transverse reinforcement of specimen on maximum compressive stresses. 

 
Specimens fc


 (MPa) Ϭc,max (MPa) Ϭc,max/fc

 

C2-0.5F 30.4 18.8 0.61 

C9-TR 30.4 44.4 1.46 

 

 

 

 

 

 

 

specimens fc

 (MPa) Ϭc,max (MPa) Ϭc,max/fc

 

C2-0.5F 30.4 18.8 0.61 

C8-h60 30.4 27.8 0.91 
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Figure 1. Bottle-shaped strut. 

 

 

 

  

 

 

 

 

 

 

                                         Figure 2. Steel fibre used in constructed the specimens. 
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Figure 3. Test Setup. 
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Figure 4. Points of measurement. 
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Figure 5. Specimen under test. 

 

                                                            

 

 

 

 

 

 

Figure 6. The relation between the Ϭc/fc with the b/a. 
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Figure 7. Load-Transverse displacement of C1-0F, C2-0.5F and C3-1.2F specimens. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Load-Transverse displacement of C2-0.5F, C4-10b/a, C5-2b/a and C10-1.5b/a 

Specimens. 
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Figure 9. Load-Transverse displacement of C2-0.5F, C6-fc13 and C7-fc50 specimens. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Load-Transverse displacement of C2-0.5F and C8-h60 specimens. 
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Figure 11. Load-Transverse displacement of C2-0.5F and C9-TR specimens. 

 

 

 

 

 

                    

 

 

 

 

  

 

 

Figure 12. Vertical displacement of tested specimens. 
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Figure 13. Mode of failure of tested specimens. 
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ABSTRACT 

Multilateral wells require a sophisticated type of well model to be applied in reservoir simulators 

to represent them. The model must be able to determine the flow rate of each fluid and the pressure 

throughout the well. The production rate calculations are very important because they give an 

indication about some main issues associated with multi-lateral wells such as one branch may 

produce water or gas before others, no production rate from one branch, and selecting the best 

location of a new branch for development process easily.                                                                                                        

This paper states the way to calculate production rate of each branch of a multilateral well-using 

multi-segment well model. The pressure behaviour of each branch is simulated dependent on 

knowing its production rate. This model has divided a multi-lateral well into an arbitrary number of 

segments depending on the required degree of accuracy and run time of the simulator.                         

The model implemented on a field example (multi-lateral well HF-65ML) in Halfaya Oil 

Field/Mishrif formation. The production rate and pressure behaviour of each branch are simulated 

during the producing interval of the multilateral well. The conclusion is that production rate of the 

main branch is slightly larger than a lateral branch.  

Keywords: multilateral well, multi-segment well model, branch, production rate, pressure behavior. 

 حسبة معذل انتبج كم رراع في بئر متعذد الاررع ببستخذاو موديم بئر متعذد الاجساء :مثبل حقهي

عبذانرزاق عبذانوهبة مهم                                                                                                           محمذ صبنح انجواد  
          طبنجخ يبخسزيش                                                                                                                                                            اسزبر

انزكُٕنٕخيخ اندبيعخ \انُفظ ركُٕنٕخيب                                                                               خبيعخ ثغذاد            \كهيخ انُٓذسخ انُفظ  

 انخلاصة

ت اٌ يكٌٕ قبثم يد في ثشايح انًحبكبح انًكًُيخ. انًٕديم نزًثيهٓب قانًزطٕس يزطجبس يزعذدِ الارسع يزطهت يٕديم ثئش يٍ انُٕع اث

يؤشش حٕل ثعط انقضبيب يًٓخ خذا ثسجت آَب رعطي  يعذل الاَزبج حسبثبد. خلال انجئش كم يبئع ٔانضغظ يعذل اَزبج نزحذيذ

 ٔسٕٓنّ اخزيبسقجم الاخش, عذو الاَزبج يٍ احذ الارسع, احذ الارسع يُزح يبء أ غبص يثم انشئيسيخ انًزعهقخ ثبنجئش انًزعذد الارسع

                                                                                                .يٕقع انزساع اندذيذ نغشض عًهيهذ انزطٕيش افضم

سهٕك انضغظ يصف انطشيقخ نحسبة يعذل اَزبج نكم رساع في ثئش يزعذد الارسع ثبسزخذاو يٕديم ثئش يزعذد الاخضاء.  يششْزا انزق

ْزا انًٕديم يقسى انجئش انًزعذد الارسع انى عذد عشٕائي يٍ الاخضاء اعزًبدا نكم رساع يحست اعزًبدا عهى يعشفخ يعذل الاَزبخّ. 

                                                                                     يز انجشَبيح انًحبكبح. عهى دسخّ انذقخ انًطهٕثّ ٔ صيٍ رُف

طجقخ انًششف. يعذل الاَزبج ٔسهٕك انضغظ نكم \( في حقم انحهفبيخ 56-انًٕديم طجق عهى يثبل حقهي )ثئش يزعذد الارسع حهفبيّ

  سزُزح اٌ انفشع انشئيسي يُزح ثًعذل اكثش قهيلا يٍ انفشع الاخش.الا ش انًزعذد الارسع.رساع حست خلال انفزشِ الاَزبخيخ نهجئ

سهٕك انضغظ. يعذل الاَزبج, فشع, يٕديم ثئش يزعذد الارسع, يزعذد الارسع,ثئش  يسية:انكهمبت انرئ  
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1. INTRODUCTION 

A multi-lateral drilling technology is one of the unconventional technologies that play a key role in 

keeping the development profitable comparison with the conventional technologies today. The 

multilateral drilling technology increases the production per well and improves the reservoir 

ultimate recovery factor Paiaman, and Moghadasi, 2009.  

Multilateral wells increase well to reservoir contact by allowing several horizontal/deviated well 

paths with different orientations from one main wellbore. However, laterals can interfere or compete 

with one another through both the wellbore and within the reservoir. The corrected modelling of the 

connection and flow dynamics in the laterals is necessary. This is done by using a multi-segment 

well model Wang, et al., 2008. 

A multi-segment well model is represented by a set of segments along the path of the wellbore. This 

model offers flexibility in the control of appropriate parameters by segment to properly simulate the 

different issues that arise with multi-lateral wells. 

There is a lack in studies about simulated production rate of each branch of a multilateral well. 
Chen, et al., 2000 presented a deliverability model to predict the performance of the multilateral 

well. They constructed a horizontal lateral model first to compute the production rate from each 

lateral. And, they considered pressure drop along the lateral in the model. Then, they applied the 

lateral model into the well system with more than one lateral blend to the main wellbore. The 

production from each lateral, the overall production rate, and the pressure in the good system are 

predicted by the multilateral deliverability model. 

Fahem, et al, 2003 they developed a semi analytical model for a dual lateral well that is drilled into 

a homogeneous reservoir with a uniform thickness. They used a multi-segment well model to 

represent the well in the model. They used MATLAB program to solve the linear equations in order 

to calculate the production rate for each segment that used to calculate pressure drop for each lateral. 

Yildiz, 2005 developed a three-dimensional model to predict the productivity of multi-lateral wells 

and simulated the flow into each branch. The model assumed the reservoir was homogeneous, 

anisotropic, sealed top and bottom boundaries with impermeable formations, and constant external 

pressure for four side boundaries. A steady state flow condition was implemented. The fluid was a 

single phase flow with constant compressibility and viscosity. 

Kamkom, 2007 represented the multi-lateral well with the multi-segment well model and calculated 

the productivity index of each segment in the most bottom lateral from the inflow performance 

model. The flow rate is computed by multiplying the pressure draw down to the productivity index 

of each segment. 

2. MULTILATERAL WELL  

A multilateral well is a well that has two or more drainage holes (branches, secondary laterals, arms 

or legs) deviated from the main wellbore (trunk, primary well bore, mother bore or back bore), 

either trunk or branches can be vertical, horizontal, or deviated Rabia, 2005. 

The junction completion of a multilateral well is the vital step to constructing the well. Multilaterals 

are divided into six levels according to Technology Advancement of Multilaterals (TAML) 
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classification on basis junction complexity as shown in Fig. 1. Level 1 is the simplest, but level 6 is 

the most advanced completion (smart well) Hill, et al., 2008. The selection of proper completion 

system depends upon the producing and well intervention requirements during the well’s life.

3. MULTI-SEGMENT WELL MODEL 

The Multi-segment well model offers a detailed description of fluid flow in the well bore. The 

facility is designed for horizontal and multi-lateral wells specifically. Also, it can be used to provide 

a more detailed analysis of fluid flow in inclined and standard vertical wells. 

A multi-segment well may be defined as a group of segments arranging in a gathering tree topology. 

A single well bore comprises a collection of segments arranging along the wellbore serially. A 

multilateral well has a series of segments along its primary hole, and each lateral branch comprises a 

set of one or more segments that link at one end to a segment on the main hole as shown in   Fig. 2. 

It can be useful for modelling certain inflow control devices as part of the segments network. 

Each segment comprises a node and a flow path to its parent segment’s node. A segment s node is 

positioned at the end that is furthest away from the well head. Each node lies at a specified depth 

and has a nodal pressure which is estimated by the well model calculation. Also, each segment’s 

flow path is the flow rates of oil, water, and gas which are determined by the well model calculation.  

Each segment has completions in one or more reservoir grid blocks, or none at all if there are no 

perforations in that location Schlumberger, 2010. 

4. FIELD EXAMPLE 

The multilateral well HF065-M65ML is a stacked dual lateral well type and is named as (HF-65ML) 

in this study. The well HF-65ML is drilled in Halfaya Oil Field/Mishrif formation.  

The well has two horizontal sections (Main branch section target depth at 4282m MD and 2987m 

TVD, and Lateral branch target depth at 4070m MD and 3006.84m TVD). The main branch is cased 

with 4-1/2-inch perforated liner and the Lateral branch left as open hole Petro China, 2014. The 

completion of the well considers from level 2 as shown in Fig. 3. 

4.1 Constructing the Reservoir Simulation Model 

The completed reservoir model for the drainage area of the well HF-65ML is built using Petrel RE 

and Eclipse Black Oil Simulator programs. The geological model is constructed from a contour map 

of the top of Mishrif (only drainage area of the well HF-65ML), CPI for the lateral branch (porosity 

and water saturation), and permeability. The reservoir model is built from PVT, relative 

permeability, and capillary pressure. The completed reservoir model is built in order to achieve the 

history matching between simulated and measured data (production rate and pressure) as shown in 

Fig 4. 
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4.2 Representing HF-65MLWell Using Multi-Segment Well Model 

The HF-65ML well is considered as one of the advanced wells with complex geometry 

configuration. It has two branches drilled from a primary well bore. The multi-segment well model 

is used to represent the well in the reservoir simulator as shown in Figs. 5 and 6. The primary 

(mother) well bore is represented as the segment (1) from the surface to 2964 m TVD, the main 

branch has represented the segments from (2 to 8), and the lateral wellbore represented the segments 

from (9 to 12).  

4.3 History of HF-65ML Well 

Monthly oil production rates data is available for the well HF-65ML from August at 2014 until 

December at 2015. The production history matching of multi-lateral well between the measured and 

simulated data is made during this period as shown in Fig. 7. 

HF-65ML well is tested with build up test for 96 hours shut in. The test started on 16 May 2015 and 

ended on 20 May 2015. The pressure history matching of multi-lateral well between the measured 

and simulated data is made as shown in Fig 8. This figure states that simulated two curves closed 

from measured curve. One curve is simulated BHP and the other is simulated average BHP (this 

curve is averaging each four points from BHP). The average BHP is best for matching with 

measured (observed) pressure.  

5. RESULTS AND DISCUSSION  

The well HF065ML is produced as commingled production from the branches because of its 

completion type. Therefore, the total production rate of the multilateral well HF-65ML is known but 

the production contribution of each branch is not known. The accessible way to calculate the 

production rate from each branch is by using the multi-segment well model. This stage is applied 

after the history matching between the simulated and measured data (production rate and build up 

test) of the multilateral well is achieved. 

Oil production rate for the main and lateral branches are simulated from the date opening the well to 

producing at August 2014 until the end of December 2015

The production rate for the main and lateral branches are approximately close to each other as 

shown in Fig. 9. After knowing the production rate of the main and lateral branches, pressure 

behaviour is simulated for both branches as shown in Figs. 10 and 11.  

The production rate of the lateral branch is larger than the main branch about (11 STB/d) at 8th 2014 

only. The production rate of the main branch increases continuously than a lateral branch from 9th 

2014 to 12th 2015 to reach the difference in flow rates is (75 STB/d) at 12th 2015.This increment in 

the production rate of the main branch can attribute to larger producing length of the main hole and 

BHP of the main hole is higher than a lateral branch. 
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6. CONCLUSIONS    

The multi-segment well model is a useful method to calculate the production contribution and 

pressure behaviour of each branch of a multilateral well which has no advanced completion level 

and no production log data.  
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 NOMENCLATURE  

BHP = bottom hole pressure.  

CPI = computer processed interpretation 

HF-65ML = HF065-M65ML well. 

MD = measured depth, m. 

PVT = pressure volume temperature.  

STB/d = stock tank barrel per day. 

TAML = technology Advancement of Multilaterals. 

TVD = true vertical depth, m. 
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Figure 1. The TAML classification of 

multilateral completions Paiaman, and 

Moghadasi, 2009. 

 

Figure 2. A multilateral, multi-segment well 

Schlumberger, 2010. 

 

 

Figure 3. A profile of HF-65ML well Petro 

China, 2014. 
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Figure 4. The completed reservoir model of HF-65ML well. 
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Figure 5. The segment model for the branches.
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Figure 6. Segment model for the well HF-65ML. 

 

 

Figure 7. Matching for a production rate of HF-65ML well during the producing period. 
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Figure 8. Matching of Buildup Pressure for HF-65MLWell. 

 

 

Figure 9. Production rates of the main and lateral branches. 
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Figure 10. Pressure behaviour of the main branch. 

 

 

Figure 11. Pressure behavior of the lateral branch.  
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ABSTRACT 

L1 adaptive controller has proven to provide fast adaptation with guaranteed transients in a 

large variety of systems. It is commonly used for controlling systems with uncertain time-

varying unknown parameters. The effectiveness of  L1 adaptive controller for position control 

of single axis has been examined and compared with Model Reference Adaptive Controller 

(MRAC). The Linear servo motor is one of the main constituting elements of the x-y table 

which is mostly used in automation application. It is characterized by time-varying friction and 

disturbance.  

    The tracking and steady state performances of both controllers have been assessed for two 

different types of input signals ramp and step inputs. The simulated results based on MATLAB 

(2012a) package showed that L1 adaptive controller could outperform MRAC in terms of 

robustness and tracking.   

Keywords:  L1  adaptive controller, position control, servo motor, x-y table  

 

 للسٌطرة على الحركة الخطٌة لمحور لمنضدة ذات محور مفرد  L1 نوع  متكٌفمسٌطر  تصمٌم

 
 امجد جلٌل حمٌدي 
 استاذ مساعد دكتور 

 الجامعة التكنولوجية–قسم هندسة السيطرة والنظم 
 مهند نوفل مصطفى                                                      محمد علً سفاح محمد                                                     

 مدرس مساعد                                                   مدرس مساعد                                                                     
  الجامعة التكنولوجية–قسم هندسة السيطرة والنظم                                                                                     كلية المنصور الجامعة

 
 

 الخلاصة
 استخدام تم وقد محور واحدباتجاه  X-Yمنضدة الحركة الخطية ل تطبيقل مستمر تيار ذو مؤازر محرك استخدام تم العمل هذا في    

 والوجذولت صهٌٍا الوخغٍشة الوؼلواث راث الوٌظىهاث ػلى السٍطشة المستخدم في  (L1 ًىع الوخنٍف الوسٍطش)  حديث متكيف مسيطر

 رو نٍفـــــــــــالوخ الوسٍطش هغ  L1 ًىع الوخنٍف الوسٍطش( الوقخشح الوسٍطش هقاسًت جـــــــــحو الأداء وحقٍٍن الوقاسًت ولغشض .القٍوت

 .الٍهالوحىسالوٌضذة  الخطً الوىقغ ػلى للسٍطشة ورلل (Model Reference Adaptive Control) ٌوزجتــالو ؼٍتـــــــــــــالوشج

 .(Uncertainties) هؤمذة الغٍش الخشامٍب وهخخلف الادخاه اشاساث اًىاع لوخخلف اػلاٍ الوسٍطشٌي هخاًت حقٍٍن حن

 ورلل الوسٍطشٌي اششاف وححج الوخغٍشة الاحخناك وحشامٍب الاضطشاباث بىجىد الوقخشحت الخطٍت للوحشماث الوحاماة حٌفٍز حن   

 اداء اعطى    ًىع الوخنٍف الوسٍطش بأى (MATLAB 2012a) بشًاهج باسخخذام الٌظشٌت الٌخائج اثبخج .الٌظشي الاساس لاثباث

 المرجعية ذو المتكيف المسيطر من عليھا الحصول تم تلك التي من افضل المستقرة الحالة وخواص داينميكي حركي واداء متابعة
 .المنمذجة

 .X-Yهٌضذة , هسخوش حٍاس رو هؤاصس هحشك, السٍطشة ػلى الوىقغ ,   L1 ًىع الوخنٍف الوسٍطش: الكلمات الرئيسية
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1. INTRODUCTION 

    Over the last few years, L1-adaptive control theory has attracted the attention of many 

control researchers.  It permits transient characterization, cope with time varying uncertainties, 

and can create a compromise between tracking performance and robustness, Hovakimyan, 

2010, and Cao, 2009.  

    L1-adaptive control theory allows for decoupling of adaptation from robustness. The 

architecture also allows for transient characterization and robustness in the presence of fast 

adaptation without using persistent excitation, applying gain scheduling, or using high-gain 

feedback. Moreover,   -adaptive control can be used for nonlinear time-varying systems in the 

presence of state constraints, Hovakimyan, 2010, and Hacker, 2011.  

   To achieve its goals,   -adaptive control uses three distinct laws; state predictor law, 

adaptation law and control law. The state predictor law is responsible for modelling the 

system's desired performance, while the adaptation law ensures that the state estimates and 

plans are identical. Additionally, the control law tries to reduce the chattering in the control 

loop by including a low pass linear filter.  

    The L1 controller has already been shown to be beneficial in many control applications such 

as drilling systems, wing rock, aerial vehicles, acrobats, the hysteresis in smart materials, and 

the regulation of arterial CO2 tension in blood, Techy, et al., 2007, and Pomprapa, et al., 

2013. 

    In the present work, two controllers have been suggested, L1 controller and Model 

Reference Adaptive Controller for positioning control of single axis positioning table. The 

performance comparisons of the presented controllers are assessed, via simulation, in terms of 

tracking and robustness.   

                  

2. ANALYSIS OF   -ADAPTIVE CONTROL 
     Two different architectures of adaptive control will be studied: Direct MRAC and Direct 

MRAC with state predictor which can be developed later to synthesize L1-adaptive control 

architecture. It is worthy to mention that   -adaptive control is a modified version of direct 

MRAC. Therefore, one can proceed to analyze the MRAC and then to state the main 

constructing elements of L1 –adaptive control. 

 

2.1 Direct Model Reference Adaptive Control (MRAC) 

Let the system dynamics obey to the following structure of differential equation, 

Hovakimyan, 2010:                                                    

             ̇( )     ( )     . ( )    
   ( )/      ( )                                                         (1) 

              ( )       ( ) 
where  ( )     is measured state of the system,     

   , a known Hurwitz matrix, 

defines the desired dynamics for the closed-loop system and its eigenvalues should have  

negative real values,        are known constant vectors, ,  ( )    is the control input, 

 ( )    is the regulated output, and        is a vector of unknown uncertainty constant 

parameters. The development of MRAC architecture is initiated by suggesting the nominal 

controller;  

                          
   ( )       ( )                                                                                   (2) 

where  ( )    is uniformly bounded piecewise-continuous reference input and    is given by 
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                                                                                                    (3)     

The direct MRAC is given by 

                 ( )     ̂ 
 ( ) ( )      ( )                                                                                  (4) 

where  ̂ ( )    
  is the estimate of   . Substituting Eq.(4) into Eq.(1) yields the closed – loop 

system dynamics, Hovakimyan, 2010: 

             ̇( )  .      ̃ 
 ( )/  ( )        ( )      ( )                                                    (5)                  

             ( )       ( )  
where  ̃ ( )   ̂ ( )      denotes the parametric estimation error. The signal of tracking 

error will be:   
              ( )    ( )   ( ) 
              ̇( )       ( )     ̃ 

 ( ) ( )            ( )                                                               (6) 

The updated law of the parametric estimate is given by Cao, 2009, and Maalouf, 2013:                  

             ̇̂ ( )    Γ ( ) 
 ( )                     ̂ ( )                                                            (7) 

where Γ    is the adaptation gain. The matrix         is found by solution of the 

algebraic Lyapunov equation, Hacker, 2011, and Hovakimyan, 2007:                 

              
                                                                                                                 (8) 

For arbitrary       . The block diagram of the closed–loop system is in Fig.1. 
 

The following is the candidate of Lyapunov function: 

           . ( )  ̃ ( )/   
 ( )    ( )   

Γ

1
  ̃ 
 ( )  ̃ ( )                                                         (9) 

Its time derivative along the system trajectories Eq.(6) – Eq.(7) is given by 

           ̇( )     ( )    ( )                                                                                                (10)                                  

Hence, the equilibrium of Eq.(6) and Eq.(7) is Lyapunov stable. The asymptotical convergence 

to zero of tracking error, the second derivative of Eq.(9) is used;   

            ̈( )       ( )   ̇( )                                                                                                 (11)   

It follows that  ̇( ) is uniformly bounded, and hence  ̈( ) is bounded, implying that  ̇( ) is 

uniformly continuous. Application of Barbalat’s lemma yields, Hovakimyan, 2010: 

               
   

 ̇ ( )                                                                                                                     (12) 

which leads to the fact  ( )    as    . Thus,  ( ) asymptotically converges       to   ( ).  
 
2.2 Direct MRAC with State Predictor   

    One can re-parameterize the above-discussed structure utilizing a state predictor as follows, 

Hacker, 2011, and Hovakimyan, 2007   

          ̇̂( )      ̂( )    . ( )    ̂ 
  ( ) ( )/        ̂( )                                                 (13) 

          ̂( )      ̂( )  
where  ̂( )     is the state of the predictor. By subtracting Eq.(1) from Eq.(13), the 

prediction error dynamics can be obtained,            

          ̇̃( )       ̃( )     ̃ 
 ( )  ( )       ̃( )                                (14)                               

where  ̃( )   ̂( )   ( ) and  ̃ ( )   ̂ ( )    ( ). One may note that these error dynamics 

are equivalent to the error dynamics indicated in Eq. (6). Next, let the adaptive law for  ̂ ( ) be 

given as                                    

        ̇̂ ( )    Γ ( )  ̃
 ( )                  ̂ ( )                                                                  (15) 
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This adaptive law is identical to Eq.(7) in its structure with an exception of replacing the 

tracking error  ( ) is by the prediction error  ̃( ). The Lyapunov function candidate is chosen 

as Hovakimyan, 2010, and Maalouf, 2013: 

        . ̃( )  ̃ ( )/    ̃
 ( )    ̃( )   

Γ

1   ̃ 
 ( )  ̃ ( )                                                        (16)         

which leads to 

          ̇( )    ̃ ( )    ̃( )                                                                                                (17)                                 

This means that both errors  ̃( ) and  ̃ ( ) are uniformly bounded. However, Barbalat’s 

lemma cannot be applied to prove asymptotic convergence of  ̃( ) to zero without introducing 

the feedback signal  ( ). Moreover, the estimation error  ̃( ) can be kept uniformly bounded if 

both  ( ) and  ̂( ) diverge at the same rate. 

   The closed–loop of state predictor would mimic the reference system Hovakimyan, 2010 :                

           ̇̂( )      ̂( )     g  ( )            ̂( )                                                                   (18)                                                     

           ̂( )       ̂( )   
Thereby, Barbalat’s lemma can be included to deduce  that  ̃( )      as     . Fig. 2 shows 

the block diagram of the direct MRAC with state predictor.  

 

3 PROBLEM FORMULATIONS:  

    The class of system indicated in Eq.(1) can be extended to the following more general class, 

Hovakimyan, 2010,  Cao, and Hovakimyan, 2007, and Cao, and Hovakimyan, 2008; 

            ̇( )      ( )    .   ( )   
 ( )  ( )   ( )/  ( )                                    (19) 

            ( )     ( )                                                                                                                (20)                                                                         

where  ( )     is a vector of time-varying unknown parameters,     is an unknown 

constant with known sign, and  ( )    accounts for input disturbances. 

    The control objective is to ensure that  ( ) tracks a bounded piecewise-continuous reference 

signal  ( ) using full-state feedback adaptive controller, Hovakimyan, 2010, and Cao, and 

Hovakimyan, 2007, and Hovakimyan, 2007. 
 

4. L1-ADAPTIVE CONTROL ARCHITECTURE 

   In what follows, the elements of L1--adaptive controller will be explained. The controller 

comprises three main parts; state predictor, adaptation law and control law, Hovakimyan, 

2010, and Cao, and Hovakimyan, 2007, and Hovakimyan, 2007.  
 

4.1 State Predictor 
   The following state predictor will be considered: 

           ̇̂( )     ̂( )   . ̂( ) ( )   ̂
 ( ) ( )   ̂( )/,   ̂( )     

           ̂( )     ̂( )                                                                                                                 (21) 

which is a similar structure indicated in Eq.(20) except that the unknown parameters  ,  ( ), 

and  ( ) are exchanged by their adaptive estimates  ̂( ),  ̂( ), and  ̂( ), respectively. 
 

4.2 Adaptation Laws 

    The adaptive process is conducted by the projection-based adaptation laws: 

           ̇̂( )        . ̂( )   ̃ ( )   ( )/          ̂( )   ̂ , 

           ̇̂( )        ( ̂( )   ̃ ( )  )            ̂( )   ̂ ,                                                       (22) 
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           ̇̂( )        . ̂( )   ̃ ( )   ( )/         ̂( )   ̂  

where  ̃( )   ̂( )   ( ),      is the adaptation rate and         is the solution of the 

algebraic Lyapunov equation    
          for arbitrary       . 

4.3 Control Law  
    The control signal is produced as the output of the following (feedback) system Cao, and 

Hovakimyan2007, and Hovakimyan2010: 

           ( )      ( ) ( ̂( )   g  ( )),                                                                               (23) 

where  ( ) and  ̂( ) are the Laplace transforms of   (  ) and   ̂( ), respectively, where  ̂( ) 
and   g are given by: 

            ̂( )   ̂( ) ( )   ̂ ( )  ( )   ̂( ),                                                                        (24) 

            g      
   

   ; 

where      and   ( ) are a feedback gain and a strictly proper transfer function leading to a 

strictly proper stable  

           ( )  
   ( )

     ( )
                                                                                                    (25) 

The DC gain is set at C(0) = 1. Choosing  ( )      results in a simple first-order strictly 

proper  ( ) of the form  

           ( )  
   

     
                                                                                                                   (26)                                                                                                        

letting      gives, Hacker, 2011, and Hovakimyan, 2010: 

                   ‖ ‖  

           ( )  (     )
                                                                                                       (27) 

           ( )   ( )(   ( ))    
The L1-adaptive controller is subjected to the following L1-norm condition: 

          ‖ ( )‖
1L
                                                                                                                  (28)       

The main elements L1-adaptive control structure is illustrated in Fig. 3. 

   If  ( ) is a stationary parameter of fixed value, then the L1-norm condition can be further 

simplified. For the special choice of  ( )     , the closed-loop system matrix  g is given by; 

            g  [
     

   

       
],                                                                                           (29) 

where  g has to be Hurwitz with all its eigenvalues have negative real values for all    Θ and 

    .Figu.4 shows the difference between L1 –adaptive controller and MRAC archetechture. 
 

5. PROJECTION OPERATOR 

Consider a convex, compact set with a smooth boundary given by Hovakimyan, 2010, and 

Maalouf, 2013.    

            *   
   ( )   +                     ,                                                                (30)      

where f :      is described by the following convex function: 

         ( )  
        

 

       
                                                                                                      (31) 

where      is the norm bound confining the parameter vector  , and     represents the 

convergence tolerance that the adaptive parameter is allowed to exceed compared to its 

maximum conservative value. If a special structure of the function  ( )   , which defines the 

boundaries of the outer set, then one can get that     (    )     
 .  
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 The projection operator can be defined as, Cao, and Hovakimyan, 2007, and Hovakimyan, 

2010: 

    (   )  {

                                                                         ( )    

                                            ( )               

  
  

‖  ‖
 〈
   

‖  ‖
  〉             ( )               

                                      (32) 

To geometrically interpret the above equation, let us define a convex set    as 

               *   
   ( )   +                                                                                             (33)     

and let    represent another convex set such that 

               *   
   ( )   +                                                                                             (34)     

Also, let    represents an annulus region defined by 

                     *     ( )   +                                                                            (35)          

Inside    the projection algorithm subtracts a scaled component of   that is normal to 

boundary *   ( )   +. If the value of   is set to zero (    ), then the scaled normal 

component is 0. Also, if the value of   is set to unity (   ), then the component of   that is 

normal to the boundary    is entirely subtracted from   such that     (   ) is tangent to the 

boundary *   ( )   +. Further explanation can be seen in Fig. 5, where    denotes the true 

value of the parameter   and belong to    , i.e.       . 

 

6. MODELING OF SINGLE AXIS POSITIONING TABLE 

Fig. 6 shows the typical elements in one axis. An incremental optical encoder with a 

resolution of      can measure the worktable position. A servomotor through a ball screw 

drives the worktable or slide. Rotary bearings support the screw at both ends. Linear bearings 

support the nut along the displacement axis. The nut is constrained to rotate axially and when 

the ball screw is turning, a linear motion is imparted to the nut. Linear guide-way precisely 

constrains the movement of the positioning table to a single translational axis. The elasticity of 

system is mainly caused due to the ball screw; bearing supports, and flux coupling, Raafat, 

2011, and ZAN, 2006. The conceptual model of the mechanical system is illustrated in Fig. 7 . 

   The following assumptions on the physical system are considered to develop a simplified 

model, ZAN, 2006: 

1. Dynamic friction can be ignored. 

2. The ball screw is rigidly coupled to the motor shaft. 

3. The compliance between the slide table position and the ball nut is negligible. 

    The equation of motion can be derived from the simplified model according to the second 

law of Newton's as follows, Raafat, 2011: 

        ̈( )     ̇( )     ( )    ( )    ( )                                  (36) 

            ̈( )     ̇( )    ( )    ( )   ⁄                                                                              (37) 

where   is the rotational inertia which includes motor shaft,  ( ) is the angular position,  ( ) is 

the measured table linear position,   ( ) is the motor torque,   ( ) is the load torque,   ( ) is 

the torque due to disturbances,   is the mass,   ( ) is the equivalent force acting on the 

positioning table, the coupling, and ball screw mass inertias,    is the viscous damping arises 

from the rotational bearing and ball nut (lumped together),    is the screw pitch transformation 
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factor (from  rotational to linear motion) and    is the mechanical damping due to linear 

bearings.  

    It is well known that the torque   ( ) is related to the motor current   by a proportionality 

torque constant    given by motor the equation. 

              ( )                                                                                                                      (38) 

    The control voltage is the actual input of the system. The servo amplifier receives the applied 

voltage and supplies the current to the motor to develop the required electro-mechanical torque. 

