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ABSTRACT 

This paper describes flexural behavior of two spans continuous rectangular concrete beams 

reinforced with mild steel and partially prestressing strands, to evaluate using different 

prestressing level and prestressing area in continuous prestressed beams at serviceability and 

ultimate stages. Six continuous concrete beams with 4550 mm length reinforced with mild steel 

reinforcement and partially prestressed with two prestressing levels of (0.7fpy or 0.55fpy) of and 

different amount of 12.7 mm diameter seven wire steel strand were used. Test results showed 

that the partially prestressed reinforced beams with higher prestressing level exhibited the 

narrowest crack width, smallest deflection and strain in both steel and concrete at ultimate 

service load, the deflection decreased by (3.60% & 32.49%) and the crack width decreased by 

(20.0%) and (75.0%) when increasing the prestressing level from (0.55fpy) to (0.7fpy) for beams 

reinforced with one and two strands respectively. Deflection of beams with two strands 

decreased by (44.81% & 22.2%) compared with beams of one strand at prestressing level of (0.7 

fpy) and (0.55 fpy), respectively. At ultimate load, using ACI-Code recommended moment 

redistribution led to more agreement between theoretical and experimental loads for both 

ordinary reinforced and partially prestressed beams.  
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 تصرف الأنثناء للعتباث الخرسانيت المستمرة والمسبقت الشذ

 
 قصي خضر حميذ      نزار كامل العقيليد. 

 ِطانب دكتىسا       أستار       

 جايؼت بغذاد-كهُت انهُذست     جايؼت بغذاد -كهُت انهُذست

 
 صتالخلا

وانًسهحت جضئُا بحذَذ الاجهاد انًسبك وانحذَذ  نهؼتباث انخشساَُت انًستًشة بفضائٍُ َحُائٍَصف هزا انبحث انتصشف الا

الاػتُادٌ نتمُُى استخذاو اجهاداث وكًُاث حذَذ شذ يسبك يختهفت ػهً تصشف انؼتباث انخشساَُت فٍ انًشاحم انتشغُهُت 

ح انًسبك يهى( يسهحت بحذَذ انتسهُح الاػتُادٌ وحذَذ انتسهُ 0554وانمصىي. تى استخذاو ستت ػتباث خشساَُت يستًشة بطىل )

%( يٍ اجهاد انخضىع وبؼذد يختهف. أظهشث َتائج 14% و 55وبًستىٍَُ يٍ انشذ انًسبك )يهى 1..7الاجهاد رو لطش 

نكم يٍ انفحص بأٌ انؼتباث انًسهحت جضئُا يغ يستىي اجهاد يسبك أػهً كاٌ نها الم ػشض نهشمىق والم هطىل واَفؼال 

بُسبت اَخفط يمذاس انهطىل هُت انمصىي. صَادة يستىي الاجهاد انًسبك لهم يُانتسهُح وانخشساَت فٍ انًشحهت انتشغُ حذَذ 

 اجهاد يٍ%( 14انً ) (%55)ػُذ صَادة يمذاس انشذ يٍ %( 15% و 4.ولهم ػشض انشك بًمذاس )%( 03..6% و 6.3)

ٍُ يٍ انحذَذ انًسبك نهؼتباث انًسهحت بظفُشة او ظفُشتٍُ يٍ حذَذ يسبك الاجهاد ػهً انتىانٍ. استخذاو ظفُشت انخضىع

. انُتائج انُظشَت %( ػهً انتىان55ٍ% و 14%( ػُذ يستىَاث شذ )....% و 00.47الاجهاد ادي انً تمهُم انهطىل بًمذاس )

-ACI نهحًم الالصً ابذث تىافك اكثش يغ انُتائج انؼًهُت ػُذ استخذاو َسب اػادة تىصَغ انؼضو انًىصً بها يٍ لبم 

Codeتُادَا وانًسهحت جضئُا بحذَذ انشذ انًسبكنهؼتباث انًسهحت اػ. 

 اػادة انتىصَغ: انؼتباث انًستًشة, انخشساَت انًسبمت الاجهاد, انتشىِ, انتشمك, الكلماث الرئيسيت

mailto:dr_nazar12000@yahoo.com
mailto:qusai.gasani@gmail.com
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1. INTRODUCTION 

The use of continuous concrete beams over the interior supports leads to increase the flexural 

rigidity through providing an alternated load path among the beam, this alternate load path lead 

to reduce the moments and stresses at midspans results in shallower beams that are stiffer 

compared with simply supported beams of equal span and with leaser deflection, Amlan K., and 

Devdas M., 2011. With low tensile capacity of concrete, flexural concrete members would be 

cracked at early loading stages with higher deflection. In order to limit tensile stress, cracks and 

deflection under service load; partial prestressed reinforcement which consists of mild steel and 

prestressing steel is used in concrete beams, Nawy, 2010. Using such composite reinforcement 

technique has valuable gains throughout controlling the extent and width of cracks of concrete 

members which will lead to reduce the deflection of the members. 

 

2. RESEARCH SIGNIFICANCE 

In this paper, cracking, deformation and ultimate capacity of two spans continuous concrete 

beams reinforced with mild steel only and partially prestressed reinforcement will be 

investigated. The effect of using different prestressing level and prestressing area in negative 

moment regions of continuous prestressed beams on the flexural behavior of such beams at 

serviceability and ultimate stages is studied. 

 

3. TEST PROGRAM 

Six (200x310mm) cross section continuous concrete beams having length of (4550mm) were 

tested under two point's monotonic loading until failure. Two beams reinforced with ordinary 

steel reinforcement and having ultimate failure capacity corresponding to both beams having one 

or two strands, respectively. Two beams partially reinforced with one (12.7mm) prestressing 

steel strand with two prestressing levels and ordinary steel reinforcement and two beams 

partially reinforced with two (12.7mm) of (1860MPa) ultimate tensile strength prestressing steel 

strands with two prestressing levels and ordinary steel reinforcement. For shear reinforcement, 

all beams reinforced with (10mm) stirrups spaced at (100mm) through the entire length of the 

beams. Table 1 shows the reinforcement details for all beams and Fig. 1 and Fig. 2 show the 

cross section and elevation of all tested beams. The designed cylindrical compressive strength of 

the continuous beams is (35MPa) at (28) days. Table 2 shows the concrete properties of the 

continuous beams at the time of test. The development of prestressing stress for each strand in 

concrete beams is shown in Table 3. Normally reinforced beams were designed according to 

ACI-318 Code to have equal theoretical ultimate capacity corresponding to partially prestressed 

beams, while the partially prestressed beams were analyzed using strain compatibility method. 
Concrete beams test was conducted in the Structural Laboratory of the Civil Engineering 

Department, at the College of Engineering, University of Al-Mustansiriyah. 

 

4. INSTRUMENTATION 

Four dial gauges of (0.01mm) accuracy with (50mm) travel length were used to measure the 

deflection under point load and at mid-span of each side. Different sizes of pre-wired strain 

gauges of (120Ώ) resistance, made in Japan by TML Company are used in this study. Two 

(2mm) strain gauges are placed on each strand at middle support. Three (5mm) strain gauges are 

placed on steel bars at both sides of tension zone under load points and at tension zone at middle 

support. Four (60mm) strain gauges are placed on concrete surface at compression steel level 

under point load and at (40mm and 80mm) from the bottom face of the beam at middle support. 
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Six rows of demec points are placed on concrete surface under point load at the right side of the 

beam at (50, 100, 150, 200, 250 and 300mm) from the bottom face of concrete beam, as shown 

in Fig. 3. Crack width is measured using special tool made of a set of thin steel plates with 

specific thickness, concrete surface divided to square cells of (50x50mm) to allow for measuring 

crack propagation at loading stages. Test setup photo shown in Fig. 4. One concentrated load 

was applied on each of the two spans at distance of (725mm) from the center support. 

 

5. ANALYSIS OF TEST RESULTS 

5.1 Load Deflection Relationship  

Load deflection (P-Δ) curves of tested beams under left load point are shown in Fig. 5 to Fig. 

7. Fig. 5 shows that the increasing of prestressing level in beam (B2) lead to decrease the 

deflection by (3.60%) at loading level of (0.5Pu) compared with beam (B3), and decreased by 

(7.31%) compared with beam (B1), at same loading level, the deflection of partially prestressed 

beam (B3) which has the lowest prestressing level decreases by (3.85%) compared with 

normally reinforced beam (B1). The used beams numbering is same as what mentioned in the 

original thesis. 

Deflection curves at load point in Fig. 6 shows that when increasing the prestressing level in 

the partially prestressed beams having two strands, the deflection of beam (B11) decreases by 

(32.49%) at loading level of (0.5Pu) compared with partially prestressed beam (B12) and by 

(46.15%) compared with normally reinforced beam (B10), at the same loading level, the 

deflection of partially prestressed beam (B12) which has the lowest prestressing level decreases 

by (20.24%) compared with normally reinforced beam (B10). 

Fig. 7 shows the deflection at left load point of partially prestressed beams, the figure shows 

that increasing the number of strands in partially prestressed beam (B11) lead to decrease the 

deflection at load point by (44.81%) at load level of (0.5Pu) compared with partially prestressed 

beam (B2) having one strand with same prestressing level, and for the same reason, the 

deflection of beam (B12) decreases by (21.20%) compared with partially prestressed beam (B3). 

From the last two figures, it can be seen that the (P-Δ) curves of partially prestressed beam 

(B11) and (B12) reinforced with two strands having two portions only, without yielding and the 

flat part after yielding, this may be attributed to that the tension steel reinforcement were not 

yields due to the shear failure type of these beams compared with beams (B2) and (B3). It is 

agreed that the shear failure causes change in the deflection curve when occurs, for these two 

beams, the shear starts to participate in the beams deflection at stages earlier than the final 

stages, this participation were steadily occurred with load increments and did not happen 

suddenly. Figures show also that beam (B11) has higher deflection than beam (B12) where at the 

lower loading level the beam (B12) experienced higher deflection after cracking load of 

(170kN), this may be attributed to the opposite effect of higher prestressing level applied on the 

compression zone of the section at load point. 

 

5.2 Strain in Steel Reinforcement and Concrete 
5.2.1 Strain in steel reinforcement 

Tensile strain in mild steel reinforcement at tension zones of left load point and middle 

support of tested beams are shown in Fig. 8 and Fig.9 while the tensile strain increments in 

seven wire steel strand at tension zone of middle support are shown in Fig. 10. 

Fig. 8 shows the mild steel strain at left load point taking the influence of increasing number 

of strand in beams (B11) and (B12) reinforced with two strands compared with beams (B2) and 
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(B3) reinforced with one strand and having same prestressing level of corresponding to beams 

(B11) and (B12) respectively, and compared with equivalent normally reinforced beams (B1) 

and (B10). 

It can be seen from this figure that the (P-ε) curves approximately coincide up to the cracking 

of concrete covers of beams having less reinforcement area. These beams show more noticeable 

change in the curve slope at cracking and the strain increased in higher rate compared with 

beams reinforced with higher amount of reinforcement. Beams (B10), (B11) and (B12) show 

higher beam cracking load compared with beams (B1), (B2) and (B3) at both mid-spans and 

center support although that beams (B11) and (B12) were expected to have lower cracking load 

at mid-spans due to the opposite effect of prestressing force, these beams shows also less rate of 

strain increasing after beam cracking and shows less noticeable change in the curve slope at 

cracking. 

Continuous concrete beams (B10), (B11) and (B12) shows higher ultimate failure load 

compared with beams (B1) (B2) and (B3) without yielding of flexural steel reinforcement at 

failure due to the fact that these beams failed in shear. 

It can be seen from this figure, that when increasing the amount of reinforcement in normally 

reinforced beam (B10) the strain decreases by (46.82%) at loading level of (0.5Pu), compared 

with beam (B1). 

In partially prestressed beam (B11) reinforced with two strands and having prestressing level 

of (0.7fpy), steel strain decreases by (53.36%) at loading level of (0.5Pu) compared with beam 

(B2) reinforced with one strand having same prestressing level. 

Steel strain at load point of beam (B12) reinforced with two strands and having prestressing 

level of (0.55fpy) decreases by (48.22%) at loading level of (0.5Pu) compared with partially 

prestressed beam (B3) reinforced with one strand having same prestressing level. 

When comparing the steel strain at left load point of beam (B11) taking the influence of 

prestressing level compared with (B12), increasing the prestressing level of (B11) lead to 

decrease the mild steel strain by (37.19%) at loading level of (0.5Pu) compared with beam (B12), 

while it decreased by (46.61%) compared with normally reinforced beam (B10) having 

equivalent amount of reinforcement. 

Fig. 9 shows the steel strain at center support, the same behavior can be seen compared with 

load point strain in Fig. 8 at cracking and ultimate points except that it shows higher strain at 

entire loading stages compared with load point due to the higher moment applied on the sections 

at center support, it has to be mentioned that the strain gauge reading of beam (B11) at center 

support were missed from the figure where the strain gauges failed before the test. 

It can be seen from this figure, that when increasing the amount of reinforcement in normally 

reinforced beam (B10) the strain decreases by (41.8%) at loading level of (0.5Pu) compared with 

beam (B1). 

Steel strain at center support of beam (B12) reinforced with two strands and having 

prestressing level of (0.55fpy) decreases by (39.2%) at loading level of (0.5Pu) compared with 

partially prestressed beam (B3) reinforced with one strand having same prestressing level. 

Steel strain at center support of beam (B12) increases by (40.63%) at loading level of (0.5Pu) 

compared with normally reinforced beam (B10). 

Fig. 10 shows the strain increments in center support steel strands of beams (B11) and (B12) 

having two strands with different prestressing level compared with beams (B2) and (B3) having 

one strand with same prestressing level corresponding to beams (B11) and (B12), respectively. 

The figure shows that the beam cracking load of (B11) and (B12) were much higher than 

beams (B2) and (B3) and the strain values are much lower at entire loading stages, it can be seen 

that when concrete cover of beams (B11) and (B12) cracks, at different loading level, strand 
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strain increased rapidly followed by tension stiffening at load of approximately (250kN) lead to 

significantly decrease the strand strain until failure compared with partially prestressed beam 

(B2) and (B3) reinforced with one strand. The figure shows also that the strand strain of beams 

(B11) and (B12) coincide until beam cracking, then after, unexpectedly, the strain curve of beam 

(B11) becomes more flatter until load of (250kN) lead to have higher strain compared with beam 

(B12), figure shows also that strand strain were not reached the yielding in both beams. 

Fig.10 shows that when using two strand in beam (B11) lead to decreases the strand strain by 

(41.41%) at loading level of (0.5Pu) compared with partially prestressed beam (B2) having same 

prestressing level and one strand, and the strain in beam (B12) decreased by (56.69%) at loading 

level of (0.5Pu) compared with partially prestressed beam (B3) having same prestressing level 

and one strand. It can be seen also that the increasing of prestressing level in beam (B11) 

compared with beam (B12), both beams reinforced with two strands, the strain increases by 

(11.25%) at loading level of (0.5Pu). 

It has to be mentioned that Fig.10 shows only the strain occurred due to external load, when 

summing these strain increments values with effective pre-strain, can be noted that the strand 

tensile strain at ultimate failure loads were (99.64%), (107.28%) of beams (B2) and (B3), 

respectively, while the strands strain at ultimate were (76.29%), and (63.62%) of beams (B11) 

and (B12), respectively, from strand ultimate tensile strain, this came from the fact that these 

beams failed in shear. 

 

5.2.2 Strain in concrete 

Fig. 11 shows the concrete strain (P-ε) curves at right load point taking the influence of 

increasing number of strand in beam (B11) reinforced with two strands comparing with beam 

(B2) reinforced with one strand and having same prestressing level of (0.7fpy), and beam (B12) 

reinforced with two strands compared with beam (B3) reinforced with one strand and having 

same prestressing level of (0.55fpy),, and compared with equivalent normally reinforced beams 

(B10) and (B1). 

It can be seen from this figure that the (P-ε) curves slopes have noticeable change occurred at 

beams cover cracking load then the strain increased in higher rate in beams reinforced with less 

amount of reinforcement. Beams (B10), (B11) and (B12) shows higher beam cracking load 

compared with beams (B1), (B2) and (B3, respectively. 

Continuous concrete beams (B10), (B11) and (B12) shows higher ultimate failure load 

compared with beams (B1), (B2) and (B3) without yielding of flexural steel reinforcement at 

failure due to the fact that these beams failed in shear. 

It can be seen from this figure, that when increasing the amount of reinforcement in normally 

reinforced beam (B10) the concrete strain decreases by (15.61%) at loading level of (0.5Pu) 

compared with beam (B1). 

In partially prestressed beams (B11) and (B12) reinforced with two strands and having 

prestressing level of (0.7fpy) and (0.55fpy), respectively, concrete strain decreases by (51.82%) 

and (41.21%) at loading level of (0.5Pu) compared with beams (B2) and (B3), respectively, 

reinforced with one strand having same corresponding prestressing level. 

When increasing prestressing level in beam (B11), concrete strain decreased by (23.21%) 

compared with beam (B12) and the concrete strain decreases by (6.30%) in beam (B2) compared 

with beam (B3). 

When comparing the strain of beams (B11) and (B12) with normally reinforced beam (B10) 

having equal amount of reinforcement, concrete strain decreases by (35.09%) and (15.47%), 

respectively, at loading level of (0.5Pu). 
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5.3 Crack Width, Crack Patterns and Ultimate Loads 

Load-cracking width development at center support and right span are shown in Fig. 12 and 

Fig. 13, respectively. Concrete covers cracking load with corresponding maximum crack width 

at ultimate were presented in Table 4, the cracking pattern were shown in Fig. 14. 

Fig. 12 shows beams cracking width with load at center support, the figure shows that at 

loading level of (350kN), when increasing the number of strand in beams (B11) and (B12), the 

crack width decreased by (100%) and (92.0%) compared with beams (B2) and (B3), 

respectively, having one strand. While increasing the amount of reinforcement in normally 

reinforced beam (B10) lead to decreases the crack width at center support by (77.78%) compared 

with beam (B1). 

At same loading level, increasing the prestressing level in beam (B11) leads to decrease the 

crack width by (75.0%) compared with beams (B12). At lower loading level of (250kN), 

increasing the prestressing level in (B2) lead to decrease the crack width by (20%) compared 

with beam (B3). 

Fig. 13 shows the crack width at right load point of the same beams, since the beams spans 

cracked at lower load level compared with center support, hence, the load of (250kN) will be 

used again in comparison. The figure shows that using of two strands in beam (B11) lead to 

decrease the left span crack width by (83.34%) at loading level of (250kN) compared with 

partially prestressed beam (B2), while increasing the prestressing reinforcement in beam (B12) 

decreases the crack width at load point by (62.5%) at loading level of (250kN) compared with 

partially prestressed beam (B3), increasing the amount of mild steel reinforcement lead to 

decreases the crack width by (83.34%) at loading level of (250kN) compared with partially 

prestressed beam (B1). 

Increasing the prestressing level in beam (B11) lead to decrease the crack width by (33.34%) 

compared with (B12) at load of (250kN). 

Fig. 14 shows the crack pattern of beams (B1), (B2), (B3), (B10), (B11) and (B12) at ultimate 

load, average crack spacing taken at left span for the flexure cracks of beams (B1), (B2) and (B3) 

were (72mm, 75mm, 85mm), respectively, and at center support were (73mm, 67mm, 65mm), 

respectively. Beams (B10), (B11) and (B12) were failed in shear before developing the three 

hinges mechanism at ultimate. Average crack spacing taken at left span for the flexure cracks 

were (110mm, 105mm and 110mm) for Beams (B10, B11 and B12), respectively. At center 

support, the crack spacing were (112mm, 105mm and 95mm) for beams (B10, B11 and B12), 

respectively. 

Normally reinforced beam were designed according to ACI-318 code using ultimate design 

method while the partially prestressed beams reinforced beams were designed according to strain 

compatibility method. Table 5 represent experimental and theoretical failure loads, theoretical 

failure load calculated using elastic analysis of indeterminate continuous beams after using ACI-

Code and strain compatibility method to determine ultimate moment capacities for both normally 

reinforces and partially prestressed beams, respectively. Final ultimate loads were determined 

using moment redistribution percentage factor () in Eq. (1) and Eq. (3) stated in ACI-Code for 

both normally reinforced and partially prestressed continuous beams respectively. Table 5 shows 

that all beams failed at ultimate in load higher than calculated load using elastic analysis only, 

after applying recommended moment redistribution percentage, calculated loads show more 

agreement and consistency with experimental failure load for all tested beams. 

 

                   (1) 
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6. CONCLUSIONS 

1. Increasing of prestressing level in partially prestressed beams reinforced with one strand 

leads to decrease the deflection under load point by (3.60%), while the deflection 

decreased by (7.31%) compared with reference normally reinforced beam. When using 

two strands the reduction becomes (32.49%) and (46.15%), respectively. 

2. Using two strands in partially prestressed beams showed decreases in the deflection at 

load point by (44.81%) and (22.20%) compared with partially prestressing beams having 

one strand at prestressing level of (0.7 fpy) and (0.55 fpy), respectively. 

3. Increasing of prestressing level in partially prestressed beams reinforced with two strands 

leads to decrease mild steel strain by (37.19%), while the deflection decreased by 

(46.61%).compared with reference normally reinforced beam. 

4. Increasing the amount of prestressing reinforcement showed decrease in mild steel strain 

at load point by (53.36%) and (48.22%) compared with partially prestressing beams 

having less amount of prestressing reinforcement at prestressing level of (0.7 fpy) and 

(0.55 fpy), respectively, while at center support, using two strand leads to decrease the 

mild steel strain by (39.20%) for at prestressing level of (0.55 fpy). 

5. Increasing the prestressing level leads to decrease center support steel strand strain by 

(11.25%) between beams reinforced with two strands, while the steel strand strain 

decreases by (41.41%) and (56.69%) for both beams compared with partially prestressing 

beams having one strand at prestressing level of (0.7 fpy) and (0.55 fpy), respectively. 

6. Increasing the prestressing level leads to decrease concrete strain by (6.30%) and 

(23.21%) for beams reinforced with one and two strands, respectively. Using two strands 

leads to decrease concrete strain by (51.82%) and (41.21%) compared with partially 

prestressing beams having one strand at prestressing level of (0.7 fpy) and (0.55 fpy), 

respectively. 

7. Increasing the prestressing level leads to decrease center support crack width by (20.0%) 

and (75.0%) for beams reinforced with one and two strands respectively. Using two 

strands leads to decrease center support crack width by (100.0%) and (92.0%) compared 

with partially prestressing beams having one strand at prestressing level of (0.7 fpy) and 

(0.55 fpy), respectively. 

8. At ultimate load, using ACI-Code recommended moment redistribution factor load to 

more agreement between theoretically calculated and experimental loads for both 

normally reinforced and partially prestressed beams. 

9. Using higher amount of prestressing reinforcement or increasing the prestressing level to 

control the deflection and crack width and to increase the ultimate load capacity is more 

effectively cost saving technique than using higher amount of mild steel reinforcement. 
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8. NOMENCLATURE 

     neutral axis depth 

: "allowable percentage of redistribution of support moment calculated by elastic analysis." 

   : "reinforcement index for prestressed reinforcement." 

 : "reinforcement index for tension reinforcement." 

  : "reinforcement index for compression reinforcement." 

 : "effective depths of non-prestressed reinforcement. 

"   : "effective depths of prestressed reinforcement. 

  : "equivalent rectangular stress block coefficient." 
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Table 1. Continuous beams reinforcement details. 

Beam 

Symbol 

Over center support At mid-span 

As, 

mm
2 

Aps, 

mm
2 

As
'
, 

mm
2 

As, 

mm
2 

As
'
, 

mm
2 

B1 625  0 

228 

242 

228 

B2 
228 96.6 

B3 

B10 938.8 0 

855.9 B11 
228 199.2 

B12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Geometry and reinforcement details of continuous beams (B1 and B10). 
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Figure 2. Geometry and reinforcement details of continuous beams (B2, B3, B11 and B12). 

 

 

Table 2. Concrete properties for tested beams at age of test. 

Beam 

Symbol 

Beam properties 

Compressiv

e Strength. 

  
 , (MPa) 

Splitting 

Strength. 

   , (MPa) 

Modulus of 

Rupture.   , 

(MPa) 

Modulus of 

Elasticity. 

  , (MPa) 

B1 36.8  3.14 4.01 25373 

B2 36.1 3.44 4.27 26319 

B3 39.2 3.28 4.13 27599 

B10 36.8  3.14 4.01 25373 

B11 36.1 3.44 4.27 26319 

B12 39.2 3.28 4.13 27599 
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Table 3. Prestress in beams steel strands. 

Beam 

Symbol 

Pj Jacking 

stress, 

(MPa) 

Pi Before 

release, 

(MPa) 

Pi After 

release, 

(MPa) 

Pe Effective 

at time of 

test, (MPa) 

B2 1162.29 1149.05 1121 1009.05 

B3 936.05 929.64 909.29 820.88 

B11 1175.67 1158.56 1107.37 979.56 

B12 907.61 897.79 868.94 780.34 

 

 

 

 

Figure 3. Beams instrumentation and loading details. 

 

 

Figure 4. Test setup photo. 
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B1: Normally reinforced, B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand 

(0.55fpy), 
Figure 5. Load-deflection curve at load point of beams B1, B2 and B3. 
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B1: Normally reinforced, B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand 

(0.55fpy), 
Figure 6. Load-deflection curve at mid-span of beams B1, B2 and B3. 
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B10: Normally reinforced, B11: Partially prestressed with two strands (0.7fpy), B12: Partially prestressed with two 

strands (0.55fpy), 
Figure 6. Load-deflection curve at load point of beams B10, B11 and B12. 
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0: Normally reinforced, B11: Partially prestressed with two strands (0.7fpy), B12: Partially prestressed with two 

strands (0.55fpy), 
Figure 6. Load-deflection curve at mid-span of beams B10, B11 and B12. 
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B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand (0.55fpy), B11: Partially 

prestressed with two strands (0.7fpy), B12: Partially prestressed with two strands (0.55fpy) 
Figure 7. Load-deflection curve at Load point of beams B2, B3, B11 and B12. 
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B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand (0.55fpy), B11: Partially 

prestressed with two strands (0.7fpy), B12: Partially prestressed with two strands (0.55fpy) 
Figure 7. Load-deflection curve at mid-span of beams B2, B3, B11 and B12. 
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B1: Normally reinforced, B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand 

(0.55fpy), B10: Normally reinforced, B11: Partially prestressed with two strands (0.7fpy), B12: Partially prestressed 

with two strands (0.55fpy) 
Figure 8. Load-strain relationship of mild steel at load point of beams B1, B2, B3, B10, B11 

and B12. 
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B1: Normally reinforced, B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand 

(0.55fpy), B10: Normally reinforced, B12: Partially prestressed with two strands (0.55fpy) 
Figure 9. Load-strain relationship of mild steel at middle support of beams B1, B2, B3, B10 

and B12. 
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B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand (0.55fpy), B11: Partially 

prestressed with two strands (0.7fpy), B12: Partially prestressed with two strands (0.55fpy) 
Figure 10. Load-strain relationship of steel strand at middle support of beams B2, B3, B11 and 

B12. 
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B1: Normally reinforced, B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand 

(0.55fpy), B10: Normally reinforced, B12: Partially prestressed with two strands (0.55fpy) 
Figure 11. Load-strain relationship of concrete at load point of beams B1, B2, B3, B10, B11 

and B12. 
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B1: Normally reinforced, B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand 

(0.55fpy), B10: Normally reinforced, B11: Partially prestressed with two strands (0.7fpy), B12: Partially prestressed 

with two strands (0.55fpy) 
Figure 12. Cracking width at center support of beams B1, B2, B3, B10, B11 and B12. 
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B1: Normally reinforced, B2: Partially prestressed with one strand (0.7fpy), B3: Partially prestressed with one strand 

(0.55fpy), B10: Normally reinforced, B11: Partially prestressed with two strands (0.7fpy), B12: Partially prestressed 

with two strands (0.55fpy) 
Figure 13. Cracking width under load point at right span of beams B1, B2, B3, B10, B11 and 

B12. 
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Table 4. Cracking load and maximum crack width at ultimate load. 
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B1 112 58 107 19.82 10.26 18.93 565.0 1.05 1.95 0.95 

B2 105 116 102 20.19 22.3 19.61 520.0 1.55 3.8 1.5 

B3 94.5 104 107 17.26 18.99 19.54 547.5 3.95 3.7 2.85 

B10 170 120 160 24.72 17.45 23.27 687.5 0.5 0.7 0.55 

B11 148 196 142 24.76 32.8 23.76 597.5 0.35 0.5 0.45 

B12 162 170 162 27.45 28.81 27.45 590.0 1.1 1.65 1.05 

 

 

 

 

 

 

 
Figure 14. Crack Pattern at ultimate load of tested beams. 
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Table 5. Experimental and theoretical load capacities for tested beams. 

Beam 

Set 

Experimental 

Ultimate 

Load, Pu, 

Exp., 

(kN) 

Theoretical 

Ultimate Load, 

Pu1, Cal., using 

elastic analysis, 

(kN) 

(Pu, Exp/ 

Pu1, Cal.), 

(%) 

Theoretical Ultimate 

Load, Pu2, Cal., using 

elastic analysis in 

addition to moment 

redistribution, (kN) 

(Pu, Exp/ 

Pu2, Cal.), 

(%) 

B1 565 513.782 109.97 587.64 96.15 

B2 520 402.264 129.27 475.49 109.36 

B3 547.5 405.348 135.07 481.89 113.61 

B10 687.5 676.419 101.64 676.419 101.64 

B11 597.5 537.964 111.07 605.32 98.71 

B12 590 543.685 108.52 618.63 95.37 
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ABSTRACT 

Permanent deformation (Rutting) of asphalt  pavements which appears in many roads in Iraq, 

have caused a major impact on pavement performance by reducing the useful service life of 

pavement and creating services hazards for highway users. The main objective of this research is 

investigating the effect of some contributory factors related to permanent deformation of asphalt 

concrete mixture. To meet the objectives of this research, available local materials are used 

including asphalt binder, aggregates, mineral filler and modified asphalt binder. The Superpave 

mix design system was adopted with varying volumetric compositions. The Superpave Gyratory 

Compactor was used to compact 24 asphalt concrete cylindrical specimens. To collect the 

required data and investigate the development of permanent deformation in asphalt concrete 

under repeated loadings, Wheel-Tracking apparatus has been used in a factorial testing program 

during which 44 slab samples; with dimensions of 400×300×50 mm; were tested to simulate 

actual pavement. Based on wheel-tracking test results, it has been concluded that increasing the 

compaction temperature from 110 to 150ºC caused a decreasing in permanent deformation by 

20.5 and 15.6 percent for coarse and fine gradation control asphalt mixtures respectively. While 

the permanent deformation decreased about 21.3 percent when the compaction temperature is 

increased from 110 to 150ºC for coarse gradation asphalt mixtures modified with styrene 

butadiene styrene SBS with 3 percent by asphalt binder weight. 

Keywords: modified asphalt, asphalt concrete; Superpave; rutting performance; and wheel 

tracking test. 

 

الاسفلتيت الحــارة خلطاثللالعوامل المساهمت والمتعلقت بالتشوه الذائمي   

 د.علاء حسين عبذ                                            زهراء ابراهيم قاسم

 مهندساستاذ مساعد                                                                                                            

 جامعة بغداد –جامعة النهرين                                 كلية الهندسة -كلية الهندسة                                        

 
 ةــالخلاص

على أداء التبلٌط  التشوهات الدائمٌة )التخدد( فً التبلٌط الاسفلتً تظهر فً العدٌد من طرق العراق , وتسبب تأثٌرا رئٌسٌا   ان
 البحثان الهدف الرئٌسً من بالمخاطر .   وذلك عن طرٌق تقلٌل العمر الخدمً للتبلٌط وجعل استخدام هذه الطرق محفوفة

فً هذا البحث  الهدفلتحقٌق  .الكونكرٌتٌة الاسفلتٌة لخلطةل بالتشوهات الدائمٌة هو تقٌٌم تاثٌر بعض العوامل المتعلقةالحالٌة 
 دتاعٌتمكما . التً تشمل الاسفلت المحسن والمضافات المالئة والمواد والحصى الإسفلت من المتوفرة المواد دامتم استخ فقد

 42 رص فًالدورانً جهـازالرص  واستخدمخصائص الحجمٌة ال مختلف وحساب التصمٌم فً الاداء عالً التبلٌط طرٌقة

. من اجل توفٌر البٌانات المطلوبة والتحري عن التشوهات الدائمٌة فً الخرسانة من الخرسانة الاسفلتٌة اسطوانٌة عٌنة

ة الأسفلتٌة تم نبلاطة من الخرسا 22تم اعداد لتسلٌط الاحمال المتكررة , العجلة المسارٌة الاسفلتٌة , تم  استخدام جهاز 

م قلل من ° 151م الى  111اعتمادا على نتائج الفحص تبٌن بان زٌادة درجة حرارة الحدل من  .فحصها لتمثٌل واقع التبلٌط

بٌنما قلت التشوهات  .للركام الخشن والناعم للخلطات الاسفلتٌة التقلٌدٌة كنسبة مئوٌة1501و  4105التشوهات الدائمٌة بمقدار 

م للركام الخشن والناعم للخلطات الاسفلتٌة  151م الى  111 درجة حرارة الحدل منعند زٌادة  بالمئة4102 الدائمٌة بمقدار

 بالمئة من وزن الاسفلت الرابط. 2كنسبة  المضافة SBSالستاٌرٌن بٌوتادٌن ستاٌرٌن المحسنة بمادة 

mailto:Alaah29@yahoo.com
mailto:Eng.zehoor@yahoo.com
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1.  INTRODUCTION  

Permanent deformation (rutting) of asphalt pavements has a major impact on pavement 

performance. Rutting reduces the useful service life of the pavement. By affecting vehicle 

handling characteristics, it creates serious hazards for highway users; two major elements 

contribute to asphalt pavement deterioration, the gradual effects of weathering and the action of 

vehicle traffic, Huang, 1993 and Pavement Design Manual, 2015. 

Early detection and repair of pavement defects is the most important preventive 

maintenance procedure. There are five areas of distress for which guidance is needed: fatigue 

cracking, (wheel path) rutting, thermal cracking, friction, and moisture damage, all of these 

distresses can result in loss of performance, but rutting or permanent deformation is one of 

distress that is most likely to cause a sudden failure as a result of unsatisfactory hot mix asphalt 

or asphalt mixture, other distresses are typically long term failures that show up after a few 

years of traffic, Ishai, and Craus, 1996. 

Recently, Superpave has been reported as an improved system for performance based 

design, analysis of asphalt concrete mixes and asphalt pavement performance prediction. It is a 

structured approach consisting of selection of materials, selection of design aggregate structure, 

asphalt binder content, and evaluation of moisture susceptibility, Khan, and Kamal, 2012. 

In Iraq, the severity of rutting has been increased in asphalt pavements possibility due to 

the increase in truck axle loads, tire pressure, and high pavement temperature in summer, as 

shown in Fig. 1.  

 

2.  RESEARCH OBJECTIVE 

The main objectives of the research is to study the main factors affecting rutting in 

asphalt concrete mixture in Iraq such as; mix properties, types of filler, loading and temperature 

conditions by using Superpave mix design system and study the effect of additive on the 

improvement of asphalt concrete mixes against the permanent deformation . 

 

3.  LABORATORY TESTING 

3.1 Material 

To meet the objectives of this research, available local materials were used including   

asphalt binder, aggregates and mineral filler. Asphalt binders (40-50 or PG 64-16) was obtained 

from Al-Daurah refinery in Baghdad and the aggregate from Al-Nibaie quarry in north of 

Baghdad whereas the mineral filler was brought from lime factory in Karbala Portland cement  

is from Kubbesa factory which was obtained from market. The aggregates are sieved and 

recombined in the proper proportions to meet the wearing course gradation as required by 

SCRB specifications, 2003. A 19 mm aggregate maximum size gradation is used in this 

research. The fractions of aggregate are separated into 9 sizes, as retained on each of the 

following sieves, 3/4", 1/2", 3/8", No.4, No.8, No.16, No.30, No.50, and No. 200) using dry 

sieve analysis.  Mineral filler (Limestone, Portland cement) has been added according to the 

desired gradations requirements. The gradation curve for the aggregate is shown in Fig. 2; four 

lines are presented: the upper , the lower curves of the Iraqi specifications of SCRB in addition 

to the controls points of Superpave system, Table 1 shows the physical prosperities of asphalt 

binder . 
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In this research the Superpave mix design system was adopted with varying volumetric 

composition.  The Superpave Gyratory Compactor was used at the NCCLR to prepare 24 

asphalt concrete cylindrical specimens for carrying out volumetric design according to 

Superpave system, AASHTO Designation: T 312-2010. The optimum asphalt content for the 

selected asphalt binder and selected aggregate gradation was 4.6 percent for conventional 

coarse asphalt mixtures, while it is about 4.9 percent for SBS modified asphalt mixtures.   

      

3.2 Sample Preparation 

The roller compacter apparatus can compact asphalt slabs to a target density using loads 

per unit roll width about 5-10 ton, which are consistented to those of pavements rollers used in 

the highway construction. The roller compactor provides a pneumatically powered means of 

compacting slabs of asphaltic material in the laboratory under conditions, which simulate in-

situ compaction. 

In this research, compacted asphaltic slabs for rutting testing are prepared at air voids 

equal to (4%) using Roller Compactor Device at NCCLR according to (EN12697-Part 33:2003) 

and Superpave system, AASHTO Designation: T 312-2010. The dimensions of the compacted 

slabs used in this work are of (400 mm by 300 mm by 50±6 mm) as proposed by EN 12697-

Part 22:2003. 

Proportion of aggregate and asphalt binder are used for mixing, curing, and compacting. 

The aggregate retained on the 3/4" sieve is discarded. Mineral filler (Limestone) and cement 

have been added according to the desired gradations requirements. The aggregate is combined 

into batch of (13400 gm for slab specimen) on the mixing bowl and heated to the mixing 

temperatures prior to mixing with asphalt binder which heated to the mixing temperatures 

corresponding to each binder, as shown in Fig. 3. 

For the modified binder preparation, the asphalt cement for convention mixture is heated 

in the factory oven to the temperature of mixing prior to adding the specific 3 percent amount 

of SBS additive, this percent is chosen according to previous researches prepared by the 

Ministry of Industry and Minerals, it is preheated in an external oven until liquid at 180 ºC, the 

desired weight of additive which is determined by multiplying it's percent by the required 

weight of asphalt content was added gradually and mixed until getting homogenous binder.  

The aggregate and asphalt are mixed in mixing bowel on hot plate for three minutes until 

asphalt had sufficiently coated the surface of the aggregates or until a homogeneous mixture is 

achieved, as shown in Fig. 4 . The asphalt-aggregate mixture is then short term oven aged for 

2hrs at 135°C for the determination of the maximum specific gravity and 4hrs at the same 

temperature for compaction in according with Asphalt institute, 1996. This aging represents 

the aging that occurs in the field between mixing and placement and allows for absorption of 

the asphalt binder into the aggregate pores. The mix is stirred every 30 minutes during the 

short-term aging process to ensure uniform aging throughout the mix. 

Compaction is then performed using the Roller Compactor in accordance with EN 12697-

33, the mold and the plates are heated in the oven at the specified compaction temperature to 

ensure that the mix temperature is not reduced. The load is from 7-10 KN which applied on the 

specimens to achieve proper compaction and sufficient air voids, as shown in Fig. 5 and Fig. 6. 
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3.3 Wheel-Tracking Testing 

The Pavement Wheel Tracker is a device for testing the wear ability of asphalt mixes by 

simulating roadway conditions, the test is performed according to EN 12697-22, 2003 and 

AASHTO Designation: T 340, 2010. The test provides information about the rate of 

permanent deformation from a moving, concentrated load. It uses a Linear Value Displacement 

Transducer (LVDT’s) to measure the deformation of the specimen. The loaded wheel applies 

about 700 N (158 pounds) of load at contact points and passes repetitively over the sample for 

up to 10,000 cycles. Test results are compiled in a Microsoft Access database application which 

provides several means of reporting results. 

Wheel-tracking machine ; as shown in Fig. 7; is constructed so as to enable the test 

specimen in its cradle to be moved backwards and forwards under the loaded wheel in a fixed 

horizontal plane. The center-line of the tire track is (5 mm) from the theoretical center of the 

specimen. The center of the contact area of the tyre describes a simple harmonic motion with 

respect to the center of the top surface of the test specimen with a total distance of travel of 

(230±10) mm and a constant loading frequency of (26.5±1.0) load cycles per 60 seconds for the 

test device in approximately 10,000 load cycles or 20 mm maximum allowed deformation is 

reached. 

The experiment design for the permanent deformation testing is a full factorial with; two 

asphalt contents, three compaction temperatures, two asphalt types: original and modified with 

SBS and two types of gradations, resulting in a nominal total of 24 slab tests.  

The compacted specimens, which are 30 cm in width, 40 cm in length and 5 cm in height, 

are cooled to room temperature for a period of 24 hours in accordance with (EN-12697-22). 

The specimens are placed in mold and then placed in on the carriage table of WTD for testing. 

The specimens in the mold are labeled with information mix type. 

The holder of the displacement transducer is disengage and reference plate is adjust in 

order the transducer probe is compressed approximately 70% of its total travel. This allowed 

having sufficient travel available to measure the track formation on the sample. Starting the 

software, supplied with the machine, and entering the required test information into the 

computer. The testing device automatically stops the test when the device applies the number 

of desired passes or when reaching the maximum allowable rut depth, as shown in Fig. 8. 

If the maximum allowed deformation is reached before 10,000 passes, the wheel is lifted 

off the failed sample. Test results are compiled in a Microsoft Access database application 

which provides several means of reporting results. 

Finally at the end of the test the arm will return automatically to its upper position while 

the display will show the results of the test which can be saved in the archives and/or 

transmitted to an external computer.  

 

4. RESULTS AND ANALYSIS 
Permanent deformation and  vertical permanent strain (εp)  were  measured   at   testing 

temperature   of 40°C,  and frequency level  53 passes  per minute, and two selected 

compaction temperatures of 110
o
C and 150

o
C  and two asphalt contents are used and two types 

of gradation with two types of filler are used , SBS polymer was used as modifier to asphalt 

binder .  

 

4.1 Effect of Compaction Temperature 

This research investigates the influence of compaction temperature on coarse and fine 

asphalt mixes for modified and unmodified binders. 
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For this, Superpave mix designs for two compaction temperatures of 110 °C and 150 °C 

and two asphalt binders (control, 3% styrene butadiene styrene (SBS) modified) were carried 

out. A total of 24 specimens were manufactured with a short-term aged for 2 h at the mixture 

compaction temperatures prior to test. 

Fig. 9 shows effect of compaction temperature on Permanent deformation (i.e. rut depth, 

RD). It can be seen that permanent deformation decreased when compaction temperature 

change from 110 to 150 ºC as shown in Table 2. It can be related to shear susceptibility of 

mixtures and it's sensitive to temperature changes. The rut depth (RD) decreased about 20.5 and 

15.6 percent when the compaction temperature is increases from 110 to 150 ºC for coarse and 

fine gradation control asphalt mixtures respectively as shown in Fig. 9. While the rut depth 

(RD) decreases about 21.3 percent when the compaction temperature is increases from 110 to 

150 ºC for coarse gradation SBS modified asphalt mixtures as shown in Fig. 10.  

The results from this study showed that the compaction temperatures significantly 

affected the volumetric properties of the SBS modified mixes. The mixtures containing SBS-

modified binders, the rut depth decreased by 21.3 percent and the air–void contents 

significantly decreased with an increase in compaction temperature because the binder in 

modified asphalt mixtures is stiffer than in conventional mixtures; therefore, there is a need for 

a higher compaction temperature 

 

4.2 Effect of Asphalt Content 

Based on the data shown in Fig. 11 to 13, it appears that the examined asphalt content has 

influence on the plastic response of the material. The plastic strain is increased with the 

increases in asphalt content from optimum AC to opt. +0.5 percent asphalt content for 

conventional and modified asphaltic mixtures. For (RD) value, it can be found that it increases 

about 10.6 percent when asphalt content increases from 4.6 to 5.1 percent for conventional 

coarse asphalt mixture, while it increased about 8 percent when asphalt content from 4.9 to 5.4 

percent for SBS modified asphalt mixture, as shown in Table 3.   

It can be concluded for Superpave mixtures, the total asphalt content plays an important 

significant role in controlling overall rutting resistance of the conventional and modified 

asphaltic mixtures, i.e. rutting performance is highly influenced by total asphalt content , voids 

in mineral aggregate (VMA), voids filled with asphalt , (VFA), and dust-to-binder ratio. 

 

4.3 Effect of Aggregate Gradation 

Aggregate presents major portion of asphalt concrete. It was found that researchers have 

come to different conclusions with regard to the effect of aggregate gradation on resistance to 

rutting of asphalt mixtures. 

Two gradations of aggregate that are typically used to produce hot mix asphalt in Iraq were 

used in this research. They are: coarse and fine gradation, one of them passing below the 

restricted zone (on the Superpave gradation chart) and the other above the restricted zone. 

Fig.14 shows the results showed effect of aggregate gradation of mixture on permanent 

deformation, it concluded that rutting resistance of asphalt paving mixes is affected by the mix 

gradation of aggregate. Coarser gradation had higher resistance to rutting from fine gradation of 

aggregate by 65.6 percent. 

4.4 Effect of Type of Filler 

The resistance of asphalt mixture to permanent deformation is related to the stiffness of 

asphalt binder, mixture volumetric, and the bonding interaction between asphalt binders and 

aggregate. Mineral filler is usually added into asphaltic mixture to stiffen asphalt binder and 

improve asphaltic mixture density and strength. These fillers are typically fine powders with 
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particle sizes in the range of 0–100 µm, two types of filler were used in this research, there are: 

limestone and cement.   

However, the properties of mineral fillers of the compacted mixtures can influence on the 

permanent strain for conventional and modified mixtures as depicted in Fig. 15. The percentage 

of change in in Permanent Deformation is presented in Table 4. It can be observed that the rut 

depth (RD) decreases about 23.5 and 30.6 percent when the cement filler is used in asphaltic 

mixtures instead of limestone filler for coarse and fine gradation mixtures respectively. The 

effect of type of filler on the mixture rutting potential was more significant for the fine mixture 

than the coarse mixture. 

 

4.5 Effect of SBS Polymer additive 

During the preparation of the samples it was noted that the mixes with the polymer-

modified binder were more difficult to mix and compact. Any cooling of the mix greatly 

increases the viscosity of the asphalt and the stiffness of the mix. 

In this research, the addition of additive (SBS) polymer tends to improve the mix 

properties. In Superpave mix design, the results showed that rutting performance of the 

asphaltic samples has improved for the polymer modified cases.  

The percentage of change in permanent deformation with Polymers Content is presented in 

Table 5. It can be observed that the permanent displacement (RD) decrease about 37.22 and 

29.5 percent when SBS polymer is used for coarse and fine gradation mixtures respectively, as 

shown in Fig. 16. 

Based on the above evaluation, the use of asphalt modified by SBS polymers gives the 

coarse wearing course better rutting resistance than the fine gradation of the same asphalt 

performance grade. 

 t the testing temperature of 40    5  the asphaltic mixtures appeared to maintain stiffness 

levels. However, it should be noted that when SBS polymer modifier is used, the HMA become 

stiffer at the high testing temperature. It can be concluded that SBS polymer-modified binder 

made the polymer modified mixtures stiffer than control mixes with unmodified asphalt binder 

at high temperature. 
 

5. CONCLUSIONS 

Considering all results of laboratory tests and analysis, the following conclusions are presented: 

1- Wheel-track permanent deformation results for asphaltic wearing course mixes indicate 

that increasing of compaction temperature from 110 to 150 ºC will decrease the 

permanent deformation by 20.5 and 15.6 percent for coarse and fine gradation control 

asphalt mixtures respectively. While the rut depth (RD) decreases about 21.3 percent 

when the compaction temperature is increased from 110 to 150 ºC for coarse gradation 

SBS modified asphalt mixtures. 

2- The permanent deformation is increased with the increases in asphalt content from 

optimum AC to opt. + 0.5  percent asphalt content for conventional and modified 

asphaltic mixtures. For (RD) value, it can be found that it increases about 10.6  percent 

when asphalt content increases from 4.6 to 5.1 percent for conventional coarse asphalt 

mixture , while it increased about 8 percent when asphalt content from 4.9 to 5.4 percent 

for SBS modified asphalt mixture 

3- Wheel-track permanent deformation results showed effect of aggregate gradation of 

mixture on permanent deformation, it concluded that rutting resistance of asphalt paving 

mixes is affected by the mix gradation of aggregate. Coarser gradation had higher 
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resistance to rutting from fine gradation of aggregate by 65.6 percent for conventional 

asphalt mixtures. 

4- The permanent deformation decreases about 23.5 and 30.6 percent when the cement filler 

is used in asphaltic mixtures instead of limestone filler for coarse and fine gradation 

mixtures respectively. The effect of type of filler on the mixture rutting potential was 

more significant for the fine mixture than the coarse mixture. 

5- The permanent displacement (RD) decrease about 37.22 and 29.5 percent when SBS 

polymer is used for coarse and fine gradation mixtures respectively. Based on the results, 

the use of asphalt modified by SBS polymers gives the coarse wearing course better 

rutting resistance than the fine gradation of the same asphalt performance grade. 
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NOMENCLATURES 
 

Term Meaning  

NCCLR National Center for Construction Laboratories and Researches  

NCHRP Cooperative Highway Research Program 

SBS Styrene-Butadiene-Styrene 

Superpave  Superior Performing Asphalt Pavement 

 
 

 

 

 
Figure 1.  A Plate shows Rutting Occurring in Pavements.  

 

Figure 2. Selected Gradation for Aggregated Used. 
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Figure 3 . Preparation of Asphalt mixture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Mixing of Asphalt Mixtures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  Asphaltic Slab before testing. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Wheel-Track device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Slab under compaction effort. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Slab under loaded Wheel during 

testing. 
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Figure 9. Effect of Compaction Temperature of control mixtures 

on Permanent Deformation. 
 

 

 

 

Figure 10. Effect of Compaction Temperature on Permanent 

 Deformation of Modified mixtures. 
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Figure 11. Effect of Asphalt content of conventional mixture on  

Permanent Deformation. 
 

 
 

Figure 12. Change in Permanent Deformation with  

Asphalt content.  
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Figure 13. Effect of Asphalt content of modified mixture on  

Permanent Deformation. 

 

 

Figure 14. Effect of Aggregate Gradation of mixture on  

Permanent Deformation. 
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Figure 15.  Effect of Type of Filler in mixture on Permanent 

Deformation. 

 

 

 

Figure 16. Effect of SBS Polymer on Permanent 

Deformation of mixtures. 
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Table 1. Properties of Asphalt Cement, according to ASTM Requirement and Iraqi 

Specifications.    

Test Test Conditions 
ASTM 

Designation 
Units 

Penetration grade 

40-50 

Test 

results 

SCRB 
specificatio

n 

Penetration 
100 gm, 25°C, 

5 sec., (0.1mm) 
D-5 

1/10 

mm 
45 40-50 

Rotational 

Viscometer, 

135 °C 
D-4402 Pas.sec. 

0.52 
…… 

165 °C 0.13 

Ductility 25°C, 5 cm/min D-113 cm >100 >100 

Flash Point …… D-92 °C 289 Min.232 

Specific Gravity 25°C D-70 …… 1.043 …… 

Softening Point (4±1) °C/min. D-36 °C 49 …… 

Residue from thin film oven test, D-1754 

%Retained 

penetration, of 

original 

(25 
o
C , 100 

gm , 5 sec) 
D-5 

1/10 

mm 
67.4 >55% 

Mass loss 
163 °C, 50gm, 

5 hr 
D-1754 % 0.38 ˂ 0.75 

Ductility of 

Residue 

25 
o
C , 5 

cm/min 
D-113 cm >100 > 25 

 

 

 

 

Table 2. Percentage of Change in Permanent Deformation with 

Compaction Temperature. 

Rut Depth , mm  

Effect  of Temperature,  

110º to 150 ºC (%) 

Coarse gradation Fine gradation 

Control asphalt Mixtures -20.5 -15.6 

Modified asphalt Mixtures -21.3 - 
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Table 3. Percentage of Change in Permanent Deformation 

with Original Asphalt Content. 

Variable 

Effect  of Asphalt Content  

4.6 %  to  5.1 % 4.9 %  to  5.4 % 

Original Asphalt Content Modified Asphalt Content 

Rut Depth , mm 10.6 8.0 

 

 

Table  4. The Change in Permanent Deformation with Type of Filler. 

Rut Depth , mm 
Effect  of Type of Filler , % 

From (lime) to (cement) 

Coarse gradation -23.5 

Fine gradation -30.6 

 

 

Table 5.  Percentage of Change in Permanent Deformation with Polymers Content. 

Variable 
Effect  of Polymer (SBS) Content (%) 

Coarse gradation Fine gradation 

Rut Depth , mm -37.22 -29.5   
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ABSTRACT 

The non-isothermal crystallization kinetics and crystalline properties of nanocomposites 

poly butyleneterephthalate, [PBT] /multiwalled-carbon nanotubes (MWCNTs) were tested by 

differential scanning calorimetry (DSC). PBT/(MWCNTs) nanocomposite was prepared by 

ultrasonicated of MWCNTs (0.5, 1, 2, 4 wt %) in dichloromethane (DCM) and after that the 

powdered PBT polymer was added to the MWCNTs solution. The non-isothermal crystallization 

results show that increasing the MWCNTs contents, decreased the melting temperature (Tm) of 

PBT/(MWCNTs) nanocomposite as compared with pure PBT, while resulting in improving the 

degree of crystallinity. These results indicated that a little amount of MWCNTs can be evident 

strong nucleating agent in PBT nanocomposites. Avrami kinetics model results given a good 

agreement with the frequent investigation. The Kissinger method shows the MWCNTs had a 

well nucleation effect on the crystallization of PBT, and the enhancement activation energy (Ea) 

with increased the MWCNTs in PBT/ (MWCNTs) nanocomposite. 

Keywords: crystallization, kinetics, poly (butyleneterephthalate), carbon nanotubes, 

nanocomposites 

 

 ًوذجة حزكية تبلور البولي بيوتليي تيزفيثالات الوذعن بأًابيب الٌاًو كاربوى الوتعذد الجذراى

 
 م.د. سعذ رحين سلطاى, م.د. عاهز عزيز عبذالزحوي و م.م. أياد داري جعفز

 قسن الهٌذسح الكيوياويح – الداهعح الركٌىلىخيح

 

 الخلاصة

دساسح حشكيح وخىاص الرثلىس لوشكة الثىلي تيىذليي ذيشفيثالاخ الوذعن تالاًاتية الٌاًىيح الكاستىًيح الورعذدج الدذساى  دذو

. اثثرد تاسرخذام الواسح الرفاضلي الكشوهىذىغشافي.  ذن ذحضيش الوشكة تٌسة وصًيح هخرلفح هي الاًاتية الٌاًىيح الكاستىًيح

تيىذليي  هي دسخح حشاسج الاًصهاس تالوقاسًح هع الثىلي ذٌقض الاًاتية الٌاًىيح الكاستىًيحًسثح  ًرائح حشكيح الرثلىس اى صيادج

الكاستىًيح في الثىليوش.  ًاتية الٌاًىيحهزج الٌرائح ذثيي الرذاخل الىاضح للآالٌقي تالاظافح الى ذحسيي دسخح الرثلىس. ذيشفيثالاخ

لحساب طاقح الرٌشيظ اثثد اى  Kissingerاعطاء ًرائح خيذج وهطاتقح هع الثياًاخ العوليح, كزلك ًوىرج  Avramiًوىرج 

 ذضيذ هي طاقح الرٌشيظ لحشكيح الرثلىس.  الاًاتية الٌاًىيح الكاستىًيحصيادج ًسثح 

 حكثاخ ًاًىي> ذثلىس ,حشكيح, تىلي تيىذليي ذيشفيثالاخ. اًاتية الٌاًى كاستىى , هش الكلوات الزئيسية
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1. INTRODUCTION 

 

 Poly butyleneterephthalate is a traditional semi crystalline polymer and used in various 

engineering and electrical applications such as an insulator and housings, because of high rate of 

crystallization, hardness, thermal stability, and extremely good flow properties, Mai, et al.,2006, 

Usuki, et al., 2005. 

Many researchers have been devoted toward the performance of crystallization and mechanical 

properties of PBT such as injection molding, Xiao, et al., 2007, Kim, et al., 2006, with different 

nanoparticles including carbon nanotube (CNT), Kim, et al., 2009, Rejisha, et al., 2017, organic 

clay Saeed, and Khan, 2015, Chang, et al., 2005, etc. The importance of the use of carbon 

nanotubes (CNT) in new types of nano scale polymer appeared where it adds enhancements for 

exceptional properties with high balanced amounts and little volume. 

Carbon nanotubes (CNT) have been discovery by Iijima, 1991. Three types of nanotubes can be 

considered of minor importance which are: 1- single-walled carbon nanotubes [SWCNTs], 2- 

multi-walled carbon nanotubes [MWCNTs] and 3- double-walled carbon nanotubes [DWCNTs]. 

A multiwall carbon nanotubes (MWCNTs) are made up of various layers of carbon tubes having 

a common axis, with diameters from (10 – 50) nm and length above than 10 mm. 

A well dispersed and entrenched were observed by functionalized carbon nanotubes (FCNT) 

inside PBT polymer by solution casting technique, which consequently led to make efficient 

properties of the nanocomposite such as the mechanical and thermal ones when compared with a 

neat PBT, Saeed and Khan, 2014. 

Rejisha, et al., 2014. evaluated the action of (MWCNT) on the properties of poly 

butyleneterephthalate(PBT)/polycarbonate (PC) blends. The authors showed that small amount 

of MWCNT shows better rise in the properties of the blends of PBT/PC nanocomposite when 

compared to nanoclays or inorganic fillers. 

Recently, solution casting technique was used to get (kaolin clay/PBT) composites films by 

Saeed, and Khan, 2015.The product showed that the supplements of clay polymer matrix were 

significantly better on the module and tensile strength of [PBT] polymer matrix, and when 

combination of clay into matrix, the dimensions of sphere ulites of PBT were reduced. 

 

In the present work, the effect of MWCNTs on the crystalline properties of PBT was 

investigated. In addition, the non-isothermal crystallization kinetics behaviors of PBT/ 

(MWCNTs) nanocomposite were carried out using differential scanning calorimetry (DSC). 

 

2. EXPERMENTS 

2.1 Materials 

 

 The PBT was purchased from (Shenzhan Plastic Company China). The Multi walled carbon 

nanotubes (MWCNTs) (purity >95 %) was supplied from Shenzhen Company. The solvent 

dichloromethane (DCM) was obtained by Merc Company.  

 

 

https://en.wikipedia.org/wiki/Electrical_insulation
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2.2 Sample Preparation 

 

 The different weight percentage of MWCNTs solution (0.5 - 4 wt %) was prepared by 

adding MWCNTs to dichloromethane and ultrasonicated with ultrasonic cleaning bath for 90 

min at ambient temperature. After that the PBT polymer was added to prepare MWCNTs 

solution. Finally, the produced PBT/(MWCNTs) nanocomposite was stirred at 1500 rpm for 30 

min. 

 

2.3. Differential Scanning Calorimetry (DSC) 

 

 Differential Scanning Calorimetry (DSC) is a primary technique for measuring the PBT/ 

(MWCNTs) nanocomposite crystallinity and melting points. The DSC test is proceeding under 

the gas flow rate of nitrogen with a heating rate about 20 
o
C/min using SETARAM, 131 EVO, 

France instrument as shown in Fig. 1. Through the test, the variance for heat flow between the 

sample and reference is registered by a computer. Depending on the DSC operating conditions, 

the test is held for about 1 hour. When making changes in phase are detected, where the 

exothermic changes such as crystallization, cross-linking and oxidation represented the upward 

peak while the endothermic changes such as glass temperature (Tg) and melting temperature (Tm) 

represented the downward peak on the DSC diagram. 

 

3 REUSELTS AND DISCUSSION 

3.1 Non-Isothermal Crystallization Method  

 

 Non-isothermal crystallization kinetics as well as crystalline behavior of PBT/MWCNTs 

nano composite were scrupulous by utilized (DSC) test at a given heating and cooling rates.

From (DSC) tests, the parameters for the melting enthalpy (ΔHm), peak for the crystallization 

temperature (Tp) and for the melting temperature (Tm) can be obtained.  

The crystallinity percentage (Xc) can be calculated from: 

 

   
   

   
                                                                                                                                            

  

 The theoretical value for the heat of fusion for 100 % crystal PBT (ΔH°=140 J/g) was 

acquired and listed in Table 1, Sabu T. and Visakh P.  2011. 

 The DSC curves for virgin PBT as well as PBT/MWCNTs nanocomposites are illustrated in 

Fig. 2 (a and b). It is obvious that the peak crystallization temperature (Tp) of virgin PBT at 190 

°C, while the Tp for PBT/MWCNTs nanocomposite has moved to a high temperature (200–203 

°C). These results indicate that the MWCNTs represent professional nucleating agent for the 

PBT nanocomposite crystallization rate as compared with the virgin PBT polymer.  

 

 Fig. 2-b depicts the second scan DSC for the virgin PBT as well as PBT/MWCNTs nano 

composites samples. It was found that increasing the MWCNTs contents resulted in melting 
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temperature (Tm) decrease as compared with pure PBT. Table 1 shows the result in 

enhancement the degree of crystallinity (Xc). In context, it has been revealed that 1 wt% 

MWCNTs gives an 11 % higher crystallinity of PBT/MWCNTs nanocomposite than its pure 

PBT, these resulted specified the appearance of nucleation PBT crystallization in the 

nanocomposite, this is due to the interaction between surface treated MWCNTs nanoparticles 

and the PBT segments. Saligheh, and Forouharshad, 2011. 

 

 In addition, when the stacking of nanotubes is little, the portability of the PBT 

macromolecular chains can be improved in this way, the crystallization rate and level of 

crystallinity of the PBT samples expanded, when the substance of nanotubes expanded, the 

fillers began to hinder the activation of the PBT macromolecular chains and keep 

macromolecular sections from acquiring request arrangement of crystal lattices cross sections. 

Hence, the fuse of a little amount of MWCNTs could adequately upgrade the crystallization of 

the PBT nanocomposite through heterogeneous nucleation, Saligheh, and Forouharshad, 2013. 

 

3.2 Crystallization Kinetics Model 

 

 The crystallization kinetics analyzing for the polymer materials can be demonstrated by 

Avrami model. Relative crystallinity (Xt) can be connected with crystallization time (t) by the 

suggested   model, Fanfoni, M. and  Tomellini M., 1998: 

                                                                                                                                              

Or,  

                                                                                                                            

Where dH/dt is enthalpy rate and equation (4) can be used to calculate Xt: 

     ∫ (
  

  
)     ∫ (

  

  
)   

 

 

 

 

                                                                                                        

 

 Accordingly, figure (3) shows the relation of relative crystallinity with crystallization time 

of pure PBT as well as PBT/MWCNTs nanocomposites. It seems that the PBT/MWCNTs 

nanocomposites require less crystallization time to approach the same relative crystallinity at 

different rates of cooling as compared with pure PBT. 

 Fig.4 shows the relation of ln (-ln(1-Xt)) with ln(t) of the pure PBT as well as 

PBT/MWCNTs nanocomposites according to equation (3) will give the slope (n), the Avrami 

index, and the intercept, ln(K). Table (2) shows the kinetic parameters for the samples of the 

nano composites. The parameter of Avrami index (n) describes the growing mechanism and 

geometry of crystallization, and the parameter ln(K) describes the growth rate under the non-

isothermal crystallization process.  

 From Table 2, it can be seen that the Avrami index (n) values for pure PBT are larger than 

that of PBT nanocomposites. Similar values were also reported by some researchers for PBT 

within the range of (3.0 − 4.0). Apparently, the (n) value decreases with the MWCNTs content 

which shows that MWCNTs nanoparticles gives a good nucleating agents for PBT, Hu,et al., 

2008. 

http://link.springer.com/article/10.1007/BF03185527#author-details-1
http://link.springer.com/article/10.1007/BF03185527#author-details-2
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3.3 Activation Energy For PBT/MWCNT Nanocomposites 

 

 The thermal dynamic examination will provide the data of polymer intraparticles. Kissinger 

strategy may be the ultimate regularly utilized, through the activation energy of non-isothermal 

crystallization that can be effectively gained, Kim, 2011. 

 The equation below shows the fundamental form of Kissinger equation, where (β) the 

cooling rate, (Tp) the peak temperature, (Ea) the activation energy and (R) the gas constant. 

Zhiying et al., 2014. 

 

  (
β

  
 
)         

  

   
                                                                                                                           

   

Fig. 5 shows the test of Eq. (5) by plotting ln(β/  
 ) with (1/Tp). From the straight line and taking 

the slope, Kissinger activation energy (Ea) for PBT-MWCNTs nanocomposites can be 

determined. The Ea values for PBT-MWCNTs nanocomposites at different MWCNT nano 

particles are shown in Fig. 6. It is clearly noticed the Ea values of all composites samples are 

higher than the pure PBT. It has been revealed that 4 wt% MWCNTs gives an 10 % higher Ea of 

PBT/MWCNTs nanocomposite than its pure PBT. This is a good signale that MWCNTs 

nanoparticles own well nucleation results on the crystallization of PBT/MWCNTs 

Nanocomposites, Kim, et al., 2005. 

 

 

4 CONCLUSIONS 

 

 PBT/(MWCNTs) nanocomposite has been successfully synthesized by ultrasonicated of 

MWCNTs (0.5, 1, 2, 4 wt%) solution in PBT polymer. (DSC) analysis were utilized to 

investigate the kinetics for PBT/ (MWCNTs) nanocomposite as non-isothermal crystallization. A 

little amount of MWCNTs can evidently be a strong nucleating agent in PBT nanocomposites. 

On other hand, Avrami kinetics model results had given a good agreement with the frequent 

investigation and the existence of MWCNTs in PBT/(MWCNTs) nanocomposite gives an 10 % 

higher increases of the activation energy (Ea). 

 

REFERENCES 

 

 Chang, Y W, Kim, S S, & Kyung, Y B, 2005, Poly (butyleneterephthalate)–clay 

nanocomposites prepared by melt intercalation: morphology and thermo mechanical 

properties, Polymer International, 54(2), 348-353. 

 Fanfoni, M. and  Tomellini M., 1998. The Johnson-Mehl- Avrami-Kohnogorov model: A 

brief review. Volume 20, Issue 7, pp 1171–1182. doi:10.1007/BF03185527.  

http://link.springer.com/article/10.1007/BF03185527#author-details-1
http://link.springer.com/article/10.1007/BF03185527#author-details-2
http://link.springer.com/journal/11544/20/7/page/1


Journal of Engineering         Volume    23   March  2017  Number 3 
 

 

64 

 

 Forouharshad, M S., Arasteh R F., 2010. Manufacture and characterization of poly 

(butylenesterephthalate) nanofibers by electro spinning, J MacromolSci Part B: Phys 

49(4):833–842. 

 Hu G., Feng X., Zhang S., Yang M., 2008, Crystallization behavior of poly(ethylene 

terephthalate)/multiwalled carbon nanotubes composites, J. Appl. Polym. Sci. 108, 4080–

4089. 

 Iijima, S., 1991, Helical Microtubles of Graphitic Carbon, Nature, 354, 56-58. 

 Joseph, H., Koo, 2006,Polymer Nanocomposites Processing, Characterization, and 

Applications, McGraw-Hil. 

 Kaganj, AB, Rashidi A., Arasteh R., 2009, Crystallization behavior and morphological 

characteristics of poly(propylene)/multi-walled carbon nanotube nanocomposites, J 

ExpNanosci 4(1):21–34. 

 Kim, J. Y.; Kang, S. W. & Kim, S. H. ,2006, Thermo tropic Liquid Crystal Polymer 

Reinforced Poly (butylenesterephthalate) Composites to Improve Heat distortion 

Temperature and Mechanical Properties, Fibers & Polymers, 7, 358-366. 

 Kim, J. Y., 2009, The Effect of Carbon Nanotube on the Physical Properties of 

Poly(butyleneterephthalate) Nanocomposite by Simple Melt Blending, J. Appl. 

Polym. Sci., 112, 2589-2600. 

 Kim, J. Y. , 2011, Advances in Nanocomposites Synthesis, Characterization and Industrial 

Applications. Dr. Boreddy Reddy (Ed.), ISBN: 978-953-307-165-7. 

 Kim, J. Y.; Kang, S. W.; Kim, S. H.; Kim, B. C. & Lee, J. G. ,2005, Deformation Behavior 

and Nucleation Activity of a Thermo tropic Liquid-crystalline Polymer in Poly 

(butylenesterephthalate)-Based Composites. Macromol. Res., 13, 19-29. 

 Mai,Y.and Zhong-Zhen Y.,2006, Polymernanocomposites, Boca Raton Boston New York 

Washington, DC. 

 Rejisha, C. P., S. Soundararajan, N. S., and Palanivelu K., 2014, Effect of MWCNT on 

Thermal, Mechanical, and Morphological Properties of Poly 

butyleneterephthalate/Polycarbonate Blends. Hindawi Publishing Corporation, Journal of 

Polymers, Volume 2014, Article ID 157137, 7. 

 Sabu T. and Visakh P. 2011. Handbook of Engineering and Speciality Thermoplastics: Vol. 

3. Polyethers ad polyesters.  John Wiley & Sons.  

 Saeed, Kh. and KhanI., 2014, Preparation and properties of single-walled carbon 

nanotubes/poly (butyleneterephthalate) nanocomposites . Iranian Polymer Journal, Volume 

23, Issue 1, pp 53-58. 

 Saeed,Kh.  and KhanI., 2015,  Characterization of clay filled poly (butylenes- terephthalate) 

nanocomposites prepared by solution blending.Polímeros ,vol.25 no.6 São Carlos. 

 Saligheh, O. A., Forouharshad M F., 2011, Poly(Butylene Terephthalate)/single wall carbon 

nanotubes composite nanofibers by electro spinning. J MacromolSci Part B: Phys 

50(6):1031–1041. 

 Saligheh, O. A., Forouharshad M. F., R. Araste, R. Eslami-Farsani, R. Khajavi& B. Yadollah 

Roudbari, 2013, The effect of multi-walled carbon nanotubes on morphology, crystallinity 

https://books.google.iq/url?id=crsa4udZf_MC&pg=PA173&q=http://www.wiley.com&clientid=ca-print-wiley_default&linkid=1&usg=AFQjCNEs0B7PUb0bRXCx5QOfOemsEE4qcQ&source=gbs_pub_info_r
http://link.springer.com/journal/13726
http://link.springer.com/journal/13726/23/1/page/1


Journal of Engineering         Volume    23   March  2017  Number 3 
 

 

64 

 

and mechanical properties of PBT/MWCNT composite nanofibers, J Polym Res 20:65 DOI 

10.1007/s10965-012-0065-5. 

 Usuki, A.,Hasegawa N. Kato, M.,2005,Inorganic Polymeric Nanocomposites and 

Membranes. AdvPolymSci  179: 135–195, DOI 10.1007/b104481. Springer-Verlag Berlin 

Heidelberg. 

 Xiao, J. F., Hu, Y. A., Lu, H. D., Cai, Y. B., Chen, Z. Y. J., & Fan, W. ,2007, Effect of order 

of mixing on morphology and thermal properties of the compatibilized PBT and ABS 

alloys/OMT nanocomposites,J. Appl. Polym. Sci., 104(4), 2130-2139.  

 Yang,W. ,Han Z.,Benhong Y., Hongdian L., Lei S. and Yuan H., 2014, Facile preparation of 

modified carbon nanotube-reinforced PBT nanocomposites with enhanced thermal, flame 

retardancy, and mechanical properties, Polymer Composites DOI: 10.1002/pc.23354. 

 Zhiying Z., Jia C., Haijing L. and Changfa X. 2014. Applicability of Kissinger model in 

nonisothermal crystallization assessed using a computer simulation method. Journal of 

Thermal Analysis and Calorimetry, Volume 117, Issue 2, pp 783-787. 

 

NOMENCLATURE 

 

Ea = activation energy, kJ/mol. 

K =crystallization rate constant, min 
-1

. 

n =avrami index, dimensionless. 

R =gas constant, J /mol. K. 

t =crystallization time, min. 

Tg =glass Temperature, 
o
C. 

Tm,  =melting Temperature, 
o
C. 

Tp =peck Crystallization Temperature, 
o
C. 

Xc =crystallization percentage, dimensionless. 

Xt =relative crystallization, dimensionless. 

β =cooling rate,
 o
C/min. 

ΔHm =melting enthalpy, J/g. 

ΔH
o
 =heat of fusion for 100% crystal of PBT, J/g. 

  

Table 1. Data of PBT and PBT/MWCNTs Nanocomposite for Nonisothermal crystallization. 

 

Cooling rate 

 (
o
C/min) 

5 

 

10 20 40 

 

At  

10 
o
C/min 

Sample Tp(
o
C) Tm, 

(
o
C) 

ΔHm 

(J/g) 

Xc 

(%) 

Neat PBT 190.00 183.50 175.72 165.80 224.6 50.13 35.81 

PBT/(0.5 wt%)MWCNTs  197.02 190.30 182.51 172.02 224 53.01 37.86 

PBT/(1 wt%)MWCNTs  199.10 192.41 184.80 174.54 223.6 55.67 39.76 

PBT/(2 wt%)MWCNTs  202.00 195.20 187.72 177.18 223.8 55.55 39.68 

PBT/(4 wt%)MWCNTs 205.05 198.37 190.63 180.51 223.5 54.83 39.16 

http://link.springer.com/journal/10973
http://link.springer.com/journal/10973
http://link.springer.com/journal/10973/117/2/page/1
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Mole_(unit)
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Table 2. Parameters come by Avrami kinetics model. 

 

Test Samples n K×10
2
 

Neat PBT 3.0303 0.726854 

PBT/ (0.5 wt. %) MWCNTs  2.7504  0.941266 

PBT/ (1 wt. %) MWCNTs  2.3065 5.269683  

PBT/ (2 wt.%) MWCNTs  1.7968  16.05741 

PBT/ (4 wt. %) MWCNTs  1.5786  30.09233 

 

 

 

 

Figure 1. DSC SETARAM, 131 EVO instrument. 
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Figure 2. (DSC) trace for electrospun PBT/MWCNTs nanocomposite. (a) Non-isothermal 

crystallization for nanocomposite, (b) 2
nd

scans of nanocomposite. 
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Figure 3. Divergence of relative crystallinity together with crystallization time. (Pure PBT as 

well as PBT/MWCNTs nanocomposites.) 

 

 

 

Figure 4. Plots of ln (-ln (1-Xt)) vs. ln (t). (Pure PBT as well as PBT/MWCNTs 

nanocomposites.) 
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Figure 5. Influence of ln(β/  
 ) on (1/Tp). (Pure PBT as well as PBT/MWCNTs 

nanocomposites.) 

 

 

 

Figure 6. The Ea values for PBT/MWCNTs nanocomposites at different MWCNT nano  

particles. 
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ABSTRACT 

The use of biopolymer material Chitosan impregnated granular activated carbon CHGAC 

as adsorbent in the removal of lead ions  pb
2+  

from aqueous solution was studied using batch 

adsorption mode. The prepared CHGAC was characterized by Scanning Electronic Microscopy 

(SEM) and atomic-absorption spectrophotometer. The adsorption of lead ions onto Chitosan- 

impregnated granular activated carbon was examined as a function of adsorbent weight, pH and 

contact time in Batch system. Langmuir and Freundlich models were employed to analyze the 

resulting experimental data demonstrated that better fitted by Langmuir isotherm model than 

Freundlich model, with good correlation coefficient. The maximum adsorption capacity calculated 

from the pseudo second order model in conformity to the experimental values. This means that the 

adsorption performance of lead ions onto CHGAC follows a pseudo second order model, which 

illustrates that the adsorption of Pb
2+

 onto CHGAC was controlled by chemisorption. The granular 

activated carbon GAC impregnated by Chitosan was effectively applied as adsorbent for the 

elimination of lead ions from aqueous solution. 

Keywords: adsorption, heavy metal ions, chitosan, granular activated carbon. 

 

 انمحمم عهى انكاربون انمنشط انحبيبي انرصاص مه انمحهول انمائي باستخداو انجيتاسونايون ازانة 

 
 عهي موسى رضا

 يذسط

 , اندايعت انخقٍُت انىسطى بغذاد-انكهٍت انخقٍُت انهُذسٍت

 

 انخلاصة

كًادة ياصة فً إصانت  CHGACفً هزا انبحث حى اسخخذاو يادة انبىنًٍش انحٍىي انشٍخىصاٌ انًحًم عهى انكاسبىٌ انًُشظ انحبٍبً 

Pbأٌىَاث انشصاص 
2+

ٍىي حٌعخبش انبىنًٍش ان .(Batch adsorption mode)يٍ يحهىل يائً باسخخذاو الايخضاص ًَظ انذفعاث  

حاثٍش كم يٍ الاوصاٌ انًخخهفت يٍ  حى دساست يٍ انًىاد انًاصة انًهًت انىاسعت الاسخخذاو لايكاٍَاحه انعظًٍت فً انكثٍش يٍ انخطبٍقاث.

انشٍخىصاٌ سظ انحايضً, وصيٍ انخًاط عهى عًهٍت الايخضاص اٌىٌ انشصاص عهى انى  pHاندٍخاسىٌ انًحًم عهى انكاسبىٌ, 

بىاسطت انًسح  (CHGAC)حى اخشاء ححهٍم نهًادة انًاصة انًحضشة . CHGACانًحًم عهى انكاسبىٌ انًُشظ انحبٍبً 

اٌ ثىابج يىدٌم لاَكًاٌش وفشَذنخ انًبٍُت عهى انُخائح  .ويقٍاط انطٍف انضىئً نلايخصاص انزسي (SEMالإنكخشوًَ انًدهشي )

هى الافضم يقاسَت لاَكًاٌشانخدشٌبٍت نعًهٍت الايخضاص لاصانت اٌىٌ انشصاص وخذ يُها يعايم الاسحباط انخً اوضحج باٌ انًىدٌم 

حى حساب اعهى  انًُشظ.يع يىدٌم فشَذنخ واكثش يلائًت نىصف ايخضاص اٌىٌ انشصاص عهى اندٍخاسىٌ انًحًم عهى انكاسبىٌ 

قذسة ايخضاص يٍ ًَىرج انخفاعم يٍ انذسخت انثاٍَت وفقا نهقٍى انخدشٌبٍت. وهزا ٌعًُ أٌ أداء عًهٍت ايخضاص أٌىَاث انشصاص عهى 

pbٌخبع ًَىرج انخفاعم يٍ انذسخت انثاٍَت, كزنك اوضحج أٌ ايخضاص  CHGACانًادة انًاصة 
2+

عهى خٍخاسىٌ انًحًم عهى  

 هى كًٍٍائٍا.  CHGACانكاسبىٌ  

  .خٍخاسىٌ, انكاسبىٌ انًُشظ انحبٍبً: الايخضاص, انًعادٌ انثقٍهت, انكهمات انرئيسية
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1. INTRODUCTION 

Water pollution caused by lead is a universal matter and has received worldwide attention.  

Lead is very toxic to human beings, animals, plants, and the general environment. Heavy metals 

such as lead, copper, mercury, and zinc in water that's used for drinking purpose can cause severe 

health hazards to human being and serious damage to the environment if not treated properly 

Kundra, et al., 2012.  

Lead is present in low concentration in wastewater and is difficult to remove from water. 

Pollutants in industrial wastewater are almost invariably so toxic that the wastewater has to be 

treated before its reuse or disposal in water bodies Singh, and Kaushal, 2013. It was found that one-

third of the total water pollution comes in the form of effluent discharge, solid wastes and other 

hazardous wastes Lokhande, et al. 2011. Wastewater is contaminated with lead from many 

industries such as battery manufacturing processes, metal-plating facilities, mining operations, 

paints, pigments, and other industries Bernard, et al. 2013. 

Treatment processes for metal contaminated waste streams include chemical precipitation, 

ion exchange, membrane separations (ultra filtration, reverse osmosis, electrodialysis) and 

adsorption. Natural materials or low cost material from industrial or agricultural operations may 

have a potential as inexpensive sorbents for heavy metal removal where, the cost is an important 

parameter for the comparison of sorbent materials. Adsorption is considered the simplest and most 

cost-effective technique Vereš, and Orolínová, 2009 . These low-cost adsorbents include cheap 

zeolites, clay, coal fly ash, sewage sludge, agriculture waste, tea waste, rice husk, coconut husk, 

name leaves, and biomass Thomas, and Crittenden, 1998; Kumar, et al., 2013; Abdelhamid et al. 

2012; Parmar, and Thakur, 2013. 

The maximum lead limit  for industrial wastewater discharged is 0.1 ppm maximum 

concentration according to Iraqi regulation 2001 for the preservation of water sources, 2001. 