It is assumed that amplifier has fast response such that its dynamic can be ignored and it is 

designated by constant gain    only for a certain range of operating point. Therefore, the motor 

torque can be written as, Raafat, 2011: 

           ( )         ( )                                                                                                        (39) 

where   is the input voltage signal. Consequently, the equation of motion (36) will be : 

        (   ⁄ )  ̈  (    ⁄ )  ̇             ̈       ̇     ( )                                          (40) 

By regrouping the   terms in the left-half side, the equation can be expressed as follows: 

        (
      

 

      
)  ̈  (

       
 

      
)  ̇    (      )    ( )                                                           (41)  

where the uncertainty function    ( ) accounts for nonlinear disturbances which includes the 

nonlinear friction, torque disturbances and other nonlinearities of the system, 

             ( )   ( )                                                                                                             (42) 

           ( )  (     )   ( ( )) 
 ( ( )   ⁄ )       ( ( ))                                               (43) 

where    is the load force and    is the coefficient of viscous friction. Equation (41) can be 

written as 

              ̈     ̇    (      )    ( )                                                                             (44)                                             

where    and    can be given by: 

              (
     

 

      
),      (

       
 

      
) 

Letting      and     ̇ and Eq.(44) can be re-arranged to yield; 

            ̇   (    )   ⁄  (    )   (        )    ( )                                              (45) 

The state space form can be written in the following form; 

           [
 ̇ 
 ̇ 
]  [

  

  
  

  

] 0
   
   
1  0

 
 
1 .

 

  
  

 

      
   ( )/                                                   (46) 

            ,  - 0
   
   
1,  

If equation (46) had been compared with the following class of state equation, 

             ̇( )     ( )   .   ( )   
 ( )  ( )   ( )/               

By induction, one may easily find that 

               ⁄ ,   ( )   
 

      
( ( )     ),  

  ,      ⁄ -, 

             ,  -  and    ,  - 

where          and    ,    - is the state feedback gain necessary for making the 

state matrix   being Hurwitz which all its eigenvalues have negative real values. 

 

7. CONTROLLABILITY CONDITION FOR POLE-PLACEMENT 

   The requirement for applying pole placement is that the system must be completely stated 

controllable. The state space matrices for DC motor are given by: 



Journal of Engineering    Volume    23     November      2017 Number  11 
 

 

11 

 

           [
  

  
  

  

]  and   ,  -                                                                                    (47) 

which has the following parameters, Raafat, 2011:   

             and              

               

The controllability matrix is given by  

       ̅  ,        -  [
  

  
  

  

]                                                                                               (48) 

Also, it is clear that the controllability matrix has a rank equal to 2; i.e., the rank value is equal 

to system order and the DC-motor based system is said to be completely controllable.  

Substituting the numerical values of model parameters into state and input matrices, one can 

obtain, 

         0
  
         

1     ,       0
 
 
1 

The eigenvalues for this system is      and              . Since the system has been 

shown to be completely state controllable, then the pole placement can be applied. If the 

desired eigenvalues are set as follows; 

                   and            

The state feedback gain    which transfer the eigenvalues to desired location is given by 

           ,    -  ,             - 
This model matrix can be easily calculated as follows 

                  0
  

              
1   

  

8. STABILITY ANALYSIS OF L1-ADAPTIVE CONTROL FOR THE SINGLE-AXIS 

POSITIONING TABLE 

     In order to prove the system stability, the  g matrix must be Hurwitz. Considering the 

values of the uncertainties in Tables1 and 3, the following matrices can be found: 

         0
  

              
1  ,    0

 
 
1  ,      ,        -,               

Again, based on the simulation,      . Substituting these parameters into the matrix Ag will 

produce the following matrix: 

        g  [
   

                         
                  

] 

Using MATLAB package, the eigenvalues of matrix  g is given by; 

             ,            ,              

Since all of these eigenvalues have negative real parts, this made  g being Hurwitz and this 

will lead to the stability of overall system.  

 
9. SIMULATED RESULTS OF SINGLE-AXIS POSITIONING TABLE 

    In what follows, the effectiveness of the two suggested controllers will be examined for 

different uncertainty structures and for different types of inputs. Table1 gives different 

uncertainty structure used in simulated results for various input types. If  ( ) is the friction 

force given by the following equation;  
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            ( )  (     )   ( ( ))  
 ( ( )   ⁄ )       ( ( ))                                              (49) 

The values of friction parameters used in the simulation are given below, ZAN, 2006. 

                0.008      ⁄ ,      0.0008 N,     0.012 N,   = 0.0008       
Other system parameters can are listed below, Raafat, 2011. 

                       ,                   
The form of the uncertainty  ( ) becomes  

             ( )   (       ⁄ )( ( )     ) 
The other standard parameters are 

                   ,      ⁄ -,      ⁄  

Using the numeric values, the range of compact set of   ( ) for this application is given 

                ( )     ,                -     

and the values of    and   are given, respectively, as 

                   ,        -,            (       )⁄   
 

9. 1 Results based on ramp input 

     The behaviours of position and control signals for the single-axis system are reported based on 

different structures of uncertainties and under the supervision of two suggested controllers.  The 

first structure of uncertainty is indicated as case (1) in Table 1. Fig. 8 shows that L1-adaptive 

controller could keep good tracking performance giving a small value of steady state error (0.03) 

  . On the other hand, MRAC could keep the tracking only for a period of time (2.4 sec), beyond 

which the system shows instability characteristics and the response would grow without limit. This 

is shown in Fig. 9. 

    For the uncertainty structure described in case (2) of Table 1, the system responses and 

control signals are shown in Fig. 10 and Fig. 11. In case of Fig. 10, L1-adaptive controller still 

gives good tracking characteristics. However, the steady state error based on this controller is 

equal to 0.001  . Again, MRAC could only keep a tracking for a while as shown in Fig. 11. 

Beyond 2.4 sec., the response due to MRAC becomes unstable and the response would grow 

without bound. 

   The uncertainty structure of Case (3) will be considered. Fig. 12and Fig. 13 show the position 

and control signal responses for both suggested controllers. The same discussion as the above 

can be argued with the exception that the steady state error resulting from L1-adaptive controller 

is equal to 0.03  . Also, the responses based on MRAC shows instability behavior after a 

period of time (2.4 sec.). 
    For the fourth case of Table 1, the responses and the control signals are shown in Fig. 14. 

Unfortunately, large steady state error are recorded for both controllers; as the value 0.25    

is measured for the response based on L1-adaptive controller and the value 0.33    is 

measured for MRAC.  

    Table 2 lists the summary of steady state errors for all considered cases and for prescribed 

input. It is clear from the above scenarios that the steady state errors resulting L1-adaptive 

controller is much less than those resulting from MRAC. 
 

 

9. 2 Results based on step input 

In the next scenario, the uncertainty structures listed in Table 1 are reformulated and 

presented in Table 3. For the first case of Table 3, the responses and the control signals for bot 

controller are shown in Fig. 15. It is clear from the figure that L1-adaptive controller offers 

better tracking characteristics rather than MRAC. The steady-state error resulting from            

L1-adaptive controller is about 0.0076  , while that for the MRAC is 0.0329  . 
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     For the uncertainty structure described in case (2) of Table 2, the responses and the control 

signals are shown in Fig. 16. Again L1-adaptive controller gives better tracking performance 

with smaller delay time than its counterpart. The steady-state error recorded for this scenario is 

0.274    for L1-adaptive controller-based response and 0.4    for the MRAC-based 

response. 

For the uncertainty structure depicted in case (3), the responses and the control signals for 

the suggested controllers are illustrated in Fig. 17. In case3, the disturbance amplitude was 

fixed, but the frequency was changed to 100 times of the first case. It is clear from the relative 

figure that the tracking performance given by L1-adaptive controller is better than the other one.  

Also, the steady-state error for L1-adaptive control response has been measured to be 0.0083    

while that for the MRAC has been measured to be 0.025  .  

     For the last case of Table 3, the responses and the control signals based on suggested 

controllers are shown in Fig. 18. In the present simulation, one can easily see that an oscillation 

would appear at the responses resulting from both controllers. However, at the steady state, low 

variance oscillation has been observed at the response resulting from L1-adaptive controller, 

while a considerable oscillation with large variance has appeared at the output resulting from 

MRAC. The steady state values given by L1-adaptive controller and MRAC are 0.0265    and 

0.2774  , respectively. 

     Table 4 gives the summary of different steady state errors for different cases. Again, the 

errors based on L1-adaptive controller are much less than those obtained from MRAC.  

Table 5 shows the settling time for step input response of 5   . It can be noticed that the 

settling time of L1-adaptive controller for all considered cases are less than MRAC. This means 

that L1-adaptive controller has a faster adaptation rate than MRAC. 
 

CONCLUSIONS  

Based on observations of the simulated result, the following conclusions can be drawn: 

1. For ramp exciting input, the results showed that L1-adaptive controller has better tracking 

performance than MRAC. However, for specified uncertainty structures, MRAC fails to 

follow ramp input after a short time. This leads to instability problems in MRAC and its 

corresponding response grows without bound.  
2. For step exciting input, L1-adaptive controller could track and gives better transient 

characteristics than MRAC. However, for specified uncertainty structures, the response 

based on MRAC shows severe oscillatory characteristics. 
3. In case of step input, it can be concluded that the settling time of the L1-adaptive controller 

for all cases of uncertainties is less than that of MRAC. This means that the adaptation rate 

of L1-adaptive controller is faster than that of MRAC.  
4. Chattering shown in responses of positions occurred because of the presence of Signum 

function in the friction model. 
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Figure 1. Closed-loop direct MRAC architecture     Figure 2. Closed-loop MRAC architecture  

                                                                                    with state Predictor 
 

                                 
 

 

 

 

 

 
 

 

 

       Figure 3. Closed-loop L1-adaptive system                  Figure 4. Closed-loop MRAC system  

 
 

 

 

 

 

 

 

 

 

Figure 5. Visualization of Projection Operator in     

 

 

 
 

 

 

 

 

 

 

 

 

Figure 6. Elements of single axis positioning table.   Figure 7. Simplified model of positioning 

                                                                                    table.  
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Figure 8. Transient responses based on L1- adaptive controller for ramp input (case 1). 
 

 
 

 

 

 

 

 

 

 

 
 

Figure 9. Transient responses based on MRAC for ramp input (case 1) 

 

 

 

 

 

 

 
 

              

 
Figure 10. Transient response based on L1- adaptive controller for ramp input (case 2). 

 
 

 
 

 

 

 

 

 

 

 

 
 

 
Figure 11. Transient response based on MRAC for ramp input (case 2). 
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Figure 12. Transient response based on L1 adaptive controller for ramp input (case 3). 

 
 

 

 

 

 

 

 
 

 

 
 

 

 
 

 

Figure 13. Transient response based on MRAC for ramp input (case 3). 

 
 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 14. Transient response based on MRAC for ramp input (case 4). 
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 Figure 15. Transient responses based on L1 adaptive controller and MRAC for step input (case 

1). 

 

 

 

 

 

 

 

 
 
 

 
 

             

 

Figure 16. Transient responses based on L1 adaptive controller and MRAC step input (case 2). 
 

 

 

   

 

 

 
 

 

 
 

               

 

 

 

Figure 17. Transient responses based onL1- adaptive controller and MRAC step input (case 3). 

 



Journal of Engineering    Volume    23     November      2017 Number  11 
 

 

88 

 

 

 

 

 

 

 
 

               

 Figure 18. Transient based on L1- adaptive controller and MRAC for step input (case 4). 

 

Table 1. Structure of uncertainty. 

Parameter Case 1 Case 2 Case 3 Case 4 

 ( ) 
        ( )
   ( ) 

        ( ) 
   ( ) 

        (   ) 
   ( ) 

        (   ) 
   ( ) 

 

 

Table 2. Steady-state errors for different cases. 

 

 

 

 

Table 3. Structure of uncertainty for step input. 

Parameter Case 1 Case 2 Case 3 Case 4 

 ( )         ( ) 
   ( ) 

        ( ) 
   ( ) 

        (    ) 
   ( ) 

        (   ) 
   ( ) 

 

 

Table 4. Steady-state errors for different cases of ramp input. 

 

 

 

 

Table 5. Settling time for different cases of step input signal. 

 

 

Steady state error (  ) 

Case 1 Case 2 Case 3 Case 4 

L1-controller 0.03 0.001 0.03 0.25 

MRAC Undefined Undefined Undefined 0.33 

 

Steady state error (  ) 

Case 1 Case 2 Case 3 Case 4 

L1-controller 0.0076 0.274 0.0083 Un defined 

MRAC 0.0329 0.4 0.025 Un defined 

 

Settling time (sec) 

Case 1 Case 2 Case 3 Case 4 

L1-controller 0.76 0.7 0.75 0.6 

MRAC 1 1.4 1.2 0.73 
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Performance Evaluation of Sequencing Batch Reactor and Conventional 

Wastewater Treatment Plant based on Reliability assessment 

 

ABSTRACT 

Baghdad city has been faced numerous issues related to freshwater environment deteriorations 

due to many reasons, mainly was the discharge of wastewater without adequate treatment. Al-

Rustamiya Wastewater Treatment Plant (WWTP) have been constructed among many plants in 

Baghdad city to reduce the amount of wastewater discharged into natural environment and its 

subsequent adverse effects. This study was conducted to evaluate the performance of the plant 

which consist of a conventional activated sludge (CAS) and sequencing batch reactors (SBR) 

systems as secondary treatment units and its ability to meet Iraqi specifications. A reliability 

level determination and analysis also were conducted to find the plant's stability and its 

capability to produce effluents that met the local standards. Coefficient of Reliability (COR) 

determination was done for effluent's concentrations of BOD5, COD, and TSS obtained from Al-

Rustamiya WWTP for two years' data operation (2015-2016), using Iraqi standards 

concentrations. Generally, the results showed the effectiveness of Al-Rustamiya WWTP-(CAS 

and SBR system) was a major concern due to inadequate sewage treatment and that the plant 

effluents of both systems selected parameters BOD5, COD and TSS are not meeting the Iraqi 

standards due to many problems mainly were operational problems result in overall poor 

performance. 

Keywords: performance, reliability, sequencing batch reactor, Al-Rustamiya, wastewater 

treatment plant. 

التقليذية استنادا إلي تقييم  مياه المجاسًالمتسلسلة ومحطة معالجة  رو العمليات مقاسنة بين المفاعل

 الموثوقية

 

 

 

 الخلاصة

اُوِب ُْ  جت الٔ العذٗذ هي الاسببة٘ذٗذ هي الخحذٗبث ف٘وب ٗخعلق ببلحفبظ علٔ الب٘ئت الوبئ٘ت هي الخذُْس ًخهذٌٗت بغذاد العحْاجَ 

لوعبلجت ه٘بٍ أٍ ُْ ّاحذ هي ب٘ي العذٗذ هي الوحطبث الوٌش ت بصْسة هٌبسبت. هششّع الشسخو٘تطشح ه٘بٍ الوجبسٕ الغ٘ش هعبلج

زٍ الوحطت الخٖ حسخخذم طشحِب بذّى هعبلجت, لزلك كبى هي الضشّسٕ حق٘٘ن اداء ُ الوجبسٕ ّحقل٘ل الاثبس الكبسثَ٘ الٌبحجَ عي

ّكزلك هعشفت هذٓ قذسحِب علٔ طشح ه٘بٍ  عول٘بث الوخعبقبَ كوعبلجت ثبًْٗتهفبعل الًظبم الحوبءة الٌشطَ الخقل٘ذٕ ّ كل هي

 ,BOD5ثلاد هؤششاث للخلْد )اصالت اّ حقل٘ل  الوحطت علٔ ل٘تهجبسٕ هعبلجت هطببقت للوْاصفبث العشاق٘ت. لقذ حن دساست قبب

COD and TSS قذ كبًج الٌخبئج غ٘ش هشض٘ت للعذٗذ هي الاسببة اُوِب كبًج هشبكل حشغ٘ل٘ت سببج جو٘عب ضعف الاداء ّ ,)

 بصْسة عبهت.
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1. INTRODUCTION 

Wastewater disposal without adequate treatment have been made numerous issues of health 

hazards and freshwater environment deterioration that depended on the plant failure type and its 

duration especially when population explosion and increasing water requirements, Rasheed, 

2016. 

Reliability may be defined as a time percentage at which the effluent concentrations under stated 

conditions for a specified time fulfilled with certain discharge standards or treatment 

requirements, Metcalf and Eddy, 2003. The reliability is often related to the investigation of an 

object’s effectiveness and its ability to function in an acceptable way, Młyński, et al., 2016. The 

reliability analysis is associated with the occurrence of partial damage that limits the objects’ 

performance but does not necessarily result in breakdown, Nowakowski, 2011.  

Wastewater treatment plant can be described as completely reliable if the process performance 

response has no failure, Gupta and Shrivastava, 2006, that is to say, if the limits established by 

the targets or environmental legislation are not violated, Kottegoda and Rosso, 2008. The 

treatment process fails when the required effluent discharge standards or targets are exceeded, 

Oliviera and Sperling, 2008. Whether the assumed wastewater treatment efficiency can be 

achieved strongly depends upon the design and execution of a good system in accordance with 

technical design guidelines, Chmielowski, 2009. In cases where there is a poor quality of 

effluent, it is important to determine the origin of operation problems and eliminate them in 

order to prevent risks associated with environmental pollution. Thus, the reliability and 

performance study is one of the methods used to determine failures or malfunctions of the 

wastewater treatment process, Krzanowski, et al., 2006. 
 

Baghdad city had been challenged number of difficulties related to freshwater environment 

decline, in general, the plants have been received quantity of wastewater more than its design 

capacity may even reach double or triple its capacity in recent years, UNEP, 2003. So, more 

wastewater was released directly to the river and more pollution contribution was introduced. On 

the other hand, even the pollution indicators of treated effluent (BOD5, COD and TSS) were not 

within the Iraqi standards, AbdulRazzak, 2013. Evaluation of the plant's performance helps in 

investigating the situation and identify possible risk of the negative assessment of work of the 

plant, Sudasinghe, et al., 2011. Thus, the goal of this study was performed a quantitative 

analysis of the reliability and functionality evaluation of the conventional activated sludge (CAS) 

and sequencing batch reactors (SBR) systems at Al-Rustamiya WWTP. Based on the results of 

their effluents' physico-chemical analysis, coefficient of reliability and the overall efficiency of 

wastewater treatment, to assure that the treated effluent meets the Iraqi standards, doesn’t 

threaten the water resources and to find whether or not that these units have been operated 

efficiently.  

 

2 MATERIAL AND METHODS 

2.1 Study Area Description 

Al-Rustamiya WWTP is located on the banks of the Diyala River south of Baghdad city and 

considered the wastewater collected through the sewerage network of Al-Rusafa part as shown in 

Plate 1. The conventional compartment of the plant comprised of preliminary treatment as 

screens, grit chambers and primary aeration tanks. Next, the primary treatment units as primary 

sedimentation tanks. Then, the secondary biological treatment as conventional activated sludge 

systems which consisted of three production lines (F0, F1, F2), each line consisted of aeration 
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tanks and subsequent secondary sedimentation tanks with total capacity of (175000 m
3
/d). The 

other compartment of the plant comprised of preliminary treatment as the inlet chamber with 

coarse screen, the intermediate pit and the compact pre-treatment unit. Then, the wastewater sent 

to the biological treatment as SBRs system, the new technology in Iraq, which consisted of five 

compacted units (U1, U2, U3, U4, U5) with total capacity of (75000 m
3
/d) and controlled by a 

matrix, WATERLEAU, 2009. Both of CASs and SBRs final effluents ran through the 

chlorination contact tank for disinfection before final discharge. Flow diagrams of the two 

systems are shown in Fig. 1 (a) and (b).  

   

2.2 Data Collection and Analysis 

Data were collected from Baghdad Mayoralty and Al-Rustamiya WWTP office for CAS and 

SBRs systems for two years (2015-2016). Table 1 and 2 showed the average yearly 

concentrations of influent and effluent of selected parameters and removal efficiency for the 

systems.  In addition to the data collection, the plant was visited several times during the study to 

accomplish the performance index by completing a checklist from observation and discussion 

with employees who working at the plant. The checklist consisted of several criteria: general, 

technical, physical, personal responsibility, operation and maintenance.  
 

3. WWTP RELIABILITY ASSESSMENT 

The WWTP process behavior was the base for the reliability assessment and should be 

discharged an effluent with selected parameters that would not exceeded discharge's threshold. 

Niku, et al., 1979 model was used and recommended, which based on a probabilistic analysis to 

determine the threshold by relating the average concentration of a parameter with the threshold 

value supposed to be met, Crites and Tchobanoglous, 2000, Metcalf and Eddy, 2003. So, when 

required standards to the discharged effluent were exceeded failure of treatment plant process 

happened, Al Saleem, 2007. The mathematical model proposed by Niku, et al. 1979 was 

adopted for assessing the reliability of Al-Rustamiya WWTP and for stepping toward a first 

valuation of critical components of the wastewater treatment process. The failure of WWTP can 

be determined by a Eq. (1): 

 

e sF C C                                                                                                                                     (1) 

Where: 

F : Failure 

eC : Specified effluent parameter concentration 

sC : Specified effluent parameter concentration identified by standards. 

Since, probability of success or probability of acceptable performance was the essential concept 

of reliability. Then, the reliability would be equaled to: 

1 ( )R P F                                                                                                                                   (2) 

Where: 

R : Reliability  

( )P F : Probability of failure 

From Eq. (1) the value of R is equal to: 

 

1 ( )e sR P C C                                                                                                                           (3) 
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The probability distribution function of the required treated effluent quality parameters 

concentration was extremely related to the probability of failure. Therefore, when this 

distribution function was identified, an analytical countenance can be used to find the portion of 

time that a specified concentration was exceeded in the past. Assuming that the process 

situations and governing parameters were reserved unchanged, that expression can be used to 

expect future performance of an WWTP, Dean and Forsythe, 1976. The threshold (mx) for a 

specified treated effluent quality parameter average component could be derived from the Eq. 

(4): 

 

X sm COR C                                                                                                                               (4) 

Where: 

Xm : average concentration of the component; regulation for a required treated effluent parameter 

concentration. 

 

COR: Coefficient of reliability. 

 

The coefficient of reliability (COR), could be processed via the following mathematical model, 

Niku, et al., 1979: 

 
1 2

2
1 ln 1

2 1 2( 1)
V XZ C

V XCOR C e


                                                                                                     (5) 

 

Where: 

V XC : Coefficient of variation for required treated effluent parameter Concentration.  

1Z  : Standardized normal variation (gotten from the standard normal variation tables) 

equivalent to the probability of no exceedance at a confidence level of (1-α); 

 

 : Significance level 
 

4. RESULTS AND DISCUSSION 

4.1 Reliability Application of Al-Rustamiya WWTP  

4.1.1 Preliminary statistics used for verification of selected data distribution  

The theoretical expressions mentioned above was used to calculate the reliability of Al-

Rustamiya WWTP of the CAS and SBR systems. It was employed using the daily measured 

concentrations of selected parameters for tracking the treated effluent quality. The reliability 

model of, Niku, et al., 1979, can be applied to data have a lognormal distribution. Thus, the first 

step is to determine the probability distribution function of the required treated effluent 

parameters. Three parameters: Five-day biochemical oxygen demand (BOD5), chemical oxygen 

demand (COD), and total suspended solids (TSS) have been widely used to assess the quality of 

the plants effluents as shown in Table 3, using the daily measured concentrations of selected 

parameters.  

 

A preliminary check of data's normality was done by finding the coefficients of skewness and 

kurtosis for treated effluents parameters as shown in Table 3, which showed positive values of 

skewness that indicated that data were skewed to the right and were not symmetrical. The 

coefficient of kurtosis on the other hand, had values varied from that of normal distribution 
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(three). Thus, the pre-check indicated the non-normality of data. In addition, the histogram is an 

effective graphical technique for showing both the skewness and kurtosis of data set, Helsel and 

Hirsch, 1992.  

 

4.1.2 Distribution laws of selected parameters  

Variability of concentrations for selected parameters were used for finding the effluent quality 

can be revealed and analyzed by defining the histogram and probability density function of each 

parameter concentration. Fig. 2 and 3 showed historical daily measured concentration data 

histograms and the Probability Distribution Function (PDF) of the CAS and SBR effluent's 

BOD5, COD, TSS concentrations for the year (2015-2016), which showed that the data are 

generally skewed to the right, as illustrated in Table 1. Normal, lognormal, and gamma 

distribution laws for concentration of BOD5, COD, and TSS were tested. The tests used to check 

the goodness-of-fit of these effluents concentrations data. The "software" used to perform the 

tests was STATGRAPHICS Centurion XVI.I. The probability plots of effluents' parameters: 

BOD5, COD and TSS concentration were shown in Fig. 4 and 5. MINITAB 17 "software" was 

used to perform the probability plots.  

Results showed that the lognormal distribution is the most representative of the behavior of 

selected effluent parameters (BOD5, COD, and TSS) for CAS and SBR WWTP. Also, results 

obtained are reliable with the observations which indicated that it was useful to employee the 

most widely applicable, the lognormal distributions for effluent parameters to assess the water 

quality, Charles, et al., 2005, Oliviera and Sperling, 2008, Bugajski, 2014 and Górka, 2015. 

Since the model applied for data had lognormal distribution, then, data were applicable for 

reliability assessment. 

 

4.2 Application of Coefficient of Reliability (COR)  

The data collected for two years of the specified effluent quality parameters (BOD5, COD, and 

TSS) for CAS and SBR WWTP, were tabulated, monthly average and standard deviation were 

found and analyzed for 95% confidence. Values of the coefficient of variation (Cv) and 

coefficient of reliability (COR) were processed for a confidence level equal to 95% ( = 5%, 

significance level), Eq. (5) and (subsequently 1-  values) leads to the equivalent cumulative 

probability of the standard normal distribution (Z-distribution).  

 

The COR was processed based on the original data properties (monthly average effluent 

concentrations) and not on the logarithms of the data. Fig. 6 and 7 showed that a higher value of 

the Cv which indicated that data did not represent their population adequately, results in a lower 

COR and a lower (mx), for the same level of reliability (95%). In general, most of (Cv) for the 

effluent concentrations were lower than 1 and for all selected parameters (BOD5, COD and TSS) 

the lowest COR values were gotten. Microsoft office Excel 2016 was used to perform the 

analysis mentioned above.  

 

4.2.1 Application for setting operational guidelines 

The theoretical background mentioned above leads to get operational limits (mx) for selected 

parameters employed for tracking the treated effluent quality. Those operational limits were 

achieved using Eq. (4) of the model, which combines the average of parameter concentration in 

the effluent with the standard values in the effluent and the probability of their occurrence. The 

values of the variable Cs were derived from the Iraqi standard adopted at Al-Rustamiya WWTP 

http://www.itl.nist.gov/div898/handbook/eda/section3/histogra.htm
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in strength: Cs (BOD5) = 40 mg/L; Cs (TSS) = 60 mg/L; Cs (COD) = 100 mg/L. Results of the 

numerical applications are presented in Table 4 and 5. The method applied for identifying 

operational guidelines produce more specific thresholds than the regulation in force. In other 

words, if the attention is on the reliability then, the plant should be designed and operated in such 

a way that the average concentration of selected parameter is kept below the regulation limit. 

  

4.3 Determination of Reliability Level for CAS and SBR at Al-Rustamiya WWTP 

The reliability level was processed using Eq. (3). In the model, the calculated (mx) concentration 

substitute the value of the variable Cs concentration. The collected data of the WWTP provides 

the ability for calculating the probability of failure P(Ce>Cs=mx). First, a comprehensive 

analysis of data was made to collect all required data. Then, a comparison was made between 

monthly average effluent concentrations of WWTP and the range of average concentration 

conferring to the different reliability level to find the proper reliability for the selected 

parameters. The calculations of monthly average reliability level of Al-Rustamiya WWTP for 

effluent BOD5, COD and TSS are shown in Fig. 8 and Fig. 9.  

As observed that WWTP had a variable level of reliability which indicated failures or 

malfunctions in the treatment process. Many factors were the reason of this variability that 

effected the performance of the plant (reliability). In such case, it was important to identify 

the source of issues and eliminate them in order to prevent environmental pollution hazards. A 

discussion of the present situation and possible issues that maybe the CAS and SBR at the plant 

were faced, which may help to evaluate the overall performance of Al-Rustamiya WWTP. 
 

4.4 WWTP Operational Performance Index 

The observed criteria were compared with ideal one and the result was used to decide if the 

performance was good, satisfactory or poor. If the index value was greater than 70% the 

performance was considered as good. The performance was considered as poor and satisfactory 

if the index values of lesser than 50% and between (50 – 70) %, respectively, Sudasinghe, et al., 

2011. First, the index was calculated for each of the performance criteria. Then, the overall 

performance was determined by dividing the number of good performing criteria observed by the 

overall number of criteria investigated. The mentioned criteria were discussed below: 

a) General Criteria: The general performance criteria specify whether the management is 

careful to keep records of general information of WWTP such as funding agency, cost, 

wastewater generation number of connection, water supply and make annual reports at 

regular intervals. An indication about the availability of such information by the 

management of the WWTP is provided by this index. 

b) Technical criteria: These criteria specify whether the WWTP have an appropriate 

design and functional characteristics to treat the wastewater. A higher index value gives 

an indication that the WWTP has the ability to treat the wastewater effectively. 

c) Physical criteria: This criterion gives an indication about the existing physical status of 

the WWTP to perform its technical functions effectively and efficiently. A higher index 

value means that the physical condition is good and the plant do not require repairs. 

d) Personal responsibility criteria: Personal responsibility criteria give an indication of 

whether workers have the sufficient responsibility and skills to perform various functions 

of the WWTP. A higher index value means that there are adequate, trained staffs who 

have the ability to carry out various activities in operating and maintaining the plant. 

e) Operation and maintenance criteria: By these criteria, a knowledge would be had 

about the plant whether it is operated and maintained properly so it could perform its 



Journal of Engineering    Volume    23     November      2017 Number  11 
 

 

012 

 

function efficiently. Many reasons are responsible of getting a lower value of this index 

such as lack of funds, structural and functional flaws and carelessness of the maintenance 

staff to carry out their responsibilities. 

 

CAS systems at Al-Rustamiya WWTP were designed efficiently for treating the expected 

domestic sewage influents. So, technically criteria were very good, it got 90% scores. However, 

population explosion, increasing water requirements and legal and illegal connection to the 

collection system caused overloading of the designed capacity of the CAS leading to the 

treatment process' malfunctioning. As a result, CAS discharged partially treated or raw 

wastewater (overflow) to the environment, which enhance the pollution of soil and water 

resources. The bad odor due to malfunctioning of the treatment process was also observed during 

the study, which could be resulted in health issues, environmental deteriorations, property 

devaluation, and overall quality of life, Witherspoon, et al., 2002.  

In general, WWTP life time is 30 years, Tchobanoglous, et al., 2003, whereas the latest 

extension of CAS system (F2) was since (1974). All of these observations result in poor 

physically criteria with 10% scores indicate a very bad condition.  Thus, the WWTP 

management which generally got 60% satisfactory scores, had been faced equipment's' aging 

besides issues of the funds' lack. Personality criteria were satisfactory which got 65%, whereas 

the workers had been in the field for many years. In addition, the CAS system can be operated 

and controlled easily, less time sensitive and less sophisticated if compared with SBRs system at 

the plant for the same employees. As mentioned above, lack of funds and functional flaws 

resulted in poor operation and maintenance criteria with 15% scores. The CAS effluent had been 

discharged without disinfection rather than the other issues illustrated above. This resulted in 

overall CAS poor performance with 48% scores as shown in Fig. 10 (a).  