Biopolymers are high potential adsorbents due to their biodegradability, non-toxicity, 

efficiency. These are cheap and thus are competitive with ion-exchange resins and activated carbon. 

They contain chemically active functional groups that serve as efficient sites to bind metal ions. 

Notably, Chitosan has the highest adsorption capacity among the biopolymers. It is a deacetylated 

derivative of chitin, the second most abundant organic compound in nature next to cellulose, and is 

extracted from the shells of crustaceans. It has several desirable characteristics such as 

biocompatibility, biodegradability, renewability, bioactivity, and non-toxicity Juang, et al., 1997; 

Varma and Kennedy 2004;  Zhoua, and Yangb, 2007. For over a decade, Chitosan has received 

considerable attention as an adsorbent for transition metal ions and organic species Annadurai, et 

al., 2008.  It chelates larger amounts of metal than chitin due to its excellent binding capacity, 

mostly attributed to the free amino groups exposed after chitin deacetylation. Moreover, Chitosan is 

soft and has a tendency to agglomerate or form gel. It is partially soluble in dilute mineral acids such 

as nitric acid (HNO3), hydrochloric acid (HCl), and phosphoric acid (H2PO4) Gyliene, and  

Visniakova, 2008; Nomanbhay, and Palanisamy, 2005 , and also soluble in dilute organic acids 

such as acetic acid (HAc), formic acid, etc. (Chen, et al., 2008).  In recent year, numerous studies of 

metal ion adsorption by Chitosan have been performed such as the removal of copper Saǧ, and 

Aktay, 2002, chromium Boddu, et al.,  2003, cadmium Evans, et al., 2002, iron Wan, et al., 2005, 

nickel, and lead ions from aqueous solution Paulino, et al.,  2007.  

The objective of this work is to use chitosan impregnated onto granular activated carbon as 

low cost adsorbent materials for the removal of lead from aqueous solution.  Equilibrium is studying 
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and carrying out for batch adsorption lead onto the chitosan impregnated granular activated carbon. 

The effect of batch adsorption parameters such as the mass of adsorbent, pH, and contact time had 

been investigated and the adsorption isotherms experiments have been interpreted by Langmuir and 

Freundlich isotherms.  

 

2. MATERIALS AND METHOD  

2.1 Materials 

2.1.1 Adsorbent 

Chitosan (moderate molecular weight, by Sigma–Aldrich Company) is used as received 

without any treatment. The granular activated carbon GAC (Filtrasorb 400, Calgon, Pittsburg, PA)  

was dried in the oven at 100 
o
C and 24 h to elimenate any moisture existing and then kept in an air 

tied bottle until use. The physical properties of GAC  were examined at laboratory of Cincinnati 

University, USA and presented in Table 1. 

2.1.2 Adsorbate 

Anhydrous lead nitrate salt pb(NO3)2 was used as pb
2+

 metal ions. Analytical-grade of lead 

nitrate salt (99% purity, and molecule weight 331.2 g/mol). 1000 mg/l standard stock solution of 

lead ions pb
2+

 was obtained by dissolving lead nitrate salt pb(NO3)2 in deionized water. The 

chemicals used in this research are annular grade produced by Sigma–Aldrich company. 

2.2 Preparation of Chitosan impregnated over granular activated carbon 

Impregnation of chitosan over granular activated carbon CHGAC was done using the 

methods of  (Wan, et al., 2004) with only slight modifications. “Standard stock solution of the 

chitosan was prepared as 10 g/L in 1% (v/v) of acetic acid solution. The granular activated carbon 

GAC was soaked in the chitosan solution for 24 h at room temperature. After filtration and washing 

with distilled water to remove excess chemicals and reach neutral pH, the adsorbent was immersed 

in sodium hydroxide 0.1M solution in order to obtain the adsorbed Chitosan. Finally, the prepared 

adsorbent was dried in oven at 80 
o
C for 6 h and kept in a desiccator until experimental use”. 

2.3 Batch Adsorption Experiments 
The removal of pb

2+
 from aqueous solution onto CHGAC was achieved in a batch adsorption 

system. The effect of operating variables on the adsorption process has been studied by: 

2.3.1 Effect of Adsorbent weight  

The removal of pb
2+

 from aqueous solution onto CHGAC was performed in a batch 

adsorption system. To evaluate the best dosage of the CHGAC for removal of pb
2+

 ions, the 

different dosages (5, 15, 25, 50, 75,100, 200, 300, 400 mg) of CHGAC were placed to 50 mL of lead 

ions solution pb
2+

. The initial concentration of pb
2+

 solution was maintained at 100 mg/L. All 

experiments were carried out at 25
o
C, pH 7, and 100 mg/L initial concentration of pb

2+
  ion solution. 

The desired pH was kept using 1 M HCl and 1 M NaOH. The CHGAC solution was added in bottles 

and then shaken for 10 days in a rotary shaker. The agitation speed was fixed at 140 rpm. The 

samples were then separated after shaking by filtration employing filter paper. The pb
3+

 ion 

concentrations of supernatant were measured by using the atomic-absorption spectrophotometer. 
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2.3.2 Effect of pH 

The effect of pH on the removal process of lead ions pb
2+

 from aqueous solution onto 

biopolymer adsorbent was studied in batch adsorption system. The experiments were conducted to 

evaluate the best pH of metal ions solution, the best amount of adsorbent was placed in 50 ml of 

metal ions pb
2+

 solution at initial concentration of 100 ppm and desired pH value. The pH of the 

initial metal ions Pb
2+

 concentration was varied at 2, 4, 6, 8, and 10. The contents in the bottles were 

shaken in the rotary shaker at 150 rpm and 25
o
C. Then the samples were filtered and the lead ions 

pb
2+

 solution concentration of the filtrate was analyzed by the atomic-absorption spectrophotometer.   

2.3.3 Effect of time 

The effect of contact time for the removal of Pb
2+

 onto biopolymer composite was 

investigated for varied time range 2h to 10 days. The best amount of adsorbent was added to the 

bottles containing 50ml of lead ions solution at initial concentration of 100 ppm. The contents in the 

bottles were mixed in the rotary shaker at 150 rpm and 25
o
C. The bottles were then pulled out of the 

shaker at predetermined time intervals. Then the samples filtered and the lead ions solution 

concentration of the filtrate was analyzed by the atomic-absorption spectrophotometer.     

2.4 Adsorption isotherm models 

An adsorption isotherm is a curve relating the equilibrium concentration of an adsorbent onto 

the surface of solid substance, qe, to the concentration of the adsorbent in the liquid phase, Ce, with 

which it is in contact. The analysis of the equilibrium adsorption isotherms data is very important to 

study the adsorption capacity and equilibrium coefficient for Sulaymon, et al., 2012. The 

applicability of relationship between the experimental adsorption capacities and the metal ions 

concentrations (adsorption isotherm) have been widely used by the Langmuir and Freundlich 

models Kaushal, and Upadhyay, 2014. The amount of adsorption at equilibrium, qe(mg/g), is 

given by Eq. (1): Grassi, et al., 2012. 

 

    
        

 
                                                                                                                                (1) 

Where Co and Ce (mg/L) are the initial and equilibrium  concentration of the solute, respectively, V 

is the volume of the liquid (L), and m is the mass of solid substance  (g). Sorption efficiency can be 

described by an adsorption isotherm according to the general Eq. (2) Oliveria, et al., 2005.  

 

                     
     

  
                                                                                           (2)  

  

There are several models for predicting the equilibrium distribution.
 

2.4.1 Langmuir isotherm model 

The Langmuir sorption isotherm (Langmuir, 1916) model maybe the well known and most 

widely used in sorption isotherm. This model is used to illustrate quantitatively the formation of a 

monolayer adsorbate (metal ions) on the outer surface of the adsorbent solid substance), and after 

that no further adsorption takes place. Thereby, the Langmuir is valid for representing the 

equilibrium distribution of adsorbate (metal ions) between the solid surface and bulk solution     
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Dada, et al., 2012. It has provided significant agreement with a wide range of experimental data. 

The Langmuir isotherm equation is shown in Eq. (3)Abdul Latif, et al., 2013 .   

 

   
      

      
                                                                                     (3) 

 

Then Eq. (3) can be rearrangement in linear form: Saibaba, and King, 2013.  

 
 

  
   

 

  
  

 

    

 

  
                                                                    (4) 

 

Where Ce is the equilibrium concentration of metal ions (adsorbate) in the bulk solution (mg/l), qe is 

the equilibrium adsorption capacity (mg/g),  kL (L/g) is Langmuir parameters and qm (mg/g) the 

maximum adsorption capacity. 

2.4.2 Freundlich isotherm model 

The Freundlich equation isotherm (Freundlich, 1906) is an adsorption isotherm, which is a 

relation of the solute concentration on the surface of an adsorbent (solid substance), to the solute 

concentration in the liquid with which it is in contact. 

Freundlich adsorption isotherm is applicable for heterogeneous systems and involves 

formation of multilayers. Freundlich adsorption isotherm can be provided from the following 

formulas Ho, 2003: 

 

          
   

.                                                  (5) 

 

The logarithmic form of the equation gives: 

 

               
 

 
     ,                                                        (6) 

 

where n and Kf are Freundlich constants. They provided from the intercept and slope of a linear plot 

of log qeverses log Ce  Saibaba, and King, 2013. 

2.5 Kinetic of Adsorption 

The kinetic of adsorption of metal ions Pb
2+

 on polymer composite has been evaluated. The 

experimental data were examined by pseudo-first-order kinetics, pseudo-second-order kinetics of 

adsorption process. 

2.5.1 Pseudo first-order kinetics 

 The pseudo-first-order kinetics model also known as the Lagergren kinetic equation is widely 

used to understand the kinetic behavior of the system Ho, 2003. It is given by the Eq. (7) 

 

                     
  

     
  ,                                                 (7) 
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Where qe and qt are the adsorption capacity of metal ions pb
2+

 at equilibrium and at time(mg.g
-1

), k1 

is reaction rate constant of the pseudo first order (min
-1

).  

2.5.2 Pseudo second-order kinetics 

The pseudo-second-order kinetics model is represented by the Eq. (8) 

 
 

  
  

 

     
   

 

  
,                                                                (8) 

 

Where k2 is the reaction rate constant of the pseudo-second-order model.  

3. RESULTS AND DISCUSSION 

3.1 Scanning Electronic Microscopy 

The scanning electronic microscopy (SEM) images of the surface morphology of activated 

carbon, chitosan, and chitosan-impregnated activated carbon are presented in Figure 1. It is clear 

that the surface of GAC before the impregnation of chitosan is  irregular with  coarse particles with 

different particle sizes and rough surface (Fig. 1a). The chitosan surface  has regular shape with 

smooth structure and larger particle sizes than CHGAC as shown in (Fig. 1b).The morphology of 

CH-GAC obtained by SEM in (Fig. 1c) has irregular surface with many pores on the surface. These 

results might explain the enhancing of adsorption capacity of CHGAC for lead ions. This 

phenomenon could have been due to the reduction of the pores. Consequently, the reduction of the 

particles size increases the adsorption capacity of lead ions onto adsorbent GAC. The above results 

are confirmed by Maghsoodloo, et al., 2011.  

3.2 Adsorption Equilibrium 
3.2.1 Effect of adsorbent weight 

The effect of different chitosan impregnated GAC adsorbent dosage 5, 10, 20, 30, 40, 50, 60, 

80,100 mg on the percentage of adsorption efficiency is presented in Fig. 2. This figure illustrates 

that the increase of adsorbent amount will increase the percentage of adsorption efficiency. It has 

been observed that the adsorption rate increased quickly in the beginning adsorption period at 

adsorbent dosages from 5 to 50 mg. This behavior could be explained by large surface area of 

composite adsorbent as well as large number of sites for the adsorption of lead ions. In addition, it 

can be found that the observed constancy in the percentage of lead adsorption efficiency at upward 

of 50 mg. This behavior may be due to very weak interaction between the adsorbent and adsorbate. 

In solution, the concentration appears to obtain a steady state with adsorbed species and so 

regardless the amount of adsorbent present, there will be a residual concentration of ions in solution. 

Adsorption of metal ions on these types’ materials is generally attributed to weak interaction 

between the adsorbents and absorbents. In conclusion, according to the reasons mentioned, the 50 

mg is selected as an optimum amount of chitosan impregnated GAC. 
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3.2.2 Effect of pH 

The pH is one of the most important operational parameters of adsorption of heavy metals. 

The effect of different pH 2, 4, 6, 8, and 10 on the lead adsorption at chitosan impregnated GAC 

(adsorbent) are shown in Fig. 3. The experiments of batch adsorption were conducted with the metal 

solution of 50mL in volume and 50 mg/L initial concentration, 10 days agitation time at 150rpm, 

and optimum dosage of 50 mg for composite adsorbent. Fig. 3 shows that the rate of lead adsorption 

is mainly controlled by the pH of lead ion solution, the percentage of lead adsorption efficiency 

started to increase with the increase in pH from 2-5.5. Therefore, the percentage of lead adsorption 

efficiency increased from 18.8 % to 99.4%, for composite adsorbent. Whereas, the percentage of 

adsorption efficiency gradually decreased with increase pH from 5.5-10. At pH higher than 5.5 the 

lead ions is precipitated due to the formation of hydroxide and removal process due to lead ions 

adsorption was very low. In contrast, at pH less than 5.5, the concentration of protons was high and 

lead ions binding sites became positively charged repelling the lead. Consequently, the optimum pH 

value for synthetic solution of lead ion can be obtained at (5.5).  

3.2.3 Effect of time 

The effect of contact time on the lead adsorption onto composite adsorbent is presented in 

Fig. 4. The optimum weight of CHGAC adsorbent was added to the bottles containing metal ion 

solutions pb
2+

 of optimum pH. The bottles were mixed in a rotary shaker at different time-periods 

varying between 3 and 30 hours at 140 rpm and 25
o
C. The lead solution was then filtered by filter 

paper. The remaining of pb
2+

 ion concentrations in the filtrate was determined by using the atomic-

absorption spectrophotometer. It can be seen that the adsorption efficiency of lead onto composite 

adsorbent increased with an increase in contact time. Thus, the adsorption rate was very high at the 

beginning of adsorption period. Lead adsorption efficiency of 99 % was obtained within first 2 

hours using composite adsorbent. This behavior could be explained by the availability of large 

number of vacant sites for lead adsorption, which is well agreed with Wan, et al., 2011. Therefore, 

the optimum contact time for lead ions removal was selected at 6 hr. 

3.3 Adsorption Isotherms models 

The adsorption isotherms curves from experimental data are evaluated by plotting the mass 

of the metal ions adsorbed per unit mass of adsorbent (qe) and the equilibrium concentration of the 

adsorbate (Ce). The experimental data for the lead adsorption onto the CHGAC adsorbent was 

examined over an initial concentration range from 20 mg/l to 200 mg/l. Fig. 5 describes the 

adsorption isotherm curves for Pb ions onto Chitosan-impregnated activated carbon. The efficiency 

of the lead ions adsorbed was obtained using Eq. (2). 

The isotherm adsorption models were applied to the experimental data for Pb adsorption 

onto chitosan-impregnated activated carbon to understand the potential adsorption mechanism. 

These models comprised Langmiur isotherm theoretical model and Freundlich isotherm theoretical 

model. Fig. 5 demonstrates the experimental data and the isothermal models data obtained from 

Langmiur and Freundlich isotherm. The correlation coefficients and constants for Langmiur and 

Freundlich isotherm models are presented in Table 2. The resulting data in Fig. 5 showing that the 

adsorption capacity of Pb metal ions onto chitosan impregnated activated carbon increases with 

increasing the solution concentration. This could be explained according to the amino functional 
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group in chitosan composition where the suitable chemical attracting such as electrostatic binding 

can take place between adsorbent and adsorbate.  

All the adsorption sites on the adsorbent surface were relatively free of lead metal ions 

(vacant). After that lead metal molecules were reached to the adsorbent surfaces may attach instantly 

to the protonated functional groups of the chitosan (-NH3). The values of the correlation coefficient 

R
2
 from Table 2 demonstrate that Langmuir isotherm better fit to the experimental adsorption data 

than Freundlich adsorption isotherm. 

3.4 Kinetics of Lead Adsorption 

The experimental data were analyzed by pseudo first order kinetics Eq. (7) and the pseudo 

second order kinetics Eq. (8) to describe the mechanism of adsorption reaction. 

3.4.1 Pseudo first order model 

The value of rate constant k1 and qe are obtained from the slope and intercept of plots of log 

(qe-qt) against time respectively as shown in Fig. 6. The calculated values of qe as listed in Table 3 

are much lower than the experimental values. The values of correlation coefficients R
2 

of pseudo 

first order model are lower than pseudo second order model indicating that the Pb adsorption does 

not obey pseudo first order kinetic. 

3.4.2 Pseudo second order model 

The value of rate constant k2 and qe can be evaluated from the slope and the interception of 

plot of (t/qt) against time respectively as shown in Fig. 7. The values of the rate constants, 

maximum adsorption capacity, and the correlation coefficients are presented in the Table 3. The 

pseudo second order models depend on the assumption that the rate-controlling step may be 

chemisorption, which involves valence forces by sharing or electron exchange between the 

adsorbent and the adsorbate. The maximum adsorption capacity calculated from the pseudo second 

order model is in accordance with the exponential values. This implies that the adsorption obeys a 

pseudo second order model. The plot of (t/qt) versus t directly increases with linear slope showing 

that chemisorption is the main rate-controlling step of the adsorption process.  

 

The granular activated carbon impregnated by chitosan was effectively used as an adsorbent 

for the elimination of lead ions from aqueous solution. The experimental data have been analyzed by 

Langmuir isotherm model is more acceptable than using Freundlich model. Where, the parameters 

of these models with correlation coefficients were calculated. The results of adsorption data 

exhibited a better fit to Langmuir isotherm model. The adsorption performance of lead ions onto 

CHGAC followed a pseudo second order kinetic model, which described that the adsorption of Pb
2+

 

onto CHGAC was controlled by chemisorption. The maximum adsorption capacities calculated 

from the pseudo second order model are in accordance with the exponential values. 
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Table 1. The Physical Properties of Granular Activated Carbon (Sigma–Aldrich Company). 

 

Product name Granular Activated Carbon, GAC  

Composition Carbon C 

BET Surface area m
2
/g 819.2815 

Average pore diameter (4V/A): 49.890 Å 

BJH adsorption cumulative volume of pores between           

17.000 Å and 3000.000 Å diameter 
0.307097 cm³/g 

T-Plot Micropore volume 0.315204 cm³/g 

 

 

(a)                                                                         (b) 
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(c)  

Figure 1. SEM images of (a) Chitosan (b) Granular Activated Carbon GAC and(c) Chitosan 

impregnated granular activated carbon CHGAC. 

 

 

 

 

 

 

Figure 2. Effect of amount of chitosan impregnated GAC on the adsorption of lead ions (pb
+2

). 
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Figure 3. Effect of pH on the removal efficiency of Pb
+2

 onto CHGAC.  

 

 

 

 
 

Figure 4. Effect of time on the removal efficiency of Pb
2+

 onto CHGAC. 
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Figure 5. Adsorption isotherm of experimental, Langmuir, and Freundlich of CHGAC 20
o
C. 

 

Table 2. Langmuir isotherm and Freundlich isotherm constants of CHGAC. 

Langmuir Constants Freundlich Constants 

qm kL R
2
 1/n kf R

2
 

135.1351 3.155405 0.9981 0.4232 33.18945 0.9232 
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Figure 6. Pseudo first order kinetic for Pb adsorption onto chitason impregnated GAC at room 

temperature. 

Table 3. Kinetics models parameters for Pb adsorption onto Chitason impregnated GAC. 

Pseudo first order Pseudo second order 

qe, exp 

k1 qe, cal R
2
 k2 qe, cal R

2
 

-0.00139 38.4858 0.9545 0.00011 56.8182 0.9891 59.3533 

 

 

 

 

 

 

 

 

 

Figure 7. Pseudo second order kinetic for Pb adsorption onto chitason impregnated GAC at room 

temperature. 
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ABSTRACT 

In this work, the design and implementation of a smart energy metering system has been 

developed. This system consists of two parts: billing center and a set of distributed smart 

energy meters. The function of smart energy meter is measuring and calculating the cost of 

consumed energy according to a multi-tariff scheme. This can be effectively solving the 

problem of stressing the electrical grid and rising consumer awareness. Moreover, smart energy 

meter decreases technical losses by improving power factor. The function of the billing center 

is to issue a consumer bill and contributes in locating the irregularities on the electrical grid 

(non-technical losses). Moreover, it sends the switch off command in case of the consumer bill 

is not paid. For implementation of smart energy meter, the microcontroller (PIC 18F45K22) is 

used. For communication between billing center and smart energy meters, ZigBee technology 

is adopted. The necessary program for smart energy meter is written in MicroC PRO, while the 

program for billing center is written in visual C#. 

Key words: smart energy meter, billing center, ZigBee, power factor correction  
 

ةهطوس تطاقت ركي هنظوهت هقاييستصوين وتنفيز   

 ضشغام هحوذ جاسن                                                                           أ. م. د. عذي عبذ اللطيف عبذ الشضا              

 والاحصالاث  يتالانكخشوَ قغى انهُذعت                                                               والاحصالاث يتهُذعت الانكخشوَانقغى               

 كهيت انهُذعت/جايعت بغذاد                                                                             كهيت انهُذعت/ جايعت بغذاد                    

 الخلاصت

في هزا انعًم حى حصًيى وحُفيز يُظىيت يقياط طاقت ركيت حخكىٌ يٍ يشكض جبايت و يجًىعت يٍ انًقاييظ انزكيت 

نهطاقت انًىصعت. وظيفت يقياط انطاقت انزكي هي قياط وحغاب كًيت انطاقت انًغخههكت و حكهفخها وفق َظاو 

جهاد عهى انشبكت انكهشبائيت وصيادة وعي انًغخههك. اضافت انخعشفت انًخعذدة. وهزا يغاهى بشكم فعال في حقهيم الا

حقهيم انخغائش انخقُيت يٍ خلال ححغيٍ عايم انقذسة. وظيفت يشكض انجبايت  فيانى رنك يغاهى يقياط انطاقت انزكي 

هي اصذاس فاحىسة انًغخههك وانًغاهًت في انكشف وححذيذ يكاٌ وجىد انًخانفاث عهى انشبكت انكهشبائيت 

ورنك انًغخههك انى انقذسة انخاصت بقطع او حىصيم عاصاث لاياسعال اعهى يقىو ايضا كًا  خغائش غيش انخقُيت(.ان)

. كًا ( في حُفيز يقياط انطاقت انزكيPIC18F45K22عخًادا عهى دفع انفاحىسة. اعخخذو انًغيطش انذقيق  )ا

يظ انطاقت انزكيت. حًج كخابت انبشَايج كىعيهت احصال بيٍ يشكض انجبايت ويقاي  ZigBeeواعخًذث حقُيت ال 

ًشكض انجبايت فخًج انخاصت ب ( بيًُا انبشَايج MikroC Proداخم انًقياط انزكي بىاعطت نغت ) نهًغيطش انذقيق

 (.#Visual Cبىاعطت نغت ) اكخابخه

 

 

 

mailto:oday_ridha@yahoo.com
mailto:dhurgham.zwaid@yahoo.com


Journal of Engineering         Volume    23   March  2017  Number 3 
 

 

62 
 

1. INTRODUCTION 

Smart grid combines renewable energy with information technology to provide a quality power 

for consumers. The existence of two-way flow energy and information between consumer and 

provider enables a variety of advanced utility applications; such as energy management 

services, advanced metering and reporting, power quality management, and many other 

functions, RAHMAN, and MTO, 2011. Smart grid helps in decreasing the transmission and 

distribution losses and improves power quality by managing the power consumption of the 

consumer. Smart energy meter is considered essential component to smart grid that reduces 

technical and Nontechnical losses, Pedro, 2009. It performs real time calculations of consumed 

energy and its price according to a multi-tariff scheme to mitigate the problem of peak demand. 

The problem of peak demand can be mitigated by increasing the number of power plants but 

the disadvantage of this approach is not only the high cost but also increasing CO2 emission. 

Onother approach to mitigate peak demand problem is applying a multi tariff in smart energy 

meter for calculating the consumed energy, imposition punitive tariff at peak demand time 

pushes the consumer for switching off unnecessary appliance at peak demand time, Depuru, et 

al, 2011. There are two main methods for achieving multi tariff scheme, the first method is 

done by receiving notification signal from billing center each time zone as in Anjana, and 

Prasanna, 2014, but this way is inefficient when the number of consumers' nodes is increased 

to a more realistic number. In this case, the network will suffer from high collisions and may 

break down. Onother approach for achieving multi tariff scheme is done by smart energy meter 

using real time clock (RTC) module, RTC module is used to keep track of time, support multi-

tariff scheme and it can be used to provide historical peak demand, in addition a RTC module is 

used to determine the day of sending data to the billing center, a table of tariffs are stored in the 

smart energy meter that can be updated by billing center via ZigBee. This method is more 

expensive compared with the first method but it is efficient. 

On other side, the network load is inductive, i.e., load contains inductive component such as air 

conditioner, refrigerator, induction motor  and etc. which causes poor power factor where up to 

0.7 in summer in Iraq. Smart energy meter improves power quality by achieving residential 

power factor correction (PFC). Residential PFC is becoming more popular in some regions of 

the world. In 2001, a distributer of electrical energy in Peru performed a project to improve 

power factor for a limited region including 26,000 households. It was found that improving 

power factor from 0.84 to 0.93 led to saving of around 19, 300 MWh per year that means a cost 

saving of close to 900,000$. The advantages of residential PFC go far beyond the energy 

savings; because PFC reduces the current of loading that leads to reduce losses in transmission 

line (   ) and increases the grid capacity, Alexandre, 2007. The proposed smart energy meter 

achieved power factor correction based on developed algorithm and capacitors bank in order to 

compensate reactive power, thus bringing power factor near to 0.95. 

 

2. RELATED WORKS 

With the development of electronic chips and programming languages, smart energy meters 

evolved gradually with more hardware and software capabilities. So many researches have 

been conducted to develop a general purpose of smart energy meter in both hardware and 

software. 
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Smart energy meter was designed and develop to measure energy consumption by consumer 

and send it to the service provider. Both ZigBee and GSM technologies are used to perform Bi-

directional communication between service provider and consumer. ZigBee technology is used 

to transmit information from meter to the base station where the bill is calculated. GSM 

network is installed at base station for messaging all consumers and service provider 

employees, Vivek, and Ranthkenthiwar, 2014.  Advanced metering infrastructure based on 

power line carrier (PLC) is proposed to automatically collect information from different kinds 

of meters. Energy consumption, water and gas can be measured by the meters and then data is 

sent to the gateway through PLC. A gateway reads different data and communicates with data 

acquisition center (DAC) through GSM. The gateway consists of two parts Neuron Core and 

Transceiver. Transceiver is used to transfer data on the PLC while Neuron Core represents the 

processing unit, Popa, 2011. Smart energy meter is designed and implemented to vehicle-to-

grid. This energy meter is interface between electric vehicles and smart grid. It is able to 

measure bi-directional consumed energy, voltage and current. This energy meter also achieves 

bi-direction measurement when the difference in phase angle between voltage and current 

determines the direction of energy consumption, Libiao, et al, 2011.  A remote meter-reading 

system is designed to get data from the sensors and meters and control on the appliance in 

residence area. The structure of this system consists of sensors, measure meters, intelligent 

terminal, management center and wireless communication network. Bluetooth technology is 

used to send and receive data and control signal between intelligent terminal and meters, while 

GSM network is used to communicate between intelligent terminal and management center, 

Liting, et al, 2006.  

Automatic meter reading system based on GSM technology is implemented enables the 

consumer to check the status of electricity from anywhere. It also enables utility to cut off and 

reconnect the meter connection by SMS, Zahid Iqbal, 2014.  Wireless sensor and actuator 

network are implemented for monitoring the energy consumption of appliances in the home. 

The structure of the network consists of energy measurement nodes and central server, the 

central server displays the reading from measurement nodes via user interface in real time and 

enables user to remotely power on or power off individual device. This system presents a 

practical way to control the energy consumption in home, Edwin, et al, 2013.  The prepaid 

electricity meter is designed to be able to conduct money transactions remotely in order to 

enable the consumer to recharge his account from home, besides; the proposed meter helps 

utility companies to eliminate electricity theft, Sai, et al, 2014.  A power factor corrector is 

designed and implemented using PIC microcontroller, it can improve power quality by 

compensating excessive reactive components. The system includes sensing and measuring 

power factor value of the load. A proper algorithm is used to determine and trigger sufficient 

capacitors to improve power factor, Nader, 2007. 

In this paper, the proposed system provide a low cost smart energy meter, monitoring and 

improving power quality by developing a proper algorithm, achieving multi tariff with proper 

solution by using a dedicated IC (DS1307), bi-directional communication is achieved to ensure 

sending and receiving data and commands between smart energy meter and billing center by 

using ZigBee technology.  
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3. PROPOSED SMART METERING SYSTEM 

The proposed system consists of two parts, smart energy meter for the consumer and the billing 

center for the service provider. 

 

3.1. Smart Energy Meter 

Smart energy meter provides the real time measurement and calculation of amount and cost of 

consumed energy and displays related information for consumer. When the inductive load 

undermines power quality as result of poor power factor, the smart energy meter can improve 

power quality by switching on the capacitors bank for continuously keeping the power factor of 

the load near unity. Moreover, the smart energy meter can be used to detect the irregularities on 

the electrical grid. Smart energy meter is composed of the analog unit, controller unit (PIC 

microcontroller), real time clock and calendar (RTCC), liquid crystal display, wireless 

communication module and capacitors bank. The hardware architecture of the proposed smart 

energy meter is shown in the Fig.1. 

 

3.1.1 Analog unit 

Smart energy meter interfaces to the relatively high voltage while the acceptable input voltage 

of PIC microcontroller is 5V, so the analog unit scales and converts the voltage and current to 

voltages which are sufficiently small and cannot cause damage to delicate electronics. The 

voltage of power line is usually 220 Vrms (-312 to 312 Vp-p), therefore it is scaled by the 

voltage divider to a level and dynamic range is compatible with the analog to digital (ADC) of 

PIC microcontroller, a low power consumption resistors are used to divide measured voltage. 

The values of current are sensed by using current sensor IC (ACS712). ACS712 current sensor 

is a precise, low offset, linear hall sensor circuit. Current sensor IC converts applying AC 

current flowing through two of its pins into proportional voltage using integrated Hall IC.  

 

3.1.2 Controller unit 

The values sensed by the voltage and current sensors are provided to the analog channel of the 

PIC microcontroller. The processing unit calculations of PIC microcontroller rescales all the 

measurements by sensors to get the original value and performs all the power parameters 

calculations. All the calculated values are displayed on display unit as shown in Fig.2. The 

controller unit selected for smart energy meter design is the PIC18F45K22 microcontroller 

from Microchip, due to it's multiple on-chip resources, low cost and suitable processing 

accuracy that can reduce and simplify the design appropriately. PIC18F45K22 microcontroller 

has 10 bit ADC with a multiple of channels. The multiplexer provides the capability of 

connecting multi-analog signals to a single ADC. It has a multiple of timers that are used to 

provide interrupt to notify the CPU every time interval. Regular interrupt is important to 

execute a certain instructions at a certain time. This technique enables to create multitasking 

easily which executes multiple application programs. The built-in serial port of the 

microcontroller represents smart energy meter communication port. This is used with aid of 

ZigBee module to send and receive data. 
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3.1.3 Real time clock and calendar (RTCC) 

The proposed smart energy meter contains a tiny real time clock and calendar module (RTCC) 

to keep track of time, support multi-tariff scheme and it can be used to provide historical Peak 

demand, in addition a tiny RTCC module is used to determine the day of sending data to the 

billing center. A tiny RTCC module is based on the chip DS1307 which supports the I2C 

protocol. This tiny RTCC module provides seconds, minutes, hours, day, month, and year 

information. The end of the month date is automatically adjusted for months with fewer than 31 

days, including corrections for leap year. The clock operates in either the 24-hour or 12-hour 

format with AM/PM indicator. A Tiny RTCC module contains Lithium cell battery (CR1225) 

to save time and 56-Byte Nonvolatile (NV) RAM for data storage. A tiny RTCC module uses 

the I2C bus to communicate with PIC microcontroller. 

 

3.1.4 Power quality and size of capacitors bank. 

Usually the network load is inductive, i.e., load contains inductive component. PFC removes 

inductive component by adding (equal in magnitude) capacitive component through connecting 

a capacitor. Due to the load of the home is varied, fixed capacitors is inappropriate to improve 

the power factor and may led to overcompensation, so automatic switching of capacitors is a 

good method of obtaining the full electrical benefits from a capacitor installation. In order to 

calculate the amount of required capacitor compensation for improving power factor, an 

effective algorithm for switching sufficient capacitors bank has been developed (in PIC 

microcontroller).  

In this work, PFC is performed in smart energy meter by using capacitors bank. The capacitor 

banks consist of eight capacitors of different values, the values of these capacitors are chosen in 

such away like the weight of binary digits representing a decimal number. These values are 

128, 64, 32, 16, 8, 4, 2 and 1 ㎌as shown in Fig.3. The value of chosen capacitors  provide  a 

high value of micro farad reach to 255 ㎌, so the number of capacitors can be reduced 

according to the expected loads in each and individual home. 

 

4.  BILLING CENTER 

The main function of the billing center as the name implies is to bill consumers according to 

the amount of consumed energy. It receives a consumption data from the smart energy meter 

which represent the amount and the cost of the consumed energy to issue a consumer bill and 

the other measurements to give a good estimate of the grid status. Moreover, the billing center 

can send the commands of switching on or off the electrical power. It sends the switch off 

command when the bills are not paid, and it sends the switch on command when the bills are 

paid. 

Detection and localization of a faulty meter, irregularities on the electrical grid, and leakages 

can be determined at billing center by using a master meter with each group of home meters.  A 

difference between the power reading of the master meter of the group and the summation 

power of individual home meters within the same group means either one or more meters are 

faulty, or there is an irregularity, or a leakage in the electrical grids.  
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The billing center is implemented by using personal computer (PC), communication transceiver 

(ZigBee module) and the interfacing circuit which is used to establish the proper connection 

between the communication transceiver and the personal computer as shown in Fig.4. The 

transceiver used in the billing center is the same as in the smart energy meter. The difference in 

the two ZigBee modules is in the addresses in the network and some of setting which makes the 

billing center represents a coordinate, while smart energy meter represent node. The data from 

the meters is received through ZigBee module then sends it to PC.  

 

5. SOFTWARE DESIGN OF THE PROPOSED SYSTEM  

The software used in the proposed metering system consists of two parts; first part is executed 

in smart energy meter whereas the second part is executed in the billing center. 
 

5.1 Software of the Smart Energy Meter 

The software of smart energy meter is responsible for initializing and managing the operation 

and interaction among hardware modules of the smart energy meter. The software operations of 

the smart energy meter are illustrated in the flowchart of the main program shown in Fig.5 and 

the flowchart of interrupt service routine shown in Fig.6. Interrupt service routine (ISR) occur 

once every 2 msec in order to sample voltage and current at regular time. ISR ensures that the 

sampling rate (Fs) to be 500 Hz which provides 10 samples per cycle. ISR is also responsible 

for the flags condition. Flags conditions are required for executing the operations in the main 

program as shown in Fig.6. First, for sampling rate (Fs) and N samples of the power line 

source, the RMS voltage can be calculated by using Eq. (1). 

 

        √
∑   

    
   

 
                                                                                                                                     

Where N is the number of samples,    is the sampled voltage. 

As mentioned early the voltage of power line is scaled to level that is compatible with delicate 

electronics, so the measured value must be rescaled to the engineering value (actual voltage) in 

the processing unit calculations. To do so, the sampled voltage in Eq. (1) multiplies by voltage 

proportionality constant for the circuit design ( ) as shown in Eq. (2). 

       √
∑        

   
   

 
                                                                                                                         

 

The time taken to calculate the RMS voltage can be reduced by modifying Eq. (2) to Eq. (3): 
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          √∑   
 

   

   

                                                                                                                               

Where     
 

√ 
 

The divisions and multiplications are reduced to one operation in Eq. (3) for each RMS voltage 

calculation. In this Eq. (3), T can be calculated offline. 

The same above procedure is used for RMS current and energy calculations using Eq. (4) and 

Eq. (5), respectively. 

 

       √
∑   

    
   

 
                                                                                                                                         

 

    
 

  
 ∑      

   

   

                                                                                                                                       

where     is sampling frequency  and     is i
th

 sampled of the current. 

The second part of the program represents subroutine for displaying where the parameters on 

the screen are updated every 1 sec.  

The third part of program is responsible for measuring and correcting power factor of the load 

where the smart energy meter enters this subroutine every 3 seconds. The flowchart shown in 

Fig.7 illustrates the operations of power factor correction. 

The power factor (PF) of the load can be calculated by dividing the active power (P) by 

apparent power (S), when the PF of the load is equal to 0.9 or more, no need to add capacitors 

to the load, if the PF of the load is less than 0.9, the processing unit of PIC microcontroller 

calculates the desired capacitances to improve the power factor of the load. 

The reactive power utilized in the load ( 𝑎𝑟𝐿) is calculated as: 

   𝑎𝑟  √      
                                                                                                                                        

In order to improve PF to 0.95, new reactive power is calculated as: 
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  𝑎𝑟                                                                                                                                                  

 

   : The phase angle between voltage and current that is chosen     for obtaining PF=0.95. 

Now, the reactive power is required to compensate  𝑎𝑟  : 

  𝑎𝑟   𝑎𝑟   𝑎𝑟                                                                                                                                      

The required capacitors to improve power factor to be 0.95 is 

    
 𝑎𝑟 

             
                                                                                                                                

After calculating the required capacitances, the control unit sends control signal to the relay 

unit to connect the required capacitors. 

The last part of the program is responsible for sending data to the billing center which is 

executed every month. The accumulated amount of consumed energy and the cost are delivered 

to the billing center. 

During its operation, the smart energy meter checks whether there is a command message from 

the billing center that requests switching on or off the building as shown in flow chart of 

interrupt service routine in Fig.6.  

In order to perform the functions of the smart energy meter, the control unit is programmed 

with MikroC PRO programming language. 

 

5.2 Software of the Billing Center 

The flowchart in Fig.8 shows the methodology of performing billing center functions.  

1. First the billing center enters the initialization routine, in which: 

 

 The transceiver communication module parameters are initialized. 

 Communication network is established. 

 Smart energy meters are joined to the network.   

   2.  Second, after receiving the data, the billing center creates a table that stores the data and 

indicates the current status of the each consumer. 

   3.  Third, the billing center sends command signal to the smart energy meter to reset energy 

counter. 
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4. Forth, the billing center checks the budget and the bill of the consumer, where it has 

ability to send a command to the smart energy meter for switching the power on or off at 

any time. 

Any failure in communication between the billing center and the smart energy meter is 

unacknowledged and retransmitted. The programming language Visual C# is used to create a 

GUI for the billing center to facilitate the operation of the billing and controlling the status of 

the consumer, Fig.9 shows the GUI for billing center. The table in the bottom left of the 

figure is related to the multi-tariff and the time zones, where the rectangles labeled 

''Currently'' indicate the current time zone and tariff. The text boxes "Time zone" indicate the 

duration of the time zone, where all the four time zones, in this work, has the same period (6 

hours). The text boxes "Price" indicate the price of consumed energy in the corresponding 

time zone. It must be mention that the price must be proportional to the energy demand.  

  

6. MEASUREMENT ERRORS 

Reducing the error to the minimum possible level in any measurement system is extremely 

important. Instrumental error is a common source of the measurement errors that are inherent in 

manufacture of an instrument. It arises due to the operation principle of instrument such that 

arises in the analog to digital convertor (ADC), Morris, 2001. The accuracy of ADC has an 

effect on overall measurement system performance and efficiency. Systematic errors arise in 

ADC due to the sampling operation, STMicroelectronics, 2003, the effect of sampling error 

(  ) in power measurement is inversely proportional to the sampling frequency, sampling errors 

can be calculated as shown in the equation below, Gerard, 1984: 

 

    
     

  
  
     

    
                                                                                                                     

 

Where   
   

  
 ,                     ,                           samples interval in 

radian, N : number of samples. 

Quantization errors affect measurement accuracy in sampled-data-acquisition systems. Mean 

square value of error quantization is  

       
  

  
                                                                                                                                                   

Where    
   

    ,    is amplitude value of signal, n is number of bit, It is also known as 

successive approximation register. 

And   
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It is clear from the Eq. (12) that the error caused by quantization is reduced when the resolution 

of ADC (n) increases, Istevan, 1985. In this research the proposed smart energy meter: fs =500 

Hz, N= 25, n = 10 bit. The accuracy is proportional to the number of taken energy samples per 

period, where a number of eight samples per period (fs =400) of the power line give a 

percentage of error of less than 1%. The total errors due to the sampling process and 

quantization can be calculated by adding the two errors together. 

 

Limiting error is considered another type of measurement error that arises in electrical circuit 

due to the tolerance in the circuit components such as resistors, capacitors, etc. This error can 

be reduced by choosing components with low tolerance. For precise measurement systems, the 

error in passive components is compensated using calibration. Calibration here means applying 

a signal with a known value then adjusts the meter (resistors or parameters) until getting 

compatibility between the signal value and the meter’s reading. This calibration may 

implemented by the hardware or software, Microchip, 2005. 

The temperature coefficient of circuit components must be taken into account in the design and 

implementation of the smart energy meter, especially in the case of device works in extremely 

hot conditions, as in Iraq. 

 

7. IMPLEMENTATION AND TESTING 

Fig.10 shows the Proteus simulation of smart energy meter. Voltage and current sensor of 

smart energy meter are connected to the resistor and inductor load which are connected in 

series to measure all power parameters, and then trying to correct power factor by using 

capacitors bank.  

The smart energy meter is tested in real scenarios by using real loads as shown in Fig.11, where 

the smart energy meter is connected to some of household appliance to test different cases of 

the loads, the accuracy of the smart energy meter readings were compared with the professional 

power clamp meter as shown in Table 1. The measurement values by analog unit are given to 

the PIC microcontroller, and then displaying on LCD screen. The readings that are displayed on 

LCD are compared with that are received in billing center. The connecting and disconnecting 

of smart energy meter to the wireless network is also checked.  

8. CONCLUSIONS 

The characteristics of the metering system are investigated and there are several facts that had 

become clear when testing overall implemented system. These facts are: firstly, implementation 

of smart metering system can be constructed in Iraq by using available local market 

components.  Secondly, smart metering system can play an important role in increasing the 

consumers’ awareness through displaying instantaneous power consumption and its cost.  

Moreover, the system can effectively improve power factor of electrical grid.  Increasing 

consumers’ awareness and improving power factor can effectively reduce wasted energy and 

consequently ensure reliable power supply. Thirdly, ability of real time calculating of the 

consumed energy and its cost enables implementing a multi tariff scheme. This scheme cannot 

be achieved in a traditional meter. Finally, the smart metering system can be effectively detect 

and locate irregularities on the electrical grid and a malfunction smart energy meter(s).    
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Figure 1. Block diagram of smart energy meter. 

Figure 2. Two page of smart energy meter's LCD screen. 
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Figure 3. Flowchart of main program of smart energy meter. 
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 Figure 4. Flowchart of interrupt service routine. 
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Figure 6. The GUI of the billing center. 

Figure 7. Flowchart of power factor correction. 
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Figure 5. Block diagram of the billing center. 
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(%) 

Smart 
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reading 
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Power 
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(%) 

Smart 

Meter  

reading 

Professional 

Power 

meter 

error 

(%) 

Refrigerator 0.65 0.63 3 127 125 1.6 149 146 2 0.85 0.84 1.1 

Water 

dispenser 
0.87 0.9 3.3 116 113 2.6 199 200 0.5 0.59 0.56 5.3 

One lamp 

195 W 
0.83 0.85 2 197 195 1 200 195 2.5 0.98 0.99 1 

Two 

identical 

lamps 

 390 W 

1.63 1.66 1.8 391 389 0.5 392 389 0.7 0.97 0.99 2 

Table 1. Smart energy meter readings comparing with professional power meter. 

Figure 8. Flowchart of the billing center. 
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Figure 9. Implemented smart energy meter. 

Figure 10. Connection capacitors bank to the controller unit. 
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ABSTRACT 

     Compression for color image is now necessary for transmission and storage in the data bases 

since the color gives a pleasing nature and natural for any object, so three composite techniques 

based color image compression is implemented to achieve image with high compression, no loss 

in original image, better performance and good image quality. These techniques are composite 

stationary wavelet technique (S), composite wavelet technique (W) and composite multi-wavelet 

technique (M). For the high energy sub-band of the 3
rd

 level of each composite transform in each 

composite technique, the compression parameters are calculated. The best composite transform 

among the 27 types is the three levels of multi-wavelet transform (MMM) in M technique which 

has the highest values of energy (En) and compression ratio (CR) and least values of bit per pixel 

(bpp), time (T) and rate distortion )R(D)).  Also the values of the compression parameters of the 

color image are nearly the same as the average values of the compression parameters of the three 

bands of the same image. 

Key words: image compression, color images, composite techniques, composite transforms, 

compression parameters.  

 

الصورة الملونتالتقنياث المركبت المستنذة على ضغط   

   
 زينب ابراهيم عبود

 يذرس

جايعح تغذاد -كهٛح انُٓذصح  

 

 الخلاصت

ضزٔر٘ نهُقم ٔانرخزٍٚ فٙ قٕاعذ انثٛاَاخ حٛس اٌ انهٌٕ ٕٚحٙ انٗ انطثٛعح انضارج  حانٛاانًهَٕح  صٕرجانضغط      

عذو ، نهحصٕل عهٗ ضغط أعهٗذى ذُفٛذْا  ضغط انصٕرج انًهَٕحيضرُذج عهٗ  حلأ٘ جضى. نذنك شلاز ذقُٛاخ يزكث ٔانطثٛعٛح

 انصاترح انرقُٛاخ ْٙ ذقُٛح انًٕٚجاخْذِ ٔانحصٕل عهٗ انجٕدج فٙ انصٕرج. أداء أفضم  ،فقذاٌ يعهٕياخ يٍ انصٕرج الاصهٛح

ذى حضاب يعايلاخ انضغط نهجزء انعانٙ  .(M) ٔذقُٛح انًٕٚجاخ انًرعذدج انًزكثح (W) ذقُٛح انًٕٚجاخ انًزكثح ،(S) انًزكثح

 ًضرٕٚاخ انصلاشحَٕع ْٕ ان 72انرحٕٚم انًزكة الافضم يٍ تٍٛ  انطاقح نهًضرٕٖ انصانس نكم ذحٕٚم يزكة فٙ انرقُٛح انًزكثح.

 bit ال أعهٗ انقٛى ٔعذد (CR) َٔضثح انضغط(En)ٔانرٙ فٛٓا قًٛح انطاقح  Mفٙ ذقُٛح   (MMM) نرحٕٚم انًٕٚجاخ انًرعذدج

per pixel  (bpp) ٔانٕقد (T) ّٕٚٔيعذل انرش (R(D)) أقم انقٛى. كذنك قٛى يعايلاخ انضغط نهصٕرج انًهَٕح ذقزٚثا يضأٚح

  نًعذل قٛى يعايلاخ انضغط نهحزو انصلاشح نُفش انصٕرج.

    .خ انضغطيعايلا ،انرحٕٚلاخ انًزكثح، انرقُٛاخ انًزكثح ،انصٕر انًهَٕح، ضغط انصٕرج الكلماث الرئيسيت:
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1. INTRODUCTION 

     In the color image, the spatial component correlation among the three bands red, green, and 

blue is significant. In order to get a good compression performance, the correlation among the 

three bands must be reduced by converting the color image into the de-correlated color space, 

Miry, 2009. 

     For three different kinds of images, standard Lena, satellite urban and satellite rural image, 

various statistical parameters of the image such as Rate Distortion, Kurtosis, symmetry and 

Skewness, are derived for Set Partitioning in Hierarchical Trees (SPIHT) compression scheme, 

they are derived for a fixed level and fixed rate of decomposition for the three kinds of images 

and they are used for explanation of the Peak Signal to Noise Ratio (PSNR) and Compression 

Ratio (CR). The results of urban images are the best for SPIHT compression scheme as 

compared with the satellite rural image, Nagamani, and Ananth, 2012. Abood, 2013 introduced 

three dimension two level, wavelet transform, multi-wavelet transform and hybrid (wavelet-

multi-wavelet) techniques.  The parameters root-mean-square difference, energy retained, Peak 

Signal to Noise Ratio, entropy and compression ratio are measured for each 3-D two-level 

technique. According to these parameters, a comparison between these techniques is presented 

and the results illustrated that the three dimension two level hybrid technique is the best for 

image compression. 

Dhumal and Deshmukh presented image compression technique using Singular Value 

Decomposition (SVD) transform. This (SVD) can transform the matrix into product, which 

allows anyone to refactor the digital image into three orthogonal matrices. The using of the 

singular values of the refactoring allows representing any image with a set of decreased values, 

which can store the original image useful features, take less storage space in the memory, so it is 

used for image compression, Dhumal and Deshmukh, 2016. Sudhakar, and  Sudha, 2011 

introduced an efficient color compression technique i.e. higher compression ratio and better 

quality by using multi-wavelet transform and the embedded coding of the multi-wavelet 

coefficients through (SPIHT) algorithm. 

 

2. COLOR IMAGE COMPRESSION 

     Images use either 24-bit or 8-bit color. In the case of 8-bit, the range of the pixel value is 0-

255 (i.e. 256 different colors). In the case of 24-bit, each pixel in the image uses 24-bit and each 

8-bit in the 24-bit is used to represent three band colors red, green and blue (R, G, B). 

     For Images compression, the needing for efficient techniques is usually increasing because 

the images need large size of disk space so it is a big disadvantage during storage and 

transmission, Dutta, et al., 2012. 

 

3. COMPRESSION PARAMETERS 

3.1 Bit per Pixel (bpp) 

     The precision of a sample can be represented by a number of bits in the pixel; the higher 

precision value is better which represents the picture quality. Here the compression ratio is 

measured in terms of the bpp, Dutta, et al., 2012. 

 

bpp =  
                         

                    
                                                                                                      (1) 

 

 

file://search/searchresult.jsp
file://search/searchresult.jsp


Journal of Engineering         Volume    23   March  2017  Number 3 
 

 

82 

 

3.2 Computation Time (T)   
     The computation time is normalized and calculated by: 

 

T = 
 

 
 (     )                                                                                                                          (2)  

 

where N 
2
 is the size of the image, and L is the number of the level, Dia, et al., 2009. 

 

3.3 Energy (En)  
     Energy is the sum of squared elements in the image, Abood, et al., 2013: 

 

 En = ∑ ∑     (   )                                                                                                                       (3) 

 

3.4 Compression ratio (CR)  
    A logical way to measure how good the compression algorithm compresses an image is to 

look at the compression ratio which is the ratio of the number of bits that required to represent 

the image before compression to the number of bits that required to represent the image after 

compression, Sayood, 2006, so the ratio between the size before compression and the size after 

compression, Shini, et al., 2016: 

 

CR =  
                      

                         
                                                                                                                (4) 

 

3.5 Mean Absolute Error (MAE)  

     If  (   ) is the original image and   (   ) is the reconstructed image, then the Mean Absolute 

Error will be, Kumar, and Rattan, 2012: 

 

MAE = 
 

  
∑ ∑ |( (   )   (   ))| 

   
 
                                                                                          (5) 

 

3.6 Rate Distortion R (D) 
     Rate is the average number of the bits used in representing each sample value. Distortion is 

the measure of a difference between original image and compressed image. R (D) function is the 

lowest rate that while keeping the distortion equal to or less than D, the output can be encoded. 

 

 R(D) = 
 

 
  log10 (

  

   
)                                                                                                                   (6) 

 

where (  ) represents the Variance, Nagamani, and Ananth, 2012, and 

 

MSE = 
 

  
∑ ∑ ( (   )   (   ))  

   
 
                                                                                           (7) 

 

where  (   ) represents the compressed image, Abood, 2013. 

 

4. TRANSFORMATION  
     In image compression, it is desirable to select the useful transform that reduces the size of 

resultant image as compared to the original image, Kharate, and Patil, 2010. If the sampled 
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functions have discrete time and frequency then wavelet transform used is so called Discrete 

Wavelet Transform (DWT). This technique is based on sub-band coding algorithm. Compression 

is based on the approximation of regular signal components using the filter coefficients and 

detailed coefficients, Hamsalakshmi, and Kalaivani, 2016. 

     Stationary wavelet transform (SWT) is designed to overcome the lack of the translation-

invariance of the DWT. The SWT is a redundant scheme, as its output in each level contains a 

similar number of samples as in the input, Saminu, and Özkurt, 2015. 

     Algorithms based on the wavelets have been worked well in the image compression. Scalar 

wavelets don‟t possess all properties wanted for a better performance in the compression but 

„Multi-wavelet‟ overcomes this problem because it possesses multi-filters, Radhakrishnan, and 

Subramaniam, 2008. Theoretically, Multi-wavelets should work even better because of the 

extra freedom in the multi-filters‟ design, Miry, 2008. 

 

5. THE PROPOSED ALGORITHM 

     Fig. 1 shows the block diagram of the overall proposed system, which is illustrated as 

follows:  

1. Input color image, in the other side input the same color image but with isolated bands i.e. 

taking the red, green and blue bands of the same color image. 

2. Convert the color image, red, green and blue bands to gray image. 

3. As a preprocessing, convert each gray image to a double-precision and resize them to be of 

size (1024*1024).   

4. Input the processed images to three composite techniques S, W and M as shown in Fig. 2. 

There are “ 3
n 

” different cases, where “ 3 ” refers to 3-level composite stationary wavelet 

transform (s), 3-level composite wavelet transform (w), and 3-level composite multi-wavelet 

transform (M), while “ n ”
 
refers to the number of level. The three composite techniques are: 

a. Composite technique S, which contain (3 
n-1

) different cases of a 3-level composite transform 

of s, w and M, i.e. sss, ssw, ssM, sws, sww, swM, sMs, sMw and sMw. For example, in swM, the 

1
st
 level is “s”, the 2

nd
 level is “w” and the 3

rd
 level is “M”. Wavelet transform is applied to the 

high energy sub-band of “s” and multi-wavelet transform is applied to the high energy sub-band 

of “w”. 

b. Composite technique W, which contain (3
n-1

) different cases of a 3-level composite transform 

of w, s and M, i.e. www, wws, wwM, wsw, wss, wsM, wMw, wMs and sMM. For example, in wsM, 

the 1
st
 level is “w”, the 2

nd
 level is “s”and the 3

rd
 level is “M”. Stationary wavelet transform is 

applied to the high energy sub-band of “w” and multi-wavelet transform is applied to the high 

energy sub-band of “s”. 

c. Composite technique M, which contain (3
n-1

) different cases of a 3-level composite transform 

of M, s and w, i.e. MMM, MMs, MMw, MsM, Mss, Msw, MwM, Mws and Mww. For example, in Msw, the 

1
st
 level is “M”, the 2

nd
 level is “s” and the 3

rd
 level is “w”.  Stationary wavelet transform is 

applied to the high energy sub-band of “M” and wavelet transform is applied to the high energy 

sub-band of “s”.  

5. For each high energy sub-band of the 3
rd

 level in each composite technique, the compression 

parameters are calculated according to Eq‟s.1, 2, 3, 4, 5 and 6. 

6. The final decision is taken for the techniques that have best compression. 
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6. RESULTS AND DISCUSSION  

     In all tables, the best values are written as red values and the suffix “ av ” in Sav , Wav and Mav 

refers to the average of parameters‟ measurements of the images in the composite S, W and M 

techniques respectively. Table 1 shows the results of the compression parameters for the color 

images in the S composite technique, the sMM composite technique has the least values of Bpp, T 

(in second) and R(D), and has the highest values of En and CR, while ssM  has the least value of 

MAE (3.7004 e-16). Fig. 3 illustrates the chart of these results. 

     Table 2 shows the results of the compression parameters for the color images in the Wav 

composite technique, the wMM composite technique has the least values of Bpp, T and R(D) 

(0.0078, 0.0006, 4.5269) respectively, and has the highest values of En and CR (5.247 and 1024) 

respectively, while WWW  has the least value of MAE (2.8291 e-16). Fig. 4 illustrates the chart of 

these results. 

Table 3 shows the results of the compression parameters for the color images in the composite 

Mav technique, the MMM composite technique has the least values of Bpp (0.0020), T (0.0001) and 

R(D) (2.7253), has the highest values of En (41.6531) and CR (4096), while MWW has the least 

value of MAE (0.6679e-15). Fig. 5 illustrates the chart of these results. 

     Therefore, using multi-wavelet in the image compression improves the image reconstruction, 

image compression and decrease the computation time, so, for good compression in the color 

image the composite techniques sMM, wMM and MMM must be used. 

     Tables 4, 5 and 6 show the results of the compression parameters for the color (red, green and 

blue bands) images in the Sav composite technique, where RSav, GSav and BSav refer to the 

average of parameters‟ measurements of the images in the red, green and blow bands of S 

technique, all bands have the same bpp, T and CR in each composite technique (i.e., in RSav, 

GSav and BSav, sss has bpp (8), T (0.6562) and CR (1)). The sMM composite technique has the 

least values of bpp, T and R, and has the highest values of En and CR, while ssM has the least 

value of MAE (3.7122e-16). Fig. 6 illustrates the chart of the compression parameters for the 

color (red-band) images in the Sav composite technique. 

    Tables 7, 8 and 9 show the results of the compression parameters for the color (red, green and 

blue bands) images in the Wav composite technique, all bands have the same bpp, T and CR in 

each composite technique (i.e., in RWav, GWav and BWav, www has bpp (0.1250), T (0.0102) and 

CR (64). The wMM composite technique has the least values of bpp, T and R(D), and has the 

highest values of En and CR, while www has the least value of MAE (2.0579e-16). Fig’s. 7 and 

8 illustrate the charts of the compression parameters for the color (red and blue bands) images in 

the Wav composite technique.  

     Table 10, 11 and 12 show the results of compression parameters for the color (red, green and 

blue bands) images in the Mav composite technique, all bands have the same bpp, T and CR in 

each composite technique (i.e., in RMav, GMav and BMav, MWW has bpp (0.0313), T (0.0025) and 

CR=256). The MMM composite technique has the least values of bpp, T and R, and has the highest 

values of En and CR, while Mww has the least value of MAE (5.764e-16). Fig’s. 9, 10 and 11 

illustrate the charts of the compression parameters for the color (red, green and blue bands) 

images in the Mav composite Technique. 

     Therefore, for good compression in the color image of isolated bands the composite 

techniques sMM, wMM and MMM must be used, so for either color image or color image of isolated 

bands the composite techniques sMM, wMM and MMM can be used for good compression. 

     Fig. 12 shows samples of database images used in this work. 
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     7. CONCLUSIONS 

     In this study, three composite techniques S, W and M based color image compression is 

implemented. For color image and color image of isolated bands the best composite technique 

among the 27 types is the MMM in M technique which has the highest values of En and CR which 

are 41.6531 and 4096 respectively, and least values of bpp, T and R(D)  which are 0.002, 0.0001 

and 2.7253 respectively for color image. Also it is concluded that the values of the compression 

parameters of the color image are nearly the same as the average values of the compression 

parameters of the three bands of the same image. 

     This work is useful to achieve image with high compression, no loss in original image, better 

performance and good image quality. As future works, one can use these composite techniques 

in speech compression, speech recognition and image recognition to show which technique is the 

best that gives a high speech compression performance, speech recognition performance and 

image recognition performance. 
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9. NOMENCLATURE 

bpp                bit per pixel  

 (   )             compressed image 

CR                 compression ratio  

DWT             discrete wavelet transform 

En                  energy  

L                    number of the level 

M                   composite multi-wavelet technique  

Mav                      average of parameters measurements of the images in the composite M technique 

MMM            three level of multi-wavelet transform 

N 
2
                  size of the image 

PSNR             peak signal to noise ratio 

R(D)               rate distortion  

R, G, and B    three band colors red, green and blue 

S                     composite stationary wavelet technique 

Sav                         average of parameters measurements of the images in the composite S technique 

SPIHT            Set Partitioning in Hierarchical Trees 
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SVD               singular value decomposition 

SWT               stationary wavelet transform  

T                     time in second 

                     variance 

W                   composite wavelet technique  

Wav                      average of parameters measurements of the images in the composite W technique 

 (   )               original image  

 (   )              reconstructed image 

 

 

 

 

 
Figure 1. Block diagram the proposed system. 
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Figure 2. Three composite techniques S, W and M.   
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Table 1. Compression parameters for color Sav technique. 

               

 
 

                                                                                               Figure 3. Chart of compression 

                                                                                                    parameters for color Sav technique.    

Table 2. Compression parameters for color Wav Technique. 

 

 
        Figure 4. Chart of compression                                                                                                        

                                                                                                 parameters for color Wav Technique. 

Table 3. Compression parameters for color Mav Technique. 

 

 
                                                                                                   Figure 5. Chart of compression   

                                                                                                                                   parameters for color Mav technique. 
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Sav Bpp T En CR MAE R(D) 

SSS 8.0000 0.6562 0.0104 1 3.6349 e-08 46.9122 

SSW 2.0000 0.164 0.0418 4 4.3843 e-16 29.77 

SSM 0.5000 0.041 0.1668 16 3.7004 e-16 19.1907 

SWS 2.0000 0.164 0.0209 4 7.4415 e-08 29.9228 

SWW 0.5000 0.041 0.0418 16 4.4821 e-16 18.74355 

SWM 0.1250 0.0102 0.8333 64 3.9505 e-16 11.9701 

SMS 0.5000 0.041 0.1668 16 1.5224 e-07 19.4199 

SMW 0.1250 0.0102 0.3336 64 8.9287 e-16 12.0112 

SMM 0.0313 0.0025 2.6671 256 8.3379 e-16 7.481 

Wav bpp T En CR MAE R(D) 

WWW 0.1250 0.0102 0.0835 64 2.8291 e-16 11.6792 

WWS 0.5000 0.041 0.0417 16 8.0035 e-08 18.9526 

WWM 0.0313 0.0025 0.6676 256 4.0864 e-16 7.3689 

WSW 0.5000 0.041 0.0417 16 4.453 e-16 18.8101 

WSS 2.0000 0.164 0.0209 4 7.2764 e-08 30.0081 

WSM 0.1250 0.0102 0.3331 64 4.4041 e-16 11.9957 

WMW 0.0313 0.0025 0.6663 256 6.6639 e-16 7.3927 

WMS 0.1250 0.0102 0.3329 64 1.5659 e-07 12.2132 

WMM 0.0078 0.0006 5.247 1024 8.8067 e-16 4.5269 

Mav bpp T En CR MAE R(D) 

MMM 0.0020 0.0001 41.6531 4096 1.7564 e-15 2.7253 

MMS 0.0313 0.0025 2.6599 256 3.1418 e-07 7.7415 

MMW 0.0078 0.0006 5.3211 1024 1.7487e-15 4.5744 

MSM 0.0313 0.0025 2.6618 256 0.8773e-15 7.5056 

MSS 0.5000 0.041 0.1668 16 1.4258e-07 19.5198 

 MSW 0.1250 0.0102 0.3336 64 1.038e-15 12.0967 

MWM 0.0078 0.0006 5.2578 1024 0.8868e-15 9.0584 

MWS 0.1250 0.0102 0.6667 64 1.5535e-07 12.2269 

MWW 0.0313 0.0025 1.3342 256 0.6679e-15 7.4038 
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Table 4. Compression parameters for color RSav technique. 
 

 
                                                                                     

Figure 6. Chart of compression parameters       

                                                                                                       for color RSav technique.  
 

Table 5. Compression parameters for color GSav Technique.                                                    

 

 
                                                                                       Figure7. Chart of compression parameters 

for color RWa Technique. 

Table 6. Compression parameters for color BSav Technique. 

 

 
 

Figure 8. Chart of compression  

                                                                                     parameters for color BWav technique. 
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RSav Bpp T En CR MAE R(D) 

SSS 8.0000 0.6562 0.0139 1 2.6766e-08 45.6397 

SSW 2.0000 0.164 0.0278 4 4.9682e-16 28.8685 

SSM 0.5000 0.041 0.4444 16 3.7122e-16 18.5319 

SWS 2.0000 0.164 0.0278 4 1.7694e-07 28.9787 

SWW 0.5000 0.041 0.0556 16 5.0499e-16 18.0765 

SWM 0.1250 0.164 0.8867 64 4.0739e-16 11.4774 

SMS 0.5000 0.041 0.2218 16 1.7711e-07 18.7105 

SMW 0.1250 0.164 0.4439 64 10.028e-16 11.5127 

SMM 0.0313 0.0025 3.5285 256 8.8049e-16 7.1199 

BSav    Bpp T En CR MAE R(D) 

SSS 8.0000 0.6562 0.0077 1 2.4355 e-08 43.5858 

SSW 2.0000 0.164 0.0154 4 4.109 e-16 27.4134 

SSM 0.5000 0.041 0.1233 16 3.139 e-16 17.5073 

SWS 2.0000 0.164 0.0291 4 7.3346 e-08 27.5322 

SWW 0.5000 0.041 0.0308 16 4.182 e-16 17.053 

SWM 0.1250 0.164 0.2464 64 3.4341 e-16 10.7557 

SMS 0.5000 0.041 0.1232 16 1.4695 e-07 17.6896 

SMW 0.1250 0.164 0.2465 64 8.3144 e-16 10.7892 

SMM 0.0313 0.0025 1.9658 256 7.3989 e-16 6.6005 

GSav Bpp T En CR MAE R(D) 

SSS 8.0000 0.6562 0.0109 1 3.5877 e-08 46.2749 

SSW 2.0000 0.164 0.0219 4 4.6147 e-16 29.3214 

SSM 0.5000 0.041 0.1753 16 3.7439 e-16 18.9114 

SWS 2.0000 0.164 0.0219 4 8.1965 e-08 29.5521 

SWW 0.5000 0.041 0.0439 16 4.7271 e-16 18.4816 

SWM 0.1250 0.164 0.3503 64 4.0381 e-16 11.829 

SMS 0.5000 0.041 0.1752 16 1.649 e-07 19.2451 

SMW 0.1250 0.164 0.3506 64 9.3767 e-16 11.8875 

SMM 0.0313 0.0025 2.8057 256 8.4953 e-16 7.4211 
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Table 7. Compression parameters for color RWav Technique. 
                                                                                                        

 

Figure 9. Chart of compression  

  parameters for color RMav Technique. 

Table 8. Compression parameters for color GWav Technique. 

 

 
                                                                                                   

Figure 10. Chart of compression  

                                                                                                       parameters for color GMav technique. 

Table 9. Compression parameters for color BWav technique. 

 

                                                                                                                     
     Figure11. Chart of compression                                                                                                                                                                                                                                                                                                                                                                                            
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RWav bpp T En CR MAE R(D) 

WWW 0.1250 0.0102 0.0978 64 2.0579e-16 11.1799 

WWS 0.5000 0.041 0.0489 16 0.8846e-07 18.2415 

WWM 0.0313 0.0025 0.7809 256 4.2887e-16 7.0084 

WSW 0.5000 0.041 0.0489 16 5.0518e-16 18.127 

WSS 2.0000 0.164 0.0244 4 0.8650e-07 29.0439 

WSM 0.1250 0.0102 0.3904 64 4.8328e-16 11.4992 

WMW 0.0313 0.0025 0.7802 256 5.7518e-16 7.0322 

WMS 0.1250 0.0102 0.3898 64 1.6985e-07 11.685 

WMM 0.0078 0.0006 6.1716 1024 0.9338e-15 4.2573 

GWav bpp T En CR MAE R(D) 

WWW 0.1250 0.0102 0.0878 64 2.5422e-16 11.5605 

WWS 0.5000 0.041 0.0439 16 8.2217 e-07 18.785 

WWM 0.0313 0.0025 0.7022 256 4.1294 e-16 7.3111 

WSW 0.5000 0.041 0.0439 16 4.6988 e-16 18.5797 

WSS 2.0000 0.164 0.0219 4 7.9106 e-08 29.68 

WSM 0.1250 0.0102 0.35 64 4.5054 e-16 11.8659 

WMW 0.0313 0.0025 0.7 256 6.4163 e-16 7.7097 

WMS 0.1250 0.0102 0.3498 64 1.5866 e-07 12.1462 

WMM 0.0078 0.0006 5.507 1024 0.8968 e-15 4.5079 

BWav bpp T En CR MAE R(D) 

WWW 0.1250 0.0102 0.0617 64 1.8531e-16 10.4572 

WWS 0.5000 0.041 0.0308 16 7.353e-08 17.2218 

WWM 0.0313 0.0025 0.4921 256 3.6406e-16 6.4897 

WSW 0.5000 0.041 0.0308 16 4.1816e-16 17.1035 

WSS 2.0000 0.164 0.0154 4 7.1514e-08 27.5995 

WSM 0.1250 0.0102 0.2462 64 3.9946e-16 10.7752 

WMW 0.0313 0.0025 0.492 256 5.1346e-16 6.5223 

WMS 0.1250 0.0102 0.2458 64 1.418e-07 10.9722 

WMM 0.0078 0.0006 3.8843 1024 7.9147e-16 3.9053 

0

1000

2000

3000

4000

5000
bpp

T

En

CR

MAE

R



Journal of Engineering         Volume    23   March  2017  Number 3 
 

 

92 

 

Table 10. Compression parameters for color RMav Technique. 

 
 

                                                                                            

 

 

 

 

 

 

 

 

 

Table 11. Compression parameters for color GMav Technique. 
 

                                                                           

 

 

 

 

 

 

 Table 12. Compression parameters for color BMav Technique. 

 

 

 

 

 

 

 

 

 

 

RMav bpp T En CR MAE R(D) 

MMM 0.0020 0.0001 49.232 4096 1.9066e-15 2.5415 

MMS 0.0313 0.0025 3.3834 256 3.3501e-07 7.3524 

MMW 0.0078 0.0006 5.5971 1024 1.8049e-15 4.3016 

MSM 0.0313 0.0025 2.797 256 2.8862e-15 7.1432 

MSS 0.5000 0.041 0.1753 16 1.6591e-07 18.796 

MSW 0.1250 0.0102 0.3506 64 4.0467e-15 11.5836 

MWM 0.0078 0.0006 5.5188 1024 3.7747e-15 4.263 

MWS 0.1250 0.0102 0.4252 64 1.7024e-07 11.7003 

MWW 0.0313 0.0025 0.851 256 5.764e-16 7.0426 

GMav bpp T En CR MAE R(D) 

MMM 0.0020 0.0001 43.4204 4096 1.777e-15 2.7268 

MMS 0.0313 0.0025 2.7974 256 3.212e-07 7.7344 

MMW 0.0078 0.0006 5.5971 1024 1.7535e-15 4.5676 

MSM 0.0313 0.0025 2.7970 256 0.8972e-15 7.4546 

MSS 0.5000 0.041 0.1753 16 1.5205e-07 19.481 

MSW 0.1250 0.0102 0.3506 64 0.9269e-15 11.9998 

MWM 0.0078 0.0006 5.5188 1024 0.91e-15 4.5107 

 MWS 0.1250 0.0102 0.3503 64 1.5999e-07 12.1656 

MWW 0.0313 0.0025 0.7011 256 6.4602e-16 7.3571 

BMav bpp T En CR MAE R(D) 

MMM 0.0020 0.0001 30.9214 4096 1.6232e-15 2.2653 

MMS 0.0313 0.0025 1.9564 256 2.854e-07 6.8441 

MMW 0.0078 0.0006 3.9098 1024 1.5335e-15 3.9478 

MSM 0.0313 0.0025 1.9632 256 7.8752e-16 6.6249 

MSS 0.5000 0.041 0.1232 16 1.3692e-07 17.7745 

MSW 0.1250 0.0102 0.2464 64 8.2669e-16 10.8593 

MWM 0.0078 0.0006 3.8829 1024 8.0253e-16 3.9059 

MWS 0.1250 0.0102 0.2459 64 1.4112e-7 10.9813 

MWW 0.0313 0.0025 0.4923 256 5.1873e-16 6.5283 



Journal of Engineering         Volume    23   March  2017  Number 3 
 

 

93 

 

                   

 

  

 

 

Figure 12. Samples of database images. 
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ABSTRACT 

This study was carried out to investigate the effects of magnetized water on accumulated 

infiltration depth. A test rig was designed and constructed for this purpose was installed at the 

water tests laboratory of the Department of Water Resources Engineering at the University of 

Baghdad. The investigation was carried out by using two types of soil, different flow velocities 

throughout magnetizing device and different configuration of magnets over and under the water 

passage of the magnetizing device. The soils that were used in the experiments are clayey and 

sandy soils.  Six different flow velocities throughout magnetizing device ranged between 0.29 to 

1.19 cm/s and ten configurations of arranging the magnets over and under the water passage of 

the magnetizing device were used. The magnates are sintered neodymium-iron-boron type.  

Tests results obtained with magnetized water were compared with those of untreated water. 

Results showed that magnetizing water increases the accumulated infiltration depth for the two 

types of soil.  The highest increase in the accumulated infiltration depth is achieved under low 

flow velocity throughout the magnetizing device and with ten magnets. This highest increase for 

the clayey and sandy soils was 98.2% and 34.2%, respectively. 

Key words: magnetized water, infiltration, magnetizing device, water-soil relationship, magnate. 

 

 لتربلتأثير الماء الممغنط على عمق الارتشاح المتراكم 

 
 امنو صاحة ىنذال                                                     جنان نعمو حمسه                                                    رياض زىير الستيذي    د.  

 استبر هسبػذ                                                                   استبر             

 ثغذاد جبهؼخ-الٌِذسَ كل٘خ                                               ثغذاد جبهؼخ-الٌِذسَ كل٘خ                                           جبهؼخ ثغذاد   -كل٘خ الٌِذسَ

 

 الخلاصة

ن تصو٘ن ّثٌبء هٌظْهخ لِزا الغشض التشة. ت فٖالتشاكوٖ  شٕ تبث٘ش الوبء الووغٌط ػلٔ ػوك الغ٘طاجشٗت ُزٍ الذساسخ لتح

فٖ هختجش الو٘بٍ التبثغ لمسن ٌُذسخ الوْاسد الوبئ٘خ فٖ جبهؼخ ثغذاد.اجشٕ التحشٕ ثبستخذام ًْػ٘ي هي التشة ّسشع  ّتن ًصجِب

لوغٌطخ ّثتشت٘ت هختلف للوغبً٘ط فْق ّتحت هجشٓ الوبء فٖ جِبص الوغٌطخ. التشة جشٗبى هختلفخ للوبء خلال جِبص ا

سن/ثب 1.19ّ  0.29خ ّالاخشٓ سهل٘خ. تشاّحت ل٘ن سشع الجشٗبى الست ث٘ي ٘الوستخذهخ فٖ التجبسة كبًت تشثخ طٌ٘

 بورون.  -يميوم حديدنوع نيودّاستخذهت ػششح هي اشكبل التشت٘ت للوغبً٘ط فٖ جِبص الوغٌطخ. كبًت الوغبً٘ط هي 

ثٌ٘ت الوبء الووغٌط هغ تلك الوستحصلخ ثبستخذام هبء غ٘ش هؼبلج.     همبسًخ الٌتبئج الوستحصلخ هي التجبسة ثبستخذام تتو

الغ٘ط التشة. تكْى الضٗبدح فٖ ػوك  فٖ تشاكنوال الغ٘طدٕ الٔ صٗبدح فٖ ػوك ؤالٌتبئج ثبى تؼشض الوبء للوغٌبط٘س ٗ

% 2..9 ػٌذ الصٔ ل٘وخ لَ ػٌذ السشػخ الْاطئخ للجشٗبى ّػٌذ استخذام الؼششح هغبً٘ط. ثلغت ًسجخ ُزٍ الضٗبدح  التشاكوٖ 

 .% ثبلٌسجخ للتشثخ الشهل٘خ34.2ثبلٌسجخ للتشثخ الطٌ٘٘خ ّ 

 .تشثخ، هغٌبط٘س-، ػلالخ الوبءجِبص هغٌطخ ،الغ٘ط ،الوبء الووغٌطالكلمات الرئيسية: 
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1. INTRODUCTION 

Many studies and researches throughout the world over the few past decades have reported 

significant evidences that some properties of water can be changed as it passes through a 

magnetic field.  A study carried out by Al-Talib and Al-Sinjary, 2009 on the effect of magnetic 

treatment of water on uniformity of sprinkle irrigation showed an increase in irrigation 

uniformity when using magnetized water. Abbas, 2009, investigated the effect of magnetic 

treatment of salty and fresh irrigation water on infiltration depth and hydraulic conductivity in 

gypsiferous and calcareous soils. He showed that in gypsiferous soil, magnetizing salty irrigation 

water increases the value of saturated hydraulic conductivity, while, the magnetizing of fresh 

irrigation water decreases the value of saturated hydraulic conductivity.  In calcareous soils, 

magnetizing of salty irrigation water decreases the value of saturated hydraulic conductivity, 

while magnetizing of fresh irrigation water increases the value of saturated hydraulic 

conductivity. In her study on the effect of magnetizing saline water on hydraulic characteristics 

for different textured soil, Al-Kaysi, 2009, concluded that saturated hydraulic conductivity for 

all used soil textures decreased when using magnetized water as compared with non-magnetized 

water. The electrical conductivity of magnetized water affected the saturated hydraulic 

conductivity, and the lowest value was when distilled water is used. The non-magnetized water 

was more efficient than the magnetized water to leach salt from soil for all used soil textures. 

Kadhem, 2010, carried out a study to realize the effect of magnetized water on soil reclamation 

and salt leaching. The main conclusion of his study was that a considerable amount of water can 

be saved when using magnetized water to leach salts and the magnetized water has a tendency 

that exceeds the tendency of non-magnetized water in reclamation of soils. The effect of 

magnetic treatment of irrigation water on soil chemical properties with trickle irrigation was 

studied by Mostafazadeh-Fard, et al., 2012. Their main conclusion was that the soil moisture 

content with magnetized water was higher than when using non-magnetized water and the 

magnetic treatment of irrigation water caused high leaching of soil salts. The concentration of 

anions in the soil such as sulfate, chloride, and bicarbonate and cations such as magnesium, 

sodium, and calcium at soil depths of 0–60cm when using magnetized water were lower than 

those when using non-magnetized water. Mohamed, 2013, conducted a study to investigate the 

effects of magnetic treatment of low quality water on some soil properties and plant growth. He 

concluded that utilization of magnetized water technology considered a promising technique to 

improve the yield of tomato. After plant harvest, the use of magnetized irrigation water increased 

soil electrical conductivity and available phosphorus and reduced soil reaction pH. Al-Talib, et 

al., 2013, studied the effect of magnetic treatment of irrigation water on the infiltration rate of 

soil. They concluded that an obvious increase in water infiltration rate is achieved when using 

magnetized water, this, in turn, reduces the irrigation time that needed to add the required total 

irrigation water depth. Magnetized water can increase the discharge and give the same amount of 

non-magnetized water but with less operational time with the same amount of the constant 

irrigation depth and, thus, serves to provide the operational capacity of the system that is 

powered by electricity or liquid fuel by using high irrigation rate of magnetized water without 

occurrence of surface runoff, which raises the efficiency of water use . 

The above mentioned evidences based on experimental tests are some of many other studies that 

prove that by passing water through field of a permanent magnet or electromagnet can change its 

physical properties. This change in the physical properties of water can improve the use of water 

in different areas and have promising potentials especially in the field of irrigation and drainage. 

These improvements in this field include increasing crops growth and yield, improving quality of 

irrigation water, increasing efficiency of salt leaching from soils, enhancing the soil, water, and 

plant relationships, and reducing blockage of emitters used in trickle irrigation.  Moreover, 
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obtaining improvements in water properties by field of magnets is so simple, of low cost, safe, 

and have no harmful effects. However, the effects of magnetic fields on the properties of water 

are not well developed and are still a challenging subject. Generally, this study was conducted to 

investigate the soil and magnetized water relationships, specifically, the accumulated depth of 

infiltration.  

 

2. DESCRIPTION OF THE EXPERIMENTS 

The following subsections present a description of the experiments that were carried out to 

investigate effects of magnetizing water on the accumulated depth of infiltration.  

 

2.1 Materials Used 

The physical characteristics of soils used in the experiments are presented in Table 1. Results of 

the chemical and physical characteristics of the water used in the experiments are presented in 

Table 2. Permanent magnets were used of sintered neodymium-iron-boron, NdFeB; these 

magnets are of BY0X04-N52 type manufactured by K&J Magnetics Inc. The magnet is 5 cm 

long, 2.5 cm wide, and 1.25 cm depth. Magnetization direction of these magnets is through its 

thickness and the highest value of its flux is reached at its surface of 7671 gauss. 

 

2.2 The Test Rig 

Test rig was designed and constructed to investigate the effects of magnetized water on the 

accumulated depth of infiltration. Fig.1 shows a schematic diagram of the test rig. The rig 

consists of a constant head reservoir that maintains water to two identical magnetizing devices. 