Fig. 10 (b) showed the overall performance of the SBR system at Al-Rustamiya WWTP which 

reveals that the system is in very bad conditions with overall poor performance of 16% scores. It 

produces effluent does not meet the adopted standards that are even less than the limits according 

which SBR was designed. Where general criteria with a score of 10% show that the officers do 

not possess the required efforts to operate the plant to the highest standards, assure to provide 

educate operators and equip them with the important skills, develop the management skills and 

improve maintenance practices. Technical criteria with a score of 30% also showed a deficit due 

to many operational reasons. Actually, the units were designed in such a way that if a unit faced 

an issue then the access to solve this issue would be very difficult and costly. In addition, the 

plant was designed to treat domestic wastewater only but in fact, number of factories and storm 

sewer have been connected legally and illegally to the collection system. This fact resulted in a 

flow variability and their characteristics, the treatment nature, mechanical failures and overall 

deterioration in the treatment process. 

Physically the index value in SBR of 30% was also poor where some units were even out of 

serves for several months without repairing. The units were faced many issued due to the gasses 

emissions present in the ambient air at the plant. These emissions cause equipment's corrosion 

and failure subsequently. In addition to the quantity of grit carried out by the wastewater that 

seems to be more than amount that a unit can tolerate. Recently, SBRs discharge effluents 

without disinfection, again due to lack of funds result in receiving waters contamination and 

health hazards. The observed operational problems and conversations with the staff responsible 

of operating the units. Personal criteria with 5% index value showed a weakness due to lack of 

knowledge and skill to run out such systems. Non-repair of damaged parts of the SBR system as 

soon as they happened, non-repair of already existing operational and functional flaws at the 
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whole plant and for sure the main effective factor that is lack of funds, all of these factors were 

responsible of getting lower value of operation and maintenance criteria index of 5%. 

 

5. CONCLUSION 

The study of biological treatment system at Al-Rustamiya WWTP by the data collected for two 

years, contributes information that can be used by the operators of the plant to evaluate the 

reliability level, understand the biological treatment's performance, and consider the effluent's 

quality to develop discharge's standards that are suitable, operative and technically achievable. 

The study also reveals that both systems have overall poor performance. Indicate that technically 

perfect WWTP alone does not assure its successful operation and reliability over time. Funds are 

essential to pay personnel and cover other operational costs. In addition, regular maintenances 

need to be done to provide the best possible performance. 

WWTP effluent's quality is variable because of varying organic loads, changing environmental 

condition and new industrial discharges. Sewage overflow is found to be a common experience 

in the plant. Rate and volume of sewage overflow of the plant should be evaluated to address this 

problem.  

Operation and maintenance of WWTP should prepare odor managing plan by identifying causes 

of odor, finding failure of treatment process and its subsequent problems, taking the action to 

reduce odor, keeping records and settling the communities complains. For sure, it is a necessity 

to use chlorination in the plant to save the water resources. Providing of trained staff, developing 

a plan for operation and maintenance and construction of primary sedimentation tank prior to 

SBR system may be recommended to save the system from regression downward, big loss of 

money and loss of an international important technology.  
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Plate 1. Al-Rustamiya WWTP location. 

 

 
(a) CAS Treatment process 

 
 

 (b) SBR Treatment process 

 

Figure 1. Al-Rustamiya WWTP flow diagram. 
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a) BOD5 concentration 

 

b) COD concentration 

 

c) TSS concentration 

Figure 2. Histogram and PDF of Al-

Rustamiya WWTP-CAS effluent's (2015-

2016). 

 

 

 

 

a) BOD5 concentration 

 

b) COD concentration 

 

c) TSS concentration 

Figure 3. Histogram and PDF of Al-

Rustamiya WWTP-SBR effluent's (2015-

2016). 
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a) BOD5 concentration 

 

b) COD concentration 

 

c) TSS concentration 

Figure 4. Lognormal probability plot with 

curve offset at 5% significance level of Al-

Rustamiya WWTP-CAS effluent (2015-

2016). 
 

 

 

 

 

a) BOD5 concentration 

 

b) COD concentration 

 

c) TSS concentration 

Figure 5. Lognormal probability plot with 

curve offset at 5% significance level of Al-

Rustamiya WWTP-SBR effluent (2015-

2016). 
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Figure 7. Coefficient of reliability (COR) 

as a function of the coefficient of variation 

(Cv)  

(SBR/Al-Rustamiah WWTP, 2015-2016). 
 

 

 

a) BOD5 concentration 

b) COD concentration 

c) TSS concentration 

Figure 6. Coefficient of reliability (COR) 

as a function of the coefficient of variation 

(Cv) 

(CAS/Al-Rustamiah WWTP, 2015-2016). 
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a) BOD5 concentration 

 

b) COD concentration 

 

c) TSS concentration 

Figure 8. Reliability level of CAS effluents 

at Al-Rustamiya WWTP (2015-2016). 
 

 

 

 

 

 

a) BOD5 concentration 

 

 

b) COD concentration 

 

c) TSS concentration 

Figure 9. Reliability level of SBR effluents 

at Al-Rustamiya WWTP (2015-2016). 
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(a)                                                                          (b) 

Figure 10. Major performance criteria and the overall performance of Al-Rustamiya WWTP (a) 

CAS and (b) SBR (2015-2016). 
 

Table 1. Average concentrations of influent and effluent with removal efficiency at Al-

Rustamiya -CAS WWTP during (2015-2016). 
  2015  2016 

F0 F1 F2 F0 F1 F2 

BOD5 

mg/L 

Influent 

216.7 

mg/L 

Effluent 20 19 20 Influent 

205.6 

mg/L 

18 20 23 

Removal 

efficiency 

(%) 

91 91 91 91 90 89 

COD 

mg/L 

Influent 

436.2 

mg/L 

Effluent 37 35 36 Influent 

440.6 

mg/L 

37 38 41 

Removal 

efficiency 

(%) 

92 92 92 92 91 91 

TSS 

mg/L 

Influent 

207.6 

mg/L 

Effluent 24 19 19 Influent 

197 

mg/L 

31 21 26 

Removal 

efficiency 

(%) 

88 91 91 84 89 87 

 

Table 2. Average concentrations of influent and effluent with removal efficiency at Al-

Rustamiya -SBR WWTP during (2015-2016). 
 2015  2016 

 U1 U2 U3 U4 U5 U1 U2 U3 U4 U5 

BOD5 

mg/L 

Influent 

213.3 

mg/L 

 

Effluent 20 22 15 23 25 Influent 

199 

mg/L 

26 26 28 44 31 

Removal 

efficiency 

(%) 

91 90 93 89 88 87 87 86 78 85 

COD 

mg/L 

Influent 

430 

mg/L 

Effluent 39 48 49 45 41 Influent 

480 

mg/L 

69 99 93 96 89 

Removal 

efficiency 

(%) 

91 89 89 90 91 86 79 81 80 81 

TSS 

mg/L 

Influent 

244 

mg/L 

Effluent 32 24 24 28 30 Influent 

204.5 

mg/L 

153 169 149 166 158 

Removal 

efficiency 

(%) 

87 90 90 89 88 25 17 27 19 23 
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Table 3. Statistic descriptive of effluent's parameters during (2015-2016). 

 

Statistical parameter 
BOD5 (mg/L) COD (mg/L) TSS (mg/L) 

CAS SBR CAS SBR CAS SBR 

Average 19.15 20.24 36.23 43.91 23.22 24.03 

Standard deviation 7.75 12 15.97 28.81 11.35 12.55 

Coefficient of variation % 40.48 59.27 44.09 65.61 48.78 52.21 

Minimum 7 2 12 13 6 5 

Maximum 49 72 95 165 58 85 

Range 42 70 83 152 52 80 

Skewness 1.44 1.69 1.23 2.54 1 1.71 

Kurtosis 2.96 3.69 1.68 7.99 0.84 5.82 

 

Table 4. Average coefficient and operational guidelines values at Al-Rustamiya -CAS WWTP 

during (2015-2016). 
  2015 2016 

F0 F1 F2 F0 F1 F2 

BOD5 

mg/L 

CV 0.25 0.22 0.28 0.17 0.28 0.1 

COR 0.69 0.78 0.66 0.77 0.66 0.85 

mx 27.5 28.6 26.4 30.7 26.4 34.1 

COD 

mg/L 

CV 0.22 0.17 0.22 0.2 0.3 0.26 

COR 0.72 0.77 0.72 0.74 0.64 0.68 

mx 71.5 76.8 71.5 73.6 64.3 67.8 

TSS 

mg/L 

CV 0.38 0.26 0.28 0.28 0.06 0.19 

COR 0.58 0.68 0.66 0.66 0.91 0.75 

mx 35 40.7 39.6 39.6 54.4 44.8 

 

 

Table 5. Average coefficient and operational guidelines values at Al-Rustamiya-SBR WWTP 

during (2015-2016). 
2015 2016 

 U1 U2 U3 U4 U5 U1 U2 U3 U4 U5 

BOD5 

mg/L 

Cv 0.38 0.32 0.05 0.32 1.02 0.38 0.51 0.47 0.4 0.19 

COR 0.58 0.63 0.93 0.63 0.35 0.58 0.51 0.53 0.57 0.75 

mx 23.2 25.2 37.2 25.2 14 23.2 20.4 21.2 22.8 30 

COD 

mg/L 

Cv 0.28 0.32 0.38 0.22 0.32 0.22 0.39 0.42 0.73 0.17 

COR 0.66 0.63 0.59 0.71 0.63 0.71 0.57 0.56 0.42 0.77 

mx 66 63 59 71 63 71 57 56 42 47 

TSS 

mg/L 

Cv 1.03 0.24 0.27 0.29 0.39 0.82 0.76 0.82 0.68 0.76 

COR 0.35 0.7 0.67 0.65 0.58 0.4 0.41 0.4 0.44 0.41 

mx 21 42 40.2 39 34.8 24 24.6 24 26.4 24.6 
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ABSTRACT 

General Directorate of Surveying is considered one of the most important sources of maps in 

Iraq. It produced digital maps for whole Iraq in the last six years. These maps are produced from 

different data sources with unknown accuracy; therefore, the quality of these maps needs to be 

assessed. The main aim of this study is to evaluate the positional accuracy of digital maps that 

produced from General Directorate of Surveying. Two different study areas were selected: AL-

Rusafa and AL-Karkh in Baghdad / Iraq with an area of 172.826 and 135.106 square kilometers, 

respectively. Different statistical analyses were conducted to calculate the elements of positional 

accuracy assessment (mean µ, root mean square error RMSE, minimum and maximum errors). 

According to the obtained results, it can be stated that the maps of the General Directorate of 

Surveying can be used in reconnaissance or in works that require low or specified positional 

accuracy (eg. ±5m), and it cannot be used for applications need high accuracy (e.g. precise 

surveying).                                                                                                                          

Key words: accuracy, general directorate of surveying, maps, descriptive statistic. 

 

 الرسميةالمىتجة مه المؤسسات تقييم دقة البياوات المكاوية 

 دعاء سلمان حسيه د. ميثم مطشر شرقي

 لسى هُذسخ انًسبحخ اسزبر يسبعذ 

 خبيعخ ثغذاد – كهيخ انهُذسخ لسى هُذسخ انًسبحخ
  خبيعخ ثغذاد – كهيخ انهُذسخ

  

 الخلاصة

سُىاد  خلال انسذشائط سلًيخ نكم انعشاق انهيئخ انعبيخ نهًسبحخ احذ أهى يصبدس انخشائط في انعشاق. حيث أَزدذ خ ذعر  

نى رمييى خىدرهب. انهذف فأٌ هزِ انخشائط رحزبج أ يخزهفخ و غيش يعشوفخ انذلخ, نزنكانسبثمخ. هزِ انخشائط رى أَزبخهب يٍ يصبدس 

هزِ انذساسخ هى رمييى انذلخ انًىلعيخ نهخشائط انزي رى أَزبخهب يٍ انهيئخ انعبيخ نهًسبحخ. رى اخزيبس يُطمزي دساسخ5 يٍ انشئيسي 

 كيهىيزش يشثع عهى انزىاني. رى رطجيك انزحهيم الأحصبئي 111,131و  127,371ثًسبحخ وانعشاق \انشصبفخ و انكشخ في ثغذاد

نُزبئح ا ثألاعزًبد عهىكجش خطب(. أاصغش و خزس يشثع يعذل انخطأ,  عيخ )انًعذل,نحسبة عُبصش رمييى انذلخ انًىل انىصفي

أٌ خشائط انهيئخ انعبيخ نهًسبحخ يًكٍ أٌ رسزخذو في الاسزطلاع أو في الأعًبل انزي ثسزُزبج الايًكٍ  انزي رى انحصىل عهيهب,

) يثم انًسىحبد  الأعًبل انزي رزطهت دلخ عبنيخو لا يًكٍ اٌ رسزخذو في يزش(  1 ±عهى سجيم انًثبل ) رزطهت دلخ يحذودح

 .انذليمخ( 

 الاحصبء انىصفي.انخشائط ,  , خشائط انهيئخ انعبيخ نهًسبحخ , 5 انذلخالكلمات الرئيسية
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1. INTRODUCTION 

Maps provide important information about the resources of earth and about the distribution of 

these resources and help to identify their locations. Therefore, information from accurate maps 

should be extracted; otherwise, the results will be surprised and may be unacceptable. Many 

reasons lead to evaluating the map accuracy. First, a user may need to know how the extent of 

the map that has been produced or it is needed to enhance or increase the quality of a map by 

determining and correcting the errors sources. Second, it needs to compare between techniques, 

algorithms and analysts to know which is best. Accuracy evaluation can be qualitative or 

quantitative, expensive or inexpensive, quick or time consumption, has good and efficient 

designed or inefficient. Accuracy evaluation identifies the accuracy of map which are created 

from different datasets, thus, it is important and required, Congalton and Green, 2009. In this 

research, the positional accuracy is adopted which is considered the most important type of 

quantitative parameters. 

Positional accuracy is the degree of matching of point coordinates taken from the map or 

imagery which desired to evaluate its accuracy with the coordinates of the same points taken 

from survey or other sources that considered more accurate. Positional accuracy can be referred 

to horizontal (in plane) or vertical (elevation) accuracy, Russell, 2009. Several sources of error 

can affect the positional accuracy of the map or referenced image, such as scanning errors, the 

inherent error in the original map that used to produce these maps, image processing errors, 

errors that occur during the collect of point samples and editing errors, Yanwei, 2005. 

Several studies have been previously conducted to evaluate the positional accuracy of the various 

spatial data sources. For instance, Potter , 2008, addressed horizontal positional accuracy for 

Google Earth high-resolution imagery archive (A global images collection with roughly 2.5 

meter resolution) using 436 control points distributed in 109 cities around the world. This was 

carried out by comparing the locations of points from Google Earth with its locations from the 

Landsat GeoCover which is an orthorectified product has absolute positional accuracy of less 

than 50 meters Root Mean Square Error (RMSE). In order to assess the accuracy of Google 

Earth, the locations of control points in Google Earth was compared to their corresponding 

locations in Landsat. It was concluded that this sample of the control points has an overall 

accuracy of 39.7m RMSE and the accuracy of these points was 24.1m RMSE in the more 

developed countries, which are more accurate than the control points in developed countries that 

have an accuracy of 44.4m RMSE. This means that the Google Earth high-resolution imagery is 

sufficient to use in analyzing the remote sensing results with medium resolution.                           

In another study, Koukoletsos et al , 2011, evaluated the positional accuracy of OpenStreetMap 

(OSM) data by comparing it with commercial data using a simplified version of the Increasing 

Buffer Method. The study showed that OSM can be relied upon as a source of data, but there are 

some limitations in its completeness in rural areas. Farah and Algarni, 2014, estimated the 

positional accuracy of Google Earth in Riyadh city by appointed nine stations in the campus of 

the King Saud University. They measured their coordinates using differential static-GPS 

technique. The study concluded that the error (RMSE) of Google Earth is up to (2.18m), and 

these results were similar to the results that obtained from other researches that conducted to 

evaluate the positional accuracy of Google Earth. In 2015, Pulighe et al, analyzed the horizontal 

accuracy of Google Earth images of Rom / Italy city for three different years: 2007, 2011 and 

2013. They used (41) GPS points and (57) control points as an accurate source of data. Accuracy 

was measured by calculating the differences between the real coordinates and the coordinates 
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taken from the images. The data were statistically analyzed using the laws of descriptive 

statistics and statistical graphics such as (histograms and Q-Q plot). The obtained results showed 

that the Google Earth very high resolution imagery of Rom has accuracy about 1m and it is 

possible to use these images to obtain precise measurements and produce large-scale maps.                                           

This literary review showed how some of different spatial data sources are accurate in addition to 

the possibility of using these data in some surveying works such as taking measurements and 

producing maps in different scales depending on the accuracy of data.                                          

The main purpose of this study is to test the positional accuracy of the maps produced from the 

General Directorate of Surveying in Iraq for AL-Karkh and AL-Rusafa in Baghdad using 

different statistical measurements and graphs. 

2. DATASETS 

In the last six years ago, the General Directorate of Surveying in Iraq produced digital maps for 

whole Iraq with different detailed features. These maps are reliable as a source of spatial data for 

different surveying applications. However, these maps, similar to other geospatial data sources, 

need to ensure their quality to rely upon, especially for the applications that require high 

accuracy. Thus, in this study, the accuracy of the horizontal position of the maps produced from 

the General Directorate of Surveying was assessed. They were produced from several and 

different sources. These sources are: satellite images, aerial photos, field surveying and Military 

Survey Maps. These maps were produced using GIS software. These maps were referenced to 

WGS84 spheroid and projected into UTM. In order to assess the accuracy of the General 

Directorate of surveying maps, an aerial photo of 10 cm resolution that was referenced to the 

WGS84 spheroid was adopted as a reference data. These aerial photo maps cover the two a case 

study areas.                                                                                           

3. STUDY AREA 

A photo map of Baghdad city was used to evaluate the accuracy of the maps of General 

Directorate of Surveying. Two parts of Baghdad were chosen: AL-Karkh and AL-Rusafa as two 

case studies. The study area in AL-Rusafa covers about 172.826 square kilometers, while the 

part taken from AL-Karkh covers about 135.106 square kilometers. Both of the study areas 

contain various features such as paved and non-paved roads, pedestrian roads, major roads, 

agricultural areas, residential areas, hospitals, train stations, railways and other features that have 

been reliable in the accuracy assessment. Fig.1 and Fig.2 show the case study areas that taken 

from the Baghdad city map.                                                                                                                        

4. THE SAMPLE OF POINTS    

Horizontal positional accuracy evaluation was conducted by selecting 186 and 120 tested points 

from AL-Rusafa and AL-Karkh respectively. The coordinates of these points were extracted 

using ArcGIS10.2 software program from corrected Baghdad photo map. The tested points were 

selected as sharp, clear and non-removable points such as road junctions, road endings and 

beginnings. Fig.3 and Fig.4 show examples of point locations in AL-Rusafa and Karkh. These 

points have been selected to be evenly distributed over the study area to represent all selected 

part. Horizontal coordinates of these points were measured from both the targeted data (General 

Directorate of Surveying maps) and the reference data (aerial image) and saved as tables. 

Horizontal coordinates of these points were saved as excel sheet in order to be imported in the 
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MATLAB code. This code has been programmed using MATLAB programming language in 

order to calculate the elements of positional accuracy assessment.                                             

5. EVALUATION POSITIONAL ACCURACY  

Horizontal positional accuracy assessment was conducted on data from the General Directorate 

of Surveying / Iraq maps using descriptive statistics and some statistical tests such as t-test and f-

test. The descriptive statistics laws were applied to determine statistical elements such as (mean 

µ, RMSE, minimum and maximum values). They can be considered as a metric accuracy 

measurement. The determination of spatial error in the elements requires calculating the 

differences between the coordinates of test points to assess their accuracy (coordinates from 

General Directorate of Surveying maps) and the reference coordinates (coordinates from aerial 

image). Equations used to calculate these elements are presented in the next section. In addition, 

the statistical tests that used in this study to calculate the errors convergence between the two 

case studies will be also presented and discussed.                                                                              

 5.1 Statistical Procedures 

In this study, the horizontal positional accuracy of maps is assessed for two components of 

coordinates (Easting (E) and Northing (N)). This means that each of the statistical elements will 

be applied in the E- and N-components. The calculations of statistical elements will depend on 

computing the differences between the coordinates of the reference and target points (∆E, ∆N).                                                                                                            

Eq. (1) can be used to calculate the arithmetic mean which is an expected value of error:  

   
∑          

 
                                                                                                                              (1)  

µ: the mean 

    : reference coordinate (photo map coordinate) 

   : map coordinate (General Directorate of Surveying data)  

N: total number of tested points 

The RMSE is the square root of the mean of the differences between the reference coordinates 

and the map coordinates and it can be calculated as follows:  

RMSE = √
∑          

  
   

 
                                                                                                               (2)  

RMSE: root mean square error 

   : reference coordinate (photo map coordinate) of east component 

   : map coordinate (General Directorate of Surveying data) of east component 

N: total number of tested points 

The same procedure has been applied to the y-coordinate of tested points. 
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6. RESULTS ANALYSIS  

6.1 Results of Descriptive Statistics 

The points which were extracted from the General Directorate of Surveying maps for the parts 

AL-Karkh and  AL-Rusafa have been statistically analyzed after excluding outlier points from 

them. The MINITAP software version 16.1 was utilized to analyze the data graphically using 

histogram and probability plots. The positional error values for points extracted from the parts of 

AL-Karkh and AL-Rusafa along Easting (E) and Northing (N) coordinates have been calculated 

by descriptive statistics laws as listed in Table 1.                                                                                

It can be seen from Table 1. that the mean of errors for the differences in easting component 

(∆E) were 8.987m and 8.889m for AL-Rusafa and AL-Karkh, respectively, while the mean of 

errors in the northing component (∆N) were 13.010m and 11.480m for AL-Rusafa and AL-

Karkh. The RMSEs were 12.1553m and 11.2108m for the easting components while they were 

16.2001 and 13.9143 for the northing component for AL-Rusafa and AL-Karkh, respectively. It 

can be also noted that the resultants of the RMSEs (      ) were 20.2532m and 17.8686m for 

AL-Rusafa and AL-Karkh, respectively. This means that there are errors in the point positions in 

both easting and northing components. It can be also noted that the errors in the AL-Rusafa part 

larger than the errors in AL- Karkh part and this is clear from the minimum and maximum 

values. The maximum error in the easting components reach to about 40 m for AL-Rusafa and 

27 m for AL-Karkh. While the maximum error in the northing components reach to 38 m and 30 

m for AL-Rusafa and AL-Karkh, respectively. This means that the error values in point positions 

in AL-Rusafa part are larger than the differences in AL-Karkh part.                                                           

6.2 Histogram Analysis 

Histogram is one of the statistical tools that graphically represent distribution of numerical data 

that grouped into frequency or percentage. Histograms give first indication of normally errors 

distribution.   

6.2.1 AL-Rusafa Case Study 

Histograms of AL-Rusafa/Baghdad show that the normal distribution curves do not match the 

easting and northing components very well. The histogram of easting component of AL-Rusafa 

Fig.5 shows that the most errors ranging between (0-15) meters and the largest proportion of the 

points contains inaccuracies ranging between (0-5) meters. It can be also seen sharp peaks on the 

left of the histogram. The rest of the errors ranging between (20-40) meters with deviations on 

the right side of the histogram. 

Fig.6 shows the histogram of errors in the northing component of AL-Rusafa. It is clear from 

this figure that the large proportion of the errors in the points ranging between 1-15 m. It can be 

also noted that there is a great peak on the left side. This means that there is a large proportion of 

point’s deviate of about 5-8 m from their true positions. Then the proportion of the errors 

increases and reaches to about 40 m but in fewer rates of points. 

6.2.2 AL-Karkh Case Study 

It can be shown from the histograms of AL-Karh/Baghdad in Fig. 7 and Fig. 8 that the normal 

distribution curves do not converge along easting and northing coordinates very well. It is clear 

that the errors in the easting component is centered between 0 to 10 meters, then the error values 
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increase but in less rate of points. The errors rise to more than 25 meters in different rate of 

points. The majority of the points contain inaccuracies ranging from 3 to 5 meters. The northing 

component errors are concentrated between 1 to 19 meters. Then the errors increase to more than 

30 meters, while the proportion of these errors is increase and decrease. The majority of the 

points contain inaccuracies ranging from 1 to 5 meters. There are sharp peaks on the left of the 

histogram for both easting and northing components.                                                                        

6.3 The Analysis of Probability Plot 

6.3.1 AL-Rusafa Case Study 

The probability plot follows a normal distribution for both the easting and northing components 

but there are a number of points in the both ends take the long tail pattern Fig. 9 and Fig. 10. 

This means that it bends from the straight line and do not follow the pattern of rest of the points, 

and this is usually bending from the bottom to the bottom and from the top to the top. It can be 

noted that the long tail pattern begins after approximately 25 m in the easting component and 

after 32 m in the northing component. It can be also noted that the points that contain errors of 

25 m and above in the easting component are more deviate from the straight line, which 

represent the mean of errors, because of increasing the errors in these points. It can be seen from 

these figures that the long tail pattern in the northing component is increasing to the top than in 

the easting component for both case studies.                                                                                      

6.3.2 AL-Karkh Case Study 

The probability plot of AL-Karkh follows a normal distribution for both easting and northing 

components but there are number of points in the both ends take the long tail pattern Fig. 11 and 

Fig. 12. The long tail pattern begins after approximately 20 m in the easting component while it 

begins after 27 m in the northing component. It can be seen that the points to the right of easting 

component, which represent the points that contain errors more than 20 m, are deviated from the 

mean (straight line) more than the points in the northing component because of increasing the 

errors in these points which lead to this deviation.                                                                             

6.4 The Horizontal Shift Analysis 

The horizontal shift can be calculated using Eq. (5) which represents the deviation of point from 

its true position in both directions easting (E) and northing (N). The horizontal shift was 

computed for each point in the both case studies. The minimum horizontal shifts were 0.740 m 

and 1.073 m for AL-Rusafa and AL-Karkh respectively, while the maximum horizontal shift 

reaches to more than 50 m for AL-Rusafa and more than 30 m for AL-Karkh. The mean 

horizontal shift was 17.218 m and 15.893 m for AL-Rusafa and AL-Karkh respectively as 

illustrated in Table 2.                                                                                                                            

Horizontal shift = √                                                                                                           (3) 

Where:                                                                                                        

  :The difference between reference coordinates and tested coordinates in the east direction.  

  :The difference between reference coordinates and tested coordinates in the north direction.    

   

The histogram of the horizontal shift was produced for both the case studies as shown in Fig. 13 

and Fig.14. The horizontal errors follow the normal distribution curve in the two case studies but 
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do not much the normal distribution curve very well. It can be seen that errors in AL-Rusafa part 

centered between (1 to 30) m then it increases and reaches to more than 50 m, while in AL-

Karkh part, the errors rise in some points and become lower in the other until they reach to more 

than 30 m. From these figures and Table 2, it can be concluded that the horizontal shift errors in 

AL-Rusafa part greater than errors of AL-Karkh part and it can be also seen that errors in AL-

Karkh part are more normally distributed.                                                                    

7. STATISTICAL TESTS 

This section will discuss the T-test and F-test that used in this research. T-test was used to see 

how close the errors in the study areas to each other. F-test was applied because it is one of the t-

test requirements. T-test one of the important statistical tests and the most frequently used in 

studies that designed to detect statistical differences between the means of two samples, 

Heiman, 2013. Types of this test are: one sample t-test and two samples t-test. To conduct this 

test, two hypotheses should be assumed: null hypothesis (H0) and alternative hypothesis 

(Ha).While the F-test represents the ratio between the variances of two populations, and it is one 

of the t-test requirements, Berenson and Levine, 1998. 

In the current study, two sample of T-test was used to determine whether the errors between the 

two case studies were convergent or not. MINITAB software was used to conduct this test 

because it contains tools to facilitate the calculations. Before applying T-test, F-test should be 

applied firstly to compare the variance of the two datasets. Before starting these tests, it should 

be applying normality test, which was designed to find whether the data are normally distributed 

and following the normal distribution curve or not.                                                                           

7.1 The Statistical Tests Results 

In order to test the difference in error values between the two parts of AL-Karkh and AL-Rusafa, 

two Samples T-tests were adopted to detect whether the errors of AL-Karkh convergence to 

errors of AL-Rusafa or not. Hypotheses for this statistical test are the null hypothesis which 

states as follow:                                                                                                                                             

Ho: µ1= µ2                                                                                                

where: 

µ1: mean of AL-Resafa part                                                        

µ2: mean of AL-Karkh part       

While the alternative hypothesis (H1) states (H1: µ1≠ µ2).                          

In this test, (95%) has been used as confidence level and the results have been discussed based 

on the (P) value. If the P value is more than (0.05) this means that the mean of the two compared 

parts are equal and if the P value is less than (0.05) this means that the mean of the two 

compared parts are not equal.                                                                                                             

In this study, after applying T-test on the coordinates taken from Baghdad map for the two case 

studies (AL-Karkh and AL-Resafa), the results showed that these values of coordinates have P 

value larger than 0.05 for both easting and northing. This means that the discrepancies between 

the two case studies were close. The results also showed that the P value for the easting 
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component is greater than p value for northing component, which means that errors in the north 

coordinates greater than errors in the easting coordinates. The results from these tests are shown 

in Table 3.                                                                                                                                             

The results obtained from applying two sample t-test have been analyzed as a box plot, see Fig. 

15 and Fig. 16. The box plot reflects the convergence of errors in the two case studies 

graphically. The horizontal axis represents the different in easting and northing components in 

the two case studies while the vertical axis represents the errors in the two case studies. The 

upper circle refers to the mean value, the lower circle represents the median value and the 

straight line represents the different in means of the two case studies. The difference between the 

mean of the two case studies has been taken. The low value of the mean means that the errors 

between the two case studies are converges. From box plot analysis, it is clear that the difference 

in mean values between the study areas was 0.098m in easting component and 1.530m in 

northing component. These results showed that the match is good with respect to the easting 

coordinates but it becomes less in the northing coordinates.                                                              

8. CONCLUSIONS 

This study presented the spatial accuracy assessment of the digital maps that produced by 

General Directorate of Surveying Iraq. Two study areas: AL-Karkh and AL-Resafa in Baghdad 

were selected as two case studies and the point samples were extracted in order to use them in 

the assessment. Different statistical tests and analysis were applied to compute spatial accuracy 

assessment. MATLAB and MINITAB software were utilized to represent the errors graphically.                                                                                                                                         

After the elements of positional accuracy assessment were calculated, the mean of errors were 

8.987m and13.01m of the easting and northing components of AL-Rusafa respectively, while the 

errors were 8.889m and 11.480m of the easting and northing components of AL-Karkh 

respectively. The RMSEs were 12.1553m and 16.2001m for the easting and northing 

components of AL-Rusafa, while they were 11.2108m and 13.9143m for the easting and 

northing components of AL-Karkh. 

The statistical tests (t-test and f-test) were used in order to see whether the errors in these map 

are converge or not. Therefore, t-test was applied on the data that taken from the two case studies 

(AL-Rusafa and AL-Karkh).The results showed that the errors in the two case studies are 

converge.                                                                                                           

From these results it can be shown that these maps have limited positional accuracy and they 

cannot be used in the precise surveying works (of accuracy, for example, ±0.5 m). While it can 

be used in the not precise surveying works (with accuracy, for example, ±2m) such as 

reconnaissance or academic studies.  
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Figure 1. The study area of AL-Rusafa (General Directorate of Surveying). 
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Figure 2. The study area of AL-Karkh (General Directorate of Surveying). 