Water following out of each of the magnetizing device is supplied to two cylinders containing 

soil. All these components are connected by using rubber tubes of 0.5 cm diameter. Flow 

throughout these tubes is controlled by using valves. Fig.2 shows the test rig installed in the 

laboratory. The magnetizing device is a closed water passage made of a Perspex sheet 4 mm 

thick, 40 cm long, 7 cm wide, and 2.5 cm high. The water passage of the device has an inlet and 

an outlet controlled by a valve. Magnets are to be installed on the top and bottom sides of the 

water passage. Fig.3 shows a close up photo of the magnetizing device. The cylinders containing 

the soils were made of a Perspex sheet 60 cm long, 10 cm internal diameter, 4 mm thick, and has 

a water inlet located at 15cm from the top controlled by a valve. A filtration paper and a metal 

screen were fixed at the bottom end of the cylinders. The filtration paper was used to prevent the 

soil from washing out. The metal screen is a support to the filtration paper. 

 

2.3 Design of the Test Runs 

Three variables were adopted when designing the test runs. The first was the configuration of 

magnets; ten configurations of arranging the magnets over and under the water passage of the 

magnetizing device were used. The second, was the flow velocity throughout magnetizing 

device, these velocities are 1.19, 0.99, 0.79, 0.69, 0.59, and 0.29 cm/sec. Finally, the third 

variable was the soil type. As was mentioned previously, two types of soil were used that is a 

clayey and sandy soil. So, the total numbers of experiments with magnetized water were 120 

experiments. In addition to the experiments with magnetized water, a set of experiments was 

carried out without magnetizing the water as control experiments. 

 

2.4 Configuration of Magnets 

To investigate the effect of the number of magnets used, ten configurations of the magnets over 

and under the water passage of the magnetizing device were used as shown in Fig.4. Each 

configuration was designated with a code, that is Mx-y. In this code M refers to the word Magnets 
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and x and y refers to the number of magnates used over and under the water passage of the 

magnetizing device, respectively. So, the code M4-4 refers to 4 magnates used over and under the 

water passage. 

 

2.5 Preparing of Soils Columns 

Four cylinders were prepared, two for the clayey and two for the sandy soil. The same method of 

packing was adopted in all experiments. The soil was added layer by layer to the cylinder by 

using a lab spatula. Each soil layer is gently compressed by using a special plunger, 

simultaneously with shaking until the top of the soil column does not sink any further, Oliviera, 

et al., 1996. The method of adding the layers of soil is repeated until the required total depth of 

the soil inside the cylinders, of 35cm, is reached. Some samples of the compacted soil layers 

were tested for their density. Bulk density for the pressed clayey soil has an average of 1050 

kg/m
3
 and that for the sandy soil is 1690 kg/m

3
. 

 

2.6 Description of the accumulated infiltration depth Tests 

Infiltration tests were carried out by adding water to a depth of 15 cm over the soil surface. The 

infiltrated depth is measured by a graded ruler fixed on the outer side of the cylinder. The 

infiltrated depth is recorded at short time increment during the few minutes after adding the 

water then increased gradually until reaching the final time of the test. Smaller time increments 

were used during experiments with sandy soil compared to that with clayey soil. 

 

3. RESULTS AND ANALYSES 

One hundred and twenty laboratory test runs were conducted to investigate the effects of 

magnetized water on the accumulated depth of infiltration. Fig.5 through Fig.10 shows the 

variation of accumulated depth of infiltration under all configurations of magnets and different 

flow velocities throughout the magnetizing device for clayey soil. Table 3 presents a summary 

of the effects of magnetizing water in increasing the accumulated depth of infiltration in the 

clayey soil under the applied velocities and all configurations of magnets used in the 

experiments. In general, increasing the number of magnets and reducing the flow velocity 

increases the accumulated depth of infiltration. At the highest applied flow velocity of 1.19 cm/s 

with M1-0 configuration, a 6.3% increase in accumulated depth of infiltration was achieved. For 

the same flow velocity with M5-5 configuration, this increase was 66.7%, which is 60.4% higher 

than that with M1-0 configuration. When reducing the velocity of flow water through the 

magnetizing device to its applied minimum value of 0.29 cm/s the effects of magnetizing of 

water are greatly increased. The increase in accumulated infiltration depth is 25% with M1-0 

configuration and 98.2% with M5-5 configuration. This is about 18.7% and 31.5% increase 

compared to that with maximum applied flow velocity of 1.19 cm/s with one and ten magnets, 

respectively. 

Fig.11 to Fig.16 shows the variation of the accumulated depth of infiltration in sandy soil under 

all configurations of magnets and different flow velocity. 

As it was noticed in the experiment with clayey soils, accumulated depth of infiltration increased 

when using magnetized water. This increase depends on the number of magnets and the value of 

flow velocity. Increasing the number of magnets and reducing the flow velocity increases the 

accumulated infiltration depth. But this increase in sandy soil is much less than that in clay soil. 

The increase of the accumulated depth of infiltration for sandy soil is 2.2% at the highest applied 

flow velocity of 1.19 cm/s with M1-0 configuration, which is less by 4.1% than that with clayey 

soil. When M5-5 configuration is used with the same velocity, the increase is 17.5%, which is 

15.3% less than that with M1-0 configuration and less by 49.2% than that with clayey soil. The 
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highest increase is 34.2% at the minimum value of applied flow velocity with M5-5 configuration, 

which is 16.7% higher than that with the maximum applied flow velocity and less by 64% than 

that with clayey soil. A summary of the percentage of increase in accumulated depth of 

infiltration in sandy soil is presented in Table 4. 

 

4. CONCLOSIONS 

This study aimed to evaluate and investigate the effects of magnetized water on the accumulated 

depth of infiltration in the two types of soil. The results showed that the accumulated infiltration 

depth of the two soil types increased when magnetized water is used compared to that with non-

magnetized water. The maximum percentage of this increase was 98.2% and 34.2% for clayey 

soil and sandy soil, respectively. This maximum increase was achieved under the condition of 

minimum applied flow velocity through magnetizing device of 0.29 cm/s and with ten used 

magnets. The accumulated infiltration depth in clayey soil is affected by the magnetized water by 

a maximum value of 64% more than that in sandy soil. 
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Figure 1. Schematic diagram of the test rig. 

 

 
Figure 2. The test rig installed in the laboratory. 

 

 
Figure 3. Close up photo of the magnetizing device. 
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Figure 4. Schematic diagram showing the configurations of magnates. 

 

 

 
 

Figure 5. Variation of accumulated infiltration depth with time, for clayey soil,v=1.19cm/s. 
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Figure 6. Variation of accumulated infiltration depth with time for clayey soil, v=0.99cm/s. 

 

 

 
 

Figure 7. Variation of accumulated infiltration depth with time for clayey soil, v=0.79cm/s. 

 

 

 
 

Figure 8. Variation of accumulated infiltration depth with time for clayey soil, v=0.69cm/s. 
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Figure 9. Variation of accumulated infiltration depth with time for clayey soil, v=0.59cm/s. 

 

 

 
 

Figure 10. Variation of accumulated infiltration depth with time for clayey soil, v=0.29cm/s. 

 

 

 
 

Figure 11. Variation of accumulated infiltration depth with time for sandy soil, v=1.19cm/s. 
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Figure 12. Variation of accumulated infiltration depth with time for sandy soil, v=0.99cm/s. 

 

 

 
 

Figure 13. Variation of accumulated infiltration depth with time for sandy soil, v=0.79cm/s. 

 

 

 
 

Figure 14. Variation of accumulated infiltration depth with time for sandy soil, v=0.69cm/s. 
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Figure 15. Variation of accumulated infiltration depth with time for sandy soil, v=0.59cm/s. 

 

 

 
 

Figure 16. Variation of accumulated infiltration depth with time for sandy soil, v=0.29cm/s. 
 

 
Table 1. Results of the tests carried out on the two soils used in the study. 

 

Parameter Soil from site1 Soil from site2 

Moisture content, % 2.60 0.45 

Particle size distribution:  

 

 

 

 

 
- % Sand 8.60 96.8 

- % Silt 31.50 3.00 

- % Clay 59.90 0.20 

Texture class Clay Sand 
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Table 2. Results of the tests carried out on the diluted water used in the study. 

 

Parameter  

PH 8.01 

Electrical conductivity EC, dS/m 1.07 

TDS, mg/l 697 

TSS, mg/l 

s 

0.054 

Alk. as CaCO3, mg/l 90 

T.H. as CaCO3, mg/l 70 

Calcium Ca
+2

,
 
mg/l 138 

Magnesium Mg
+2

, mg/l 60 

Sodium Na
+
,
 
mg/l 152 

Potassium K, mg/l 5.3 

Chloride, Cl
-
, mg/l 132 

Sulfate, SO4
-2

, mg/l 145 

Carbonate CO3
-
,
 
mg/l Nil 

Bicarbonate HCO3
-
,
 
mg/l 71 

Nitrate, NO3, mg/l 2.561 

Phosphate, PO4, mg/l 0.352 

Aluminum, Al, mg/l 0.152 

Iron, Fe, mg/l 0.316 

Manganese, Mn, mg/l 0.265 

Zinc, Zn, mg/l 0.202 

Copper, Cu, mg/l 0.0813 

Lead, Pb, mg/l 0.097 

Cadmium, Cd, mg/l 0.042 

Nickel, Ni, mg/l 0.117 

Mercury, Hg, mg/l 0.079 

Chrome, Cr, mg/l 0.095 

 

Table 3. Increase in accumulated infiltration depth for clayey soil. 

 

 Increase in accumulated infiltration depth, % 

Magnets Configuration 
Velocities, cm/sec. 

1.19 0.99 0.79 0.69 0.59 0.29 

M 1-0 6.3 8.1 9.4 15.9 18.3 25 

M 1-1 17.5 17.9 20.9 28.5 29.7 32.1 

M 2-0 26.6 28.1 30.3 32.1 34.2 37.2 

M 2-2 31.7 33.1 35.6 40.7 40.9 45.5 

M 3-0 34.2 36.2 42.7 44.3 44.9 54.5 

M 3-3 41.3 43.5 45.3 48.4 50.4 57.5 

M 4-0 45.7 47 48.4 54.1 60 62.6 

M 4-4 48.8 50.8 56.1 62.2 71.1 72.76 

M 5-0 53.5 57.9 60.8 69.9 76.8 86 

M 5-5 66.7 68.7 79.9 89 94.1 98.2 
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Table 4. Increase in accumulated infiltration depth for sandy soil. 

 

 Increase in accumulated infiltration depth, % 

Magnets configuration 
Velocities, cm/sec. 

1.19 0.99 0.79 0.69 0.59 0.29 

M 1-0 2.2 2.9 4 4.7 6.3 9 

M 1-1 2.7 4 5.6 7.2 8.1 10.8 

M 2-0 4.3 5.8 8.5 9.9 11.2 12.1 

M 2-2 6.3 7.9 10.3 11.9 13.9 14.1 

M 3-0 9 9.9 12.3 13.7 16.1 16.8 

M 3-3 10.3 12.6 14.8 16.6 17.9 18.8 

M 4-0 12.1 14.6 17 20.3 20.9 22.7 

M 4-4 13.7 16.9 20 22.6 24 27.8 

M 5-0 15.7 19.5 21.5 24.4 28.3 31.1 

M 5-5 17.5 21.1 24.1 27.4 30.7 34.2 
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ABSTRACT 

          This paper deals with studying the effect of hole inclination angle on computing slip 

velocity and consequently its effect on lifting capacity. The study concentrates on selected 

vertical wells in Rumaila field, Southern Iraq. Different methods were used to calculate lifting 

capacity. Lifting capacity is the most important factor for successful drilling and which reflex on 

preventing hole problems and reduces drilling costs. Many factors affect computing lifting 

capacity, so hence the effect of hole inclination angle on lifting capacity will be shown in this 

study. A statistical approach was used to study the lifting capacity values which deal with the 

effect of hole inclination angle and those values that do not put the effect of hole inclination 

angle under consideration. Results illustrated that low hole inclination angles had a slight effect 

on lifting capacity values , but this study could be used on high inclination angles like directional 

wells or horizontal wells , hence high hole inclinations angle will yields high effect on  lifting 

capacity values.  

Key words: hole cleaning; cuttings transport; lifting capacity; hole inclination angle; slip 

velocity.  
 

 مختارة في حقل الرميلتتخمين قابليت الرفع لابار 

 
 د. رافذ كاظم عباس

 مذرص

 كهٍخ انهىذطخ جبمعخ انقبدطٍخ

 

 الخلاصت

 هذا انجحث ٌزىبول دراطخ ربثٍز ساوٌخ اوحزاف انجئز عهى حظبة طزعخ الاوشلاق و ثبنزبنً عهى قبثهٍخ رفع انصخىر. 

  انعزاق.   جىىثً مخزبرح فً حقم انزمٍهخ عمىدٌخ انذراطخ رزكّشد عهى اثبر

طزق مخزهفخ رم اطزخذامهب نحظبة قبثهٍخ رفع انصخىر . قبثهٍخ رفع انصخىر هً انعبمم الاكثز أهمٍخ نعمهٍخ حفز وبجحخ و انزً 

بثهٍخ رفع انصخىر ، نذا هىب ربثٍز ق. عىامم كثٍزح رؤثز عهى حظبة حفزانرىعكض عهى رجىت مشبكم انحفز و رخّفض كهفخ 

دراطخ احصبئٍخ رم اطزخذامهب نذراطخ قٍم قبثهٍخ  .ىضٍحهب فً هذي انذراطخرانصخىر طٍزم ساوٌخ اوحزاف انجئز عهى قبثهٍخ رفع 

رفع انصخىر ثىجىد ساوٌخ لاوحزاف انجئز مع انقٍم انزً لا رأخذ ساوٌخ اوحزاف انجئز ثىظز الاعزجبر . انىزبئج وضحّذ ثأن 

كه هذي انذراطخ ٌمكه اطزخذامهب عهى سواٌب اوحزاف سواٌب اوحزاف قهٍهخ نهب رأثٍز ضعٍف عهى قٍم قبثهٍخ رفع انصخىر ، ن

 عبنٍخ مثم الاثبر انمىحزفخ و الاثبر الافقٍخ ، حٍث هىب سواٌب احزاف عبنٍخ طزؤدي انى رأثٍز عبنً عهى قٍم قبثهٍخ رفع انصخىر .

 ة السقوط.: تنظيف البئر، نقل قطع الصخور، قابلية رفع الصخور، زاوية انحراف البئر، سرعالكممات الرئيسية
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1. INTRODUCTION 

 

     Sifferman and Becker ,1992 conducted after 4 – years multifactor experimental study on 

hole cleaning in inclined wellbores, ten variables were used. They concluded that the variables 

with significance influence on cuttings transport are mud annular velocity, mud density, 

inclination angle and drill pipe rotation as well as pipe eccentricity. 

The annular velocity of an oil well drilling operation is chosen to transport drill cuttings from the 

bottom of the well to the surface , meanwhile it must maintain the concentration of cuttings in 

the annulus within certain limits dictated by the drilling and formation conditions. Using 

available experimental data, empirical equations describing the setting velocity of the drill 

cuttings were first determined. Increasing the mud density, creating laminar annular mud flow or 

rotating the drill pipe may also improve the carrying capacity of mud, Hopkin, 1967 and Chain, 

1969.  

A simple rig-site graphical technique was presented for determining hole cleaning requirements 

for a range of hole sizes. This method used a set of charts which had been derived from a 

computer model based on both laboratory and field measurements. Mud rheologywais shown to 

be a key variable for optimizing hole cleaning in deviated wells, Luo, 1994. 

It has been shown that in vertical annuluses, the fluid annular velocity has a major effect on the 

carrying capacity of muds, while other parameters have an effect only at low to medium fluid 

annular velocities, Hussaini and Azar, 1983. 

Using the concept of minimum transport velocity, which presumes that a hole can be efficiently 

cleaned by either maintaining cuttings rolling or in suspension if the annular velocity is equal to 

or greater than the minimum transport velocity for that operational condition, Paden and Ford, 

1990. 

Several experimental studies have been performed to determine the minimum annular velocity 

required to lift the cuttings, and the results showed that a minimum annular velocity of 50 ft/min 

is required to provide effective cutting transport for a typical drilling fluid. However the slip 

velocity of the cuttings determines how effective the cutting transport will be, Mojisola, 2005. 

Rabia, 2001 showed that for optimum lifting capacity the following factors must be considered: 

1- Turbulent flow is most favorable for efficient removal of cuttings. 

2- Low viscosity and low gel strength of mud are desirable properties for cuttings removal. 

3- High mud density efficiently helps to remove cuttings away from the wellbore. 

4- Pipe rotation aids the removal of cuttings. 

 

Jerzy et al., 2013 studied the behavior of the slip velocities in a two-phase (solid and liquid) 

mixture flow in a vertical pipe. It was noted that the measured slip velocities in the two-phase 

flow were influenced by the fluctuations in the concentration of the flowing mixture during the 

measurement. Furthermore, the shape of the cuttings could affect the precision of the measured 

slip velocities. 

Onuoha et al., 2015 illustrated the effect of hole inclination angle on the Cutting Transport 

Ratio (CTR). It was concluded that when using water-base mud as a drilling fluid, the CTR found 

to be decreased when the inclination angle is between 0º and 60º. On the other hand, when using 

polypropylene beads with water base mud would improve the CTR, especially at high inclination 

angle (i.e. 75º – 90º). 

Mohammadsalehi and Malekzadeh, 2011 developed a computer program that combines 

Larson's and Moore models to predict the minimum flow rate of the transported cuttings for the 

hole inclination angles range from 0º to 90º. For inclination angles between 55º – 90º, the 
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rheological properties of the drilling mud goes higher causing the flow rate to be decreased, 

while for higher inclination angles, lower rheological properties of the drilling mud is more 

favorable to obtain better hole cleaning efficiency. 

 

2. THEORETICAL BACKGROUND 
 

Efficient removal of cuttings from the wellbore is one of the major considerations during both 

design and operational stages of a drilling process. Inadequate hole cleaning may give rise to 

serious drilling problems, like increase in torque and drag, stuck pipe, loose control on density, 

difficultly when running and cementing casing, etc. To avoid such problems, generated cuttings 

have to be removed from the wellbore by the help of the drilling fluid. The ability of the fluid to 

lift such cuttings is generally referred to as carrying capacity of the drilling fluid. 

Factors affecting the ability of drilling mud to lift cuttings are (1) fluid rheological properties, (2) 

particle setting velocity, (3) particle size and size distribution, geometry and concentration, (4) 

penetration rate of drill bits, (5) rotary speed of drill string, (6) fluid density, (7) hole inclination, 

(8) mud type, (9) drill pipe position and (10) drill pipe size. Simultaneously, the determination of 

carrying capacity of a mud becomes a complicated problem. 
  

2.1 Cuttings transport parameters: 

 

1- Slip velocity (Vsl). Slip velocity is the falling cuttings velocity in the annulus, according to the 

law of gravity. 

2- Cutting velocity (Vcut). Cutting velocity is the velocity that must be fulfill by cutting to the 

surface. 

3- Minimum velocity (Vmin). Minimum velocity is a required velocity of the annular fluid so than 

the cutting can be transported to the surface. 

The mathematical relation is defined as follows, Indra and Rudi, 2002: 

 
)1(min slcut VVV 

 

 

4- The Cutting Transport Ratio (CTR), which is defined as the ratio of the cutting transport 

velocity over the minimum mean annular velocity as follows:  

 

)2(1
minmin V

V

V

V
CTR slcut 

 

 

A (CTR) of 1.0 or 100% implies perfect hole cleaning. 

- If CTR > 0 cuttings are moving upward. 

- CTR should be > 0.5 for optimum hole cleaning. 

 

Obviously total removal of drill solids would correspond to a transport ratio of 100 percent, 

however this degree of efficiency can be difficult to achieve because of practical constraints. 

 

2.1.1 Moore correlation: 

Several equations were presented by Moore, 1974 for the calculations. Reynold's number is 

calculated from: 
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)3(
928

Re





sslf dV
N  

 

For Reynold's number greater than 300, the slip velocity can be calculated as follows: 

 

)4(.54.1sec)/(
f

fs
ssl dftV




   

 

For Reynold's number less than 3, when flow is considered to be laminar, the slip velocity 

equation becomes: 

 

)5()(87.82sec)/(
2

fs
s

sl

d
ftV 


  

 

For intermediate Reynold's numbers corresponding to the transitional flow regime, slip velocity 

can be calculated as: 

 

)6(
.

)(7.174
min)/(

333.0333.0

667.0

ef

fss
sl

d
ftV




  

 
2.1.2 Chien correlation: 

Chien correlation assumed a general empirical equation for calculating slip velocity as follows, 

Chien,  1972: 

 

)7()
)(

(5.86min)/( 5.0

f

fss
sl

d
ftV




  

 

Moore correlation is used in normal vertical well to determine these parameters. But in deviated 

or even horizontal wells Moore correlation cannot be applied. Indra and Rudi , 2002 developed 

a new correlation for this problem that is used to determine the parameters. The correlations are 

as follows: 

 

For the case of θ < 45
°
: 

where θ represents the hole inclination angle. 
 

)8(min)/(
405000

)3)(600)(245(
min)/(min)/(min ftV

N
ftVftV sl

f
cut 







 


 

 

For θ > 45
°
: 

 

)9(min)/(
3000

)3)(600(
min)/(min)/(min ftV

N
ftVftV sl

f
cut 







 

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While, Vcut is solved as following: 

 

)10(

136

sec)/(
2

conc
hole

pipe

cut

C
d

d

ROP
ftV
































  
Vcut should convert to (ft/min) units. Another method to predict the value of cuttings transport 

ratio assumed by Darely and Gray, 1988 as follows: 

 

1- Calculating annular velocity (Vmin) based on flow rate (Q), hole and pipe diameter: 

 

)11(
5.24

22min

pipehole dd

Q
V


  

 
2- After calculating Vmin the next step is to use Sifferman's graph by plotting the velocity  (Vmin) 

to intersect with the type of drilling fluid used where this approach four types of drilling fluids    

(water, thin mud, intermediate mud and thick mud), and from this intersection , cuttings transport 

ratio will be determined as shown in Fig. 1. 

 

Guo et al. (1993) presented an equation to determine the expected cutting size as follows: 

 

)12(
60

12

N

ROP
ds 

 
 

Wolfgang, 2001 submitted another approach to know the cutting size as: 

 

)13(
)(4.10 fs

g
sd






 

)13(
4.10

a
ds

g
fs




 
 

where   τg   represents the gel strength required to suspend particle of the cutting diameter. 
 

 
3. COLLECTION OF DATA  

 

    Data was collected from Iraqi South Oil Company. Drill bit records, mud control, and drilling 

tubular data for five drilled wells in Rumaila field, Southern Iraq were used for the calculations 

in this study. 
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4. RESULTS AND DISCUSSION 

 

4.1 Regular calculations (when angle of inclination was not taken under consideration): 

 

4.1.1 Annular velocity calculations: 

 

 First of all, the unknown parameters must be determined such as cutting size diameter and 

cutting density. Taking into consideration that all used parameters must be in homogenous units 

by using conversion factors. Guo equation, i.e. eq. (12) is used to compute cutting size diameter 

(ds). To calculate cutting density (ρs) equation (13a) is used, where τg in eq.(13) represents the 

highest reading of zero gel  or 10 min. gel, Lee et al. 2004. 

Both computed cutting size diameter and cutting density are tabulated in Tables (1), (2) , (3) , (4) 

and (5) for wells Ru-273 , Ru-301 , Ru-285 , Ru-283 and Ru-281 respectively. Surprisingly, 

some of the calculated cutting density exhibits high values. This might be attributed to the 

inexact estimation of the cuttings size as there is no perfect approach for the cutting size 

estimation.  

The next step of calculations is annular velocity computation using equation (11) and its results 

were tabulated in Tables (6), (7), (8), (9) and (10). The computed annular velocity is used to 

determine cutting transport ratio (CTR) by Sifferman’s graph, Fig.1. This approach is considered 

the quickest, but not the most accurate method of CTR determination. The determined values of 

cutting transport ratio (CTR) by Sifferman’s graph are tabulated in Tables (6), (7), (8), (9) and 

(10). It is noticed from Sifferman’s graph that this method Is extremely limited to fixed types of 

drilling fluid properties such as μp , Yp , zero min. gel and 10 min. gel for four types of fluids. 

Furthermore, it is noted that for high values of flow rate (Q), there is considerable corresponding 

values for CTR, whereas low Q values produced unknown CTR values as shown in Tables 6-10. 

 The computed values of annular velocities by eq. (11) are used later beside the slip velocity to 

compute cutting transport ratio (CTR) by using eq. (2). 

According to Rabia, 2001, hole cleaning will be efficient if annular velocity Va or Vmin. must be 

greater than slip velocity Vs and it is observed that at annular velocities of less than 100 ft/min. , 

particle slip velocity in both Newtonian and non-Newtonian fluids is independent of the fluid 

annular velocity. Above an annular velocity of 100 ft/min., there appears to be a dependence of 

slip velocity on annular velocity. 

    

4.1.2 Slip velocity calculations: 

 

According to Rabia, 2001, the type of flow considered for slip velocity calculations will be 

chosen to be transitional (between laminar and turbulent), because the type of flowing is 

unknown. Using power-law model equations: 

 

)14(log32.3
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
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The following equations are so useful for k, µp and Yp calculations: 
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From the given data the parameters φ300, φ600 , n, K, μe  and Vsl are computed using Equations 

(16a),(15a),(14),(17),(18) and (19) respectively. Later, CTR and Cconc. will be computed using 

equations (2) and (20) respectively. 

The results of the used equations above were tabulated in Tables (11), (12), (13), (14) and (15) 

for wells Ru-273 , Ru-301 , Ru-285 , Ru-283 and Ru-281 respectively . 

All the previous calculations were done when the angle of inclination was not considered. 

 

4.2  Calculations when small angles of inclination were considered (semi vertical well): 

4.2.1 Cutting velocity calculation: 

By getting the benefit of Cconc values computed from above equations, cutting velocity will be 

computed using equation (10). The resulted cutting velocity will be in units of ft/sec. and should 

be converted to units of ft/min.  

 

4.2.2 Annular velocity calculations: 

For the case of inclination, annular velocity will be calculated using equation (8), because the 

data given were exclusive for the case of angle of inclination (θ < 45
°
). 

Slip velocity values computed above when angle of inclination was not under consideration will 

be used altogether with the computed values of Vmim and Vcut(inc.) for case of inclination to 

calculate CTR values for case of inclination. The resulted values were tabulated in Tables (16), 

(17), (18), (19) and (20) for wells Rumaila-273, Rumaila -301, Rumaila -285, Rumaila -283 and 

Rumaila -281 respectively. It is noted that, some values of slip velocities were obtained due to 

the uncertain method of cutting size determination. Cutting size (ds) affect the slip velocity (Vsl) 

and consequently Cutting Transport Ratio (CTR). 

 

4.3 Figures interpretation: 

 

From the obtained results, plotting depth vs. Cuttings Transport Ratio (CTR) for three cases 

(Normal, Sifferman's and inclined). 

Figures 2-6 represent the plot of CTR vs. depth for wells Rumaila -273, Rumaila -301, Rumaila -

285, Rumaila -283 and Rumaila -281 respectively. 
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From these figures, it has been realized that Sifferman's method gave an approximate values of 

CTR i.e. not accurate as the other methods mentioned above. Furthermore, the methods applied 

in this study when small angles of inclination are considered also gave some abnormal values 

which confirm that there is no ideal method of the CTR determination when the case of 

inclination angle is considered. 

In addition, Figures 2-6 plotted showed that the inclination angles hence were so low and near to 

1° or less (vertical wells) subsequently it had a slight effect on CTR calculated values that took 

angle of inclination into consideration, but when the angle of inclination increases, it is supposed 

that it gives higher effect on calculated CTR values and that point is extremely clear for inclined 

wells (deviated wells) and horizontal wells where the effect of gravity is obvious. 
 

4.4 Statistical study of normal and inclined values of CTR: 

 

The Paired-Samples T- test procedure compares the means of two variables for a single group. It 

computes the differences between values of the two variables for each case and tests whether the 

average differs from 0. 

 

 Statistics: For each variable: mean, sample size, standard deviation, and standard error of the 

mean. For each pair of variables: correlation, average difference in means, t test, and confidence 

interval for mean difference standard deviation and standard error of the mean difference will be 

determined as shown below by using SPSS program : 

 

 

 

T-test for well Rumaila-273 

 

 

 
 

 

 

 

 

 

Paired Samples Statistics

94.964125 4 5.062440 2.531220

96.184533 4 3.660406 1.830203

CTR_NOR

CTR_INC

Pair

1

Mean N Std.  Dev iat ion

Std.  Error

Mean

Paired Samples Correlations

4 .998 .002CTR_NOR & CTR_INCPair 1

N Correlation Sig.

Paired Samples Test

-1.220408 1.430310 .715155 -3.496350 1.055535 -1.706 3 .186CTR_NOR - CTR_INCPair 1

Mean Std.  Dev iat ion

Std.  Error

Mean Lower Upper

95% Conf idence

Interv al of  the

Dif f erence

Paired Dif f erences

t df Sig. (2-tailed)
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T-test for well Rumaila -107 

 

 
 

 
       

 
 

 
T-test for well Rumaila -285 

 

 
 

 
 

 

 
 

 

 

Paired Samples Statistics

93.228835 4 4.095601 2.047801

94.927175 4 2.840964 1.420482

CTR_NOR

CTR_INC

Pair

1

Mean N Std.  Dev iat ion

Std.  Error

Mean

Paired Samples Correlations

4 .998 .002CTR_NOR & CTR_INCPair 1

N Correlation Sig.

Paired Samples Test

-1.698340 1.276486 .638243 -3.729515 .332835 -2.661 3 .076CTR_NOR - CTR_INCPair 1

Mean Std.  Dev iat ion

Std.  Error

Mean Lower Upper

95% Conf idence

Interv al of  the

Dif f erence

Paired Dif f erences

t df Sig. (2-tailed)

Paired Samples Statistics

91.375008 4 7.571113 3.785557

93.521985 4 5.441166 2.720583

CTR_NOR

CTR_INC

Pair

1

Mean N Std.  Dev iat ion

Std.  Error

Mean

Paired Samples Correlations

4 .999 .001CTR_NOR & CTR_INCPair 1

N Correlation Sig.

Paired Samples Test

-2.146978 2.145157 1.072579 -5.560401 1.266446 -2.002 3 .139CTR_NOR - CTR_INCPair 1

Mean Std.  Dev iat ion

Std.  Error

Mean Lower Upper

95% Conf idence

Interv al of  the

Dif f erence

Paired Dif f erences

t df Sig. (2-tailed)
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T-test for well Rumaila -211 

 

 
 

 
 

 
 
 

 
T-test for well Rumaila -217 

 

 
 

 
 

 
 

As shown above from the statistical correlation between normal CTR and inclined CTR the 

difference between standard deviation for both normal and inclined CTR are relatively low also , 

the same thing applied on the difference between standard error mean and that means that the 

Paired Samples Statistics

89.538175 4 7.126445 3.563223

91.980903 4 5.338956 2.669478

CTR_NOR

CTR_INC

Pair

1

Mean N Std.  Dev iat ion

Std.  Error

Mean

Paired Samples Correlations

4 .999 .001CTR_NOR & CTR_INCPair 1

N Correlation Sig.

Paired Samples Test

-2.442728 1.800726 .900363 -5.308084 .422629 -2.713 3 .073CTR_NOR - CTR_INCPair 1

Mean Std.  Dev iat ion

Std.  Error

Mean Lower Upper

95% Conf idence

Interv al of  the

Dif f erence

Paired Dif f erences

t df Sig. (2-tailed)

Paired Samples Statistics

92.565325 4 5.744746 2.872373

94.328388 4 4.264596 2.132298

CTR_NOR

CTR_INC

Pair

1

Mean N Std.  Dev iat ion

Std.  Error

Mean

Paired Samples Correlations

4 1.000 .000CTR_NOR & CTR_INCPair 1

N Correlation Sig.

Paired Samples Test

-1.763063 1.484251 .742125 -4.124837 .598711 -2.376 3 .098CTR_NOR - CTR_INCPair 1

Mean Std.  Dev iat ion

Std.  Error

Mean Lower Upper

95% Conf idence

Interv al of  the

Dif f erence

Paired Dif f erences

t df Sig. (2-tailed)



Journal of Engineering         Volume    23   March  2017  Number 3 
 

 

771 

 

values of CTR are approximate and subsequently it means that the effect of angle of inclination 

on inclined CTR values had slightly effect, because the angle of inclination does not exceed 

1.75° but it is reasonable that when the angle of inclination is high and that reflects on the values 

of CTR for inclination and subsequently the difference between normal CTR and inclined CTR 

will be high and the analysis for that case will be absolutely different especially for deviated and 

horizontal wells. 

 

5 CONCLUSIONS 

 

1- From the obtained results of CTR during the case of inclination, the hole inclination angle 

has slight effect on CTR values, especially for angles less than 1°, whereas for inclination 

angles greater than 1°, the CTR values seemed to be slightly decreased. 

2- For shallow depths, high rate of penetration values are used to achieve maximum drilling 

efficiency leading to high cuttings concentration and consequently low CTR, i.e. CTR 

values are inversely proportional with cuttings concentration. 

3- In general, low inclination angles taken in the present study did not show clearly an 

effective influence on the CTR values. Further investigation for high inclination angles 

i.e. (derived or horizontal wells) is required for future studies. 

4- The calculations obtained in this study when small values of inclination angles are 

considered showed abnormal values of cutting density, slip velocity, minimum annular 

velocity and cutting transport ratio due to the inexact determination of cutting size. 

Accurate determination of the cutting size is required to give more precise results. 

 

NOMENCLATURE  

 

Cconc. : cutting concentration, percentage. 

CTR : cutting transport ratio ,percentage or fraction. 

dhole or Dh : hole diameter ,in.. 

dpipe or ODp : pipe outside diameter ,in. 

ds : cutting diameter ,in. 

N : rotary speed ,RPM. 

NRe: reynold's number, dimensionless. 

Q : flow rate ,gal./min. 

ROP : rate of penetration ,ft/hr. 

Vcut : cutting transport velocity ,ft/sec. 

Vmin.: minimum annular velocity ,ft/min. 

Vsl : slip velocity ,ft/min 

Yp : yield point (lb/100ft
2
). 

θ : angle of inclination ,degree. 

μa : apparent viscosity c.p. 

μe : effective viscosity ,c.p. 

μp : plastic viscosity c.p. 

ρf or ρm : fluid mud density ,lb/gal.. 

ρs : cutting density ,lb/gal. 

τg : gel strength ,lb/100ft
2
. 

Φ300 : dial reading @ 300 rpm.  
Φ600 : dial reading @ 600 rpm. 
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Table 1. Parameters of well Rumaila -273. 

 

  

 

 

Table 2. Parameters of well Rumaila -301. 

 

 

 

 

 

ρs (lb/gal) ds 

(in.) 

N 

(rpm) 

ROP 

(ft/hr) 

ROP 

(m/hr) 

τg 

(lb/100ft
2
) 

ρf 

 (lb/gal) 

Specific 

gravity 

Depth 

 (m) 

24.43 0.0623 100 31.153 9.495 10 8.9964 1.08 525 

123.15    
(abnormal 

value) 0.0144 80 5.795 1.7662 

 

 

17 9.7461 

 

1.17 1917 

45.5 0.0136 70 4.77 1.454 5 10.162 1.22 2332 

10.61 0.051 60 15.31 4.666 5 9.9127 1.19 2395 

ρs (lb/gal) ds 

(in.) 

N 

(rpm) 

ROP 

(ft/hr) 

ROP 

(m/hr) 

τg 

(lb/100ft
2
) 

ρf 

 (lb/gal) 

Specific 

gravity 

Depth 

(m) 

18.004 0.0838 100 41.914 12.74 8 8.8298 1.06 460 

40.875 0.0245 70 8.5869 2.61 8 9.4962 1.14 1850 

86.831 
(abnormal value) 

0.0187 80 7.501 2.28 15 9.7461 1.17 2296 

54.379 0.0302 50 7.567 2.3 14 9.8294 1.18 2346 
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Table 3. Parameters of well Rumaila -285. 

 

 

 

Table 4. Parameters of well Rumaila -283. 

 

 

 

Table 5. Parameters of well Rumaila -281. 

 

 

Table 6. Annular velocity calculations of well Rumaila -273. 

 

 

 

Table 7. Annular velocity calculations of well Rumaila -301. 

ρs 

(lb/gal) 

ds 

(in.) 

N 

(rpm) 

ROP 

(ft/hr) 

ROP 

(m/hr) 

τg 

(lb/100ft
2
) 

ρf  

lb/gal) 

Specific 

gravity 

Depth 

(m) 

22.641 0.112 90 50.534 15.36 16 8.9131 1.07 461 

39.676 0.038 60 11.449 3.48 12 9.3296 1.12 1850 

51.528 0.023 80 9.508 2.89 10 9.7461 1.17 2288 

21.759 0.0789 50 19.74 6 10 9.5795 1.15 2358 

ρs 

(lb/gal) 

ds 

(in.) 

N 

(rpm) 

ROP 

(ft/hr) 

ROP 

(m/hr) 

τg 

(lb/100ft
2
) 

ρf  

(lb/gal) 

Specific 

gravity 

Depth 

(m) 

25.048 0.0898 80 35.959 10.93 15 8.996 1.08 503 

59.325 0.027 80 10.824 3.29 14 9.496 1.14 1918 

66.513 
(abnormal 

value) 0.0237 80 9.508 2.89 14 9.7461 1.17 2325 

27.458 0.0645 50 16.121 4.9 12 9.579 1.15 2378 

ρs 

(lb/gal) 

ds 

(in.) 

N 

(rpm) 

ROP 

(ft/hr) 

ROP 

(m/hr) 

τg 

(lb/100ft
2
) 

ρf  

(lb/gal) 

Specific 

gravity 

Depth 

(m) 

27.388 0.0836 80 33.459 10.17 16 8.996 1.08 500 

36.355 0.0395 60 11.844 3.6 14 9.579 1.15 1955 

49.126 0.0269 80 10.791 3.28 11 9.829 1.18 2377 

46.1 0.0367 50 9.212 2.8 14 9.579 1.15 2421 

CTR by Siff. 

graph (%) 

Vmin  

(ft/min) 

ODpipe 

(in.) 

dhole 

(in.) 

Q (gal/min.) Q (L/min.) Depth 

(m) 

near 79.5% 51.773 5 17.5 594.337 2250 460 

near 84% 62.097 5 12.25 316.98 1200 1850 

unknown 205.45 5 8.5 396.225 1500 2296 

unknown 239.798 3.5 5.875 217.923 825 2346 

CTR by Siff. 

graph (%) 

Vmin  

(ft/min) 

ODpipe 

(in.) 

dhole 

(in.) 

Q (gal/min.) Q (L/min.) Depth 

(m) 

near 78% 46.026 5 17.5 528.36 2000 525 

near 91% 72.446 5 12.25 369.81 1400 1917 

unknown 205.45 5 8.5 396.225 1500 2332 

unknown 207.093 3.5 6 200.754 760 2395 
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Table 8. Annular velocity calculations of well Rumaila -281. 

 

 

 

 

 

 

 

 

Table 9. Annular velocity calculations of well Rumaila -283. 

 

 

 

 

 

 

 
 

 

Table 10. Annular velocity calculations of well Rumaila -281. 
 

 

 

 

 

 

 

 

 

Table 11. Slip velocity and cuttings transport ratio calculations of well Rumaila -273. 
 

 

 

Table 12. Slip velocity and cuttings transport ratio calculations of well Rumaila -301. 
 

 

 

CTR by Siff. 

graph (%) 

Vmin  

(ft/min) 

ODpipe 

(in.) 

dhole 

(in.) 

Q (gal/min.) Q (L/min.) Depth 

(m) 

near 79% 52.624 5 17.5 604.111 2287 461 

near 83.5% 63.1319 5 12.25 322.263 1220 1850 

unknown 415.548 3.5 6 402.828 1525 2288 

unknown 228.347 3.5 6 221.357 838 2358 

CTR by Siff. 

graph (%) 

Vmin  

(ft/min) 

ODpipe 

(in.) 

dhole 

(in.) 

Q (gal/min.) Q (L/min.) Depth 

(m) 

near 79.5% 49.127 5 17.5 563.96 2135 503 

near 93% 94.6978 5 12.25 483.394 1830 1918 

unknown 198.327 5 8.5 382.489 1448 2325 

unknown 204.368 3.5 6 198.112 750 2378 

CTR by Siff. 

graph (%) 

Vmin 

(ft/min) 

ODpipe 

(in.) 

dhole 

(in.) 