 

Figure 3. Point 1 in AL-Rusafa part: it is an intersection of two roads. 

 

point 1 
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Figure 4. Point 23 in AL-Karkh part: it is an intersection of road and bridge.   
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Figure 5. Histogram of the errors in Easting coordinates in AL-Rusafa map. 
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Figure 6. Histogram of the errors in Northing coordinates in AL-Rusafa map. 
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Figure 7. Histogram of the errors in Easting coordinates in AL-Karkh map. 
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Figure 8. Histogram of the errors in Northing coordinates in AL-Karkh map. 
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Figure 9. The probability plot of Easting coordinates in AL-Rusafa map. 

 



Journal of Engineering    Volume    23     November      2017 Number  11 
 

 

171 

 

50454035302520151050

99.9

99

95

90

80

70
60
50
40
30

20

10

5

1

0.1

Diff. in Northing shift

P
e

rc
e

n
t

Mean 13.01

StDev 9.682

N 186

AD 3.553

P-Value <0.005

Probability Plot of Northing shift
Normal 

 

Figure 10. The probability plot of Northing coordinates in ALRusafa map. 

 

302520151050

99.9

99

95

90

80

70
60
50
40
30

20

10

5

1

0.1

Diff. in Easting shift

P
e

rc
e

n
t

Mean 8.889

StDev 6.860

N 120

AD 2.817

P-Value <0.005

Probability Plot of Easting shift
Normal 

 

Figure 11. The probability plot of Easting coordinates in AL-Karkh map. 
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Figure 12. The probability plot of Northing coordinates in AL-Karkh map. 
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Figure 13. Histogram of horizontal shift in AL-Rusafa map. 
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Figure 14. Histogram of horizontal shift in AL-Karkh map. 
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Figure 15. Boxplot of the differences in Easting. 
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Figure 16. Boxplot of the differences in Northing. 

 

Table 1. The results of descriptive statistics of tested datasets. 

AL-Karkh AL-Rusafa Descriptive 

statistics N (m)∆ E (m)∆ N (m)∆ E (m)∆ 

11.480 8.889 13.010 8.987 Mean 

0.042 0.035 0.018 0.004 Min 

29.797 26.669 37.587 39.757 Max 

13.9143 11.2108 16.2001 12.1553 RMSE 

17.8686 20.2532 Total RMSE  

 

Table 2. Horizontal shift in the two case studies. 

Horizontal Shift (m)  

AL-Karkh AL-Rusafa 

1.073 0.740 Minimum shift 

>30 >50 Maximum shift 

15.893 17.218 Mean shift 

 

Table 3. Results of statistical tests. 

Method Statistic parameter E difference N difference 

F-test DF1 185 185 

DF2 119 119 

Test Statistic 1.43 1.50 

P-Value 0.035 0.017 

T-test T-Value 0.11 1.51 

P-Value 0.910 0.132 

DF 284 287 
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ABSTRACT 

Induction motor faces various stresses during operation conditions. The conditions of 

monitoring, diagnosis of faults and protection become needful in order to avert tragic failures. 

The stator winding faults are usually related with insulation failures which are generally known 

inter turn, line-to-ground, line-to-line and loss phase faults. Discrete and packet wavelet 

transforms can be employed to extract certain features for induction motor line currents to 

diagnosis between the healthy and faulty conditions and detect the type of fault. This paper 

proposes a current signature from the second level of decomposition (     and      . The 

mother wavelet is chosen according to mean square error (MSR) technique, while the optimal 

level of resolution is chosen according to non-normalized Shannon entropy criterion. The 

Matlab-simulation results reflect that the proposed signature method has the ability to detect and 

discriminate the fault within quarter cycle (using Laptop computer,Windows_7,Matlab_R2010a). 

Keywords: wavelet packet transform, induction motor protection, Shannon entropy, MSR. 

 

اعحماداً على نظرٌة المىٌجهالثلاثً الطىر جشخٍص وحماٌة أعطال الجزء الثابث للمحرك الحثً   

 
 خالذ مهذي عبذ الحسن عادل احمذ عبٍذ صادق ارحٍم حسن

 ٍذسط اعرار ٍغاعذ طاىة ٍاظغريش
/ اىعاٍعح اىرقْئ اىنٖشتائيح اىْٖذعيح اىنييح اىرقْيح مييح اىْٖذعح / ظاٍعح اىثصشج

 اى٘عطٚ

 مييح اىْٖذعح / ظاٍعح اىثصشج

 

 الخلاصة

ي٘اظٔ اىَحشك اىحصي شرٚ اّ٘اع الاظٖاد خلاه ظشٗفٔ اىرشغييئ. ىزىل فأُ اىشصذ ٗاىرشخيص لاعطاىٔ ٗحَايرٔ ٍْٖا قذ اصثح  

ذيف ع٘اصىٖا  ّريعٔ عادجاعطاه ٍيفاخ اىعضء اىصاتد ذحذز ٍِ الاحرياظاخ اىََٖح ٗرىل ٍِ اظو ذعْة الاعطاه اىناسشيح. 

)داخو ٍيف اىط٘س اى٘احذ ، ٍيف ط٘سٍع الاسضي ، ٍيفاخ ط٘سٍع ٍيفاخ ط٘س اخش، فقذاُ احذ  اعطاتٖا ٗاىري ذعشف اّ٘اع

اىرح٘يلاخ اىَقطعح ٗاىحضٍٔ ىيَ٘يعٔ يَنِ اعرخذاٍٖا لاعرخشاض ٍيضاخ ذياساخ خط٘ط اىَحشك اُ اط٘اس ٍصذس اىرغزيح ( .

اٍناّيح ذحذيذ ّ٘ع رىل اىعطو. اُ اىغشض ٍِ اىنٖشتائي ٍِ اظو اىرشخيص تيِ ظشٗف اىرشغيو اىطثيعيح ٗظشٗف اىعطو ٍع 

adرىل اىثحس ٕ٘ اعرْثاط تصَٔ ٍِ قيٌ اىَعاٍلاخ )
2

(ٗ )dd
2

( ىرياس اىعطة عْذ ذحييئ حرٚ اىَغر٘ٙ اىصاّي. ذٌ اخرياس 

ُّ٘ اّرشٗتي ( ، تيَْا ذٌ اخرياس افضو ٍغر٘ٙ ذحييو ٗفقاً ىَعياس  قاُّ٘ شاRSMاىَ٘يعٔ الاً ٗفقاً ىرقْيح ٍشتع ٍر٘عظ اىخطأ )

ىذيٖا اىقذسج عيٚ مشف ٗذَييض اىخطأ ىيَحشك  اُّرائط تشّاٍط اىَحامآ اىَاذلاب ٍِ خلاه الاٗه . ذعنظ اىثصَٔ اىَقرشحٔ 

 .ستع دٗسجضَِ اىحصي 

ذح٘يئ حضٍٔ اىَ٘يعٔ ، حَايح اىَحشك اىحصي ، شاُّ٘ اّرشٗتي ، ٍشتع ٍر٘عظ اىخطآ: الكلمات الرئٍسٍة   
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1. INTRODUCTION 

Induction motor is commonly used in industries application for many causes; it is simple 

construction, solid and high reliability like compressors, low maintenance requirement, such as 

fans, pumps and other applications. The harmonics which are included in induction motor 

currents are used as indication of various faults. The Squirrel cage induction motor is an 

important type as it can operate during fault conditions until the fault becomes rise, Hamma, 

2014, Gaeid, and Ping, 2011, Jawadekar, et al., 2014. 

Many various techniques are applied to fault detection that focus on the stator faults to non-

invasive properties. The tools of signal processing contain discrete Fourier transform (DFT), fast 

Fourier    transform (FFT) are   useful tools for non stationary signal analysis,Yang, et al., 2003, 

Coifman, and  Meyer, 1992. The techniques of FFT signal processing which are depend on the 

stator current fundamental frequency, motor speed and load are enough for faults diagnosis but 

sometimes they cannot be applied for high sharp signals with nonlinear systems, Hamma, 2014. 

The wavelet technique is capable to get information in frequency and time domains in 

additional to it have a high sensitive for diagnosis faults compared with classical signals 

processing techniques such as DFT and FFT, Pons-Llinares, et al., 2015. The wavelet becomes 

one of the most important tools which are used for analyzing the frequency and time domains. It 

has multi-resolution analysis and perfect time localization which produces very attractive 

researchers in faults diagnosis Zhang, et al., 2015.  

A research has been done to enhance and perform reliable technique to monitor, protection 

and diagnostic faults of electrical machines. These techniques are based on applying tools for 

digital signal processing on stator currents of induction motors, Liang, et al., 2002. Another 

technique, Fuzzy logic is applied in induction motor faults detection, Mini, et al., 2010, 

Agrawal , et al., 2015, besides the wavelet technique. The last is used in transformer protection, 

Saleh, and Rahman, 2005, Saleh, 2003, to discriminate  inrush and normal current from faulted 

current. The wavelet is also used for permanent magnet motor faults protection, Kafiey, 2006, 

Pons-Llinares, et. al., 2015. The technique uses the detail coefficients form the second level to 

find a signature for line current which is used for faults diagnosis.   

In this paper, the WPT is used to construct an extraction features from the second level 

details and approximation coefficients. For this purpose, the paper includes collection of data 

from a 3-phase induction motor for different faults for no load and different loading conditions, 

chosen of the optimized mother wavelet and optimized levels number for resolution used off-line 

testing for data collected by Matlab_R2010a environments. 

 

2. WAVELET PACKET TRANSFORM (WPT)   

     The wavelet packet transforms are alternative base; it forms the linear-collections wavelet 

components. They get property like time-frequency location of their identical wavelet 

components. A wavelet packet component is composed of three indices (j), (k) and (n), as shown 

in Eq.(1), Coifman, and Meyer, 1992, Kafiey, 2006, Mohd Tumari, et al., 2013, Khan, and 

Rahman, 2008.  
 

    
                                                                                                                             (1) 

  

The wavelet packet transform allows to make multi-resolution analysis of signals as they are 

possible to have similarity of the connected scaling function and smooth wavelet with 

consolidated support. Any resolution level (j) in wavelet packet transform contains      cases 

which they are formed through low pass filter (LPF) and high pass filter (HPF) tree. The process 

up to 2
nd

  level of resolution as shown in Fig. 1. 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Joan%20Pons-Llinares.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Y.%20Zhang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Y.%20Zhang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Y.%20Zhang.QT.&newsearch=true
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The original signal x(n) that has the length (N) is decomposed in the first level. The 

decomposition tree creates two-frequency sub-bands, the LPF (G) which is the approximation 

coefficient (  ) with length (N/2) and HPF (H) which is the detail coefficient (  ) with the length 

(N/2). The 2
nd

  decomposition level creates four-frequency sub-bands represented the same 

group filters in the first level of resolution, (   ), (   ), (   ), (   ) with length (N/4) for each 

one. These operations are repeated while the original signals are become as sampled to a sure 

level of frequency in Hertz which represent highest-rate frequency that signal could restrain. 

    

 3. SIMULATION SETUP AND DATACOLLECTION  

The initial and important step in this work is to setup the protected induction motor with all 

the necessary blocks to accurately collect the needed data. The needed data consists mainly of 

three phase normal currents (unloaded, loaded) and fault currents Line to Ground unloaded and 

loaded fault, Line to Line unloaded and loaded fault, multi-ratio turn to turn unloaded and loaded 

fault, phase loss unloaded and loaded fault. The collected data is employed for choosing both the 

optimized mother wavelet and number of level of decomposition. A 3-ph induction motor of 

10hp, 380V, 4-poles, 1440 rpm, 50Hz is used in this simulation. 

     The sampling frequency of 12.8 kHz (256 samples /cycle) is applied in the proposed 

simulation. The fault signatures are the research requirement from the model simulation of 

induction motor. 

      

3.1 Modeling of Healthy Induction Motor 

The stator and rotor equations for flux, voltage, and torque in dq axis theory are shown in 

Eq.(2-5), Gerhard, 2002, Djalal, and Aissa, 2009, Obed, 2010. 

 
    

  
                                                                                                                      (2)  

    

  
                                                                                                                      (3) 

     

  
                                                                                                                  (4) 

     

  
                                                                                                                  (5) 

 

  The current equations result from the flux linkages equations as shown in Eq.(6-9). 

 

    
 

  
                                                                                                                            (6)  

    
 

  
                                                                                                                            (7) 

     
 

  
                                                                                                                          (8) 

     
 

  
                                                                                                                          (9)  

 

The dynamic equation as shown in Eq.(10). 

 
  

  
 

 

 
    (               )                                                                                          (10) 
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3.2 Stator Faults Modeling of Induction Motor 

In this section, it is representative a simulation model for squirrel-cage induction motor under 

multi-stator faults conditions. A model takes the effects of shorting for one or more circuits of 

stator phase winding as turn-to-turn phase fault, line-to- line fault, line-to-ground fault and loss-

phase. 

The stator faults are defined by two parameters: 

– A real angle represents between stator phase axis (i.e. phase A) and turn-to-turn stator winding 

which is a localization parameter     . It allows the faulty winding that occurs in specific 

localization (0, 2π/3, or 4π/3) corresponding respectively to a short circuit on the stator phases A, 

B or C. 

– The ratio of number of turns short circuit winding to total number winding in same phase as 

shown in Eq.(11). This detection parameter (   ) allows measure the unbalance value of short 

circuit winding, Smail, et al., 2006, Jesper, and Carsten, 2006, Khan, et al., 2007.  

 

    
   

  
                                                                                                                                            (11) 

 

  The short circuit currents as shown in Eq.(12-15): 

     
      

    
                                                                                                          (12)  

               

       [
              

 

 
 

              
 

 
 
]                                                                                                (13) 

   

       [
                            

                            
]                                                                                        (14) 

 

The resultant dq stator currents became as shown in Eq.(15) 

 

           ∑     
 
                                                                                                                 (15)  

 

3.3 Data Collection for Various Operating Conditions 

Each stator winding is characterized by its faulty parameters (ηcck ,θcck). The desired 

simulation results include different fault currents. Fig. 2 shows the 25% turn to turn (phase B) 

fault condition case. Fig. 3 shows the full phase B to ground fault condition case of induction 

motor. Fig. 4 shows the phase to phase (10% turn phase A with 25% turn phase B) fault 

condition case of induction motor. Fig. 5 shows the loss phase (phase-A) fault condition case. 

 

4. SELECTION OF OPTIMAL MOTHER WAVELET FUNCTION AND LEVEL 

NUMBER OF DECOMPOSTION 

The collected data are mainly used for simulation test and for applying the mean square error 

(MSR) technique criterion in the MATLAB environment. It is also applied to choose the optimal 

mother wavelet filter. The non normalized Shannon entropy based criterions are used for 

determining the optimize decomposition level numbers. Mother wavelets have many types that 

used for analysis such as, Daubechies (db.), Coiflets, Symlets, Haar, etc. The simulated data is 

used for choosing of the mother wavelet filter. 
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4.1 Selection of Mother Wavelet Filter  

There are a number of wavelet families which can be applied for electrical power system 

transient application. The variable orthogonal and non-orthogonal wavelets of the Matlab 

wavelet toolbox could be tested by the mean square error (MSR) technique criterion for the 

optimal mother wavelet selection. The candidate mother wavelets with different length of filters 

for this work are:                                           

1. Orthogonal Wavelet Families which contain Daubechies (db3, db4), Coiflet (coif1, coif3), and 

Symlet (sym5). 

2. Biorthogonal Wavelet Families which contain (Dmey). 

 

MSR technique is used for selection the optimal mother wavelet. The MSR index could be 

determined for the original signal x(n) and the reconstructed signal xˆ(n), Saleh, 2003 ,Kafiey, 

2006, Mohd Tumari, et al., 2013 as shown in Eq.(16): 

 

            ∑                
                                                                                          (16)    

                   

The results of the mean square error indices for healthy and multi-types of fault signals are 

given in Table 1: 

The Daubechies family (db3) is selected as a mother wavelet because it has the smallest 

MSR indices as a dominate of all the candidate mother wavelets. As a result, ‘db3’ can be 

employed to carry out a MRA with the highest degree of similarity between the approximations 

and the original signal.  

 

4.2 Selection of Optimal Level of Decomposition    

The resolution levels number of the WPT chooses the resolution of an original signal in 

expression of its time and frequency with great time resolution. So, a signal decomposes into 

many different levels. But the compulsion of high memory requirements and complex 

calculations in real time applications, the optimum resolution levels number is the least number 

of decomposition levels, wherever the decomposed signal could be reconstructed into the 

original signal without any loss of its information. 

In this section, the optimal levels number of resolution is determined by the non normalized 

Shannon entropy criterion using the chosen optimal mother wavelet ‘db3’. The entropy 

values      of any subspace of wavelet packet tree as shown in Eq.(17), Obed, et al., 2011. 

 

      ∑                              
                                                                                     (17) 

 

The entropy of a parent sub-space compares with its children sub-spaces to find optimal out 

level of resolution by the equation as shown in Eq.(18), Hassan, et al., 2016:  

 

                                                                                                                                  (18)                          

 

Fig. 6 shows the entropy values of each subspace of wavelet packet tree up to the 3
rd

  level of 

resolution in case of normal no-load current of the induction motor. 

 Here, according to Eq.(18) the children subspaces can be kept in the tree because the entropy 

values of each children subspace are lower than these of their parent's substance consented. As a 

result, the decomposition signal up to the third level of resolution is not enough to represent its 

properties. 
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Fig. 7 gives the entropy values of each subspace of wavelet packet trees up to the third level 

of decomposition for the phase to phase stator winding fault current of the induction motor. 

Here, the entropy values of high frequency details of the first level are lower than its combined 

children subspaces. A according to Eq.(18) the entropy values of each children subspace are 

higher than these of their parent's substance consented which its children can be omitted from the 

tree. 

So, the optimal resolution level is the second level which is enough calculation to use with 

the wavelet packet transform algorithm. It is based on the protection requirements of fault 

current disturbance in induction motors. 

 

5. PROPOSED DISTURBANCE AND CLASSIFIER DETECTOR  

The modern approaches for induction motor protection are mainly based on the mathematical 

modeling of the motor according to the disturbances. These approaches monitor currents 

waveforms of the faulted motor in order to detect and diagnose faults in induction motor drive. 

The algorithm is used on WPT analysis of fault currents. 

 

5.1 Colour Strip of the WPT-Coefficient for Different Fault Currents 

In this section, a proposed signatures analysis criterion is used for the feature extraction. 

Figs. 8-11 show time location color diagrams of the coefficients of wavelet packet transform 

(    ,      of line currents of (unloaded–loaded) normal and fault conditions. When a 

disturbance occurred as in Figs. 10-12 the details       shows a high density of color strips 

between the faulted regions which are compared with these of healthy current (load and unload) 

of  Figs. 8-9, Khan and Rahman, 2010. 

 

5.2 WPT Proposed Algorithm for Tripping Signal 

The evaluation of the Wavelet Packet Transform coefficient could be down by filtering the 

signal with filters created by the optimal mother wavelet (db3). Fig. 12 shows the realized 

procedure as in Flowchart. 

The proposed wavelet packet transform algorithm for protection the three phase induction 

motors checks the highest frequency sub band values for the resolution 2
nd

  level (optimal level 

of resolution) of the wavelet packet transform. It determines whether those values are greater 

than the threshold value or not. The thresholds are set by minimum of absolute of WPT-

coefficient values         and     of the highest frequency sub band which determined under 

the normal condition of the induction motors. It is to be noted that because of leakage energy  

between the low pass filter and high pass filter magnitude response and the effect of induction 

motor parameters on the magnetic saturation, some highest frequency sub-band components are 

present at the 2
nd

  level high frequency approximate and detail coefficients for the state under 

normal operating condition of induction motor. 

The required off line test will contain multi-fault currents and healthy operating current as 

details.Fig. 13 shows the case of unload-to-load normal (un-faulted) duration condition of the 

induction motor model, Fig.14 shows the case of loaded normal (un-faulted) steady state 

condition. They are clear that the WPT algorithm has responded accurately by keeping the status 

of the trip signal unchanged. Figs. 15-23 show the multi-case of un-normal (faulted) duration 

condition of the induction motor. They are clear that the WPT algorithm has specified the 

troubles fairly and changed the trip signal case at the first quarter cycle after the fault 

appearance. 
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6. CONCLUSIONS 

       This paper proposes an approach for diagnoses stator fault types from three phase stator 

currents based on wavelet packet transform. It can conclude the follows: 

* The optimal chosen of mother wavelet and the number of decomposition level evaluate the 

wavelet packet transform coefficients to help the correct discrimination between healthy and 

faults conditions.  The proposed approach revels accurate, fast and reliable method which could 

be applied in protection of stator faults of induction motor. 

* The WPT algorithm has changed the status of accurately by keeping the case of the trip signal 

only for the status of fault current data, and it occurred almost at the first a quarter cycle of the 

fault (first frame of cycle fault which contain 64 samples) occurrence on a 50Hz system. The 

response of the WPT algorithm was very fast when it compared with the use of DWT in 

transformer protection with a different signature approach, Saleh, and Rahman, 2005, Saleh, 

2003, which need half cycle to appear the trip signal after the time of fault occurrence.  

 

* The Shannon entropy values can be used to show leakage energy between the HP and LP 

filters magnitude response for in the cases of multi- stator faults operating condition of the 

induction motors. 

 

* The important features for fault detection is taken-out based on density of color strips of the 

WPT coefficients of fault currents, which able to supply reliable and correct diagnostic multi-

fault currents. The WPT algorithm depends on the similarity of high frequency components     

of line currents of the wavelet packet tree. 

NOMENCLATURE 

ε = mean square error index (MSR). 

    = number of inter-turns S.C windings. 

   = total number of turns S.C windings. 

    = short-circuit rotor angular position. 

     = wavelet function. 

   = stator d axis flux linkage. 

    = stator q axis flux linkage. 

     = rotor d axis flux linkage. 

     = rotor q axis flux linkage. 

  =rotor speed, rad/sec. 

    =synchronous speed, rad/sec. 

G = low pass filter (LPF). 

H = high pass filter (HPF). 

H(x) = the value of entropy. 

     = short-circuit currents, A. 

    = stator d axis currents, A. 

    = stator q axis currents, A. 

     = rotor d axis currents, A. 

     = rotor q axis currents, A. 

  =moment of inertia of motor, Kg.m². 

j =scale operations index. 

K= number of the stator phase. 

k =translation operations index. 
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    =stator self inductance per phase, Henry. 

   =rotor self inductance per phase, Henry. 

   =mutual inductance, Henry. 

    = load torque, N.m. 

N = length of signal. 

n =modulation parameter index.  
  =  number of pole pairs. 

   =  stator resistance per phase, Ohm. 

   =rotor resistance per phase, Ohm. 

    = stator d axis voltages, V. 

    = stator q axis voltages, V. 

x(n) = the original signal. 

x (n) = the reconstructed signal. 

x(t) = continuous signal. 

CWT = continuous wavelet transform. 

db = Daubechies mother wavelet. 

DFT = discrete Fourier transform. 

DWT = discrete wavelet transform. 

FFT = fast Fourier transform. 

MRA = multiresolution analysis. 

Sym = symlet mother wavelet. 

WPT = wavelet packet transform. 
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Figure 1. Implementation procedure of WPT 

 

 

 

Figure 2. 3-ph currents for the case 0f 25% inter turn to turn (phase B) fault condition. 
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Figure 3. 3-ph currents for the phase to ground (phase B) fault condition case. 

 

 

Figure 4. 3-ph currents for the phase to phase (10% Phase A - 25% Phase B) fault condition. 

Time of fault 



Journal of Engineering    Volume    23     November      2017 Number  11 
 

 

149 
 

 

Figure 5.  3-ph currents for the case 0f loss-phase (phase A) fault condition of induction motor. 

 

 

 
 

Figure 6. The entropy values of each subspace of wavelet packet tree up to the 3rd level of 

decomposition for the normal no-load current of the induction motor state. 
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Figure 7. The entropy values of each subspace of wavelet packet tree up to the 3rd level of 

decomposition for phase to phase load current fault of the induction motor state. 

 

 

 

 

  

Figure 8. WPT second level approximation 

    and 2nd level details    coefficients of 

healthy unloaded 3-ph induction motor. 

Figure 9. WPT second level approximation 

   and 2nd level details      coefficients of 

healthy loaded 3-phase induction motor. 
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Figure 10. WPT second level approximation 

    and 2nd level details    coefficients of 

15% turn to turn phase a fault 3-phase 

induction motor. 

Figure 11. WPT second level approximation 

    and 2nd level details     coefficients of 

phase to ground fault 3-ph induction motor. 

 
 

Figure 12. Flowchart of the proposed (WPT) disturbance detector. 
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Figure 13. WPT based indicator response and 3-phase stator currents of the healthy (un-faulted) 

no load-to-load duration condition. 

 

 

Figure 14. WPT based indicator response and 3-phase stator currents of the normal (un-faulted) 

loaded condition. 
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Figure 15. WPT based indicator response and 3-phase stator currents of the 10% turns of phase 

B fault condition case. 

 

 

Figure 16. WPT based indicator response and 3-phase stator currents of the 15% turns of phase 

B fault condition case. 
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Figure 17. WPT based indicator response and 3-phase stator currents of the 20% turns of phase 

B fault condition case. 

 

Figure 18. WPT based indicator response and 3-phase stator currents of the 25% turns of phase 

B fault condition case. 
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Figure 19. WPT based indicator response and 3-phase stator currents of the phase-to-ground 

(phase B) fault condition case. 

 

Figure 20. WPT based indicator response and 3-phase stator currents of the 10% turns phase A -

to- 25% turns phase B  fault condition case. 
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Figure 21. WPT based indicator response and 3-phase stator currents of the 10% turns phase A -

to- 50% turns of phase B fault condition. 

 

Figure 22. WPT based indicator response and 3-phase stator currents of the 25% turns phase A-

to- 50% turns phase B fault condition case. 
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Figure 23. WPT based indicator response and 3-phase stator currents of the loss phase a fault 

condition case. 

 

Table 1. the Mean Square Error (MSR) indices for multi-types of signals 
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5.84 

E-13 

6.10 

E-13 

Healthy 

(no-load) 

6.32 

E-08 

2.64 

E-13 

3.17 

E-13 

2.14 

E-06 

3.30 

E-13 

3.48 

E-13 

10%Turn 

(no-load) 

2.51 

E-04 

5.14 

E-07 

5.63 

E-07 

1.46 

E-03 

5.75 

E-07 

5.90 

E-07 

Phase loss 

(No-load) 

4.20 

E-03 

5.30 

E-10 

2.80 

E-10 

1.95 

E-01 

3.88 

E-12 

1.01 

E-11 

Line-Ground 

(load) 

3.32 

E-03 

5.88 

E-10 

2.97 

E-10 

1.89 

E-01 

4.87 

E-12 

1.88 

E-11 

Line-Line 

 (load) 

1.41 

E-03 

1.72 

E-10 

3.44 

E-11 

6.26 

E-02 
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(error) 
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4.49 

E-01 
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 المساجد المعاصرة عمارة المؤثرة في توجياتالعوامل     
 

 .ؾُٚت زكٍٛ ؼؤٔف انؼجٛع٘و                                                أ.و.ظ أقًبء يسًع زكٍٛ انًوؽو                             

 يذسط                                                                                                    أعزبر يغبػذ  

 انزكُٕنٕخٛخاندبيؼخ  -اندبيؼخ انزكُٕنٕخٛخ                                                                         ُْذعخ انؼًبسح -ُْذعخ انؼًبسح     

 

 الخلاصة
جديدة في عمارة المساجد تختمؼ في خواصيا عما ىو متعارؼ عميو ضمف وأنماط برزت في الفترة المعاصرة توجيات 

 المشكمة البحثيةمف ىنا برزت  .نيائيال ياالمساجد التقميدية التي تأثرت طرزىا بمجموعة مف العوامؿ أسيمت في بمورتيا بشكم
ثيراتيا بعمارة المساجد أوت عمارة المساجد التقميديةالمرتبطة ب)قصور التصور الموضوعي والمعرفي عف العوامؿ بػالمتمثمة 
عمارة المساجد وتحديد درجة انتمائيا وتأثرىا بعوامؿ طراز  لتوجياتاستكشاؼ ىذه افتبمور في  ىدف البحثاما  (.المعاصرة
الطرازية الوظيفية والجمالية والرمزية العقائدية ىي ألاكثر تأثيراً في صياغة  متغيرات العوامؿ) بأف يفترض البحث .التقميدية

رمز لحدث معيف( ىو الاكثر  –العامؿ الوظيفي) الى افتوصل البحث  عمارة المساجد المعاصرة مف العوامؿ العقائدية والبيئية(.
بينما المفردات المتعمقة بالعوامؿ الجمالية ، د المعاصرةلتوجيات عمارة المساج layoutفاعمية فيما يتعمؽ بمستوى التنظيـ الكمي 

 .والرمزية العقائدية ىي ألاكثر تحققاً وفاعمية عمى المستوى الشكمي والتخطيطي ليذه التوجيات
 عمارة المساجد المعاصرة  ،الطراز، :عمارة المساجد التقميديةئيسيةر لالكممات ا

 
Facters affected trends of Contemporary Mosques Architecture 

 
                     Zainab Hussein Ra'ouf                                                         Assmaa Muhammed Al- Muqram     
                                  Lecturer                                                                                      Assistant Professor 

Department of architecture-technology university                           Department of architecture-technology university                                        
Asmaamh1@Yahoo.Com                                             z_alobaidi@yahoo.com 

 

ABSTRACT 
Recently new trends of mosques’ architecture have appeared. These trends differed from those 

of traditional ones in charictaristics which include two and three dimentional level. The 

traditional mosques' architecture are affected by several factors, so the research problem is (lack 

of knoweledge about factors forming traditional mosques' architecture and its effect on 

contemporary trends of mosques' architecture).The hypotheses of research is (the functional, 

aesthetic and symbolic religious factors of style are the most active factors in forming 

contemporary trends of mosques' architecture than religious and environmental factor).The 

research conclusion is that the symbolic functional factor is most effective factor in forming the 

layout of contemporary trends of mosques architecture while aesthetic and symbolic religious 

factors  represent the factors that form main prayer hall  and formal level of new trends.     

Keywords: traditional mosque architecture, styles, contemporary mosque architecture. 
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  مقدمة:ال -1
الاسلامية عموماً وعمارة المساجد خصوصاً توجيات جديدة أختمفت تفسيراتيا ضمف الطروحات المعمارية شيدت العمارة 

الا اف المعارؼ المتعمقة بالموضوع قد ناقشت الطراز بمحدودية ولـ  وفقاً لعلاقتيا بمجموعة مف المفردات مف ضمنيا )الطراز(.
بمجموعة مف  ةتأثر الجوانب مولما كانت ىذه  .معنوي( ء عبر جانبيف )شكمي،تستقر بشموليتيا التي مظاىرة الطرازية يتـ التطرؽ ل

وتقصي مدى ارتأى البحث التركيز عمى العوامؿ بشموليتيا فقد .بشكميا النيائيأسيمت في بمورة خصائصيا  التي العوامؿ
 تأثيرىا ضمف توجيات عمارة المساجد المعاصرة.
لتختص المرحمة  مرحمتيف أساسية .أختصت الاولى بالجزء المفاىيمي النظري.تطمب حؿ المشكمة البحثية وتحقيؽ اليدؼ 

وتقصي الثانية ضمف البحث بالدراسة التطبيقية عبر انتخاب مجموعة مف نماذج المساجد المعاصرة وبانماط متنوعة لاستكشاؼ 
 فاعمية عوامؿ طراز المساجد التقميدية ضمنيا ولمتحقؽ مف فرضية البحث.