Q (gal/min.) Q (L/min.) Depth 

(m) 

near 81% 51.543 5 17.5 591.696 2240 500 

near 97% 102.5635 5 12.25 523.545 1982 1955 

Unknown 208.873 5 8.5 402.828 1525 2377 

Unknown 212.543 3.5 6 206.037 780 2421 

Cconc. 

(%) 

CTR 

(%) 

Vsl 

(ft/min) 

µe 

 (c.p) 

K n 

 

Φ600 Φ300 ODpipe 

(in.) 

dhole 

(in.) 

Depth 

(m) 

1.389 88.409 5.335 227.172 1.353 0.447 30 22 5 17.5 525 

0.171 93.597 4.639 213.053 3.227 0.322 30 24 5 12.25 1917 

0.060 98.351 3.389 42.766 0.757 0.540 32 22 5 8.5 2332 

0.188 99.500 1.035 31.486 0.522 0.585 30 20 3.5 6 2395 

Cconc. 

(%) 

CTR 

(%) 

Vsl 

(ft/min) 

µe 

 (c.p) 

K n 

 

Φ600 Φ300 ODpipe 

(in.) 

dhole 

(in.) 

Depth 

(m) 

1.676 87.649 6.395 115.433 0.481 0.6517 30 44 5 17.5 460 

0.298 92.667 4.553 87.041 0.421 0.689 30 50 5 12.25 1850 

0.0966 96.347 7.505 50.8178 0.373 0.728 32 58 5 8.5 2296 

0.085 96.253 8.985 41.282 0.407 0.7 30 52 3.5 5.875 2346 
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Table 13. Slip velocity and cuttings transport ratio calculations of well Rumaila -285. 

 

 

 

Table 14. Slip velocity and cuttings transport ratio calculations of well Rumaila -283. 

 

  

Table 15. Slip velocity and cuttings transport ratio calculations of well Rumaila -281. 

 

 

 

 

Table 16. Cutting velocity, annular velocity and cuttings transport ratio calculations for case of 

inclination for well Rumaila -273. 

 

 

 

 

 

 

 

Cconc. 

(%) 

CTR 

(%) 

Vsl 

(ft/min) 

µe 

(c.p) 

K n 

 

Φ600 Φ300 ODpipe 

(in.) 

dhole 

(in.) 

Depth 

(m) 

2.147 81.190 9.899 164.922 0.857 0.547 38 26 5 17.5 461 

0.401 90.388 6.068 130.613 0.989 0.530 39 27 5 12.25 1850 

0.059 98.456 6.416 44.435 0.508 0.700 65 40 3.5 6 2288 

0.229 95.503 10.270 37.755 0.540 0.621 40 26 3.5 6 2358 

Cconc. 

(%) 

CTR 

(%) 

Vsl 

(ft/min) 
eμ 

(c.p) 

K n 

 

Φ600 Φ300 ODpipe 

(in.) 

dhole 

(in.) 

Depth 

(m) 

1.641 80.967 9.350 136.632 0.508 0.700 65 40 5 17.5 503 

0.245 93.143 6.493 101.311 0.942 0.526 36 25 5 12.25 1918 

0.127 96.109 7.716 51.611 0.731 0.585 42 28 5 8.5 2325 

0.211 94.644 10.946 36.725 0.757 0.540 32 22 3.5 6 2378 

Cconc. 

(%) 

CTR 

(%) 

Vsl 

(ft/min) 
eμ 

(c.p) 

K n 

 

Φ600 Φ300 ODpipe 

(in.) 

dhole 

(in.) 

Depth 

 (m) 

1.399 84.195 8.146 218.962 1.044 0.585 60 40 5 17.5 500 

0.247 93.645 6.518 89.583 0.643 0.616 46 30 5 12.25 1955 

0.136 96.985 6.297 65.981 0.848 0.610 58 38 5 8.5 2377 

0.115 95.436 9.699 41.069 0.458 0.665 46 29 3.5 6 2421 

CTR  for 

inclination , 

(%) 

Vmin  

(ft/min) 

Angle of inc.(θ), 

Degree 

Vcut 

(ft/min) 

Vcut 

(ft/sec) 

Depth 

(m) 

91.637 44.405 1 40.691 0.678 525 

94.849 71.489 1.75 67.807 1.130 1917 

98.661 204.805 1 202.061 3.368 2332 

99.591 206.905 1.25 206.058 3.434 2395 



Journal of Engineering         Volume    23   March  2017  Number 3 
 

 

711 

 

Table 17. Cutting velocity, annular velocity and cuttings transport ratio calculations for case of 

inclination for well Rumaila -301. 

 

 

Table 18. Cutting velocity, annular velocity and cuttings transport ratio calculations for case of 

inclination for well Rumaila -285. 

 

 

 

Table 19. Cutting velocity, annular velocity and cuttings transport ratio calculations for case of 

inclination for well Rumaila -283. 

 

 

 

Table 20. Cutting velocity, annular velocity and cuttings transport ratio calculations for case of 

inclination for well Rumaila -281. 

 

 

 

 

CTR  for 

inclination , 

(%) 

Vmin  

(ft/min) 

Angle of inc.(θ), 

Degree 

Vcut 

(ft/min) 

Vcut 

(ft/sec) 

Depth 

(m) 

91.1803 49.768 1 45.379 0.7563 460 

94.268 61.043 1 57.544 0.9591 1850 

97.254 203.533 0.25 197.945 3.299 2296 

97.006 237.936 0.25 230.813 3.847 2346 

CTR  for 

inclination , 

(%) 

Vmin  

(ft/min) 

Angle of inc.(θ), 

Degree 

Vcut 

(ft/min) 

Vcut 

(ft/sec) 

Depth 

(m) 

86.345 49.482 0.25 42.726 0.712 461 

92.557 61.653 0.5 57.064 0.951 1850 

98.821 414.015 0.75 409.132 6.819 2288 

96.394 226.235 0.75 218.077 3.637 2358 

CTR  for 

inclination , 

(%) 

Vmin  

(ft/min) 

Angle of inc.(θ), 

Degree 

Vcut 

(ft/min) 

Vcut 

(ft/sec) 

Depth 

(m) 

85.723 46.4015 0.5 39.777 0.663 503 

94.741 93.101 1 88.204 1.47 1918 

97.043 196.42 0.5 190.611 3.177 2325 

95.742 202.023 0.5 193.422 3.224 2378 

CTR  for 

inclination , 

(%) 

Vmin  

(ft/min) 

Angle of inc.(θ), 

Degree 

Vcut 

(ft/min) 

Vcut 

(ft/sec) 

Depth 

(m) 

88.149 49.231 0.75 43.397 0.723 500 

95.0249 101.074 0.5 96.046 1.601 1955 

97.723 207.296 0.25 202.577 3.376 2377 

96.417 210.383 0.25 202.844 3.381 2421 
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Figure 1.  Sifferman’s graph for cutting transport ratio determination 

 

(Sifferman and Becker, 1992). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Relationship of cuttings transport ratio vs. depth for well Rumaila -273. 
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Figure 3. Cuttings Transport Ratio (CTR) vs. depth for well Rumaila -301. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Cuttings Transport Ratio (CTR) vs. depth for well Rumaila -111. 

Fig. (3) Relationship of cuttings transport ratio vs. 

depth for well RU-301
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Fig.(4) Relationship of cuttings transport ratio vs. 

depth for well RU-285
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Figure 5. Relationship of cuttings transport ratio vs. depth for well Rumaila -213. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Relationship of cuttings transport ratio vs. depth for well Rumaila -281. 

Fig.(5) Relationship of cuttings transport ratio vs. 

depth for well RU-283
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Fig.(6) Relationship of cuttings transport ratio vs. 

depth for well RU-281
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 البيئة الحضرية أثر معالجة النفايات الحضرية الصلبة على 
 

  

 

 
        

 الخلاصت

 

جْ جَو٠حو ػىو جٌٓىحْ ٚجٌضفحع ِٓطٜٛ جٌّؼ١شس فٟ جٌّىْ فؼلاً ػٓ ٠َحوز جٌٕشحؽحش جٌطؿح٠ٌس ٚجٌظٕحػ١س      

ٚجٌٌُجػ١س قٛي جٌؼحٌُ جوش جٌٝ جٔطحؼ جٌىػ١ٍ ِٓ جٌّهٍفحش جٌطٟ لا٠كطحؼ ٌٙح جلأٓحْ ذّح ضك٠ٛٗ ِٓ ِٛجو لحذٍس 

جٌّٛجو ِح ذ١ٓ جٌّٛجو جٌظٍرس ٚجٌٓحتٍس ٚجٌغح٠َس جلا جْ ٌٍطكًٍ ٚجٌطفٓم جٚ ِٛجو غ١ٍ لحذٍس ٌٍطكًٍ ،ضطرح٠ٓ جشىحي ًٖ٘ 

جٌّٛجو جٌظٍرس ضؼطرٍ جلاوػٍ ػٌٍجً ػٍٝ جٌر١ثس ، ًٌٌه ضؼطرٍ ػ١ٍّس ؾّغ جٌٕفح٠حش ٚٔمٍٙح ِٚٓ غُ جٌطهٍض ِٕٙح 

فٟ جلاَلس أٚجٌٓحقحش أٚجٌّٕحؽك جٌٓى١ٕس ٠إغٍ  أي جْ ضىىِ جٌٕفح٠حش ْٛجءً ضؼحٟٔ ِٕٙح ِىْ جٌؼحٌُ.  ور١ٍزِشىٍس 

 جً جٌّٕحؽك ٚطكس ْىحٔٙح وّح جْ ًٖ٘ جٌكحٌس ْطىْٛ ِإشٍجٌطظح١ُِ جٌكؼ٠ٍس جٌّٓطىجِس  ٌطٍه ذشىً ور١ٍ ػٍٝ 

 . جٌّشٙى جٌكؼٍٞ ٌٍّى٠ٕس ػٍٝ ِٚٓ غُ جلاِحوٓػٍٝ ضٍوٞ ِٓطٜٛ جٌك١حز فٟ ضٍه  جً نط١ٍ

ِٚٓطٜٛ  جٌطٟ ضٛفٍ٘ح جٌّى٠ٕس ٌر١ثطٙح ػٍٝ ِىٜ جٌكّح٠س جً ِٚإشٍ ٌؿّحي جٌّى٠ٕس ِؼ١حٌجْحْٟ جٌٕظحفس ٚذأػطرحٌ أْ 

ٍْٛو١حش جفٍجو ضٍه  ضىىِ جٌٕفح٠حش ٚضٍوٙح ذىْٚ ِؼحٌؿس ٠إغٍ ذشىً ور١ٍ ػٍٝ فحْ ْىحٔٙح، طكس ػٍٝ جٌّكحفظس

ِٚٓ س ٚجٌٕف١ٓس ِؿطّؼُٙ ٚذ١ثطُٙ ٠ٚإغٍ ذشىً جْحِ ٚور١ٍ ػٍٝ طكطُٙ جٌؿ١ّٓ ضؿحٖجٌّٕحؽك جٌؼ١ٍّس ٚجٌٕف١ٓس 

ٟٚ٘ جْ جٌكؼحٌز ٚجٌّى١ٔس جوش جٌٝ  الوشكلت البحثُت العبهتِٓ ٕ٘ح ظٍٙش   ِٕحؽمُٙ ِٚىُٔٙ. ضؿحٖ ضظٍفحضُٙ غُ

جذطىجءً  جٌّىْجٌىػ١ٍ ِٓ جٌٍّٛغحش ِٕٚٙح )جٌٕفح٠حش جٌرٍى٠س جٌظٍرس( جٌطٟ جطركص ِشىٍس ور١ٍز ضٛجؾٗ  ٠ٕطؽّٔؾ ق١حز 

 جٚ جْطهىجِٙحٚجٌطى٠ٍٚ أػ١ٍّحش جٌطك٠ًٛ  ِٓ نلايِٕٙح  جلاْطفحوزجٌطهٍض جٚ  ِٚٓ غُ ٙحٚ ٔمٍ ٙحؾّؼػ١ٍّحش ِٓ 

 الوشكلت البحثُت الخبصت ٌطحلس ذحٌشىً جًٌٞ ٠هىَ جٌّٕٛ جٌّٓطىجَ ٌٍّىْ  ، ٚػ١ٍٗ فمى ضُ ط١حغسج لأطحؼ وّظىٌ

ٔمٍٙح ٚ جٌطهٍض ِٕٙح جٚ ْح١ٌد ِؼحٌؿطٙح  ٚؾّغ جٌٕفح٠حش  جْح١ٌد ٌطحغ١ٍؼىَ ٚؾٛو ٚػٛـ وحفٟ ذـ جٌّطؼٍمس

جٌطهٍض أٚ  ٚجْح١ٌدؾّغ ٚٔمً جٌٕفح٠حش  سػ١ٍّ جْ:  فرضُت البحث. سجٌكؼ٠ٍ ٚذ١ثطٙحجٌّى٠ٕس  ػٌٍٝلاْطفحوز ِٕٙح 

  .ٚذط٠ٍمس ضفٍع ٚؾٛو٘ح ػٍٝ ِشٙى٘ح جٌكؼٍٞ  س٠ٕضإغٍ ذشىً ور١ٍ ػٍٝ جٌر١ثس جٌكؼ٠ٍس ٌٍّىجلاْطفحوز  ِٕٙح 

 .فح٠حش،جٌّطُٕ٘حش جلا٠ىٌٛٛؾ١سٕجٌكؼ٠ٍس جٌظٍرس، ،ِىرحش جٌ جٌٕفح٠حشالرئُسُت:الكلوبث 

 

The Impact of Urban Solid Waste Management on Urban  

Environment 
       
                                                                                                         

ABSTRACT 

The growing population and the rising standard of living in cities as well as the 

increased commercial, industrial and agricultural activities around the world led to 

massive production of waste containing different materials and one of them is the 

municipal solid waste (MSW), so there is a major problem facing the cities around the 
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world about the waste, how to collect, transfer it and how to discard it. Because the 

accumulation of wastes, whether in the city alleys or in its squares and especially in 

its residential areas affect the health of their populations besides this situation will be 

a major indication of the deteriorating quality of life in the city, as hygiene considered 

a fundamental criterion for the city beauty as well as an indication of the protection 

provided by the city to their environment and the level of protection provided to the 

health of city residence. The accumulated waste which is left in the city without 

treatment significantly affects the psychological behavior of the residence of these 

areas towards their community and environment and therefore their behavior towards 

their regions and their cities. From here emerged the general research problem 

concerning the modern civilization and its lifestyle that produced great amounts of 

(municipal solid waste), which became a big problem facing the modern cities 

concerning their collection, transportation and finally their disposal, how can these 

great amounts of waste be used whether by recycling, energy recovery or transferring 

to plant fertilizers ... etc. To serve the sustainable growth of these modern cities, this 

lead to the specific research problem concerning the lack of clarity concerning the 

impact of waste collection, transporting and treating and city urban environment and 

its townscape. Research Hypothesis: The process of collecting, transporting and 

treating city solid waste or using it has a great impact on city urban environment and 

its townscape.  

Key words: Urban solid waste, landfills, Ecological urban park. 

 

 :الومذهت-1

ضؼطرٍ جٌٕفح٠حش جٌكؼ٠ٍس جٌظٍرس ِٓ أُ٘ جٌمؼح٠ح جٌر١ث١س جٌطٟ ضٓطكٛي ػٍٝ ج٘طّحَ جٌّؿحٌّ جٌرٍى٠س ٚجٌكىِٛحش     

ضُوجو و١ّس جٌٕفح٠حش جٌظٍرس ِغ ٌٍِٚ ي ج.ٚجٌٍأٞ جٌؼحَ جٌٛؽٕٟ ٚجٌؼحٌّٟ ٔظٍجً لاٌضرحؽٙح ذشىً ِرحشٍ ذك١حز جٌٕحِ

جٌُِٓ ذ٠ُحوز ػىو جٌٓىحْ ٚضكٓٓ ونً جٌفٍو ٚضكٌٛٗ ئٌٝ ئٔٓحْ ِٓطٍٙه ْٚؼ١ٗ ئٌٝ جٔطٙحؼ أٍْٛخ ّٚٔؾ جٌك١حز 

ٌٍّٕطؿحش ، ِّح أوٜ ئٌٝ ٠َحوز جٌطٍد ػٍٝ جٌّٛجو جٌهحَ  جٌّفٍؽ جلاْطٙلانجٌؼظ٠ٍس جٌطٟ ضؼطّى ذشىً ور١ٍ ػٍٝ 

ٌُٚ ٠مطظٍ نطٍ جْطُٕجف . ئٌٝ جْطُٕجف جٌؼى٠ى ِٓ جٌّٛجٌو جٌطر١ؼ١س ٌٍر١ثس ٚؾحش جٌٕحِ جلأ١ٌٚس ٌطٍر١س جقط١ح

 جٌّٛجٌو جٌطر١ؼ١س ػٍٝ جٌطؼىٞ ػٍٝ ِهُْٚ جلأؾ١حي جٌمحوِس فكٓد، ذً ضٓرد فٟ قىٚظ جنطلاي ٌٍطٛجَْ جٌر١ثٟ

ِّح قًج ذحٌّٕظّحش جلإل١ّ١ٍس ٚلى جْطٍػٝ يٌه جٔطرحٖ ػٍّحء جٌر١ثس، . ٔط١ؿس ٌفمىجْ جٌر١ثس ٌرؼغ أُ٘ ِىٛٔحضٙح

ٚجٌى١ٌٚس ئٌٝ ػمى جلاضفحل١حش ٚٚػغ جٌرٍجِؽ ٚجلأٔشطس جٌلاَِس ٌٍكى ِٓ جْطُٕجف جٌّٛجٌو؛ ٚيٌه ذطم١ًٍ ئٔطحؼ 

ٚػٍٝ جٌٍغُ ِٓ أْ ِشىٍس جٌٕفح٠حش .جٌٕفح٠حش ٚ ذطشؿ١غ جلاْطفحوز ِٕٙح ٚضم١ًٍ و١ّحضٙح جٌّٕطؿس جٚ جػحوز ضى٠ٍٚ٘ح

ؾٓحً جؾطّحػ١حً ٚجلطظحو٠حً ٚذ١ث١حً ئلا أْ ِؼظّٙح ٠ّىٓ أْ ٠ىْٛ يٚ فحتىز ور١ٍز، ئيج ِح جٌظٍرس جٌكؼ٠ٍس ضشىً ٘ح

ّٓطىجِس ِغ جٌكفحظ جٌط١ّٕس جٌضكم١ك  ِرىأ أقُٓٓ جْطغلاٌٗ ٚفك جٌكحؾحش ٚجلإِىح١ٔحش جٌّطحقس جًٌٞ ٠ٕىٌؼ ػّٓ

ًٌٌه ٠ؼطرٍ ِٛػٛع ؾّغ ٚ ٔمً جٌٕفح٠حش ِٚٓ غُ جٌطهٍض ِٕٙح ٚجقىز ِٓ  .ٚ ؾّحلاً  ػٍٝ جٌر١ثس جٌطر١ؼ١س أوػٍ ٔمحءجً 

ػىز ضم١ٕحش ٚ ِٕظِٛحش ؾى٠ىز جٌطمٕٟ ضُ ج٠ؿحو  ٌٍطمىَٚ وٕط١ؿس  .جٌّشحوً جٌٍت١ٓ١س جٌطٟ ضٛجؾٙٙح ؾ١ّغ وٚي جٌؼحٌُ 

ػٍٝ شىً ذ١ٓؾ ذّؿّٛػٙح ذ جٌطهٍض ِٕٙح جٌطٟ جغٍش ِٓ غُٚ ٙحضم١ٕحش ٌلاْطفحوز ِٕػىز ٌٚؿّغ ٚٔمً جٌٕفح٠حش 

 .ْٚطإغٍ ِٓطمرلاً ذشىً ور١ٍ ضهط١ؾ جٌّى٠ٕس ٚضظ١ّّٙح جٌكؼٍٞ

 :الصلبت الوخلفبث حعرَف -2

 ٍِغٛخ غ١ٍ ِٛجو ٚ٘ٝ .جٌّهطٍفس ٌلأٔشطس ٔط١ؿس ضطٌٛى جٌطٝ جٌظٍرس شرٗ أٚ جٌظٍرس جٌّٛجو ٘ٝ جٌظٍرس جٌّهٍفحش

 ١ٌّٚ " ِهٍفحش " وٍّس ضٓطهىَ ج١ٌٓحق ً٘ج ٚفٝ ِىٛٔحضٙح ذؼغ ِٓ جلاْطفحوز ٠ّىٓ ٌٚىٓ ِٕٙح جٌطهٍض ٠ٍجو ف١ٙح

 ِٕٙح. جلإفحوز ٠ّىٓ لا جٌرش٠ٍس جٌطٟ جلأٔشطس ِٓ جٌّطهٍفس جٌّٛجو ٟضؼٕ جلأن١ٍز لأْ ٔفح٠حش

(Ranjith,2012,p.28.) 

جٌٕفح٠حش ٚجقىز ِٓ جٌّشحوً  ًٖ٘ ِٚؼحٌؿس ٚضه٠ُٓ ٚٔمً ؾّغ ػ١ٍّس فٟ جٌّٕحْرس جٌطٍق جضرحع ًٌٌه ٠ؼطرٍ ػىَ  

 زجلا جْ جْ قؿُ ًٖ٘ جٌّشىٍس فٟ وٚي جٌؼحٌُ جٌٕحِٟ ور١ٍ .ضؼحٟٔ ِٕٙح وٚي جٌؼحٌُ جٌٕحِٟ ٚجٌّطمىَ ػٍٝ جٌٓٛجءجٌطٟ 
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ً٘ج جٌّٛػٛع ج٘طّحِحً ور١ٍجً ٚيٌه لا١ّ٘طٗ ِٚح  جٌٚصجٌطٟ  ؾىجً ػٍٝ جٌؼىّ ٌّح ِٛؾٛو فٟ وٚي جٌؼحٌُ جٌّطمىَ

فٟ قحٌس ػىَ ِؼحٌؿس ًٖ٘ جٌّشىٍس  ٚ ْىحٔٙح ٝ جٌّى٠ّْىٓ جْ ٠ٓررٗ ِٓ ِشحوً ذ١ث١س ٚطك١س ٚؾّح١ٌس ٍْر١س ػٍ

 :جلاض١سذحٌّٛجػ١غ ضطؼٍك  ػىز ِشحوًذشىً ول١ك ِٚىٌِٚ.ِّح ضمىَ فحٕٔح ٔٛجؾٗ 

 .ٔمً جٌٕفح٠حش 

 .جلاْطفحوز ِٓ جٌٕفح٠حش 

 .جٌطهٍض ِٓ جٌٕفح٠حش 

 :رَخُت علً هعبلدت هشكلت الٌفبَبثًظرة حب - 3

 نلاي جلاف ج١ٌٕٓٓ جٌّحػ١س جٔطحؼ و١ّحش ور١ٍز ِٓ جٌٕفح٠حش ٚ أي ضُ جٌكؼحٌز جْ ضح٠ٌم جٌٕفح٠حش ٍِضرؾ ذطح٠ٌم     

 500 ػحَ فٟ جٌٚطىأ أي،  جٌٕفح٠حش ِغ ِٓ جلاٚجتً ج٠ًٌٓ ضؼحٍِٛج ج١ٌٛٔح١١ٔٓ أْ جٌٝ جٌطح٠ٌم ٔظٍز نلاي ِٓ ٔؿى

ٚ  ف١ٗ، جٌّهٍفحش لإٌمحء جٌّى٠ٕس نحٌؼ ِٛلغ ضهظ١ض ٚضُ جٌشٛجٌع، فٝ جٌمّحِس ئٌمحء ذؼىَ أٍِ أغ١ٕح فٝ ج١ٌّلاو لرً

 جٌٕفح٠حش ٚٔمً ذؿّغ ضطؼٍك لٛج١ٔٓ ػىز وّح طىٌش فٟ جٌؼحٌُ. جٌظٍرس جٌرٍى٠س حش جٌٕفح٠حشِىر ِٓ جلىَ ذًٌه ٠ىْٛ

ػٓ قىٚو  ٚجقى ١ًِ ػٓ ضمً لا ذّٓحفس ٌٍوِٙح نحطس ِٛجلغ ٚضُ جػىجوجٌؼٍّجٟٔ  جٌٕطحق نحٌؼ أِحوٓ ئٌٝ

 جٌمٛج١ٔٓ. ضٍه ٠هحٌف أٚ جٌشٛجٌع فٟ جٌّهٍفحش ٠ٍِٟ ِٓ وً ِٚؼحلرس جٌّٕحؽك جٌٓى١ٕس،

 جٌم١ظٍ فطٍز قىُ فٟ ٚيٌه ِٕٙح ٚجٌطهٍض جٌٕفح٠حش ٚؾّغ جٌؼحِس ٌٍظكس نحطس ئوجٌز أٔشأٚج فمى جٌٍِٚحْ أِح

 فٝ ٌٍٕظحفس فٍق أٚي جٔشحء ج١ٌّلاو لرً 200 ػحَ ضُ فٟ فٟ ق١ٓ .ج١ٌّلاو ذؼى ػشٍ جٌٍجذغ جٌؼحَ فٟ أغٓطِٛ

 ِمحٌد ئٌٝ جٌه١ٛي ضؿٍ٘ح ذؼٍذحش ٚٔمٍٙح جٌشٛجٌع ِٓ جٌظٍرس جٌّهٍفحش ؾّغ ػٍٝ ٠ؼّلاْ فٍو٠ٓ ِٓ ضطىْٛ جٌّىْ

 .جٌظٍرس جٌّهٍفحش ذاوجٌز ج٢ْ ٠ؼٍف ٌّح ٔظحَ أٚي ً٘ج ٠ٚؼى .جٌّىْ نحٌؼ ِهظظس

(Chandrappa and Bhusan das,2012,p.10-11) 

 . جٌّٓطكحش جٌّحت١س فٟ جٌظٍرس جٌرٍى٠س جٌّهٍفحش٠ّٕغ جٌمحء  جً جطىٌ جٌرٌٍّحْ جٌر٠ٍطحٟٔ لٍجٌَ( 1388) ػحَ ٚفٝ

 ِٓإ١ٌٚس ضٌٛٝ فٝ جٌرٍى٠حش ذىأش جلأٌٚذ١س، جٌّىْ شٛجٌع فٝ جٌّهٍفحش ضٍجوُ ٠َحوز ِٚغ ػشٍ جٌٍجذغ جٌمٍْ ٚفٝ

 ِظىٌجً  أطركص أْ ٚذؼى جٌطفحلُ، فٝ ِشحوٍٙح ٚذىأش ٠ُوجو قؿّٙح ذىأ جٌطٟ جٌّمحٌد ئٌٝ ٚٔمٍٙح جٌّهٍفحش ؾّغ

 فٟ قفٍ ئلحِس فٟ جٌرٍى٠حش ذؼغ ذىأش ،جٌٓحترس ٚجٌك١ٛجٔحش ٚجٌمٛجٌع جٌكشٍجش ٌطٛجٌى ٍِٚضؼحً  جٌى٠ٍٙس ٌٍٍٚجتف

 ضُ َ(1875) ػحَ ٚفٝ .جٌظك١س ذحٌّىجفٓ ج٢ْ ٠ؼٍف ٌّح ذىج٠س يٌه ٚوحْ جٌّهٍفحش وفٓ فٟ ٚجْطهىجِٙح جلأٌع

 ّٚٔٛ جٌؼحٌُ فٝ جٌىر١ٍز جٌٓىح١ٔس ج٠ٌُحوز ِٚغ طٍججٔؿٍ فٝ جٌظٍرس جٌرٍى٠س جٌّهٍفحش ٌكٍق ِكٍلس أٚي ضشغ١ً

 ور١ٍ ذشىً جٌظٍرس جٌرٍى٠س جٌّهٍفحش قؿُ جلاْطٙلان،جٌضفغ أّٔحؽ ٚضغ١ٍ جٌفٍو ونً ٠َٚحوز جٌكؼ٠ٍس جٌّٕحؽك

 وٚي ِؼظُ فٝ جٌرٍى٠حش لىٌزٍجؾؼص ض جٌّطٓحٌػس١ٍجش جٌطغ١ ًٖ٘ ٚأِحَ .ِىٛٔحضٙح فٝ ؾ٠ًٌس ضغ١١ٍجش ٚقىغص

 ( fpd Landfills. -deq.louisiana.gov/portal/Portals/0/.../DYK ). .ذىفحءز جٌّهٍفحش ئوجٌز ػٍٝ جٌؼحٌُ

 :الصلبت الوخلفبث هصبدر -4

 فٝ ٚجٌّإْٓحش ٚجٌّطحؾٍ جٌّٕحَي فٝ جٌّطٌٛىز جٌرٍى٠س جٌّهٍفحش أٚ " جٌمّحِس " ٟ٘  "جٌظٍرس جٌّهٍفحش"لاضؼى    

 جلأٔشطس ؾ١ّغ ِٓ جٌّطٌٛىز جٌّهٍفحش ضطؼّٓ جٌظٍرس جٌّهٍفحش أْ ق١ع نحؽة، جػطمحو ًٚ٘ج .ٚجٌمٍٜ جٌّىْ

 : ضطؼّٓ ذًٌه جٌرش٠ٍس ٚ٘ٝ

 .ٚجٌك١ٛج١ٔس جٌٌُجػ١س جٌّهٍفحش  -3-1

 .جٌكؼ٠ٍس جٌظٍرس جٌّهٍفحش  -3-2

 (Ryidh A. Y. and Zaidun N. A., 2009, p.137 ).جٌظٕحػ١س جٌّهٍفحش  -3-3

 

 :الٌفبَبث الخٍ حٌخح فٍ هذى العبلن كوُبث -5

( ذ١ٍْٛ ؽٓ ٠1.3ٕطؽ جٌؼحٌُ ج١ٌَٛ و١ّحش ٔفح٠حش ضظً جٌٝ )أي  ٚجلطظحو٠حً  ٚجؾطّحػ١حً  ذ١ث١حً  ضكى٠حً  جٌٕفح٠حش ضشىًّ    

ِّح ٠ؼٕٟ ٠َحوز فٟ جٔطحؼ جٌٕفح٠حش ، (2025( ذ١ٍْٛ ؽٓ ٠ْٕٛحً فٟ ػحَ )2.2ِٚٓ جٌّطٛلغ جْ ضطؼحػف جٌٝ ) ٠ْٕٛحً 

ًٖ٘  ضؼطرٍٚ ًٖٚ٘ ٠َحوز ور١ٍز ١ِٛ٠حً  وغُ( ١ِٛ٠1.42حً جٌٝ ) وغُ (1.2جٌٛجقى ػٍٝ ِٓطٜٛ جٌؼحٌُ ِٓ )ٌٍفٍو 

  ِٓ فظً جٌٝ جنٍ.ِٚٓ لحٌز جٌٝ جنٍٜ ِٚٓ ذٍى لانٍ ٚ ِٓ ِى٠ٕس لانٍٜ ذً  ٌىٛٔٙح ضهطٍف ج١ٌٚسجٌطه١ّٕحش 
Daniel H. and Perinaz T., 2012, p.8)) 

 

ذـ  ( ِمحٌٔسً ١ِٛ٠2011حً قٓد جقظحت١حش ػحَ ) وغُ( 2جٌفٍو جلا٠ٍِىٟ ٔفح٠حش ذّؼىي )٠ٕطؽ فؼٍٝ ْر١ً جٌّػحي 

ِٓ ٔفح٠حش  ٗٚػّح وحْ ٠ٕطؿ (World Bank Report,2014,p15)( ١ِٛ٠1980حً ٌّح وحْ ٠ٕطؿٗ ػحَ ) وغُ( 1.7)

( 1.4جلاٌٚذٟ ِح ِؼىٌٗ ). ذ١ّٕح ٠ٕطؽ جٌفٍو جٌٛجقى فٟ وٚي جلاضكحو وغُ( 1.2ؼىي )ّ( ٚجٌطٟ وحٔص ذ1960ػحَ )

ٕ٘ح ٍٜٔ جٌطرح٠ٓ فٟ جٔطحؼ جٌٕفح٠حش ِٓ وٌٚس جٌٝ جنٍٜ ضرؼحً ٌّٕؾ جٌك١حز ٚجٌّٓطٜٛ ٚ ِٓ جٌٕفح٠حش ١ِٛ٠حً  وغُ

 (Waste Management Services policy round table, 2013, p.10) جلالطظحوٞ.
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ٚذٓرد جٌّٕٛ جلالطظحوٞ جٌّطٓحٌع ِٚٓطٜٛ جٌىنً  ضم٠ٍرحً  ( ١ٍِْٛ ّٔٓس32ٓىحْ )ج٠ٌرٍغ ضؼىجو  ٚفٟ جٌؼٍجق  

 ( ؽٓ ِٓ جٌٕفح٠حش ١ِٛ٠حً 31000ضش١ٍ جٌطمى٠ٍجش جٌٝ جْ جٌؼٍجق ٠ٕطؽ ) أيجٌٍّضفغ جَوجوش ِشىٍس جٌٕفح٠حش فٟ جٌرٍى.

غ فمىجْ جلاوجٌز جٌّطٓحٌع ٌٍٕفح٠حش ِ جٌطٍـجْ  ( ١ٍِْٛ ؽٓ ِٓ جٌٕفح٠حش ٠ْٕٛحً.1.5ضٕطؽ ِى٠ٕس ذغىجو ٚقى٘ح )ٚ 

طىٌ٘ٛ جٌرٕٝ جٌطكط١س جٌلاَِس ًٌٙج جٌغٍع جوٜ جٌٝ جٔطشحٌ ِٛجلغ نُْ جٌٕفح٠حش ذ ِمطٍٔحً  طٙحٌّلاتّس ٌّؼحٌؿج

جٌكٍق جٌؼشٛجتٟ ٚضٍٛظ فؼلاً ػٓ  ءجٌٙٛ جٌٝ ضٍٛظ جوٜ ِّحٚؽٍّ٘ح فٟ ِٛجلغ ػشٛجت١س ِٚطؼىوز ٚذىْٚ ٌلحذس 

جشهحص ٠ٓؼْٛ ٌلاْطفحوز ِٓ جٌّهٍفحش  لرً ٌٍؼرع ِٓ جٌٕفح٠حش ضؼٍع جػحفس جٌٝجٌطٍذس ٚج١ٌّحٖ جٌؿٛف١س 

 (. http://www.ecomena.org/swm-iraqجٌّٛؾٛوز ف١ٙح )

 (  ٌّؼٍفس و١ّس جٌٕفح٠حش جٌطٟ ٠طُ ؾّؼٙح ِٓ جٌّكحفظحش جٌطح١ٌس:2007ؾٍش وٌجْس فٟ جٌؼٍجق ػحَ )ٚلى     

( ٌّكحفظس %34جٌطٟ ٠طُ ؾّؼٙح وحٔص )جشحٌش جٌٕطحتؽ جٌٝ جْ ٔٓرس جٌٕفح٠حش ٚلى . (جلأرحٌ،ج١ٌٍّٓح١ٔس ٚ يٞ لحٌ)

 ٌّؼٍِٛس جٌّطؼٍمس ذى١ّس جٌٕفح٠حش( ٌّكحفظس يٞ لحٌ ًٚ٘ج ١ْٛفٍ ٌٕح ج%45( ١ٌٍٍّٓح١ٔس ٚ )%67جلأرحٌ ، )

 United nationجٌّٕطشٍز ػشٛجت١حً فٟ جٌشٛجٌع ِٕٚحؽك جٌطٍّ جٌؼشٛجت١س فؼلاً ػّح ٠طُ قٍلٗ )

development group report,2009,p.6.) 