 :عمارة المساجد التقميدية الطراز ضمنمستويات  -2
يتكوف مف منظومة قواميا مطراز ومعنوي. المستوى الشكمي لاف الطراز يمثؿ ظاىرة تستقرء مف خلاؿ مستوييف شكمي 

فيما يخص  .(2000كاظـ،) "والخواص الشكمية لمتجسيد الفيزياوي ،مقومات التجسيد الفيزياوي ،النمطثلاث مستويات تتمثؿ بػ"
فيشمؿ عمى مجموعة مف العلاقات المفاىيمية يمثؿ كؿ منيا قطبي طرفيف متقابميف في العلاقات المفاىيمية تتمثؿ في النمط 

ارتبطت ىذه العلاقات بطبيعة بناء  علاقة العاـ بالخاص،علاقة الكتمة بالفراغ،التنظيـ الكمي(. )الموقؼ مف الكؿ والجزء،
المجتمع والعادات والثقافة التي تحكمو.بينما ارتبطت مقومات التجسيد الفيزياوي بالعوامؿ المؤثرة بالانتاج الشكمي وتعمؽ بالعامؿ 

موعة مف .ضمف ىذه المرحمة يتحوؿ النمط الى نموذج شكمي يمتمؾ مجالتكنولوجي كتقنية انشائية مرتبطة بالمادة البنائية 
معيناً  عمى مر الزمف يتحوؿ الى طراز يستحضر نمطاً  ،بتكرار ىذا النموذجالعلاقات عمى المستوى الثنائي والثلاثي الابعاد 

  .(1)شكؿ في دورة متواصمة وىكذا 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

العوامل المؤثرة 

 فً الانتاج الشكلً

العلاقات الشكلٌة 

ضمن الانماط على 

 مستوى ثلاثً الابعاد

التنظٌم انماط 
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يمثؿ "المعنى الكمي لمشكؿ الفيزياوي الذي نحصؿ ،إذ وسيمة مف وسائؿ التعبير سر المستوى المعنوي لمطراز بعدّه يُفبينما 
كيفية في التعبيرعف ". فالطراز يمثؿ (Webster dictionary)عميو مف وجود عناصر وسمات ثابتة بالعمؿ الفردي أو الجماعي"

ميزت بعض التعريفات  (.119كاظـ،ص)والانسانية فيو لغة قابمة لمتطور والتكيؼ مع الزمف"القيـ الروحية والحضارية 
"سياؽ فيزيائي شكمي ولافيزيائي تعبيري يتعمؽ بالمعنى المستحصؿ إذ يعرؼ الطراز مف خلاؿ سياقيف المستوييف بشكؿ واضح،
  .(Fricshman,1994,P.72")عف الشكؿ ضمف الفضاء

قد اقتصرت عمى  نجدىاز المساجد التقميدية ضمف المعارؼ في تركيزىا عمى ىذه المستويات إذ ر تصنيفات طاختمفت 
المستويات الشكمية والعوامؿ المرتبطة بيا دوف المستويات الاخرى .اذ نجدىا  بعض مستويات الظاىرة الطرازية وبالخصوص 

نوقشت عمارة المساجد وفقاً لمسياقات الاقميمية والخصوصيات إذ  -ومرة عمى الاقاليـ المكانية، عمى الفترة الزمنيةتركز مرة 
حيث "تطوّر فف  ،(,ibid) الاجتماعية المتعمقة بالعوامؿ التاريخية والثقافية حيث وصفت طرز المساجد بكونيا طرز اقميمية

انشائية او  ومرة عمى خصائص شكمية(. 28،صمؤنسانشاء المساجد في كؿ اقميـ في اتجاه محمي ذي طابع اقميمي" )
متعدد الاعمدة  ،متعدد الاعمدةالطراز الاتية"لمطرز خصائص تنظيمية جوىرية خاصة بفضاء المصمى وعنيا صُنِفت المساجد 

كما  (1996بونتا،) ".ذو القبة المركزية ،ذو الاواويف الاربعةالطراز  ،متعدد الاعمدة المسقؼ بقباب ،مع التاكيد عمى المحور بقبة
فضاء المصمى مف الناحيتيف الانشائية والشكمية كمكوفٍ اساسي في تصنيؼ طراز المساجد وكالاتي: النموذج برزت اىمية و 

النموذج ذو القبة  النبوي/النموذج ذو المجاز القاطع /النموذج ذو الاكتاؼ البنائية /المسجد المعمؽ/النموذج ذو الايوانات/
ومكونات المسجد  ،واص مكونات التنظيـ التخطيطي ونوعية التصميـفي حيف فأف التبايف في خ .(2013،حسيف)المسيطرة 

 طرز عمارة المساجد تصنيؼألاساسية والمسقط وأبعاده واساليب البناء والانشاء والتغطية والحجـ والارتفاع كانت الأساس في 
عمارة المساجد طرز ف. (1988العمري،) (العثماني، المغولي اليندي، السمجوقي، )العربي الطرازاساسية تشمؿ  انواع الى اربعة
تركز عمى اىمية فضاء المصمى من )ناحية التخطيط والتنظيم والنظام الانشائي المعتمد والشكل( كنقاط أساسية في التقميدية 

 . اذ اشتممت عمى معظـبينما ركزت معارف اخرى مرتبطة بطراز المساجد عمى الظاىرة الطرازية بشموليتيا .ة تصميماتيابمور 
و  التكنولوجيو  جوانب المنظومة الطرازية لمعمارة مف خلاؿ تكونيا مف ثلاث مستويات رئيسية تتضمف "الجانب المورفولوجي

فالمستوى المورفولوجي  .(Tarrifshah,2014) "التفاصيؿ التصميمية المرتبطة بالمعالجات السطحية ضمف الفضاء
morphology يتعمؽ بالتنظيـ الخاص الذي يشمؿ شكؿ وأبعاد ومخططات الطوابؽ والترتيب والتنظيـ الشامؿ لمفضاء ،

 كما، ةممنظومة الطرازيلممستويات الشكمية ل شاملاً  اً ولوجي يمثؿ مفيوميتضح اف المستوى المرف. (Ibid) المقياس العاـ، التناظر
رة والمدخؿ والصحف المصمى كمكوف اساسي ببقية المكونات اللااساسية كالمناشمؿ العلاقات التركيبية مف ناحية علاقة فضاء ي

اما المستوى الثاني لممنظومة الطرازية في العمارة والمتعمؽ بالفضاء. فقد نوقِش كمستوى  (.1998،الجبوري)والفعاليات الخدمية 
لبصري لممعالجات التفصيمية التزيينية المعتمدة ضمف مؤثر في المنظومة الطرازية لمعمارة المسجدية عبر الاعتماد عمى التأثير ا

"المغة التصميمية الزخرفية وتضـ الزخارؼ اليندسية  Design Articulationفضاء المصمى. إذ يقصد بالمعالجات التفصيمية 
أن المستوى  المعارفوعبر يتبين مما سبق (. "(Tarrifshah,p.61والنباتية والزخارؼ المعمارية فضلًا عف توظيؼ االكتابات

المستوى المعنوي بينما ارتبط  الكمي والتنظيم الفضائي لفضاء المصمى التنظيم التخطيطيالشكمي لمظاىرة الطرازية يرتبط ب
وقد توضح محدودية التمييز في العوامل المؤثرة في كل من المستويات الشكمية  .بالمعالجات ضمن الفضاءبالمعنى وتعمّق 

( مستويات المنظومة الطرازية ضمف 8يوضح )شكؿ  .لمظاىرة الطرازية وبما قاد الى تحديد مجال المشكمة البحثيةوالمعنوية 
 .عمارة المساجد
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  مشكمة البحث: -3
عمارة المساجد المرتبطة بمستويات المنظومة الطرازية الخاصة ب)قصور التصور الموضوعي والمعرفي عف العوامؿ 

 .(ثيراتيا بعمارة المساجد المعاصرةأميدية وتالتق
عمارة المساجد التقميدية اولًا وتحديد توجيات عمارة المساجد لمؤثرة في طراز ييدؼ البحث الى تحديد العوامؿ ا ىدف البحث:

 عوامؿ التقميدية ضمف عمارة المساجد المعاصرة.الالمعاصرة ثانياً ومف ثـ تحديد مدى فاعمية 
النظري وضمف أختصت الاولى بالجزء المفاىيمي  تطمب حؿ المشكمة البحثية وتحقيؽ اليدؼ مرحمتيف أساسية. :منيج البحث

الاوؿ اختص ببناء اطار مفاىيمي عف العوامؿ المكونة والمؤثرة في المنظومة الطرازية لعمارة المساجد التقميدية بينما ، جزئيف
ستكشاؼ اىـ توجيات عمارة المساجد المعاصرة. لتختص المرحمة الثانية ضمف البحث بالدراسة  اختص الثاني بتحديد وا 

طراز المساجد التقميدية موعة مف نماذج المساجد المعاصرة وبانماط متنوعة لاستكشاؼ فاعمية عوامؿ التطبيقية عبر انتخاب مج
 تحقؽ مف فرضية البحث.ضمنيا وال

 لعمارة المساجد التقميديةالعوامل المؤثرة بالمنظومة الطرازية  -4
تنوعت المستويات الشكمية وفقاً لتأثرىا : لقد لعمارة المساجد التقميدية العوامل المؤثرة بالمستويات الشكمية 4-1

  :يا تباعاً بمجموعة مف العوامؿ شممت العامؿ العقائدي والعامؿ البيئي والعامؿ الوظيفي والعامؿ التكنولوجي. وسيتـ توضيح
. اثر ىذا ()كوريتس يمثؿ رمزاً لمنظاـ العقائديفيو كديف ومبادئ وقيـ. للاسلاـ  اً المسجد رمز يمثؿ  :العامل العقائدي-أ

العامؿ عمى مستويات المنظومة الطرازية عبر الشروط التي يفرضيا ويحددىا والتي جاءت بمجمميا لتؤكد عمى مفيوـ 
المستحصمة و الاتجاىية.  فقد فرضت العقيدة الاسلامية بعض المحددات الشرعية الواجب اعتمادىا في تخطيط قاعة الصلاة 

، ـ بأستطالتو بموازاة جدار القبمةالمباركة لمصؼ الاوؿ في شكؿ فضاء المصمى اذ يتسعف اقواؿ الرسوؿ فيما يخص الافضمية و 
يتموف الصفوؼ  قاؿ: وقمنا كيؼ تصؼ الملائكة؟، "الاتصفوف كما تصؼ الملائكة عند ربيـ عز وجؿ اذ ورد عنو قولو:

" )رواه البخاري ومسمـ(. تمثؿ ذلؾ المقدمة ويتراصوف في الصؼ" وقولو "سوّوا صفوفكـ فاف تسوية الصؼ مف تماـ الصلاة
فوظيفة المسجد . (2000،العمري)ضمف فضاء  المصمى لمسجد الرسوؿ المستطيؿ الذي ضمعو الاوؿ يواجو جدار القبمة

 المنظومة المتعلقة بالمستوى المعنوي

 عبر  المنظومة الطرازٌة فً العمارة تستقرء

 المنظومة التعلقة بالمستوى الشكلً

الخواص او العلاقات الشكلٌة ضمن 

 النموذج الفٌزٌاوي
المستحصل من طبٌعة الانساق الموظفة ضمن المعنى 

 المعالجات السطحٌة لـ

على مستوى ثلاثً  على مستوى ثنائً الابعاد

 الابعاد

 الفضاء

 التنظٌم الفضائً

 الكلً
نمط التنظٌم 

التخطٌطً الخاص 

انًُظٕيخ انطؽاؾٚخ انطبطخ ثؼًبؼح ( ٕٚضر يكزٕٚبد  2)شكم بالمصلى

 انًكبخع
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الاساسية كمكاف لمصلاة تفرض استواء تاـ لمناس في صفوؼٍ بموازاة جدار القبمة. كما وتجعؿ ىنالؾ تفضيلًا لبعض الاشكاؿ 
فالشكؿ المستطيؿ الموازي بضمعو الاكبر لمقبمة وشبو المنحرؼ ونصؼ الدائرة كميا اشكاؿ تحقؽ صفوؼ اولى عف الاخرى. 

منيا جدار القبمة ووجود و الضوابط المطموبة لتأدية فعؿ الصلاة كما تشمؿ الشروط بعض . (Kahera,2009,p.54) اكثر طولا
"التوجو الكوني ػبضمف معارؼ اخرى بينما حددت الثوابت في طراز المساجد  (.Arrifshah,p54) "فضاء لمصلاة الجماعية
مكاف للاماـ وسط جدار القبمة والذي يمثؿ الاتجاه لمكة لقيادة المصميف ويتمثؿ بالمحراب والذي  ،لقاعة الصلاة باتجاه مكة

. (Tabbaa,1987)خرى مثؿ المنبرولمروحانيات الا ،يؤسس تناظر المسجد حوؿ محوره المركزي، المأذنة، مكاف الوضوء
يتوضح التركيز عمى توجيو الصلاة باتجاه مكة الذي فرض مجموعة مف المعالجات الخاصة ضمف فضاء الصلاة تتعمؽ 

يقود التنظيـ التخطيطي وانعكاساتو عمى  الذي  بالمكونات والتوقيع. فالتحديدات تتمحور حوؿ الاتجاىية كمفيوـ اساسي
فَمَنُوَلِّيَنَّؾَ خضوعاً لامر الله تبارؾ وتعالى "جسد التنظيـ الكمي توجيو فضاء المصمى باتجاه مكة المكرمة  حيثالمستوى الشكمي. 

ْـ شَطْرَهُ  قِبْمَةً تَرْضَاىَا فَوَؿِّ وَجْيَؾَ شَطْرَ الْمَسْجِدِ الْحَرَاِـ وَحَيْثُ مَا كُنْتُ ْـ  ذلؾ تأثيرات(. كما وانعكست 144")البقرة:فَوَلُّوا وُجُوىَكُ
التسقيؼ الخاص لقاعة الصلاة ضمف المحور  المؤدي  أسموبعبر مجموعة معالجات منيا :ذلؾ تـ عمى المستوى الشكمي. 

ضمف المحور الخاص اماـ المحراب. بينما وضمف مستوى توضع  ةاو يتـ تعزيزه بقبع عما يجاوره، الى جدار القبمة، اذ قد يرتف
العناصر المنائر مثلا فقد وقعت بشكؿ يعزز مف الاتجاىية باتجاه جدار القبمة.حيث يتـ توقيعيا اما علاقة فضاء المصمى ببقية 

إزاء ماتقدم عمى جانبي المحور المؤدي الى المحراب او الى يميف المحراب او توقع عمى امتداد المحور المؤدي الى المحراب.
عمى  لمعمارة المسجدية برزت عبر مفيوم الاتجاىية الذي اثر يتبين ان تاثيرات العامل العقائدي بالمنظومة الطرازية

)الاتجاه بـالتنظيم التخطيطي الخاص بقاعة الصلاة فتتبمور بالمستويين المورفولوجي والفضائي. أما المؤشرات الخاصة 
عمى الاتجاىية من التاكيد ، خطية جدار القبمة،التناظر عمى مستوى المخطط، الطولي لقاعة الصلاة بموازاة جدار القبمة

. خلال حنية المحراب(. اما فيما يخص التنظيم الكمي فقد اعتمد بعض المعالجات من ناحية التوقيع لتعزز من الاتجاىية
وفيما يخص المستوى الشكمي فقد تم رفع السقف ضمن المحور المؤدي لممحراب ووضع قبة امام المحراب وجميعيا  بينما

 متعمق بالعامل العقائدي. مفيوم كمعالجات تعزز من الاتجاىية 
تشمؿ مقومات البيئة الثقافية التاريخ  :مؤثر البيئة الطبيعيةو  مؤثر البيئة الثقافية العامل البيئي ويشمل -ب

والموروث الحضاري والمؤثرة بالمستويات المتعمقة بالمنظومة الطرازية )الشكمية والمعنوية( عبر مفردة التراكب والتقاطع 
 .(2008،)ذنوف . يفسر التراكب الحضاري عمى انو عممية ألاخذ والاقتباس عف الاخر مع التعديؿ والتطويرoverlayالحضاري 

 "قد اقتبست بعضيا مف الاخر الا انيا تحور العناصر المقتبسة وتضمنيا طابعيا الخاصفطرز المساجد 
عبر تقاطع المبادئ الاسلامية  اً قوي اً حضور المساجد ومف خلاؿ التراكب الحضاري حيث تمتمؾ  .(182،ص1981)مؤنس،
ىذا ويجسد التقاطع والتراكب الحضاري  (.Cantacauzino,1985,P.72)والواقع المحمي لاثراء التبادؿ الدائـ والمستمر العالمية

 (.Itewi,2007) (رى )فالثقافة الثابتة تموت حتماً التي تحث لمتحاور والتواصؿ مع الامـ الاخ الاسلاميمدى حيوية الفكر 
اص بفضاء المصمى والمستوى نمط التنظيـ التخطيطي الخعبر توضحت مستويات تأثير ىذا العامؿ بالمنظومة الطرازية 

 :بػتمثمت  ،اساسية لمتنظيـ التخطيطي والفضائي لفضاء المصمىطرز . اذ برزت اربعة الشكمي
الذي أتسـ بالشكؿ التخطيطي المربع او المستطيؿ لفضاء المصمى  Hypostyle Mosqueالعربي المعمّد لطرازا

والمتأتي عف بيت الرسوؿ )صمى الله عميو وسمـ( ، يكوف ذو نمط متعدد الاعمدة ويشتمؿ عمى صحف او فناء تطؿ عميو 
منيا الطراز الاموي والعباسي والاندلسي والفاطمي  واعالعديد مف الانشمؿ . ةموازية او عمودية عمى جدار القبمحنيات  تكوف 

وف اساسي بروز تأثير الصحف المركزي المحاط باواويف اربعة كمكّ بIranian mosque   نالطراز الايراتميّز . بينما وغيرىا
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اكثر  فكاف الصحف، تأثراً بمخططات الارث المعماري لمسلالة الساسانية قبؿ الاسلاـمفي التنظيـ التخطيطي الخاص بالمصمى 
بالحضارات السابقة وبالأخص الحضارة البيزنطية. إذ توضحت  الطراز العثماني. في حيف تأثر مف قاعة الصلاة نفسيا بروزاً 

مركزية تكونو مف قاعة عبر ايا صوفيا بفضاء المصمى  كنيسة تأثيرات بالمسجد العثماني ضمف التنظيـ التخطيطي الخاص
غالباً ماتكوف ىذه المساجد  (.Bouhoula,2014)،وتتدرج منيا منظومة قباب انشائية انسيابية الشكؿكبيرة عمييا قبة باسقة 
ظيـ التخطيطي. اذ جاء ىذا نانعكس تأثير المعبد اليندوسي ضمف الت الطراز الينديبينما ضمف  .جزءاً مف مجمعات كبيرة

وتكويناً معمارياً خارجياً اقرب الى النحت منو الى العمارة ، ةالطراز ليمثؿ إنشاءاً مقفلًا يضـ خموات صغيرة لمصلاة المنفرد
أتسـ ىذا النمط بتباعد اجزائو ، .ضمف مستوى التنظيـ الكمي(2013،حسيف) وكسيت اسطحو بكامميا بالزخارؼ والنحت البارز

شمؿ تاثير التاريخ والموروث الحضاري المستوى الشكمي لممنظومة كما  (.2005،ثويني)بما ميزّه بفقداف الوحدة والتماسؾ 
الطرازية مف خلاؿ استمرارية العناصر وتحويرىا لتلائـ المبادئ الاسلامية. فالعنصر العمودي المرفؽ بالمبنى الديني ظؿ 

مجموعة  شمؿ بيئة الطبيعيةمؤثر الفي حين فان مستمراً قبؿ وبعد الاسلاـ واصبح بييئتو يمثؿ الصمة بيف الارض والسماء. 
مف المفردات التي تتعمؽ بالمناخ والمواد البنائية والتضاريس الطبيعية ،إذ "يمتزج المناخ والطبوغرافيا بالعوامؿ التاريخية 

اثرت ىذه العوامؿ بمجموعيا في  (.45ص، صيداوي) ئر الاسلامية وىياكمياوالاجتماعية وتعمؿ جميعيا في تكييؼ حجـ العما
 .لعناصرىا كالمنائرتنوع طراز العمارة المسجدية وشمؿ  الخصائص الشكمية 

نستخمص ان تاثير العامل البيئي الثقافي ومن خلال التاريخ والموروث الحضاري يتضح عبر مفرده التراكب او التداخل 
برزت اربعة انماط لمتنظيم التخطيطي وانسحبت . حيث د التقميديةلعمارة المساجالحضاري التي اثرت في المنظومة الطرازية 

كما شمل التاثر بالموروث . ضمن الطراز العربي والايراني والعثماني واليندي توضح ذلكتأثيراتيا ضمن المستوى الشكمي 
 .توظيف الشاخص العمودي الذي يوازي الاتجاه الافقيالحضاري استمرارية بعض المعالجات منيا 

تنحصر المساجد المرتبطة بأحداث معينة بمجموعة نماذج صُنفت عمى  :رمز لحدث معين -الرمزي العامل الوظيفي -ج
، المسجد الاقصى، الكعبة المشرفة والحرـ 1قبة الصخرةمسجد انيا مساجد مقدسة لارتباطيا بحادثة تاريخية معينة وتشمؿ "

جاءت خصائص ىذه المساجد لتؤكد  .(2009،القحطاني)عف قوة الديفتعبر ىذه المساجد ، (Tajuddin&rasdi,2014) "النبوي
ضمنيا. برز ذلؾ في مسجد قبة الصخرة المتأثر بحادثة الاسراء والمعراج وضمف رغبةً في تعزيز الحدث الناحية الرمزية 

مستوى التنظيـ التخطيطي والشكؿ الكمي. اذ يتسـ التنظيـ التخطيطي المتعمؽ بفضاء المصمى بتأثره بطبيعة الحدث ضمنو 
والذي يمكف مف  ،(المصدر السابؽلمبناء)الطبيعة الاحتفالية الذي يمثؿ مثمف لمبناء المركزي الوكاف ذلؾ عبر اختيار الشكؿ 

كما وانعكست تأثيرات الحدث عمى التنظيـ الفضائي الكمي. عف طريؽ علاقة  رؤيتو بالشكؿ نفسو في اثناء الدوراف حولو.
إذ  .حيث وقع المسجد في وسط موقع مؤثر محاطاً بسور الحرـ الابراىيمي الشريؼ المسجد بالسياؽ المكاني المتموضع ضمنو.

في حيف فأف تحفيز الوعي بأىمية الحدث عُزِز ضمف .قبة الصخرة اوؿ تكويف معماري اسلامي يعتمد الشكؿ الثمانيتعد 
المستوى الشكمي عبر الاعتماد عمى مجموعة مؤشرات تتعمؽ باعتماد مواد انيائية متميزة لمعناصر. برز ذلؾ في القبة الذىبية 

. كما وانو (149ص، القحطاني) تعد "مؤشراً واضحاً مف مؤثرات الظيور او البروز لوالتي تغطي فضاء المسجد برمتو والتي 
( انعكست تأثيراتيا عبر جعؿ حركة مقة بمركزية الله )الجانب المقدسضمف الفضاء الداخمي لممسجد فاف الناحية الرمزية المتع

عززت عبر توظيؼ الاتجاة العمودي ضمنو.فالفراغ  العيف ترتفع الى أعمى في بحثيا الدائـ عف المطمؽ. اي اف رمزية الفضاء
ثـ ، الى الصخرة نفسيا الداخمي لقبة الصخرة ىو تدرج مف الافقي الى العمودي،يبدا مف الجدار الخارجي المثمف لمقبة وصولاً 

                                                           
يغدذ كَّٕ اسرجظ ثًذُٚخ ٕٚخذ فٛٓب لبضٙ ٔانز٘ ٚؼذ ششط اعبعٙ فٙ انزًٛٛض ثٍٛ اندبيغ ٔانًغدذ ,الا اٌ يبعٛزكش ضًٍ انًزٍ ثكَّٕ ردذس الاشبسح انٗ اٌ لجخ انصخشح ٚؼذ خبيغ ٔنٛظ   1

 يغدذ ثسغت يبخبء ضًٍ الادثٛبد ٔانطشٔزبد.
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عميو فأن توظيف رمزية الحدث المقدس لو تأثيرات في .لايمبث ىذا الفراغ اف يبمغ الذروة في قبة الفناء التي تعتمي الصخرة 
وتنحصر المؤشرات المتعمقة بالمستوى الشكمي بنمط التنظيم التخطيطي ، بجانبييا الشكمي والمعنويطراز عمارة المساجد 

الخاص التوقيع وفي  ،بما عزز من ىيمنتوعبر اختيار الشكل المركزي لممصمى و بالخروج عن المألوف -الخاص بالمسجد 
تضخيم المقياس  انكما و  .بفضاء يمكن من رؤيتو من جميع الجياتحيث احيط -مسجد ضمن السياق المكاني المحيطبال

تعد مؤشرات مجسدة ومعبرة عن رمزية وقدسية والفضاء واعتماد مواد انيائية متميزة وتعزيز الاتجاه العمودي ضمن الشكل 
 . المستوى الشكميعمى  الحدث

أثر ىذا العامؿ بالمنظومة الطرازية عبر  :لممساجد التقميدية التكنولوجي وتأثيره في المنظومة الطرازيةالعامل  -د
تؤثر في شكؿ  ) 1998،الجبوري)العقود"، الاعمدة، الاواويف ،القبوات، فالعناصر الانشائية تشمؿ "القبة،فيمو كنظاـ انشائي 

بنائية. شممت النظـ ألانشائية أربعة انماط أساسية أرتبطت بالانماط الرئيسية ومواد ـ،فضاء المصمى والشكؿ الكمي بشكؿ عا
والنظاـ ذو ، ويرتبط بالطراز العربي hypostyle إذ شممت)النظاـ متعدد الاعمدة ،لطراز العمارة المسجدية السابقة الذكر

الطراز اليندي،ونظاـ القباب الموظؼ ضمف  ونظاـ القباب الثلاثة الموظؼ في ،الايراني لاواويف الاربعة ويرتبط بالطرازأ
 الطراز العثماني(. يمكف توضيح اثر النظاـ الانشائي بالطرز الاساسية لمعمارة المسجدية وكالآتي:

مكّف توظيؼ ىذا النظاـ مف اكساب : المرتبط بالطراز العربي وأنماطو المتعددة hypostyleالنظام متعدد ألاعمدة  1-د
وقابمية التوسع. حيث"يسمح ىذا النظاـ بأنشاء فضاءات كبيرة وواسعة ،وشكؿ السقؼ لممصمى يكوف  المرونةفضاء المصمى 

مسطح يرتكز عمى اعمدة متباعدة بصورة منتظمة او اروقة، فأنو يشكؿ وحدة معمارية مرنة لمنمو العمراني 
النموذج ذو الرواق الوسطي، نموذج الوحدات ، نظام ألاكتاف البنائية.يضـ العديد مف الانماط "( Flood,2001)المستمر"

 ( 2011الفتلاوي،)" المكررة وتشمل نظام الحوائط المتقاطعة ونظام القباب وألاقبية
حيث  لقاعة الصلاة لممسجد. ةأثّر في تحديد الملامح العام :الايرانيالمرتبط بالطراز  النظام ألانشائي ذو ألاواوين الاربعة 2-د

 (1969فكري،)توظؼ اربعة اواويف ضخمة تكوف أربعة محاور رئيسة. برز ذلؾ في مسجدالشاه المتميز بفخامتو 
فقد تأثر المصمى ضمنو بأنظمة التناسبات اليندسية ، المعتمد بالطراز اليندي المغولي :ذو الثلاث قباب النظام الانشائي 3-د

 (2005،ثويني) .اليندية. رفعت القباب عمى اعمدة مرتفعة رشيقة غنية بالزخارؼوأختير الشكؿ المستطيؿ لمجمؿ المساجد 
الموظؼ ضمف الطراز العثماني اثرّ في تحديد فضاء المصمى بشكؿ واحد مركزي  :النظام الانشائي ذو القبة الواحدة 4-د

مييمف عمى مجمؿ التكويف. حيث يتحقؽ فضاء واسع بدوف اعمدة او عوائؽ بصرية ويسمى بالمسجد ذو الوحدة الواحدة. اف 
و تغطية فراغات واسعة،اذ تمثؿ نظاماً القبة ىي البنية الاساسية في تكويف العمارة العثمانية، القبة ىي اختراع انشائي قصد ب

انشائياً فعالًا يمكّف مف تغطية اكبر قدر مف الفراغ. بفعؿ القباب ارتفعت جدراف اليياكؿ العثمانية وكبرت دعاماتيا واتسعت 
الطرازية لمنظومة امستويات في بوصفو عاملًا تكنولوجياً، يكون مؤثراً  فالنظام الانشائي،بذلك  (.2009القحطاني،)قبابيا 

المتعمقة بنمط التنظيم التخطيطي لفضاء المصمى والكمي ولممعالجات التفصيمية الشكمية. حيث كان لاعتماد النظام المتعدد 
عمى امتلاك نمط التنظيم التخطيطي لممصمى الامكانية لمتوسع والتمدد بكافة الاتجاىات. اً الاعمدة في كافة انماطو تأثير 

بإمتلاكو لفضاء موحد ذو تقسيمات. ينما كان تأثير النظام المقبب مؤثراً عمى المستويين التنظيم  اتسم فضاء المصمىف
 التخطيطي والمعالجات التفصيمية الشكمية. حيث يتسم المصمى بتكونو من فضاء مركزي موحد 

بالمعالجات التفصيمية المستوى المعنوي يرتبط  العوامل المؤثرة في المستويات المعنوية لممنظومة الطرازية: 4-2
إذ يمثؿ الفضاء الحيز المغمؽ ويعد غاية الجيد التأليفي لمحضور . الشكمية التزيينية المعتمدة ضمف الفضاء لتعزيز التواصؿ

جاءت المعالجات ضمنو معتمدةً عمى  (.2014،المزوغي)الكمي لمكونات الفعؿ المعماري مف "بنياف وشكؿ ووظيفة ورمز"
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الانساف لمفضاء الاسلامي وتحقيؽ الالفة معو )استئناس الفضاء(. شممت ماء العوامؿ التي تعزز مف إنتتوظيؼ مجموعة مف 
 :وكما يمي (الرمزي العقائدي  العامؿ االجمالي والعامؿ)ىذه العوامؿ 

حرص الفناف ) نيامعماري بعدة جوانب م: تتبمور الأفكار العامة لمرؤية الجمالية الأسلامية في سياقيا الالجمالي العامل-أ
ىره امتداد ونظير للأنساف الكماؿ الفني في جو  ،بيف الاجزاء وكماؿ التكويف الفنيالمسمـ عمى تحقيؽ التناسؽ العاـ والتوازف 

لمفضاء الاسلامي وعبر معالجاتو  تشمل عناصر الجماليات المعمارية الاسلامية (.2013،حسيف()الاحساس بالتناسؽ، الكامؿ
 السطحية التزيينية :

وىو واضح ضمف  الاسلامي : التقدير الرياضي ىو جزء لايتجزأ مف الجماليات المعمارية ضمف الفضاءتوظيف البعد الرياضي
يتجسد التعبير الرياضي  معظـ القيـ الجمالية في العمارة الأسلامية والمتمثمة بالفخامة والاتساؽ والوحدة والرصانة والجلاؿ. اذ

عبر المعالجات التشكيمية لمقشرة السطحية لمفضاء. تعتمد ىذه المعالجات عمى انساؽٍ تستثير الانسجاـ والتناسؽ والتكامؿ عف 
منتظمة المتكونة الغير ا في الانساؽ مف الرياضيات تركز اىتمامي اً طريؽ توظيؼ اليندسة الرياضية الكسرية والتي تمثؿ فرع

 اجزاء تكوف في طريقة ما مشابية لمكؿ مثؿ الاصوؿ وفروع الاشجار حيث تمتمؾ خاصية التشبيو الذاتي او التناظر الذاتيمف 
فالخواص اليندسية للانساؽ التزيينية تعتمد عمى خواص اليندسة الرياضية الكسرية والتي تتمثؿ في امتلاؾ (.2008،المقرـ)

وتمتمؾ خاصية التشبيو الذاتي وتقوـ عمى الخاصية  ،ر ،كما وتتسـ بالتعقيدواضحة ضمف المقياس الصغي اً الجزئ خواص
مف خلاؿ التكرار اللانيائي  ضمف تعددية والتعددية ضمف واحد النسؽ الكسري ممثلًا لمواحدف (.المصدر السابؽ) التكرارية

العديد مف الاليات الموظفة ضمف  لمنموذج الاساسي ضمف النسؽ الكمي.فالتكرار كاسموب معتمد لمتوليد الشكمي برز عبر
او تكرار لنفس المعالجة وبمقياس  ،)الانعكاس( منيا تكرار لنفس المعالجة حوؿ محورٍ وسطي ،المعالجات التزيينية الشكمية

و او تكرار نفس المعالجة وبتدوير حوؿ نقطة مركزية )التدوير( او تكرار لنفس الشكؿ عمى بعد ثابت افقياً ا ،مختمؼ)المقياس(
العامل الجمالي بالبحث في نسق العناصر الشاممة لـ)الانسجام والتناسق والوحدة يختص  اي)النقؿ(.  عمودياً او مائلاً 

فضاء المصمى. استحصمت ىذه الانساق من خلال  مجموعة من الاساليب لوالتكامل( ضمن المعالجات السطحية التزيينية 
، التشابو الذاتي، التكرار :خواص اليندسة الكسرية التي تشمل الاعتماد عمىوالعناصر منيا: توظيف الرياضيات ومن خلال 

نسب ذىبية ،نسب كسرية. كما وان اعتماد التكرار كاسموبٍ توليدي ضمن المعالجات السطحية التزيينية لفضاء المصمى 
  عزز من التجربة الجمالية ضمن . التدوير والنقل"، المقياس، "الية الانعكاس وعبر

لممستوى المعنوى لممنظومة الطرازية . يرتبط بالعامؿ الجمالي ،إذ أف يمثؿ الجانب الثاني  :العقائدي الرمزيلعامل ا -ب
عبر الانساؽ والمظاىر الزخرفية لممعالجات السطحية" للاسلاـ ىي البحث عف تجسيد المضاميف الروحية "الجمالية 

 :ػعبر تعالقو مع مجموعة مف المبادئ الاسلامية وتتمثؿ بلمعقيدة الاسلامية  اً يمثؿ رمز فالفضاء  .(2013الينداوي،)
في  اً ايديولوجي اً : يمثؿ المسجد وفضاءه تجسيداً حقيقياً للاسلاـ كديف ومبادئ وقيـ ؛فيو "يمثؿ مظير  مبدأ الوحدة 1-ب

ففكرة  كما وانو يمثؿ بناية تسقط رسالة الاسلاـ ضمف الموف والشكؿ والمادة والحجـ. (.Alrouf,2011)الفضاء،الزمف، المادة 
 الاسلاـ عف التوحيد  تتمثؿ ضمف فضاء المسجد الذي يعد رمزاً ليا.

يمثؿ التوحيد  جوىر الاسلاـ ويعني اف الله سبحانو وتعالى ىو الاحد الصمد الاوؿ والاخر ممؾ الكوف الذي ترجع اليو 
والذي يتاكد مف خلالو ارتباط الخالؽ بالمخموؽ الذي لايخرج عف الارادة الاليية. فالانساف خاضع لقوة عظيمة واحده في الامور 

عالمو المحسوس المدرؾ وعالمو الغيبي. جاء انعكاس ىذا المبدأ في العمارة الاسلامية بشكؿ عاـ. اذ تمثؿ المبدأ الذي نشعره 
إفّ الاساس  (.schulze,1993) توى المدينة. فالعمارة الاسلامية تمثؿ عمارة الوحدةفي كؿ زخرفة وعمى مس، في كؿ مبنى

 -المعالجات التزيينية لمسطوح المحيطة لفضاء المصمىالطبيعة ضمف ىندسة للاحساس بالتوحيد ضمف الفضاء يتـ اما بترجمة 
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الزخرفي وعبر تتابع الوحدات يشكؿ نسقاً  اساسياً فالتكرار  شكؿ واحد ومف خلاؿ التكرار.، اصؿ واحدفالزخرفة تكوف ذات 
او  حيوياً فييا بامتلاكو لمجماؿ والنظاـ اذ اف "النسؽ الزخرفي  ىو تصميـ تكويف واحد مف العناصر الزخرفية المتكررة؛

فضلًا  والاعمدةعبر التكرار الايقاعي لمعناصر الموظفة كالاقواس او  ،(2002،المالكي) "اكثر،يتعدد وينظـ في تسمسؿ نظامي
لامادية عبر الاساس لتعميؽ الجانب الروحي لممسجد  كاف ذلؾ.اء والنابعة مف المقياس الانسانيالنسب التي تشغؿ الفض عف

 بذلك فالوسائل والاساليب المعززة لمجانب الروحي ضمن الفضاء تعتمد ترجمة ىندسة الطبيعة وخواصيا وخصوصاً الاشكاؿ. 
التكرار ضمن العناصر المادية سواء اكانت معالجات سطحية او عناصر مميزة.او عبر النسب التي تشغل الفضاء. فالجانب 
الروحي انعكس من خلال لامادية الاشكال والتي برزت بطبيعة التكوين الوحدوي لممعالجات السطحية التزيينية ومن خلال 

 اعتماد التكرار.
عبر مبدأ التجريد. اذ يعد التجريد مف المبادئ الرمزي العقائدي اف البساطة ترتبط بالعامؿ  د:مبدأ البساطة والتجري 2-ب

الشرط الاساسي في الفف الاسلامي حيث تختفي كؿ الاشكاؿ المادية مما يحرض وىو الاساسية التي يدعو الييا الاسلاـ 
تعد البساطة أحد الخواص الناتجة عف  .سألةصورة او مالخياؿ لمتفكير في الحقائؽ الاليية دوف اف يكوف حبيس مادة او 

تمثؿ المفيوـ الذي يملا الفراغ الداخمي الاسلامي الذي كما انيا التجريد وتمثؿ مبدأ ميـ انعكس في صياغة فضاء المسجد. 
والمنحنية يعبر مف خلاؿ تكرار وتتابع الخطوط المستقيمة ف. (Longhurst,2012,p.6)يعكس الروحانية ويجعؿ المرئي لامرئي

. عميو يتبين أن عما ىو مطمؽ وروحي معززاً مف الشعور الانساني بوجود قوة عظيمة غير متخيمة يمثميا الله سبحانو وتعالى
-الوحدة)تأثير العامل الروحي بالمنظومة الطرازية انعكس في المعالجات المعتمدة في المعالجات السطحية وعبر اعتماد 

وماتثيره من مفاىيم تتعمق بالمركز الحر  -البساطة والتجريد /لال اعتماد التكرار كالية اساسيةلامادية الاشكال ومن خ
، وقد اسيمت ىذه الخواص في تعزيز سمات )اللامادية للاشكال وبما يجعل المرئي لامرئي .(والحركة نحو المطمق

المنظومة الطرازية لعمارة المساجد التقميدية بالعوامل ازاء ماتقدم يمكن تحديد مقومات  البساطة(. ،النقاوة، الاستمرارية
الممثمة لعوامل  ت( القيم والمفردا1ويوضح جدول) المرتبطة بالمستويات الشكمية والعوامل المرتبطة بالمستويات المعنوية.

 لمساجد التقميدية.لعمارة االمنظومة الطرازية 
 إعداد الباحث-الخاص بعوامل المنظومة الطرازية لعمارة المساجد التقميدية النظري ( يوضح الاطار1-1جدول)

 انوٛى انثبَٕٚخ

 

 

يكزٕٚبد انًُظٕيخ انطؽاؾٚخ نهؼًبؼح 

 انًكدعٚخ  انزوهٛعٚخ
 انوٛى انؽئٛكخ

انؼٕايم انًإثؽح ثبنًُظٕيخ انطؽاؾٚخ 

 نهؼًبؼح انًكدعٚخ انزوهٛعٚخ

خعاؼ انوجهخالاردبِ انطٕنٙ نوبػخ انظلاح ثًٕاؾاح   

لضبء انًظهٗانزططٛطٙ نًَظ انزُظٛى   

 انؼبيم انؼوبئع٘ الاردبْٛخ

انؼٕايم انًؽرجطخ 

ثبانًكزٕٚبد 

 انشكهٛخ  
 ضطٛخ خعاؼ انوجهخ

 انزُبظؽ ػهٗ يكزٕٖ انًططظ

 انزأكٛع ػهٗ الاردبْٛخ يٍ ضلال زُٛخ خعاؼ انوجهخ "انًسؽاة"

انزططٛظيؽاػبح انزٕخّٛ َسٕ انوجهخ ػُع   
 ػلاهخ انًظهٗ ثبنًٕهغ

ػهٗ يكزٕٖ 

انزُظٛى 

 انلضبئٙ انكهٙ 

 ؼقًبَٛخ انسؽكخ ٔانزكهكم الاٚوبػٙ نًؽاقٛى انظلاح

 رًٕضغ انًُبؼح ػهٗ خبَجٙ انًسٕؼ انًإظ٘ انٗ كضبء انًظهٗ

ػلاهخ كضبء انًظهٗ 

 ثجوٛخ انؼُبطؽ
 رًٕضغ انًُبؼح انٗ ًٍٚٛ انًسؽاة

ػُظؽ زؽ ٚوغ ػهٗ ايزعاظ انًسٕؼ انًإظ٘ انٗ انًسؽاةانًُبؼح   

 ؼكغ انكوق ضًٍ انًسٕؼ انًإظ٘ نهًسؽاة

 انًزؼهوخ ثلضبء انًظهٗ

ػهٗ يكزٕٖ 

انًؼبندبد 

 انشكهٛخ

 ٔضغ هجخ ايبو انًسؽاة
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اقزطبنخ هبػخ انظلاح 

 ثًٕاؾاح خعاؼ انوجهخ

انزُظٛى انزططٛطٙ 

انؽقٕل "ص" ثٛذ  انطبص ثلضبء انًظهٗ

اثؽ كٙ انطؽاؾ 

 انؼؽثٙ

انزُظٛى انطبص ثلضبء 

 انًظهٗ ٔانزُظٛى انكهٙ

انزبؼٚص 

ٔانًٕؼٔس 

–انسضبؼ٘ 

يؽاخغ 

انًُظٕيخ 

 انطؽاؾٚخ

 

 انؼبيم انجٛئٙ

 

ايزعاظ كضبء انظلاح ضًٍ 

 انظسٍ

 انزُظٛى انلضبء٘ انكهٙ

كضبء انًظهٗ ٚزكى 

 ثبقزطبنزّ ٔضطبيزّ

انزُظٛى انزططٛطٙ 

ثلضبء انًظهٗ انطبص  
الإٚاٌ انكهدٕهٙ 

اثؽ كٙ انطؽاؾ 

 الاٚؽاَٙ

ًُْٛخ انظسٍ انًؽكؿ٘ 

انًكزسظم ػٍ روبطغ 

يسبٔؼ أأُّٚ ػهٗ كضبء 

 انًظهٗ

 انزُظٛى انلضبء٘ انكهٙ

رزكى ثًؽكؿٚزٓب .ػلأح 

ػٍ اٌ كضبء انًظهٗ 

ٚزكى ثكَّٕ كضبء يٕزع 

 يؽكؿ٘ انزططٛظ.

انزُظٛى انزططٛطٙ 

ثلضبء انًظهٗانطبص   
كُٛكخ اٚب طٕكٛب  

اثؽ كٙ انطؽاؾ 

 انؼثًبَٙ
رعاضم كضبء انًظهٗ يغ 

 انظسٍ

ٙ انكهٙئانزُظٛى انلضب  

ًَظ غٔ اخؿاء يلظظخ 

ركزطٛم ثًٕاؾاح خعاؼ 

 انوجهخ.

كضبء انًظهٗ ٚزكى 

 ثزوكًٛبرّ انزُبقجٛخ

انزُظٛى انزططٛطٙ 

 انطبص ثلضبء انًظهٗ

انًؼجع انُٓعٔقٙ 

كٙ ثؽٔؾ انطؽاؾ اثؽ 

 انُٓع٘
ًُْٛخ اندؿء انًلزٕذ ػهٗ 

 انًـهن.

 اخؿاء يزجبػعح

 انزُظٛى انلضبئٙ انكهٙ

 انطبقق ٔانجبؼؾ ػهٗ يكزٕٖ انٕاخٓخ
 انًؼبندبد انًؼزًعح

 

 

 ٔخٕظ انشبضض انؼًٕظ٘ انػ٘ ٕٚاؾ٘ الاردبِ الاكوٙ

 ٔخٕظ

 انظسٍ

ًَظ انزُظٛى انزططٛطٙ 

َبزٛخ انكهٙ يٍ 

 انًكَٕبد "يثم

 انًُبش

يإشؽ انجٛئخ 

 انطجٛؼٛخ

 ػعو ٔخٕظ

 شكم

 انًكَٕبد
انًؼبندبد انزلظٛهٛخ 

 انشكهٛخ

 انًٕاظ انجُبئٛخ

انزضبؼٚف  ػعظ

 رٕهٛغ الاؼضٛخ

 ًَظ انزُظٛى انزططٛطٙ انطبص ثلضبء انًظهٗ شكم انًططظ انًؽكؿ٘

انًكدع ؼيؿ 

 نسعس يؼٍٛ

انٕظٛلخ 

انؽيؿٚخ 

 نهًكدع

   انؼبيم انٕظٛلٙ

ازبطخ كضبء انًظهٗ ثلضبء ًٚكٍ يٍ ؼؤٚزّ -رٕهٛغ

 ًَظ انزُظٛى انلضبئٙ انطبص ثبنزُظٛى انكهٙ يٍ خًٛغ اندٓبد

 ًُْٛخ كضبء انًظهٗ

 رضطٛى انًوٛبـ

 انًؼبندبد انزلظٛهٛخ انشكهٛخ
 يٕاظ آَبئٛخ يزًٛؿح

اكضبءالاردبِ انؼًٕظ٘ ضًٍ   

 الاردبِ انؼًٕظ٘ نهشكم انكهٙ

 ايكبَٛخ انزٕقغ ٔالايزعاظ الاكوٙ
 ًَظ انزُظٛى انزططٛطٙ انطبص ثلضبء انًظهٗ

َظبو يزؼعظ 

انؼبيم  الاػًعح

 انزكُٕنٕخٙ

 ٚزكى ثكَّٕ كضبء يٕزع غٔ روكًٛبد

قوق يكزٕ٘ هع رزًٕضغ هجخ كٙ انًسٕؼ انًإظ٘ انٗ 

ٔانٕقظ انًسؽاة كٙ الايبو  
 انًكزٕٖ انشكهٙ

 ًَظ انزُظٛى انزططٛطٙ انطبص ثلضبء انًظهٗ ٚزكى ثزكَّٕ يٍ كضبء يٕزع ثعٌٔ ػٕائن ثظؽٚخ
 َظبو انوجبة

 انًكزٕٖ انشكهٙ ٚزكى ثزكَّٕ يٍ شكم يٕزع رزعاضم كّٛ انؼُبطؽ

 َكت غْجٛخ

 رٕظٛق انجؼع انؽٚبضٙ

انًؼبندبد 

انزؿُٚٛٛخ 

انكطسٛخ 

انًٕظلخ ضًٍ 

 كضبء انًظهٗ

 انؼبيم اندًبنٙ

خ 
ٕٚ

ؼُ
نً

 ا
د

ٚب
زٕ

ك
نً

با
 ث

طخ
رج

ًؽ
ان
م 

اي
ٕ
نؼ

 ا

 َكت ككؽٚخ

 ركؽاؼ

 ركؽاؼ ثًوبٚٛف يطزهلخ

 ركؽاؼ زٕل يسٕؼ يؼٍٛ

 ركؽاؼ زٕل َوطخ يؼُٛخ

 ركؽاؼ ضًٍ يكبكبد ايب اكوٛخ أ ػًٕظٚخ أ يبئهخ

 انزطؽٚى)اهزطبع اخؿاء(

ثًوٛبـ ثبثذ أٔ يوبٚٛف يطزهلخانزدؿئخ   

 انزكؽاؼ الاٚوبػٙ ثٍٛ انًظًذ ٔانًلزٕذ

 انٕزعح
انًؼبندبد 

انزؿُٚٛٛخ 

انكطسٛخ 

انًٕظلخ ضًٍ 

 كضبء انًظهٗ

انؼبيم انؽيؿ٘ 

 انؼوبئع٘

انهـخ انًكزًؽح نهًؼبندبد انزؿُٚٛٛخ ٔثًب ٚؼؿؾ يٍ 

 لايبظٚخ الاشكبل

 انزعؼج ثبردبِ انوجخ انكًبٔٚخ

 انجكبطخ

 انجكبطخ ٔ انزدؽٚع

 يلٕٓو انًؽكؿ انسؽ

 انسؽكخ َسٕ انًطهن

 رضطٛى انًوٛبـ

 رؼؿٚؿ الاردبِ انؼًٕظ٘
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الوظيفي  نوقانو عف طريؽ يتخطى الحدود الاقميمية  اف المسجد المعاصر :المعاصرةعمارة المساجد توجيات  -5
الى أربعة أنواع رئيسة وفقاً للاولويات والعوامؿ  وويمكف تصنيف (Frishman,1994,P.247ادراكو الشكمي)عبر والرمزي وليس 

 Non-Physicalاللاشكمية  وتضم المساجد اللامادية او العامل العقائدي :المعتمدة في التأثير  بالتصميـ والتي تركز عمى

Form mosque ، العامل البيئي ويضم المساجد المستدامة sustainable mosques ، العامل الجمالي ويضم المساجد
والعامل التكنولوجي ويضم عدة انواع تعتمد عمى طريقة تفسير التكنولوجيا وتشمل:المساجد staged mosques  لمنصيةا
 unfamiliar والمساجد اللاتقميدية hybrid mosques والمساجد اليجينة transplanted mosques مجموبةال

mosques" 
 .المرف( الفضاء) مفيوـ ىذه المساجد عمىتصميـ عتمد ي :الناتجة عن التأثر بالعامل العقائدي اللاشكمية المساجد 5-1

  :يعبر عف )المرونة(، عبرفالمسجد 
  تجسيد المبادئ الاسلامية المرنة ضمف نموذج شكمي يتسـ باستجابتو لمظروؼ وعبر  الصلاةبالفعالية الادائية المتعمقة

المولد المسجد  المقترح التصميمي لنموذج المختمفة مع التزامو بالمبادئ الشرعية كما في ،الطبيعية ،الاجتماعية، البيئية
 generic mosque  ksamija,2012)A(  إذ شكؿّ تحولًا في فيـ المسجد مف فيمو كنمطٍ بنائي ذو مكونات أساسية

تتبمور ة. مف خلاؿ الفعالية ألادائية المتعمقة بطقوس الصلا"فضاء صلاة،صحف،جدار القبمة"الى فيمو كفضاء عاـ يعرّؼ 
 .ليذا النموذج المبادئ ألاسلامية المعتمدة ضمف ىذا النموذج بأربعة نقاط أساسية تمثؿ بمجمميا ألاطار المفاىيمي الموّلد

المرونة من خلال البرنامج التنوعي  أمبد، اللامحدوديةمبدأ ، مبدأ الفعالية ألادائية لمصلاة، مبدأ ألاتجاىية)تشمؿ:
مُجمؿ المعالجات الموظفة ضمف الفضاء بدءاً مف ألاسموب ألانشائي عنو ضمف عبر فمبدأ الاتجاىية  .(ibid) (الوظيفي

تميؿ قمتيا عف الانساؽ الزخرفية ألاسلامية  ذات انساؽ ىيكمية متأتية مخروطية الشكؿ الذي تضمف توظيؼ اعمدة حديدية
كما واف ىذه ألاعمدة قد وظفت باحجاـ ومقاييس مختمفة أثرت بكميتيا في  مكة المكرمة لتؤكد عمى اتجاىية الصلاة.بأتجاه 

ر عف مبدأ المرونة او الفكرة عبّ كما واف المسجد  .توجيو البصر ضمف فضاء المصمى،فالفضاء يقوـ بوظيفة المحراب
تحديد الفضاء وفقاً لمحدود التقميدية مف خلاؿ الجدراف والقواطع بؿ أف التحولية لمبرنامج الوظيفي لممسجد مف خلاؿ عدـ 

فالسقؼ مكوف مف  تحديده وتمييزه يكوف عبر مجموعة المعالجات السقفية التي تتتغير وفقاً للاستخداـ ضمف الفضاء.
.فوضع سجادة الصلاة  وحدات ىيكمية مشتقة مف الانساؽ الزخرفية اليندسية الاسلامية مجيزة بمستشعرات لونية حساسة

فالاجزاء السقفية ستميز مكاف الصلاة اسفميا. جسد المسجد  عمى الارض يحفز مف حساسات السقؼ ويغير مف لونيا.
فكرة التحوؿ في الاساليب والالتزاـ بالوظائؼ ليس فقط مف خلاؿ فضائو الذي يقوـ بوظيفة المحراب ولكف أيضاً مف المولّد 

يفة الرمزية لممنارة التي تتمثؿ بتأشيرىا لوقت الصلاة "كرمزٍ مسموع" قد حُولت الى رمزٍ مرئي خلاؿ عناصره أيضاً.فالوظ
مرونة الواجية حُققت مف خلاؿ جعؿ ف (3)شكؿ عبر توظيؼ الموف ضمف الواجية ذات القشرة الييكمية الزجاجية.

حررت مف نسؽ البناء بالطابوؽ ووظفت ضمنيا اليياكؿ الحديدية  اذ. "الشكمي لمواجية المصمي"جزءاً مف عممية ألانتاج
فمرونة المبادئ التصميمية مثمت اطاراً مولداً لممسجد المعاصر والذي أُستتبع التي تتموضع ضمنيا سجادات الصلاة. 

 . بتغييرات عمى كل مستويات عمارة المساجد التخطيطية والشكمية
 فوجود المسجد يعتمد . والتفاعمية ةتحث عمى مفيوـ اللامحدوديوالتي  جد مف خلاليايعرّؼ المس المبادئ الاسلامية التي

تتعمؽ بالحدود بيف  vital forceمفيوـ التدفؽ الوظيفي و يمثؿ طاقة حيوية بعندئذٍ  ويتعمؽ عمى الحدث المقاـ ضمنو
يشترط ىذا النموذج عدة .مائع ضمف السياؽ  يتحوؿ فضاء المسجد)كياف الموضوع( الى وجودٍ  حيثالداخؿ والخارج. 

   The مسجد المتلاشيالكما في معالجات تتمحور حوؿ نقطة أساسية تتعمؽ بالتوقيع ضمف المحيط الحضري.
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Vanishing mosque. (Alrouf, 2011)  مبدأ اللامحدودية الذي يؤكد عميو الاسلاـ في علاقة المصمي حيث مثؿ
 An) اف فكرة المسجد المتلاشي تتعالؽ مع مفيوـ اؿ التي يتمحور حوليا التصميـ المقترح.بالخالؽ النقطة الجوىرية 

Objectial)2 فالمسجد المقترح قد أُقحـ ضمف الاماكف  .يمثؿ حضوراً مؤقتاً لمموضوع مف خلاؿ ارتباطو بحدثٍ معيف يالذ
" فالييكؿ المُنشأ لايمثؿ عنصراً مف الممكف اف كمواضيع مستقمة المساجد إذ لايتـ التعامؿ مع العامة الممتمئة بالحياة اليومية

فالمسجد المتلاشي يمثؿ التلاشي الوظيفي  .(Ballantyne, 2012, p.3) يُعزؿ كموضوع ولكنو في استمرارية و تواصمية"
واكثر وضوحية واكثر اكثر رمزية لممسجد مع المدينة ومف خلاؿ ربط فعالية الصلاة بالتدفؽ الحيوي لممدينة وبما يجعمو 

ضمف المستويات الخاصة بعمارة المسجد علاقة المسجد بالسياؽ تجسدت  تكاممية لمعمؿ الثقافي والروحاني ضمف المجتمع.
يتعامل مع المسجد المتلاشي ف (4)شكؿ. التخطيط العاـ(، المعالجات لمعناصر، الاتجاىية، والتي تتعمؽ ب)المكونات

فضاء واحد يشترط في تواجده الفعل او الاداء او الوظيفة اذ انو يمثل حدث بمدد زمنية محددة ويتسم المسجد عمى انو 
مكان. فمكونات المساجد تتعمق بالاحياز الفضائية وماتحتويو من معالجات تصميمية تضمن تداخميا لابالوقتية وا

وحانية ضمن ىذه الفضاءات والتي قد تتعمق علاوة عن معالجات من شأنيا تعزيز التجربة الر  وذوبانيا مع المحيط.
 .الفضائي بتوظيف مؤثرات صوتية،بصرية،سمعية وبما يعزز من درامية الحدث

   اعتماد البساطة والعودة الى الطبيعة بالضد عف طريؽ تعزيز الناحية الروحية للاسلاـ و  عمى جوىر الفضاء الدينيالتركيز
Cave Mosqueكما في مسجد الكيؼ  مف المادية الشكمية لممسجد

3. 

 :الناتجة عن التأثر بالعامل البيئي  Sustainable Mosqueالمساجد المستدامة  5-2
نتمائيتيا لتوجو الاستدامة عبر تركيزىا عمى الجوانب  تُظير النماذج المنضوية ضمف ىذا التوجو تأثرىا بالعامؿ البيئي وا 

ىذا  شمؿ الأعتبار  الاقتصادي والأعتبار الاجتماعي(.، )الأعتبار البيئي تتراوح مابيفوالاعتبارات التي تركز عمييا والتي 
حُددت الفكرة التصميمية  حيث :2015 مسجد سايبر جايا عن الاعتبار البيئيالنمط او التوجو  مجموعة مف النماذج منيا 

تمثؿ الاولى الرغبة في تجسيد مبادئ التصميـ ألاخضر. بينما تمثؿ رغبة المصمـ بتوظيؼ التوجيات ، لممشروع بنقطتيف
المعاصرة في تصميـ المسجد تعزيزاً لتصوير الاسلاـ كعقيدة تطورية لـ تفرض شكؿ معيف لممساجد النقطة الثانية التي تمحور 

  Floatingالعائم   المسجد بينما يمثؿ تخطيطية والشكمية. حوليا التصميـ. جُسدت ىذه الافكار ضمف مستويات المسجد ال

Mosque: (moon,2011)  يمثؿ نموذجاً عف العمارة الثورية المائية التي تمثؿ حؿ كامف إذ  الاعتبار الاقتصادينموذجاً عف
ضمن عدة جوانب تتمثل شمل ىذا النموذج مؤشرات الاستدامة .لمقضايا المعاصرة كأرتفاع منسوب المياه والطاقة المستدامة.

بالاتي:تدفق ضوء النيار خلال الاعمدة والعناصر السقفية الشفافة ،نظام تبريد المياه من خلال تدوير مياه البحر ضمن 
تتكوف قاعة الصلاة مف  .(ibid) الارضية والسقف والجدران،استخدام الطاقة الشمسية،كفاءة الطاقة ضمن مادة الجدران

مده خمسة تشير الى اركاف الاسلاـ. السقؼ والاعمدة مصنوعة مف مواد اكريمؾ ،وىذه المادة تستعمؿ سقؼٍ زجاجيٍ مسنود باع
لممتاحؼ المائية ،والماء يتدفؽ مف الارضية الى الجدراف والاسقؼ ،الخاصية الشفافة فعالة و تعزز الناحية الجمالية.تقُاد مياه 

                                                           
2

انؼًٛك . dynamic ontologyٔانًؼزًذح ػهٗ ػهى انٕخٕد انذُٚبيٙ  نزفغٛش انًٕاضٛغ انًشرجطخ ثبلازذاس. deleuzeًٔٚثم انًصطهر انز٘ اطهمّ  

 spaceٔضًُٓب ركٌٕ انجٛئخ كفضبء فٙ اثبسح" dorita Hannahٔفكشح انًٕضٕع كسذس يًكٍ اٌ رطجك ػهٗ انجٛئخ انًؼًبسٚخ زغت انًُظشح الادائٛخ "

in action"ٔعًجشطشذ انجُبٚبد."biomineralizationلاخزًبػٛخ""انًشرجطخ ثبنؼضٕٚبد اorganisms of society فبنؼلالبد انسمهٛخ رغزدٛت"

" ػهٗ آَب tschumi.ٔفكشح رذاخلاد الازذاس فٙ انؼًبسح ػشفٓب رشٕيٙ" ٔرغجت يزغٛشاد يغزًشح ُْٔبن َزبئح طبسئخ يغزًشح ثٍٛ انغجت ٔانُزٛدخ

انفكشح فبٌ انمضبٚب انزٙ ركٌٕ خهفٛخ الازذاس رصجر  ",ٔضًٍ ْزprogrammeِ,ثشَبيحevents,ازذاسspacesرشاثظ فٙ ٔلذ ٔازذ نم"فضبءاد

 ballantyne,p.67,2012"ازذاس ثسذ رارٓب""

3- http://www.arcspace.com/features/emre-arolat-architects/sancaklar mosque/#.VrS16f4FURw.facebook 

4-hadhramouts.blogspot.com 
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، (5)شكؿ،والجدراف ثـ السقؼ ثـ تُعاد مف السقؼ ضمف دورة كاممة البحر عف طريؽ الفمترات مف الخارج وضمف الارضيات 
4المسجد الاخضربينما 

 Green Mosque  ًأُشرت مظاىر الاستدامة المتعمقة والبيئي عف الاعتبار الاجتماعي يمثؿ نموذجا .
والمتأتية عف طراز المساجد بالجانب الاجتماعي ضمف ىذا النموذج عبر وظيفة المسجد الشاممة لمجانبيف الديني والدنيوي 

فالمسجد يمثؿ مجمعاً لمختمؼ ألانشطة ألآجتماعية والفعاليات  العثمانية التي تشمؿ انشاء مجمعات ذات وظائؼ متعددة.
فبالاضافة الى بناية المسجد الاساسية يشمؿ المسجد"مكتبة،قاعة لمتعميـ والمحاضرات ، برز ذلؾ بمكوناتو الشاممة المتبادلة.
مطعـ خاص لممحتاجيف". اتسـ التنظيـ الخاص بالمسجد بتكونو مف اجزاء تمت مراعاة احتراـ خصوصية المصميف في ،مطبخ و 

توقيعيا .حيث فُصؿ فضاء المصمى الاساسي ومناطؽ الوضوء عف بقية الفعاليات بواسطة المستويات المختمفة لممداخؿ 
 الانتقاؿ مف العاـ الى شبو العاـ والى المستوى الخاص بالمجمع.الخاصة بكؿ جزء.اف اعتماد ىذه المعالجة عزز مف تدرجية 

فبما اف المسجد يقع في منطقة المناخ  .في مجموعة المعالجات المعتمدة تنحصر جوانب الاستدامة البيئيةبينما  (6)شكؿ
الحاري الرطب استدعى ذلؾ الاستفادة مف مياه الامطار والخصائص الشمسية لادامة الفعاليات الخاصة بالمسجد والتي تتطمب 

عمى توظيفاً لممياه. فجاءت مناطؽ الوضوء والفعاليات الخدمية  والمناطؽ الزراعية التي سقفت الفعاليات الوظيفية معتمدةً 
توظيؼ مياه الامطار. فرعاية السقؼ الاخضر لممكتبة والمطبخ وقاعات المحاضرات يُعد مطمب ميـ لأىميتو في عزؿ البناية 
وتحسيف نوعية اليواء في المنطقة الحضرية.كما واف زراعة الاراضي الزراعية ببعض المنتجات التي يُستفاد مف وارداتيا 

 معزز لمدعـ الاجتماعي ضمف المجتمع. لتحضير وجبات لممحتاجيف يُعد عامؿ 
 :رمزي العقائديالناتجة عن التاثر بالعامل الجمالي وال Staged Mosqueلمساجد المنصية ا 5-3

اُشرت مظاىر الجماؿ في توجيات ضمت نماذج متعددة تباينت في تفسيرىا لمجماؿ وأشتركت في انتمائيتيا لتوجو 
سجؿ ىذا التوجو الرغبة في اعتماد الناحية الجمالية والروحية  (.staged architectureمعاصر يتمثؿ بتوجو منصة العمارة )

كمنطمؽ او مرجع لمتصميـ.اذ يعرّؼ بانو عممية حضور العمارة ويمثؿ احد التوجيات المعاصرة المُعتمدة في التصميـ والفف 
تناسؽ المظير والتوافؽ في البساطة و بالتفسير الاسلامي لمجماؿ الذي يرتبط ب ىذا التوجو . يتعمؽ((ardhiati,2013 والثقافة

فالمسجد ومف  .لتصميمي المعتمدابصريا بما يعزز مف درامية وروحانية الحدث  "الحدث" والارتباط مع السياؽ المكانيالتكويف 
مسجد -:يشمؿ ىذا التوجو عدة نماذج مثؿخلاؿ الجانبيف الجمالي والروحي يمثؿ حدث درامي يرتبط حضور العمارة بو.