 

( 2007ًٌٌه ضُ ٚػغ جٌهطس جٌٛؽ١ٕس لاوجٌز جٌٕفح٠حش فٟ جٌؼٍجق ذحٌط١ٕٓك ِغ جلانطظحط١ٓ جٌى١ٌٚٓ ًِٕ ػحَ )  

( ِٕطمس ٌطٍّ 33جٔشحء ) ق١ع شٍّص جٌهطسجٌط١ّٕس جٌّٓطىجِس  ِكٌٛ ٚجٌطٟ جٌضىُش ػٍٝ ػىز ِكحٌٚ جقى٘ح

ِىؼد ِٓ جٌٕفح٠حش فٟ وحفس ِكحفظحش ( ١ٍِْٛ ِطٍ 600جٌٕفح٠حش ِظّّس ذشىً ٕ٘ىْٟ ِطىحًِ ٌطٍّ ِح ِمىجٌٖ )

ٚٔمٍٙح ِٕٚظِٛحش  ٙحٚؽ٠ٍمس ؾّؼ جٌٕفح٠حش ضى٠ٍِٚٛػٛع جػحوز جٌهطس  شٍّص(.وّح 2027جٌؼٍجق ذكٍٛي ػحَ )

ؽٍّ ٌٍٕفح٠حش  ِٕحؽكلأشحء  حً ِهطط صجػحوز جلاْطهىجَ.ٚوحٔص ِكحفظس وٍوٛن جٚي جٌّكحفظحش جٌطٟ ٚػؼ

 ( و١ٍِٛطٍجش. 10ي جٌّكحفظس ٚضرؼى ػٕٙح ذـ )( ٘ىطحٌ شّح20ِظظّس ٕ٘ى١ْحً ٚذّٓحقس )

 : جلاض١سضُ ضظ١ّّٙح ٌهىِس جلا٘ىجف  (2007)جْ جٌهطس جٌٛؽ١ٕس ٌّؼحٌؿس جٌٕفح٠حش فٟ جٌؼٍجق جٌطٟ ٚػؼص ػحَ 

 ضكى٠ى جٌهطس جٌهحطس ذّؼحٌؿس جٌٕفح٠حش ٌٍٕٓٛجش جٌمحوِس. -

  .ٚجٌّؼحٌؿحش جٌّلاتّس ٌٙح ٙحضٛف١ٍ جٌطم١ٕحش جٌلاَِس ٌّؼحٌؿس جٌٕفح٠حش ٚػّٓ ضىٌؼ نحص ذٕٛػ -

 جلا جْ جٌؼى٠ى ِٓ جلاْطٍجض١ؿ١حش ٌُ ٠طُ ضطر١مٙح ِٕٚٙح : 

 جٌط١ّٕس جٌّٓطىجِس . -

 ( (http://www.ecomena.org/swm-iraq جلاؾٍجءجش جلاقطٍج٠َس . -

 الوذٌَت:وحصوُن  علً الوسخىي الحضرٌالٌفبَبث  -6

ضؼطرٍ جٌّؼٍِٛحش جٌهحطس ذى١ّحش ٚ ِظحوٌ ٚؽر١ؼس ِهٍفحش جٌّى٠ٕس جلاْحِ  ٌطهط١ؾ ٚضظ١ُّ نطس      

ٚجٌطهٍض ِٕٙح ذٓلاْس ذّح ضشٍّٗ ِٓ )ؽ٠ٍمس ؾّغ  ػ١ٍٙحجٌطهٍض ِٓ جٌٕفح٠حش فؼلاً ػٓ وٛٔٙح ضًٓٙ ج١ٌٓطٍز 

ِٓ جٌٕفح٠حش ضطحغٍ  جٌٕحضؿسى١ّس جٌس ٕٚٛػ١جٌجٌٕفح٠حش، ِٕحؽك ضؿ١ّؼٙح ٚ ٔمٍٙح ِٚٓ غُ ؽ٠ٍمس جٌطهٍض ِٕٙح ( ،جلا جْ 

( ، ٚغ١ٍ٘حذشىً ور١ٍ ذؼىو ِٓ جٌظٍٚف ِػً ) جٌّٕحل، جٌفظً ِٓ جٌٕٓس ، جٌكحٌس جلالطظحو٠س ، ِٚٓطٜٛ جٌىنً 

( ذ١ٕص جْ ِؼىي 2008فؼلا ػٓ ّٔؾ جٌفؼح١ٌس جٌطٟ ضٕطؽ جٌٕفح٠حش، ًٌٌه ؾٍش وٌجْس ػٍٝ ِى٠ٕس جٌٕحط٠ٍس ػحَ )

( ) وغُ /شهض/٠َٛ( ِح ػىج جٌٕفح٠حش 0.68جٌٛقىجش جٌٓى١ٕس فٟ جٌّى٠ٕس لى ذٍغ ِح ِؼىٌٗ )جٌٕفح٠حش جٌّطٌٛىز ِٓ 

جٌٕحضؿس ِٓ جٌفؼح١ٌحش جٌطؿح٠ٌس ٚجٌظٕحػ١س ٚ جٌّٓطشف١حش ، ًٖٚ٘ جٌٕٓرس ِمحٌذس ٌّح ٠طُ ض١ٌٛىٖ ِٓ جٌٕفح٠حش فٟ جٌّىْ 

 (0.7)ٕفح٠حش جٌطٟ ٠طُ جٔطحؾٙح ضظً جٌٝ جٌؼٍجل١س جلانٍٜ، ٚضش١ٍ جٌىٌجْحش جٌطٟ ضّص فٟ ذغىجو جٌٝ جْ ِؼىي جٌ

)وغُ/شهض/١ِٛ٠ح( ِٓ جٌٕفح٠حش ٚجْ ِؼىي  جٔطحؾٙح ٠ُوجو فٟ فظً جٌظ١ف ػٓ جٌشطحء ذٓرد ٠َحوز أْطٙلان 

جلاغ٠ًس ٚنحطس جٌفحوٙس ٚجٌهؼٍجٚجش .جلا جٔٗ لا ضٛؾى ِؼٍِٛحش ِكىوز قٛي ؽر١ؼس جٌّهٍفحش جٌّٕطؿس فٟ جٌؼٍجق 

ِٓ جٌٕفح٠حش   (%63)و٠ٌٚس ػٍٝ جٌٕفح٠حش ، جلا جْ ذؼغ جٌىٌجْحش جشحٌش جٌٝ جْ ٔٓرس ضكح١ًٌ  ٚيٌه ٌؼىَ جؾٍجء

ِٛجو ػؼ٠ٛس ٟ٘
1
. (( Riydh A. y., 2009, p.140-141 

ّٓ جٌلاََ ؾّغ ِؼٍِٛحش ػٓ جٌٕفح٠حش جٌّٕطؿس فٌغٍع ضطر١ك أفؼً جٌه١حٌجش ٌّح ٠طؼٍك ذحٌط١ّٕس جٌّٓطىجِس  ٚ    

غ١ٍ ًٖ٘ جٌّؼٍِٛحش  جٌؼٍجق ٚجغٍدحٔطحؼ جٌٕفح٠حش ِٓ لا ٠ٛؾى جلا جٌم١ًٍ ِٓ جٌّؼٍِٛحش جٌّطؼٍمس ذ ٚػٍٝ جػطرحٌ جْ

                                      
أِح  (Hamoud )ِٓ جٌٕفح٠حش ٘ٛ ِٛجو ػؼ٠ٛس  وّح ٘ٛ ِٛؾٛو فٟ جٌٕؿف وّح أشحٌ ج١ٌٗ  (%69.03)جشحٌش وٌجْس جٌٝ جْ ِح ٔٓرطٗ  1

 .Riydh A ِٛجو ػؼ٠ٛس أغٍرٙح ِٛجو غًجت١س.) ِٟ٘ٓ جٌٕفح٠حش فٟ جٌفٍٛؾس  (%70.6 )) جٌؿ١ٍّٟ( فحْ أشحٌ جٌٝ أْ ِح ِؼىٌٗ 

y.,2009,p.140) 
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ٕ٘حن قحؾس ٌٛػغ لحػىز ذ١حٔحش ضطؼٍك  صًٌٌه وحٔضٍه جٌّؼٍِٛحش.  ِكىو ِٚٓ جٌظؼد جٌطحوى ِٓغ١ٍ  ِٛغك ٚ

ػٍٝ ػٛتٙح ٚقٓد ٟ ض/٠َٛ( ٚجٌط) وغُ/شه 1.4)) ِح ِمىجٌٖ جٔطحؼ صأفطٍػ جٌطٟحٌٕفح٠حش ٚجٌى١ّحش جٌّٕطؿس ذ

 ّٟٕٛ جٌٓىحٔجٌطٛلؼحش ٌ ، ضرؼحً  فٟ ) ذغىجو ( جٌلاَِس ضكى٠ى ػىو ٚقؿُ ِٕحؽك ٌوَ جٌٕفح٠حش ضُْىحْ وً ِكحفظس 

ٌّؼحٌؿس  جلافؼً جٌكً ٟجٌٕفح٠حش ٘ حشأْ ِىر جٌؿٙحش جلاْطشح٠ٌس ضٍٜ ق١ع.(2027قطٝ ػحَ )ٚ فٟ ذغىجو 

ٌفطٍز ١ٌٓص ذحٌمظ١ٍز ػٍٝ جْ  ٚجْ ً٘ج جٌكً ١ْٓطٍّ .َزٌٚىْٛ جٌٕفح٠حش غ١ٍ ِظٕفس ٚغ١ٍ ِفٍ ِشىٍس جٌٕفح٠حش

ػ١ٍّس ِؼحٌؿس  ضىْٛٚف١ّح ٠طؼٍك ذأٔطشحٌ جٌغحَجش ٚجٌٍّٛغحش جٌر١ث١س  ح١ِٓطٍ ػ١ٍِٙكطحش ٌوَ جٌٕفح٠حش  ضىْٛ ٔٛع

 ذحٌطحٌٟ: ى ضطّػًٚػغ نطؾ ًٌٙج جٌؿٙجٌٕفح٠حش ِشطٍوس ِح ذ١ٓ جٌكىِٛس ٚجلافٍجو ِّح ٠ططٍد 

٠ىْٛ ف١ٙح وٌٚ جٌكىِٛس ضٛػٛٞ ٚجػلاِٟ ٌطٛػ١س جٌٕحِ ذّؼحٌ جٌٕفح٠حش  ٌهّّ ْٕٛجشنطس لظ١ٍز جلاِى جٚلاً:  

 جٌطؼ١ٍُ فٟ وحفس ى١ْْٛٚ .ٍ جٌرٍى٠ِٓ ضطٛ ٜ جٌٛؽٕٟ جٚ جٌّكٍٟ ٟٚ٘ ؾُء ٌت١ّٚؽٍق ِؼحٌؿطٙح ػٍٝ جٌّٓطٛ

 ٕشٍ ًٖ٘ جٌػمحفس فٟ جٌّؿطّغ .ٌ ٚج١ٌٍْٛس جلافؼً جٌّٓط٠ٛحش جٌّىنً ًٌٙج جٌّٛػٛع جٌٍّجقً ٚ

جٔطحؼ هفغ ذ جٌهحطس( ْٕٛجش ضؼطّى ػٍٝ ٌَع جٌػمحفس ٚجٌّؼٍِٛحش 5-10) ِٓضّطى  نطس ِطْٛطس جٌّىٜغح١ٔحً:   

جٌىنٛي فٟ ِٛجػ١غ ذ١ث١س أنٍٜ ِػً جٌط١ّٕس جٌّٓطىجِس ٚجٌطغ١ٍ  ١ّْىٓ ِٓجًٌٞ جٌٕفح٠حش ضى٠ٍٚ جٌٕفح٠حش ٚج١ّ٘س 

 (Knowles, 2008,p.5-6) .جٌّٕحنٟ

ٚذ١ٓ  ٚضم١ٕحش جلاْطفحوز جٚ جٌطهٍض ِٕٙح ِؼحٌؿطٙح ٚجْح١ٌد ٙحؾّؼؽٍق ٚ جٌٕفح٠حش ضٛؾى ػلالس ِح ذ١ٓ جٔطحؼ

 :جٌطٟ ضؼٍف وحلاضٟجٌّى٠ٕس  ٚذ١ثطٙح ِٚشٙى٘ح جٌكؼٍٞ 

 :الحضرَت البُئت هفهىم -6-1

 ٚ جٌّشحز ٍِّجش ٚ ج١ٌٓحٌجش جٔطظحٌ أِحوٓ ٚ شٛجٌع ٚ فٍجغحش ِٓ ذحلإٔٓحْ ٠ك١ؾ ِح وً ٟ٘جٌر١ثس جٌكؼ٠ٍس 

 جٌطؿح٠ٌس،ِرحٟٔ ٚ جٌٓى١ٕس جٌّرحٟٔ جلإوج٠ٌس، ٚ جٌهى١ِس جٌّرحٟٔ وػً ٚ غ١ٍ٘ح، ٚ نؼٍجء ِٕٚحؽك ِفطٛقس فٍجغحش

 جلإٔٓحْ ذٙح ٠مَٛ جٌطٟ جلأٔشطس ٚ جٌٛظحتف ٚ جٌّٛجلغ ض١ٕٓك ئٌٝ ذحلإػحفس غ١ٍ٘ح، ٚ ػحِس ٍِٚجفك طٕحػ١س

 ضّػً ذأٔٙح أنٍْٚ ٠ٍج٘ح وّح.جٌّهطٍفس ظٍٚفُٙ ٚ جٌٓىحْ ٚ جٌّٛػغ ٚ جٌّٛلغ ٔٛػ١س ٚ ؽر١ؼس ذحنطلاف جٌّهطٍفس

 ػًّ جٚ ضى٠ٕٛٙح ػٍٝ جٌطر١ؼس غمحف١س،ػٍّص أٚ ف٠ُ١حت١س وحٔص جً ْٛجء جٌكؼ٠ٍس جٌّٕطمس ِىٛٔحش ٚ ػٕحطٍ وً

 ئٔشحؤ٘ح. فٟ جٌطر١ؼس ِغ جلإٔٓحْ

 

 :الوشهذ الحضرٌ -6-2

 جٌٛجؾٙحش ٚ جٌّؼّح٠ٌس ٚجٌطفحط١ً جلأشىحي ِؿّٛػس ػٓ ػرحٌزجٌّشٙى جٌكؼٍٞ ذحٔٗ  2010) جٌك١ىٌٞ )٠ؼٍف 

 جٌطٟ ٚ غ١ٍ٘ح، ٚ جٌهؼٍجء جٌّٓحقحش ٚ جٌكٍوس،جٌؿٍِٛ ِٓحٌه ٚ جٌطٍق وأحٌز جٌؼحِس جٌهىِحش ِٕظِٛحش ٚ

 جٌىػحفس ِٓ ذىً جٌّطّػٍس جلأْح١ْس جٌّرحوب ػٍٝ جٌكؼٍٞ جٌّشٙى ضٕظ١ُ ٠ؼطّى.ٌٍفؼحء جٌطى٠ٕٟٛ جٌشىً ِغ ضّطُؼ

 ٚ جلاْطٍّج٠ٌس ق١ص ِٓ جٌطؿحّٔ، ٚ جلاْطٍّج٠ٌس ٚ ٌٍّرحٟٔ، جلا١ٓٔحذٟ جٌطٕظ١ُ ٚ ج١ٌٙىٍٟ جٌطّحْه ق١ص جٌرظ٠ٍس،

 ٚ  جلاٌضفحع ٚ وحٌّم١حِ جٌرظ٠ٍس ِىٛٔحضٗ ذ١ٓ جٌؼلالحش ضٕحغُ ٚ جٌكؼٍٞ جٌّشٙى ضى٠ٕٛحش ػّٓ جٌطؿحّٔ

 (31-35،ص 2015)ذٓ ِش١ٍـ،.غ١ٍ٘ح

 

 :هٌظىهبث خوع وًمل الٌفبَبث -7

جٌطهط١ؾ جٌكؼٍٞ جٌّؼحطٍ ٚٚجقىز ِٓ جلا٘ىجف جٌطٟ ٠ؿد قٍٙح فٟ  ٗجقىز ِٓ جوػٍ جٌطكى٠حش جٌطٟ ضٛجؾٚ

جٌّشىٍس  ٌطىْٛجٌطهٍض ِٕٙح،  غُٚ جلاْطفحوز  ِؼحٌؿطٙحٚ ػ١ٍّس ؾّغ ٚ ٔمً جٌٕفح٠حش ٟ٘ضهط١ؾ ٚضظ١ُّ جٌّىْ 

قى٠ػس ٌؿّغ ٚٔمً  جلاٍِ جًٌٞ وفغ لاذطىحٌ ضم١ٕحش حٌٌٍُكىِٛحش جٌّك١ٍس فٟ ِؼظُ وٚي جٌؼ حً جٌطٟ جطركص ٘حؾٓ

ٟٚ٘ ضم١ٕس ؾّغ   جٌٕفح٠حش ٠طُ ضر١ٕٙح ذظٌٛز ضى٠ٌؿ١س فٟ ػىو ِٓ جٌّشح٠ٌغ ٚجٌّٕحؽك جٌكؼ٠ٍس قٛي جٌؼحٌُ

ضؼطّى ػٍٝ  ( ٚجٌطAutomated Vacuum Waste Collectionٟجٌٕفح٠حش جلاٌٟ ذحْطؼّحي جٍْٛخ جٌشفؾ )

ضىْٛ )ِٓ ٔمحؽ ِؼ١ٕس فٛق ْطف جلاٌع ذؼى ١ٌِٙح شفؾ جٌٕفح٠حش ٌشرىس ِٓ جلأحذ١د جٌّىفٛٔس ضكص جلاٌع 

ضطٍجٚـ ِح ذ١ٓ جٌؼٍد جٌّؼى١ٔس ٚجٌُؾحؾ١حش ٚجلاٌٚجق ٚجٌفؼلاش  جٌطٟ ّهطٍفس ِٓ جٌٕفح٠حشجٌلأٛجع ٌِهظظس 

هٍجؼ جٌٕفح٠حش ْطِٕٙح ٠طُ ججٌطٟ  ّجْ ضظً ِكطحش جٌّؼحٌؿس ٚجٌىر جٌٝضّطى جٌٝ ػىز و١ٍِٛطٍجش ٚ (جٌؼحِس

 .Ramon B. and Cesar F) ى٠ٍٚ جٚ جْطهٍجؼ جٌطحلس جٚ جٌطٍّس جلاِػً ْٛجءجً وحٔص جٌطمٌّؼحٌؿطٙح ذحٌط٠ٍ

and Felip M.,2012,p.264) 

جْطهىجِص ِٕظِٛس  حػ١س)ٌإٌإز لطٍ( ٟٚ٘ ؾ٠ٍُز طٕٚجقىز ِٓ جٌّشح٠ٌغ جٌطٟ ؽرمص ًٖ٘ جٌّٕظِٛس ٘ٛ ِشٍٚع 

ٚ جٌمحوٌز ػٍٝ شفؾ  ُ( و55ذطٛي ) ضكص جلاٌع ٌٕمً جٌٕفح٠حش شفؾ جٌٕفح٠حش جٌّىٛٔس ِٓ شرىس جٔحذ١د ِىفٛٔس
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( منظومة انابيب شفط النفايات في مشروع لؤلؤة قطر وتظهر شبكات الانابيب المدفونة تحت الارض بالوان 1 -)شكل
 مختافة تبعاً لنوع الابنية المخدومة سواءاً كانت شقق او فمل او مناطق تجارية وغيرها من انواع الابنية 

group.com/MediaBinaryLoader.axd?MediaArchive_FileIDvacwww.en 

ػىز ِٛجلغ  َِٛػس فٟ (2-شىً ) جٌٕفح٠حش ٌٍِٟ( ِٕفً 415) ِطظٍس ذـ (1-)شىً ١ِٛ٠حً  ِٓ جٌٕفح٠حش ( ؽ135ٓ)

 (.www.envacgroup.com/MediaBinaryLoader.axd ). جٌّهطٍفس جذ١ٕطٙحٚ وجنً  ِٓ جٌؿ٠ٍُز

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

( ّٔٓس ١ْٚؼُ 13000ٚجًٌٞ ١ْهىَ ) فٟ فٍٕٕىج (Vantaa Kivistöِشٍٚع جنٍ ١ْطُ ضٕف١ًٖ فٟ ِى٠ٕس ) 

ضرؼحً ٌٕٛع جٌٕفح٠حش جٌطٟ  ِٕحفً ٌىً ِٛلغ ضظٕف أٌذؼسذٛجلغ  أٞ( ِٕفً ١ٌٍِٙح 440( ِٛلغ ٌٍِٟ جٌٕفح٠حش ٚ)110)

وّح ١ْطُ ضٕف١ً جورٍ ِٕظِٛس  . (3-)شىً( و١ٍِٛط9ٍذطٛي ) جلأٌعضكص  جلأٔحذ١دلاْطغٕحء ػٕٙح.ضّطى شرىس ٠ٍجو 

كص ( و١ٍِٛطٍ ض30ٌّٓحفس ) جلأٔحذ١دفٟ جٌؼحٌُ ٌشفؾ جٌٕفح٠حش فٟ ِىس جٌّىٍِس ٌهىِس جٌكؿحؼ ق١ع ْطّطى شرىس 

 /( و١ٍٛغٍجَ 000 900( ٔمطس ٌٍِٟ جٌٕفح٠حش ْٚطىْٛ لحوٌز ػٍٝ ٔمً ٔفح٠حش ضمىٌ ذـ )400ِٚٓ نلاي ) جلأٌع

 (....https://www.iswa.org/index.php?eID=tx_iswaknowledgebase_download)١ِٛ٠حً . 

 

 ( منافذ رمي النفايات الموزعة في مشروع لؤلؤة قطر2-)شكل
www.envacgroup.com/MediaBinaryLoader.axd?. 

 

http://www.envacgroup.com/MediaBinaryLoader.axd
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 ئٌٝجٌّفٍوجش جٌّٓطكىغس ٚشٛجٌػٙح ْطىْٛ جقى  ذأق١حتٙحجْ ٔمحؽ شفؾ جٌٕفح٠حش جٌطٟ ١ْطُ ض٠َٛؼٙح فٟ جٌّى٠ٕس 

فٟ جٌكىجتك جٚ فٟ جٌّكلاش  صِغ ؽر١ؼس ِٛلؼٙح ْٛجءجً وحٔ ضطلاءَ أقؿحَٚ  ْطىْٛ ذحشىحيٚ جٌشحٌع(  أغحظ)

١ْؿرٍ جٌّظُّ جٌكؼٍٞ ػٍٝ جٌّٕطمس ِٓ ٔحق١س ِٚٓ ٔحق١س غح١ٔس  ضٍهِّح ١ْإغٍ ػٍٝ ؽر١ؼس ٚشىً  جٌٓى١ٕس

ِغ ِٕظِٛس شفؾ جٌٕفح٠حش جٌّٓطهىِس  ٠طلاءَش جٌهى١ِس ذشىً ّػً ًٖ٘ جٌّٕظِٛحٌ ِٚهظظس ِٕحؽك ِؼ١ٕس ضكى٠ى

ِّح ١ْإوٞ جٌٝ جٔطشحٌ ًٖ٘ جٌّٕظِٛحش  جٌهحطس ذحٌّى٠ٕسِٓ جٌرٕٝ جٌطكط١س  أْح١ْحجً ؾُءفٟ ضٍه جٌّٕطمس ذحػطرحٌ٘ح 

فحٔٗ ٚفٟ قحٌس ػىَ جِىح١ٔس جْطهىجَ ًٖ٘ جٌّٕظِٛس . (4-)شىً ى٠ٕس ٌطىْٛ ؾُء جْحْٟ ِٓ ضى٠ٕٛٙحفٟ ػَّٛ جٌّ

ِٓ جٌلاََ جٌطكٛي ٔكٛ ِٕظِٛحش شفؾ جٌٕفح٠حش جٌّطٕمٍس جٌطٟ ضؼًّ ػٍٝ شفؾ جٌٕفح٠حش ِٓ قح٠ٚحش نحطس ٌكفع 

 ِّح ١ْإوٞجٚ جٔٓىحذٙح فٟ جٌشٛجٌع  جٌٕفح٠حش ذط٠ٍمس لا ضإغٍ ػٍٝ ؾّح١ٌس جٌّى٠ٕس ٚ لاضإوٞ جٌٝ ضطح٠ٍ جٌٕفح٠حش

 . (5-)شىً جٌٍٚجتف جٌى٠ٍٙس فٟ جٌّٕطمسجٌٝ جٔطشحٌ 

 

 

 

 

 

 

 

 

 

 

 

 

 النفايات في المدينة وجمع ( وتظهر فيها مواقع رميVantaa Kivistö( مخطط مدينة )3-)شكل
(www.famad.fr/sites/make-ai/-upload-/3432_12745_20140417183153.pdf 

  النفايات جمعنقاط 

  النفايات رمينقاط 
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 :الٌفبَبث إًخبج حملُل -8

 

ًّ ًٖ٘ جٌّؼحٌؿس ٚذحٌطحٌٟ جلأٌٚٝ جٌٍّجقً ًِٕ ذطم١ًٍ و١ّحش جٌٕفح٠حش ٌٍٕفح٠حش جٌؿ١ىز جلإوجٌز ضرىأ      فٟ جلأ٠ٌٛٚس ضكط

جٌٕفح٠حش ٚضؼٕٟ جٞ ػ١ٍّس لحوٌز ػٍٝ ػىَ جٔطحؼ ٔفح٠حش ْٛجءجً وحْ ِٓ نلاي ضظح١ُِ جفؼً جٚ  لإوجٌز نطس أٞ

ِٓ جٌٕفح٠حش ٌٚغُ جْ  ِٓطٜٛ جٌظفٍ جٌٝ ٚطٛلاً ضك١ٓٓ ؽ٠ٍمس جلأطحؼ جٚ جٌطٛؾٗ ٔكٛ ؽ٠ٍمس جْطٙلان ؾى٠ىز 

ًٖ٘ فىٍز ِػح١ٌس جلا جٔٙح ضّػً ٘ىفحً ٌٍٛطٛي ج١ٌٗ ِٓ نلاي ضغ١١ٍ جٌّٛجلف ٚ جلاضؿح٘حش ٌىٜ جٌّؿطّغ جٚ ِٓ نلاي 

 (Waste reduction,2007,p.12,p.19) جٌطظح١ُِ جٌّمطظىز ذحٌّٛجو جلا١ٌٚس.

 

 :الٌفبَبث آلُبث هعبلدت -9

 

 :الخذوَر إعبدة -9-1

جٌٝ  طؼدِٓ شة  نلاي جٌؼمٛو جٌػلاغس جلان١ٍز ضكٌٛص ػ١ٍّس ضى٠ٍٚ جٌٕفح٠حش فٟ جٌٛلا٠حش جٌّطكىز جلا٠ٍِى١س 

وحْ ِؼىي ضى٠ٍٚ  (1960فٟ ػحَ )فِٓ جٌّؼحٌؿس جٌكى٠ػس ٌّشىٍس جٌٕفح٠حش.  جً ٚجلغ قحي ِفٍٚع ١ٌىْٛ ؾُء

جٌّطكىز جًٔجن.ٚ ذمص ًٖ٘ جٌٕٓرس ضم٠ٍرحً غحذطس قطٝ ( ِٓ ِؿًّ جٌٕفح٠حش جٌطٟ ضٕطؿٙح جٌٛلا٠حش %6جٌٕفح٠حش ٠ؼحوي )

( ِٓ ِؿًّ %25( ٌطظً جٌٝ ٔٓرس )1985-1995( جلا جٔٙح جٌضفؼص ذشىً قحو ِح ذ١ٓ ػحِٟ )1985ػحَ )

( ِٓ ِؿًّ جٌٕفح٠حش %83( جٌٝ )2014ى٠ٍٚ جٌٕفح٠حش قٓد جقظحت١حش ػحَ )ضٌطظً ٔٓرس ٚ جٌٕفح٠حش جٌّٕطؿس

لاوٙح ٌكفحظ ٚجْطؼحوز جٌّٛجو جلا١ٌٚس جٌطٟ ذىأش جٌظٕحػس ذحْطٙجٌٛجش جْطؿحذس ٌكٍّس حءش ًٖ٘ جٌططجٌّٕطؿس.ٌمى ؾ

حػ١س ذطٍـ ٔفح٠حضٙح جٌٝ ٕجٌظ جٌّإْٓسجوش جٌٝ ضم١ًٍ ن٠ُٓ جٌّٛجو جلا١ٌٚس فٟ جٌٛلص يجضٗ ذىأش ذشىً ِطٓحٌع ٚ

ؿٙحش جٌكى١ِٛس ٌٍطشؿ١غ ػٍٝ جلاٌع ذشىً ِفطٛـ ِّح جوٜ جٌٝ ضٍٛظ جٌر١ثس ذ١ّح٘ٙح ٚ ٘ٛجتٙح ٚضٍذطٙح ِّح وفغ جٌ

ؽ٠ٍمس ٌطم١ًٍ جْطهىجَ جٌّٛجو جلا١ٌٚس جٌرىٍ ٚ ٌطىْٛ  ذًٌه جْطٍوجو ؾُء ِٓ جٌّٛجو جلا١ٌٚس جٌٍّمحز فٟ جٌٕفح٠حش ٌطىْٛ

 (Jared S., 2014, p.5) جٌهطٛز جلاٌٚٝ ٔكٛ ضكم١ك جٌط١ّٕس جٌّٓطىجِس.

 مناطق رمي النفايات تصمم حسب موقعها وتحدد اعدادها تبعاً لانواع النفايات التي ترمى من خلالها  (4-شكل )

www.envacgroup.com/BinaryLoader.axd?...Movac. 
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ػٕحطٍ ِؼّح٠ٌس  صٚ جػحف جٌكؼٍٞ ِٚشٙى٘ح ذ١ثطٙحجٌّى٠ٕس ٚ ٔمً جٌٕفح٠حش جٌؿى٠ىز ػٍٝ  أغٍش ؽ٠ٍمسٚذًٌه 

جٌطٟ وحٔص ضإغٍ  ٠ٍمس جٌطم١ٍى٠س ٌٕمً جٌٕفح٠حشجٌطضُ جٌطهٍض ِٓ فٟ يجش جٌٛلص ٚجػف ػ١ٍٙح ٚ ذشىً  ؾى٠ىز ٌطإغٍ

 ٍْرحً ػٍٝ ذ١ثس جٌّى٠ٕس ٚؾّحٌٙح.

 :الٌفبَبث ببلحرقالطبلت هي  اًخبج-9-1-1 

ًٖ٘ جٌؼ١ٍّس فٟ ضطُ  جْطهٍجؼ جٌطحلس ِٓ جٌٕفح٠حش ذحٌكٍق ٚجقىز ِٓ جٌطٍق ٌطك٠ًٛ جٌٕفح٠حش جٌٝ ؽحلس . ٠ؼطرٍ     

جٌٝ  ١ٍّس جٌكٍقػجٌٕحضؿس ػٓ  ػٍٝ ضم١ًٍ جٔرؼحظ جٌغحَجش ٚ جٌّٛجو جٌٍّٛغس لحوٌزجٌطحلس  لإٔطحؼِكطحش نحطس 

وّح وحْ ٠كظً ْحذمحً ػٕىِح وحٔص جٌٕفح٠حش ٠طُ ٌوِٙح فٟ ِىرحش ػحِس ِفطٛقس ) جلأٌعضٍٓذٙح جٌٝ  ٚضّٕغجٌؿٛ 

ِهطٍفس ِٓ جٌطحلس ِٓ  أشىحيِٓ جٌّّىٓ جٌكظٛي ػٍٝ .(6-)شىً (١ِٓطٍ ػ١ٍٙح ٍغ٠١طُ قٍلٙح فٟ ظٍٚف ٚ

وّح جْ ًٖ٘ جٌؼ١ٍّس جٌطٍد ػٍٝ جٌطحلس جٌّٕطؿس ِٓ جٌٛلٛو جلاقفٌٛٞ ذشىً ور١ٍ  ١ْمًٍ ِّح نلاي ًٖ٘ جٌؼ١ٍّس

 (Alexander K. and Nickolas J., 2003, p.1ػٍٝ ضم١ٍض قؿُ جٌٕفح٠حش جٌّطٍٛخ جٌطهٍض ِٕٙح.) ْطؼًّ

 (%40-60) ضطٍجٚـ ِح ذ١ٓ َٚٔٙح ذٕٓرس ِٓ ( ٠ٚمًٍ%75قؿّٙح ذٕٓرس ) ضم١ٍض ئ١ٌٝإوٞ ْقٍق جٌٕفح٠حش  أْ ئي

نحطس فٟ وٚي جٌؼحٌُ )ش١ٛػحً ٌٍطهٍض ِٓ جٌٕفح٠حش  جلأوػٍجٌط٠ٍمس  ِح َجٌص ٌٚغُ وفحءز ًٖ٘ جٌط٠ٍمس جلا جٔٗ

 (Adrie V. et al,2005,p.3.)فٟ جٌّىرحش ٙحٟ٘ ٌوِ (جٌػحٌع

 منظومة شفط النفايات المتنقمة (5-شكل )

%20brochure_ENG.pdfMovacgroup.com/storage/cms/.../pdf/.../envacwww.

? 
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ج٠ٌٛٓى جٔشأش جٚي  ففٟفٟ جلاْطفحوز ِٓ جٌٕفح٠حش وّظىٌلأطحؼ جٌطحلس  ؽ٠ٛلاً  حً ضّطٍه وٚي جٌؼحٌُ جٌّطمىَ ضح٠ٌه 

ذؼى جٔطٙحء جٌكٍخ جٌؼح١ٌّس جٌػح١ٔس ْٚؼص ج٠ٌٛٓى ٚ(، 1904ػحَ ) قٍق جٌٕفح٠حشِكطس لأطحؼ جٌطحلس ػٓ ؽ٠ٍك 

ؼص ٔٓرس جٌطحلس جٌّٕطؿس ِٓ جٌّظحوٌ فجْطهىجَ جٌٕفح٠حش وّظىٌ لأطحؼ جٌطحلس جٌكٍج٠ٌس ٌٍطىفثس. ق١ع جٌض

( ِٓ ِؿًّ جٌطحلس جٌّٓطهىِس 1996( ػحَ )%22( جٌٝ ٔٓرس )1985( ػحَ )%10جٌّطؿىوز ذّح ف١ٙح جٌٕفح٠حش ِٓ )

(.جشحٌش جٌطمح٠ٌٍ جٌٝ جْ جٌٕفح٠حش 2020( ذكٍٛي ػحَ )%50فٟ ج٠ٌٛٓى ٚ ٟ٘ ضٓؼٝ لا٠ظحي ًٖ٘ جٌٕٓرس جٌٝ )

حٌخ م( ق١ع ضُ قٍق ِح 2010٠( ِٓ ِؿًّ جٌطحلس جٌّٓطٍٙىس ف١ٙح ػحَ )%32ذطحلس ضشىً )ؾُٙش ج٠ٌٛٓى 

 ِٓ جٌٕفح٠حش نلاي يٌه جٌؼحَ. نّٓس ِلا١٠ٓ ؽٓ

وًٌه جٌكحي فٟ جٌٛلا٠حش جٌّطكىز جلا٠ٍِى١س جٌطٟ جٔشأش جٚي ِكطس لأطحؼ جٌطحلس ِٓ جٌٕفح٠حش ذىج٠س جٌمٍْ ٚ

( %15( ق١ع ضُ جْطهىجَ )1999جٌؼش٠ٍٓ جلا جْ ً٘ج جلاضؿحٖ لأطحؼ جٌطحلس ضًذًخ طؼٛوجً ٚ ٘رٛؽحً قطٝ ػحَ )

ِٕحَي جٌٛلا٠حش جٌّطكىز وّظىٌ لأطحؼ جٌطحلس فٟ يٌه جٌؼحَ ضش١ٍ جٌىٌجْحش جٌطٟ ضُ ِٓ و١ّس جٌٕفح٠حش جٌّٕطؿس فٟ 

( ِكطس لأطحؼ جٌطحلس ِٓ جٌٕفح٠حش فٟ جٌٛلا٠حش جٌّطكىز ٚضٕطؽ ِح ٔٓرطٗ 87( جٌٝ ٚؾٛو )2010جؾٍجتٙح ػحَ )

 قٍق جٌٕفح٠حشػ١ٍّس  ضطُ(Matt W.,2011,p3-6). ( ِٓ ِؿًّ جٌطحلس جٌطٟ ضٓطهىِٙح جٌٛلا٠حش جٌّطكىز.0.4%)

 ( وٌؾس ِث٠ٛس ِٚٓ غُ ٠طُ جلاْطفحوز ِٓ جٌطحلس جٌٕحضؿس ٌط١ٌٛى جٌىٍٙذحء ج850ٚفٟ وٌؾس قٍجٌز ضظً جٌٝ )

( جٌف ؽٓ ٠ْٕٛحً وّح 50-300ضٓطٍٙه ِكطحش جٔطحؼ جٌطحلس و١ّحش ٔفح٠حش ضطٍجٚـ ِح ذ١ٓ )، ٌٍطىفثس  جْطهىجِٙح

 Subٚ ورى٠ً ٌطرمس جٌـ )أوكظٝ  (ٌكٍق ٚ جٌّّٓحز )جٌٍِحو جٌٓف٠ٍّٟىٓ جلاْطفحوز ِٓ ِهٍفحش جٌٕفح٠حش ذؼى ج

base) ( 32( جٔطؿص جٌٍّّىس جٌّطكىز ٔفح٠حش ١ٌُِٕس ضمىٌ ذـ )2010فٟ ػحَ )،  جٌّٓطهىِس فٟ ضر١ٍؾ جٌشٛجٌع

ٚ ضُ جْطهٍجؼ  ( ِٕٙح فٟ جٌّىرحش جٌّٕطشٍز فٟ جٌٍّّىس%48( ٚ ضُ ٌوَ )%١ٍِ39ْٛ ؽٓ ضُ ضى٠ٍٚ ِح ٔٓرطٗ )

( ِٓ جٌطحلس جٌطٟ %17جٔطحؼ ) ِٓ جٌّّىٓ( ِٓ ًٖ٘ جٌى١ّس ِٓ جٌٕفح٠حش فمؾ. ٠مىٌ جٌهرٍجء ذحٔٗ %13حلس ِٓ )ؽ

( وّح جْ جٌٍّّىس جٌّطكىز ضٕطؽ ٠ْٕٛحً ِح ِمىجٌٖ ِثس ١ٍِْٛ 2020ضكطحؾٙح جٌٍّّىس جٌّطكىز ِٓ جٌٕفح٠حش ذكٍٛي ػحَ )

( جًٌٞ Biogasلأطحؼ جٌغحَ جٌرح٠ٌٛٛؾٟ ) جً ِطؿىوجً ظىٌِّىٓ جْ ضىْٛ ؽٓ ِٓ جٌٕفح٠حش جٌؼؼ٠ٛس جٌٍؽرس جٌطٟ ٠

 7)-شىً )(2020( ِٓ ٔٓرس جٌطحلس جٌّطؿىوز جٌطٟ ضٓؼٝ جٌٍّّىس جٌّطكىز لأطحؾٙح ػحَ )%4-٠8ّىٓ جْ ٠غطٟ )

(Renewable Energy Assossiation,2011,p.3-5). 

 

 

 

 

 

 مكبات النفايات المفتوحة في العراق و عممية الحرق العشوائية المموثة لمجو والتربة (6-شكل)
,%20From%-%20Iraq%20in%20Landfillingwww.iswa.org/.../5b%20 Johann F. 
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 لأطحؼ جٌطحلس ِٓ جٌٕفح٠حش فٟ جٌٍّّىس جٌّطكىز stafforshireِكطس 
EP.-112-dc-abrdgd-Presentation-Visitors-Lakesideee.ricardo.com/.../ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ( جٌف ؽٓ ِٓ جٌٕفح٠حش ٠ْٕٛحً جٌّطكىز300( ٚضٓطٍٙه )2014جٌٍّّىس جٌّطكىز جٌطٟ ضُ جفططحقٙح ػحَ ) Staffordshireِكطس 

(Renewable Energy Assossiation, 2011, p.6) 

 جٌٕفح٠حش ٠ْٕٛحً  ( جٌف ؽٓ 165ِٓ( ٚضٓطٍٙه )2004( فٟ جٌٍّّىس جٌّطكىز ضُ جفططحقٙح ػحَ )Marchwoodِكطس )
www.google.iq/search?q=marcwood+waste+power+plant&sa 

 

 الطاقة من النفايات التي اثرت عمى البيئة الحضرية لممدينة و مشهدها الحضري( نماذج مختمفة لمحطات انتاج 7-شكل)
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جٌطحلس ِٓ جٌٕفح٠حش ٚ جٌطٟ ْطٓطٍٙه ١ٍِْٛ ؽٓ ِٓ  لإٔطحؼِكطس  لإٔشحءجٌؼٍذ١س جٌّطكىز  جلإِحٌجشوّح ْؼص   

جٌؿٛ ٚ ْطُٚو  ئٌٝ ٍذْٛجٌى( ١ٍِْٛ ؽٓ ِٓ غحَ غحٟٔ جٚو١ٓى 1.5جٌٕفح٠حش ٠ْٕٛحً ٚ ضّٕغ جٔرؼحظ ِح ِمىجٌٖ )

 .(8-)شىً ١ِؿح ٚجؽ ِٓ جٌطحلس جٌىٍٙذحت١س ( 100) ئٔطحؾٙحػحتٍس ذحٌىٍٙذحء ػرٍ  أٌف( 20)

dhabi)-abu-in-facility-energy-to-www.ramboll.com/projects/re/waste) 

 

 

 

 

     

 

ْطىْٛ ٚجقىز ِٓ ٚ ( ؽٓ ِٓ جٌٕفح٠حش ١ِٛ٠حً 5000ٓطٍٙه )طْ ( جٌطSchenzhenِٟكطس )ضهطؾ جٌظ١ٓ ٌرٕحء ٚ

ٍِّ ٌٍُٚجٌ ٠ٍّ قٛي ِح ١ّ٠ُ جٌّشٍٚع فؼلاً ػٓ ػهحِطٗ ٘ٛ ٚؾٛو فٟ جٌّٓطمرً.  ِكطس ١ْطُ ذٕحتٙح( 300)

. وّح جْ ْ ّٔٛيؾحً ضؼ١ّ١ٍحً ٌلاشهحصِىٛٔحش جٌّكطس ٌشٍـ وً ٍِقٍس ِٓ ٍِجقً جٌؼًّ فٟ جٌّكطس ٚ ذًٌه ٌطىٛ

فؼلاً ػٓ  ( جٌف ِطٍ ٍِذغ ٌطٛف١ٍ جٌطحلس جٌىٍٙذحت١س 44جٌّكطس ْطُٚو ذٓمف ِغطٝ ذهلا٠ح ش١ّٓس ذّٓحقس )

 .(9-)شىً ػٍٝ جٌٓمف جلأِطحٌٚؾٛو ْمٛف نؼٍجء ٚ ِٕحؽك ٌّؼحٌؿس ١ِحٖ 

www.fastcoexist.com/.../this-massive-waste-to-energy-plant-will-be-t. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ( محطة ابو ظبي لانتاج الطاقة من النفايات -8)شكل 
http://www.gsda.co.uk 

 الصين اكبر محطة في العالم-( لانتاج الطاقة من النفاياتSchenzhen( محطة )9-)شكل
t.-be-will-plant-energy-to-waste-massive-www.fastcoexist.com/.../this 

 

http://www.ramboll.com/projects/re/waste-to-energy-facility-in-abu-dhabi)
http://www.ramboll.com/projects/re/waste-to-energy-facility-in-abu-dhabi)
http://www.fastcoexist.com/.../this-massive-waste-to-energy-plant-will-be-t
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  :Mass-(Bio(ٍاللاهىائالخحلل ردم الٌفبَبث  -9-2  

ذّح ف١ٙح فؼلاش )٠ؼٍف جٌطك١ًٍ جٌلا٘ٛجتٟ ذحٔٙح ػ١ٍّس ضمَٛ ف١ٙح جٌىحتٕحش جٌىل١مس ذطى١ٍٓ جٌّٛجو جٌؼؼ٠ٛس     

لإٔطحؼ جٌغحَ جٌؼؼٛٞ جٌغٕٟ ذح١ٌّػحْ جًٌٞ ٠ّىٓ جْطهىجِٗ وٛلٛو لإٔطحؼ  (جٌطؼحَ ذىْٚ ٚؾٛو غحَ جلأٚوٓؿ١ٓ

٠ؼطرٍ جٌطكًٍ جٌلا٘ٛجتٟ أػٍٝ ٍِضرس ِٓ ٚجٌٕفح٠حش وأّْىز  جٌطحلس جٌىٍٙذحت١س فٟ جٌّٛلغ ٚجلاْطفحوز ِٓ جٌّطرمٟ ِٓ 

جٌطك١ًٍ جٌٙٛجتٟ. ئلا ئْ جٌؼ١ٍّط١ٓ لا ٠ّىٓ جلاػطّحو ػ١ٍّٙح أٚ جْطهىجِّٙح ذىْٚ ػُي جٌفؼلاش جٌغًجت١س ٚذحلٟ 

٠ٍرس فٟ جٌّٛجو جٌّلاتّس ٌّػً ً٘ج جٌٕٛع ِٓ جٌّؼحٌؿس ػٓ ذحلٟ أٔٛجع جٌٕفح٠حش غ١ٍ جٌؼؼ٠ٛس لاْ ٚؾٛو جٌّٛجو جٌغ

 جٌٕفح٠حش ِػً جٌّؼحوْ أٚ جٌّٛجو جٌؼحٌز ضإغٍ ػٍٝ ًٖ٘ جٌؼ١ٍّس ٚ ضّٕغ جْطهىجَ جٌٕفح٠حش جٌّطرم١س وأّْىز.