مثؿ  وقد حيث يُعد تجسيداً واضحاً ليذا المفيوـ عبر الاعتماد عمى بساطة وتناسؽ المظير2010-في اندونيسيا 5ألارشاد
6مسجد ألاصلاحكما ويعد .(rad,2012) تمييداً لنيضة ابداعية في عمارة المساجد

 Islah Mosque2015 في سنغافورة 
جُسد  الجانب الجمالي بتوظيؼ الانساؽ التزيينية الاسلامية بينما تعمؽ الجانب  منصة العمارة. اخر مجسداً لتوجونموذجاً 

ْـ مِفْ ذَكَرٍ وَأُنْثَ  ْـ شُعُوبً الروحي بتوظيؼ مفيوـ الانفتاحية والحوار الذي يدعو اليو الاسلاـ )يَا أَيُّيَا النَّاسُ إِنَّا خَمَقْنَاكُ ا ى ٰ وَجَعَمْنَاكُ
  Formwerkz ػضمف المعالجات التخطيطية الخاصة بالمسجد.اعتمد الفريؽ التصميمي لممشروع المتمثؿ ب وَقَبَائِؿَ لِتَعَارَفُوا(

Architects عمى التركيز عمى الجوانب اعلاه، فضمف نمط التنظيـ التخطيطي لجأ الفريؽ التصميمي الى تحقيؽ الانفتاحية
ليات عمييا وضمف مستويات حيث شممت قاعة الصلاة اطلالات مف بقية الفعا بقاعة الصلاة.ضمف المستوى العمودي الخاص 

مف خلاؿ توظيؼ نظاـ العقود الانشائي ،اذ قاعة الصلاة ضمف المستوى الافقي كما تحققت الانفتاحية ل (.7)شكؿ متعددة
الشكؿ الكمي تعبيراً واضحاً عف كما يعد  .الذروةارج حدود القاعة في اوقات تمتمؾ جوانب مفتوحة تسمح لممصميف بالامتداد خ

طحية لمقشرة الخارجية الجماؿ بأعتماده عمى الانساؽ الزخرفية الاسلامية المستوحاة مف المشربيات كأساس لممعالجات الس
                                                           

 

5
 (http://www.styleofdesign.comu ( (http://www.rangkep.com/ 

6
 https://foursquare.com/v/alislah-mosque/55767410498e91ef49c51750 

http://www.styleofdesign.comu/
http://www.rangkep.com/
https://foursquare.com/v/alislah-mosque/55767410498e91ef49c51750
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متنوعة تعميؽ الشعور الروحاني ضمف قاعة الصلاة مف خلاؿ الانساؽ القد عزز توظيؼ القشرة المسامية مف  .)الواجيات(
لمظلاؿ المنعكسة لمواجية المسامية. بنفس الوقت فقد عُززت التواصمية البصرية ضمف قاعة الصلاة مف خلاؿ المسامات التي 

 سمحت بمد الفضاء خارج حدوده. 
 :العامل التكنولوجي ويشمل ثلاثة انماط  5-4
تشمؿ نماذج  :جديدة تنقل صورة قديمة()مواد كـ العامل التكنولوجي تفسير الناتجة عن نقولةالمالمساجد  -أ

فالمساجد ضمف ىذا النموذج  التاريخية القديمة. صرحية ذات نزعة تاريخية تفسر ضمنيا التكنولوجيا كمواد حديثة تنقؿ الصورة
والمنارة فيي  وتتسـ بغناىا بالعناصر الرمزية المرتبطة بعمارة المساجد كنمطٍ بنائي كالقبة السياسية(.،)الاقتصادية تُرمز القوة

النماذج منيا مسجد  فالعديد م برز ذلؾ ضمف لغة واحدة.، تعزز مف فيـ اليوية الاسلامية كشكؿ ثابت تمثؿ عناصر مجازية
توظيؼ عبر المجموبة لممساجد  توتبرز انتمائي الذي 2007 -مسجد الشيخ زايد في الامارات( و7)شكؿ الفاروؽ في دبي

، المختمفة. فالتكنولوجيا وظفت لنقؿ صور وطرز مختمفة "كالطراز المغربي في القباب الإسلاميةمجموعة مف الطرز المعمارية 
اسموب توقيع القباب الثلاث المتجاورة فوؽ قاعة الصلاة والطراز اليندي مف ناحية ، والطراز العثماني في اسموب توقيع المنائر

 .يؤكد ماسبق ان المساجد المنقولة تمثل المساجد التي تستميم الطرز القديمة وتعيد انتاجيا بتكنولوجيا جديدة .الرئيسة"
تفُسر التكنولوجيا ضمف  :)وسيمة لتعزيز التفاعمية مع السياق( العامل التكنولوجيتفسير الناتجة عن  المساجد اليجينة -ب

عبر مجموعة المعالجات التي اتاحيا التقدـ التكنولوجي )مواد،تقنيات( ىذه النماذج عمى انيا وسيمة  تعزز مف التكيؼ السياقي 
وبما يعزز مف فيـ الاسلاـ كثقافة مفتوحة تتقبؿ الاخر. يقصد بالمساجد اليجينة مجموعة في معالجة المفاصؿ الرابطة بالسياؽ 

نماذج الشكمية التي تظير التزاماً ببعض العناصر والمكونات المميزة لممسجد كنمط بنائي مع اظيارىا لمرونة ضمف اجزاء ال
اخرى تنتج عف التعامؿ بتكيؼٍ مع السياؽ الخاص بالموقع. مف ىنا يظير ارتباط ىذه المساجد بمجموعة مف المصطمحات 

فالمسجد الحضري يعمؿ بظؿ قيود خاصة  .Islamic centersز الاسلامية والمراك urban mosqueمنيا المساجد الحضرية 
بالموقع وبيذا فيو يُجبر لعمؿ ىويتو الخاصة بو والتي يتحدى بيا  الكثير مف المبادئ المرتبطة بالحضرية. يشير ىذا النموذج 

وغالباً ماتوصؼ ىذه ،  حضرية في العالـالى "النماذج التمثيمية العقائدية المنشئة مف المسمميف المقيميف ضمف المحميات ال
حيث يتـ فيـ المعنى المعماري الذي يمثمو المسجد كأجزاء . (kahera,2009,p.1) النماذج كمراكز أجتماعية متعددة الوظائؼ"

مف  اذ يشمؿ المسجد الحضري تكيفات سياقية، معزولة عف السياؽ الا اف الانعزاؿ عف السياؽ يكوف مف الناحية الشكمية فقط
يقدّـ  اً اجتماعي اً بذلؾ فيو يمثؿ مركز  ،الناحية الوظيفية. حيث يكوف في علاقة وظيفية مباشرة بالبيئة الحضرية المقحـ ضمنيا

ومثمو الكثير مف النماذج منيا  (،8)شكؿ مثؿ مركز يسمي فادي في اسطنبوؿ افكاراً فريدة مف العلاقات والحدود الحضرية.
جاءت الفكرة الاساسية لممسجد مف الرغبة في انشاء مكاف خاص  .لمطراز العثمانيوفقا أ انشالذي  مسجد كولونيا المركزي

لعبادة المسمميف مُعززاً لمتعايش والانفتاح بيف الثقافات. حيث أتسـ المسجد بأنفتاحو لجميع سكاف المدينة بغض النظرعف اديانيـ 
واضحى رمزاً ، لمفيوـ الانفتاحية ليكوف مؤىلا لمقاء والتعارؼ والتقارب بيف الناسفقد صُمِـ المسجد وفقاً  وعقائدىـ وطوائفيـ.

للاندماج الناجح في المجتمع الالماني. جاءت معظـ المعالجات عمى صعيد التنظيـ التخطيطي الخاص بالمسجد وعمى صعيد 
 المعالجات التفصيمية لمقشرة الخارجية معززةً ليذه الفكرة.

ضمف  تفُسر التكنولوجيا :عامل مؤثر في الفكرة التصميميةك العامل التكنولوجي تفسير الناتجة عن ألوفةالمساجد اللام -ج
حيث اُخضعت الفكرة التصميمية لتفاعؿ أربعة قوى  رة في العممية والانتاج التصميمي.ػػىذا النموذج عمى انيا احد العوامؿ المؤث

فالتكنولوجيا تُخضع المواد الجديدة  .(Rauof,2007) المناخ" ،التكنولوجيا ،التطمعات الخاصة بالمصمـ ،"الثقافةػرئيسة تتمثؿ ب
برز ذلؾ ضمف مجموعة  لمعممية التحولية التصميمية ذات الطابع التفاعمي والتي تستدعي اعادة لاكتشاؼ التعبير المعماري.

http://www.uaepedia.ae/index.php/%D8%A7%D9%84%D8%A5%D8%B3%D9%84%D8%A7%D9%85
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ستارسبورغ لزىا حديد مسجد المعراج في مسجد و مثؿ مسجد المعراج  المعماريةمف النماذج المقترحة والمقدمة ضمف المسابقات 
نستخمص ان توجيات عمارة المساجد المعاصرة تعتمد في تصميماتيا  .مسجد الزىرة البيضاء في تيراناوكذلؾ  .(9دبي )شكؿ 

 والتي تشمل )العامل العوامل المقومة لممنظومة الطرازية ذات عمى 
عمى المستويات  واثر ذلك بدورهالا ان طريقة تفسيرىا اختمفت  العامل الجمالي(،العامل التكنولوجي،لبيئياالعامل  ،العقائدي

اىم توجيات عمارة المساجد المعاصرة وخواصيا والمعالجات المعتمدة  (2-1التخطيطية والشكمية لممسجد ويوضح جدول )
 ضمنيا.

  
  

 Azra Aksamija   نموذج المسجد العام المقترح من قبل ( يوضح 3شكل )
  http://tdd.elisava.net/coleccion/24/aksamijaعف 

 news.net/ -http://www.arch  عف مصدر -المسجد المتلاشينموذج يوضح  (4)شكل 
"Alraouf,p.11,2011 

  

 

 
نموذجاً عن المساجد   Koen Olthuisتصميم من ( المسجد العائم 5)شكل

 (moon,p.5,2011) مصدر .عفالمستدامة 
-http://www.bustler.net/images/new2/green-mosque عف مصدر ( المسجد الاخضر6)شكل

7.jpg 

   
 

 (مسجد الفاروؽ نموذجاص عف المساجد المجموبة  7)شكؿ 

https://foursquare.com/v/al-farooq-omar-bin-al-khattab-mosque 
 (https://www.google.iq/search?q(مسجد يسمي فادي في اسطنبول 8)شكل

 
 

 

 

يكدع شؼبع انضٕء كٙ -يكدع انًؼؽاج ضًٍ يكبثوخ ثؽشزُٛب،ٚكبؼ-يكدع قزبؼقجٕؼؽ نؿْب زعٚع،ٔقظ-( 9ًٍٛٚ)شكم

 architecture)-zest-(mosque )(/http://www.ibda3world.com/)(raouf,2007,p.21 .)ظثٙ  

 
  

http://tdd.elisava.net/coleccion/24/aksamija
http://www.arch-news.net/readers/4973.html
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http://www.bustler.net/images/new2/green-mosque-7.jpg
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لمتحقق من مدى فاعمية عوامل المنظومة الطرازية لممساجد التقميدية ضمن المساجد المعاصرة سيصار الى انتخاب مجموعة 
ات الاطار المفاىيمي لممنظومة الطرازية لممساجد التقميدية ضمنيا وىو من العينات التي تنتمي ليذه الوجيات وتطبيق مفرد

 .ماستوضحو المرحمة الثانية
 :مرحمة الدراسة العممية -6
في اطار تحميؿ نماذج العمارة المسجدية المعاصرة ،تـ انتخاب العينات البحثية وفقاً لعدة معايير  معايير إنتخاب العينات: 6-1

اولوية الاعتبارات في التصميـ والتي تـ تحديدىا ضمف المحور السابؽ تعدد وتنوع توجيات العينات المنتخبة وفقاً الى ):ػتتمثؿ ب
انتخاب العينات عمى اساس الاتفاؽ في انتمائيتيا الزمانية ،إذ اعتُمدت جدة العينات وتـ /" ،التكنولوجية"البيئية،الجمالية،العقائدية
.لابد مف الاشارة عمى عدـ وجود محددٍ لمعينات المنتخبة بتوجو  (ئة ضمف القرف الواحد والعشريفتحديدىا بالنماذج المنش

بذاتو،حيث يمكف اف تنطبؽ عدد مف الاسس لتصنيؼ التوجيات ليكوف المشروع انعكاساً لصدى عدد مف التوجيات في ذات 
 الوقت.

انؼٕايم أ انُوبط 

انًإثؽح كٙ رظًٛى 

 انًكبخع انًؼبطؽح

رٕخٓب انؼًبؼح 

انًكدعٚخ 

 انًؼبطؽح

انُوطخ الاقبقٛخ انًؼزًعح كٙ 

 رظًٛى انًكدع

انًُبغج ػٍ ثؼض  انطٕاص الاقبقٛخ

 كم ًَظ أ رٕخّ

انًؼبندبد انًؼزًعح ٔػهٗ انًكزٍٕٚٛ انططٛطٙ 

 ٔانشكهٙ

انًكبخع  انؼبيم انؼوبئع٘

انلاشكهٛخ 

non-

physical 

form 

mosque 

 Generic ػعو الانزؿاو ثًُظ شكهٙ يؼٍٛ انلضبء

mosque 

كضبء انًكدع ًٚثم كضبء يؽٌ ٚؼؽف يٍ ضلال 

 ثطوٕـ انظلاحانلؼبنٛخ الاظائٛخ انًزؼهوخ 

An objectial 

bosque 
كضبء انًكدع ػجبؼح ػٍ كضبء يبئغ ٚشزؽط ػعح 

يؼبندبد رزؼهن ثبنزٕهٛغ ٔالاقزًؽاؼٚخ يغ انًسٛظ 

 انسضؽ٘)ٔظٛلٛبً(
Cave mosque  كضبء انًكدع ًٚثم خْٕؽ انلضبء انعُٚٙ ٔرؼؿؾ

انُبزٛخ انؽٔزٛخ نلاقلاو ٔٚزؼهن ثبلاقزًؽاؼٚخ يغ 

انسضؽ٘ ثٛئٛبً.ػهٗ يكزٕٖ يكطسبد انًسٛظ 

 ضضؽاء
انًكبخع  انؼبيم انجٛئٙ

انًكزعايخ 

sustainable 

mosque 

أنٕٚخ الاػزجبؼاد انزٙ رٓزى  -

ثٓب انؼًبؼح انًكزعايخ ٔرشًم 

)الاػزجبؼ انجٛئٙ، الاهزظبظ٘، 

 الاخزًبػٙ(.

اَشبء يدًؼبد يزؼعظح -

انٕظبئق شبيهخ نهٕظٛلزٍٛ 

 انعُٚٛخ ٔانعَٕٛٚخ

انؼلاهخ انزلبػهٛخ يٍ انُبزٛزٍٛ 

 انٕظٛلٛخ ٔانجٛئٛخ يغ انكٛبم

يكدع قبٚجؽ خبٚب 

 كٙ يبنٛؿٚب

اػزًبظ انسعٔظ انًُؿنوخ انزٙ رزٛر اقزًؽاؼٚخ 

انلضبء ضًٍ انلضبءاد انًدبٔؼح ٔٚكٌٕ غنك 

 ػهٗ انًكزٍٕٚٛ الاكوٙ ٔانؼًٕظ٘

انًكدع الاػزًبظ ػهٗ يٕاؼظ انكٛبم نعًٕٚيخ  انًكدع انؼبئى

ٔرؿٔٚعِ ثبنطبهخ ٔيٍ ضلال الاػزًبظ ػهٗ 

 يؼبندبد لايأنٕكخ يثم الاػًعح انشلبكخ

اػزًبظ انًكزٕٚبد انًزؼعظح ػهٗ يكزٕٖ انزُظٛى - انًكدع الاضضؽ

انؼبو انكهٙ رزٛر انزعؼج ٔالاَزوبل يٍ انؼبو انٗ 

 شجّ انؼبو انٗ انطبص

نهًكدع)انؽيؿٚخ( يثم اَشبء انؼُبطؽ انًؼؽكخ -

 انوجخ ثشكم رهوبئٙ ظٌٔ اهسبو.

انًكبخع  انؼبيم اندًبنٙ

انًُظٛخ 

staged 

mosque 

الاػزًبظ ػهٗ اندبَت اندًبنٙ 

ثبنًلٕٓو الاقلايٙ ٔانػ٘ 

 ٚؼزًع:

 ثكبطخ انزكٍٕٚ

 انزدؽٚع

 انزُبقن

انًطظطبد ٔانؼجبؼاد الاقلايٛخ رٕظق ػهٗ  يكدع الاؼشبظ

انكطسٛخ ٔرٕظٛق يكزٕٖ انًؼبندبد 

الاقزًؽاؼٚخ ٔانؼلاهخ انزلبػهٛخ يغ انكٛبم ػهٗ 

 انًكزٕٖ الاكوٙ

 ثكبطخ انزكٍٕٚ

 رُبقن انًظٓؽ

 

 يكدع الاطلاذ

 

الاَكبم الاقلايٛخ رٕظق ػهٗ يكزٕٖ انًؼبندبد 

انكطسٛخ ٔرٕظٛق الاقزًؽاؼٚخ ثٍٛ انلضبءاد 

انٕظٛلٛخ انًطزهلخ ٔكضبء انًظهٗ ػهٗ انًكزٕٖ 

 انؼًٕظ٘.

الاػزًبظ ػهٗ انًلبْٛى الاقلايٛخ 

كٙ رظًٛى انلضبء كلٕٓو 

 انلايؽكؿٚخ .

رٕظٛق الاَكبم الاقلايٛخ انزٙ رؼزًع كٙ  يكدع انؽٔضخ

طٛبؿزٓب ػهٗ انُٓعقخ انككؽٚخ ٔغنك ضًٍ 

انًؼبندبد انكطسٛخ نهلضبء ػهٗ انًكزٕٖ 

انشكهٙ انطبؼخٙ ٔانػ٘ ُٚزح ػهّٛ رؼعظٚخ انًؽاكؿ 

لال ربثٛؽاد انضٕء ٔانظم ضًٍ انلضبء يٍ ض

 انُبكػ يٍ ضلانٓب.

انًكبخع  انؼبيم انزكُٕنٕخٙ

 انًدهٕثخ 

رلكؽ انزكُٕنٕخٛب ػهٗ آَب يٕاظ 

 زعٚثخ رُوم انظٕؼح انوعًٚخ

الانزؿاو ثبلاشكبل ٔانًكَٕبد 

 انزوهٛعٚخ نهًكبخع 

 َوم انطؽؾ انزوهٛعٚخ ٔرًثٛهٓب ثًٕاظ خعٚعح  يكدع انشٛص ؾاٚع

انًكبخع 

 انٓدُٛخ

رلكؽ انزكُٕنٕخب ػهٗ آَب 

ٔقٛهخ رؼؿؾ يٍ كٓى الاقلاو 

 كثوبكخ يلزٕزخ

الانزؿاو ثبنؼُبطؽ انؽيؿٚخ 

نهًكدع كبنوجخ ٔانًُبؼح ٔانزٙ 

ركٌٕ ثؼٛعح ػٍ انكٛبم شكهٛب 

ٔنكٍ يزكٛلخ ٔيكزًؽح يغ 

 انكٛبم ٔظٛلٛبً 

يكدع كٕنَٕٛب 

 انًؽكؿ٘

د الانزؿاو ثجؼض انؼُبطؽ نهطؽاؾ ٔرطجٛن يؼبندب

ضبطخ ضًُٓب يثم اقزؼبؼح انوجخ يٍ انطؽاؾ 

انؼثًبَٙ ٔطٛبؿزٓب ثًب ٚسون انزٕاطم انٕظٛلٙ 

 يغ انًسٛظ

انًكبخع 

 انلاروهٛعٚخ

رعضم انزكُٕنٕخٛب كؼبيم كٙ 

 انؼًهٛخ انزظًًٛٛخ 

يكدع انؿْؽح  اشكبل لايأنٕكخ نهًكدع 

 انجٛضبء 

اَشبء يؽكؿ يزؼعظ انٕظبئق ٔانًكٕٚبد ضًٍ 

انًٕهغ انسضؽ٘ كضلا ػٍ انٕظٛلخ الاقبقٛخ 

 انزٙ رزطهت اَشبء يظهٗ 

 ( ٕٚضر ضٕاص رٕخٓبد ػًبؼح انًكبخع انًؼبطؽح2-1خعٔل)
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 وكالاتي:سيتـ الاعتماد عمى انتخاب احد العينات التي تنتمي لمتوجيات السابقة :العيناتوصف  6-2
ميندس المعماري ايمير لم يقع في ضواحي اسطنبوؿة عن المساجد اللاشكمي Cave Mosqueمسجد الكيف -أ

. كاف اعتماد غار حراء الذي نزؿ فيو الوحي بالتبميغ بالنبوة لمرسوؿ صمى الله 2013وأُفتتح عاـ    Emre Arolatايرولايت
عميو وسمـ أساساً لمفكرة التصميمية لممشروع. تـ توقيع المسجد تحت المستوى الارضي لتحقيؽ اعمى تجربة روحية ممكنة. 

 (10)شكؿ المنارة ومنطقة مسقفة مخصصة  لمجموس مجاورة ليا. فالمسجد يفتقر  لمعناصر الشكمية الواضحة والبارزة بأستثناء
تم أختيار نمط و لمجموس بجوار المنارة ودار للاماـ. متكّوف المشروع مف قاعة صلاة اساسية واماكف وضوء ومنطقة مظم

أنيا معالجات مف شمستطيؿ وبموازاة جدار القبمة ،وقد ضمت القاعة مجموعة شبو لقاعة الصلاة بشكؿ  التنظيم التخطيطي
. كما وانو عمد المصمـ الى توظيؼ المواد الطبيعية كالصخور الخشنة كمواد انيائية عززت مف تعزيز الاتجاه لجدار القبمة

الطابع الطبيعي لممسجد بشكؿ عاـ والتي بتناقضيا مع السطوح الافقية الكونكريتية البيضاء عززت مف التكامؿ البصري لو. اما 
لصلاة النساء فتـ فصمو ضمف نفس قاعة الصلاة الرئيسة بواسطة مرآة كبيرة نُقشت عمييا عبارة "واذكر ربؾ  المكاف المخصص

 .".كثيرا
 جُسدت مظاىر البساطة ضمف معظـ مستويات المسجد :staged mosqueمسجد الارشاد عن المساجد المنصية -ب

تيب صفوؼ المصميف بأتجاه اعتماد الشكؿ المربع لموائمتو لتر التنظيمية والتخطيطية والشكمية. فضمف المستوى التخطيطي تـ 
جدار القبمة بشفافيتو تعزيزاً لفكرة الامتزاج مع الطبيعة و رغبةً لتعميؽ الشعور الايماني لممصمي عبر رؤيتو لروائع   تميز القبمة.

توكيداً للاتجاىية ضمف ، لواقعة اماـ مكاف الاماـ. كما واف التلاؿ البانورامية الموقعة كخمفية تبُرز الكتابة النحتية ا خمؽ الله
عمى (.11)شكؿ،تـ توقيع نحت برونزي لكممة الله اماـ الجدار الشفاؼ ليمثؿ معالجة جديدة لممحراب.باتجاه جدار القبمة القاعة 

كتابة  ،اضاءة طبيعيةمستوى المواد الانيائية فقد اختار المصمـ التنوع في المواد الطبيعية مثؿ )الصخور البيضاء، ماء، 
بينما توضحت  (ؿ الفتحات او الثقوب في الجدرافضوء شمس يدخؿ مف خلا، معدنية في غطاء الضوء( لتمثؿ جماؿ الطبيعو

جاءت المعالجات السطحية ليذا .يتعالؽ مع الكعبة بساطة المستوى الشكمي عبر اعتماد الشكؿ المكعب كشكؿ اساسي لممسجد
منقوشة بالمخطوطات  الاسلامية وبعبارة "لاالو الا الكونكريتية كمادة انياء اساسية الييكؿ مؤكدة لمبساطة عبر اعتماد المادة 

 الشفافية ليذه السطوح، فمف خلاليا تسمؿ الضوء مالئاً فضاء الصلاة بأكممو.  تمنحو  الله محمد رسوؿ الله"
يقع ضمف مدينة سايبرجايا التي تمثؿ مدينة  :sustainable mosqueمسجد سايبر جايا عن المساجد المستدامة  -ج

حيث سُمي بمسجد البلاتينيوـ لحصولو عمى اعمى درجة في  لبناء الصديؽ لمبيئة.يمثؿ االمستقبؿ والتكنولوجيا في ماليزيا. 
أىـ العناصر لموصوؿ لمنقاط المطموبة ليذا المؤشر ىي ألابداع والاقتصاد في إستخداـ  .(LEEDمؤشر البناء الاخضر)

دارة المياه والعلاقة بالمجتمع . إذ  جمع مياه ):بػتتمثؿ معايير التصميـ الاخضر ضمف المسجد الطاقة والتخطيط لمموقع وا 
 Ledاضاءة  /.Vrf-Variable Refrigerant Flowنظاـ تكيييؼ لحفظ الطاقة  /الامطار لارواء المزروعات والحمامات

 Grassاستخداـ /التي تقمؿ مف تسرب الحرارة.  Low-eالمنخفض eاستخداـ الواح زجاجية مف نوع  /ذات كفاءة لحفظ الطاقة

Crete Paving System/تبرز الوظيفة الشاممة لمجانبيف  (.د او توقيع نظاـ التيوية الطبيعياعتما /الواح شمسية سقفية
  (12)شكؿ .المتنوعة الديني والدنيوي ضمف المسجد مف خلاؿ مكوناتو

 Paulبوؿ بوـ لممصمـ ، 2012افتتح المشروع عاـ  :hybrid mosqueمسجد كولونيا المركزي عن المساجد اليجينة  -د

Böhm. صُمِـ المسجد وفقاً لمفيوـ الانفتاحية ليكوف مؤىلا لمقاء والتعارؼ والتقارب بيف الناس وفقا لمطراز العثماني.أ انش ،
واضحى رمزاً للاندماج الناجح في المجتمع الالماني. جاءت معظـ المعالجات معززةً ليذه الفكرة. فضمف المستوى الشكمي اتسـ 

تيف بطراز عثماني عمى جانبي الشكؿ الكمي وبأرتفاع المسجد بتكونو مف شكؿ واحد متناظر حوؿ محور وسطي. وظفت منار 
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فضلا عف بزار ومدخؿ ،تضمف المشروع قاعة صلاة وباحة ضخمة مفتوحة لكؿ الادياف .(13)شكؿ ـ مؤكدةً عمى التناظر55
ظفت و  .بينما جاءت مساحة الصلاة ضمف المستوى العموي وقع ضمف المستوى الارضي. شغمت قاعة محاضرات السرداب.

اذ وظفت ىذه الباحة كمكاف لمقاء  .وسطية كجزء رابط بيف المستوييف معززةً مف الجو العاـ المعزز لمتعايش والانفتاح رحبة
 الاجتماعي بيف افراد المجتمع الالماني. 