(Ranjith, 2012, p.43) 

 

 :الخٌوىَت هسبهوت هٌظىهبث حىلُذ الطبلت هي الٌفبَبث فٍ ححمُك الاهذاف الوسخمبلُتاهكبًُبث  -9-2-1

 

  ضم١ٕحش جٌطكًٍ جٌلا٘ٛجتٟجٚػكص جٌىٌجْحش فٟ جٌٍّّىس جٌّطكىز ػٓ جِىح١ٔس جٔطحؼ ؽحلس وٍٙذحت١س ذحْطهىجَ       

ضمىٌ ذـ )
2

6 Mtoe ًٓحُ٘ فٟ ِؼحٌؿس ِشىٍس جٌٕمً ِٚح ٠ٕطؽ ػٕٙح ِٓ ّىٓ جْ ض٠ ٚ جٌطٟ( ِٓ جٌٛلٛو جٌك١ٛٞ ٔظ٠ٍح

٠ّىٓ جْطهىجِٙح ٌّؼحٌؿس ِح  فٟ )جٌٍّّىس جٌّطكىز(  جْ جٌطم١ٕحش جٌكٍج٠ٌس لأطحؼ جٌطحلس ِٓ جٌفؼلاش .ٍِٛغحش ذ١ث١س

( ِٓ Mtoe 21ِح ِمىجٌٖ ) طٕطؽٌ( 2020( ِٓ جٌٕفح٠حش جٌى١ٍس جٌّٕطؿس فٟ جٌٍّّىس ذكٍٛي ػحَ )%25ٔٓرطٗ )

( ِغ 2020جٌطحلس جٌّٓطهىِس ػحَ ) ِٓ( Mtoe 2) ذطٛف١ٍ ِح ِمىجٌٖ غحَ جٌّىرحش ١ْٓحُ٘ وّحجٌطحلس جٌّطؿىوز 

 ( ِٓ جٌطحلس ٌٕفّ جٌفطٍز.Mtoe 1.3جِىح١ٔس ضك٠ًٛ جٌٕفح٠حش ٚجٌؿ١ً جٌػحٟٔ ِٓ جٌٛلٛو جٌك١ٛٞ ذّح ِمىجٌٖ )

( %50ضؼحوي ) جٌطٟ( Mtoe 11) ِؿّٛػٗٚوّؿّٛع ػحَ فحْ جٌطحلس جٌّٓطهىِس ِٓ جٌٕفح٠حش ٠ّىٓ جْ ضٓحُ٘ ذّح 

( ًٌج ٠ّىٓ ِلاقظس جْ جٌطحلس جٌّٓطهٍؾس ِٓ جٌٕفح٠حش 2020لاََ جٔطحؾٙح ػحَ )ِٓ و١ّس جٌطحلس جٌّطؿىوز جٌ

ّٛع ِح ٔٓرطٗ )ْ ٠طُ ج٠ٌٛٓى ٚفٟ  (Goyanfi, 2007, P: 10)( ِٓ جٌطحلس جٌّٓطّىز ِٓ جٌٛلٛو ج١ٌَٛ.%13طؼ

ج٠ٌٛٓى ذىجءش وفحءز جٔطحؼ جٌطحلس ِٓ جٌٕفح٠حش ٕؿحـ ٚ ٚٔظٍجً ٌ جٌّىرحش،( ِٓ جٌٕفح٠حش فمؾ فٟ %4ِح ٔٓرطٗ ) ؽٍّ

( ػحتٍس ٟٚ٘ 000 250طٕطؽ ؽحلس ٌـ )ٌ( ؽٓ ِٓ جٌٕفح٠حش ِٓ جٌىٚي جٌّؿحٌٚز 000 800ِح ٠مىٌ ذــ )جو وٍذحْط

 جٌٝ ِظىٌ ٌٍكظٛي ػٍٝ جلاِٛجي ذىلاً ِٓ ؽٍّ٘ح جٚ جٌمحتٙح فٟ جٌركحٌ ضك٠ًٛ جٌٕفح٠حشلاِىح١ٔس  ذًٌه ضؼطٟ ِػحلاً 

 (http://florence20.typepad.com/renaissance/2012/12/sweden-wants-your-trash.html).(10-)شىً

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ِكطس لأطحؼ جٌطحلس ِٓ جٌٕفح٠حش ٟٚ٘ ِكطس  لاورٍ ضظ١ُّضُ ٚػغ  جِح فٟ جٌىجّٔحٌن فمى    

( Amagerforbraending )ٌّرٕٝ وّٕظس طظ١ُّ ِؼّحٌٞ ؾ١ًّ ِٚف١ى ِٚٓطىجَ ق١ع ضُ جْطغلاي ْطف جذ

طُ جٌٛطٛي جٌٝ جٌٓطف ِٓ نلاي ِظحػى ضٍضفغ ِغ ِىنٕس جٌّرٕٝ ٚضإِٓ جٌٕظٍ جٌٝ وجنً ٌٍطٌُؽ ػٍٝ جٌؿ١ٍى أي ٠

                                      
2 Mote) رق طن واحد من النفط الخام. التي تعادل الطاقة الناتجة عن حو (  وحدة طاقة 

 ( ؽٓ ِٓ جٌٕفح٠حش فٟ جٌٓحػس20ِمىجٌٖ )ِكطس لأطحؼ جٌطحلس ِٓ جٌٕفح٠حش فٟ ج٠ٌٛٓى ضكٍق ِح ( 10- شكل)
 

http://florence20.typepad.com/renaissance/2012/12/sweden-wants-your-trash.html 
 
 

http://florence20.typepad.com/renaissance/2012/12/sweden-wants-your-trash.html
http://florence20.typepad.com/renaissance/2012/12/sweden-wants-your-trash.html
http://florence20.typepad.com/renaissance/2012/12/sweden-wants-your-trash.html
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وحشحٌز  ( ِط30ٍضؼًّ ِىجنٓ جٌّشٍٚع ػٍٝ جؽلاق قٍمحش ِٓ جٌىنحْ ذمطٍ ) ،ذفؼح١ٌحضٗ جٌىجن١ٍسجٌّرٕٝ ٌٍطؼ٠ٍف 

وٍّح ضُ جٔطحؼ ؽٓ ٚجقى ِٓ غحَ غحٟٔ جٚو١ٓى جٌىحٌذْٛ ٌطًو١ٍ ْىحْ ِى٠ٕس )وٛذٕٙحؾٓ( ذظٌٍٚز ضٍش١ى  ضك٠ًٍ

 .11)-شىً) جْطٙلان جٌطحلس ٚجغٍ جٔطحؾٙح ػٍٝ جٌر١ثس ٚجٌّٕحل

 

 

 

 

 

 

 

ٌطم١ًٍ جٔرؼحظ جٌغحَجش جٌىف١ثس جٌٝ جٌؿٛ ٚضم١ًٍ جلاػطّحو ػٍٝ جٌٛلٛو جلاقفٌٛٞ  حً ٚػغ جلاضكحو جلاٌٚذٟ ٘ىفٚلى 

ِٓ جٌطحلس جٌلاَِس ٌىٌٚٗ ِٓ جٌّظحوٌ جٌّطؿىوز ذّح ف١ٙح جٌٕفح٠حش  (%20وٚي جلاضكحو جلاٌٚذٟ ذحٔطحؼ ) ٍُِِحً 

٠طؼٍك ذّّٓٝ ؾى٠ى ٘ٛ ( ًٌٌه ذىأش ذؼغ جٌىٚي جلاٌٚذ١س ذحٌطؼحًِ ِغ ٔٛع ١ُِّ ِٓ جٌطؿحٌز 2020ذكٍٛي ػحَ )

٠طُ ضظى٠ٍ٘ح ِٓ ذٍى جٌٝ جنٍ وّح ٘ٛ جٌكحي  جٌطٟ ضكٛٞ ػٍٝ ِٛجو لحذٍس ٌٍطى٠ٍٚ ٚ جٌكٍق)جٌٕفح٠حش جٌهؼٍجء ( 

 (Mette C.,2012 p.52-49)جٌىجّٔحٌن.  ج٠ٌٛٓى ٚ فٟ

ِٕشحش  جػحفسِٓ نلاي  ٚذ١ثطٙح ِٚشٙى٘ح جٌكؼٍٞ ٚذًٌه جغٍ جْطهىجَ جٌٕفح٠حش لأطحؼ جٌطحلس ػٍٝ جٌّى٠ٕس

ِؼّح٠ٌس نحطس ًٌٙج جٌغٍع ػّٓ ِىٛٔحش جٌّى٠ٕس وّح جْطٛؾد ٚػغ ِٛجلغ نحطس ًٌٖٙ جٌّٕشحش ػّٓ 

 جٌّهطؾ جٌؼحَ ٌٍّى٠ٕس.

 :طور الٌفبَبث -9-3  

٠طُ  ذؼى٘ح جٚ فٟ جٌفؿٛجش جٌّٛؾٛوز ػٍٝ ْطف جلاٌع ٠طُ ؽٍّ جٌٕفح٠حش فٟ قفٍ جٚ فؿٛجش ػٍٝ ْفٛـ جٌطلاي   

و١ّحش ور١ٍز ِٓ جلاضٍذس.ضّػً ًٖ٘  جٌطٟ ٠ٛػغ فٛلٙحضغط١طٙح ذطرمس ِٓ جٌرلاْطه ٚورٓٙح ذٛجْطس ِؼىجش غم١ٍس 

شىً نطٍجً ور١ٍجً ػٍٝ ض ًٖ٘ جٌؼ١ٍّس .جلا جْجٌؼحٌُ وّح ضُ يوٌٍٖطٍّ جٌٕفح٠حش فٟ  جلاوػٍ جْطهىجِحً جٌط٠ٍمس جلاٍْٛخ 

ذح١ْؿس ٍِضفؼس لانفحء  ِٕحؽك جٌطٍّطُ جقحؽس ضًٌٌه  ،جٌؿٛف١س ج١ٌّحٖ ج١ٌّحٖ ٚ نحطس ٚٙٛجء جٌطٍٛظ ٌ إوٞضجٌر١ثس ٚ

ٔشٍ و١ّحش ور١ٍز ِٓ جٌّؼطٍجش لانفحء جٌٍجتكس  فٟ ذؼغ جٌرٍىجْ جٌّطمىِس ًٖ٘ جٌّٕحؽك ػٓ جٌّشح٘ى٠ٓ وّح ٠طُ

 (Wikipedia Municipal solid wasteجٌٕطٕس جٌّٕرؼػس ِٓ ًٖ٘ جٌّٕحؽك )

وٚي  ذّح ف١ٙحِؼظُ جٌٕفح٠حش جٌطٟ ضٕطؽ فٟ وٚي جٌؼحٌُ جٌػحٌع فٟ ِٕحؽك جٌطٍّ غ١ٍ ج١ٌّٓطٍ ػ١ٍٙح،  جٔطٙص ًٌٌه

جلاضكحو ضطٍّ  يػٍٝ ػىَ ؽٍّ جٌٕفح٠حش جلا جْ ٔظف وٚ ٌمٛج١ٔٓ طحٌِس ضكع ضش٠ٍؼٗ ٌغُجلاضكحو جلاٌٚذٟ 

 (R. Taylor and A. Allen,2003,p.1 ).( ِٓ ٔفح٠حضٙح فٟ ِىرحش ػحِس75%)

 ( لأطحؼ جٌطحلس ِٓ جٌٕفح٠حش فٟ جٌىجّٔحٌنAmagerforbraending ( ِكطس )11- )شىً
http://www.bustler.net/index.php/article/big_puts_a_ski_slope_on_copenhagens_new_waste-to-

energy_plant 
 



Journal of Engineering         Volume    23   March  2017  Number 3 
 

 

15 
 

ْطرمٝ ِىرحش ََ ؽٍّ٘ح لاٌغُ ج١ٌٓحْحش جٌى١ٌٚس ٌهفغ جٔطحؼ جٌٕفح٠حش جٚ جػحوز ضى٠ٍٚ٘ح ٌطم١ًٍ جٌى١ّحش جٌٚ 

ًٖ٘ جٌظحٍ٘ز ٚ ضم١ًٍ و١ّحش جٌٕفح٠حش جٌطٟ ْططٍّ ف١ٙحٓطهىِس  ٌؼمٛو لحوِس ِغ جِىح١ٔس فح٠حش ٚ ِٕحؽك جٌطٍّ ِٕجٌ

ِفطٛقس ٠طُ ف١ٙح  ِىرحش فٌٟطٍّ جٌٕفح٠حش ّٛلغ جٌّؼطّى جٌ وحْ أي جلاٌوْ ٠ّىٓ ِلاقظطٙح فٟ جٌىٚي جٌؼٍذ١س ِٕٚٙح

ػٌٍٚز جٔشحء ِىرحش  ِّح وػٝ جٌٝ .ٌطٕطشٍ ٌٚجتكٙح ِٚهٍفحضٙح جٌٝ جٌؿٛ ٚ جٌطٍذس قٍق جٌٕفح٠حش ذىْٚ ١ْطٍز

وّح ظٍٙش وػٛجش ِطُج٠ىز لاػحوز ضى٠ٍٚ جٌٕفح٠حش فٟ ٍِجقً ِهطٍفس ٌلاْطفحوز  ،ٔفح٠حش طك١س ١ِٓطٍ ػ١ٍٙح 

 (Mohammed A. and Kenneth M., 2012ؽٍّ٘ح.)ِٕٙح لرً 

 لاْ ذىْٚ ضغط١س ِفطٛقس جٌٝ جٌٙٛجء جٌٕفح٠حش جفؼً ِٓ ضٍن جلا جٔٙح ٌغُ جْ ػ١ٍّس ؽٍّ جٌٕفح٠حش غ١ٍ ِكرًزٚ

 :١ْإوٞ جٌٝ يٌه

 .جٌٍّٛغس جٌٝ جٌؿٛ جلاذهٍز جٔرؼحظ ِغ فٟ جٌٕفح٠حش جًٌجض١س جٌكٍجتك جشطؼحي 1-

 .ٚجٌطف١ٍ١حش ٌلأٍِجع جٌٕحلٍس ٚجٌمٛجٌع جٌكشٍجش جٔطشحٌ 2-

 .جٌٕحفمس جٌك١ٛجٔحش ٚػفٓ جٌؼؼ٠ٛس جٌّٛجو ضهٍّ ذؼى نحطس جٌى٠ٍٙس جٌٍٚجتف جٔرؼحظ– 3

 .جٌّىشٛفس جٌّمحٌد ِٕظٍضش٠ٛٗ ِٕظٍ جٌّى٠ٕس ذٓرد  4-

 .جٌؿٛف١س ١ّحٌٍٖ جٌّىشٛفس جٌّمحٌد ع٠ضٍٛ 5-

 جٌطٙحخ ٠ٓرد جٌؼى٠ى ِٓ جلاٍِجع ِػً ج٠ٌٍحـ ِّح ذفؼً جٌٝ جٌؿٛ جٌكٍجتك ِٓ جٌٕحضؽ ٍِحوجٌٚ ألاضٍذس ضطح٠ٍ 6-

 (.35،ص 2015ف٠ٍى،). جٌطٕفٟٓ ٚقٓح١ْسجٌؿٙحَ جٌؼ١ٓ

 

 :هٌبطك الطور هي حزام ًفبَبث الً حزام اخضر-9-4

ِٓ و١ّس جٌٕفح٠حش جٌطٟ  (%10) ضطٍّ حٌىجّٔحٌنفْؼص جٌىٚي جٌّطمىِس ٌطم١ًٍ و١ّحش جٌٕفح٠حش جٌطٟ ٠طُ ؽٍّ٘ح.  ٌمى

 جً ؾُء ضٓطهٍؼ ( ِٓ ٔفح٠حضٙح ٚ%50جٌٍّّىس جٌّطكىز ) ضطٍّ ، فٟ ق١ٓٙح( ِٕ%25ؽحلس ِٓ )ٚضٓطهٍؼ  ضٕطؿٙح

حٌّىْ ذ جقحؽ طٍّ قُجَ ٔفح٠حشجٌِٕحؽك  شىٍص ِغ جٌُِٓ، ٚ(Mette C., 2012 p. 52ِٕٙح. )  ِٓ جٌطحلسل١ٍلاً 

وّح ، جْطهىجَلاٞ  ٚ غ١ٍ طحٌكسٚ لًٍ ِٓ ؾّح١ٌطٙح ٚ ؾؼٍٙح ِٕحؽك ِٕفٍز ١ٌٍٓحقس  ٙحشىٍ ور١ٍ ػٍٝذشىً أغٍ ٚ

جطركص ًٖ٘ جٌّٕحؽك ذإٌز لأطشحٌ جٌٍٚجتف جٌى٠ٍٙٗ ٚ جلاٍِجع جٌّؼى٠س ذً  جٌّٕطمسجٌر١ثس فٟ ضٍه  ػٍٝجٔٗ جغٍ 

ضك٠ًٛ ًٖ٘ جٌّٕحؽك جٌٝ جٌٝ  جٌؼحٌُ وٚيجً ِٓ وفغ ػىو جًٌٞ جلاٍِ ،جٌؼحٌزلأطشحٌ جًٌذحخ ٚجٌكشٍجش  جً ِٚظىٌ

طكٛي قُجَ جٌٕفح٠حش جٌٝ ٠ ٚ ذحٌّىْ ًٞ ٠ك١ؾجلانؼٍ جٌ ٌٍكُجَ جً ِىّلاً ٌطىْٛ ؾُء نؼٍجء ِطُٕ٘حش جٚ ِلاػد

٠ٓحػى ػٍٝ ٠َحوز جٌطظحق  ِّح ػ١ٍٙح جٌؿّحي ٚ ٠ؼفٟ جٌّى٠ٕس ٚ ذ١ثس ضك١ٓٓ ِٕحل ٠ٓحػى ػٍٝقُجَ جنؼٍ ِٓطىجَ 

 .)جٌرحقع( ٚ ٠شؿغ ػٍٝ جْطهىجَ ضٍه جٌّٕحؽك لاغٍجع ِهطٍفس ٓىحْ ذّىُٔٙ ِٕٚحؽمُٙجٌ

ٌلإّ٘حي ٚلإغحٌز  ِػحلاً  (Brownfield )ضُ جػطرحٌ جٌّٕحؽك جٌٍّّٙس ٚجٌّطٍٚوس جٌّّٓحز  جٌٛلا٠حش جٌّطكىزٟ فف

ّٙؿٌٛز جٌّٕحؽك جٌ أي شىٍص ًٌٖ٘فشً جٌّؿطّغ فٟ ِؼحٌؿس جٌر١ثس  حً جٌّشحػٍ جٌٍٓر١س ٚػىَ جٌؼىجٌس جٌر١ث١س ٚ ّٔٛيؾ

ًٖ٘  جٌّٕحؽك ػٍٝ ِٓحقحش  ضّطىػٕىِح جٌّشىٍس  ٠ؼحظُ قؿُٚ ٍّّٙس ِؼؼٍس ور١ٍز ٌٍّهطط١ٓ جٌكؼ١٠ٍٓ، جٌٚ

 ِّح قًجيجش ل١ّس ور١ٍز ٌىْٛ ًٖ٘ جٌّٛجلغجٌّٕحؽك جٌّأٌ٘ٛس لٍخ  ٚ جٌّى٠ٕسقٛي  ِٛجلغ ِّٙس ٚ ػّٓٚجْؼس 

. ًٌٌه جٌّٕحؽك ضٍه ِغ ْىحْ حٌطؼحْٚذ١س ذًٙج جلاضؿحٖ وفغ جٌؿٙحش جٌكىِٛٚ،  ٘حٚ ضط٠ٍٛ ٙحٚجػحوز ضح١ٍ٘ طٙحٌّؼحٌؿ

ٌططكٛي ِىرحش ئٌٝ ِطُٕ٘حش ِٓ أفؼً جٌكٍٛي وّؼحٌؿس ِمطٍقس ٚ  جٌٕفح٠حش ٌوَوحٔص فىٍز ضك٠ًٛ ِٕحؽك 

ػٍٝ جٌكى ِٓ  ٠ؼًّ وّح ئٔٗ. ع جٌطشؿ١ٍ جٌكؼٍٞ ٌٍّى٠ٕس ِٓ ؾٙسِٓ ِشٍٚ جً ؾُءضىْٛ  ِطُٕ٘حش جٌٕفح٠حش جٌٝ

ً٘ج  ٚفٍٚذًٌه  ،ّٕغ جٌُقف ػٍٝ جلاٌجػٟ جٌٌُجػ١س جٌّك١طس ذحٌّىْ ِٓ ؾٙس جن٠ٍٜ ضْٛغ جٌّىْ أفم١حً ٚذحٌطحٌٟ

ًٌٌه ٠ٍٜ ذؼغ جلانطظحط١ٓ جْ ً٘ج ٠ّػً جفؼً قً  أ٘ىجف جٌط١ّٕس جٌّٓطىجِس ٚ قمكجٌكً جٌؼىجٌس جٌر١ث١س 

ٍ ِٕحؽك ؽّٚ جٌّطٍٚوس جٌظٕحػ١س أٚ جٌؼٓى٠ٍس وحٌّٕحؽكجٚ  وس ٚجٌٍّّٙس فٟ جٌّى٠ٕسٌّٚشىٍس ِٕحؽك جٌطٍّ جٌّطٍ

طكٛي ٠ِٓ جٌّّىٓ أْ جٌّٕحؽك  ًٖ٘ جوػٍ ِٓ ٔظف ٚذحٌطحٌٟ فحّْهٍفحش جٌٌُجػ١س ٚجٌظٕحػ١س جٌِٚىرحش  ٌٕفح٠حشج

ٚ  جٌّىْ ًٚ٘ج ٠ططحذك ِغ جفىحٌ نحٌؼئٌٝ ِطُٕ٘حش ضٕشؾ جٌٓىحْ ٚض٠ُى ِٓ ِٓحقس جٌّٕحؽك جٌهؼٍجء وجنً أٚ 

وجنً جٌّىْ جٔشحء جٌّطُٕ٘حش ٚ ٠َحوز ِٓحقس جٌّٕحؽك جٌهؼٍجء  جٌٍج١ِس جٌٝطحٔؼٟ جٌمٍجٌجش ج١ٌٓح١ْس  شضٛؾٙح

ؼًّ جٌّطُٕ٘حش ػٍٝ طٌٚقٌٛٙح ٌٕشٍ جٌفؼح١ٌحش جٌطٍف١ٙ١س واْطٍجض١ؿ١حش لإػحوز ضط٠ٍٛ جٌّىْ ٚ جٌّٕحؽك جٌكؼ٠ٍس 

ضمًٍ ِٓ جٌطٛضٍ جٌؼظرٟ ٌٍّضحو٠ٙح ٚضمٛٞ جٌشؼٌٛ  ِٓ ٔحق١س ِٚٓ ٔحق١س جنٍٜ ِح ذ١ٓ جٌٓىحْ ضّط١ٓ جٌؼلالس

 (Amanda J., 2009, P: 85)  ذحٌؿ١ٍز ٚ جٌشؼٌٛ ذحلأِحْ ٚ ضمًٍ ِٓ جٌؿٍجتُ.
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 اهثلت علً ححىَل هٌبطك ردم الٌفبَبث الً هخٌزهبث-10

ٌٍٕفح٠حش ضكٛي ئٌٝ أٚي ِىد جٌٛلا٠حش جٌّطكىز جلا٠ٍِى١س  /ِى٠ٕس )١ْحضً( فٟ (Rainier Dump)  ِشٍٚع ٠ؼطرٍ

( ِٛلغ فٟ جٌؼحٌُ ِٓ ِىد 1000( ٚ ًِٕ يٌه جٌك١ٓ ضُ ضك٠ًٛ )1916ػحَ )(Rainier play Field ) ( ٍِؼد

 ٔفح٠حش ئٌٝ ِطُٕ٘حش جٚ ِلاػد.

( Sai Tso Wanِطُٕٖ ِطؼىو جلاغٍجع ٘ٛ ِطُٕٖ ) جٌٝ جٚي ِىد ٔفح٠حش ضُ ضك٠ٍٛٗ جِح فٟ ٘ٛٔؽ وٛٔؽ فحْ

جٌطٍذس جٌؿى٠ىز جٌهحطس ذحٌّطُٕٖ ذشىً ِكىُ ٚفٟ جٌّٛلغ جٌؿى٠ى ضُ جٔشحء ِطُٕز ٠ؼُ ق١ع ضُ ػُي جٌٕفح٠حش ػٓ 

ِلاػد ٚ ْحقحش ٠ٌحػ١س ٚ ِؼٓىٍجش ٌٍطه١١ُ ِّح جػطٝ ج١ّ٘س جورٍ ٌٍّٕطمس جٌطٟ جٔشأ ف١ٙح ٚ ػحػف جلرحي 

طُٕٖ جٌشؼحٌ جٌٕحِ ػٍٝ جٌٓىٓ فٟ ضٍه جٌّٕطمس ذؼىِح وحٔص ِٕطمس ِطٍٚوس ٚ غ١ٍ ٍِغٛخ ف١ٙح ذً جطرف جٌّ

  A. P. Rijs. ,2007,p.20( 12-شىً)جٌٍّْٟ ٌٍكٍوس جٌهؼٍجء فٟ ٘ٛٔؽ وٛؼ 

  

 

 

 

 

 

 

جٌٛلا٠حش  /ِى٠ٕس )٠ٛ١ٌٔٛن(/ (Western Staten )فٟ ؾ٠ٍُز  جٌّٛؾٛو (Fresh Kills Park)٠ؼطرٍ ِطُٕٖ وّح 

فٟ جٌؼحٌُ ضُ ضك٠ٍٛٗ ئٌٝ ِطُٕٖ. ق١ع أْطٍّ ؽٍّ ٔفح٠حش جٌّى٠ٕس فٟ   ٌٍوَ جٌٕفح٠حش جٌّطكىز جلا٠ٍِى١س أورٍ ِٛلغ

وٌجْس ؾ١ّغ  صضّ أي( ١ٍِْٛ ؽٓ ِٓ جٌٕفح٠حش فٟ ً٘ج جٌّٛلغ 150ً٘ج جٌّٛلغ ٌّىز ِثس ػحَ ٚضُ  ٌِٟ ِح ٠مىٌ ذـ )

جٌطٟ أغ١ٍش ٚضُ ٚػغ جٌّؼح١٠ٍ جٌر١ث١س جٌلاَِس ٌّؼحٌؿطٙح ٌٍٛطٛي جٌٝ جٌٓلاِس جٌر١ث١س جٌلاَِس  ف جٌٓىحِْهحٚ

.  جٚطص جٌىٌجْحش جٌٝ ضك٠ًٛ ً٘ج جٌّىد جٌٝ ِطُٕٖ ور١ٍ ض٠ُى ذػلاظ جػؼحف ػٓ  (13-)شىً ٌٍّطُٕٖ ٚ ٌُٚجٌٖ

، ضُ جْطهىجَ جٌْٛحتً جٌٕٙى١ْس ٚجٌطم١ٕحش ِٓحقس ِطُٕٖ ) ْٕطٍجي ذحٌن( جٌّٛؾٛو فٟ ْٚؾ  ِى٠ٕس ) ٠ٛ١ٌٔٛن( 

 ( (Jenni C. et-al,2012,p.23جلا٠ىٌٛٛؾ١س ٌؿؼً ً٘ج جٌّٛلغ إِٓحً. 

و١ٍِٛطٍ ٍِذغ ، أفططف ؾُت١ح ػحَ   (3,46)و٠ٌٛح جٌؿٕٛذ١س( ِٓحقس جٌّطُٕٖ –فٟ ِى٠ٕس )١ْثٛي  (Nanjido)ِطُٕٖ 

( ذؼى أْ وحْ ِىد ٔفح٠حش غ١ٍ ١ِٓطٍ ػ١ٍٗ ِّح أوٜ 2020ػحَ ) ذحٌىحًِ( ِٚٓ جٌّطٛلغ جٔؿحَ جٌؼًّ ف١ٗ 2002)

جٌّؿحٌٚ.، ضظح١ِّٗ ضٍوُش ػٍٝ جٌّؼحٌؿحش جٌر١ث١س ٚ   (Han)ئٌٝ  ضٍٛظ ضٍذس ٚ ١ِحٖ جٌّٕطمس ٚنحطس ٍٔٙ 

جلا٠ىٌٛٛؾ١س أي ضُ جْطغلاي جٌٕفح٠حش جٌّٛؾٛوز فٟ جٌّٛلغ وّظىٌ لإٔطحؼ غحَ ج١ٌّػحْ جًٌٞ ِىٓ ِٓ جٔطحؼ ؽحلس 

( ُِٕلا/١ِٛ٠ح ، ٚذًٌه ضُ ِٕغ جٔرؼحظ جٌغحَجش ئٌٝ جٌؿٛ ٚ ضُ ضم١ًٍ جٌٍٚجتف 000 180ضىفٟ ٌهىِس ) وٍٙذحت١س

 ( اول متنزه في هونج كونج يتحول من مكب تفايات الى متنزهSai Tso Wan( متنزه )12-)شكل

A. P. Rijs. ,2007,p.20  
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جٌى٠ٍٙس جٌّٕطشٍز ٚج١ٌٓطٍز ػٍٝ جِىح١ٔس جٔفؿحٌ٘ح فٟ قحٌس ػىَ ج١ٌٓطٍز ػ١ٍٙح. ضُجِٓ جفططحقٗ ِغ وحِ جٌؼحٌُ 

 . (14-)شىً (2002ٌؼحَ )

ٚجًٌٞ ضرٍغ ِٓحقطٗ  (Mount Trash Park)ٌٍٕفح٠حش فحٔٗ ضكٛي ئٌٝ ِطُٕٖ  (Mount Trash )أِح ِىد   

ذؼى أْ وحْ ِىرحً ٌٍٕفح٠حش ٌٍّىز جٌّّطىز ِح ذ١ٓ ػحِٟ  (1974و١ٍِٛطٍ ٍِذغ ، جًٌٞ ضُ جفططحقٗ ػحَ ) (0.66)

ى١س، ٠ٌُٖٚٚ ٚ٘ٛ ج٢ْ ِٓ أوػٍ جٌّطُٕ٘حش  شؼر١س فٟ ْحقً )فٍؾ١ٕ١ح(/ جٌٛلا٠حش جٌّطكىز جلأ٠ٍِ (1972-1967)

١ٍِْٛ َجتٍ ٠ْٕٛحً، ٠ٚؼُ قى٠مس ضؼ١ّ١ٍس ٌٍٕرحضحش جٌظكٍج٠ٚس ٍِٚؼد ضٌُؽ، ٚذك١ٍضحْ طٕحػ١طحْ  ِٓطىجِطحْ 

 .Jenni C., et al., 2012, p.23, p, 72))(15-)شىًِٕٙح  ٌلاْطفحوزضؼّلاْ وكٛػحْ ٌؿّغ ١ِحٖ جلأِطحٌ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ( فٟ جٌٛلا٠حش جٌّطكىز Fresh killsِىد جٌٕفح٠حش )

Benjamin A. L. , 2015, p.43 

 ( فٟ جٌٛلا٠حش جٌّطكىز Fresh kills) ِطُٕز( 13-شىً)

Jenni C., 2012 
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 كوريا الجنوبية تحول من مكب نفايات الى متنزه ايكولوجي -( سيؤلNanjido( متنزه )14-)شكل
 يضم  ملاعب اطفال و مناطق تزلج

-flowers-where-park-nanjido-turnaround:-landfill-www.facenfacts.com/.../seouls

bloo 
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 الولايات المتحدة /( فيرجينياMount trashمخطط متنزه )

map-park-trashmore-mount.../parks.../parkshttps://www.vbgov.com/government/.../ 

 الولايات المتحدة الذي تحول من مكب نفايات الى متنزه -( فيرجينياMount trash( متنزه )15-)شكل 

https://en.wikipedia.org/wiki/Mount_Trashmore_Park 
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 الاسخٌخبخبث و الخىصُبث

 ضطؼٍك  جٌطٟ جٔطؿص جٌكؼحٌز جٌّؼحطٍز ٔٛػحً ؾى٠ىجً ِٓ جٌّشحوً جٌر١ث١س ٚ جٌطهط١ط١س ٚ جٌطظ١ّ١ّس

جٔطؿطٙح ِفٍوجش جٌك١حز جٌّؼحطٍز ذىحفس ٍِجفمٙح جٌٓى١ٕس  جٌكؼ٠ٍس جٌظٍرس جٌطٟؼحٌؿس جٌٕفح٠حش ّذ

ِؼحٌؿس ؾ١ّغ  ػٌٍٚز ِّح جْطٛؾد ق١حضٕحجطركص ؾُءجً لا ٠طؿُأ ِٓ ٚ ٚجٌظٕحػ١س ٚ جٌطؿح٠ٌس

جلاْطفحوز ِٕٙح  ٚ جٌٍّجقً جذطىجءجً ِٓ ؾّؼٙح جٌٝ ٔمٍٙحجٌٕفح٠حش ٚػٍٝ وحفس  جٌّطؼٍمس ذحٔطحؼجٌّشحوً 

وً ٍِقٍس ِٓ ًٖ٘ جٌٍّجقً ضكطحؼ جٌٝ ِؼحٌؿحش نحطس ٚ ِكىوز أي جْ ُ جٌطهٍض ِٕٙح.ِٚٓ غ

جٌّؼحٌؿس  ٌٕٛعضرؼحً ِؼحٌؿحضٙح ضحغ١ٍجش ػٍٝ جٌر١ثس جٌكؼ٠ٍس ٌٍّى٠ٕس ِٚشٙى٘ح جٌكؼٍٞ ْطفٍع 

 ٚقىٚو٘ح.

 جٌٝ  ٌؿّغ جٌٕفح٠حش جْ ِؼحٌؿس ِشىٍس ؾّغ ٚ ٔمً جٌٕفح٠حش ٚ جٌطكٛي ِٓ جٌط٠ٍمس جٌطم١ٍى٠س جٌّطرؼس

ّٕحؽك ٌِٟ ذ ِطّػٍس ِٓ جغحظ جٌشحٌع جً ؾى٠ى ٔٛػحً  ْطفٍع ٌشفؾ جٌٕفح٠حش كى٠ػسجٌّٕظِٛحش جٌ

ضرؼحً ٌّٛلؼٙح  ١ْطكىو ٙحٚ شىٍ ٙحضظ١ّّ جْوّح  ،شفؾجٌّٕظِٛس ٌضرؼحً  ضكىو ِٛجلؼٙحجٌطٟ  جٌٕفح٠حش

ٕفح٠حش جٌىر١ٍز جٌٍّٛغس ٌٍر١ثس جٌكحؾس لاْطهىجَ ٍِورحش ٔمً جٌ ج جٌطكٛيً٘ م١ًٍْ، جٌّمطٍـ ٚ ؽر١ؼطٗ

كٓٓ ِٓ ١ْ جْطهىجَ ًٖ٘ وّح جْ. نحطس  ػحِس ٚجٌؼ١مس قٍوس جٌٌٍّٚ فٟ جٌشٛجٌعجٌطٟ ضؼ١ك 

جْ ًٖ٘  فؼلاً ػٓ .شٛجٌػٙحضؿ١ّغ جٌٕفح٠حش فٟ ِٚٓ نلاي ػىَ ٌِٟ  ٚؾّحٌٙح جٌّى٠ٕسذ١ث١س 

لٍد جٌكح٠ٚحش ْٚطؼ١ى جٌٙىٚء  ذّح ف١ٙحؾّغ جٌٕفح٠حش  ػ١ٍّس جٌط٠ٍمس ْطمًٍ جٌؼٛػحء جٌٕحضؿس ػٓ

 جٌّمطٍقس ط٠ٍمسجٌجٌٝ جلاق١حء جٌٓى١ٕس ٚجٌّٕحؽك جٌطؿح٠ٌس نحطس جٚلحش ؾّغ جٌٕفح٠حش.ًٌٌه ْطإغٍ 

 جٌكؼٍٞ. ِٚشٙى٘حؿّغ ٚٔمً جٌٕفح٠حش ػٍٝ شىً جٌّى٠ٕس ٚ ذ١ثطٙح ٌ

  جٌكٍج٠ٌس ١ْإوٞ جٌٝ جٌطحغ١ٍ  إِٔٚٙح لأطحؼ جٌطحلس جٌىٍٙذحت١س لاْطفحوز ٚججْ ِؼحٌؿس ِشىٍس جٌٕفح٠حش

طك٠ًٛ جٌٕفح٠حش جٌٝ ؽحلس ٚجٌطٟ ْطىْٛ ٌ نحطس ِكطحشٌٍكحؾس جٌٝ ػٍٝ ضهط١ؾ جٌّى٠ٕس ٚ يٌه 

 .جٌكؼٍٞ ِٚشٙى٘حػٍٝ شىً جٌّى٠ٕس ٚ ذ١ثطٙح  ِّح ١ْإغٍ ذٕح٘ح جٌطكط١سِٓ جٌّى٠ٕس ٚ  جً ؾُء

 ٚضك٠ٍٛٙح جٌٝ ِطُٕ٘حش ٚ ِٕحؽك ٌٍطهٍض ِٓ ِشحوٍٙح جٌر١ث١س  جْ ِؼحٌؿس ِٕحؽك ؽٍّ جٌٕفح٠حش 

ٚ ػٍٝ ضهط١ؾ جٌّى٠ٕس ٚ ؾّحٌٙح ٚذ١ثطٙح لاْ ضك٠ًٛ ِىرحش جٌٕفح٠حش جٌّفطٛقس  ١ْإغٍنؼٍجء  ٌؼد

جٌّٛجو جٔطشحٌ جٌٍٚجتف جٌى٠ٍٙس جٌٝ جٌؿٛ ٠ٚمًٍ ِٓ ضٍٓخ جٌّغطحز جٌٝ ِطُٕ٘حش ١ّْٕغ ِٓ  قطٝ

ٚجٌطحٌوز  جٔٗ ١ْكٛي ضٍه جٌّٕحؽك جٌّٕفٍزوّح ،جٌٓحتٍس جٌٝ جلاٌع جٚ جٌٝ ج١ٌّحٖ جٌؿٛف١س  جٌٍّٛغس

ِح نحطس جيج )ًٌٖٙ جٌفؼح١ٌحش ٚ ٠ٍفغ ِٓ ل١ّطٙح  ؾحيذس ِٕحؽك ٌلاْطػّحٌ جٌٝ ٌلافٍجو ٚ ٌٍٓىٓ ٚ

نحٌؼ جٌّىْ  ًٖ٘ جٌّٕحؽك ، جِح جيج وحٔص(جٌٓى١ٕس جق١حتٙحِٚٓ أوحٔص ًٖ٘ جٌّٕحؽك ل٠ٍرس ِٓ جٌّى٠ٕس 

فحْ ضكٌٛٙح جٌٝ ِطُٕ٘حش ١ْؿؼٍٙح ؾُءجً ِٓ جٌكُجَ جلانؼٍ جًٌٞ ٠ك١ؾ  ِٕٙح جٚ ل٠ٍرس ِك١طسٚ

ػٍٝ ضهط١ؾ جٌّى٠ٕس ٚ ضظ١ّّٙح  ج٠ؿحذ١حً  ١إغٌٍكٓٓ ذ١ثس ضٍه جٌّٕطمس جٌؼحًِ جًٌٞ ١ْ ،ذحٌّىْ

جْطغلاٌٙح لأطحؼ ٚلاْطفحوز ِٓ جٌغحَجش جٌٕحضؿس ػٓ ِٕحؽك جٌطٍّ ٌجِىح١ٔس  ضٛؾىجٌكؼٍٞ.وّح 

ِّح ١ْإغٍ  ح جٌٝ جٌؿٛ ِّح ٠مًٍ ِٓ ضحغ١ٍ ًٖ٘ جٌغحَجش ػٍٝ جٌر١ثس ٚ جٌّٕحلجٌطحلس ِٕٚغ جٔرؼحغٙ

 .جٌكؼٍٞ ِٚشٙى٘حػٍٝ شىً جٌّى٠ٕس ٚ ذ١ثطٙح  ج٠ؿحذ١حً 

 الوصبدر العربُت

،ٌْحٌس ِحؾٓط١ٍ فٟ ٕ٘ىْس  وٌٚ جٌطىٍٕٛؾ١ح جٌهؼٍجء فٟ ضك١ٓٓ جٌّشٙى جٌكؼٍٞ، 2015ذٓ ِش١ٍـ ،ؾّؼس،
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