التكنولوجيا لنقؿ صور وطرز وظفت  transplanted mosque المجموبة المساجد نموذجاً عن لشيخ زايدمسجد ا -ه
.استخدـ في (14)شكؿد بسعتو عدّ ىذا النموذج تحفة معمارية معبرة عف القوة الاقتصادية لمؤسسيو.حيث اتسـ المسج .مختمفة

تـ اختيار المواد الطبيعية لمبناء والتصميـ. تميز المسجد بقبابو التي  تشييد المسجد مواد بناء تـ استيرادىا مف دوؿ مختمفة.
ـ المختمفة في جميع ماري المغربي، والمصنوعة مف الرخاـ الأبيض.وظفت انواع الرخاقبة مستوحاة مف الفف المع 82تصؿ إلى 

 يحيط المسجد البحيرات الاصطناعية تضـ بلاطًا داكف الموف.كما يحيط المسجد أربع مآذف في زواياه الأربع.  .أنحاء المسجد
 قبؿ مف المقدـ التصميمي المقترح يمثؿ  unfamiliar mosquesمسجد الزىرة البيضاء عن المساجد اللاتقميدية -و

Festim Toshi جمالية اعتبارات بيف تراوحت المشروع فكرة لانشاء اعتبارات عدة تداخمت.2015عاـ  لمتخرج خاص كمشروع 
 وظيفتو لاتقتصر. الاسلامية بالثقافة يعرّؼ لممدينة  شامؿ مركز انشاء في الرغبة مف المسجد فكرة أنطمقت. واجتماعية وبيئية
 مغناطيسية قوة ذو رمزاً  يُعد فيو. ككؿ لممجتمع مرحب ورمز كبناية بو التفكير وانما، بالصلاة المرتبطة الادائية الفعالية عمى

 مدينة مركز ضمف المشروع موقع اختيار تـ الرغبة ليذه تمثيلاً  .الانسانية الكونية والقيـ الايمانية الواحة الى الناس لجذب تيدؼ
 الشكمية الاستعارة جاءت، الشكمي المستوى ضمف. لو الشاممة الوظيفة عف التعبير لممسجد المتعددة المستويات جسدت. تيرانا
 لمنقاء رمزاً  وانيا كما ،الموقع ضمف الطبيعية واصػبالخ للارتباط شكميا اُعتمد اذ (15)شكؿ جوانب لعدة محققةً  اءػالبيض لمزىرة

 يُمزـ بالساحة والخاصة جية مف القبمة باتجاه الخاصة الناتجة الشبكات تقاطع اف عف فضلا.الاسلامية لمعقيدة الملازـ والجماؿ
 ىذا تنفيذ في لممساعدة -Glass Reinforced Fiber Plastic( GRFP)ػ ل مادة وُظِفت وقد. الزىرة تُمبيو منتظـ غير بشكؿ
 .لمتشكيؿ بطواعيتيا المادة ىذه تتسـ اذ الشكؿ

اعتمد البحث منيج الدراسة الوصفية التحميمية  منيجية التحميل والمفردات المنتخبة لمقياس وأسموب القياس والتحميل: 6-3
 في .لمتغيرات الاطار النظري المتعمؽ بػ"عوامؿ المنظومة الطرازية لمعمارة المسجدية التقميدية" وفقاً المنتخبة في تحميؿ العينات 

ومف ثـ  يالنظر  تـ اعتماد المؤشرات المستنبطة مف تطبيؽ الاطار قدتتوضح عممية تطبيؽ لمعينات المنتخبة.  (4-1) الجدوؿ
لحساب النسب  excel 2010البرنامج التحميمي الاحصائي عبر اعتماد  الحاسوب بشكؿ تكميمي  كاداة تحميمية واحصائية 

 والمقارنة
 ومتغيراتو القياس

مجموعة العوامؿ المؤثرة بالمنظومة تشمؿ لالنظري  الخاصة بالاطارلمفردات ااعتمد القياس عمى تطبيؽ مجموعة 
 التقميدية التي تتوضح بمؤشرات تتعمؽ بالمستوى الشكمي ومؤشرات متعمقة بالمستوى المعنوي جداالطرازية لعمارة المس

 .(3-1)الموضحة ضمف الجدوؿ الممحؽو 
بعد اف تـ تطبيؽ مفردات الاطار النظري الخاص بالعوامؿ الطرازية لعمارة المساجد التقميدية  :الدراسة التطبيقية نتائج-7

 الاتية:تـ التوصؿ لمنتائج  .(4-1تخبة المعاصرة حسب جدوؿ)ضمف العينات المن
 

 فيما يخص العوامل المؤثرة بالمستوى الشكمي فيشمل: -أولاً 
 أشرت نتائج التطبيؽ النسب الاتية  كالاتي:وقد  :العامل العقائدي-أ
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تحققا العينات ( فقد أشرت a1) ضمف مفيوـ الاتجاىية الذي يؤكد عمى الاتجاه الطولي لقاعة الصلاة بموازاة جدار القبمة
ليذا المؤشر فقد اشرت النتائج تحققا ( a2ما خطية جدار القبمة )ا ليذا المتغير ضمف مسجد الشيخ زايد ومسجد سايبر جايا.

غالبية العينات تحقيقيا  ( فقد أظيرتa3اما وفيما يخص التناظر عمى مستوى المخطط ) ضمف مسجد الشيخ زايد وسايبر جايا.
ىو الاكثر فاعمية ضمف  (a4التاكيد عمى الاتجاىية مف خلاؿ المحراب )ليذا المؤشر باستثناء مسجد الكيؼ .بينما كاف متغير 

تحققو  يؤشر ( a5)مراعاة التوجيو نحو القبمة عند التخطيط بينما .ضمف جميع المشاريع ب تحقؽ تامة العينات المعاصرة وبنس
 ضمف كافة العينات وبنفس النسبة. 

 مسجد سايبر جاياكما في بشكؿ نسبي وبمعدؿ مسجديف فقد اشرت تحققا  (a6)رسمانية الحركة والتسمسؿ الايقاعي اما 
يخص النتائج المستحصمة عف تطبيؽ العامؿ العقائدي عمى مستوى علاقة المصمى كجزء ببقية . اما وفيما ومسجد الشيخ زايد

مسجد الشيخ زايد ومسجد ضمف  (a7)عمى جانبي المحراب تحقؽ توقيع المنارة نسبية كونات )المنارة( ، تؤشر النتائج الم
( فقد a9اما التعامؿ مع المنارة عمى انيا عنصر حر)كولونيا المركزي.بينما لـ تؤشر تحققا لتموضع المنارة يميف المحراب .

اثبتت فاعميتيا وبمعدؿ اربعة مساجد مف اصؿ ستة.اما وضع قبة اماـ المحراب فقد أشر فاعميتو ضمف مسجد سايبر جايا 
مى وعبر مراعاة التوجيو نحو القبمة عند التخطيط والتاكيد عمى الاتجاىية ضمن المصان يتضح مما سبق ومسجد الشيخ زايد.

  .لعامل العقائديبا ات الاكثر فاعمية المتعمقةمؤشر تمثل الالتناظر عمى مستوى المخطط بمعالجاتو المختمفة و المحراب 
اشرت نتائج التطبيؽ القيـ  ،التاريخ والموروث الحضاري والعامؿ البيئي الطبيعييشمؿ  :العامل البيئي لممنظومة الطرازية -ب

 الاتية :

 
العامؿ البيئي الثقافي وضمف مفردة التراكب الحضاري ضمف المستوى التخطيطي بالانماط ااتخطيطية انحصرت تأثيرات 

ضمف مسجد سايبر جايا ومسجد  (A12،a13)العربي "النمط الطولي لممخطط"طراز الرئيسة والتي توزعت بيف نسبة قميمة لم
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مسجد  كما فيتحققو ضمف العينات الاخرى  (a16)الشيخ زايد.بينما شكؿ مؤشر مركزية المصمى السائد بالطراز العثماني 
عمودي الذي يوازي وضمف المستوى الشكمي فوجود الشاخص ال ومسجد الزىرة البيضاء ومسجد الكيؼ. مسجد كولونياو الارشاد 

 العينات المحمية والعربية والعالمية. اما العامؿ البيئي الطبيعي والذي يرتبطأشر تحققاً ضمف كافة (a21) الاتجاه الافقي
بعض العينات تحقيقيا ليذا المؤشر كما في مسجد سايبر جايا فقد أشرت ( a22ف )بمجموعة مؤشرات منيا وجود الصح

اثبتت فاعمية مفردة التراكب الحضاري  المستوى التخطيطياي انو يظير من خلال النتائج وفيما يخص  ومسجد الشيخ زايد.
فقد  المستوى الشكميعينات.اما وفيما يخص ال غالبيةالعثماني ،اذ تحقق اعتماد التخطيط المركزي  ضمن الطراز وضمن 

 أشارت النتائج لتحقق متغير وجود الشاخص العمودي الذي يوازي الافقي ضمن كافة النماذج وبما يؤشر لفاعمية ىذا
 .المتغير

 النسب الاتية:أشرت النتائج تحقؽ  المسجد رمز ديني-العامل الوظيفي-ج

 
باستثناء متغير الاتجاه العمودي لمشكؿ الكمي  تبرز مف خلاؿ النتائج فاعمية غالبية متغيرات ىذا العامؿ وبنسب متقاربة

(a33الذي شكؿ تحققا نسبيا ضمف العينات وذلؾ ضمف مسجد مس ) اف احاطة المسجد .اذ البيضاءجد كولونيا ومسجد الزىرة
اما بقية  .ضمف كافة العينات( برزت كمؤثر فاعؿ وبنسب تحقؽ تامة و a28) بفضاء يمكف مف رؤيتو مف جميع الجيات

( a29) ( وىيمنة المصمىa31) ومواد انيائية متميزة (a32المتغيرات التي تشمؿ الاتجاه العمودي ضمف فضاء المصمى)
نستنتج ان مؤشرات العامل الوظيفي لممسجد كرمز ديني .6وبنسب متوسطة وبمعدؿ اربع مف اصؿ فاظيرت النتائج فاعميتيا 

حققت تاثيرا بالعمارة المسجدية المعاصرة وضمن المستوى التخطيطي الخاص بالمصمى كجزء اساسي والمستوى التخطيطي 
أكثر من المستوى الشكمي.فضمن المستوى التخطيطي كانت الييمنة والتخطيط المركزي والتوقيع المييمن  layoutالكمي 

من خلال توفير مساحات كافية لاستيعاب الحدث الذي يمثمو المسجد من المؤشرات الفاعمة ضمن العينات. في حين وضمن 
اي انو  من الفضاء من  المؤشرات الفاعمة ضمنيا.المستوى الشكمي ،أشر متغير تضخيم المقياس والاتجاه العمودي ض

 أشرت النتائج فاعمية المؤشرات المرتبطة بيذا المتغير ضمن المستوى التخطيطي اكثر من المستوى االشكمي  لمعينات.
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  : العامل التكنولوجي تم التوصل لمنتائج الاتية-د

 
موحد بدوف عوائؽ بصرية فضاء وعبر القشري النظاـ مميزات فاعمية  المستوى التخطيطيأشرت النتائج وفيما يخص 

(a37) ضمف العينات( كما تبرز فاعمية الشكؿ موحد الذي تتداخؿ ضمنو العناصر،a38)  ضمف مسجد كولونيا وارشاد والزىرة
النظاـ الذي يحقؽ فضاء البيضاء والكيؼ.اي تبرز مف خلاؿ النتائج اف العامؿ التكنولوجي كنظاـ انشائي  اعتمد في اولوية 

 مستمر بدوف عوائؽ بصرية.
فتم التوصل لمنتائج الاتيةوبخصوص العامل الجمالي ثانياً: فيما يخص العوامل المرتبطة بالمستويات المعنوية ،

 
وبتحقؽ تاـ ،كما  (a41وعبر متغير التكرار)أشرت العينات أعتماد وتوظيؼ الرياضيات ضمنيا  المستوى التخطيطيمف ض

واف اعتماد اسموب التجزئة سواء ضمف المستوى التخطيطي وعمى مستوى معالجة جدار القبمة او ضمف المستوى الشكمي 
بينما اشر فاعمية التكرار حوؿ محور معيف )المحور  (.a47وبمقياس ثابت او بمقاييس مختمفة اثبت فاعميتو ضمف العينات )

ان ماذكر من النتائج اعلاه  رشاد وسايبر جايا والشيخ زايد والزىرة البيضاء.( ضمف مسجد كولونيا والاa43) المار بالمحراب(
 مؤشراتو في الصياغة التخطيطية والشكمية لمعينات وبما يدعم فرضية البحث.بيؤكد فاعمية العامل الجمالي 

 الارٛخ:انُغت ,ٔلذ أششد َزبئح انزطجٛك انؽيؿ٘ انؼوبئع٘انؼبيم ايب كًٛب ٚطض  -
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( ضمف a48تحقؽ أسموب التناوب الايقاعي بيف المصمت والمفتوح) النتائج أشرتفقد  بالمستويات الشكميةعمؽ تفيما ي
 (.a49كما برزت فاعمية متغير المغة المستمرة عمى المستوى الشكمي ضمف كافة العينات باستثناء مسجد الكيؼ ) .العينات

 البساطة، (a50) نات وشمؿ ذلؾ متغير التدرج باتجاه القبةضمف العيبينما اشرت بقية متغيرات ىذا العامؿ تحققاً بنفس النسبة 
(a51) ،(المركز الحرa52الحركة نحو المطمؽ،) (a53 ،)تضخيـ المقياس (a54) ،تعزيز الاتجاه العمودي (a55.)  عميو فقد

ضاء المصمى وشكمو اظيرت النتائج اعلاه ان مؤشرات العامل الروحي كانت الاكثر فاعمية في الصياغة التكوينية لف
 . الخارجي

  

يغدذ انكٓف فٙ اعطُجٕل -نًغبخذ انلاشكهٛخ(10شكم)

 .ٚظٓش انًصهٗ انًشزشن نهشخبل ٔانُغبء .2013

-arolat-http://www.arcspace.com/features/emre

 architects/sancaklar

 mosque/#.VrS16f4FURw.facebook 

ٚظٓش ايزضاج انًغدذ يغ انطجٛؼخ انًسٛطخ ,ٔرجشص انًُبسح 

 كؼُصش ٔزٛذ يشئٙ ٔثبسص ضًٍ انغٛبق

  

يكدع الاؼشبظ كٙ ثبَعَٔؾ كٙ -انًكبخع انًُظٛخ(11شكم)

ٔٚظٓش ركَّٕ يٍ ًَظ رخطٛطٙ يشكض٘ ٔخذاس  2010اَعَٔٛكٛب 

لجهخ شفبف ٔيسشاة يفصٕل 

(http://www.styleofdesign.comu ( 

(http://www.rangkep.com/) 

انشكم انخبسخٙ انجغٛظ نًغدذ الاسشبد انز٘ ٚزكٌٕ يٍ عطٕذ 

يغزًشح راد اَغبق اعلايٛخ  يغزًشح يُمٕشخ ثؼجبسح لاانّ الا الله 

 يسًذ سعٕل الله. 

  

 2015يغدذ عبٚجش خبٚب فٙ يبنٛضٚب -انًغبخذانًغزذايخ(12شكم)

ظٓش انًصهٗ انًغزطٛم انز٘ ٚ/كٕالانًجٕؼ   ATSAنهًصًى 

ضص يٍ اندزة انخبص رزًٕضغ انًُبسح فٙ انغبزخ الايبيٛخ نزؼ

نهًغدذ.ٔركٌٕ ثشكم خًظ يغزٕٚبد سيضّد دػبئى الاعلاو 

http://www.arcspace.com/features/emre-arolat-architects/sancaklar
http://www.arcspace.com/features/emre-arolat-architects/sancaklar
http://www.arcspace.com/features/emre-arolat-architects/sancaklar
http://www.styleofdesign.comu/
http://www.rangkep.com/
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     . يصذس ٕٚاص٘ ثضهؼّ الاكجش خذاس انمجهخ 

-initiatives/green-http://cyberview.com.my/green

mosque-infrastructure/cyberjaya 

انخًغخ ,رشغم يُطمخ انٕضٕء لبػذح انًُبسح انًغمفخ ثغمٛفخ 

 .يغزٕٚخ يشثؼخ انشكم

  
 يغدذ عبٚجش خبٚبرفصٛم نهٕزذاد انًكشسح ضًٍ  انغبلٛخ انًبئٛخ انًزًٕضؼخ خهف خذاس نمجهخ انشفبف ٔٚكٌٕ ثًغزٕٖ َظش انشخض اندبنظ

  

.ٚزضسزكَّٕ يٍ ًَظ رُظٛى 2012 يكدع كٕنَٕٛب انًؽكؿ٘-(انًكبخع انٓدُٛخ13شكب)

 رخطٛطٙ شجّ يشكض٘ .ٔخذاس انمجهخ ٚزغى ثزدضئزّ ضًٍ يمبٚٛظ يخزهفخ

ٚزضر اعزخذاو انمجخ انشبئؼّ ضًٍ انطشاص انؼثًبَٙ يغ رٕظٛف انًُبئش انمهًٛخ انشبئؼخ 

 ضًٍ َفظ انطشاص

  

 www.roro44.net www.uaeladies.comػٍ  2007 يكدع انشٛص ؾاٚع-انًدهٕثخ (انًكبخع 14شكم)

  

 festom toshiانشكم انخبسخٙ نًغدذ انضْشح انجٛضبء فٙ رٛشاَب نهًصًى  2015 يكدع انؿْؽح انجٛضبء كٙ رٛؽاَب-(انًكبخع انلايأنٕكخ15شكم)

 لاستنتاجات:ا-8
  فيما يخص العوامل المرتبطة بالمستويات الشكمية فقد تم التوصل للاستنتاجات الاتية: أولًا:

باف اغمب العينات المنتخبة قد حققت  العامل العقائديوضحت نتائج  المستوى التخطيطيفيما يخص  -العقائدي لعاملا -
"الاتجاه الطولي لقاعة ػتعارضاً مع الضوابط الشرعية فيما يخص المؤشرات الواجب اعتمادىا في تخطيط المصمى والمتعمقة ب

توقيع المداخؿ بحيث لاتعيؽ صفوؼ المصميف" مف جية الا انيا اظيرت ، خطية جدار القبمة، الصلاة بموازاة جدار القبمة
تزاماً بنقاط اخرى تتمثؿ بالتاكيد عمى الاتجاىية مف خلاؿ وجود المحراب ضمف كافة العينات وبما يشير الى فاعمية ىذا ال

http://cyberview.com.my/green-initiatives/green-infrastructure/cyberjaya-mosque
http://cyberview.com.my/green-initiatives/green-infrastructure/cyberjaya-mosque
http://www.uaeladies.com/
http://www.uaeladies.com/


    

Journal of Engineering    Volume    23     November      2017 Number  11 
 

 

24 

 

الكمي الذي يتعمؽ بعلاقة المصمى ببقية المكونات مثؿ المدخؿ والمنارة فقد اظيرت  layoutالمؤشر.بينما عمى مستوى اؿ
. اما عمى يد عمى التوجيو ضمف قاعة الصلاةبشكؿ حر بمعزؿ عف الالتزاـ بالتاكغالبية النتائج تحقيقيا لتوقيع المنارة 

لسقؼ فقد اشرت النتائج لاتاثيرية العامؿ العقائدي الذي يؤكد التوجيو وبالاسموب التقميدي مف خلاؿ رفع ا المستوى الشكمي
 العينات المنتخبة بعض توقيع القبة اماـ المحراب ضمف  عبر باستثناء تاثيره النسبيضمف المحور المؤدي لممحراب 

وضمف غالبية  المستوى التخطيطيفيما يخص وضمف مفردة التراكب الحضاري  العامل البيئياشارت نتائج  -العامل البيئي -
فقد اشرت كافة العينات تحقؽ الشاخص  المستوى الشكميفيما يخص اما و . التخطيط العثماني المركزيبالطراز العينات تاثره 

العمودي الذي يوازي الاتجاه الافقي.وبما يشير ويؤكد فاعمية ىذا المؤثر. اما العامؿ البيئي الطبيعي فقد اشرت النتائج لاتاثيره 
نستنتج من  ".يةتضاريس ارض، "مناخ،مواد بنائيةػك وضمف غالبية العينات المنتخبة بالمعنى والفيـ التقميدي الذي يتعمؽ بفيم

 .خلال التحميل محدودية تأثير ىذا المؤشر ومن خلال مفردة التراكب الحضاري
اشارت نتائج العامؿ الوظيفي وضمف دور المسجد كرمز ديني تاثيره بالمستوى التخطيطي لمعينات  -العامل الوظيفي الرمزي -

المنتخبة. برز ذلؾ عبر مجموعة مف المؤشرات التي اثبتت فاعميتيا ضمف كافة العينات ومنيا الييمنة التي تحققت مف خلاؿ 
وتحققت الييمنة ضمف المستوى الكمي  .التخطيط المركزي حجـ المصمى مقارنة  ببقية الفعاليات بالاضافة الى فاعمية نمط

layout  مف خلاؿ اسموب التوقيع  واحاطتو بفضاء يمكف مف رؤيتو مف جميع الجيات .كما واوضحت النتائج تاثير مؤشرات
ميزة والاتجاه الرمز الديني بالمستوى الشكمي لممساجد المعاصرة وبنسب متوزعة بيف تضخيـ المقياس وتوظيؼ مواد انيائية مت

نستنتج فاعمية مؤشرات ىذا العامؿ ضمف المستويات التخطيطية وعمى  العمودي ضمف لفضاء والاتجاه العمودي لمشكؿ الكمي.
 . وجيات والنماذجتمستوى التنظيـ الكمي ضمف كافة ال

تاثيراتو بالمستوى التخطيطي والشكمي مف خلاؿ الاستمرار في فيميا عمى اساسا انيا نظاـ  العامل التكنولوجياوضحت نتائج  -
 يسيـ في تحقيؽ فضاء مستمر بدوف عوائؽ بصرية .يتعمؽ بتسقيؼ بحور طويمة انشائي 

 فيما يخص المقومات المرتبطة  بالمستويات المعنوية فقد تم التوصل للاستنتاجات الاتية: ثانياً:
تخطيطي والشكمي لمعينات اوضحت النتائج فاعمية مؤشرات العامؿ الجمالي بالمستوييف ال -العامل الجماليفيما يخص   -

حيث  ومف ناحية الاليات.النسب المعتمدة  مف ناحية، فأعتماد الرياضيات تحققت بمخططات العينات المنتخبة كافة .المنتخبة
وخصوصا التكرار حوؿ محور معيف المار بمنتصؼ جدار القبمة والذي يؤشره ار الية التكر أشرت النتائج فاعمية تاثير انو 

ىذا وضمف المستوى الشكمي كانت كافة مؤشرات العامؿ  .في معالجة جدار القبمة الية التجزئة فضلًا عف فاعمية.المحراب
معينة تتكرر عمى مستوى الواجية والتي الجمالي متحققة ضمف العينات،فالتكرار كاف مف اكثر الاليات المعتمدة ويكوف لوحدة 

"سطوح  اثبتت فاعميتيا ضمف العينات او اف التكرار يكوف لمعالجة سطحية معينة تتكرر ضمف الواجيات والتي اثبتت فاعميتيا
 تزيينية متكررة".

كانت الاكثر فاعمية في الصياغة التكوينية لفضاء المصمى ىذا العامؿ اثبتت النتائج  اف مؤشرات  -الرمزي العقائدي العامل -
اثبتت فاعميتيا ضمف العينات باختيار شكؿ نقي  مخطط المصمىوشكمو الخارجي بنسبة كبيرة. فالبساطة التكوينية ضمف 

ت ضمف الخارجي. كما واف الاستمرارية تمثم المستوى الشكمياساسي ضمف كافة العينات وقد انعكست ىذه البساطة ضمف 
المستوى الشكمي لكافة العينات وقد اشرت النتائج تحققيا عبر توظيؼ المعالجات السطحية المستمرة لممغة التزيينية كما في 

ومسجد الزىرة البيضاء بينما تحققت الاستمرارية ضمف مسجد كولونيا المركزي  وسايبر جايا  مسجد الارشادمثؿ بعض العينات 
ح فقد اظير فاعميتو ضمف العينات وعبر مستمرة. فيما يخص مؤشر التناوب بيف المصمت والمفتو مف خلاؿ السطوح القشرية ال

. تحققت مجموعة مف المفاىيـ المعززة لمجانب الروحي ضمف فضاء المصمى منيا مفيوـ المركز الحر اسموب توقيع الفتحات
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 ة وبما يجعؿ البصر يتنقؿ ضمف بؤر متعددة المراكز.الذي يكوف مف خلاؿ تاثيرات الضوء النافذ مف السطوح القشرية التزييني
اما الحركة نحو المطمؽ فتكوف مف خلاؿ الاتصاؿ بالكوف الذي يكوف ضمف مستوييف افقي مف خلاؿ المفاصؿ الشفافة 

مف خلاؿ التركيز عمى المعالجات المعززة لعمودية  عمودينيا وسايبر جايا والزىرة البيضاء و الارشاد وكولو الرابطة كما في 
  عمى المستوى  الشكمي.عمارة المساجد المعاصرة ضمن الرمزي العقائدي ائج فاعمية متغيرات العامل تيبرز من الن. الفضاء

فاعمية المتغيرات المتعمقة بالعامل بالعوامل المؤثرة في عمارة المساجدالمعاصرة أوضحت مجمل الاستنتاجات المتعمقة 
عمى مستوى والرمزي العقائدي ضمن مستويات التنظيم الكمي التخطيطي علاوةً عن فاعمية العامل الجمالي الوظيفي 

ضمن المستوى الشكمي. أن ماذكر اعلاه  تو الخاص بالمصمى فضلًا عن فاعمي المعالجات الخاصة بنمط التنظيم التخطيطي
ىي ألاكثر تأثيراً في صياغة  الرمزية العقائديةو والجمالية الوظيفية العوامل الطرازية متغيرات ) حث في انيدعم فرضية الب

ىو  (رمز لحدث معين –العامل الوظيفي)توصل البحث الى ان  عمارة المساجد المعاصرة من العوامل العقائدية والبيئية(.
بينما المفردات المتعمقة ،لتوجيات عمارة المساجد المعاصرة  layoutالاكثر فاعمية فيما يتعمق بمستوى التنظيم الكمي 

.حيث ىي ألاكثر تحققاً وفاعمية عمى المستوى الشكمي والتخطيطي ليذه التوجيات الرمزية العقائديةبالعوامل الجمالية و 
بينما برزت الخواص  .التكرار، التناظر، النسب ،لايقاعالمستوى الشكمي من خلال اتبمورت خواص العامل الجمالي عمى 

عبر تعددية المراكز الناتجة عن تاثيرات الضوء والظل ،الحركة نحو المطمق،توظيف الرمزي العقائدي المرتبطة بالعامل 
بيذين  كما وانعكست تأثيرات المفردات المتعمقةالضوء،البساطة، فضلا عن الاتجاه العمودي لمشكل عبر معالجاتو الشكمية. 

فضاء المسجد فيضم الخواص الايقاعية عبر المؤشرات الجمالية وعبر التناوب بين المصمت والمفتوح العاممين ضمن 
والنظام المعتمد ضمن الفضاء  والحركية والاستمرارية من خلال استمرارية السقف مع الجدران وتعددية المراكز عبر 

تقتصر  فاعمية متغير العامل العقائدي بالتوكيد عمى الاتجاىية نحو  في حين.المؤشرات الروحية وتوظيف الضوء والظل
 جدار القبمة عبر المحراب وبمعالجاتو المختمفة.
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 انوٛى انثبَٕٚخ

 

 

انًُظٕيخ انطؽاؾٚخ نهؼًبؼح انًكدعٚخ  يكزٕٚبد 

 انزوهٛعٚخ
 انوٛى انؽئٛكخ
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A2 ضطٛخ خعاؼ انوجهخ 

A3 انزُبظؽ ػهٗ يكزٕٖ انًططظ 

A4 "انزأكٛع ػهٗ الاردبْٛخ يٍ ضلال زُٛخ خعاؼ انوجهخ "انًسؽاة 

A5 يؽاػبح انزٕخّٛ َسٕ انوجهخ ػُع انزططٛظ 

 ػلاهخ انًظهٗ ثبنًٕهغ

ػهٗ يكزٕٖ 

انزُظٛى انلضبئٙ 

انطبص انكهٙ  

A6 ؼقًبَٛخ انسؽكخ ٔانزكهكم الاٚوبػٙ نًؽاقٛى انظلاح 

A7 ٗرًٕضغ انًُبؼح ػهٗ خبَجٙ انًسٕؼ انًإظ٘ انٗ كضبء انًظه 

ػلاهخ كضبء انًظهٗ ثجوٛخ 

 انؼُبطؽ
A8 رًٕضغ انًُبؼح انٗ ًٍٚٛ انًسؽاة 

A9  ٗانًسؽاةانًُبؼح ػُظؽ زؽ ٚوغ ػهٗ ايزعاظ انًسٕؼ انًإظ٘ ان  

A10 ؼكغ انكوق ضًٍ انًسٕؼ انًإظ٘ نهًسؽاة 

 انًزؼهوخ ثلضبء انًظهٗ

ػهٗ يكزٕٖ 
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 انشكهٛخ
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A12  اقزطبنخ هبػخ انظلاح
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A14  كضبء انًظهٗ ٚزكى
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انزُظٛى انزططٛطٙ انطبص ثلضبء 
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كٙ ثؽٔؾ انطؽاؾ 
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A15  ًُْ٘ٛخ انظسٍ انًؽكؿ
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يسبٔؼ أأُّٚ ػهٗ كضبء 
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 انزُظٛى انلضبء٘ انكهٙ
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ركزطٛم ثًٕاؾاح خعاؼ انوجهخ 
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 انًـهن .

 انزُظٛى انلضبئٙ انكهٙ

A20 انطبقق ٔانجبؼؾ ػهٗ يكزٕٖ انٕاخٓخ 
 انًؼبندبد انًؼزًعح

A21 ٙٔخٕظ انشبضض انؼًٕظ٘ انػ٘ ٕٚاؾ٘ الاردبِ الاكو 

A22 ٔخٕظ  

 انًُبش ًَظ انزُظٛى انزططٛطٙ :نًكَٕبد "يثم انظسٍ
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A29 ًُْٗٛخ كضبء انًظه 

A30 رضطٛى انًوٛبـ  

 يٕاظ آَبئٛخ يزًٛؿح A31 انًؼبندبد انشكهٛخ 

A32 الاردبِ انؼًٕظ٘ ضًٍ اكضبء 

A33 ٙالاردبِ انؼًٕظ٘ نهشكم انكه 

A34 ٙايكبَٛخ انزٕقغ ٔالايزعاظ الاكو  

 انزُظٛى انزططٛطٙ
 َظبو يزؼعظ الاػًعح

 انؼبيم انزكُٕنٕخٙ

A35 ٚزكى ثكَّٕ كضبء يٕزع غٔ روكًٛبد 

A36  ٙقوق يكزٕ٘ هع رزًٕضغ هجخ كٙ انًسٕؼ انًإظ٘ انٗ انًسؽاة ك

 الايبو ٔانٕقظ

 انًؼبندبد انشكهٛخ

A37  ثعٌٔ ػٕائن ثظؽٚخٚزكى ثزكَّٕ يٍ كضبء يٕزع  انزُظٛى انزططٛطٙ 
 َظبو انوجبة

A38 انًؼبندبد انشكهٛخ ٚزكى ثزكَّٕ يٍ شكم يٕزع رزعاضم كّٛ انؼُبطؽ 

A39 َكت غْجٛخ 

 رٕظٛق انجؼع انؽٚبضٙ

انًؼبندبد انزؿُٚٛٛخ 

انكطسٛخ انًٕظلخ 

 ضًٍ كضبء انًظهٗ
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A40 َكت ككؽٚخ 

A41 ركؽاؼ 

A42 ركؽاؼ ثًوبٚٛف يطزهلخ 

A43 ٍٛركؽاؼ زٕل يسٕؼ يؼ 

A44 ركؽاؼ زٕل َوطخ يؼُٛخ 

A45 ركؽاؼ ضًٍ يكبكبد ايب اكوٛخ أ ػًٕظٚخ أ يبئهخ 

A46 )انزطؽٚى)اهزطبع اخؿاء 

A47 انزدؿئخ ثًوٛبـ ثبثذ أٔ يوبٚٛف يطزهلخ 

A48 انزكؽاؼ الاٚوبػٙ ثٍٛ انًظًذ ٔانًلزٕذ 

 انٕزعح

انًؼبندبد انزؿُٚٛٛخ 

انكطسٛخ انًٕظلخ 

 ضًٍ كضبء انًظهٗ

انؼبيم انؽيؿ٘ 

 انؼوبئع٘

A49 انهـخ انًكزًؽح نهًؼبندبد انزؿُٚٛٛخ ٔثًب ٚؼؿؾ يٍ لايبظٚخ الاشكبل 

A50  ثبردبِ انوجخ انكًبٔٚخانزعؼج  

A51 انجكبطخ 

 انجكبطخ ٔ انزدؽٚع

A52 يلٕٓو انًؽكؿ انسؽ 

A53 انسؽكخ َسٕ انًطهن 

A54 رضطٛى انًوٛبـ 

A55 ٘رؼؿٚؿ الاردبِ انؼًٕظ 
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انطبطخ ثؼٕايم انًُظٕيخ انطؽاؾٚخ نهًكبخع انزوهٛعٚخ ضًٍ رٕخٓبد ػًبؼح ( ٕٚضر رطجٛن يلؽظاد الاطبؼ انُظؽ٘ 4-1خعٔل)

 انًكبخع انًؼبطؽح
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